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Preface
â€˜Thistextbook,thethird in a series of four,was written for theAviation MaintenanceTechnician
studentof today.It is basedon the real-worldrequirementsof todayâ€™saviation industry.At the
same time,i t doesnot eliminatethe traditionalsubjectareas taughtsince the firstA&Eschools
were certificated,

â€˜Thisseries of textbookshasevolvedthroughcarefulstudyandgatheringof informationofferedby
theFederalAviation Administration(FAA),theBlueRibbonPanel,theJointTaskAnalysisreport,
industryinvolvement,andAMT schoolsnationwide.

â€˜Theseries is designedto fulfill bothcurrent andfuturerequirementsfor a course of studyin
Aviation MaintenanceTechnology.
â€˜Textbooks,bytheirverynature,mustbegeneralin theiroverallcoverageofasubjectarea. As

always,theaircraftmanufactureris thesolesource ofoperation,maintenance,repair,andoverhaul
information.Theirmanualsare approvedbytheFAAandmustalwaysbefollowed.Youmaynot
â€˜useanymaterialpresentedin thisor anyothertextbookas amanualforactualoperation,mainte-

nance,or repairs.

â€˜Thewriters,individualsandcompaniesthathavecontributedto theproductionof thistextbook
havedoneso in thespiritofcooperationfor thegoodof theindustry.Tothebestof theirabilities,
theyhavetried to provideaccuracy,honesty,andpertinencein thepresentationof thematerial
However,as withall humanendeavors,errors andomissions can showupin themostunexpected
places.If anyexist,theyare unintentional.Pleasebringthemto our attention. =

Emailus at comments@avotek.comfor comments or suggestions.
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 Section1

PrinciplesofHydraulics
Hydraulicshasprovento bethemostefficient
andeconomicalsystemadaptabletoaviation.
First usedbytheancient Greeksas a means

ofelevatingthestagesof theiramphitheaters,
the principlesof hydraulicswere explained
scientificallybythe 17th-centuryscholars
BlaisePascaland RobertBoyle.Thelaws
discoveredbythesetwo men regardingthe
effectsof pressureandtemperatureon fluids
and gasesin confinedareas form the basis
of the principleof mechanicaladvantage;in

otherwords,thewhyandhowof hydraulics.

Inaviation,hydraulicsis theuse offluidsunder
pressureto transmit forcedevelopedin one

locationon an aircraftor otherrelatedequip-
â€˜mentto some otherpointon thesame aircraft
or equipment.Hydraulicsalso includesthe
principlesunderlyinghydraulicaction andthe
methods,fluids,andequipmentusedin imple-
mentingthoseprinciples.

Examplescan befoundin theeverydayuse of,
hydraulicsin connection with familiar items
suchas automobilejacksandbrakes.As a fur-
therexample,thephrasehydraulicfreightelevator
refersto anelevatorascendinganddescending
on a columnof liquidinsteadof usingcables
andadrum,

Ontheotherhand,thewordhydraulicsis the
genericname of a subject.Accordingto the
dictionary,hydraulicsis definedas a branchof
science thatdealswith practicalapplications
(uchas the transmission of energyor the
effectsof flow)ofa liquidin motion.

+ Hydraulicsprinciples
andrelatedterms

How sealsand
gasketsare used

+ Causesandcontrol
â€˜ofsystemandfluid
â€˜contamination;

 
+ Operationof typical
â€˜corporatehydraulic
systemsand
pneumaticsystems

+Functionand
â€˜operationof
hydraulicsystems
andcomponents

â€˜Howdampersand
strutsoperate

Left.Themostvisible
partsofanyaircraft
hydraulicsystemare

thelandinggearand
brakes.Sizesrange
fromsomethingyou
can holdin yourhand
to thebehemoth
shownin thisphoto.
â€˜Thesmallerunitscan

beoverhauledby
an individualtechni-
cian,butthecomplex
assembliesrequirea
certifiedrepairfacility
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On fixed-wingaircraft,hydraulicsis usedto

operateretractablelandinggearand wheel
brakesandto controlwingflapsandpropel-
lerpitch.In conjunctionwith gases,hydraulics
is usedin operatingrotor andwheelbrakes,
shockstruts,shimmydampeners,flightcontrol
systems,loadingramps,andfoldingstairs.

Characteristicsof
HydraulicSystems
Hydraulicsystemshavemanydesirablefea-
tures. However,one disadvantageis theorigi-
ral highcostofthevariouscomponents.Thisis,

more thanoffsetbythemanyadvantagesthat
makehydraulicsystemsthe mosteconomical
means of powertransmission,

Efficiency.Discountingany lossesthat can

â€˜occurin its mechanicallinkage,practicallyall
theenergytransmittedthrougha hydraulic
systemis receivedat theoutputendâ€”where
thework is performed.Theelectricalsystem,
itsclosestcompetitor,is 15-30percentlowerin
efficiency.Thebeststraightmechanicalsys-
tems are generally30-70percentlessefficient
than comparablehydraulicsystemsbecause
of highinertia factorsand frictional losses.
Inertia is the resistanceto motion,action of

change.

Dependability.Thehydraulicsystemis con-

sistentlyreliable.Unlike the other systems
mentioned,it is not subjectto changesin per-
formanceor to sudden,unexpectedfailure.

Controlsensitivity.Theconfinedliquidof a

hydraulicsystemoperateslikea barof steelin

transmittingforce.However,themovingparts
are lightweightand can be,almostinstanta-

â€˜neously,putinto motion or stopped.Thevalves,
in thesystemcan startor stoptheflowof pres-
surizedfluids almostinstantlyand require
verylittle effortto manipulate.Theentire sys-
tem is veryresponsiveto operatorcontrol.

Flexibilityof installation. Hydrauliclines
canberun almostanywhere.Unlikemechani-
calsystemsthatmustfollowstraightpaths,the
linesof a hydraulicsystemcan be ledaround
â€˜obstructions.Themajorcomponentsofhydzau-
licsystems,withtheexceptionof power-driven
pumpsthatmustbenear thepowersource,can

beinstalledin a varietyof places.Theadvan-
tagesof this featureare readilyrecognized
â€˜whenyoustudythemanylocationsofhydzau-
liccomponentson various typesofaircraft.

Low spacerequirements.The functional
partsofa hydraulicsystemare smallcompared
to thoseof othersystems;therefore,the total
spacerequirementis comparativelylow.

Linesof anylengthor contourcanreadilycon-

rect thesecomponents.Theycan beseparated
andinstalledin small,unused,andout-of-the-
wayspaces.Large,unoccupiedareas for the

hydraulicsystemare unnecessary;in short,
specialspacerequirementsare reducedto a

Low weight.Thehydraulicsystemweighs
remarkablylitle comparedto the amount of
work i t does.A mechanicalor electricalsys-temcapableofdoingthesameobweighscon-

Sidermove: Becausepayiondweightisan

importantfactoron airrafythehydraulicsys-
tem is ideaforaviation us.

Self-lubricating.Themajorityofthepartsofa

hydraulicsystemoperatein a bathof oil.Thus,
hydraulicsystemsare practicallyself-lubricat.
ing.Thefewcomponentsthatdo requireperi-
dic lubricationarethemechanicallinkagesofthesystem,

Lowmaintenancerequirements.Maintenance
recordshaveconsistentlyshownthat adjust
ments andemergencyrepairsto thepartsof

hydraulicsystemsare seldomnecessary.The
aircrafttime-changeschedulesspecifycompo-
nent replacementonthebasisofhoursflownor

dayselapsedandrequirerelativelyinfrequent
changeofhydrauliccomponents.

DefinitionofHydraulicTerms

Force.Thewordforce,usedin a mechanical
sense,means a pushor pull.Force,because
itis a pushor pull,tendsto cause theobject
fon which it is exertedto move. In certain
instances,whentheforceactingon an objectis

not sufficientto overcome itsresistanceordrag,
â€˜nomovementtakesplace.In suchcases,forceis,

still consideredto bepresent.

Direction of force.Forcecan beexertedin

anydirection.It can act downward,as when
gravityactson a body,pullingit towardthe
earth.A forcecan act across,as whenthewind

pushesa boatacross thewater. A forcecan be

appliedupwards,as whenan athletethrows

(pushes)a ball into the air. Also,a forcecan

actinall directionsat once,as whena balloon
bursts.

â€˜Magnitudeof force.Theextent,or magnitude,
ofa forceis expressedbymeansofasinglemea-

surement.In theUnitedStates,thepoundis the
unit of measurementof force.Forexample,i t
took75 millionIbs.of thrust(force)to lift the

Apollomoonshipof its launchpad.Hydraulic
forceis measuredin the amount of pounds
requiredtodisplacean objectwithina specified
area,suchas in asquareinch,



Pressure.Thewordpressure,whenusedin con-

junctionwith mechanicalandhydro-mechanical
systems,hastwo differentuses. Oneis technical,
theother,nontechnical.Thesetwo uses can be
easilydistinguishedfromeachotherbythepres-
tenceor absenceofa number.In technicaluse,a
â€˜numberalwaysaccompaniesthewordpressure.
In nontechnicaluse,no numberis present.

Technical.Thenumberaccompanying,pres-
sure conveysinformationabout the signifi
cantstrengthof the forcebeingappliedThe
strengthof thisappliedforceis expressedas a

rate at whichtheforceis distributedover the
area on whichit is acting.Thus,poundsper
squareinch(p.si)expressesa rateof pressure
justas milesperhour(m.p.h)expressesa rate
of speed.
â€˜Nontechnical.Thewordpressure,whenused
in thenontechnicalsense,simplyindicatesthat
an unspecifiedamountof forceis beingapplied
to an object.Frequently,adjectivessuchas light,
medium,or heavyare usedto remove some of,
thevaguenessconcerningthestrengthof the

appliedforce.

PressureMeasurement

Whenusedin the technicalsense,pressureis,

definedas theamountofforceperunit area. To
haveuniversal,consistentanddefinitemean-

ing,standardunits of measurementare used
to expresspressure.In theUnitedStates,the
poundis the unit of measurementusedfor
force,andthesquareincl is theunit forarea,

|Apressuremeasurementis alwaysexpressed
in terms of both units of measurementjust

100Ib.slab
10"x 10"

Figure1-1-1.Measuringpressure.  

HydraulicandPneumaticSystems

explained:amount offorceand unit area.

However,onlyone of theseunits,theamount
of force,is variable.Thesquareinch is used
onlyin thesingularâ€”nevermore or lessthan

â€˜onesquareinch.

â€˜Agivenpressuremeasurementcan be stated
in threedifferentwaysandstill mean thesamething.Therefore,50psi. pressure,50 Ibs.pres-
sureand50p.si.allhaveidenticalmeanings.
Examplesof pressuremeasurement. A table
with a 10-inchby10-inchflat topcontains100

squareinchesof surface.If 100-poundslabof,
exactlythe same dimensionsis placedon the

tabletop,one poundpersquareinchpressure
is exertedover theentire tablesurface.

Now,think of the same table (100square
inches)with a 100-poundblockinsteadof the
slabresting,on its top.Assumethisblockhas
a faceof only50 squareinchescontactingthe
table.Becausethearea of contacthasbeencut
in halfandtheweightof theblockremains the
same,thepressureexertedon thetabledoubles
to2psi

Asa finalexample,supposea longrodweigh-
ing 100 Ibs.with a faceof one squareinch is

balanceduprighton thetabletop.Thepressure
now beingexertedon thetableis increasedto
100psi, becausetheentire loadis beingsup-
portedon a singlesquareinchof thetablesur-

face.Theseexamplesare illustratedin Figure
1,

Force-area-pressureformulas. Theformula
to find thepressureactingon a surfaceis pres-
sure equalsforcedividedbyarea.IEPis thesymbol
for pressure,A thesymbolfor area,andFthe

1001b.slab
10"x5"
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â€˜symbolforforce,theformulacan beexpressed.
as follows:

=fPra

Bytransposingthe symbolsin this formula,
â€˜twootherimportantformulasare derived:one

for area,one for force.Respectively,theyareas

follows:

E .

ace FoAxP

However,whenusinganyof theseformulas,
two of thefactorsmustbeknownto beableto
determinethethird unknownfactor.

â€˜Thetriangleshownin Figure1-4-2is a conve-

rnientwayto remembertheforce-area-pressure
formulas.It helpsyourecallthe threefactors
involved:F,A,andP.BecausetheFisabovethe
line in thetriangle,i t alsoremindsyouthat in

bothformulasindicatingdivision,F is always
dividedbyone oftheothertwo factors.

TransmissionofForce
â€˜Twomeans of transmitting forceare throu
Solu andtroughligule:Becnsethsteat
on hydraulig,theemphasisis on fluids,Force
transmissionthroughsolidsis presentedonly
fsa means ofcomparison
â€˜Transmissionof forcethroughsolids.Force

appliedat one pointon a solidbodyfollows
a straightline,undiminished,to an opposite
pointonthebody.
â€˜Transmissionof forcethroughconfinedliq-
ids. Appliedforcesare transmittedthrough

 
Figure1-1-2.Formulasthatillustratetherelation-
shipofforce,area andpressure.

  Figure1-1-3.Transmissionofforcethroughsolids
andliquids.

bodiesof confinedliquidsin the manner

describedbyPascalInt, Thislw ofphysicsstates:"pressureappliedto anypartof a con-

fined liquidis transmittedwithoutchangein

intensityto all partsof theliquid.â€•Thismeans

thatwhereverit is appliedon thebodyof liq-
uid,pressurepusheswith equalforceagainst
everysquareinchoftheinterior surfacesofthe

liquidâ€™scontainer.Whenpressureis appliedto
a liquidâ€™scontainer in a downwarddirection,
it acts on the bottomsurfaceand on topand
sides.Bothprinciplesare illustratedin Figure
1413.

â€˜Thepistonontheopofthetubeis drivendown-wardwith forceof100psi Thisappliedforce

producesan identicalpressureof 100psi.on

Everysquareinchoftheinterior surface:Notice
thepressureon the inferior surfaceis always
appliedat rightanglestothe wallsofthe con-

iliner,regardlessofitsshape.Thisillustrates
thattheforcesatingwithin abodyofconfined

Tiguidae explosivein pattern,I al sidesare

equalin strength,theyburstsimultaneouslyif
sulficientforceis applied,

CharacteristicsofFluids
â€˜Thevast differencein the manner in which
forceis transmittedthroughconfinedliquids,
as comparedwith solidbodies,is dueto the

physicalcharacteristicsof fluidsâ€”namely
shapeand compressibility.Liquidshaveno

definiteshape;theyreadilyandinstantlycon-

formtotheircontainer. Becauseof thischarac-
teristic,theentire bodyofconfinedfluid tends.
to move awayfrom the pointof the initial



{forcein all directionsuntil stoppedbysome-

thingsolidsuchas thewallsof thecontainer.

Liquidsare relativelyincompressible.That
is, theycanbe compressedbyonlyabout1

percentof their volume,Becauseliquidslack
their own shapeand are incompressible,an

appliedforcetransmittedthrougha bodyof
liquidconfinedin a rigidcontainer resultsin
â€˜nomore compressionthanif it were transmit-
tedthroughsolidmetal

â€˜Theinternalresistanceof a fluid that tendsto
preventi t fromflowingis calledviscosity.The
viscosityof a fluid decreasesas the tempera-
ture increases.

Movingfluid underpressure.Forceapplied
to a confinedliquidcan cause the liquidto
â€˜moveonlywhenthatforceexceedsanyother
forceactingontheliquidin an opposingdirec-
tion. Fluid flow is alwaysin the directionof
thelowestpressure.If theopposingforcesare

equal,no movementof fluid takesplace.
Fluid underpressurecan flow into already-
filled containersonlyif an equalor greater
quantitysimultaneouslyflowsout of them.
â€˜Thisis an obviousandsimpleprinciple,but
one thatis easilyoverlooked,

Effectsof temperatureon liquids.As in

â€˜metals,temperaturechangesproducechanges
in thesize of a bodyof liquid.Withtheexcep-
tion of water,wheneverthe temperatureof a

bodyof liquidfalls,a decrease(contraction)
in size of thebodyof fluid takesplace.The
amount of contractionis slightandtakesplace
in directproportionto thechangein tempera-
ture.

Whenthetemperaturerises,thebodyofliquid
expands.Thisis referredto as thermalexpan-
sion. Theamountof expansionis in directpro-
portionto the temperature.Althoughtherate
ofexpansionis relativelysmall,i t is important.
In a hydraulicsystem,some provisionis usu-

allynecessaryto accommodatethe increase in

size of thebodyof liquidwhenan increase in

temperatureoccurs.

MechanicalAdvantage
Bysimpledefinition,mechanicaladvantage
ig equalto the ratio of a forceor resistance
â€˜overcomebyapplying,lesserforceor effort

througha simplemachine.This represents
1amethodof multiplyingforces.In mechani-
caladvantage,thegainin forceis obtainedat
theexpenseof a lossin distance.Discounting
frictionallosses,thepercentagegainin force
equalsthe percentagelossin distance.Two,
familiar applicationsof the principlesof
â€˜mechanicaladvantageare the lever and the

HydraulicandPneumaticSystems| 1-5

hydraulicjack.Inthecaseofthejack,a forceof
juista poundor two appliedto thejackhandle
can raise manyhundredsof poundsof load.
Note,though,that eachtime the handle is

movedseveralinches,theloadis raisedonlya
fractionof an inch,

Applicationin hydraulics.Theprincipleused
in hydraulicsto developmechanicaladvantage
is simple.Essentially,itis obtainedbyfitting
two movablesurfacesofdifferentsizes to a.con-

finingvessel,suchas pistonswithincylinders,
Thevesselis filled with fluid,andforce(input)
is appliedto thesmallersurface.Thispressure
is thentransferred,bymeans of thefluid,to the

largersurface,wherea proportionalforce(out-
pul)is produced.
Rate.Therate mechanicaladvantageis pro-
ducedbyhydraulicmeans is in directpropor-
tion to theratioofthesize ofthesmaller(input)
area to the size of the larger(output)area

Thus,10 Ibs.of forceappliedto 1 squareinch
of surfaceof a confinedliquidproduces100
Ibs.of forceon a movablesurfaceof 10square
inches.Thisis illustratedin Figure1-1-4,The
increase in forceis not free,but is obtainedat

10In,movement. in, movement

v 4
10}.

deliveredforce

v 4
Usqin,

pistonarea

 Figure1-1-4,Hydraulicsandmechanicaladvantage.
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Vent lineor

pressurizingine
â€˜connection  

    

Fingerstrainer _= Glass sighteS â€˜gauge

Connection
for main

systempump
Aircraftin-linereservolr

(notequippedwith fer elements)

Figure1-2-1.Typicalhydraulicreservoir.

theexpenseof distance.In thiscase,the ten-
fold increase in outputforceis gainedat the
expenseof a tenfoldincrease in distanceover,

whichtheinitial forceis applied.

TheRoleofAir in Hydraulics
Somehydrauliccomponentsrequireair and

hydraulicoil for theiroperation.Otherhydzau-
lic componentsdo not;on thecontrary,their

performanceis seriouslyimpairedif air acci-

dentallyleaksinto thesystem,

Familiarizationwith the basteprinciplesof
pneumaticsaidsin understandingtheopera-tionofthehydrauliccomponentsrequiringat,
and thosethatdo not. I aids,alsoin under.

Standinghowair can upsetthenormalopera-
tionofahydraulicsystemitis present inthe
Systemwhereitmustnotbe.
â€˜Air,Whenusedin referenceto hydraulics,air

is understoodto mean atmosphericair. Briefly,
air is definedas a complex,indefinitemixture
â€˜ofmanygases.Of the individual gasesthat
makeupatmosphericair,90percentor more is,

â€˜oxygenandnitrogen.

Someknowledgeof the physicalcharacteris-
ticsofair is quiteimportantto thisinstruction.
Becausethe physicalpropertiesof all gases,
includingair, are the same,a studyof these
propertiesis madewith referenceto gasesin
general.It is importantto realize,however,
thoughsimilar in physicalcharacteristics,
â€˜gasesdiffergreatlyin theirindividualchemi-
calcomposition.Thisdifferencemakessome

â€˜gasesextremelydangerouswhenunderpres-

Bypassvalveb s

 

   rt ar(oathbypassvalve)

sure or whentheycome in contactwith certain
substances.

â€˜Airandnitrogen.Air andpurenitrogenare

inert gasesand are safeandsuitablefor use

in hydraulicsystems.Mostfrequently,theair

usedin hydraulicsystemsis drawnout of the

atmosphereandforcedinto thehydraulicsys-
tembymeansof an air compressor.Purenitzo-

gen,however,is availableonlyas acompressed
bottlegas.

Applicationin hydraulics.Theabilityof a

{gasto actin themanner of a springis impor-
tant in hydraulics,Thischaracteristicis used
in some hydraulicsystemsto enablethesesys-
temsto absorb,store,andreleasefluid energy
as required.Theseabilities in a systemare

oftenprovidedbymeans of a singlecompo-
nent designedto producea springlikeaction.
In most cases,suchcomponentsuse air, even

thougha springmightbeequallysuitablefrom
a performancestandpoint.Air is superiorto a

springbecauseof its lowweightandbecause
it is not subjectto failurefrommetalfatigue,
as is a spring.Themostcommon use of air in

hydraulicsystemsis found in accumulators
andshockstruts.

 

â€˜Malfunctionscausedbyair. In general,all
componentsandsystemsthatdo not require
{gasesin their operationare, to some extent,
impairedbythepresenceof air. Examplesare

excessive feedbackof loud noises from flight
controlsduringoperationand the failure of
â€˜wheelandrotor brakestohold.Thesemalfunc-
tions can be readilycorrectedbybleedingthe
system.Bleedingthesystemis a controlledway
ofallowingtheair to escape.



Section2

AircraftHydraulicSystems
Hiydralicsystemsarenotnew.Thebasichydrau-
licramprinciplehasbeenusedforcenturies tis

sillsupplyingmostofourcitieswithbasicwater
service Commercially,hydraulicsystems.are

UsedforeverythingfrombrakestobackhoesItisInthe airplane,however,thathydraulicsystems
ive reachedahigherdegreofsophistication

 

Althoughsome aircraftmanufacturersmake
â€˜greateruse ofhydraulicsystemsthanothers,the
hydraulicsystemof theaveragemodernaircraft

performsmanyfunctions.Amongtheunitscom-

â€˜monlyoperatedbyhydraulicsystemsare land-
inggear,wingflaps,speedandwheelbrakes,
andflightcontrolsurfaces.

Hydraulicsystemscombinethe advantages
of lightweight,ease of installation,simplified
inspection,andminimum maintenancerequire-
â€˜ments,Hydraulicoperationsare alsoalmost100

percentefficient,withonlya negligiblelossdue
{o fluidfriction.

All hydraulicsystemsare essentiallythesame,

regardlessof theirfunction.Regardlessof appli-
cation,eachhydraulicsystemhasa minimum

â€˜numberofcomponentsandsometypeofhydrau-
licfluid

A meansofstoringhydraulicfluidandminimiz-

ingcontaminationis necessaryin anyaircraft
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hydraulicsystem.Reservoirsandfiltersperform
thesefunctions.Thecomponent,whichcauses

fluid flow in a hydraulicsystemâ€”theheartof
anyhydraulicsystemâ€”canbe a handpump,
power-drivenpump,accumulator,o anycombi-
â€˜nationofthethree.Finally,ameansofconverting
hydraulicpressureto mechanicalmotion,linear
of rotary,is necessary.

HydraulicReservoirs
â€˜Thehydraulicreservoir is a container forhold-
ing the fluid requiredto supplythe system,
includinga reserve to cover anylossesfrom
minor leakageand evaporation.The reser-

voir can bedesignedto providespacefor fluid
expansion,permitair entrainedin the fluid to

escape,andto helpcoolthe fluid.Figure1-21
showstwo typicalreservoirs. Comparethetwo
reservoirs itembyitemand,exceptfor thefilters
andbypassvalve,notice thesimilarities.

Fillingreservoirs to the topduringservicing
leavesno spacefor expansion.Mostreservoirs

are designedwith the rim at the filler neck
belowthetopof the reservoir to preventover-

filling,Somemeans ofcheckingthefluid level
is usuallyprovidedon a reservoir. Thiscan be

2glassor plasticsightgauge,a tube,or a dip-
stick.Hydraulicreservoirs areeitherventedto
theatmosphereorclosedto theatmosphereand
pressurized,A descriptionof eachtypefollows.

Vented reservoir.A ventedreservoir is one

that is opento atmosphericpressurethrough
a vent line.Becauseatmosphericpressureand
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Figure1-2-3.Typicallinefilterassembly(explodedview).

gravityare theforcesthatcause thefluid to flow
to thepump,a ventedreservoir is mountedat
thehighestpointin thehydraulicsystem.Air
is drawninto andexhaustedfromthereservoir

througha vent line.A filteris usuallyinstalled
in thevent lineto preventforeignmaterialfrom
beingtakeninto thesystem,

Pressurizedreservoir.Apressurizedreservoir

is sealedfromtheatmosphere.Thisreservoir

is pressurizedeitherbyenginebleedair or by
hydraulicpressureproducedin thehydraulic
systemitself.An air pressureregulatoris used

toreducethecompressorbleedairpressure.The

regulatoris betweentheengineandthe reser-

voit. Pressurizedreservoirs areusedon aircraft
intendedforhighaltitudeflight,whereatmo-

sphericpressureis not enoughto cause fluid
flowto thepump.Figure1-22illustratesa typi-
calpressurizedreservoir.

Additional reservoir components.Many
reservoirs are constructedwith bafflesor fins
to keepthe fluid fromswirlingand foaming,
Foamingcan cause air to becomeentrainedin

Figure1-2-4.Filterassembly.
the system.Filtersare incorporatedin some

reservoirs to filter thefluid beforei t leavesthe
reservoir. A bypassvalveis usedto ensure that
thepumpdoesnot starve if thefilterbecomes,

clogged.A standpipeis usedin a reservoir that

suppliesa normaland an emergencysystem.
â€˜Themain systemdrawsits fluidfromthestand-
pipe,whichis at ahigherelevation.Thisensures

fan adequatefluid supplyto thesecondarysys-
tem f themain systemfails.

HydraulicFilter
Contaminatedhydraulicuid is one of thecom-

â€˜moncauses of hydraulicsystemtroubles.Filter
â€˜unitsinstalledin thepressureandreturn linesof,
a hydraulicsystemremove contaminationfrom
thefluid beforei t reachesthevarious operating
components.Filtersofthistypeare referredto as

linefilters.

Line filter construction.A typicallinefilteris

shownin Figures12-3and1-2-4.Ithastwo major
partsâ€”thefiltercase,or bowl,andthefilterhead.
â€˜Thebowlholdstheheadthatscrews into it. The
headhasan inlet port,outletport,andrelief
valve.Normalfluidflowis throughtheinletport,
aroundtheoutsideof theelement,throughthe
elementto the inner chamber,andout through
theoutletport.Thebypassvalveletsthefluid

bypassthefilterelementif i tbecomesclogged.

â€˜Typesof filter elements.Themostcommon fil
teringelementusedis themicronic type.It is a

disposableunit madeof treatedcelluloseandis

formedintoaccordionpleats.Mostfilterelements
are capableof removingall contaminantslarger
than1025microns (onemicron equals0.00004

inch\Figure12-5).

â€˜Anothertype,not commonlyusedanymore,is,

theCunofilterelement.It hasa stackof closely
spaceddisksshapedlike spokedwheels.The
fluid is filteredas it passesbetweenthedisks.



   
    

Figure1-2-5.Micronicfilterelement.

Hand-Operated
HydraulicPumps
â€˜Theheart of any hydraulicsystemis the
pump,which converts mechanicalenergy
into hydraulicenergy.Thesource of mechan-
ical energycan be an electricmotor, the
engine,or theoperator'smuscle.

Pumpspoweredbymuscleare calledhand
pumps.Theyare used in emergencies,as

backupsfor powerpumps,and for ground
checksof thehydraulicsystem.Thedouble-
action handpumpproducesfluid flow with
everystrokeof thehandle.

Handle to the right.The double-action
handpump,shownin Figure1-2-6,consists
ofacylinderpistonwith built-in checkvalve,
pistonrod,operatinghandle,and a check
valvebuilt into the inlet port.As the handle
is movedto theright,thepistonandrod also.
move to the right.On this stroke,the inlet
checkvalveopensas a resultof the partial
vacuum causedbythe pistonâ€™smovement,
allowingfluid to bedrawninto theleft cham.
ber.At thesame time,the inner checkvalve
closes.As thepistonmoves to theright,the
fluid in therightchamberis forcedout into
thesystem,

Handle to the left. Whenthe handle is

movedto the left,thepistonandrod assem-

blyalso move to the left. The inlet check
valvenow closes,preventingthe fluid in the
left chamberfrom returningto the reser-

voir. At thesame time,thepiston-headcheck
valveopens,allowingthe fluid to enter the

rightchamber.

Tohavehydraulicuid availablefor opera-
tion of a handpump,thehydraulicreservoir

must haveastandpipe.Thestandpipeallows
Belequatefui to remain in thetankforemer-

gencyoperations,
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Shearsectionof.
splinecouplingshaft

Figure1-27.Pumpdrivecoupling

Power-DrivenHydraulicPumps
Power-drivenpumpsreceive their driving
forcefroman externalpowersource,suchas

electricmotors,air motors,and the aircraft
engine.Thisforceis convertedinto energyin
theformof fluid pressure.Thefourbasictypes
ofpower-drivenhydraulicpumpsaregear,nane,diaphragm,andpiston.Pistonpumpsare further

categorizedas eitherconstantdeliveryor variable
delivery.Twotypesof constant-deliverypiston
pumpsare theangularandcam. All constant

deliveryor positivedisplacementpumpsmust
haveapressure-regulatingvalve.

Pumpsare coupledto theirdrivingunits by
splinedcouplingshaft,commonlycalled drive
coupling.As shownin Figure1-27,the shaftis

designedwithaweakenedcentersectioncalleda

shearsection,withustenoughstrengtho runthepumpundernormalconditions.If troubtedeve.
bps causing the pumptoturn unusuallyhard,theshearsectionbreaks.Thispreventsdamagetothepumpor drivingunit.
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Hydraulicpumpshavea drainportat thebot.
tom of the pumpat the shaftend.If fluid is,

leakingfromthedrainport,itis an indication
thattheshaftsealis leaking.Mostpumpshave

1drainporton eachsideofthemountingbase

sothatthepumpcan bemountedin anydizec-
tion for clearance.Thedrainporthasan over-

boarddrainlineconnectedtoi, so thatanyfluid
drainsout oftheenginecompartment.
Ifa power-drivenhydraulicpumpof thecorrect,

capacityfils9 maintain normalsytempres
sure when a systemcomponentis operating,itis,
â€˜mostlikelybecauseof a restriction in thepump
â€˜outletor betweenthepumpoutletandthesys-
tem pressureregulator.Thepumpis unableto

providethevolumeoffluidthesystemrequires.

Constant-DeliveryPumps
Constant-deliverypistonpumpsdelivera given,
quantityof fluid perrevolutionof the drive

Statlonarygroup

 Rotatinggroup

Figure1-2-8,Typicalangularpistonpump.

 Figure1-2-9.Typicalrotating-campistonpump.

coupling,regardlessof pressuredemands.The
quantityoffluid deliveredperminutedepends
fon pumprevolutionsperminute (rpm).In a

systemrequiringconstantpressure,this type
of pumpmust beusedwith a pressureregula-
tor

GearPumps
â€˜Themostcommon constantdeliverypumpis

the gear pump. Gear pumps havebeenused
for manyyeasin almostanytypeofhydraulic
system.Theyare sill usedin manylightgen-
eralaviation aircraft,Classicexamplesare the

hydraulicpowerpacsusedinthe Piperaircraft
Tine.Thepowwerpacshavethepump,reservoir,
checkand pressureregulatorvalves,andall
othernecessaryitems all in one unit Apov
expacisnot a regularmaintenanceitem and
Shouldthereforebe sent to.a CertifiedRepair
Stationforrepairandoverhaul

Whilecapableofproducingextreme pressures,
gearpumpshavea majordrawback.Theydo
rot work well in systemsthat must move a

largevolumeof fluid.Todoso requirespumps
ofever-increasingsize to producethevolume.

AngularPistonPumps
â€˜Thebasiccomponentsof an angularpiston
pump(Figure1-2-8)are as follows:

â€˜+A rotatinggroup,consistingof acoupling
shaft,universallink,connectingrods,
pistons,andcylinderblock

+ A stationary group,consisting, of the
â€˜alveplateandthepumpcase orhousing

â€˜Thecylinderboreslie parallelto, and are

evenlyspacedaround,thepumpaxis. Forthis
reason,a pistonpumpis oftenreferredtoas an

axialpistonpump.

Packingsonsealsare notrequiredto controlpis-
ton-to-boreleakage.Thisis controlledentirely
byclosemachiningand accurate fit between
pistonandbore.Theclearanceis onlyenoughto
allowfor lubricationbythehydraulicuid and

slightexpansionwhenthepartsbecomeheated.
Pistonsare individuallyfittedto theirboresdur-
ingmanufactureandmustnotbechangedfrom
â€˜pumpto pumpor boreto bore.

Pumpoperation.Asthecouplingshaftistured

bythepumppowersource,thepistonsandcyl-
inderblockturn alongwith i t becausetheyare

interconnected.Theanglethatexistsbetweenthe

cylinderblockandcouplingshaftcauses thepis-
tons to move backandforth in theirrespective
cylinderboresas thecouplingis turned.



In the firsthalfof a revolutionof thepump,a
cylinderis alignedwith the inlet portin the
valveplate.At this time,the pistonis mov-

ingawayfrom the valveplateanddrawing
hydraulicfluid into thecylinder.In thesecond
halfoftherevolution,thecylinderis liningup
with theoutletportin thevalveplate.At this,
time,the pistonis movingtowardthe valve

plate,thuscausingfluid previouslydrawninto,
thecylinderto beforcedout throughtheoutlet
port.
Fluid is constantlybeingdrawn into and

expelledout of the pumpas it tums, This

providesa multipleoverlapof the individual
Spurtsof fluid forcedfom thecylindersand
resultsin deliveryof a smooth,non-pulsating
flowofuid fromthepump.

Cam-PistonPumps
â€˜Accamisusedtocausethestrokingofthepistons,
ina cam-pistonpump.Twovariationsare used,

thecam rotatesandthecylinderblockis stationâ€•

ary; in theother,thecam is stationaryandthe

cylinderblockrotates.Bothcam-pistonpumps
are describedin thefollowingparagraphs.
Rotating-campump.Therotating-campump
is the one mostcommonlyused.As the cam

tums in a rolating-campump(Figure1-2-9),
its highandlowpointspassalternatelyandin

â€˜turnundereachpiston.It pushesthepistonfur-
ther into its bore,causingfluid to beexpelled
fromthebore.Whenthefallingfaceof thecam

comes undera piston,thepistonâ€™sreturn spring
pullsthepistondown in its bore.Thiscauses

fluid to bedrawninto thebore.

HydraulicandPneumaticSystems
Eachborehasa checkvalvethatopensto allow
fluid to beexpelledfromtheborebythepis-
tonâ€™smovement. Thesevalvesare closedby
springpressureduringinletstrokesofthepis-
tons.Thisfluid is drawninto the boresonly
throughthecentralinlet passages.Themove-

ment of thepistonsin drawingin andexpel-
lingfluid is overlapping,resultingin a non-

pulsatingfluid flow.

Stationary-campump.The operationand
constructionof a stationary-campumpare iden-
ticalto thatof therotatingcam exceptthatthe
cylinderblockturns,not thecam.

Variable-Delivery
PistonPumps
â€˜A.variable-deliverypistonpumpautomati-

callyandinstantlyvaries the amount of fluid
deliveredto thepressurecircuitofahydraulic
systemto meetvaryingsystemdemands.This
is accomplishedbyusingacompensator,an inte-

gralpartof thepump,whichis sensitiveto the
amount of pressurepresentin thepumpand
in thehydraulicsystempressurecircuit. When
the circuit pressurerises, the compensator
causes thepumpoutputtodecrease.

Conversely,whencircuit pressuredrops,the
compensatorcauses pumpoutputto increase.

â€˜Thereare two waysof varyingoutput:demand
principle(cam)and stroke-reductionprinciple
Gngula.
Demandprinciple.The demandprinciple
(Figure12.10A)is basedon varyingpump
outputto fill thesystemschangingdemands

Controlorifice

 
Figure1-2-10A.Variable-deliverydemand-principlecam pump.

jot
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Figure1-2-108.Variablestroke-reductionpump.

bymakingthepistonstrokeeffectivein vary-
ingdegrees.
â€˜Thepistonsare designedwith largehollowcentersThecentersareintersectedbycross

Grilledelit holesthatopeninto the pump
tase. Eachpistonis equippedwith a movable
Sleevethat can blockthe relief holes.When
theseholesare not blocked,uid displacedby
the pistonsis dischargedthroughthe reliet
holesinto thepumpcase,insteadof pastthe
pumpcheckvalvesandout theoutletport

Whenfull uid flow is required,the sleeves
are positionedto blockthe reliefholesfor the
entire lengthof pistonstroke.Whenzero flowis

required,thesleevesare positionednot to block
theflowduringanyportionofthepistonstroke.
Forrequirementsbetweenzero andfull flow,the
reliefholesare uncoveredorblockedaccordingly.
â€˜Thesleevesare moved into their required
positionsbya devicecalleda pumpcompen-
ator piston.Thesleevesandcompensatorpis-
ton are interconnectedbymeans of a spider.
Fluid pressurefor thecompensatorpistonis
â€˜obtainedfromthedischargeport(systempres-
sure)througha controlorifice

Stroke-reductionprinciple.Thestroke-reduc-
tion principleshownin Figure1-2-10Bis based.
â€˜onvaryingtheangleof thecylinderblockin an.

angularpump.Thiscontrolsthelengthof the

pistonâ€™sstrokeandthusthevolumeperstroke.

â€˜Thecylinderblockanglechangeisachievedbyusing ayokethatswivelsaroundapivot pinCalleda pin,Usinga compensatorassembly
Consistingof a pressure-conllve, presse

cylinderblock

 
Pistons

Drive-

 

   

Pivotpinâ€˜Bearing

Yoke

controlpiston,andmechanicallinkagethat are

connectedto the yokeautomaticallycontrols
theangle.
â€˜Assystempressureincreases,thepilotvalve

â€˜opens.apassagewayallowingfluidtoacton the
controlpiston.Thepistonmoves,compressing
its spring,and throughmechanicallinkage,
moves the yoketowardthe zero flow (zero
angle)position.Assystempressuredecreases,
thepressureis relievedon thepiston,and its

springmoves thepumpinto thefull ow posi-
tion. Thisresultsin a controlthat is verypre-
cise,with no dropsin systempressure.

HydraulicAccumulators
â€˜Ahydraulicaccumulatoris used to store

hydraulicfluid underpressure.It can be used
to performthefollowing:

â€˜*Dampenhydraulicshocks that can

developwhenpressuresurgesoccur in

hydraulicsystems
â€˜+Add to theoutputofapumpduringpeak

loadoperationof the system,makingi t

possibleto use a pumpof muchsmaller
capacitythanwouldotherwiseberequired

â€˜=Absorbthe increases in fluid volume
causedbyincreases in temperature

â€˜=Actas a source of fluid pressureforstart

ingaircraftauxiliarypowerunits(APUs)
â€˜+Assistin emergencyoperations

â€˜Accumulatorsare divided into typesaccord-
ingto themeans usedto separatetheair fluid



system
pressure

 Figure1-2-11.Diaphragmaccumulator.

chambers;theseare thediaphragm,bladder,and
pistonaccumulators,

If theair pressurein an accumulatoris low,i t
causes the systempressureto droprapidly
whenhydraulicpressureis usedforanydevice.
It alsocauses rapidcyclingof thepressurereg-
ulatoras thesystembuildspressure,shutsoff,
losespressure,andrestarts,in an endlesscycle.
Whentheplaneis on theground,theair pres-
sure,or preload,of an accumulatoris checked
{ovoways.A pressuregaugeon theaccumulator
indicatesthepreloadwhenthesystemfluidpres-
sure iszero. At anyothertime,i t showsthesys-
tempressure.Thesecondwayrequiresbringing
thesystemuptooperatingpressurewithan aux:

ila â€˜Aftershuttingoff the pump,actu-

ateanyparofthehydraulicsystemotherthan
thelandinggear,andobservethehydraulicsys-
tem pressuregauge.Systempressuredecreases

gradually.Asuddendropto zero occurs when
theaccumulatorpreloadis reached.Thatpointis

theapproximateaccumulatorpreload.

Diaphragmaccumulator.The diaphragm
accumulatorconsistsof two hollow,hemispheri-
calmetalsectionsboltedtogetherat thecenter.
Noticein Figure1-211thatone ofthehalveshas.
a fittingtoattachtheunit tothehydraulicsystem;theotherhalf is equippedwith an air valvefor

chargingtheunit withcompressedair ornitrogen.
â€˜Mountedbetweenthetwo halvesis a synthetic
rubberdiaphragmthatdividestheaccumulator
into two sections.Theaccumulatoris initially
chargedwith air throughtheair valveto a pres-
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System
pressure

 Figure1-2-12.Bladderaccumulator.

 Figure1-2-13,Accumulatorbladder.

sure ofapproximately50percentofthehydraulic
system pressure.Thisinitialairchargeforcestheliaphragmupwardagainsttheinner surfaceof
theuppersectionoftheaccumulator.

Whenfluid pressureincreases abovetheinitial
air charge,fluid is forcedinto theuppercham-
berthroughthesystempressureport,pushing
the diaphragmdown and furthercompress:
ingtheair in thebottomchamber.Underpeak
load,the air pressurein the lowerchamber
forcesfluid backinto thehydraulicsystemto
â€˜maintainoperatingpressure.Also,ifthe power
pumpfails,thecompressedair forcesalimited

amountofpressurizedfluid into thesystem.

Bladderaccumulator.Thebladderaccumula-
tor operateson thesame prinipleandforthe
same purpose as the diaphragmaccumulator,butitVariesin construction,asshownin Figure
12:12,with thebladderitselfshownin Figure
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Figure1-2-14.Pistonaccumulator(cutaway).

Figure1-2.15.Piston
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Figure1-2.16.Typicalhydraulicmotor.

1-2-13.Theunitisaone-piecemetalspherewitha fluid pressureinletat thetopandan opening,
at thebottomfor insertingthebladder.Alarge
screw-typeplugat the bottomof the accu

mulatoris a retainer for thebladderthatalso
sealstheunit. Ahigh-pressureairvalveis also
incorporatedin theretainer plug,Fluidenters

throughthe systempressureport.As fluid
pressureincreases abovetheinitial air charge
Oftheaccumulator,it forcesthebladderdown-
â€˜wardagainsttheair charge,fillingtheupper
chamberwith fluid pressure.

Pistonaccumulator.Thepistonaccumulator
serves thesame purposeandoperatesbythe
same principlesas thediaphragmandbladder
accumulators.As shownin Figure12-14,the
â€˜unitconsistsof acylinderandpistonassembly
with portson eachend.Fluid pressurefrom
thesystementerstherightport,forcingthepis-
ton downagainstthe initial air chargein the
left chamberof thecylinder.A high-pressure
air valveis locatedat theleftportforcharging
theunit. A drilled passagefromthefluid side
of thepistonto theoutsideof thepistonpro-
videslubricationbetweenthecylinderwalls
andthepiston.A completepistonaccumulator
is shownin Figure12-15,

CAUTION:Releasell gasandfluid pres-
sure froman accumulatorbeforeremoval.
Failureto doso.can resultin serious injury.

HydraulicMotors

Hydraulicmotors are installed in hydraulic
systemsto use hydraulicpressureto obtain
poweredrotation. A hydraulicmotor doesjust
the oppositeof what a power-drivenpump
does.A pumpreceives rotative forcefroman

engineor otherdrivingunit and converts it
into hydraulicpressure.A hydraulicmotor
receives hydraulicfluid pressureandconverts
it into rotative force.

Figure1-2-16showsa typicalhydraulicmotor.
â€˜Thetwo main portsthroughwhichfluid pres-
sure is receivedandreturn fluid is discharged
are markedA andB,respectively.Themotor
has a cylinderblockand-pistonassembly
in whichthe boresand pistonsare in axial
arrangement,thesame asin ahydraulicpump.
Hydraulicmotors can be instantlystarted,
stopped,or reversedunderanydegreeof load;
theycan bestalledbyoverloadwithoutdam-
age.Reversingtheflowoffluid into theportsof
themotorchangesthedirectionof rotation ofa

hydraulicmotor.

HydraulicActuators

Sothatfluidpressureproducedbya pumpcan

beusedto move some object,thepressuremust
beconvertedto usableforcesbyan actuating
unit, A devicecalledan actuatingcylinderis,

usedto impartpoweredstraightlinemotion
toa mechanism.Hydraulicmotors convert the
pressureinto rotarymotion.

Hydraulicsystemsmust alsohavedevicesto
controlor directthefluid pressureto thevari-

â€˜ouscomponents.Suchdevicesincludeselector
valves,checkvalves,ratchetvalves,irreversible
valves,sequencevalves,and priorityvalves.
Eachis describedin theparagraphsthatfollow.



    
Figure1-217,Basicactuatingcylinder.

Actuatingcylinders.A basicactuatingcylin-
der(Figure1-2-17)consistsof a cylinderhous-
ing,one or more pistonsandpistonrods,and
fone or more seals.Thecylinderhousingcon-

tainsa polishedborein whichthepistonoper-
ates and one or more portsthroughwhich
fluid enters and leavesthe bore.Thepiston
androdforman assemblythatmoves forward
andbackwardin thecylinderbore.Thepiston
rod moves into andout of thecylinderhous-
ingthroughan openingin one or bothends.
â€˜Thesealsare usedto preventleakagebetweenthepistonandcylinderbore,andbetweenthe
pistonrodandhousing,Thetwo majortypesof
actuatingcylindersare single-actionanddouble-
action.

Single-actionactuatingcylinder.Thesingle-
action actuatingcylinder,shownin Figure1-2-
18,consistsofa cylinderhousingwithone fluid
port,a pistonandrodassembly,a pistonreturn

spring,andseals.

Whenno pressureis appliedto thepiston,the
return springholdsit andtherodassemblyin

the retractedposition.Whenhydraulicpres-
sure is appliedto the inlet port,the piston,
sealedto thecylinderwallbyan O-ring,does,
not allowthefluid to pass.Thiscauses thepis-
ton to extend,

â€˜Asthe pistonand rod extend,the return

springcompresses.A vent on thespringside
of thepistonallowsair to escape.Whenpres-
sure is relieved,the return springforcesthe
pistonto retract,pushingthefluid out of the

cylinder.Awiperin thehousingkeepsthepis-
ton rodclean,

â€˜Thecylindercan bepressure operatedin onedirectiononly.A fineesonycontolele is noe

mallyusedto controlcylinderoperation,
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Figure1-218.Single-actionactuatingcylinder.

PortA PortB

Figure1-219.Double-actionactuatingcylinder.

Double-actionactuatingcylinder.Thedou-
ble-actionactuatingcylinderconsistsof a cyl-
inderwith a portateitherendanda pistonand
rodassemblyextendingthroughone endofthe

cylinder(Figure12-19.

Pressureappliedat portA causes thepistonto
extend,forcingthe fluid on theoppositeside
of thepistonout of portB.Whenpressureis
appliedto portB,the pistonandrod retract,
forcingthe fluid in theoppositechamberout

throughportA.

â€˜Thistypeof cylinderis poweredin bothdirec-
tionsbyhydraulicpressure.A selectorvalveis

normallyusedto controla double-actionactu-

atingcylinder.A common cause of slowactua-
tion of hydrauliccomponentsis an internal
leakin theactuatingunit.

SelectorValves

Usedin hydraulicsystemsto controlthedirec-
tion of operationof a mechanism,selector
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Figure1-2.20.Closed-centerrotor selectorvalve.

valvesare alsoreferredto as dtctonal control
Dulnesor contollbs. Theyprovidepathways
for the simultaneouslow of two streams of
fluid,one under pressure into the actuatin
unitâ€˜andtheothe,arelurn stream,out of the
actuatingunit. Theselectorvalveshavevarious

Pressure

 Spool
(pilotvalve)

 Extenstonspool
usedfor control

 
Figure1-2.21.Typicalclosed-centerspoolselectorvalve,

   
 

 

numbersof portsdeterminedbythe require-
â€˜mentsofthesystemin whichthevalveis used.
Selectorvalveswith four portsare the most

â€˜commonlyused;theyare referredto as four-â€˜wayvalves.Selectorvalvesarefurtherclassified
as closed-centeror open-centertypes.

Closed-center selector valve. When a

closed-centerselectorvalve is placedin the
OFFposition,its pressurepassageis blocked
to theflowof fluid.Therefore,no fluid can flow

throughits pressureport,and thehydraulic
systemstaysatoperatingpressureatall times.
â€˜Thefour-way,closed-centerselectorvalve is,

the most commonlyusedselectorvalve in

aircrafthydraulics.Thereare two types;they
are rotor-typeand spool-type,closed-center
selectorvalves.

â€˜Therotor-type,closed-centerselectorvalve is,

shownin Figure1-220. It hasa rotor as its

valvingdevice.The rotor is a thick circular
disk with drilled fluid passages.It is placed
in its various operatingpositionsbyrelative
â€˜movementof thevalvecontrolhandle.In the
OFFposition(A),therotor is positionedtoclose
all ports,In thefirstONposition(B),therotor
interconnectsthepressureportwith thenum-

berI cylinderport.Thenumber2cylinderport
is opento return. In thesecondON position
(Â©thereverse takesplace.



      
 

  
  

Reliefvalve.

Pressport

 

cyl port,

 Selector
â€˜valve

         

  Selector|valve  (on)

 

   

 
 

O   

Figure1-2-22.Open-centerrotor selectorvalve.
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Figure1-2-23.Typicalopen-centerspoolselectorvalve.

bersof theselectorvalve.Thelargediameters
of thespoolare thebearingandsealingsur-

facesand are calledlands.In operation,the

spoolvalveis identicalto therotor type.

Open-centerselectorvalve. Fromthe out

side,theopen-centerselectorvalvelookslike the
closed-centerone. Like closed-centervalves,
open-centerselectorvalveshave four ports
andoperatein oneOFFandtwo ONpositions.
â€˜Thedifferencebetweenthe closed-centerand
open-centervalvesis in the OFFposition.In
theclosed-centervalve,none of the portsare

â€˜opento eachotherin theOFFposition.In the
open-centervalve,the pressureand return

pportsare opento eachotherwhenthevalveis

OFFIn thisposition,theoutputof thesystem
pumpis returnedthroughtheselectorvalvetothe reservoir with little resistance.Therefore,
in an open-centersystem,operatingpressureis

presentonlywhentheactuatingunit is being
operated,

 

An open-center,rotor-typeselectorvalve is

shownin Figure1-222.Whenthe valve is in

theOFFposition,fluid fromthepumpenters
the pressureport,passesthroughthe open
centerpassagein therotor andbackto theres-

ervoir. Whenthevalveis in eitherof the two
ONpositions,i t functionsthesameasaclosed-
centervalve,
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Figure1-2.25.Basicclosed-centersystem.
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â€˜Anopen-center,spool-typeselectorvalve is

shownin Figure1-223,Noticethat thisvalve
differs from the closed-centertypein that
a third land is machinedon thespool.This,
land is usedto cover thepressureportwhen
thevalveis in theOFFposition.It providesan

inter-passagein thespoolthatallowsfluidfrom
thepumpto return to the reservoir. Operation
in bothof theONpositionsis thesame as the
closed-centerselectorvalve.

Hydraulic systemsare classifiedas open-center
or closed-centerdependingonthetypeofselec
tor valvesused.In an open-centersystemthat
hasmore thanone selectorvalve,thevalvesare

arrangedone behindtheother(inseries)

In a closed-centersystem,the valves are

arrangedparallelto eachother.An open-cen-
ter systemhasfluid flowbutno pressurein the
systemwhentheselectorvalveis off.

Ina closed-centersystem,fluid is underpres-
sure throughoutthesystemwhenthehydrau-
licpumpis operating.

Open-CenterSystem
Figure1-224 showsa basicopen-center
hydraulicsystemthatusesareliefvalveto limit
systempressure.As mentionedearlier,this,
typeof systemhasfluid flowbut no pressure
until some hydraulicdeviceis operated.When
theselectorvalvesareoff,fluid flowsfromthe
reservoir to thepumpthroughtheopen-cen-
ter passageofeachvalve,andthenbackto the
reservoir. No restrictionsexist in thesystem;
therefore,no pressureis present.Whenone

valve is placedin theoperatingposition,the
devicecreatesa restriction thatthevalvecon-

trols.Fluid thenflowsunderpressureto that

hydraulicdevice.

Closed-CenterSystem
Figure1-225showsa basicclosed-centersys-
tem. Fluid is under pressurethroughouta

closed-centersystemwhenthepumpis oper-
ating.Whentheselectorvalvesare in theOFF
position,fluid cannot flowthroughtheclosed
centers.Thiscausespressuretobuildin thesys-
tem;itis availableat anytime a selectorvalveis,

â€˜turnedon. Areliefvalveis usedtokeepsystem
pressurefromgoingabovea predetermined
amountwhenall valvesare off.

HydraulicServo

A servois acombinationofaselectorvalveand
anactuatingcylinderin a singleunit. Whenthe
â€˜operatoropensthepilotvalveof a servo, it is



automaticallyclosedbymovementofthe servo

(oractuating)unit. Hydraulicservos are used
in aircraftwhenprecisecontrolis necessary
over thedistancea componentmoves.

â€˜Typicalhydraulicservo. Figure1-2-26shows
a typicalhydraulicservo. In operation,when
thepilotvalveis displacedfromcenter,pres-
sure is directedto one chamberof the power
piston.Theotherchamberis opento return
low. As the powerpistontravels,the pilot
valve housingtravelsbecausethe two are

attached.Theoperatoris holdingthe pilot
valve itself stationary,and the portsagain
becomeblockedbythelandsof thepilotvalve
stoppingthe pistonwhen it hasmovedthe
requireddistance.

Servosloppylink. Noticethe servo sloppy
link in Figure1-2-26.Itis theconnection point
betweenthe controllinkage,pilotvalveand
servo pistonrod.It permitstheservo pistonto
bemovedeitherbyfluid pressureor manually.
â€˜Thesloppylink providesa limitedamount of
slackbetweenconnectinglinkageand pilot
valve.Becauseof theslackbetweenthepiston
rodandtheconnectinglinkage,thepilotvalve
can bemovedto an ONpositionbythecon-

nectinglinkagewithoutmovingthepistonrod.

Bypassvalve.A bypassvalveis providedto
minimize theresistanceof theservo pistonto
â€˜movementwheni t must be movedmanually.
â€˜Thevalveopensautomaticallywhenno operat-
ingpressureisontheservo. Thisallowsfluid to
flowfreelybetweenthechamberson eachside
of thepiston,

Irreversiblevalve. In normalaircraftopera-
tion,externalforcesfroman aircraft'scontrol
surfaces,suchas rotor bladesand ailerons,
tendto move servo cylinders.Thismovement
createsa pump-likeaction in theservo called
{eedback.Theirreversiblevalvepreventsfeedback

â€˜throughtheservo to thecontrolstick.

Figure1-2.27showsa simplifiedschematicver-

sion of an irreversiblevalve.Thebroken-line
blockrepresentsthehousingof thevalve.

â€˜Thecheckvalveallowsfluid fromthe pump
to flow in the normaldirection,as shown
bythe arrow. Feedbackforcestend to move

the servo pistonoppositeto the directionof,
pump-producedpressure.Thistendsto force
fluid backwardthroughtheirreversiblevalve.
â€˜Thecheckvalvekeepsthe servo pistonfrom

yieldingto feedbackbylockingtherearward
flowof fluid.Thereliefvalveis a safetydevice
to limit the pressureproducedbyfeedback-
induced movement of the servo piston.It
â€˜opensto allow fluid to bypassto the return
line if thefeedbackpressureexceedsa prede-
terminedsafelimit.
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Ratchetvalve.A ratchetvalveis usedwith a

double-actionactuatingcylinderto helpholda

loadin thepositionwhereit hasbeenmoved.
Theratchetvalveensures thatfluid is trapped
on eachsideof theactuatingcylinderpiston.
Thisis necessaryforthecylinderto locka load
againstmovement in eitherdirection.
A typicalratchetvalveis shownin Figure1-2-
2BA.It consistsof a housingwith fourports,a

polishedbore,two ballcheckvalves,anda pis-
ton, Thepistonhasextensionsoneitherendto
unseatthe two ballcheckvalves.Springskeep

BypassvalveshownIn Pressure

bypassingpostion
 

 

 

 

             
 

Selectorvalve
(pilotvalvehousing)

 

   
    

housing   Powerpiston

Sloppytink

Figure1-2-26.Hydraulicservo,incorporatingsloppylinkandbypassvalve.

 I Return

Figure1-2.27.Simplifiedirreversiblevalve.
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thesevalveson theirseatswhennopressureis

appliedto thesystem.

â€˜Valveoperationwith no pressure.In Figure
1.2-28A,the ratchetvalve is shownwith no

pressureapplied.Thepistonis centeredin its
boreandbothballcheckvalvesareclosed.This,
lockstheactuatingcylinderin positionbytrap-
pingall fluid in thecylinder.

 

Selector

 

 

 

 
       

 
Figure1-2.28A.Typicalapplicationof a ratchetvalve,no pressure
applied,

Selector
valve

        

 

   
â€˜Actuating
â€˜glinder

Valve operationwith pressureapplied.In

Figure1-2-28B,theratchetvalveis shownwith
pressureappliedto port1.Thisforcesthepis-
ton to theright,whereit unseatsball check
valveB,Pressureenteringport1alsounseats,
ballcheckvalveA on theleft side.Fluid then
flowsthroughtheratchetvalve,andthepiston
â€˜movesto theright,

CheckValves

â€˜Acheckvalveis installedin a hydraulicsystem
to controlthedirectionflowof hydraulicfluid.
â€˜Thecheckvalveallowsfreeflowof fluid in one

direction,butno flow,or arestrictedone,in the
otherdirection,

Checkvalveshavetwo generaldesigns.One
hasits own housingand is connectedto other
componentswith tubingor hose.Checkvalves
of this designare calledin-linecheckvalues
In theotherdesign,thecheckvalveis partof
anothercomponentand is calledan integral
â€˜heckvalve.Itsoperationis identicalto the in-

line checkvalve.Twotypesof in-linecheck
valvesare used:simpleandorifice.

Simplein-line checkvalve. As illustrated
in Figure12-29,the simpleinline check
valve consistsof a casing,inlet and outlet
ports,and a ball-and-springassembly.The
ball andspringpermitfull fluid flow in one

direction and block flow completelyin the
oppositedirection.Fluid pressureforcesthe
ball off its seat againstthespringpressure,
permittingfluid flow. Whenflow stops,the
springforcestheball againstits seat,block-
ingreverse flow.

Orificein-line checkvalve.Theorificecheck
valve is usedto allowfreeflow in one direc-
tion andlimitedflow in theoppositedirection.
â€˜Thisis donebydrillinga passagein thevalve
seatconnectingtheinletsideofthevalveto the
outletside,

Hydraulicfuse.A hydraulicfuseis an in-line
devicethatis designedto remain opento allow
a normalfluid flow in theline,butcloseif the
fluid flow increases abovean establishedrate.
â€˜Aquantity-measuringfuseis shownin Figure
12:30.

 

 
Figure1-2-288.Ratchetvalve,withpressureappliedto port1

 
Figure1-2-29.Simplein-linecheckvalve.
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Normalflow throughthe fuse.Equal
pressureacross theplston.

FlowIsstopped.Thepressuredrop
â€˜acrossthe fusehasmovedthepiston
â€˜overso that It covers the holesthrough
â€˜whichthefluld mustflow.

Figure1-2-30.A hydraulicfusecloseswhenthe
rateofflowor pressuredropbecomesexcessive.

â€˜Afusecan befoundin brakelinesthatare con-

nectedinto themain hydraulicsystem.If one

of thelinesis brokenmostof themain system
fluid couldbe pumpedoverboard.A fusein

thesystemshutsdownwhentheflowbecomes
excessive,savingthe main systemfunctional-
ity.

SequenceValve

A sequencevalve,shownin Figure12-31,is

placedin a hydraulicsystemto delaythe
â€˜operationof one portionof thatsystemuntil
anotherportionof thesame systemhasfunc-
tioned. Forexample,i t would be undesir-
ablefor the landinggearto retract beforethe
â€˜gearcompartmentdoorsare completelyopen.
â€˜Asequencevalveactuatedbythefullyopen
doorallowspressuretoenter thelandinggear
retractcylinder.
â€˜Thesequencevalveconsistsof a valvebody
with two ports,a ball andsealspring-loaded
to the closedpositon,and a springloaded
plunger.Compressingtheplungerspringoff
feats the ball andallowsfud to passto the
desiredactuator.Thetypical sequencevalve
is mechanicallyoperatedoricanbeslenid-
operatedbymeans of micrositches.In either
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Frompressure

Figure1-231.Mechanicallyactuatedsequencevalve.

case,the valveoperatesat thecompletionof
one phaseofamultiphasehydrauliccycle.

PriorityValve

AAprioritysoe is installedin some hydrau-
Tilsystemsto provideadequatefluid flow to
essentialunits, Thevalve fs installedin the
Tinebetweena nonessentialactuatingunit and
its source of pressure. It permitsfree,unte-

Strainedflowoffuid to nonessentialunits as

longas systempressureis normal,Whensys-
tem presturedropsbelownormal,thepriority
valveautomaticallyreducesthelwoffluidthenonessentialunits.

Thepriorityvalve(Figure12-92)resemblesa
checkvalve in bothexternalappearanceand
internaloperation.Aspringactsagainsta hol-

lowpistontomainiaincontactwithavalveseat,
Withno systempressure,thepriorityvalveis

in thespringloadedpostion,andclosed.The
Pistoni againstthevalveseat,As pressureis

Bppliedtothesystem,uid passesthroughthe
Walveseatandalsothroughdrilledpassagestodct againstthefaceofthe piston.Withnormal
flow and pressure,the pistonmoves against
thespringtensionandallows passageofuidIr pressuredecreases,thespringforcesthepis-

 actuator
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tem

 

        
Figure1-2.32.Typicalpriorityvalve.

Pressureadjustingscrew

Pressureport

Figure1-2-33.Pressure-reliefvalve.

 

 

ton to seat,ensuringa supplyof fluid for the
essentialportionofthesystem.

PressureReliefValves
â€˜Areliefvalveis installedin anysystemcontain-

inga confinedliquidsubjectto pressure.The
use of reliefvalvesfalls into one or more of
thesethreecategories:

â€˜In thefirstcategory,areliefvalveis usedtoprotectahydraulicsystemifthe pumpcom-ppensatorfails.Thereliefvalveis adjustedto

â€˜openat a pressureslightlyhigherthannor-

â€˜malsystemoperatingpressure.
+ In the secondcategory,a relief valve is

usedfo protecta systemsubjectto pres
Sure increases causedbythermalexpan-
Sion, Thermal relief valves.installed
betweensystemreturn manifold and
thoseportionsofthesystemwherepres-

Surecinbetrapped,Thermalreli!valves
relievepressureabovethesettingof the
system(pressurerelief valve before i t
buildsuphighenoughtodoanydamage

â€˜=Inthe thirdcategory,areliefvalveis used
as thesolemeans of pressurecontrolin a

hydraulicsystem.

Relief valves.Theconfigurationsfor relief
valvesare either two-portor four-port.Both
typesoperatein thesame way.Themain rea-

son foradditionalportsis convenience in con-

nectingtheplumbing.Onlythetwo-portpres-
sure reliefvalveis describedin thistext. IFit is,

necessarytoadjustseveralpressureregulating
valvesin the same system,it is importantto
start with the unit requiringthehighestset

tingfirst.Thenadjustall remainingvalvesin

descendingorderoftheirreliefpressure.

â€˜Two-portrelief valve. A typicaltwo-port
reliefvalveis shownin Figure1-238.It consists
of a housingwith an inlet andan outletport,
a valvingdevice,a compressionspringandan

adjustmentscrew. Whenthehydraulicsystem
is pressurized,the pressureactsagainstthe

valvingdevice,in thiscase,a ball. Theball is

heldagainstits seatbya coilspring.Whenthe
fluid pressureis greatenoughagainsttheball
to overcome theforceof thespring,theball is

unseatedandallowsfluid to pass

â€˜Theexactpressureat whichthis takesplace
is calledthe crackingpressure.This.pressure
can beadjustedto anydesiredpressurewith
thepressureadjustmentscrew. Fluid passingthe

valvingballflowsinto return linesandbackto
thereservoir.

Beforeanyadjustingis doneon areliefvalve,the
systemunloadervalvemustbedisabledtempo-



rarily.Otherwise,it doesnot allowthesystemto
reachthemaximum reliefvalvesetting,
Blow down valve (flapoverloadvalve).A
typeof reliefvalveinstalledin thenormalflap
downline to providea blowbackfeature.This
reliefvalvepreventsflapsfrombeinglowered
at an airspeedthatcouldcause structuraldam-
age.If thepilottries to extendtheflapswhen
theairspeedis toohigh,theoppositioncaused

bythe airflowopenstheoverloadvalveand
returns thefluid to thereservoir.

PressureReducer
â€˜Apressurereducerprovidesmore than one

levelof pressurein a systemthathasa single
hydraulicpump.The reducer(Figure1234)
consistsof a three-porthousing,piston,pop-
petandspring,adjustingspring,andadjusting
Screw. A poppetis a valvingdevicewith a flat
face.Thethreeportsof thehousingare input
pressureport,reduced-pressureport,and
feturn port.

Withholdingpressure.Thepressurereducer
operates onthe principle ofwithholding pres-Steratherthanrelievingit Withno pressure
in the system,the adjustingspringtension
holdsthe poppetopen,As systempressure
buildsup,fluid passesthroughthepoppetto
thereduced-pressureport.Whenthepressure

HydraulicandPneumaticSystems

actingagainstthepistonexceedsthe forceof,
theadjustingspringin thepressurereduces,
thepoppetmovestoclosetheinletport.Further

buildupof systempressuredoesnot affectthe
reducedpressureuntil it decreasesenoughto
allowtheinlet to beopenedbyspringtension.

Relievingpressure,Pressurereducersaso
relieveinereasedpressureresultingfrm ther-
tal expansion.As thepressureat thereduced
pressureportincreases,the pistonmoves

Bgainst the adjustingspring, opening. thereturnportandrelieringtheexcesspressure
PressureRegulator
â€˜A-constantdisplacementhydraulicpumpmust
havea pressureregulatorto unloadthepump
when the systemhasreachedthe working
pressure,andflowdemandsare low.

Unloadingvalve.Theunloadingvalve in a

closedhydraulicsystemprovidesa low-pres-
sure pathfor the fluid fromthepumpto the

reservoir,whentherearenoflowrequirements.
An unloadingvalveis shownin Figure1-2-35,

Flowfromthepumpis directedthroughthe
regulatorto thesystem,until all thecylinders
andactuatorsare movedto theirdesiredposi-
tions andno furtherfluid flowor pressureis
required.Theflow is thendirectedto theaccu-

Inputpressureport
 

Adjustingspring
  

 

     

Piston
   

   

 

 

             

Figure1-2-34.Pressurereducer.
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  Figure1-2.35.Thepressureregulatorunloadsthe
pumpduringperiodsof lowdemand,

â€˜mulator,andpressurebuildsto a specificvalue
as thefluid sideof theaccumulatoris filledby
compressingthe air in the accumulator.An

explodedview of thevalveis shownin Figure
12:36,

Fluid pressurethenshiftstheunloadingvalve
to theopenbypass,or kickedout,position.In this
position,the flow fromthe pumpis directed
backto thereservoirandthepumpis saidtobe
unloaded,andturns withoutresistance.

â€˜Theunloadingvalveworksin conjunctionwith
thesystemaccumulator.An in-linecheckvalve
kkeepstheaccumulator,andthesystem,pres-
surizedforusebythesystemcomponents,

â€˜Thein-linecheckvalvekeepstheaccumulator
fromdischarginginto the reservoir. A simple
hydraulicsystemwith an externalpressure
regulatoris shownin Figure1-2-37

Fluidflow fromtheaccumulatorto thesystem
causes thesystemto bleedoffpressureuntil the
bottomrangeof theunloadingvalvesettingis

reached.Thiscauses thebullet valveto shift,
blockingthepathto the return anddirecting
theflowto thesystemandtheaccumulator.The
valveis now kickedin andthepumpprovides
fluid flow to thesystem,Thiscyclecontinuesas

thedemandson thesystemchange.

Modern,compact,hydraulicsystemsuse a

pumpthathasa builtin regulatorto control
thepumpoutput.

 
   

   
Springseatâ€”+>,

â€” .

oe ryccokcee
trompump  L

Figure1-2.36.Anexplodedviewofthepressureregulator.
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Figure1.2.37,Simplehydraulicsystemwithan externalpressureregulatoror unloader.

PressureSwitches
A pressureswitchis designedto openor close
an electricalcircuit in responseto a prede-
terminedhydraulicpressure;theswitchacti-
vates a warningor protectivedevice.At a set
minimum pressure,the switchcan turn on

a light to warn thepilot,turn a pumpoff,or

activate a solenoid-controlledvalve.Typesof
pressureswitches,pistonanddiaphragm,are

describedin thefollowingparagraphs.
Pistonpressureswitch.Thepistonpressure
switch(Figure1-2-38)consistsof a housing,a

cylinderboreandpiston,an adjustablespring
for loadingthe piston,a microswitch,and

linkagefor transmittingmovements of the
pistonto the microswitch.Thehousinghasa

ressure portfor connection to system pres-Eireandanelectricalreceptacleforconnect
ingtheswitchto an electricalcircuit

Diaphragmpressureswitch.Thediaphragm
pressureswitchconsistsof a housing,a dia-

phragm,an adjustablespringto loadthedia-

phragm,a microswitch,andlinkagefor trans-

mittingmovementsof thediaphragmto the
â€˜microswitchshownin Figure1-2-39,Thehous-
inghasportsfor thesame functionsas those
in thepistonswitch.

 

Pressureswitch operation.The two types
of pressureswitcheshavethesame operating
principles;onlythepistontypeis coveredhere.

Fluid pressure enters the pressure portandrovesthefaceofthe pistonagainsttheadjust
tmentspring,Whenthepressurebecomesgreat

  

   
 

Adjusting
spring

  
Electrical
receptacle

Figure1-238, Pistonpressureswitch.
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 Figure1-2-40.Fintubingheatexchanger.

enoughto overcome the forceof thespring,
thepistonmoves and causes the pivotlever
to rotate. Themovement of the leveris trans-
mittedthroughthelinkageto themicroswitch
button.Thisclosestheelectricalcircuit.
HeatExchangers
Heat exchangersare usedin manydifferent
partsoftheaircraft.Someare usedto coolthe
engineoil andat thesame time theyheatthe
fuelto preventice crystalsfrombuildingupin

thefuelfilters.Hydraulicsystemsalsouse heat

exchangersto coolthefluid,

Hydraulicoil coolers.Whenhydraulicfluid
runs throughhigh-pressurepumpsat high
rates or flow,it becomeshot.Thatheatcan

cause some of the componentswhoseinter~
ral tolerancesare verytightto stickor become
unpredictablein operation.

â€œManyofthesystemsuseacoolerthatismounted
in one of thewingfueltanks.Theyare simply
tubesthatradiateheatinto the fuelbywayof

coolingfins(Figure12-40)

Section3

SealsandGaskets
Sealsandgasketsare usedthroughoutaircraft

plumbingsystemsto preventleakswhentwo

Eomponentsare joinedtogether,Thematerial
fromswhichthesealsare manufacturedvaries

dependingonthefd or gasbeingconducted
and the operating pressure range of the sjs-

tem,Usingthepropertypeofsealandexerci
ingcare duringinstallationare two ofthemost

importantphasesof plumbingmaintenance.
Lackof eare duringthisphaseof maintenance
is one of the most frequentcauses of system
failureorleaks

â€˜Thesealsor packingsusedin hydraulicsys-
tems are manufacturedfromrubber,leather,
â€˜Teflon,metal,or a combinationof any of
these.Twotypesof rubber,naturalandsya-
thetic,are usedfor makinghydraulicseals;
however,onlysyntheticrubber sealscan

be usedwith mineral-basehydraulicfluid.
Examplesof some of the differentkinds of
sealsusedin plumbingsystemsare shownin

Figure1-3-1anddiscussedin the following
paragraphs.

SealIdentification

(O-rings.O-ringsare circularrubbersealswith
a circularcross-section.Theyare almostuni-

versalin usageandare discussedin theirown

section.

â€˜V-rings(chevron).Theuse ofV-ringsis rather
limitedin hydraulicsystems;however,theyare

usedin some shockstruts. A V-ringcan sealin
onlyone directionandcan beusedto sealsur-

facesregardlessof whetherthereis movement
betweentheparts.

U-rings.SimilartoV-ringsin designandfunc-
tion,U-ringsare usedto sealpistonsandshafts,
â€˜onsome masterbrakecylinders.

Cupseals.Another typeof seal,usedfre-
quentlyon masterbrakecylindersanddrum
typewheelcylinders,is a cupseal.Theyare

effectivein controllingleaksin onlyone direc-
tion,andwheninstalledthelipofthecupmust
befacingthefluid tobecontained,

Oil seals.Compositesealsmadefromboth
rubberandmetalare calledoil seals,andthey
are usedto sealhydraulicpumpand motor
driveshafts.Theirouter body,or case,is made
fom pressedsteeland is force-fitedinto the
componenthousing.Insidethe metalcase is,

a lippedrubbersealanda spring.Therubber



sealis securelyanchoredagainstmovement to
themetalcase,andthespringencirclesthelip,
holdingit firmlyto thesurfaceit sealsand is,

commonlyreferredto as a Garlocseal.During
installation,the housingmust be free from

foreignmatteror burrs,andthesealsmustbe
seatedsquarelywith properspecialinstalla-
tion tools.

Wiperseals.Scrapersor wipersealsare made
of metal,leather,or felt andare usedto clean
and lubricatethe exposedportionof piston
shafts.Wheninstalledandoperatingproperly,
â€˜wipersealspreventdirt fromenteringthesys-
tem andhelppreventpistonshaftsfrombind-
ing.

Gaskets
â€˜Agasketisa pieceofmaterialplacedbetween
two partswherethereis no movement. The

gasketis usedas a filler to compensatefor

irregularitieson thesurfacesof the two mat-

ingparts.Manydifferentmaterialsare used
for makinggaskets.Foruse in hydraulicsys-
tems the gasketscan be madefrom treated
paper,syntheticrubber,copper,oraluminum.

(O-ringgaskets.Themost common typeof

â€˜gasketusedin aircrafthydraulicsystemsis the

O-ring.Whenusedas a gaskettheO-ringhas
thesame advantageas whenusedas a seal,as,

explainedearlier.

Crush washers.The secondmost com-

monlyusedgasketis thecrushwasher,used
in hydraulicsystemsandmadefromalumi-
â€˜umof copper.Fittingsusingthesewashers,
haveconcentricgroovesandridgesthatbear
againstor crushthe washer.Thesegrooves
andridgessealthe washerandfittingas the
connectingpartsare tightenedtogether.
Fabricating, gaskets,Sometypesof gasketscanbefieldfabricatedas longaethebulkmate-
Fialconformsto the requiredspecifications.
Whenyou cut replacementgasketsfrombulk
material,the most importantconsiderationis
the exact duplicationof the thicknessof the

orginalgasket
Installinggaskets.Like seals,gasketsmust
be examinedbefore installation to ensure

their serviceability.Thecomponentsurfaces
to beconnectedmustbethoroughlycleaned.

Duringassembly,be carefulnot to crimpoF

twist thegaskets.Whentighteningthe com-

ponents,thegasketsmust not becompressed
into thethreadswheretheycan becut,dam-

aged,or block matingsurfacesfrom being
flush.Whenremovingoldgaskets,becareful
not to scratchor gougethesealingsurface.
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HydraulicSeals
Sealsreduceor preventinternalandexternal

leakagebetweentwo objects.Hydraulicseals
are usedthroughoutaircrafthydraulicsystems
tocut downon internalandexternalleakageof
hydeaulicfluid,therebypreventinglossof sys-
tem pressure.Twogeneraltypesof sealsused
in hydraulicand pneumaticsystemsare the
â€˜dynamictypeandthestatictype.A dynamicsealis usedbetweentwo movingpartsof a unit. A
staticsealis usedbetweentwo stationaryparts.

Mostof thedynamicandstaticsealsusedon

todayâ€™saircraftare manufacturedin theform
of Ovringsand are calledpackings.However,
conditionsarise when specialnonstandard
sealshaveto bemadeforspecificuses on the
aircraft(Figure1-3-2)

A hydraulicsealcan consistofmorethanone

component,suchas an O-ringanda backup
ringor possiblyan O-ringand two backup
rings.Hydraulicsealsbetweennonmoving
fittingsare called gaskets;hydraulicseals
inside a slidingor movingpartare called

packings.
Composition.Sealsare composedof sev-

eraldifferenttypesof materials.Thematerial
dependson theseal'suseandthetypeoffluid
it contacts. Thesealsusedin petroleum-based
hydraulicfluid (MIL-H-3606)are madefrom

syntheticrubber(nitrile).Sealsin Skydrolâ€•
fluid systemsare madefromethylene-propyl-

Advancesinaircraftdesignmakei t necessary
to developO-ringsealsout of compounds
thatmeetthechangingconditions.Hydraulic
O-ringswere originallyestablishedunder
AN (AirForce-Navy)specificationnumbers
(6227,6230and6290)for use in MIL-H-5606
fluid at operatingtemperaturesrangingfrom
â€œ65Â°to 160Â°F.

When aircraft designsraised the operat-
ing temperatures,newer compoundswere

developedunderMSspecificationswith an

operatingrangeof -65Â°to 275Â°F.Thesenewer

compoundsare used to. manufacturethe
MS28775and MS28778O-ringseals(pack-
ings).TheMS28775O-ringreplacesAN@227
andAN6230andMS28778replacesAN6290;
however,O-ringreplacementshouldbedone
onlybypartnumberas specifiedin thetech-
nicalmanual

Storage.Packingsand gasketsshould be
storedin a dark,cool,dryplace;theyshould
bekeptawayfromexcessive heat,strongair

currents,dampness,anddirt. Donot expose
themto electricmotors or otherequipment
thatgivesoff heatandozone.

v-ring

Figure1-3-1.Seals
usedin plumbing
systems,

vy
gE
ES)

tig
Figure1-3-2.

Examplesof non-

standardseals.
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 Militarystandard

â€˜Typeof seal(packing)   Sizeof seal

KZ5330-833-7491
PACKINGPREFORMEDSYN.RUBBER
EACH(MS28778-5)
DISC-38329
Asia
SSR810-B-90
MFD,DATE4-14CUREDATE514
STILLMANRUBBERCO.(MFGR/CONTR)
MIL-G-5510A,

B

Figure13.3. (A)PartnumberofstandardO-ring
sealand(B)manufacturer'scuredate.

 |}+-â€”â€”â€”â€”o

+ 1p. + w|

Figure1-3-4.Whenan O-ringis measured,three
dimensionsare needed:outsidediameter,cross-

sectiondiameter(width),andinsidediameter.

O-Rings
Identification. O-ringsare manufactured
accordingto militaryspecifications.â€˜They
are identifiedfromthe technicalinformation
printedontheO-ringpackage.Becausethesize

â€˜ofO-ringscannot bepositivelyidentifiedvisu-

allywithoutusingspecialequipment,O-rings
1 packagedin individual sealedenvelopes

labeledwith all the necessarydata.Colored
dots,dashesandstripes,or combinationsof
dotsanddasheson the surfaceof theO-ring.areno longerusedto identifyO-rings.Thepart
â€˜numberof a standardO-ringsealis illustrated
in Figure1-3-3,

Ifthe sealâ€™spartnumbercannotbefoundin the
technicalorder,its size can helpdeterminethe
partnumber.Thesize of an O-ringsealcan be
determinedbymeasuringthesealâ€™width(W),
theinsidediameter(ID),or theoutsidediam-
eter (OD).Figure1-3-4illustratesthe various

dimensionsthat can be measured.If two are

Known,thethird can easilybedetermined.For
example,theoutsidediametercan befoundif,
the width and insidediameterare known.
â€˜Twicethewidthplustheinsidediameterequals,theoutsidediameter.Oncethemeasurements,
of thesealare known,cross-referencei t in the
supplycatalogs.
(O-ringshelf life. MostO-ringagelimitation
is determinedbyitscure date,anticipatedser-

vice life,andreplacementschedule.Synthetic
rubberO-ringshaveagelimitationsbecause
thematerialdeterioratesover time. O-ringage
is computedfromthe cure date.Shelflife of

(O-ringsis furtherdiscussedin theâ€œHardware
andMaterialsâ€•chapterin troductiontoAircraft
Maintenance.

Removal.Somesealscan be removedby
squeezingthe sealbetweenthe thumb and

forefinger;thisforcestheO-ringringoutof the
groove.Thentheentire sealis removed.Seals,
can alsoberemovedwith a tool;however,you
â€˜mustcarefullychoosethecorrect tool.A vari-

etyof toolscan be usedon anygivenjob,but
theyshouldbemadefromsoftmetal,suchas

brassandaluminum.Also,toolsmadefrom

phenolicrod,plastics,andwoodcan be used.
â€˜Avoidusingpointedor sharp-edgedtoolsthat

â€˜mightscratchor mar surfacesor damagethe

O-rings.
Storage.Properstoragepracticesmust be
observedto protectO-rings.Mostsyntheticrub-
bersarenotdamagedbyseveralyearsofstorageunderidealconditions;however,theirenemies

are heat,light,moisture,oil,grease,fuels,sol
vents,thinners,strongdrafts,or ozone (atype
of oxygenformedfroman electricalcharge).
Damagebyexposureis magnifiedwhenrubber
is undertension,compression,or stress.When
storingO-rings,avoidthefollowingconditions:

+ Stackingpartsimproperlyand stoin
theminimpropercontainers,whichcan
cause defectsin shape

= Applyingforceto the O-ringcorners

andedgesandsqueezingringsbetween
boxesandstoragecontainers,whichcan

cause creases. Storingringsunderheavy
parts,whichcan cause compressionand

flattening
â€˜=Usingstaplesto attach identification,

which can cause punctures.Hanging
O-ringsfromnails or pegswhich can

cause the ringsto becomedirtyand
developdefectiveshapes(O-ringsshould
bekeptin theiroriginalenvelopes).

â€˜=Allowingringsto becomeoilyor ditty
becauseof fluidsleakingfrompartsstored
aboveandadjacenttoO-ringsurfaces.



â€˜+ApplyingadhesivetapedirectlytoO-ring
surfaces(atorn O-ringpackageshouldbe
securedwith pressure-sensitive,mois-

ture-prooftape,but the tapemust not
contacttheO-ringsurface)

+ Keepingold partsbecauseof improper
storagearrangementsor unreadableiden-
tification(O-ringsshouldbearrangedso

thatoldersealsare usedfrst)

BackupRings
â€˜Types.BackupringssupportO-ringsand
preventthem from wearingand causing
leakage.The two typesof backupringsare

â€˜Teflonand leather.Teflonbackupringsare

generallyusedwith packingsand gaskets;
however,leatherbackupringsmaybe used
with gasket-typesealsin systemsoperating
upto 1,500p.si.Teflonringsare madefroma

Aluorocarbon-resinmaterialthat is tough,fric-
tion resistant andmore durablethan leather.
â€˜Teflonbackupringsdo not deterioratewith
age,can toleratetemperaturesgreaterthan
thoseencounteredin high-pressurehydraulic
systems,andare unaffectedbyanyothersys-
tem fluid or vapor.

Identification. Backupringsare not color-
codedor markedandmustbeidentifiedfrom

packagelabels.Thedashnumberthatfollows
thespecificationnumberon thepackageshows,
thesize and,in some cases,relatesdirectlyto
the dashnumberof theO-ringfor whichthe

backupringis dimensionallysuited.Forexam-

ple,thesinglespiralTeflonringMS28774-6is,

usedwith the MS28775-006O-ring,and the
doublespiralTeflonringMS28782-1is used
withtheAN6227B-1 O-ring.

Installation. Installingbackupringsis cov-

eredin theâ€œHardwareandMaterialsâ€•chapter
of IntroductiontoAircraftMaintenance.

Storage.Precautionssimilar to those for

(O-ringsmustbe takento preventcontamina-
tion of backupringsanddamageto hydrau-
lic components.Teflonbackupringscan be
stockedin individualsealedpackageslike the

(O-ringsor severalcan bestoredon a cardboard
â€˜mandrel.If unpackagedringsare storedfor a

longtime withoutusingmandrels,anoverlap
coulddevelop.Topreventthiscondition,stack
â€˜Teflonringsonamandrelofadiametercompa-
rableto thedesireddiameterof thespiralring.
Stackandclamptheringswith theircoilsflat
andparallel,

 

Do not store leatherbackupringson man-

drelsbecausethis couldstretchand distort
theoriginalshapeof theleatherring,Leather
ringsshouldbe storedin sealedindividual

packets,
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coupling
halt Figure1-3-5.Typicalquick-disconnectcoupling.

ShaftSeals
Mostshaftsealson pumpshavetwo flat sur-

facesthat rotate againsteachother.Oneflat
surfaceis madefrom a soft materialsuch
as bronzeor carbonand is calledthe seal-
ingring.Theotherflat surfaceis madefrom
stainlesssteeland is calledthematingring.
â€˜Thematingringrotateswith thedrive shatt.
Althoughall makesof shaft sealsdiffer in

design,theyperformthe same function;
theyseala movingpartâ€”theshaft.Theshaft
sealmust limit the leakageof fluid escap-
ingbut not stopi t altogether.Thisisbecause
the shaftsealacts like a bearingand must
be lubricatedlike one. The lubricantcomes

fromtheslightleakageof fluid pastthe two

matingsurfaces.Never scratchor damage
the two matingsurfacesbecausethis causes

themto leak.

 

Quick-DisconnectCouplings
Quick-disconnectcouplingsof theself-sealit
{ypeare useda variouspintsin manyhydra
licaystems.Thesecouplingsareinstalledwhere

frequentuncouplingof lines is requiredfor

inspectionandmaintenance.Figure13-5shows
a vypicalquick-disconnectcoupling,Eachcou

plingassemblyconsistsof two halvesheld

fogetherbya union nut, Eachhalfcontains
valve,whichis heldopenwhenthecoupling
5 connected;thisallowsfluid to flow in either
directionthroughthecoupling,Whenthecou

plingis disconnected,a springin eachhalf
{losesthevalve.Thispreventsfui fromleak-
ingandair fromentering,Theunion nut hasa

gquickleadthreadhich allowsthecouplingto
be connectedor disconnectedbyturningthe
nut

 

 

 

Varioustypesof union nuts are used in

hydraulicsystems,Forone type,a quarterturn

Downstreamâ€”â€”â€”â€”â€”p>



130 | HydraulicandPneumaticSystems

  ontfice

Figure1-4-3.Piston-
typedisplacement
damper.  

of theunion nut locksor unlocksthecoupling.
Foranothertype,a full turn is required.Some

couplingsrequire wrenchtightening;oth-
cers are connectedanddisconnectedbyhand.
Someinstallationsrequirethatthecouplingbe
securedwithsafetywire; othersdonot require
anyformofsafetying.Becauseof thesediffer-
fences,all quick-disconnectcouplingsmust be
installedaccordingto the instructions in the
applicablemaintenancemanual.

Section4

DampeningandAbsorbing
Units

HydraulicDampers
A damperis a devicethatcontrolsthespeed
of relativemovement betweentwo connected
â€˜objects.Usuallyone endof thedamperis con-

nectedto a fixedmember,theotherend,to a

movablepart.Thereactingpartsof thedamper

Figure1-4-2.Vane-typedisplacementdamper.

â€˜moveagainstconsiderableresistance,which
slowsthespeedof relativemovementbetween
theobjects.

Hydraulicdampersoperateeitherbydisplac-
ingfluid (displacementdampers)or byshear-
ingfluid (sheardampers).

Displacementdampers
â€˜Thetwo typesof displacementdampersare

thepistontype(Figure1-1-1)andthevane type
(Figure14.2)Thoughdifferentin construc-

tion,both typeshavethe same basicdesign
characteristicsâ€”asturdymetalcontainerwith
a sizableinner spacedividedinto two or more

chambers.Thechambersvary in size accord-
{ngto thepositionof thepartsin thedamper.
â€˜Thechambersmust becompletelyfilled with
fluid to operateproperly.

Piston-typedisplacementdampers.In this
typeof damper,thepistonandrodassembly
dividesthe spacein thedamperhousinginto
two chambers(Figure1-4-3).Sealringson

the pistonpreventfluid leakagebetweenthe
chambers.An orificepermitsfluid to passwith
restrictedflowfromone chamberto theother.
A filler port(notshown)services thedamper
â€˜withfluid

|As the pistonis forced up, chamberA
decreasesin proportionto the distancethe
pistonis moved.Simultaneously,chamberB
increases bya comparablesize. Thehydraulic
fluid displacedfromchamberA flowsthrough
the restrictingorifice into chamberB.When
the pistonis movedtowardthe left,reverse

changesoccur in thechambersizes andin the
directionof fluid flow.Therestriction of the
fluid flowbytheorificeslowstherateof speed
at whicha givenamount of forcecan move the
damperpiston.The rate at whicha damper
â€˜movesin responseto a forceis calleddamping
rate or timingrate,

Insomedampers,theopeningisa fixedsize,and
thetimingrate is not adjustable.In otherdamp-
ers,theorificesizeis adjustableto allowfor tim-

ingadjustments.Thethreetypesofpistondamp-
ers are thenose landinggeardamper,the tail
rotor pedaldamper,andtherotor bladedamper.
Noselandinggeardamper.Thenose landing
gearof an aircrafthasa tendencyto shimmy
Whentheaircraftis taxiingat anyappreciable
speed.Thistypeofdamperis usedtoeliminate
wheelshimmywithout interferingwith the
normalsteeringmovementson thenose whee!

(Figure14-4)

Rotor blade damper.Piston-typedampers
ae usedon helicopterrotor headassemblies



 Figure1-4-4,Noselandinggearwithpistondamper. 

andtail rotor hubassembliesto controllead-

lagmovementsof rotor blades.In Figure1-4-
5,notehowthedampersare connectedin the
illustration.Lead-lagmovementsoccur when
threeor more bladesare in a set,andtheyare

hingedto therotor head,

Vane-typedisplacementdampers.A typi-
calvane-typedamper consistsof a cylindri
Calhousinghavingâ€™apolishedborewithtwo

stationary:vanes (calledabutments)and a

shaftsupportingtwo movablevanes (Figure
1-4-6)Together,the four vanes splitthecyl-
inder bore lengthwiseinto four chambers
â€˜Thetwo stationaryvanes are attachedto the

damperhousing.The two movablevanes,

alongwith theshaft,makeupa unit called
a wingshaft that rotates betweenthe abut-
ments.Oneendof thewingshaft is splined
and protrudesthroughthe damperhous-
ing.A leverarm attachedto thesplinedend
rotates thewingshaft

  

â€˜Thedamperchambersare filled with fluid.
At anyinstant of dampermotion,the fluid is,

subjectedto forcedflow.As the wingshaft
rotates,fluid betweenthe chambersâ€™flows

throughan openingin thewingshaft,which

HydraulicandPneumaticSystems| 1:31

 Figure1-4-5.Mainrotorassemblywithpiston-
typerotor bladedampers.

 

    Figure1-4-6.Vane-typedisplacementdamper.

interconnects the four chambers.Then,a
restrainingforceis developedin thedamper,
dependingon the velocityof fluid flow

throughthe orifice.Slowrelativemovement
betweenthewingshaftanddamperhousing
causes a low-velocityflowthroughtheopen-
ingandlittle resistance to damperarm rota-
tion. A more rapidmotion of thewingshaft
increases the speedof fluid flow and thus
increases resistanceto damperarm rotation.

â€˜Thetimingrate of vane-typedamperscan

be adjustedbya timingadjustment,cen-

trallylocatedin the exposedend of the
wingshaft.Thisadjustmentsets the effec-
tive size of theopeningthroughwhichfluid
flowsbetweenchambers;i t determinesthe

speedof movement with whichthedamper
respondsto an appliedforce.Thevane-type
mechanismis sensitive to changesin fluid
viscositycausedbychangesin fluid tem-

perature.Most vane-typedampershave a

thermostaticallyoperatedcompensating
valve to provideconsistent timingrate per-
formanceover a widerangeof temperatures.
â€˜Thetwo typesof vane-typedampersare the
nose landinggeardamperand thestabilizerbordamper= Ps



Vane
Dampers 
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vanedamper

Figure1-4-7.Noselandinggearwithvane

damper.

Figure1-4-8, Stabilizerbarwithvane dampers.

   
Nose landinggear damper.A vane-type
damperis usedon the nose landinggearof
some aircraft to eliminatethe tendencyto

shimmy(Figure1-4-7),

Stabilizer bardamper.Somehelicoptershave
vvane-typedampersthatcontrolthedegreeof
sensitivity with whicha helicopterresponds
to movements madebythepiloton the flight
controls(Figure1-4-8).Thesedampersare

â€˜mountedon a bracketattachedto thehelicop-
ter mast (mainshaft).Thedamperarms are

interconnectedwith otherpartsof the flight
controlsystem.

ShearDampers
In dampersoperatingon the shearprinciple,
fluid is not forcedout of one spaceand into
anotherspacein the damperas it is in dis-
placementdampers.Instead,action on the
fluid involvestearing(shearing)a thickfilmof
highlyviscousfluidinto two thinnerfilmsthat
â€˜movewith resistance in oppositedirections.
Highlyviscous fluid is thick-bodied,syrupy,
andsticky.
In a sheardamper,two reactingpartsare

free to slideor rotate pasteachotheras the
damperoperates.The surfacesfacingeach
other are relativelysmooth;betweenthem
is a presetgapof a few thousandthsof an

inch, Thisgap is filled with highlyviscous

fluid. As the partsof the dampermove, the
film of fluid in thegapbetweenthemshears
into two thinnerfilms.Eachfilmsticksto and
moves alongwith one of the parts.It is the
friction in the fluid itself that causes resis-

tance to movement of thepartsto whichthe
filmsstick.

Tobetterunderstandthisprinciple,imaginea

puddleof syrupspilledon a relativelysmooth
tabletop.A sheetof paperplacedon topof the
puddlewould move with considerabledrag.
Thisis verymuchlike whathappensbetween
the partsof a sheardamperas the damper
â€˜operates.Thetwo typesofaircraftsheardamp-
ersare rotaryandlinear.

Rotary-typesheardamper.A typicalrotary-
typesheardamperconsistsof two members
that are free to rotate together(FigureI-4-
9).Eachof the membersis attachedto one of
the two objectswhoserelativemovement the
damperrestrains.

(Oneof thedampermembershasa flange-like
section that fits betweenthesetwo objects
(Figure1-4-10).Bearingpointsensure thatthe
flangeis centeredbetweenthe two surfaces.
Thespacesbetweenthe flangesurfacesand
the othertwo surfacesare filled with highly



Viscous uid, Aspringloadedpistonapplies
pressureto a supplyof replenishmentfluid to
ensure thatthespacesare alwaysfilled with
fluid.

Lineartype sheardamper.A typicallinear
typeshewdamper,shownin FigureIl
Consistsessentiallyof two telescopingtubular
members.Themembershavea means of con-

nectingthe unit to the two objectsbetween
whichmovement is to berestrained.

â€˜Thetelescopingtubeshavea predetermined
spacebetweenthem,andthespaceis held to
uniformthicknessbymeans ofbearingpoints
(Figure1-4-11).Thespringsat theendsof the
inner tubularmemberprovidei t with a center-

ingtendencythatmakesthedamperdouble
acting.Thespring-loadedpistonkeepsthe
spacebetweenthetubularmembersfilledwith
fluid.

 

Servicingsheardampers.Servicingis gen-
erallyconfinedto keepingthedamperclean,
Keepingattachmentpointslubricated,and

refillingthe chamber,in which the spring-
loadedpistonoperates,withfluid.Onlyhigh-
viscosity,silicone-typefluid is usedforservic-

ing dampersoperating on theshear principle.

Dampersdonatoperatesatisfactorilywithany
othercommonlyavailablefluid.

ShockStruts
A shocksteutcan bethoughtof as a combina-
tion suspensionunit andshockabsorber.Itper-
formsfunctionsin an aircraftsimilarto those

performedin an automobilebythe chassis
Springandtheshockabsorber.

    

Figure1-4-11.Schematicofa lineardamper.
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Figure1-4-9,Rotary-typesheardamper.

Uquid-fled
space

 

     74
        

Piston

Figure1-4-10,Schematicofa rotarydamper.
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Figure1-4-12.Simpleshockstrut(extended).
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Figure1-4-13.Simpleshockstrut(compressed).

 

 

â€˜Thetwo majortypesof shockstruts are the
â€˜mechanicalandthepueudraulic.in themechani-
cal type,a rubberor springmechanismper-
formsthe cushioningoperation.Mechanical
typesare discussedin thesectionon landing
gears.

In the pneudraulictype,air and hydraulic
fluid performthecushioning.Thetwo typesofppneudraulicstrutsarethesimpleandthecom-

plex.

SimpleShockStruts

â€˜Thebasicpartsofasimpleshockstrut are two

telescopingtubes:a pistonand a cylinder.A

simpleshockstrut is installedwith thepiston
uppermostand thecylinderfilled with fluid

(Figure14-12).An orificein the pistonhead
permitsfluid to passfromone chamberto the
ther. Whena shockstrut hassufficientfluid
the spaceabovethe fluid is then filled with
air. Whentheaircraftislandingandtheshock
Strut is compressing,fluid is forcedthrough
the orificeinto the piston.Themovement of
fluid throughthe orifice,togetherwith the
compressionof theai, absorbstheenergyof
thedescendingaircraft'smotion,

Whentheloadon theshockstrut is lightened,
the shockstrut extends(Figure14-13),The
forceexertedbythe compressedair in the
shockstrut and,duringtakeof,bytheweight
of the lowertubeandattachedlanding.gear
causes thisextension. Whentheshocksteut is

extending,fluid in thepistonpassesthrough
theorificeinto thecylinder.

ComplexShockStruts

A complexshockstrut(Figure14-14)worksin

essentiallythesame manner as a simpleone;
however,i t contains,besidestivo telescop-
ingtubes,severalpartsthat providea more

effectivedampingaction thana simplestrut.

Designfeaturesfoundsinglyor in combination
in complexshockstruts are themeteringpin,
plunger,andfloatingpiston

â€˜Meteringpin.Themeteringpinchangesthe
effectivesize of the orificeto varythe rate of
fluid flowfromonechamberoftheshockstrut
to the other.The diameterof the metering
pinvaries alongits length;i t is almostequal
at the endsand smallerin the middle.The
unanchoredendof themeteringpinis in the
orificewhentheshockstrutisfullyextended.
â€˜Thelargediameterof thepinat thisendpro-
videsa highresistanceto fluid flow,a condi-
tion that is requireduringlanding.Thesmall
diameterportionof themeteringpinis in the
orificewhentheshockstrut is in the taxi posi-

 



tion (partiallycompressed).Thisprovidesthe
lowresistanceto uid flowthat is requiredfor
taxiing.Theportionof themeteringpinnear-

estits anchoredendis in theorificewhenthe
shockstrut is completelycompressed.â€˜The

largediameterof themeteringpinat thisend

providesincreasedresistancetofluid flow.The

designof thepinat thisendensures against
bottomingof the shockstrut duringunusu-

allyhardlandings.Thegradualincrease in the
diameterof thepintowardtheanchoredend

preventsasuddenchangein resistance of

Plunger.Somecomplexshockstruts are

mountedon the aircraftwith theircylinders
uppermost(Figure1-4-5)In sucha unit, a

plungeranchoredin the cylinderextends
downwardinto thepiston.Theplungerforces
fluid out of the pistonand into the cylinder
duringthe shock strut compression.The

plungeris hollow;uid entersandleavesits
Interior throughan orificeand holesin its
walls

FunctionsofShockStruts
Shockstruts performthreemajorfunctions.

â€˜Theysupportthe static load(deadweigh))of
theaircraft,cushionthejoltsduringtaxiingor

towingof theaircraftandreduceshockduring
landing,

â€˜Supportingstaticloads.Thenormalloadof,
a parkedaircraftis static;meaningthe force
ppresentis fixed.Thepressureof the air and
fluid in a shockstrut tendsto keepthe shock
strut fullyextended.However,air pressurein

a shockstrut is not enoughto keepthestrut

fullyextendedwhile supportingthe static
loadof an aircraft.Therefore,a shockstrut

givesunder load and compressesuntil the
air pressurebuildsenoughto supporttheair-

cralt,

Cushioningjolts.As an aircrafttaxies,the
â€˜unevensurfaceof therunwaycauses the air-

craftto bobupanddownas i t moves (some-
times air currents contributeto this effect)
â€˜Theinertia of theaircraftfuselagein opposi-
tion to suchupanddownmovement causes,

the forceof the taxi load to fluctuate.This,

bouncingmotion is heldwithin limitsbythe

damper-likeaction of the shockstrut. This

dampeningresultsfrom resistance created

bythe backand forth flow of fluid through
the orifice as the shockstrut extendsand
compresses.

 

Reducingshock.The aircraftcontinues to
descendat a highrate whenlanding,even

afterthewheelstouchtheground.In thefew
remaininginchesthat the fuselagecan move
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Figure1-4-14.Meteringpin-typecomplexshackstrut.
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Figure1-4-15.Plunger-typecomplexshockstrut.
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ICE INSTRUCTIONS
Sek
RELEASEAIR. REMOVEOIL

FILLUPRIGHTSTRUTWITH
DRAULICOIL,COMPRESS
REPLACEPLUG,INFLATEAND
INCHESVISIBLESTRUT

EXTENSIONUNDERSTATICLOAD. Figure1-4.16.Thisservice tagincludesallinformationnecessaryto service

thisparticularstrutwithfluidandair pressure.

toward the groundafter the wheelstouch;
thedescentof theaircraftmust bestopped.To
do this,the shockstrut must remove a great
amount of energyfromthe downwardmove-

â€˜mentof theaircraft.Theimpactforceis very
â€˜greatcomparedtotheforceexertedbythemereâ€˜weightof theaircraft.Theshockstrut removes,

someoftheenergyof motion andimpactforce

byconvertingenergyinto heatanddissipating.
theheatinto theatmosphere.Theresistanceto
fluid flowofferedbytheorificeis theprincipal
â€˜meansof developingthe heat.Also,the tem-

peratureof theair insidethestrut rises as the
air is compressed.
â€˜Thespeedof a descendingaircraftwhileland-
ingcauses over compressionof theair in the
shockstrut. As a result,the air pressureis,

{greaterthanthatneededto supportthestatic
Toadof theaircraft,Theexcess pressuretendsto
extendtheshockstrutandbouncetheaircraft

backintotheair. Forcomfortandcontrolof the
aircraft,thisreboundhastobeheldtothelow-
est levelpossible.Themostcommon means of
counteractingreboundinvolvesusinga shock
strut annularspaceor snubber.

â€˜Theannularspaceis a chamberthatsurrounds
the polishedpistonsurfacethat is in thecyl-
Inder.Thespacehasno definitevolume;the
volumedependson the amount the shock
strut is extendedor compressed.Theannular
spaceis at minimum size whentheshocksteut
is completelyextendedandat maximum size

â€˜whenthe strut is completelycompressed.As
the shockstrut extends,fluid passesfromthe
pistoninto theannularspace.Compressingthe
shockstrut forcesfluid fromtheannularspace
backinto thepiston.Transferringfluid into or

â€˜outof the annularspacetakesplacethrough
transferpassagesin thewallof thepiston.The
fluid moves withsome resistance,whichvaries

â€˜withthesize of thetransferpassages.

Insimpleshockstruts,thetransferpassagesare

merelyholes.In manycomplexshockstruts,

thepassagesare providedwitha snubbervalve
â€˜orreboundcontrolvalve.Sucha valveallows
fluid to flowmore freelyinto theannularspace
duringshockstrut compressionthan it flows
out duringextension,

Maintenance

Shockstruts shouldbefrequentlycheckedfor

leakage,properair pressure,secure attachment
and cleanines. Theexposedportionof the

shockstrutpistonshouldbecleanedfrequentlywith a clean,lint-freecloth moistenedwith

hydraulicfluid.Instructionsforservicingwith

hydraulicfluid and air pressureare stamped
fon the nameplateof the shockstrut and are

givenin theapplicableaircraftmanual.Witha

fewexceptions,a singleportin theshockstrut
serves as a filler holefor bothhydraulicfluid
andair. An air valveassemblyscrews into the
port

Servicinginstructions. Most shockstruts

haveatagaffixedthatbearstheservice insteuc-
tions for that strut, Theseinstructions should
includethetypeof fluid,howto fill thestrut,
andhowto inflatei t (FigureI-4-16)

CAUTION:Alwaysbe sure to release
the air pressurebeforeattemptingto
remove the air valve core of assem-

bly.Rockthe aircraft anddepressthe
valvecore severaltimeswith a suitable
â€˜metaltool to ensure thatall pressureis
released.Air pressurecould blow out
the air valve core or assemblywhen
eitherof themis loose.

Section5

HydraulicContamination

Allmodernairrafthavehydraulicsystemsthatoperatevarious mechanisms.Airraft hydrau-
Tesystemsare designedto produceandmain-

tain a givenpressureover theenticerangeof

requiredfluid flow rate, Thepressureusedin

â€˜mostcommercialaircraftis 3000psi Thepri-
maryuse ofhydraulicaids in acerafthydrau-
Ticsystemsisto transmit power,buthydraulic
systemsperformother functions,Hydraulic
fluid actsa8 a lubricantto reducefrictionand
wear, Hydraulicfluid serves as a coolantto
Iainiain operatingtemperatureswithinlimits
of criticalsealantmaterials,and it serves a8 a

Corrosion andrust inhibitor Criticalfunctions
of hydraulic systemscan be impairedif theHydraulicsystemfluid i allowedto become
contaminatedbeyondacceptablelimits



Hydraulicfluid contamination is defined
as anyforeignmaterialor substancewhose
presencein the fluid is capableof adversely
affectingthe systemperformanceor reli-

ability.â€˜Contamination.is alwayspresent
to some degree,even in new, unusedfluid.
Contaminationmust be belowthe level that

adverselyaffectssystemoperation.Hydraulic
contamination control consists of require-
â€˜ments,techniques,andpracticesthatminimize

andcontrolfluid contamination.

HydraulicContamination
ControlProgram
Hydrauliccontaminationinaircraftandrelatedsupportequipmentis a majorcause of hydrau-
lic systemandcomponentfailure.Everytech-
nician whoperformshydraulicmaintenance
shouldbe aware of the causes andeffectsof

hydrauliccontamination. You shouldfollow
correct practicesand proceduresto prevent
contamination.

Fluid sampling.Thecontamination levelof
a systemis determinedbyanalyzinga fluid
sampledrawn from the system.Hydraulic
systemfluid samplingis doneperiodically
accordingto the applicableinspectionpro-
gram.

Youshouldcheckhydraulicsystemsif exten-
sive maintenance or crashdamageoccurs.

Youshouldperformthecheckwhena metal-
generatingcomponentfails,an erratic flight
controlfunctionor a hydraulicpressuredrop
is noted,or repeatedor extensivesystemmal-
functionshaveoccurred.Analysisshouldbe

performedwhenthereisalossofsystemfluid,
or whenthesystemis subjectedto excessive

temperature.Youshouldcheckthehydraulic
systemanytime hydrauliccontamination is,

suspected.
Maintenance procedures.Hydraulicfluid
contamination controlsensure thecleanliness
and purityof fluid in the hydraulicsystem.
Fluidsamplingandanalysisisperformedperi-
odically.Theconditionof thefluid depends,to
a largedegree,on theconditionof thecompo-
nents in thesystem.If a systemrequiresfre-
quentcomponentreplacementandservicing,
the conditionof thefluid deterioratespropor-
tionately.

Dependingon thesystem'srequirements,air-

crafthydraulicfilterelementsare replacedon

a scheduleor if needed.Manyfilterelements
look identical,but not all are compatiblewith
flowrequirementsof thesystem.

If thehydraulicsystemfluid is lostto thepoint
that thehydraulicpumpsrun dryor cavitate,
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youshouldchangethedefectivepumps,check
filterelements,anddecontaminatethesystem
as specifiedin themanufacturer'smaintenance
â€˜manual(MMM),

Al portablehydraulicmulesshouldreceive a

periodicmaintenancecheck,Whentheportable
Fydraulicteststandis notin use it sould be
protecedagainstcontaminantssuch38 dust
Bndwater. Youshouldensure thatcorrecthoses
reused andthattheyareapprovedfrthetypeof fluid beingused.Properlycap hoseswhen
theyarenotbeingused.Attheveryminimum,

groundhydraulicpowersystemsneedto beas

leanastheairplanesonwhichtis used

Use onlyapprovedlubricantsfor O-ring
seals.Incorrect lubricants contaminate a

system.Manylubricantslook alike,but few
are compatiblewith hydraulicfluids.Most
maintenance or service manualsshouldlist
approvedlubricants.If theydo not,use the
systemfluid

Maintenance practices.Good housekeep-
ingandmaintenance practiceshelpeliminate
problemscausedbycontamination. Often,you
cannot see harmfulgrit.Useonlyauthorized
hydraulicfluid,O-rings,lubricants,orfilterele-
ments.Whendispensinghydraulicfluid,make
sure you use an authorizedfluid service unit.
Checkto makesure that the hydraulicfluid
can is cleanbeforeit is installed.After use,
disposeof all emptyhydraulicuid cans and
usedhydraulicfluid in accordancewith federal
hazardousmaterial(HAZMAT)instructions.

Keephydraulicfluid in a closedcontainerat all
times,

Removeexterior contaminants by using
approvedâ€˜wipingcloths.Lintâ€˜ree.wiping
Glothsshouldbe usedon surfacesalongthe
fluid path,If possible,havethe replacement
componenton handfor immediateinstalla-
tionâ€™after removingdefectivecomponents
Thisleavesthe system openfor the shortest
time possible.Replacefilters.immediately
after femoval.If possible,fill the filter bovl
with properhydrauliefluid beforeyou install
itto minimizetheinductionofairinto thesys-
tem,Dono resetdifferentialpressureindica-
tore if the associatedfilter elementis loaded
andneedsto bereplaced
StoreO-rings,tubinghoses,fittings,andcom-

ponentsin cleanpackaging.Donot openor

punctureindividual packagesof O-ringsor

backupringsuntil justbeforeyouuse them.Do
not use usedor unidentifiableO-rings.Replace
sealsorbackupringswithnewitemswhenthey
havebeendisturbed.Usethe correct O-ring
installationtoolwhenyou installO-ringsover

threadedfittingsto preventthreadsfromdam-
agingtheO-ring.
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If packagesof tubing,hoses,fittings,or

componentsare openedwhen receivedof

foundopened,decontaminatetheir contents.
Decontaminatethe systemif you suspectit
is contaminated(includingwater).Keepthe

â€˜workingarea wherehydrauliccomponents
are repaired,serviced,or storedcleanandfree
from moisture,metalchips,and other con-

taminants, Performrequiredperiodicchecks
â€˜onequipmentyouuse to service hydraulicsys-
tems,

Keepportablehydraulictest standreservoirs

abovethree-quartersfull. Sealall hydraulic
lines,tubing,hoses,fittings,andcomponents
with approvedmetal closures.You should
rot use plasticplugsor capsbecausetheyare

possiblecontamination sources. Installquick-
disconnectdustcovers. Storeunusedcapsand

plugsin a cleancontainer.

Beforeusinga portablehydraulicteststand,
cleanall connections,interconnect the pres
sure andreturn linesof thestand,andcircu-

latethehydraulicfluid throughthe test stand
filtersbeforeconnectingportablehydraulictest
standsto aircraft.Thisgivesyouthecleanest

possibleconnection,

TypesofContamination
Contaminationcomes in manyforms,inchud-
ingliquids,gases,and solid matter of varie

jus composition,size, andshape.Normally,
Contamination in an operatinghydraulicsys
tem originatesat severalsources. The rate
of its introductiondependson manyfactors
dlirecilyrelatedto wear andchemicalreaction,
Contaminationremovalcan reverse thistrend
Productionof contaminants in thehydraulic
systemincreases with the numberof system
Components,Therate of contamination from
externalsources is not readilypredictable.A
hydraulicsystem can be seriouslycontami-natedbypoormaintenance practices,that
introducelargeamounts of externalcontami
nants,Poorlymaintainedservice equipmentis

nother sourceof contamination,

 

Contaminantsin hydraulicfluidsare classified
as particulateandfluidcontamination.Theycan

be furtherclassifiedaccordingto their type,
suchas organic,metallicsolids,nonmetallic
solids,foreignfluids,air,andwater.

Particulate contamination. The typeof
contamination most often found in aircraft

hydraulicsystemsconsistsof solidmatter.This,
typeof contamination is knownas particulate
contamination.

â€˜Thesize of particulatematter in hydraulicfluid
is measuredin microns (millionthsof a meter).

â€˜Thelargestdimensions(pointson theoutside
of the particle)of the particleare measured
whendeterminingits size. Therelativesize

of particles,measuredin microns,is shownin

Figure15-1

Contaminatinghydraulicfluid withparticulate
â€˜matteris a principalcause of wear in hydrau-
lic pumps,actuators,valves,andservo valves.
Contaminationincreases therate of erosion of,
thesharpspooledgesandgeneraldeterioration
of thespoolsurfaces.Becauseoftheextremely
closefit of spoolsin servo valvehousings,the
valvesare especiallysusceptibleto damageor

erratic operationwhenoperatedwith contami-
natedhydraulicfluid.

Organiccontamination. Organicsolids,or

semisolds,are one of theparticulatecontami-
nants found in hydraulicsystems.Theyare

producedbywear, oxidation,or polymeriza-
fion (@chemicalreaction).Organicsolidcon-

taminantsfoundin thesystemsincludeminute

particlesof O-rings,seals,gaskets,andhoses.
â€˜Thesecontaminantsare producedbywear oF

chemicalreaction.

Oridationof hydraulicAuids increases with
ressure. and temperature.AntionidansareFrendedinto hydaulicids to. minimize

suchoxidationâ€•Oxidationproductsappear
25 organicacids,asphalics,gums,and var-

nishes.Theseproductscombinewithparticles
in the hydraulicfluid to form sludge.Some
oxidationproductsare oil solubleand cause

fn increase in hydraulicAuidviscosity;other
txidation productsare not oil solubleand
formsediment,Oil oxidationproductsarenot
â€˜Theseproductscause systemdegradation
becausethe sludgeor varnish-likematerials
collectat close-fitting,movingparts,suchas

thespoolandsleeveonservo valves,Collected
contaminantsat thesepointscause sluggish
valveresponse.

â€˜Metallicsolidcontamination.Metallicsolid
contaminantsare usuallyfoundin hydraulics
systems.Thesize of thecontaminantsranges
frommicroscopicparticlesto thoseyou can

see with the nakedeye.Theseparticlesare

the resultof thewearingandscoringof bare
â€˜metalpartsandplatingmaterials,suchas sil-
ver andchromium.Wearproductsandother

foreignmetalparticles,suchas steel,alumi-
num, andcopperact as metalliccatalystsin

formingoxidation products.Fine metallic

particlesenter hydraulicfluid from within
thesystem.Althoughmostof themetalsused
for partsfabricationandplatingare foundin

hydraulicfluid,the majormetallicmaterials
foundare ferrous,aluminum,andchromium

particles.
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Hydraulicpumpsusuallycontributethemost
contamination to thesystembecauseof their

high-speedinternalmovement.Otherhydrau-
licsystemsproducehydraulicfluid contamina-
tion becauseofbodywear andchipping,

Hydraulicactuatorsand valvesare affected

bycontamination. Large metallic or hard
non-metallicparticlescollectat thesealareas.

â€˜Theseparticlescan groovethe insidewall of

theactuator bodybecauseofa scrapingaction.
Smallerparticlesact as abrasivesbetweenthe
sealsandtheactuator body,causingwear and
scoring.Eventually,the fluid leaksand the
sealsfail becausethe sealextrudesinto the

enlargedgapbetweenthepistonheadandthe
boreof the actuator body.Oncewear begins,
it increases at a fasterrate becausewear par-
ticlesaddto the abrasivematerial.Similarly,
metallicor nonmetallicpartscan lodgein the
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poppetsand poppet-seatportionsof valves
and cause systemmalfunctionbyholding
valvesopen.

Inorganicsolid contamination.â€˜Theinor-

ganicsolidcontaminant groupincludesdust,
paintparticles,dirt,andsilicates.Theseand
othermaterialsare oftendrawninto hydraulic
systemsfromexternalsources, Thewet piston,
shaftofahydraulicactuatorcan drawsome of
theseforeignmaterialsinto thecylinderpast
thewiperanddynamicseals.Thecontaminant
â€˜materialsare thendispersedin thehydraulic
uid. Also,contaminantscan enter thehydrau-
lic fluid duringmaintenance when tubing,
hoses,fittingsand componentsare discon-
nectedor replaced.Toavoidtheseproblems,
all exposedfluid portsshouldbesealedwith

approvedprotectiveclosures,

 

Glassparticlesfromglassbeadpeeningand

lastingare anothercontaminant.Glasspar-
ticlesare especiallyundesirablebecauseglass
abradessyntheticrubbersealsand the very
finesurfacesofcriticalmovingparts.

Fluid Contamination
â€˜Air,water,solvents,andforeignfluidscan con-

taminate hydraulicfluid,

â€˜Air,Hydraulicfluids are adverselyaffected

bydissolved,entrained,or freeair. Air can be
introducedthroughimpropermaintenanceor

as a resultof systemdesign.Air is sometimes
introducedwhen changingfilters.You can

minimize thiskind of contaminationbyput.
tinghydraulicfluid into thefilterholderbefore

reassemblingthe filter.Bydoingthis,youhave
introducedlessair into thehydraulicsystem.
Air in a hydraulicsystemcauses a spongy
responseduringsystemoperation.Air causes

  

Product Manufacturer

 

  
 

0-680 TexacoCo.

SafetyKleensohent SafetyKleencomp.
Stoddardsolvent ChevronOi Co.

Cores mineralprs AshlandChemical

Whitemineralpints ChevronOi Co.

Safetysobvent Various

(HalogenatedcleaningsolventsFreonTF

Freon113

TWchloretheylene
Table1-5-1.Theseare some ofthecleaningfluidsa technicianmayencoun-

ter.Themaintenancemanualisthefinalreferencein allcases.

cavitation anderodeshydrauliccomponents.
â€˜Airalsocontributesto thecorrosion ofhydrau-
liccomponents,

Water.Wateris a serious contaminant of

hydraulicsystems.Correctivemaintenance
actions must be taken to remove all freeor

emulsifiedwater from hydraulicsystems.
Hydraulicfluids and hydraulicsystem
componentsare adverselyaffectedbydis-
solved,emulsifiedor freewater. Watercan be
inducedthroughthe failureof a component,
seal,line or fitting,pooror impropermain-

tenance practicesand servicing.Watercan

alsobe condensedfrom air enteringvented
systems.
Waterin hydraulicsystemscan formoxidation

products,thus causingmetallicsurfacestor
corrode.Thisoxidationalsocauses hydraulic
sealsto deteriorateandfail,resultingin leaks.
If thewater in thesystemresultsin ice forma-
tion,it reducesfluid flow and impedesvalve
operation,actuators,or othermovingpartsin
thesystem.Thisis especiallytrue of water in

staticcircuits or systemextremitiesandsubject
to high-altitude,low-temperatureconditions.

Microorganismsgrowandspreadin hydraulic
fluid contaminatedwith water.Thesemicroor-

ganismsclogfiltersandreducesystemperfor-

Solvent.Solventcontamination is a special
formof foreignfluid contamination. Theorig-
{nalcontaminatingsubstanceis a halogenated
(chlorinated)solvent,introducedbyimproper
maintenance practices.It is extremelydif-
ficult to stopthis kind of contamination
once it occurs, but usingthe rightcleaning
agentswhen performinghydraulicsystem
â€˜maintenancecan preventit. Chlorinatedsol-
vents,whenallowedto combinewith minute
amounts of water,hydrolyzeto formhydro-
ehloricacids.Theseacidsattackinternalmetal-
licsurfacesinthesystem,especiallythosethat
ae ferrous,andproduce#severerustlike
corrosion that is virtuallyimpossibleto arrest
Extensivecomponentoverhauland system
decontaminationare generallyrequiredto
restore the systemto an operationalstatus
(able1-5-D.

Foreignfluids contamination. Hydraulic
fluid is contaminatedwhenthewrongfluids
getinto thesystem,suchas oil,enginefuel,
or incorrect hydraulicfluids. If youthink
that contamination hasoccurred,thesystem
must be checkedbychemicallyanalyzing
fluid samples.Thisanalysisis generallycon-

ductedbyan outsidecontractor,or vendos,
who verifiesand identifiesthe contaminant
and directs decontaminationprocedures.
â€˜TheMMMs haveinformationon fluid com-

patibil 



Theeffectsof foreignfluid contamination

dependon the nature of the contaminant.
â€˜Thecompatibilityof the construction mate-
rials and the systemhydraulicfluid with
the foreignfluid must be consideredwhen

dealingwith contamination. Other effects
of this typeof contamination are hydrau-
lic fluid reaction with water andchangesin

flammabilityand viscositycharacteristics.
Theeffectsof contamination can be mild oF

severe,dependingon the contaminant,how
muchis in the system,andhow longit has
beenin thesystem.

Samplingpoints.A fluid samplingpointis
a physicalpointin a hydraulicsystemfrom
whichsmallamounts of hydraulicfluid are

drawnto analyzefor contamination. Sampling
pointsincludeair bleedvalves,reservoir drain
valves,quick-disconnectfittings,removable
line connections,andspecialvalvesinstalled
for thispurpose.

â€˜Todeterminethecontaminationlevel,a single
fluid sampleis required.Thissamplemust
be representativeof theworkingfluid in the
system,and most maintenancemanualsand
inspectionhandbookslist thepreferredplaces
fromwhichto takethesample.

Sampling
Mosthydraulicsystemfluid analysisvendors

providea kit to takethesamples.Thisexpe-
dites the analysisprocessbyprovidingthe
correct shippingandpackingmaterials,and
it alsoprovidesthe correct amount of fluid
for thesample.Thekit mighthaveadditional
directionson thesamplebottle.Mostvendors,
can providean analysisin one workingday.

Filter bowl contents analysis.Hydraulic
fluid samplesobtainedfromfilterbowlsorele-
ments,or both,cannot be usedto determine
systemcontamination levels,

Evaluatefilterbowl residuesbyfollowingthe

proceduresin applicablemanuals.Asyougain
experienceaboutnormalcontaminatesforait-

craftsystemsandhoursof operation,youcan

evaluatefilter bowl residue.Throughexperi-
ence,analysisof main pressurelineandcase

drain filter bowl residuesis usefulin verify-
ing failure of the upstreamhydraulicpump
becauselargeamountsof metalusuallyshow
up in theseassemblies.Residuein otherfilter
assembliesis affectedbyso manyothercom-

ponentsand factorsthatanalysisis difficult.
Filterbowlresiduesshouldbeanalyzedonlyas

â€˜ameans of identifyingor verifyingsuspected
componentfailure. Examineresiduefrom
thosefiller assembliesdirectlydownstream
fromthecomponent.
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Decontamination

Systemdecontaminationis a maintenance

operationperformedwhena systemcontains
{uid that is unacceptablebecauseof contami-
nation. The fluid can be contaminatedwith

foreignmatter or i t is not consideredaccept-
ablefor service for some other reason. The
purposeof decontaminationis to remove

foreignmatter fromtheoperatingfluid or to
remove the contaminatedfluid itself.Before
youcan decontaminatean affectedsystem,
replaceanyfailed or knowncontamination-

generatingcomponents.Other components
Ofthesystemare not to be disturbed,unless
required,

Methods

Fourbasicmethodsare usedto decontaminate
aircrafthydraulicsystems.The methodsare

recirculationcleaning,flushing,purging,andpuri-
fying.
Recirculationcleaning.Recirculationclean-
ingis a decontaminationprocessin whichthe
systemto becleanedis poweredfroma clean
externalpowersource. Thesystemis cycledso

i t producesa maximum interchangeof fluid
betweenthepoweredsystemand theservice

equipmentusedto powerit,as shownin Figure
1-52. Whendecontaminatinga system,the
contaminatedfluid is circulatedthroughthe

Pump

Pump

To alrcraft

Selectorvalve (teststand
reservolrposition)

Toalrcraft

Selectorvalve(aircraft
reservolrposition)

HBstatic
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hydraulicfilters in the aircraftsystemand in

theportablehydraulicteststands.

Decontaminationthat uses the recircula-
tion cleaningmethodis a filtration process
IWeanremove onlythat foreignmatter that is

retainedbytheiter elementsnormallyfound
inthe equipment.Akeyfactorin recirculation

leaningis the use of highveliciency,three:
â€˜micron(absolute)filter elements.Absolutefil-
ter elementshaveno fuid bypasswhenthe
filer clogs.Thefilters havealargedir-holdin

Capacityinthe portabletet standsusedfor
thispurpose.Inasinglefluid pass,thesefilters
remove all particulatematter largerthanthree
â€˜micronsanda highpercentageoftheotherpar-
ticlesdown to submicronsize, Recirculation

cleaningis effectivein removinghardparticu.
latematter fromhydraulicfluid that is other-

wiseserviceable
â€˜Thefilters are NOT capableof removing
water,otherforeignfluids,or dissolvedsol-
ids.Therefore,recirculationcleaningis lim-
ited to decontaminationof systemsthathave

particulatelevelshigherthansystemspecifi-
cations,whosefluid is consideredotherwise

acceptable.Forprocedureson recirculation

cleaning,see the applicable.maintenance

Userecirculationcleaningto remove excessive

particulatematter that resultsfrom normal
componentwear, limitedcomponentfailure,or

externalsources. Cleanthesystembypower
ingit with an externalportablehydraulictest
stand.Operatethe aircraftsystemsso maxi-

â€˜muminterchangeof fluid is producedbetween
theaircraftandtheteststand.

â€˜Teststandsusedfor recirculationcleaning
â€˜mustbeequippedwith three-micron(absolute)
filtration.If contamination is severe,or if air-

craftfiltersare suspectedof beingloadedor

damaged,or if differentialpressureindicators
havebeenactivated,install new (orcleaned
andtested)filterelementsin theaircraftbefore
â€˜youbegincleaning.Setupandoperatethetest
Standso as tocomplywith therequirementsof
theaircraftandsystembeingpowered.Adjust
theteststandoutputpressureandflowvolume
for normaloperationof the aircraftsystem
beingrecirculationcleaned.

Sampleand analyzethe systemafter the

cyclingof components.If the contaminant
levelshowsimprovementbut is still unaccept-
able,repeattherecirculationcleaningprocess.
If no improvementis observed,attemptto
determinethesourceofcontamination. System,
flushingmightberequired.
Flushing.Flushingis a decontamination
â€˜methodin whichcontaminatedsystemfluid

 Figure1-5-3.Flushingallsubsystemsin most
cases means alsoflushingtheemergency
hydraulicpump,lke thisRamAirTurbine(RAT).
Usedon largeaircraft,theyare operatedonlyin
an extremefightemergencyhydraulicfailure,

is removedto themaximum extentpracticable
and thendiscarded.It is a drainingprocess
that is generallydonebypoweringtheaircraft
systemwith a portablehydraulictest stand.
â€˜Thecontaminatedreturn-line fluid fromthe
aircraftis thenallowedto flowoverboardinto
a suitablereceptaclefordisposal.In effect,fil
tered fluid from the portablehydraulictest
standis usedto displacecontaminatedfluid
in thesystemand to replenishi t with clean,
serviceablefluid.Theamountof fluid removed
andreplacedduringsystemflushingvaries. It

dependson suchfactorsas the nature of the
contaminant,layoutof the system,and the

abilityto produceflow in all affectedcircuits.
Portionsof operatingsystemsare oftendead
ended.Fluid in theseportionsis static and
not affectedbythe normalsystemfluid flow.
Removecontaminatedfluid in thesecircuits
andassociatedcomponentsbypartiallydisas-

semblingtheunit. Drainandtotallyflushthe
unit,

Generally,systemflushingcontinues until
analysisofthereturn linefluid fromthesystem
beingdecontaminatedindicatesthat thefluid
is acceptable.If the contamination is severe,
considerablequantitiesofhydraulicfluid could
beexpended,makingit importantto closely
â€˜monitortheportablehydraulicteststandreser-

voir levelandreplenishi t as required.

Flushingeffectivelydecontaminatessystems
containingwater,largeamountsofgelatinous-
typematerials,of fluidthat is chemically



â€˜unacceptable(containingchlorinatedor other
solvents).Thistypeof fluid contamination or

degradationcannot be remediedbyconven-

tional filtration.In severe cases of particulate
contamination,suchas thosethatresultfrom
â€˜majorcomponentfailure,flushingtechniques
â€˜mightmore easilycorrect the problemthan
recirculationcleaning,
Detailedproceduresfor flushinghydraulic
systemsare in theaircraftmaintencemanuals.
â€˜Thebasicproceduresare discussedin thefol-
lowingtextandgiveyousome ideaof thepro-
ceduresusedwhenflushingaircrafthydraulic
systems.Normally,flushingrequiresyou to
remove fluidsthatare found to bechemically
or physicallyunacceptable,or fluidscontami-
natedwith water,otherforeignfluids,or par-
ticulatematter not readilyfilterablebecause
of its nature or the quantityinvolved.Use
an external,portable,hydraulictest standto

powerthecontaminatedsystemandperform
flushing.Allow return fluid fromtheaircraft
to flow overboardinto a waste container for
disposal.Aircraftsubsystemsshouldbeoper-
ated to producemaximum displacementof
aircraftfluidsbycleaned,filteredfluid from
theportableteststand(Figure1-5-3).

Drain,flush,andservice thereservoirsorother
fluid storagedevicesin thecontaminatedsys-
tem beforesystemflushing.If youknowthat
the contamination originatedat an aircraft
pump,drain and flush the hosesand lines
directlyassociatedwith the pump output.
Casedrainsshouldbe drainedand flushed
separately.

Ifyoususpectthattheaircraftfiltersareloaded,
installnew or cleanedandtestedfilterelements,
in theaircrafthydraulicfiltersbeforeflushing.
â€˜Adjustthe testoutputpressureand the flow
â€˜volumefornormaloperationof theaircraftsys-
tembeingflushed.Monitorthereservoir levelin
theportableteststandcontinuouslyduringthe

{lushingoperation.Useapprovedfluid-dispens-
ingequipmentto replenishthe reservoir before
theleveldecreasesto thehalf-fullpoint.If the
service equipmentreservoir is depleted,i t could
cause the testpumpstandto cavitateor fal.
â€˜Aftersuccessfullydecontaminatingthesystem,
service thesystemto establishproperreservoir

fluid levelandtobleedentrappedair

Purifying.Purifyinghydraulicfluid requires
specialequipmentandas a processis not used
â€˜muchoutsideofthemilitary.It is theprocessof
â€˜removingair,water,solidparticles,andchlori-
natedsolventsfromhydraulicuids.

Purging.Purgingis a decontaminationpro-
cess in Whichtheaircrafthydraulicsystemis,

drained to the maximum extent practicable
and the removedfluid is discarded.Then,a

HydraulicandPneumaticSystems
suitablecleaningagentis introducedinto the
hydraulicsystemandcirculatedas effectively
as possibleto dislodgeor dissolvecontaminat-

ingsubstances.Thecleaningoperationis fol-
lowedbycompletelyremovingthe cleaning
agent,thenreplacingi t with new hydraulic
uid. After purgingthesystem,flushingand
recirculationcleaningis performedto ensure

adequatedecontamination.

Selectingthe
DecontaminationMethod
â€˜Thetypeof contamination presentin a sys-
temdeterminesthemethodbywhichasystem
is decontaminated.Normally,recirculation

cleaningis the most effectivedecontamina-
tion method,consideringmaintenanceman-

hoursandmaterialrequirements.Thismethod
shouldbe usedwheneverpossible.However,
ifa systemis contaminatedbysome substance
otherthanreadilyfilterableparticles,i t might
benecessaryto flushthesystem,or in certain

veryextremecases,to purgei t

Contamination control sequence.System
decontaminationis one operationofacontami-
nationcontrolsequencethatincludeshydraulicfluid samplingandanalysis.Decontamination
is performedwhentheresultsofsamplingandanalysisindicatean unacceptablecontamina-
tion level.Then,additionaltestingdetermines
whenan acceptablelevelis reached.

â€˜Thecontrolsequenceis listed in the main-

tenanceor service manual,or i t is partof an

inspectionprogram.

HydraulicFluids
â€˜ThefirstMIL SPEChydraulicuid was MIL-
H.7644.It was a vegetable-basedfluid princi-
pallycomposedofcasteroil andalcohol.It was

coloredbluefor identification.MIL-H-7644was

usedbackwhenmost hydraulicsystemscon-

sistedof brakesonly.It was compatiblewith
naturalrubberseals.Abouttheonlyuse today
for MIL-H-7644is in restoringof antiqueait-

craft,and onlythen whenpetroleum-based
sealsare not available.

â€˜Thenext majordevelopmentin hydraulicfluid
was the adventof MIL-H-5606,MIL-H-5606
consistsof petroleumproductswith additive
materialsto improveviscosity(temperature
characteristics),inhibit oxidationand act as

an anti-wear agent.The oxidationinhibitor
â€˜wasincludedto reducethe amount of oxida-
tion that occurs in petroleum-basedfluids
whentheyare subjectedto highpressureand
hightemperature,andto minimize corrosion

fofmetalpartsdueto oxidationandresulting
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acids.Thetemperaturerangeof MIL-H-5606is,

between-65Â°Fto +275Â°F.It is dyedredso it can

bedistinguishedfromincompatiblefluids.The
fluid is compatiblewith syntheticrubberseals
and is flammable,as mostpetroleumproducts,
are, MIL-H-5606is still in use in some smaller

â€˜generalaviation aircraft.

â€˜MIL-H-83282replacedMIL-H-5606as thefluid
of choicein largeraircraft.It is dyedredso it
can bedistinguishedfromincompatiblefluids.
â€˜MIL-H-83282hasa synthetichydrocarbonbase
andcontainsadditivesto providetherequired
viscosityandanti-wear characteristics,which
inhibit oxidationand corrosion. It is usedin

hydraulicsystemswith a temperaturerange
of -40Â°Fto 4275Â°F.Flashpoint,fire pointand
spontaneousignitiontemperatureof MIL-
+H-83282,whichis fire resistant,exceedsthat
of MIL-H-5606bymore than200Â°F.Thefluid

extinguishesitself whenthe externalsource

â€˜offlameor heat is removed.Hydraulicfluid
â€˜MIL-H-83282is compatiblewith all materials
usedin systemsusingMIL-H-5606.It can be
combinedwith MIL-H-5606with no adverse
effectotherthanareductionofitsfire-resistant
properties

MIL-H-81019is an ultra-low temperature
hydraulicfluid. It is used in aircraft when

extremelylowsurroundingtemperaturesare

expected.MIL-H-81019consistsof petroleum,
productswith additivematerialsto improve
its viscosity(temperaturecharacteristics),
increase its resistance to oxidation,inhibit
corrosion, and act as an anti-wear agent.It
is dyedred so it can bedistinguishedfrom
other incompatiblehydraulicfluids.It is not

normallymixedwith MIL-H-5606or MIL-H-
83282.MIL-H-81019is designedto operatein

hydraulicsystemswith a temperaturerange
between-90Â°Fto +120Â°,

â€˜Thesearchfor a nonflammablehydraulicfluid
led to thedevelopmentof a phosphateester
basedfluid calledSkydrol7000Â®.The fluid
â€˜wasnot compatiblewith anypetroleum-basedproductandusedbutylrubberseals.It was col-
â€˜redlightgreenforidentification.Skydrol7000
â€˜wasdiscontinuedin 1973.

â€˜Asjetaircraftbecamea wayof life,Skydrol
7000was replacedwithSkydrol500".Colored
purpleto distinguishi t fromtheearlierprod-
uct. It was discontinuedin 1958,Skydeol500
hasundergonea series of modificationsduring
its lifetime.Thesemodificationswere specified
as Skydrol500typeI,I Il, andIV.All current

phosphateester-basedhydraulicfluidsare col-
â€˜redpurple.
â€˜Thecurrent Skydrolfluidsare LD-4and500B-
4, Fluid compatibilityis generallynot a prob-
lembecausetheearlierversions havenot been

manufacturedsince 1981.In addition to the
two typeIV fluids in current use,Skydrol5
â€˜wasintroducedin 1995,It is lesstoxic,easier

con paintand more stableat hightempera-
tures, It hasbetterhigh-temperaturestability
(075Â°F)andlowerdensitythantypeIV fluids
and is compatiblewith them.Thelowerden-
sityisa plusformodernpassengeraircraft.As
an example,a Boeing777 carries 180gallons
of hydraulicfluid,andthelowerdensityis 124
Ibs.lighter.Higher-temperaturestabilitycon-

tributesto a doublingof theusefullife of the
fluid.

â€˜Thecolorofusedphosphateesterfluid is not an

indicationof its condition.Its conditioncan be
establishedonlybyanalysis
Fluid analysis.Thefluid analysisprocedure
includesseveraltests,the most importantof,
whichis acidity,measuredbytheneutraliza-
tion numbertitration. The phosphateester

decomposesunder heat stress,especially
with moisture present,and formsorganic
acids.Whenthe neutral numberreachesa
valueof 1.5,the fluid is spentand must be
replaced.Themanufacturerputsan additive
in the fluid to react with theorganicacid to
neutralizeit. As longas thisadditive is pres-
ent, the neutral numberdoesnot increase.

Enoughadditive is presentto givecurrent
fluidsa lifeof at least3,000hoursat therated
temperature.Thefluid manufacturerrecom-

mendsthat aircraft operatorssampletheir
systemsat C checkintervalsto look at acid
levels.

Othertesteditems are for percentmoisture,
particulatecontamination,and percentCl
(chlorine).

CheckingAircraftHydraulic
Fluid Levels
Proceduresare to beusedforcheckinghydrau-
lic fluid levelsin eachmodelof aircraft.These

proceduresmustbefollowedto makesure the
systemoperatesat therequiredfluid level.An

indicatingdeviceat thesystemreservoir gener-
allydeterminesfluid level.Thetypeof indica-
tor usedvaries with theaircraftmodel.Sight
glass,gauge,and piston-styleindicatorsare

commonlyused,

Remember,youneedto followtheprocedures
in theapplicabletechnicalmanualswhenyou
actuallyservice hydraulicsystemsandcompo-
nents.

Usethecorrect fluids for eachpieceof fluid-

dispensingequipment,and markthe equi
â€˜mentto indicatethe typeof fluid. Use t

specifiedhydraulicfluid to service hydraulic



systems.Takeprecautionsto avoidaccidental
use of anyotherfluid. Donot leavehydrau-
lic fluid in an opencontainer anylongerthan
necessary,especiallyin dustyenvironments.

Exposedfluid readilycolleciscontaminants,
whichcouldjeopardizesystemperformance.
Do not reuse hydraulicfluid drained from

hydraulicequipmentor components.Dispose
of drainedfluid immediatelyso it is not acci-

dentallyreused,

ApplyingHydraulicPower

Beforeyouconnect a teststandto an aircraft
system,makesure that all personnel,work
stands,andotherground-handlingequipment
are clearof flightcontrolsurfaces,movable
doors,andotherunits.Stayclearof theseareas,

wheneitherelectricpoweror hydraulicpres-
sure is appliedto the aircraft.Suddenmove-

â€˜mentcan cause injury or damage.
NOTE:Forproceduresto followwhen

applyingexternalelectricandhydraulic
power,see the applicablemaintenance
manuals,

Beforeconnectingthehydraulicteststandto the
aircraft,settheteststandcontrolstotherequired
ppositionsandvaluesto completethe aircraft
tests.Operatethe teststandto confirmtheset

tings.Reducethe volumeadjustmentto mini-

â€˜mumflowandshutdownthestand.Connectthe
testservice hosesto theaircraftgroundpower
quick-disconnects,makingsure thatall connec-

tors are cleanbeforeconnection.Mateall the
attacheddustcapsandplugsto protectagainst
theircontaminationduringteststandoperation,

Donot kink or damageteststandhoseswhen
connectingthemto aircraftsystems.

NOTE:Usetheproceduresintheappli-cablemanufacturer'smanualto actu-
allypowerthe aircraft hydraulicsys-
tem.

Operationalchecks.Whenoperatingthetest
stand,youneedto periodicallycheckthecon-

dition of systemfluid throughthesightglass.
If you see evidenceof air, bleedthesystemat
boththe teststandandair bleedpointsin the
aircraftuntil thefluid appearsclear.Also,you
needto monitor thefilterdifferentialpressure
indicators,especiallythoseassociatedwith the
three-micronfilter assemblies.In some cases,
loadedfilter indicatorscan extendduringcold
â€˜weatherstartingconditions.Resettheindicator
andcontinueto monitor it until theequipment
reachesthenormaloperatingtemperature.In
case of an emergency(forexample,a ruptured
hydraulichosein airerafl)youshouldopenthe
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  Figure1-5-4,Asyoucan see fromthisBoeing757main gearwheelwell,
tryingto bleedair fromhydrauliclinescouldbea time-consumingtask.

bypassvalveto relievepressureandstopthe
flowofhydraulicfluid to theaircraft

Shutdownprocedure.In aircraftequipped
with pressurizedreservoirs, hydraulicaccu-

mulators,or surgedampers,a reverse flowof,
uid throughtheaircraftfilterscoulddamage
thesystem.Youmustusethecorrect shutdown
procedures.
Removethe externalhosesfromthe aircraft
hoseports.Connectone endto thehosestor-

agemanifolddisconnectson the teststand.Do

notdragthehoseendson thetarmacor expose
themto contamination. Install all dustcaps
andplugs,includingthoseat theaircraftquick
disconnects.Closeall theaccess doorsto pro-
tect instruments andcontrols

Air Bleeding
Air bleedingis a service operationin which
entrappedair is allowed to escapefrom a

closedhydraulicsystem.Forair bleedproce-
duresforeachmodelaircraft,see theapplica-
blemaintenancemanual.Excessiveamountsof
freeor entrainedair in an operatinghydraulic
systemresultin degradedperformance,chemi-
caldeteriorationof fluid,andprematurefailure
of components.Therefore,whena component
is replacedor a hydraulicsystemis openedfor
repairs,thatsystemmust bebledof air to the
maximum extent possibleafterrepair.

Hydraulicfluid can hold largeamountsof air

in solution.Fluid,as received,can containdis-
solvedair or gasesequivalentto 6.5percentbyvolume,whichcouldrise to as highas 10per-
centafterpumping.Dissolvedair generatesnoproblemin hydraulicsystemsas longas it stays
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dissolved,butwheni t comes out of solution(as,
extremelyminutebubbles),it becomesentrained
or freeair.Freeaircouldenterasystemduring,
componentinstallation,filterelementinstalla
tion,or openingthesystemduringrepairs.

Freeair is harmfultoa hydraulicsystem'sper~
formance.Thecompressibilityof air acts as a

softspringin series with thestiffspringoftheoil columnin actuatorsor tubing,resultingin

degradedresponse.Also,becausefreeair can

enter fluid at a veryhighrate,the rapidcol-
lapseof bubblescan generateextremelyhigh
localfluid velocitiesthatcan beconvertedinto

impactpressures.This is the phenomenon
Knownas cavitation.Cavitationcauses pump
pistonsandslidevalvemeteringlandsto wear

rapidly,commonlycausingcomponentfail-

Anymaintenance operationthat involves

breakinginto thehydraulicsystemintroduces
air into thesystem,as shownin Figure1-5-4
â€˜Theamount of suchair can beminimizedby
prefillingreplacementcomponentswith new,
filteredhydraulicfluid.Becausesome residual
air couldstill be introduced,all maintenance
Ofthistypeis followedbya thoroughairbleed
â€˜ofthe system.Most hydraulicsystemsare

designedto self-scavengefreeair backto the
systemreservoir. Pressurizedreservoirs have

airbleedvalvesto remove thisair.

Airbleedvalvesare sometimesathighpointsin

theaircraftcirculatorysystem,filterassemblies,
andremotesystemcomponentssuchas actua-
tors.Thesevalvesmakeremovingfreeair eas-

ier. Forthelocationanduseofadditionalbleed
points,see theapplicablemaintenancemanual.
In systemsnot equippedwith additionalbleed
points,youmighthaveto loosenline connec-

tions temporarilyat strategicpointsin thesys-
tem,whichpermitsremovalof entrappedair

from remote or dead-endpoints.Whenyou
bleeda systemthisway,be carefulto avoid
excessive lossofhydraulicfluidandpreventthe
inductionofairorcontaminantsintothesystem.

â€˜Aneffectivemeans for measuringtheair in a

systemis knownas thereservoirsinkcheck.In,
thismethod,thefluidlevelin theaircraftreser-

voir is checkedwith thesystem,bothpressur-
izedandnonpressurized.Thepresenceof air

â€˜oranycompressiblegasin thesystemcauses

thepressurizedreadingto belower(reservoir
sink),indicatingtheneedfor possiblemainte-
nance action.Thischeckis effectivewhenper~
formedaftera longaircraftdowntime,when
dissolvedair hashadtime to come outof solu-
tion,

â€˜Manyhydraulicsystemsare designedin such
a waythattheytendto automaticallybleedair

â€˜outof thesystemwhenactuatorsor motorsare

operated.If yousee a systemcomponent,such
asa flapmove quickerwitheachactuationafter

installinga new actuatoror pump,it indicates
thattheair is beingworkedout of thesystem.
Continueto operatethe systemat allowable
intervalsuntil thecomponentis movingat the
desiredspeed.
All air bleedoperationsmust befollowedbya
checkof thesystemhydraulicfluid level.Fluid
replenishmentmightbe required,depending
â€˜ontheamountofair andfluidpurgedfromthe
system.

ContaminationControl
â€˜Thedirectconnectionbetweenhydraulicser-

vice equipmentand the systemsor compo-
nentsbeingcheckedor servicedis necessary
to minimize the introductionof externalcon-

taminants,Testunitsthatarenot properlycon-

figured,maintained,or usedcan severelycon-

taminatean aircraft'shydraulicsystem.

Cleanliness.Alwayskeepexternalfluid con-

nections,fittings,and openings.clean and
freeof contamination,Whennotin use, pro-
tect fitings or hoseendsusing metaldust
Capsor otherapprovedclosures:Youcan use

clean,polyethylenebagsif youdonot havethe

approvedmetalclosuresifthe bagsare ade-
Gatelysecuredandare protectedfromphysi-
Galdamageandmoisture.Whenequipmentis

not beingused,store iin clean,dryareas.

Section6

TypicalCorporateAircraft
HydraulicSystems
â€˜Theexamplehydraulicsystempresentedhere
is for a Gulfstreambusinessjet.It is a mod-
ern multifacetedsystemthat uses most of
theprinciplesyouwill encounter in virtually
anycomplexhydraulicsystem.If you follow
the illustrationsas youreadthe text,you can

applymostof thischapter'sprecedinginfor-
â€˜mation,andyouwill veryquicklylearnhow
to followa systemdiagram,

HydraulicSystems
â€˜Theaircrafthasfivehydraulicsubsystems,as

shownin Figure1-6-1.Thehydraulicsystem
is designedfor use with Hy-JetIV Skydrol
hydraulicfluid,functional in. temperatures
rangingfrom-54Â°to 107Â°C(-65Â°to 225Â°F),
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â€˜Combined:1,500+200/3,000+ 200 p.si

  Flight:1,500+ 200/3,000= 200 p: 

Utility:3,000+ 200 psi

Auxiliary:3,000# 200 p.s.i.

 Emergencylandinggear:3,000+ 0- 50 paisen Mpitrogen@70Â°F).
â€˜Table1-6-1DifferentpressuresforaGulfstreamjet.

 
      C=C

EEO)(O/EEKO)
6 5  
Figure1-6-2.Hydraulicservice panel.

â€˜Thecombinedand flighthydraulicsystems
are pressurizedbyengine-drivenpumps.A
hydeaulicmotordrivenbytheflightsystempump
ppressurizestheutilityhydraulicsystemandan

electricallydrivenpumppressurizestheauxil-
iarysystem.In additiontheemergencypneumatic
systemprovidesforemergencyextensionof the

landinggear.Thedifferentpressuresare listed
in Table1-6-1,

Reservoirsand fluid quantity.The com-

binedandthe flightsystemreservoirs are in

the left and rightsidesof the tail compart-
â€˜ment,respectively.Thesystemfluidsdo not
intermix,and eachreservoir is pressurized
byits own system.Thetotal fluid capacityof
the combinedreservoir is 5.5gallons,which
includes375gallonsin the combinedcom-

partmentof the reservoir andthe remaining
175 gallonsin the auxiliarycompartment.
â€˜Thetotal fluid capacityof the flightsystem
reservoir is1.25gallons. 

â€˜Thecombinedandfightsystemreservoirs arepressurefiled usingindividual fills linesat
thehydraulicservice panel(Figure-6-2)on

the undersideof the aircraftjustforwardof
the tail compartmentdoor,Theycan alsobe
servicedwith a replenishing pump mounted
Inthe tal compartment(gure10-3.A mane

uallyoperatedvalveselectthereservoir tobe
filled

 

Both reservoirs are pressurizedbysystem
hydraulicpressureto ensure adequatefluid
flow to thepump.Reservoirfluid levelis
catedon thehydraulicreservoir quantityindica-
tor on thecopilotâ€™soutboardkneepaneland
at thehydraulicservice panel.Powerrequired
for operationis 28 VDC from the Essential
DCBusthroughtwo circuit breakerslabeled
COMBHYD QTYandFLTHYD QTYon the

copilotâ€™scircuit breakerpanel.A visualsight
â€˜gaugeis on the aft endof eachreservoir to

clearlyshowthe FULL and REFILLlevels.
Noelectricalpoweris needed,but thesystem
must be pressurizedto obtain an accurate

readingof the sightgauge.Theproperfluid
level is shownwhenthe pistonin the sight
gaugeindicatesFULL.

 

Hydraulicpumpcompensation.Thecom-

bined and flightsystempumpsincorporate
compensatingsolenoidsthatcontrolthepres-
sure output.Whena solenoidis energized,
the respectivepumpproduces1,500psi:
whende-energized,thepumpproduces3,000
Psi.

â€˜Apressureswitch controlsthe combined
pumpin theflightsystem(Figure1-6-4)In the
Cruise condition(landinggearand flapsup)
Sndwiththe fightsystempressureabove800
si, the combinedsystempumpsolenoidis



energizedandpumpoutputis 1.500psi. With
thelandinggearor flaps,or both,extended,or

if ightsystempressureis below800p.si, the
combinedsystempumpsolenoidis de-ener-

sizedand pumppressureis 3000psi. The
Combinedsystemlow-pressureandhighepres-
Sure switchescontrolthe flightsystempump
(Figure16-4 andTable1-6-2)

CombinedHydraulicSystem
â€˜Thecombinedhydraulicsystem(Figure1-6-
5)supplies3,000ps.i. duringtakeoffand

landingto operatetheflightcontrolsandthe

landinggear,stall barrier,wingflaps,wheel
brakes,nose wheelsteering,groundspoil
ers, and thrust reversers. Duringflight,the
combinedsystemsupplies1,500p.s.i.to oper-
ate theflightcontrols;namelyelevators,stall
barrier,ailerons,rudder,and speedbrake/
fightspoilers.Powerto operatethe com-

bined systemis 28 VDC fromthe Essential
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DCBusthroughtheCOMBHYD CONTcir-

cuit breaker,as indicatedon thepilot'scircuit
breakerpanel,
Thevariable-volumepumpdrivenbythe left
enginegeneratescombinedsystempressure.The
pumpdrawsfluid fromthecombinedreservoir

througha shutoffvalvecontrolledbytheLFIRE
PULL Thandle.Thishandleis pulledonlyforan

enginefire.Aspressurebuildsto 800 p.si.after
the leftenginestarts,a pressureswitchextin-

aguishestheyellowCOMBHYDcautionlightonthemasterwarninglightspanel.Normaloperating
pressuresof1,500p.si.of3,000psi.areindicated
ontheleftsideofthehydraulicpressureindicatoronthecopilotâ€™sinboardkneepanel.Theindicatoris
poweredby26VAC,400Hzfromtheleftengine
{instrumentinverter busthroughacircuitbreakerlabeledCOMBHYDPRESonthepilot'sauxiliary
circuitbreakerpanel

 

Duringtakeoffand landing,with the flaps
extended,the combinedpump solenoidis

HydraulleReplentsher
ll with phosphateester,typeIVfluld

Replenishercapacity1.2gal.

 Figure1-6-3,Manualhydraulicreplenishingpump.

FillingProcedure

1.ill replenisher.
2.Turn selectorvalve to desiredsystem.
3.Landinggeardown.Rudder,elevator,

allerons-neutralFight spollers,ground
spollers,flaps,thrustreversers stowed.

â€˜4.Pumpslowlyfll reservoirto Indicatefull
â€˜mark(greenband).

5.Operateallhydraullcunitsto ellminate
trappedalr.

6. Bleedreservoirto releasetrappedalr.
7.Refillreservolrto Indicatefull mark

(Greenband).
â€˜8.Turn selectorvalveoff.



150 | HydraulicandPneumaticSystems

de-energizedcausingthesystemto be pres-
surized to 3,000psi. Whenthe flapsare

retractedandtheaircraftis in a cleanconfig-
uration,the pumppressureis compensated
to 1,500p.s.i.for actuatingtheprimaryflight
controls.If the flightsystempumpfails,the
combinedsystemcompensatesto 3,000psi
â€˜Anaccumulatorin thesystemdampenspres-
sure surges.A relief valve,setat 3,850p.s.i,
protectsthesystemfromexcessive pressures.
â€˜Athermalswitchsenses reservoir fluid tem-

peratureand iluminates the yellowCOMB
'YDHT caution lightif fuid exceeds220Â°F,

â€˜Combinedsystempressurefailure(lessthan,
800p.s.i)causes the amberCOMBHYD cau-

tion lighton themaster warninglightspanel
to illuminate.

FlightHydraulicSystem
â€˜Thevariable-volumepumpdrivenbytheright
enginegeneratesthe flighthydraulicsystem
pressure(Figure1-6-6).Thesystemsupplies
1/500p.si.0 operatethe flightcontrols,yaw
damperandgroundspoilers.Thepumpdraws
fluid fromtheflightsystemreservoir thi
a shutoffvalvecontrolledbytheRFIREPULL
â€˜handle.Aspressurebuildsto 800psi.after
therightenginestart, pressureswitchextin-

aguishestheyellowFLTHYD caution lighton

the master warninglightspanel.Powerfor
â€˜operationof theflightsystemis 28VDCfrom
theEssentialDCBusthrougha circuit breaker
labeledFLTHYD CONTon thepilotscircuit
breakerpanel
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Figure1-6-4.Hydraulicpumpcompensationschematic.



â€˜Thepressureoutputofthepumpiseither1500
or 3,000psi, as indicatedon therightsideof
thehydraulicpressureindicatoronthecopilotâ€™s
inboardkneepanel.Theindicatoris powered
by26VAC,400Hzfromtheleftengineinstru-
ment inverter busthrougha circuit breaker
labeledFLTHYD PRESSon thepilot'sauxil-
iary circuit breakerpanel.Thepumpnormally
provides1,500p.si. If a combinedhydraulic
systemfailureoccurs,theflightsystempump
compensatesto 3000psi. An accumulator
in thesystemdampenspressuresurges,and
a relief valve,set at 3,850psi, protectsthe

flightsystemfom excessive pressure.A ther-
malswitchsenses reservoir fluid temperature
andilluminatesthe amberFLTHYD HT cau-

tion lighton themasterwarninglightspanel
andpreventsoperationof theutilitysystemif

    

 Figure1-6-5.Combinedhydraulicsystemschematic.
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fluid temperaturereaches220Â°F.A failureof

theflightsystemis indicatedbytheamberFLT
HYDcautionlight
â€˜Combinedand flightsystemshutoffvalves.
Anelectricallyoperatedgate-typeshutoffvalve,
whichis normallyopen,is justforwardof and
beneatheachsystemreservoir. If a hydrau-
lic leakor fire is discovered,pullingtheleft or

rightFIREPULLhandle actuatestheshutoff
valves.TheseThandlesare at thecenterof the

glareshieldpanel.Eachof thevalvesshutsoff
thehydraulicfluid throughthesuctionline to
theengine-drivenpump.

Whenone of the T-handlesis pulled,a limit
switch is actuatedthat energizesthe close
windingsof the splitfield DC motor in the
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Heat
exchanger.

â€˜Accumulator

Figure1-6-6.Flighthydraulicsystemschematic.

shutoffvalve.Electricalpoweris suppliedto
thevalvesbytheessentialDCbusthroughtwo
circuit breakers,labeledas LHYD$/OandR
HYDS/O.Thecircuitbreakersareon thepilot's,
circuit breakerpanel.

UtilityHydraulicSystem
â€˜Theutilityhydraulicsystem(Figure1-6-7)is,

1abackupfor thecombinedsystem.Combined
systemfailureduringtakeoffor landingopens
a solenoidshutoffvalveto directflightsystem.
pressureto operatethehydraulicmotor-driven

utilitypump.A priorityvalvepermitspres-
sure flowto thehydraulicmotor thatdrivesthe
utilitypumpif flightsystempressureis above
2,000pai, therebyensuringoperatingpres-

Flight
systemStan
return

 

DDsuction

HEReturn

I Pressure

[Ei overboard

@{Fightsystempressure
    

Toutiity
motorpump

Solenold
shutort
valve

sure for the primaryflightcontrols.If flight
systempressuredropsbelow1,730p.si.while
theutilitypumpis operating,theutilitypump
stops.Utilitysystempressureis indicatedon

theUTIL(leftsideoftheUTIL/AUXHYDPRES,
indicatoron thecopilotâ€™sinboardkneepanel.
â€˜Theindicatoris poweredby26 VAC,400 Hz
fromtherightengineinstrument inverter bus

througha circuit breakerlabeledUTIL HYD.
PRESSon thepilot'sauxiliarycircuit breaker

panel,
Whentheutilitysystemis operating,thepump
drawsfluid from the combinedreservoir 10

supply3,000psi to all subsystemsnormally
acualedbythe combinedsystem,exceptthe
rimary flight controls.The utility systemsEperationisautomaticwen thecombinedsys



  

Combined
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Priority
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Notes:

2. Reservolrrellefvalveand manual
bleederare not shown.

Figure1-6-7,Utilityhydraulicsystemschematic.

tem failsbecauseof a pumpor othersystem
â€˜componentfailure,i thefollowingare alsotrue:

â€˜+Combinedreservoir fluid is available

= Landinggearor flap,or both,leversare

not in theUPposition
â€˜+Flightsystempressureis greaterthan

2,000p.si.andits fluid temperaturedoes

notexceed220Â°F

Â© The UTILITY HYD PUMPswitchis in

eithertheNORMor theOVERRIDEposi-
tion

Utilityhydraulicpumpswitch.TheUTILITY
HYDPUMPswitchis usedto controltheopera-
tionalmodeof theutilityhydraulicpump.The

  Indleator

i<n

vay
mee

emA atsexes
 

HEBrightsystemreturn

UM)vemtypressure

[lM]Combinedsystemreturn

Flightsystempressure

(1 supply

[Hi overboard TIECombinedsystempressure  

switchhasthree-positions:NORM,OVERRIDE,
andOFF.Selectingthe OFFpositionprevents
anyoperationof theutilityhydraulicpumpand
illuminatestheamberUTIL HYDOFFindica-
tor on themasterwarninglightpanel.Powerfor
theOFFindicationis 28VDCfromtheEssential
DCBusthrougha circuit breakerlabeledUTIL
HYD PUMPOFFon thepilot'scircuit breaker
panel.If combinedfluid is lostto preventdry
â€˜operationoftheutilitypump,theswitchshould
bemovedto OFFto preventtheutilitypump
fromoperatingdry.In theNORMposition,the
switchallowsthe utilityhydraulicpump to

â€˜operateautomatically.TheOVERRIDEposition
disengagestheutilitysystemsolenoidshutoff
valveto theopenpositionto allowtheutility
hydraulicsystemto operateanytime theflight
hydraulicsystempressureis above2,000psi.
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Essential

DC
bus

 

 

         Figure1-6-8.Hydraulicpressureresetcircuitdiagram.

Combined,Flight,andUtility
PumpControlCircuitOperation
With both enginesoperating,the normal

groundconfigurationfor hydraulicpressure
is as follows:combinedsystem,3,000psi;
flightsystem,1,500ps.i;andutilitysystem,
Opi

After theairplaneis airborne,with thelanding
{gearhandleandFLAPleverin theupposition,
the flapsup,andall threegeardoorsclosed,
the electricalcircuits configureto the clean

flight(cruise)configuration.In thisconfigura
tion,thefollowingoccur:

1. Thecombinedsystempumpsolenoidis

energizedthroughtheflightsystempres-
sure switch,and the pump is compen-
satedto 1,500ps.

â€˜Theutilitysystempumpsolenoidshutoff
valveis energizedclosed.

â€˜Thecombined systemlow-pressure
switchmaintains theflightsystempump
solenoidenergized.Thepumpcontinues
tobecompensatedto 1,500psi

Withbothenginesoperatingduringthe nor~

mal flightconfiguration,hydraulicâ€™pressure
is: combinedsystem,1,500psi, flightsystem,
1500psi; andutilitysystem,0 pai

Withan enginefailureduringtakeoff,imme-

diategearretraction is essential.Assuminga

left enginefailure (enginewindmilling)the
combinedhydraulicsystemis incapableof per-
formingthis functionbecauseenginewind-

millingspeedsare suchas to keepsystem
pressureabovethecombinedhydraulicsystem
low-pressureswitchsetting,
â€˜Toovercome thiscondition,thecombinedsys-
tem high-pressureswitchis usedto energize

os.
â€˜Anygeardoorâ€œfotclosed,

Hold
fight

watt3000
Gearleverâ€˜downHoldrelaypat energized

Fightand
tty
systerts

3,000ps

theHold relayas systempressuredropsbelow
2,200psi,Withthegeareverdownor anygear
doornot closed,therelayremains energized
even if pressurefluctuationcauses thehigh-
pressureswitchto openandclose.Thisresults
in de-energizingthe flighthydraulicsystem
pumpand theutilitysystemsolenoidshutoff
valve.The flightsystempumpcompensates
103000psi. andpowerstheutilitysystemto
supply3000p.si.tooperatethelandinggear.

Oncethegearis up with thedoorsclosed,as.

thelapsareretractedtotheupposition(cruise
condition),thefollowingoccurs

1. Powerthroughtheflightsystempressure
switchenergizestheutilitysolenoidshut-
offvalve.Utilitysystempressuredropsto

Ops.
Powerthroughthecombinedsystemlow-
pressureswitch(pressureabove800p.sii)
energizesthe flightsystempumpsole-
noid,andflight systempressurereturns
to 1,500psi

Withtheairplaneairborneandtheleftengine
failed,the flightconfigurationfor hydraulic
pressureis combinedsystemgreaterthan1,000
psi. (enginewindmilling),fightsystem1,500
psi, andutilitysystem0p.si.Whentheland-
inggearor FLAPleveris movedfromtheUP
position,the flightsystempumpagaincom-

pensatesto 3,000p.si.and theutilityshutoff
valveopens.Theutilitysystempumpsupplies
3,000psi. for landinggearoperation.
If thecombinedsystemfailsduringflight,the

followingoccurs:

1, Thecombinedsystemhigh-pressureswitch,â€˜opensas hydraulicpressuredropsto2,200
sic Thisis of no consequencetotheelec-tricalcircuit in thecruise condition.



2. The combined systemlow-pressure
switchopensas hydraulicpressuredrops
below800p.s.i.Theflightsystempump
compensatesto 3,000pai.

3. The COMBHYD warninglightillumi-
nates whenthe combinedsystempres-
sure dropsbelow800psi

At this time,the utility pumpshutoffvalve
solenoidremains energized,receivingpower
throughtheflightsystempressureswitchand
the UTILITY HYD PUMPswitch.As soon as

eitherthelandinggearleveror theFLAPlever
is movedfrom the UP position,the utility
pumpshutoffvalveopens(solenoidde-ener-

sized),andtheutilitysystem,delivering3,000
si,, acts as a backupsystemfor the failed
combinedhydraulicsystem.

 

Ifthe flighthydraulicsystemfailsduringflight,
thefollowingoccurs:

1 Theflightsystempressureswitchopens
whenpressuredropsbelow800psi.This,

de-energizesthecombinedsystempump
solenoidandthecombinedsystemis com-

pensatedto 3,000p.s.i
2. TheFLTHYDwarninglightilluminates.

3. Theutilitysystemshutoffvalveremains

closed,its solenoidenergizedbypower
throughthe combinedsystemlow-pres-
sure switch,Theutilitypumpdoesnot

ter
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Figure1-6-9.Auxiliaryhydraulicsystemschematic.
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operate.Thecombinedhydraulicsystem,
now operatingat 3,000p.si,suppliessul-
ficientpowerto operateall thehydraulic
systems.

Hydraulicpressurereset button. During
approachor cleanflight,if the landinggear
leverbe selecteddownbeforeextendingthe
wing flaps,the electricalsystemsenses a

momentarydropbelow1,500psi. in thecom-

binedsystem.Thisis belowthecombinedsys-
temhigh-pressureswitchsettingof2,200pi.
â€˜Therefore,theHoldrelayis initiallyenergized
bypowerfromthehigh-pressureswitch,

WiththeHoldrelayenergized,theseemingly
abnormalconfigurationfor hydraulicpressure
is nowas follows:combinedsystem,3000p.sis
flightsystem,3,000psi; and utilitysystem,
3,000p.si.DepressingtheHYD PRESSRESET
button (Figure1-6-8)de-energizesthe Hold

relayandpermitthe flightpumpto return to

1,500p.si,to energizetheutilitysystemsole-
noidshutoffvalveto closeandto achievethe
correct systempressuresof: combined,3,000
sis flight,1,500psi; andutility,0psi

AuxiliaryHydraulicSystem
â€˜Theauxiliaryhydraulicsystem(Figure1-6-9)
receives pressurefroman electricallydriven
pump(onthe aft bulkheadin the left main

Cockpit
Indicator
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flaps,brakes,parkbrake,aceuriulator>â€˜roundoperationfendinggear,andlandingeardoors.
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wheelwell),whichdrawsfluid fromtheaux-

iliarysection of the combinedreservoir. The
pumpprovides3,000ps.i. for actuatingwing
flaps,brakesand parking/emergencybrakes.
(Ontheground,themain entrance door,land-
ing gearand landinggear doorsare also
actuatedbythe auxiliaryhydraulicsystem,
Pressurein thesystemis indicatedon theAUX
(ight)sideof theUTIL/AUXHYD PRESindi-
cator on thecopilotâ€™skneepanel.Theindicator
is poweredby26 VAC,400 Hz fromthe right
engineinstrument inverter busthrougha cir-

â€˜cuitbreakerlabeledAUX HYD PRESSon the
pilotâ€™sauxiliarycircuit breakerpanel.A relief
valve,set at 3850psi, protectsthe system
fromexcessive pressure.

If theauxiliarypumpelectricmotor overheats,
theyellowAUXHYDHT indicatoron themas-

ter warninglightpanelilluminates.

NOTE:Currentdrawoftheauxiliarypump
electricmotor is veryhigh.Withoutan

â€˜engineoperatingorDCexternalpowercon-

nected,limit itsusetoveryshortintervals.

Eitherof theAUX HYD PUMPswitches,one

â€˜onthepilot'ssidepanelandone on thecopi-
lot's inboard knee panelnormallyoperate
the auxiliarypump. Thepumpcan alsobe
startedwith theDOORCONTROLswitchon.

thepilot'scircuit breakerpanel,theOUTSIDE
DOORswitchin theoutsideaccessorypanelor

theauxiliarysystempumpcontrolswitchon

thegroundservice valve.Powerrequiredfor
â€˜operationis 28VDCfromtheBatteryTieBus

 Figure1-7-1.Thiscutawayofa wetpumpclearlyshowstheinner workings
ofaslidingvane pump.

througha circuit breakerlabeledAUX HYD
PUMPon thepilot'scircuit breakerpanel.

NOTE:WhenoperatingAUX hydraulic
pumpforextendedperiodswith external
powerconnected,selectBAT1andBAT2
switchesOFF,With thebatteryswitches
OFF,theexternalDCthroughtheEssential
DCBuspowerstheAUXhydraulicpump.

Brakeaccumulator.A brakeaccumulator,in

the nose wheelwell,provideshydraulicpres-
sure for PARK/EMERbrakes.Two gaugesare

connectedto theair sideoftheaccumulator;one

isin thewheelwell,belowtheaccumulator,and
theotheris on thecopilotâ€™inboardkneepanel.
Whenproperlypre-chargedwith drynitrogen,
1,200psi. + 25 psi. at 70Â°E,theaccumulator
holdsapproximately22.5cubicinchesof fluid.
Thisis sufficientfor five or six applications
of the PARK/EMERbrakehandle.â€˜Theaccu-

â€˜mulatoris installedin theauxiliaryhydraulic
powersystem;therefore,anytime theauxiliary
pumpoperates,it chargestheaccumulatorwith
approximately3,000p.si.hydraulicpressure.A
checkvalveis installedin thepressureline to
â€˜maintainthe pressurefor futureuse afterthe
auxiliarypumpis shutof

Section7

AircraftPneumatic
Systems
Theuse of pneumaticsis so integratedinto the
â€˜overalloperationof otheraircraftsystemsthat
itis difficultto lookat it asastandalonesystem.

Pneumaticsystemsare sometimesusedforthe
following:

= Brakes

â€˜+Openingandclosingdoors

= Drivinghydraulicpumps,alternators,
starters,water injectionpumps,andso on

â€˜+Operatingemergencydevices

â€˜+Heating/airconditioningsystems
+ Deicesystems/rain-removalsystems
â€˜+Pressurizationsystems
â€˜+Enginestarting
â€˜+Gyroinstrumentsystems

Thetypeof unit usedto providepressurized
air forpneumaticsystemsisdeterminedbythe
system'sair pressurerequirements,



PressureSystems
High-pressuresystem.For high-pressure
systems,air is usuallystoredin metalbottles
at pressuresrangingfom 1,000to 3,000ps.
dependingonthesystem.Thistypeofair bot.
tle hastwo valves;one forcharging,theother
forcontrolling.Thecontrolvalveactsas ashut-
off valve,keepingair trappedinsidethebottle
until thesystemis operated,
â€˜Thehigh-pressurestoragecylinderhasa def-
inite disadvantage.Becausethesystemcan

not be rechargedduringfight,operationis

limited

(Onsome aircraft,permanentlyinstalledair

compressorshavebeenaddedto rechargeair

bottleswheneverpressureis usedfor operat-
inga unit.

High-pressuresystemsare normallyconsid-
teredto beemergencypressuresystems,How
the air is usedto activate brakesandlanding
gearis coveredin therespectivechapters,
Medium-pressuresystem.A medium-pres-
sure pneumaticsystem (100-150psi)draws
bleedair froma turbine enginecompressorsec-

tion. In thiscase,air leavestheenginethrough
a takeoffand flowsinto tubing,carryingair

firstto thepressure-controllingunits andthen
to theoperatingunits.

Earlyturbine enginescould producelarge
amounts of bleed air, and airframemanu-

facturersputit to gooduse. Thevarious sys-
tems operatedbybleedair on todayâ€™stur-
bineaircraftare veryefficient.Thisefficiency
hasallowedenginedesignersto reducethe
amount of bleed air available,thus reserv-

ing it for producingpowerfromtheengine.
â€˜Thereductionof bleedair volumeincreases

fuel efficiencyandpoweravailablefromthe
engines.

Systemsthatoperatebybleedair are so var-

ied thattheyare discussedin theirrespective
chapters.
Low-pressuresystem.Manyaircraftequip-
pedwith reciprocatingenginesobtaina sup-
plyof low-pressureair fromvane-typepumps.
â€˜Thesepumpsare typicallymountedon the
accessorycase and driven bythe aircraft
engine.Low-pressuresystemsare gener-
allyused to operategyroinstruments and
pneumaticdeicers.Theycan produceupto 8
inchesHgsuction,or upto 20p.si.pressure,
or both,dependingon thepumpandthesys-
tem requirements.

â€˜Systemsupplypumps.Vanepumpsare man-

ufacturedin two types:dryandwet
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Intet Outlet

 Rotor
with centerof

rotation

Figure1-7-2.Operationaldiagramofa slidingvane pump.

Wetpumps.Figure17-1 showsa cutawayof,
a typicalwet pump.Wetpumpstypicallyhave
steelslidingvanes andare lubricated,cooled,
andsealedagainstair leakagebyengineoil.
Becauseof this,eachwet pumpmust havea

â€˜vaporseparatoron thepressureline.Thisallows
theoilvapors,or mist,tocoalesceontotheinside
oftheseparatoranddrainbackinto theengine
crankcase.

Wetpumpshaveall butbeenreplacedin favor
ofdrypumpsin todayâ€™sairplanes.
Drypumps.Thebasicdesignofa slidingvane

drypumpis thesame as a wet pump,without
the oil. Insteadof havingsteelslidingvanes,

drypumpsuse carbonvanes. Thismakesthem

self-lubricatingandallowsthevanes to wearin
andselfea,

 

Figure1-72showsa schematicview of one

of thesepumps,whichconsistsof a housing
with two pors,a drive shaftandtwo vanes

Thedriveshaftandthevanes contain slotsso

thevanes can slidebackandforththroughthe
driveshaft.Theshaftseccentricallymounted
in thehousing,causingthevanes to formfour
differentsizes of chambers.In the position
showntheinlet isthe largestchamberand is

Connectedto the supply port.As depictedin

the illustration,outsidealtcan entertheinlet
of thepump,
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Figure1-7-3.Allcontrolsnecessaryin a completebleedairsystemare illustratedhere.Theschematicis forbleedair onlyand
stopswhereoperatingsystemsstart.
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Whenthe pumpbeginsto operate,thedrive
shaft rotates and changespositionsof the
vanes andsizes of the chambers.Thispump
hasfourchambers,andas eachgoesthrough
thecycleof intake,compression,andexhaust,
continuous pressureis produced.Thus,the
pumpdelivers to the pneumaticsystema
continuous supplyof compressedair at from
1t0 20psi

Vacuumand air pressurepumps.In the-

frethe same,Suctionis producedatthe
intake port,while pressureis producedat
the exhaustport,Most installationson gen-
eral aviation airplanesmanufacturedin the
lastseveralyearsuse pneumaticsystemsthat
consistof vacuum onlyand use vane pumps
that are designedto producevacuutn only
Otherslidingvane ait pumpsare designed
for producingair pressure,and yetothers

provideboth:Pumpsdesignedfor one sys-
fem are not interchangeablewith another.

Pressuresystemsare normallyfoundon light
twin and corporatetypeairplanesthat are

certifiedfor instrument fightandhavedeice
equipmentinstalled,Combinationpressure
and vacuum systemsare generallyusedon

largerairplanesthat require more air vol-
ume fordeicing,leavinglesspressurefor the
instruments,

CabinPressurizationPumps
Cabinpressurizationin anotherplacewhere
thelinesbetweenpneumaticsystemsandthe
systemstheysupplybecomea bit blurred.

Airplanecabinpressureis generatedin three
waysto raise the cabinaltitude: bleed air

from a turbineengine,a centrifugalsuper-
chargermountedon a reciprocatingengine,
andapositivedisplacementair pump(Roots-
typesupercharger)driven as an accessory.

Bleed air systems.Figure1-7-3showsthe

layoutof a typicalbleedair system.Mostsys-
temshaveall,or most,of thecontrolsshown
in theillustration.If youfollowtheschematic
of the enginebleedair pressureregulators,
youcan readilyfigureout how theywork.
The manual adjustmentallows bleed air

pressureto move thepistonconnectedto the
butterflytypemain valve.It alsoallowsfor
a balancebetweenupstreamanddownstream
pressures,with a vent to allow for changes
in demandandshutoffif theregulatorfails

Most aircraftsystemshavea backupregu-
lator for thecompletesystemandaleft and

rightregulator.Theoverpressureand isola-
Figure1-7-4,ARoots-typesuperchargerisa positive-displacementairpump.__tionvalvesareself-explanatory. 



Roots-typesupercharger.Rootssupercharg-
ers are similarin operationtoa gearpump.The
rotors takeair andmove i t aroundtheoutside
of thecase andexhausti t 180degreeslater.Just
like a gearpump,it is a positivedisplacement
pumpbecauseeachrevolutionof the rotors
â€˜movesan amount of ait. Pressureisbuilt upby
restrictingtheexhaustrate,or leakage,while
the superchargercontinues to add more air.

â€˜Typically,thesuperchargershavea geardrive
systemthatis drivenbyan accessorydrivepad
â€˜ontheengine.Somehavebeenhydraulically
drivenbyusinga variablespeedtransmission

system.Rootscabinsuperchargerswere the
systemof choicebeforeturbineenginebleed
air systemswere introduced.Manypiston
enginecorporatetypeairplanesstill use this,

typeofsystem.ARootssuperchargeris shown
in Figure17-4,

Centrifugalsuperchargers.Centrifugal
superchargers,usedfor cabinpressurization,
are basicallythesame as externalsupercharg.
ters usedto boosttheengineinductionsystem.
â€˜Theyhaveusedan accessorydrivesystemthat
incorporatedeithera two-speeddrive or sys-
tem fordrivingthecompressor.Typically,the
drivesystemis controlledbythecabinpressur-
ization controllerandvaries bytheair demand
placedon thesystem,

PneumaticSystem
Components
Pneumaticsystemsare often comparedto

hydraulicsystems,but suchcomparisonscan

hold true onlyin generalterms. Pneumatic
systemsdo not use reservoirs, handpumps,
accumulators,regulators,or engine-drivenor

electricallydrivenpowerpumpsfor building
normalpressure.But similaritiesdo exist in

somecomponents.
High-pressuresystemrelief valves.Relief
valvesare a necessarypartof a high-pressure
system.Theyact as pressure-limitingunits
andpreventexcessive pressuresfrombursting
linesandblowingout seals.Theyoperatesimi-

lar to a hydrauliereliefvalvewith one major
exceptionâ€”thesurplusair is simplyvented
â€˜overboardinsteadofbeingreturned.

 

Medium-pressuresystemrelief valves.

Bleedairsystemsseldomusereliefvalves,rely-
inginsteadon redundantoverpressureshutoff
valvesthatworkin conjunctionwith thepres-
sure regulationandshutoffvalves.

Low-pressuresystemrelief valves.Onlow
pressuresystems,no reliefvalveis reallynec-

essary;thepressureregulatingvalveperforms
that function,
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Control valves. Controlvalvesare also a

necessarypartof anypneumaticsystem.In

high-pressuresystemsthe controlvalvesare

typicallya poppettypevalve;whereasin

medium-pressuresystemsgenerallyrelyon a

butterfly-typevalve.
Checkvalves.Checkvalvesare usedin both
hydraulicandpneumaticsystems.Air enters
theinlet portof thecheckvalve,compressesa

lightspring,forcingthecheckvalveopenand

allowingait to flow out theoutletport.Butif
air enters fromtheoutlet,air pressurecloses,
thevalve,preventinga flowofair out theinlet
port.Thus,a pneumaticcheckvalveis a one-

directionflowcontrolvalve(Figure1-7-5).
 

Restrictors.Restrictorsare a typeof control
valveusedin pneumaticsystems.An orifice
restrictor can be usedto changethe operal-
ing characteristicson an item byrestricting
its inflow(Figure17-6).Thesmalloutletport
reducesthe rate of airflowand thespeedof
operationof an actuatingunit

iam

Intet 
Figure1-7-5.Flaptypepneumaticcheckvalve,

 

inlet â€”â€”    
Figure1-7-6.Orifice-typerestrictorwitha large
inletportanda smalloutletport.
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Variable restrictor.Anothertypeof speed-
regulatingunit isthevariablerestrictorFigure

7),Natiablepneumaticrestrctors are used
â€˜wheremaintenanceadjustmentsmust bemade
to correct airflowvolume.It containsan adjust-
ableneedlevalvethathasthreadsaroundthe
topanda pointon thelowerend.Dependingonthedirectionturned,theneedlevalvemoves the

sharppointeitherintooroutofa smallopening
to decreaseor increase thesize of theopening,
Becauseair enteringthe inlet portmust pass
throughthis openingbeforereachingtheoutlet
portthisadjustmentalsodeterminestherateof
airflowthroughtherestrictor.

 

Filters.Pneumaticsystemsmustbeprotected
fromdirt andairborneparticles.Whilebleed
air systemsbenefitfromtheturbineengineair

cleaner,compressorand vacuum pumpson

reciprocatingenginesdo not. Thesesystems
â€˜mustrelyon separateair filtration devices.
â€˜Thesec: implefelt/foamtypewrappers.
for a minimum instrument vacuum systemor

completesystemfiltersas shownin Figure17
8, Thesefiltersare partof theregularinspec-
tion systemandmustbechangedas specified
in theinspectionprogram.

 

 

Moisture separators.Moisturebuildsup in

pneumaticsystemsthat use mechanicalcom-

pressors.A moisture separatoris requiredto
reducethechanceof any ice or water building
upin theothercomponents.
Whenthe pumpis shutdown,the moisture

sumpis ventedoverboard.Thevent is con-

 Figure1-7-7.Variablerestrictor.

trolledbya solenoiddumpvalveanda pres-
sure switchin thecompressordischargeline.

â€˜Thepressureswitchdetectsthelossofpressure
andenergizesthedumpvalvesolenoidto the
â€˜openposition,ventingthesump.

Air bottles.High-pressureair bottlesare nor-

â€˜mallyusedto providelandinggearextension
andbrakesin an emergencysituation.Theair

bottleusuallystoresenoughcompressedair

for severalapplicationsof thebrakes.A high-
pressureair line connectsthebottle to an air

valvethatcontrolsoperationof theemergency
brakes(Figure17-9),

If thenormalbrakesystemfails,theair bottle
controlhandleis placedin the ON position.
â€˜Thevalvethendirectshigh-pressureair into
linesleadingto thebrakeassemblies.A shuttle
valveisolatestheoriginalhydrauliclines.

Lines and tubing.Linesfor pneumaticsys-
temsconsistof rigidmetaltubingandflexible
rubberhose.Fluid linesand fittingsare cov-

eredin detailin anotherchapter.

PneumaticPowerSystem
Maintenance
Maintainingthepneumaticpowersystemcon-

sistsof servicing,troubleshooting,removing
andinstallingof components,andoperational
testing,
An air compressorâ€™slubricatingoil level
shouldbe checkeddailyin accordancewith
the applicablemanufacturer'sinstructions.
â€˜Theoil level is indicatedwith a sightgauge
or dipstick.Whenrefillingthecompressoroil

 Figure1-7-8.Atypicalfilterfora dryair/vacuum
pumpsystem,



   Figure1-7-9.High-pressureair bottle.

tank,theoil typespecifiedin theapplicable
instructions manual)is addedup to thespeci-
fiedlevel.Aftertheoil is added,ensure thatthe
filler plugis torquedandsafetywire is prop-
erlyinstalled.

Thepneumaticsystemshouldbepurgedperiod-
icallyto remove thecontamination,moisture,oF

oil fromthecomponentsandlines,Pressurizing
it and removingthe plumbingfromvarious

componentsthroughoutthesystempurgesthe
system.Removingthe pressurelinescauses a

highrateof airflowthroughthesystemcausing
foreignmatter to beexhaustedfromthesystem.
If an excessive amount of foreignmatter,par
ticulaslyoil,is exhaustedfromthesystem,the
linesandcomponentsshouldberemovedand
cleanedot replaced.
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Bleedair compressedair systemsare different
onlyin the source of air pressure.Servicing
thebalanceof thesystemis thesame forboth
sources of air pressure.

After purging the pneumaticsystemand
reconnectingall thesystemcomponents,the
air bottlesshouldbe drainedto exhaustany
â€˜moistureor impuritiesthatmighthaveaccu-

mulatedthere.

Afterdrainingtheair bottles,service thesys-
tem with nitrogenor clean,dry,compressed
air, Thesystemshouldthenbegivena thor-
â€˜oughoperationalcheckandan inspectionfor
leaksandsecurity,
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i is REVIEWCabinEnvironmental
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Systems inspection,and
â€˜overhaulofeabin

Control of the cabin environment is an heaters

extremelyimportantpartof modernaircraft
operations.Naturally,we all want to breathe â€”â€”seatcomfortably,be warm, andstay cool.Goneare*How pressurization

yr y systemsworkandthedaysof bundlingup in leatherfyingsuits ems workjustto ride in an airplane.Today'ssophisti- Control,andcarecatedpassengersdemandtheutmost in travel-
ingcomfort.Indeed,thefailureof an operator EXPLAIN
to considerthecomfortof passengerscanspellHow air-and
thedemiseof thebusiness. â€˜vapor-eyeleair

conditioning
Cabinenvironmentalsystemsstart with the systemsandtheir

thw basicnecessityof life:oxygen.Enoughoxygen Componentsoperate
ee al| must be availableat thecorrect pressurealti- Â«Featuresofgaseous

tude,not justto sustain life,but to do it com- andsolidoxygen

ae fostably. systemsandtheir

" 4iy\ ) components,.] Oxygenisessentialtolife.Areductionofessen- _fhsintenante
acer tial oxygensuppliescan produceimportant

changesin bodyfunctions,thoughtprocesses,
anddegreeof consciousness. Thesluggishcon.

dition of mindandbodycausedbyadeficiency
in, or lackof,oxygenis calledhypoxia.HypoxiaLeft.Passengersinis causedbySeveralconditions,buttheone that earlyaircraft,ike this,
concerns aircraftoperationsis thedecreasein FordTimotor from
partialpressureofoxygenin thelungs. the1930s(inset),

hadlittlemore than
Therate at whichthe lungsabsorboxygen heattoprovidecabin
dependson theoxygenpressure.Thepressure comfort.Modern
thatoxygenexertsisaboutone-fifthofthetotal jetairlinersexper
air pressureat anyone level.At sealevel,this enceawiderange
pressurevalue@psi)is sulficientto saturate oftemperaturesand
theblood.However,if theoxygenpressureis pressuresduringeach
reduced,eitherfromthereducedatmosphericflightandneedmuch
pressureat altitudeor becausethepercentagemore extensivecabin
Ofoxygenin the air breatheddecreases,the systems      



Altitude
in
feet

Figure24-1
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PressureIn poundspersquareinch

Atmosphericpressure.

Nitrogen78.08%

â€˜Oxygen20.95%

â€˜Argon0.93%

Carbondioxide

Neon

Helium

Methane
0.04%

Krypton

Hydrogen

Xenon Ozone

Table2-1-1.Compositionoftheatmosphere.

quantityof oxygenin the blood leavingthe

Tingsdrops,andhypoxiafollows

TheNeedforOxygen
Fromsea levelto 7,000ft. altitude,theoxygen.
contentandpressurein theatmosphereremain

sufficientlyhighto maintain almostfull satura-
tion of thebloodwith oxygenandensure nor-

â€˜malbodyandmentalfunctions.

â€˜Athigheraltitudes,barometricpressureis,

decreased,resultingin lessoxygencontent of,
theinhaledair. Consequently,theoxygencon-

tent of thebloodis reduced.

â€˜At10,000f. abovesea level,oxygensaturation
of thebloodis about90percent.Longexposure
at thisaltituderesultsin headacheandfatigue
(Go-calledaltitudesickness).Oxygensaturation

dropsto 81percentat 15,00ft. abovesea level
â€˜Thisdecreaseresultsin sleepiness,headache,
bluelipsandfingernails,impairedvision and

judgment,increasedpulseandrespiration,and
certain personalitychanges.
At 22,000ft. abovesea level,thebloodsatura-
tion is 68percent,andconvulsionsare likelyto
occur. Remainingwithoutan oxygensupplyat
25,000ft. for 5minutes wherethebloodsatu-
ration is down to between50and55 percent

CompositionoftheAtmosphere
â€˜Theatmosphere(ait)is composedmainlyof
nitrogenandoxygen.It alsocontainssmaller
quantitiesof othergases,suchas carbondiox-
ide,water vapor,andozone (Table2-1-1).

Oxygenand its importancecannot beoveres-

timated.Withoutoxygen,life as we know i t
cannotexist. Oxygenoccupies21percentofthe
totalmixture ofatmosphericgases,

Carbondioxide(CO)is alsoan essentialgas,
butor differentreasons. A smallquantityin the

atmosphereisusedbytheplantstomanufacture

thecomplexsubstancethatmanyanimalsuse as

food.Carbondioxidealsohelpsin thecontrolof

breathingin man andotheranimals.Thelungs
requirea smallamount of carbondioxidebe
ppresent.If too muchcarbondioxideis exhaled,
thebodygoesinto a stateof hyperventilation.
â€˜Apersonseems to beunableto getenoughair

andcontinuesto breathheavily,exhalingeven

â€˜morecarbondioxide.OncetheCO3levelin the

lungsreachesa criticallevel,theperson'ssys-
tem causes themto faint,or passout. Oncein

an unconscious state,normalbreathingresumes

and theCOÂ»level in thesystemreestablishes
itself,Hyperventilationcan be preventedby
usinga paperbagor othermethodto cause re-

inhalationof theexhaledair. Thistemporarily
increases theintakeof CO,andrebalancesthe
systemquickly.
â€˜Theamount of water vapor inthe air is vari-

able,but it rarelycontainsover3 percent,even

in verymoistconditions,Vapornot theonly



formof moisture foundin theair; water drop-
letsandice particlesarealsopresent.Themois-

ture in the air absorbsenergyfromthe sun.

Therefore,the amount of water in theair can

bedirectlyrelatedto weatherconditions.

(Ozoneis a varietyof oxygenthatcontainsthree
atomsof oxygenper molecule,ratherthanthe
usualtwo. Themajorportionof theazone in the
atmosphereis formedbytheinteractionofoxygen
andthesun's raysnear thetopoftheozone layer.
Ozoneis of greatconsequence,both to living
creatureson Earthandto thecirculationofthe
upperatmosphere.Ozoneis importantto liv-
ing organismsbecauseit filtersout mostof the
sun's ultravioletradiation,whichresearchcon-

tinues to indicatehasmyriadconsequencesfor
all life on Earth

Becauseof the importanceof theozone layer,
the use of chemicalsthat depletethe ozone

layermust be restricted.Typicalamongthe
â€˜ozone-depletingchemicalsis Freon,especially
[Re12,therefrigerantgasusedin mostair-condi-
tioningsystemsin thepast.

Thegasesof theatmospherehaveweight,just
likesolidmatter. Theweightof a columnof air

stretchingfromthesurfaceof theearthout into

spaceis calledtheatmosphericpressure.If thiscol-
uummnâ€™sarea is 1sq.inch,theweightofair at sea

levelis approximately147 Ibs.Theatmospheric
pressure,therefore,can bestatedas 147psi. at
sea level.Anothercommon wayof statingthe
atmosphericpressureis to givetheheightof a

columnof mercury,whichweighsthesame as

1 columnof theatmosphereof thesame cross-

sectionalarea, Whenmeasuredthis way,the
atmosphericpressureat sea level is normally
29.92inchesHg(inchesofmercury).Theweather
is measuredin millibars,with 1,013.2millibars
beingstandardsea levelpressure.

 

Theatmosphericpressuredecreasesas altitude
increases. Thereason forthisis quitesimple:the
columnof air that is weighedis shorter.How
the pressurechangesfor altitudeis shownin

Figure2-11. Thedecreasein pressureis a rapid
cone.At 50,000feet,theatmosphericpressurehasdroppedto almostone-tenthofthesea level
value.Ata fewhundredmilesaboveEarth,the
air is so rarefied(thin)thattheatmospherecan

beconsiderednonexistent

TemperatureandAltitude
Earthâ€™satmosphereis a mixture of gasesthat

reacheswellover350miles(560kilometers)high,gettingever thinneruntil itblendsinto space.
Thelayersoftheatmosphereare dividedaccord-
ing to how temperaturechangeswith height
(Figure2-12).Thedivisionsare explainednext.
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â€˜Troposphere.Thetroposphereextendsfromthe
surfaceof theEarthto 5-9 miles(26,400-47,520
ft, or 8-14.5km)high.It containshalfthemole-
culesoftheEarthâ€™satmosphere.Thisis thelayer
wheremost cloudsformandweatheroccurs.

 

120â€”

40,0

300,0

FE

200,000

150,000â€”
120,000

ES

Figure2-1-2.Layersoftheatmosphere.
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It is alsothe regionin whichmost commer-

cialaviation operates.Temperaturedecreases
with altitude(toabout-52Â°C),becauseEarth's,
surfaceabsorbstheenergyfromthesun,heats
fasterthantheatmosphere,thengivesoff heat
into theatmosphere,

Stratosphere.Thestratospherestartsabovethe
troposphereandextendsto:31miles(163,680ft,
â€˜or50km)high.Temperatureincreases (oabout
-3Â°C)with altitude,becausetheozone layer,at
about155 miles(5km)fromthesurfaceof the
Earth,absorbsthe ultravioletradiationfrom
thesun,whichwarms theatmosphere.About
99 percentof the moleculesin Earth'satmo-

sphereare in the troposphereandthe strato-

sphere.

Mesosphere.â€˜Themesospherestarts abovethe
stratosphereandextendsto about53-56miles
(279,840-295,680ft,or 85-90km)high.Meteors
burn up in this layerof the atmosphere.
Temperaturedecreaseswith altitudeto about
Â°C.

â€˜Thermosphere.Thethermospherestarts above
themesosphereandextendsto about372miles
(2,964,160ft.or 600km)high.Temperaturerises

with altitude and,dependingon the activ-

ityof thesun, couldreachover 1500Â°C.The
atmosphereis so thin herethat even a small
increase in energyfromthe sun can cause a

largeincrease in temperature.

â€œ<

Tedees
1.All wiring,lines,fittingsandsuch,thatextendfromthepressurizedarea into unpressur-

izedareas mustbesealedagainstleakage.

Exosphere.Theexospherestartsabovethether-
mosphereandcontinues until it mergeswith
space,

Hypoxia
Itisobviousthatameansofpreventinghypoxiaandits ill effectsmustbeprovidedforall living
creatures who undergohigh-altitudetravel.
Whentheatmosphericpressurefallsbelow3

psi. (approximately40,000ft),even breathing,
pureoxygenis not sufficient.

Thelowpartialpressureofoxygen,lowambient
air pressureandtemperatureat highaltitude
â€˜makeit necessaryto createtheproperenviron-

â€˜mentforpassengerandcrew comfort.Themost
difficultproblemis maintainingthecorrect par-
tial pressureof oxygenin theinhaledair. The
militaryachievesthisbyusingpressureoxygen
â€˜masksin high-performanceairplanes.Thiscan

beachievedbyusingoxygen,pressurizedcab-
ins, or pressuresuits.Obviously,pressuresuits
are bestleftto themilitaryandto theastronauts.

 

In generalaviation,pressurizingthe aircraft
cabinis theacceptedmethodof protectingper-
sons againsttheeffectsof hypoxia,In a pres-
surizedcabin,peoplecan betransportedcom-

fortablyandsafelyfor longperiods,especially
if thecabinaltitudeis maintainedat 8,000ft.
â€˜orbelow,whereusingoxygenequipmentis,

 



not required.However,the flightcrew must
beaware of thedangerof decompressionand
â€˜mustbe trained to meet an emergencyif i t

Section2

PressurizationSystems
â€˜Aircraftare flown at highaltitudeto provide
betterfueleconomyand to avoidsevere tur-
bulenceandweather.Smalleraircraftthatdo
not havepressurizationsystemsare limitedto
loweraltitudes.

Severalfunctionsmust beaccomplishedbya

cabinpressurizationsystemto allowfor pas-
Sengercomfortandsafety.Acabinpressutiza-
tion systemmustbecapableof maintaininga

cabinpressureatitudeof approximately$000
fat the maximum operatingaltitudeof the
aircraft.The systemshouldbe designedto

exchangethecabinair at a reasonablerate to
eliminateodorsandto remove sale air. This
air exchangeshouldtake placewithout any

noticeablechangeto cabinpressure.

In thetypicalpressurizationsystem,thecabin,
flightcompartmentand baggagecompart.
â€˜mentsare incorporatedinto a sealedunit that
is capableof containingair undera pressure
higherthanoutsideatmosphericpressure.Any
â€˜workperformedin the sealedareas must be

Keptsealed.Checkingpressuresealingis part
of anormalinspection(Figure22).

Pressurizedairs pumpedinto thesealedfuse-

lagebycabinsuperchargersin piston-powered
airplanes,andbybleedai systemsin jetal

craft.Air is releasedfromthe fuselagebya

devicecalledan ouflowvalve(Figure222)
â€˜Thesuperchargersystems provide2 constantinflowofaiothepressurizedarea,whilethe
pressurizationprovidedbybleedair systems
Ean bevariedas required.Theoutflowvalve,
byregulatingtheait exit,is themajorcontrok

lingelementinthe pressurizationsystem,

â€˜Theflow of air throughan outflowvalve is,

determinedbythedegreeofvalveopening.This
valveis controlledbyan automaticsystemthat
can besetbythe flightcrew. Manualcontrols,
are providedfor use if theautomaticcontrols
â€˜malfunction.

â€˜Theoperatingmaximum altitudeof the air

craft is determinedbythe maximum amount
of pressurizationallowedbythepressurization
system,Theamountofpresurization provided
ByrthesytemsimiedbyseveralfagorsThe
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[EI cabinpressure [| Outflowpressure
â€˜Anoutflowvalvemaintainsthecabinpressurein a pressurized Figure2.

fuselage.

primarylimitingfactoris themaximum di
tialpressurethatthefuselageis designedfor.The
differentialpressureof thecabinis thedi
tialpressureratiobetweentheinsideandoutside
pressure.If the differentialpressurebecomes
toogreat,thecabinstructurecouldfail.

â€˜Asecondfactorthatlimitsthedegreeof pres-
surization is the amount of pressurethat is

available.Astheaircraftaltitudeincreases,the
pressuresuppliedto theturbocharger,super-
charger,or compressoris decreased.Because
theinlet pressure is decreased,theoutlet pres-

sure is also decreased.Whilethe same thing
happenswith a bleedairsystem,it happensat
a muchhigheraltitude.

PressurizationProblems

Manycomplextechnicalproblemsare associ-

atedwith pressurizedaircraft.Pechapsthe
most difficult problemsare in the design,
manufacturing,and selectionof structural
â€˜materialsthatwithstandthegreatdifferential
in pressurebetweentheinsideandoutsideof,
a pressurizedaircraftwhenflyingathighalti-
tudes.If the weightof the aircraftstructure
â€˜wereofnoconcern,it wouldbea relativelysim-

plematter to construct a fuselagethatcould
withstandtremendouspressures.
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 Figure2-2-3.A pressurizationsafetyvalvefrom
a Cessna421.Largeraircraftuse thesame prin-
<ipal,onlyon a largerscaleanddesignedto
handlealargeramountofairflow.

Pressurizedaircraftarebuilt to provideacabin
pressurealtitudeof not more than8,000ft. at
â€˜maximumoperatingaltitude.

â€˜Theatmosphericpressureat 8,000ft. is approxi-
mately1092 psi, at 40,000ft itis nearly272

p.si.Ifa cabinaltitudeof8,000ft. is maintained
in an aircraftflyingat 40,000ft, thedifferential
pressurethat the structure must withstandis

8.20psi.(1092psi.minus272psi).Ifthepres-surizedarea of thisaircraftcontains 10,000sq,
inches,thestructure is subjectedto a bursting
forceof82,000Ibs,oF approximately41tons.In
additionto designingthefuselageto withstand
thisforce,a safetyfactorof 1.33mustbeadded.
â€˜Thepressurizedportionof the fuselagemust
beconstructedto havean ultimatestrengthof
109,060Ibs.($2,000x 1.33),or 54.50tons.Ona

largeairplane,theoutsidediameterof thefuse-

lageincreases,some startlinglyso. Somegrow
byseveralinches.

Preventingoverpressurizationand the sub-
sequentdestructionof theairplaneis thejob
of thepressurizationsafetyvalve(Figure2-2-3).
â€˜Thesafetyvalveworkssimilarlyto an outflow
valve,exceptthat it is presetto a maximum,

cabinpressuredifferential.Ifthe outflowvalve
malfunctions,thesafetyvalvedoesnot allow
the cabinpressureto exceedthe safelimit.
Somesafetyvalvesare alsousedas cabinpres-
sure dumpdalvesto relieveanyresidualpres-
sure afterlanding.Whenusedas a dumpvalve,
theyare normallycontrolledbythe landing
â€˜gearsquatswitch,

Somesystemsuse a deliveryair ductcheck
valveto preventthelossof pressurizationif the

cabinair compressoror theengineis shutdown,

Anotherdesignproblemis thepressurization
cycle:a pressurizationanddepressurizationof
thesystemequalone cycle.Manyaircraftare

cyclerlifelimited.Oncetheaircraftreachesits
establishednumberof cycles,it mustberetired
from service. Neweraluminumalloysand

more dependable,strongerfasteners(rivets)
have,in manycases,doneawaywith manda-
toryairframeretirement.

Pressurevesselinspectionsare partof the
â€˜AgingFleetInspectionprogramsthat have
beendevelopedsince theAlohaAirlines inci-

dentin 1988,

PressurizationSystems
Termsand definitions. Tounderstandthe
operatingprinciplesof pressurizationandair

conditioningsystems,i t is necessaryto learn
some terms anddefinitions.It is necessaryto
learnthefollowingtermsanddefinitions:

 

â€˜+Absolutepressure:Pressuremeasuredon

a scalethathaszero valueat a complete

+ Absolutetemperature:Temperaturemea-

suredona scalethat has270valuat that
pointwherethereis no molecularmotion

(azar or 459.69),
â€˜=Adiabatic:A wordmeaningno transferof

heat.Theadiabaticprocessis one in which

noheatis transferredbetweentheworkingsubstanceandanyoutsidesource.

â€˜=Aircraftaltitude:Theactualheightabove
sea levelat whichan aircraftis flying.

â€˜+Ambienttemperature:The temperature
in thearea immediatelysurroundingan

object.
â€˜+Ambientpressure:The pressurein the

areaimmediatelysurroundinganobject.
+ Standard barometric pressure: â€˜The

â€˜weightof gasesin theatmospheresuffi-
cient to holdup a columnof mercury760
â€˜mmhigh(approximately30inches)at sea

level(14.7psi)
= Cabinaltitude: Usedto expresscabin

pressurein terms of equivalentaltitude
abovesea level.

â€˜+Differentialpressure:In aircraftair con-

ditioningand pressurizingsystems,the
differencebetweencabinpressureand
atmosphericpressure.

â€˜=Gaugepressure:A measure of the pres-

surein a vessel,container,or line,as com-

paredto ambientpressureor thepressure
thatreadson thegauge.

â€˜+Ram-airtemperaturerise: Theincrease in

temperaturecreatedbytheram compres-
sion on thesurfaceof an aircrafttraveling
at a highrate of speedthroughtheatmo-

sphere.Therateof increase is proportional
to thesquareof thespeedoftheobject.



Basicrequirements.Basicrequirementsfor
theproperfunctioningof cabinpressurization

arethefollowing:
â€˜+Asourceofcompressedairforpressuriza-

tion andventilation.Cabinpressurization
sources can be engine-drivencompres-
sors,independentcabinsuperchargers,or

air bleddirectlyfromtheengine.
â€˜+A means of controllingcabinpressure

byregulatingtheoutflowof air fromthe
cabin(cabin-pressureregulatorand an

outflowvalve)
â€˜+A methodof limitingthemaximum pres-

sure differentialto whichthecabinpressur-izedareais subjected.Pressurereliefvalves,negative(vacuum)reliefvalvesanddump
valvesare usedto accomplishthis.

+A means of regulating(inmost cases,

cooling)thetemperatureof theair being
distributedto thepressurizedsection of
the airplane.Thisis donebytherefrig-
eration system,heatexchangers,control
valves,electricalheatingelements,and
cabintemperature-controlsystem.

â€˜=Thesectionsof theaircraftthatare to be

pressurizedmustbesealedto reduceair

leakagetoa minimum. It must alsobe
capableof safelywithstandingthe maxi-

â€˜mumpressuredifferential.

In additionto thecomponentsjustdiscussed,
various valves,controls,andallied units are

necessaryto completea cabinpressurizing
system.Whenauxiliarysystems,suchas wind-
shieldrain-clearingdevices,pressurizedfuel
tanks and pressurizedhydraulictanks are

required,additionalshutoffvalvesandcontrol
units are necessary.

TemperatureScales
Celsius,Celsiusisascaleonwhich0Â°Crepresents,
thefreezingpointof water,and100Â°Cis equiva-
lenttotheboilingpointofwateratsea level.

Fahrenheit.Fahrenheitis a scaleon which
32Â°Frepresentsthefreezingpointofwater,and
212Â°Fis equivalentto theboilingpointof water

atsealevel,
SourcesofCabinPressure

Cabinpressurizationon aircraftequippedwith
reciprocatingenginesis normallyprovidedby
superchargersor turbochargers.
Usingengine turbochargersand superchay
ers foreabinpressurizationfs quitesimple,bat
it docshaveseveraldisadvantages.Fist,that

CabinEnvironmentalSystems
thecabinair can becontaminatedwith fumes
fromtheengineexhaust,lubricatingoils,and
exhaustgases.Second,thepressuredeveloped
athighaltitudesisverylowandmightbeinsuf-
ficientto pressurizethecabin.Thethirddisad-
vantageis thattheenginecouldbedeprivedof,
thesuperchargingthatit needsto operateeffi-
cientlyat highaltitude.

Withgasturbineengines,thecabincan bepres-
surizedbybleedingair fromtheenginecom-

pressor.Usually,theair bledfroman engine
â€˜compressoris sufficientlyfreefromcontamina-
tion andcan beusedsafelyfor cabinpressur-
ization. lis generallyobtainedfromtwo places
oneachengine:atan intermediatestageandthe
laststageofthecompressor.Undernormalcon-

ditions,all pressurecomes fromtheintermedi-
ate stagebleed;at low-powersettings,thelast
stagebleedis used.Bleedair is usuallycalled
customerair bytheairframemanufacturers.

Positive-DisplacementCabin
Compressors(Superchargers)
Positivedisplacementcabincompressorsare

reciprocating.compressors,vane-typecom

pressors,andRootsblowers,Theist two are

hot verysuitablefor aircraftcabinpressuriza-
tion becauseofthe largequantityofoll present
in thear deliveredto thecabin,

Theaction of aRoots-typeblower(Figure22-
4)is basicallylike thatof a gearpump.It takes,
a predeterminedvolumeof ait, compressesit,
thendeliversit to the cabinduct.It is called
a positive-displacementsupercharger.The most
common use of a Rootsblower is to super-
chargedieselengines.Rootsblowersare also
thesuperchargerofchoiceofhotroddragsters.

 Figure22-4, TheRootssuperchargershownis a hydraulicallydrivenunit.
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Precoolercontrolvalve
sensor 390Â°F- 140Â°F

thermostat

To cabinand
alr cycle

\ Bleedalrregulator
Pressureregulatorand

shutoffvalve
Figure2-2-5.Adiagramofa bleed-airsupplysystemfora transport-categoryaircraft.

â€˜Therotors are mountedin an airtightcasing,
â€˜ontwo parallelshafts.Thelobesdo not touch
eachotheror thecasing,andbothrotors turn,

atthesame speed.Acommonmisconceptionis,

thattheair beingcompressedtravelsthrough
the center of the lobesand is exhaustedas

compressedait,but thatis not howtheywork.
Beinga constant displacementpump,like a

â€˜gear-typeoil pump,theair travelsaroundthe
â€˜outsideof thecase and is dumpedinto a ple-
rum at the exit. Pressureis built up because
theblowercan delivermore air thanthesys-
tem can use;eachrotation addsmore air, and
the pressureincreases, Pressureis controlled
in a cabinsystembytheoutflowvalvesetting.
â€˜Asanenginesupercharger,itis controlledbyapressure-actuatedpop-offvalve.

If yourememberyourbasicphysics,anytime
ait is compressedbya pump,thereis a rise

in temperature.Thesuperchargerhousing
is usuallyfinnedon the externalsurfaceto
providesome coolingarea. Thecoolingeffect
is sometimes further increasedbyshroud-
ingthesuperchargerhousingandpassinga
stream of outsideair throughit. Air-cooling.
is also used to reducethe temperatureof
internal parts.The coolingair is ducted
throughdrilled passagewaysinto the rotor

cavities and is expelledat theinlet sideof the

superchargercover.

â€˜Toachievean oil-freedeliveryof air, thesuper-
chargerbearingsuse labyrinthsealsthatper-
â€˜mitasmallamountofair leakage.Anydrops
of oil thatmighthavegottenpastthe rubber
sealsare thusblownbackinto thebearingarea.

Becauseof the air pulsationscausedbythe
rotors,all positive-displacementcompressors,
emit a shrill noise duringoperation.Silencers

areusedto reducethenoise level.

Centrifugalcabin compressors.Thecabin

superchargeris essentiallyan air pump.It has
a centrifugalimpellersimilarto a turbo-super-
chargerintheinductionsystemofareciprocat-
ingengine.Outsideairatatmosphericpressure
is admittedto the superchargerand is then
compressedbythe high-speedimpellerand
deliveredto a distributionsystem,

Engine-drivensuperchargersusedon most
older reciprocaing-enginetransportaircraft
requiredavariableratiodrivemechanism,The

ea ratioofthesesuperchargerswas automatGillyadjustedto compensatefor changesof
enginerpan.or ousideatmosphericpressure.



Normally,thegearratio is 8 to 10timesengine
speedwhenoperatingat normalcruisingcon-

ditions.Thedrive ratio is at amaximum when
operatingat highaltitude with low engine
rpm. Thesystemis similar to the variable-
speeddrivesthat are usedon largeaircraft
generatorstoday.

â€˜Turbocompressors.Fora varietyof reasons,
bleedair was not useddirectlyfromeaelyjet
and turbineengines.Instead,the bleedair

â€˜wasused to drive a turbine wheelthat,in
turn,drove a centrifugalcompressor.They
â€˜werecalledturbocompressorsandwere in the
enginenacellesor in the fuselage.As many
as four turbocompressorscouldbe used in

an aircraft.Theseunits operatedsimilarlyto
the turbo-superchargersusedon the piston-
enginedairplanesof today,exceptthat they
usedbleedairinsteadofexhaustgasesto drive
thepump.

â€˜Theseearlyinstallationsuseda complicated
superchargercontrolsystemthatwas designed
to maintain a constantspeedand,thus,a con-

stant pressure.

Bleed air systems.With modernpressur-
ization systemsin airplanesthat useâ€™turbine
enginesjetor turboprop),thepressurizedair

is takenfromtheenginecompressor.Itis bled
offthecompressorin one or two places:usually
froman intermediatestageand the lastcom-

pressorstage.Air fromtheintermediatestage
{s consideredlow-pressureair and is supplied
bywhatis calleda low-stagebleedport.Air from
a laststageis naturallytakenfromthehigh-
stagbleedport(Figure2-2-5)

Low-pressureair is usedduringtakeoff,climb
andcruise conditions.High-pressurebleedair

is usedduringslowflight,descent,andany
time thelow-pressureairsupplyis inadequate.
Bothbleedportsare never openat the same

time,andthechangeoveris automatic.

Bleedair from a turbineengine is not free
power,noris i tespeciallycheap.Modernengine
designtakesinto considerationtheairpressures,
andvolumesneededto run theenginesat rated

poweranddesignthemto dojustthat.A certain
amount of customerair is allowedfor,but the

supplyis not extravagant.Anytime air is bled
fromthecompressor,an equalamountofreduc-
tion occurs in poweroutputâ€”somuchso that
some airplanedesignsuse bleedair suppliedby
theAPUduringtakeoffandclimb.Thisallows
full powertobeavailableforthemain engines.
â€˜Mostaircraftoperatorshavea prescribedset
of parametersunderwhichtheenvironmental
systemoperates.Anytime pressurizationcan

bereducedor temperaturesallowedto moder-
ate,thereisa correspondingincrease in fueleffi-
ciency.Bleedair costsmoney.

CabinEnvironmentalSystems

Auxiliaryair pressure.Threeothersources

of air pressurethatcan beconsideredas part
of this same system:APUair supply,ground
air supplyfromanexternalair supplycart,and
ram ait. All threeare controlledfromthesame

controllersystemthatcontrolsbleedair; only
thesource is different,

Bleedair control.A bleedair systemhasits
own controlsystem.Whiletheyvaryfromone

designto another,most are a combinationof
electricaland air pressureactivation. Unlike
the cabintemperaturecontrols,the bleedair

controlpanelis generallyin a cockpitoverhead
panel,

CabinPressureControlSystem
Thecabinpressurecontrolsystemprovides
cabinpressureregulation,excess andnegative
pressurerelief. Thesystemalsoprovidesthe
â€˜meansforselectingthedesiredcabinaltitudein

theisobaricanddifferentialrange.An outflow
valve,cabinpressurecontroller,a safetyvalve,
anda negativepressurereliefvalveare thetypi-
calcomponentsof a pressurizationsystem.

PressurizationValves

Outflow valve.Theoutflowvalveis theprin-
cipalcontrolof thepressurizationsystem.The
valve,in a pressurizedportionof the fuse-
lage,is normallyunderthefloorpanelsor on

the rear pressurebulkhead.Theoutflowvalve
allowstheair to vent overboardthroughopen-
ingsin theaircraftconstruction. Smallaircraft
normallyhaveone outflowvalve;largerair-

craftcan haveup to three.

Onetypeof outflowvalve,operatedbyan elec-
tric motor,is a butterflytypevalve.Themotor
receives amplifiedelectricalsignalsfromthe

 Figure2.2-6.Theoutflowvalveis themain con-

trolofa pressurizationsystem,
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Figure2-2-9.(A)Thecabinaltimeteris combinedwiththedifferentialpres-
sure gauge,(B)Thecabinrateofclimbisa separategauge.

pressurizationcontrollerto openandclosethe
valveduringpressurizedflight.
Another typeis a pneumaticoutflow valve,
controlledbypressureand vacuum signals,
fromthepressurizationcontroller.Thecontrol-
ler uses cabinair pressure,alongwith pneu:
matic or bleedair to operatethe valve.This
typeofoutflowvalveis shownin Figure22-6.

 

Beforeflight,the outflowvalve is fully open.
â€˜Thesquatswitchcircuit electricallyholdsa

 

solenoidvalve in the outflowcontrolline in

theopenposition.At takeoff,thesquatswitch

changespositionand theoutflowvalvestarts
to.close.

â€˜Astheaircraft climbs,theoutflowvalvegradu-
allymoves towardthe closedposition,pro-
vidinga greaterrestriction to theventingof
cabinpressurizationair. Duringcruise flight,
thepositionof theoutflowvalvecontrolsthe
cabinaltitude,set bythe flightcrew on the
cabinpressurizationcontroller.Thespeedat
whichtheoutflowvalveopensandcloses,sets
the cabinrate of climb.Thatrate of climb is

adjustedbytheflightcrew,or is presetbythe
airframemanufacturer.

If theoutflowvalvefails,an automatic cabin
pressurereliefvalve is used.Thevalveauto-

â€˜maticallyopensif thecabinpressurereachesa
presetvalve.Thisvalvecan bepartof theout-
flowor a separateunit.

Cabin pressurecontroller.Thecabinpres-
sure controllercontrolscabinaltitudebyreg-
ulatingthepositionof theoutflowvalve.The
controllerusuallyprovideseitherfullyauto-
â€˜maticor manualcontrolof pressurein theait-

craft.Normaloperationis automatic,requiring
onlytheselectionof thedesiredcabinaltitude
andtherate of climbof thecabinpressure.

Thecontrollerlooksverymuchlike an altim-
eter thathasseveraladdedadjustmentknobs
foraltitudeandrate of climb,as seen in Figure
227. Thedial is graduatedincrements up
to approximately10,000ft, cabin altitude.
Usually,one pointerindicatesthe desired
cabinaltitudeandis setwith thecabinaltitude
knob.Anotherpointer,thecabinrate of climb,
is setwith therateknob.Somecontrollershave
anotherpointeror a rotatingscalethat indi-
cates thecorrespondingaircraftpressurealti-
tude.

Thecabinpressurecontrollercontrolscabin
pressureto a selectedvalue in the isobaric
rangeandlimitscabinpressuretoa presetdif-
ferentialvalue in the differentialrange.The
isobaricrangemaintains the cabinat a con-

stant pressurealtitudeduringflight.Its used
â€˜untiltheaircraftreachesthealtitudeat which
thedifferencebetweenthepressureinsideand
â€˜outsidethecabinis equalto thehighestdiffer-
entialpressurefor whichthefuselageis struc-

turallydesigned.
Differentialcontrolpreventsthemaximumdif-ferentialpressure,accordingto the structural

designof the fuselage,frombeingexceeded.
Thispressureis determinedbythestructural

strengthof thecabinandbytherelationshipof,
thecabinsize to theprobableareas of rupture,
suchas windowareas anddoors.



â€˜Thecontrolleradjustsan internal,electricoF

pneumatic,signalingdevicethat compares
theexistingcabinpressurewith an aneroidor

evacuatedbellows.If the cabinaltitudedoes
not correspondto thatadjustment,theaneroid
causes an appropriatesignalto modulatethe
outflowvalveopenor closed.Whentheaner-

â€˜oidsenses that the cabinaltitudeequalsthe
adjustment,the signalsto the outflowvalve
stop.As longas otherfactorsdo not change,
theoutflowvalvestaysat thepositionto main-

tain desiredcabinpressure.Thecontrollercan

sense anychange,suchas a variance of aircraft
altitude,andreadjusttheoutflowvalveas nec-

essary.Fullyclosedandpartiallyopenoutflow
valvesare seen in Figure22-8.

â€˜Therate controldetermineshowfasttheout
flowvalveopensandclosesduringclimband
descent.In some controllers,therate signalis,

partiallyautomatic. The barometricsetting
compensatesthe controllerfor the normal
errors encounteredduringflight.Therate set

tingimprovesthe accuracyof the controller
and,forexample,protectsthecabinfrompar-
tial pressurizationwhilelanding.
Severalinstruments indicatethe status of the

pressurizationprocess to the ightcrew: The
first,thecabin differentialpressuregauge,indi-

catesthedifferencebetweentheinsideandout-

sideair pressures,andthemaximum allowable
differentialpressure.Second,thecabinaltime-
ter,whichindicatesthepressurealtitudeofthe
cabin,serves as a checkon theperformanceof
thesystem.In some installations,a singlecom-

binationgaugeis used.Dependingon thetype
of aircraft,the cabinaltitudecan bebetween
6,000and8,000ft. Thethird instrument indi-
catesthecabinrateofclimbor descent.A com-

binedcabinaltimeteranddifferentialpressure
gauge,plusa cabinrateof climb is shownin

Figure2-2-9,

Cabin air pressuresafetyvalve.Thecabin
air pressuresafetyvalve,seen in Figure2-2-3,
is a pressurerelief valve.Thevalveprevents,
cabinpressurefrom exceedinga predeter-
mined differential pressure.After landing,
thesquatswitchcircuitrydrivesthevalveto
thefull openpositionto preventanyresidual
cabinpressurefrombeingretainedin theair-

craft,

Negativepressurerelief valve,Manypres-
surizedaircrafthavea negativepressurerelief
valve,Thisvalve can be partof the outflow
Yalve,or i t can be an individual component
â€˜Thevalvecan beas simpleas a hingedflapon

theear pressurebulkheadthatopensinward
â€˜whenoutsideairpressuresgreaterthancabin

ressure. During pressurizedfight,the interFalcabinpressureholdsthelapclosed.The
negative.pressurerelief valve preventsthe
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cabinaltitudefrombeinghigherthantheair-

craftaltitude.

In some installations,a manuallyoperated
reliefvalveserves as a backupwhenall other
controlsfail.Duringemergencydepressuriza-
tion,the manualcontrolequalizesthe cabin
pressureto theambientatmosphericpressure
byopeningtheoutflowvalve.

TestingPressurizationSystems
Checkingthecabinpressurizationsystemcon-

sistsof thefollowing:
â€˜=A checkofpressureregulatoroperation
A checkof pressurerelief and dumpvalveoperation
â€˜=A cabinstaticpressuretest

# Acabindynamicpressuretest

Cabinpressurizationis achievedbyconnect-

inga testsystemto thefuselagetestportsand

introducingthe correct amount of pressure
Into thefuselage(Figure22-10)

Alwaysfollow the aircraftâ€™manufacturer's
instructions and the instructions for the test

system,
â€˜Tocheckthe pressureregulator,connect an

air test standand a manometer (agaugefor
measuringpressure,usuallyin inchesof Hg)
to theappropriatetestadapterfittings.Withan

externalsource of electricalpowerconnected,
positionthesystemcontrolsas required.Then
pressurizethecabinto 713inchesHg,whichis

equivalentto 35 psi

 Figure2.2-10.Agroundcabinpressurizationtestsystem.
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NOTE:Thepressurizationsettingsand
tolerancespresentedhereare for illustra-
tive purposesonly.Consulttheapplica-
ble maintenancemanualfor thesettings
fora makeandmodelaircraft.

Continueto pressurizethecabin,checkingto
see thatthecabinpressureregulatormaintains
thispressure,

â€˜Thecompletecheckof the pressure-relief
anddumpvalvesconsistsof threeindividual
checks:

1. With the air test stand connectedto
pressurizethecabin,positionthe cabin
pressureselectorswitch to dumpthe
cabinair. If cabinpressuredecreasesto
lessthan0.3 in, Hig(0.15p.si)through
both the pressure-relieland dump
valves,thevalvesare dumpingpressure
properly.

2. Usingtheair test stand,repressurizethe
cabin.Thenpositionthe manualdump
valveto dump.A loweringof thecabin
pressureto 0.3in. Hg(015psi)andan

airflow throughthe pressure-reliefand

dumpvalvesindicatethat the manual

â€˜dumpingfunctionof thisvalveis satisfac-
tory,

3. Positionthe master pressure-regulator
shutoffvalve to all off a positionused
for groundtestingonly).Then,using
theair teststand,pressurizethecabinto
764 inchesHg(75 psi).Operatingthe

pressure-reliefanddumpvalvesto main-

tain thispressureindicatesthattherelief
functionof thecabinpressure-reliefand

dumpvalvesis satisfactory.
â€˜Thecabinstatic pressuretestchecksthefuse-

lagefor structuralintegrity.Toperformthis
test,connect theair teststandandpressurize
thefuselageto10.20inchesHg(6.0psi).Check
theaircraftskinexterior for cracks,distortion,
bulging,andrivet condition.

Pressurecheckingthefuselagefor air leakage
is calleda cabinpressuredynamicpressuretest
â€˜Thischeckconsistsof pressurizingthecabinto
a pressureusinganairteststand.Then,usingamanometer,determinetherate of air pressure
leakagewithin a certain time limit specified
in theaircraft'smaintenancemanual(MM).If
leakageis excessive,largeleakscan befound

bysoundorbyfeel.Smallleakscanbedetected
usinga bubblesolutionor an ultrasonicleak-
agetester.

â€˜Acarefulobservationof the fuselageexterior,
beforeitsbeingwashed,couldalsorevealsmall
leaksaround â€˜rivets,seams,or minute skin
cracks.A telltalestainis visibleat theleakarea.

CabinPressurization
Troubleshooting
â€˜Troubleshootingconsistsofthresteps:

1, Establishingtheexistenceof trouble

2. Determiningall possiblecauses of the
trouble

3. Identifyingor isolatingthespecificcause

of thetrouble

â€˜Troubleshootingchartsare typicallyprovided
in aircraftMMsyou can use to determinethe
cause,isolationprocedureandremedyfor the
â€˜morecommon malfunctionsthat cause the
cabinair conditioningandpressurizationsys-
temsto becomeinoperativeor uncontrollable,

â€˜Thesechartsusuallylistthemostcommon sys-
tem failures.Troubleshootingchartsare orga-nizedina definitesequenceundereachtrouble,
accordingto theprobabilityof failureandease

of investigation.Toobtainmaximum value,the

followingproceduresare recommendedwhen

applyinga troubleshootingchart to system
failures:

1, Determinewhich trouble listed in the
tablemost closelyresemblesthe actual
failurebeingexperiencedin thesystem.

2. Eliminatethepossiblecauses listedunder

thetroubleselected,in theorderin which

theyare listed,byperformingthe isola-
tion procedureforeachuntil themalfunc-
tion is discovered.

3. Correctthemalfunctionbyfollowingthe
instructions listed in the correction col-
â€˜umaof thetroubleshootingchart.

Section3

Air-CycleAir Conditioning
Systems
Most peopleare familiar with commercial
and residentialair conditioningsystemsthat

supplyus with cooledanddehumidifiedair.

â€˜Whenwe want heat,we turn off theair con-

itioning(cooler)and turn on the heater(a
differentsystem).An air-cycleair condition-
ingsystemis not quitelike that.It is a sys-
tem where pressurization,heating,cooling,
anddehumidifyingall takeplaceseamlesslywithinthesame unit.

 

If you rememberphysicsprinciples,you will
recallthatcompressingair heatsi t up,andthat



Figure2-3-1. Acompletebootstrapair-cyclepackin thebellyofa Boeing757.

expandingcompressedair coolsit down.This
is thebasicconceptbehindair-cycleair condi-
tioningsystemoperation.Thoughthe ideais

simple,i t hastakenthetechnologyof turbine
enginesandbleedair systemsto makeair-cycle
systemsworkeffectively(Figure2-3-1).

Air Conditioning
â€˜Thetemperatureof the air supplyfrom an

engine-drivencompressorexceedsthatof the
outsideair byseveralhundreddegrees.This
air requiresat leastsome coolingbeforei t
tentersthecabinpressurearea. After a portion
of theheatedair hasbeenroutedthroughair-

cyclerefrigerationcomponentsandcooled,i t
is blendedwith theremaininghotair to attain
the desiredair outputtemperature,Thenthe
blendedairis distributedto thecabinareas,

Air-CycleOperation
â€˜Tounderstandtheoperationof an air-cycleair

conditioningsystem,the terms aircycleand

bootstrapmust beclearlydefined.

Air-Cycle.A simpleaincylesystemcoolsair

bytransferringheatfromthe compressedair

to ambientalandbyextractingworkfromthe
compressedair a5 tis beingexpanded,Thisextractionof workremoves enegyfromthear,

thuscoolingit
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   â€˜Thesimplifiedexamplein Figure2-3-2sup-
pliescoolair byusinga source of compressed
(orbleed)air, a heatexchanger,a cooling,(air
expansion)turbine,and a fan that performs
â€˜workbyinducingambientair to flowacross the
heatexchanger.
First,ambientair is compressedthenpassed
throughtheheatexchanger.A heatexchanger
is physicallyand functionallysimilar to an

automobileâ€™swater radiatoror to an oil cooler

As thehot,compressedair traversestheheat

exchangerâ€™spassages,heatenergyis trans-
ferredfromthecompressedair,via thecooling
fins,to theambient(fresh)air that is ventilat-
ingtheexchanger.Thisheattransferlowersthe
energylevelof thecompressedair considerably
and is accompaniedbya temperaturedropto2pointjustslightlyabovethatof theoutside
ambientair.

Becausetheair is stillcompressed,even more

energy(heat)can beextractedbyputtingthe
air to workdrivingan expansionturbine.As
shownin Figure2-3-2,a load is appliedto
the turbinebycouplingthe suction fan to it,
ensuringthat the air expendsa substantial
amount of energydrivingthe turbine.This
causes a furtherdropof air temperature.The
fan,in return,ventilatesthe heatexchanger
with ambientair. Finally,cool,compressedairexitstheexpansionturbine,readyfor dis-
tribution.
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Figure2-3-2.A simpleat-cyclerefrigerationsystem.

â€˜Acontrastto theair-cyclesystemis themore

familiarvapor-cyclesystemcommonlyused
in domesticrefrigerators,auto air condition-
ers,andseveralmodernprivateandcorporate
aircraft.Thevapor-cyclesystemuses a closed

refrigerationsystemin whichan entrapped
â€˜gasGuchas Freon)is pressurizedandcooled
So that i t condensesinto a liquid.Thelique-
fiedgasexpandsandevaporatesto coola heat

exchangerin therefrigeratedarea,andthegas
is thenrecompressedandrecycled.Thus,the

vapor-cyclesystem'srefrigerantis continu-

ouslychangingfromthegaseousphaseto the

liquidphase,thenbackto thegaseousphase,
andso on. Theair-cyclesystemsrefrigerantis

air,anditalwaysremainsinthegaseousphase.
Air-cycledefinitions. Youshouldremember
thefollowingthreeterms:

* Air-cyclemachinerefersto theexpansion
andcompressionturbines,

* Air-cyclepackrefersto the entire unit,
includingheatexchangersandnecessary
piping,

* Air-cyclesystemis everythingall theway
â€˜outto thegasper.

Bootstrapping.Boostrapimpliesself

help,asin theexpressionâ€œpullingyourself
up by your bootstraps.â€•â€˜Theturbine/heatexchangerfan arrangementof Figure2-3-2
has some qualitiesof a bootstrapunit, for

 

 
(Cooledalr to cabin

anson (oonfine" oon")

â€˜workexpendedto remove heatfromthecom-

pressedair is recoveredandusedto power
the suction fan that ventilatesthe system's
heat exchanger.However,the true boot-
strapunit is a compressor/expansionturbine

assemblysimilar to the one in the system
shownin Figure2-3-3.

â€˜Afterambientair hasbeencompressedand

passedthrougha primaryheatexchanger,itis,
routedto thebootstrapunit compressor.The

bootstrapunit compressesthe air a second
time,elevatingthe air pressureappreciably
abovethatof theprimarycompressorair out-

pputandelevatingtheair temperatureto a level
thatcan approximateor exceedthatof thepri-
â€˜marycompressorair output.

Next,the highlycompressedair is passed
througha secondaryheatexchanger(wherei t
is cooledagainbythe heattransferprocess);
thenitis routedbackto theexpansionturbine
segmentof thebootstrapunit. Theair decom-
pressesas it passesthroughanddrivesthe
expansionturbine,andtheturbine(attachedto
thesame shaftas thecompressor)recovers sul-
ficientenergyfromtheexpandingair to drive
thebootstrapcompressor.Thissuppliesmore

highlycompressedairto theexpansionturbine
anditextractsmoreheatfromtheair.
â€˜Theair thatexits fromtheexpansionturbineis,

coolandreadyfordistribution.A systemincor-

poratinga compressor/expansionturbineunit



   
  

 

   
  
  
Ambient
ram alr   Ambientalr

CabinEnvironmentalSystems| 245

 

   

ser
yuan

come (eineBootstrapunit

   
 

Secondat
heatexchanger

Figure23-3, Abootstrapair-cyclesystemschematicshowingtheapproximatetemperatureat eachstation,

is calleda bootstrapsystem.Figure2-3-1is a

bootstrapair conditioningpackon a Boeing757.

In Figures2-3-2and 23.3,itcan beassumedthat
the conditionedair was used,thenexhausted
fromtheconditionedarea, An air-cyclesystem
thatprovidesa continuoussupplyof freshcon-

ditionedair andexhauststheusedair backto
ambientatmosphereis calledan openaircycle
system.However,if theair-cyelesystemreclaims,
the usedair for reconditioningandrecircula-
tion,itis calleda closedair-cyclesystem.
â€˜Abootstrapair-cyclesystemdiffersfroma sim-

pleair-cyclesystembecauseit hasa secondary
air compressor/expansionturbineunit and a

secondaryheatexchanger.

Bootstrapsystemsare usedin manysystems
where the bootstrappinghelpsreducethe
powerdemandon the compressor.Modern

air-cyclesystemsuse this methodbecause
bleedair comes at the priceof performance.
Bootstrappinghelpsconserve bieedair and
saves bothpowerandfuel(Figure23-1)

â€˜Thefunctionof an ait-cycleair conditioning
systemis to maintain a comfortableair temper-
ature in thecabinandcrew stations.Thesys-
tem increases or decreasesthetemperatureof
theait, as needed,to obtainthedesiredvalue.
â€˜Mostsystemsare capableof producingan air

temperatureof 70Â°F-80Â°Fwithnormallyantici-

patedoutsideair temperatures,

â€˜Thistemperature-conditionedair is thendis-
tributedso thatthereis a minimum of stratifi-
cation(hotandcoldlayers).Thesystem,in addi-
tion,mustprovidefor thecontrolofhumidity,
it must preventthefoggingof windows,andi t
â€˜mustmaintain thetemperatureof wall panels
and floorsat a comfortablelevel.At altitude,
outsideair temperatures(OAT)of 50Â°Fare not
unusual

Ina typicalsystem,theair temperatureis mea-

suredandcomparedto the desiredsettingof
thetemperaturecontrols.Then,if thetempera-
ture is not correct,hot or coldair is mixedin

1amixervalveto create a uniformtemperature
in thecabin.In summary,anairconditioning
systemis designedto performanyor all of the

followingfunctions:

â€˜=Supplyventilationair

â€˜=Supplyheatedair

â€˜=Supplycoolingair

â€˜=Supplyair forpressurization

VentilationAir
Ventilation air is obtained throughram

air ductsinstalled in the aircraft structure.
â€˜Airentering theseopenings usuallypasses

throughthesameducksystemthat is usedfor

heatingandcooing

Exhaust
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Figure2-3-4.Aworkingschematicofan air-cyclesystem,



â€˜Asadesignsafetyfeature,ram air ductsmustbe
abletoclearthecabinofsmokeandnoxiousfumes,in a matterofseconds,shouldtheneedarise.

Recirculatingair. While FederalAviation
â€˜Administration(FAA)regulationsset stan-
dardsfor thenumberof air changesperhour
insidethecabin,it alsoallowsfor a certain
amount of air to berecirculated.Recirculated
air naturallydoesnot needto be heatedor

cooledas muchas new air. Thisreducesbleed
air requirementsandmakesmore poweravail-
Shefomtheengines.Morepowermeansthat
the airplane'sspeedcan be maintainedat a

lowerpowersettinginessence,backingoffthethrottle.Thatsaves fuel,therebysavingmoney.
 

Whenventilatingair froman APUor ground
servicingequipmentis used,thesame fansthat

helpwith therecirculatingairareused,

â€˜Theair-cyclecoolingsystemis the system
of choicefor turbine-poweredairplanesand

helicopters.

 

Air-CycleOperation
Avalvecontrolsthecompressedairflowthrough
theexpansionturbine.Toincrease cooling,the
valveis openedto directa greateramount the

compressedair to theturbine.Whenno cooling
is required,theturbineaiis shutof
Othervalves,operatedin conjunctionwith the
turbineair valve,controlthe flow of ambient
air throughtheheatexchanger.Theoverallcon-

tzoleffectof thesevalvesis to increase theheat

exchangerâ€™scoolingairflowat the same time
increasedcoolingis obtainedattheturbine.

Usingtheair-cyclesystemimposesan increased
loadon theturbineenginecompressor.Asmore

coolingis demandedfromthe turbine,more

high-pressureair is bledfromtheengine.

Bleedairisnotunlimited,nor isit free.Turbine
enginebleed air reducesthe enginepower
availablebyremovingcompressedairthatcan-

not beusedfor combustion.Enginemanufac-
turers build into an enginedesigntheamount
ofbleedairthatcanbeused.It is knownas cus-

tomer air and is the air usedbythe airframe

designerforairplanesystems.

â€˜Thisdescriptionof theoperationofanair con-

ditioningsystemis intendedto providean

understandingof the manner in whichthe
systemis controlled,thefunctionsof thevar

â€˜ouscomponentsandsubassemblies,andtheir
effecton totalsystemoperation.Figure2-3-4is,

a schematicofatypicalsystem.Frequentrefer-
tence to theschematicshouldbemadeduring
thefollowingoperationaldescription.
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Figure2.3-5.Aetpumpfor increasingairflowin a gasper.

â€˜Thesystemis composedof a primaryheat

exchanger,primaryheat-exchangerbypass
valve,flow limiters,refrigerationunit,main

shutoff valve,secondaryheat exchanger,
reftigeration-unitbypassvalve,ram-air shutoff
valve,andanairtemperaturecontrolsystem.A

cabin-pressureregulatoranda dumpvalveare

includedin thepressurizationsystem.

Air for thecabinairconditioningandpressur-
ization systemis bledfromthecompressorsof,
bothengines.Theenginebleedlinesare cross-

connectedandequippedwith checkvalvesto
ensure a supplyofair fromeitherengine.

JetPump.The jetpumpprincipalis very
straightforward.A venturi is in the centerof
a ductwith airflowspacearoundit. Whenair

pressure(bleedait)is inducedto flowthrough
theventuri,a lowpressurearea is createdby
the venturi outflow,naturallycreatinga low
pressurearea behindit, Thelowpressurethen
Sucksa largevolumeof air aroundtheventuri
to fill thespace.Thisaction increases thetotal
airflowdramatically
â€˜Theprincipaluses of ajetpumparetwofold:

1. To increase high-pressureair available
anduse lessbleedair intheprocess. 

2. Tomove largevolumesof air with less
ductpressureandpowerloss.

Thejetpumpprocessis alsoincorporatedin

severaldifferentvalvedesignsthatcan goby
anyof thefollowingnames:

+ Bleedair regulator
+ Flowcontrolvalve
+ Air gjector
+ Packvalve
+ Jetpump

Bylookingat the jet pumpin Figure2-3-
5,it is easyto getan ideaof how it works:
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 Figure2-3-6.On thissystemtraineryoucanseethecompleteair expansionsystem.

expandingair creates a low-pressurearea

that sucksmore air throughthe screened
inlet.

Sonicventuri. Whiledealingwith bleedair

distribution,sometimesthe speedand pres-
sure needsto becontrolledwithoutcreatinga
completesubsystemtohandleit. A sonic venturi
is usedin some systemsas an additionalduct
pressure-limitingdevice.Whenthe speedof
dct flowgetstoo great,a sonic venturi allows
â€˜asmallamount of the airflow to exceedthe
speedof sound,therebycreatinga pressure
â€˜waveinsidetheduct.Thismeans thatall flow
behindthe pressurewave is reducedand is,

subsonic.

Flowlimiting.A flow-limitingnozzleis incor-

poratedin eachsupplylineto preventthecom-

pletelossof pressurein theremainingsystem
if lineruptures,andto preventexcessive hot

airbleedthroughtherupture.

In readingthe schematicin Figure2-3-4,the
initial inputof hot air is indicatedfrom one

engineonly.

Primaryheatexchanger.Air fromtheengine
â€˜manifoldsis ductedthrougha flow limiter to
the primaryheatexchangerand its bypass
valvesimultaneously.Coolingair for theheat
exchangerisobtainedfroman inletductandis,

exhaustedoverboard.

Theairsupplyfromtheprimaryheatexchanger
iscontrolledto a constanttemperatureofapprox-
imately300Â°Fbytheheat-exchangermix valve.
Themix valve is automaticallycontrolledby
upstreamair pressureanda downstreamtem

perature-sensingelement.Theseprovidetem-

peraturedatato cause thevalveto maintain the
constanttemperaturebymixinghotenginebleedair withthecooledair fromtheheatexchanger.
Secondaryheatexchanger.Theair is next
routed to the refrigeration-unitmixer valve, 



to thecompressorsection of therefrigeration
unit,then to thesecondaryheatexchanger.
â€˜Themixer valve automaticallymaintains

compartmentair at anypreselectedtem-

peraturebetween60Â°Fand125Â°Fbycontrol-

lingtheamount of hot air thatbypassesthe

refrigerationunit andmixes with therefrig-
eration unit output.

Coolingair forthe secondaryheatexchanger
core is obtained from an inlet duct. After
cooling the cabin air, the cooling air isexhaustedoverboard

Â®

Expansionturbine. As the cabinair leaves
thesecondaryheatexchanger,itis routedto
the expansionturbine,which is rotatedby
the air pressureexertedon it. In performing
this function,theair is furthercooledbefore
enteringthe waterseparator,wherethe mois-

ture content of the air is reduced.Figure
2-3-6showsa completeexpansionturbine
froman air-cyclesystemtrainer.

Waterseparator.If the airs temperatureis

belowthedewpoint,fogdischargesfromthe
cabinvents. It happensbecausewater vaporis
not removedfromthecool,low-pressureair

beforeit is dischargedinto the cabin.Under
continuousoperation,the air passesthrough
a DacronÂ®polyestercoalescer,whichgivesthe
water vapora placeto collect.Thisis accom-

plishedbycausingtheair to swirlas i t enters
thebag,whichslingstheheavierwater content
to theoutsidewherei t collectsonthecoalescer

bag.Thecondensedwater drainsto thebottom
of theseparatorand is collectedfor draining
overboard(Figure2-3-7).In mostsystems,the
drainwater is sprayedinto theheat-exchanger
coolingsystemto helplowertheair tempera-
ture.

 

Somenewer air-cyclesystemsdo not have
a coalescersystem.Instead,theyhave a

high-pressuresystemthat consistsof a con-

denser,awater extractor,anda reheater.The
cooloutlet air is allowed to condense,and
thewater formsdropletsthatpassto a water
extractor. A helix,similar to a centrifugal
air cleaner,spinsthe air and removes the

dropletsbycentrifugalforce.Thewater is,

collectedandsprayedinto the ram air feed-
ing the heatexchangers.This increases the

efficiencyof the heatexchangers.Byelimi-
natingthe coalescerbag,scheduledmain-

tenance is eliminated,and that partof the
systemgoeson-conditionmaintenance.

â€˜The35Â°valve.If youreflectfor a moment,i
â€˜wouldseem obviousthat if thecoalescerbag
were to freeze,the completesystemwould
shutdown.A simplemethodhasbeendevised
to preventthis. It is commonlycalledthe35Â°
valve.It functionsjustas its name implies:i t
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Figure2-3-7.Thecoalescerbagis housedinsidethestainlesssteelhousing.

maintains35Â°Fat theentranceto thewater sep-
arator to preventfreezing,

Gasper.Fromthe water separator,the air

is routed throughthe temperaturesensor

to the cabin.Air enters the cabinspaces
througha network of ductsand diffusers
and is distributed evenlythroughoutthe
spaces. Thisductsystemis calleda gasper.

fostsystemsincorporatedirectional,over-

headvents that can be rotatedbythe cabin
occupantsto provideadditional comfort.
â€˜TheKingAir distribution systemin Figure
23-8 is, in principal,similar to most sys-
tems,regardlessof the originof the warm

or cooledair.

Alternate ram air. An alternateram-air system
is providedto supplythecabinwith ventilat-
ingair if thenormalsystemis inoperativeor

the cabinareas must be rid of foul odorsor

fumesthatmightthreatencomfort,visibility
or safety,

TemperatureControl

â€˜Temperatureis controlledbyeither a pneu-
matic or electroniccontroller,dependingon

the ageof the aircraftsystem.In the older
pneumaticsystems,the various mixing
valveswere controlledbyan air pressuresig-
nal routedthroughlines to the various con-

trollers.Fromthere,electricalsignalswere

sent to the drive motors in the valves.Next
came electricalcontrollers,with some elec-
tronic componentsintegratedinto them.

â€˜Thecontrollersin todayâ€™scabinsystemsare

all solid stateelectronic.Mosthavea micro-

processorbuilt in to integratethe myriad
actions that managethe cabinatmosphere.
â€˜Thesolid state controllersalsohavebuilt-in
BITE functions.BITE allows maintenance
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informationandautomatedtroubleshooting
to beavailablefromthecockpit.
In newer equipment,theprocessof gettingout
thechartsandtryingto figureout whatwent

â€˜wrongwith thesystemare gone.

â€˜Thecontrollersystemdiscussedhereis about
half pneumaticandhalfelectronic.Thefocus
hereis on whatthecontrollerdoesratherthan,
its interior workings..
Beforegoingfurther,therearea coupleof basic
electricitycomponentsthatneedreviewing:

* Thermistor.A thermistoris a resister
thatchangeswith its exposureto heat.It
can act likeanon/offswitchataspecified

â€˜Ambientalr

Enginebleedalr

temperature.It can alsoprovidea resis-

tancethatvaries inverselywith heat.

+ Wheatstone bridge.A  Wheatstone

bridgeisanelectricalcomponentthatcan

takevaryingelectricalinputsanddevelop
electricaloutputsaccordingly.

â€˜Temperaturecontroller.Mostpassengerait-

planecabinsystemshavemore thanone con-

troller:one for thecrew cabinandfromone to
threeunits for thepassengercabin.Mostcon-

trollersworkthe same. An exampleis shown
in Figure2-3-9

â€˜Atypicalcontrolleris a fullyautomatic feed-
backunit that receives inputfrom the tem-

peratureselectorand from temperaturesen-

sors. Thecontrolprocessesthe information

aicinetIRarto arneat
sete sustyout

exe | re

| suite
ramcaca domnaloutFlooroutlet flow valve
era

    Preaure/â€œ bulkheadâ€œ  bulkhead
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Figure2-3-8.Atypicalair distributionsystem.WhilethisKingAirsystemis foravaporcycleair conditioningsystem,thedistribu-
tionsystemis similarto mostairplanes.



andthensendsan outputsignalthatpositions
the temperaturecontrolmix valve to main-

tain theselectedcabintemperature.Thecrew

can bypassthe automatic controlsbydirectly
adjustingthepowerto theactuators.

Thetemperaturecontrolleruses a Wheatstone
bridgenetwork,two arms of whichare the
â€˜maincabintemperaturesensor andthecabin
temperatureselector.A differencein the
selectedandsensedtemperaturesis detected
as an unbalanceof thebridge.Thiserror is,

amplifiedandusedto controlthepoweroutput
to themixer-valveactuator. Thevalveis reposi-
tionedsoas to restorethebalanceofthebridge,
thusrestoringthesensedcabintemperatureto
theselectedcabintemperature.

â€˜Temperaturelimiting,Thebasiccontroloper-
ation is modifiedbytheinputsfromtwo other
temperaturesensors. Theductanticipatorsensor

is in thecommon manifoldin the mix bay.It
producesan outputsignalthat is a functionof
changesof cabinsupplyair temperature.

â€˜Anychangeof supplyair temperatureresults
in an anticipatorsignalthat is in oppositionto
heatchange,butwhichdecayswith time. This
resultsin a stabilizingeffectduringresponseto
selectionchangesandadequateinlet tempera-
ture regulationduringtransient bleed-aircon-

ditions.In essence,it slowstherate ofbleedair

changeduringtemperaturetransition,

Theducttemperaturelimitingsensor is also in

the common manifold.Thissensor,together
with a presetreferenceresistor,formsa partof
an auxiliaryWheatstonebridgein thecontrol-
ler. Theoutputof thisbridgeis blockedbya

diode,as longas theducttemperaturedoesnot
exceeda thresholdvalueof about140Â°F.When
thisthresholdis exceeded,thebridgeproduces,
coolingsignal,which increases with duct
temperature.Thissignalpreventsthesupply
temperaturefromexceedingabout160Â°Fand
protectsthedistributionducting,
Thetemperaturesensors usedare ofthetherm-
istor type.Theresistanceofeachelementvaries

inverselywith thetemperature.

Theduct limit sensor hasa singleelement;
whereasthe cabintemperaturesensors have
two elementsconnectedin series.

Theanticipatorsare usedwheresignalsrelated
to changesof temperatureare required.The
anticipatorconsists of four thermistorele-
â€˜ments;one series-connectedpair is thermally
impeded,and theotherseries-connectedpair
is un-lagged.
Theun-laggedopensensor elementsrespond
veryrapidlyto changesin temperaturewhen
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directlyexposedto the ductair. Thelagged
elementsare enclosedbythermalinsulationto
delaytheir responseto temperaturechanges.
Theunbalanceof theanticipatorbridgecircuit
is thusa functionof immediatechangesofduct
air temperature.

In addition to the temperaturelimitingand
anticipatorsensors,other thermalswitches
are in thecommon manifoldto detectoverheat
conditions.Theseswitchesare independentof
theautomatic temperature-controlsystems.

If supplyair exceeds190Â°F,poweris appliedto

theappropriatemix valveto drive it to thefull
coldposition.As a backupto the190Â°Fswitch,
thesecondswitch,setat 250Â°F,causes thefast-
actingpackshutoffvalveto close.

In eithercase,theductoverheatwarninglight
(onthecrew person'spanel)is energized.The
â€˜warninglightstayson until thesystemis reset

bytheflightcrew. Thiscan bedoneonlyafter
thethermalswitchhascooledto belowits trip
temperaturebyapproximately20Â°F-30Â°F,

â€˜Temperaturecontrol panel.Eachprimary
temperatureselectorconsists of a variable
resistorandswitchassembly,enclosedwithin
an aluminumalloyhousing,a dial assembly,
a controlknob,andan electricalconnector to
facilitateconnection to theaircraftwiringhar-

ness(Figure23-10)

Thevariable resistor and switchassembly
consists of a variablewire-woundresistor,
two normallyopenswitcheswith actuators,
one normallyclosedswitchwith actuator and
momentaryanddetentmechanism,all oper-
atedbya common shaftandenclosedwithin
a housing.

Two air mix-valveindicatorsare suppliedto
showthepositionof theappropriatetempera-

\ Figure2.3-9.Temperaturecontroller.
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ture controlvalve,Thesignalis sent fromthe
positiontransmitter situatedon thevalveitself.

â€˜Thispanelhastwo ductovereatlightsthatindi:
catewhenducttemperaturesreach190Â°R,After
correctingthe overheatcondition,thesystem
can bereturnedto normalbypushingthereset,
switch.

â€˜Theair temperaturefor thesupplyductand
thepassengercabincan be readon the tem-
erature gaugein thecenter of the panel.The

femperaturebulbsare in thepassengercabin
distributionduct(supplyduct).Thepassenger
cabintemperaturebulb is with thecabintem-

peraturesensor in theforwardrighthandside

â€˜Temperaturesensors. Temperaturesensors

monitor the temperaturesin the cabinand

flightdeck.Theyalsoprovidereferencesignals,
to thetemperatureregulatorswhenin theauto-â€˜maticmodeof operationto controltheheating
andcoolingof theair conditioningpackage.

 â€˜Thehigh-limitsensor set at 140Â°Fsenses a

higherthannormaltemperaturein the ducts
andsendsareferencesignalto thecontrollerto
restrictthehotair fromenteringthemanifold.

â€˜Thetemperatureanticipatorsenses anyrapid
changesin temperaturein thesupplyduct.It
alsoanticipatesthe restorationof the temp-
â€˜weratureselectedto minimize overshootingofthecabin(passcabin). of the pre-selectedtemperature.Thisoccurs

nal fromductantcipatorsensor Signalfromductmit sensorSoS senses temperatures140Â°F(60Â°C)
limitsHeatsignalto mixvalveâ€˜Smperatresmoduatebevave)| [Signalfromtemperature

selectorvarieswith+

temperaturesselected

Temperatureregulatorâ€˜ualchan
automatic

â€˜Signalmodulatesmixvalve
{toattainor maintaln
selectedtemperature  

Signalfrom cabinsensor senses

â€˜existingcabintemperature

â€˜CONTCAB

AIRMK
/ALVE

AIRTEMP PASSCAB

AIRMOK

 0 Off

oo â„¢oAitt.g TemperatureselectorTISVAC High

Figure2-3-10.Temperaturecontrolpanel



whenthe temperatureselectedand the tem-

peraturein theflightdeck/cabinarenotequal,

High-limittemperaturesensor. Thehigh-
limit temperaturesensor,downstreamfromthe
air micvalve,formsone arm of thehigh-limit
bridge.Thesignalproducedbythisbridgeis

referencedto a fixed-biasvoltageandthealge-
braicsum of thesepotentialsis appliedto the

pre-amplifier.
â€˜Atnormalduct temperatures,the preampli-
fierinputis approximatelyzero,andoperation
of the temperaturecontrolsubsystemis not
affected.At approximately140Â°Fin thesupply
duct,thesensor limitsauto controlanddrives
theair mix valvetowardthecoldposition.

â€˜Thehigh-limittemperaturesensor consistsof
a thermallyopensensingelementwith a sin-

glethermistorbeadmountedin a probe-type
housing,Theresistanceof thesensingelement
varies inverselywith any changein ambient
temperature.

â€˜Temperatureanticipator.Thetemperature
anticipator,in theair ductdownstreamfrom
the air mix-valve,formstwo arms of the

rate-of-changebridge.Thesignal produced
bythis bridgeis proportionalto the rate of

changein duct air temperatureand has a

polaritydeterminedbythe directionof tem-

peraturechange.
â€˜Thissignalis appliedto the amplifierto

â€˜opposetheeffectoftheerror signalproduced
bythecontrolbridge.Temperatureovershoot
ig minimizedbydampingthe anticipator
responseto theSettingof the primary tem-

peratureselector.
Eachtemperatureanticipatorconsistsof a

thermallyopensensingclementand a ther-
â€˜mallyimpededsensingelementmountedin

a common probe-typehousing,Theresistance
ff eachsensingelementvaries inverselywith
anychangein ambienttemperature.

Becausethe responseof the thermallyopen
sensingelementto changingtemperaturelags
behindtheresponseto thethermallyimpeded
sensingelement,the relationshipof the two
resistancesis a functionof transient ductair

temperaturechanges.
Control temperaturesensor. Thecontratem-

peraturesensor formsone arm of the temper-
ature-controlbridge,and it senses the exist-

ing cabinor flightdecktemperature.When
the cabinair temperatureand the tempera-
ture selectedbythecontrollerreachthesame

value,thecontrolbridgeis in balanceandthe
temperature-controlsubsystemis in standby
â€˜mode(quiescence)
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â€˜Atanytime that thesensor senses a tempera-
ture changein thecabin/flightdeck,thecon-

trolbridgewill goout of balanceandproduce
an error signalto theregulator.
â€˜Thecontrol temperaturesensor consistsof
a thermallyopensensingelementwith two
thermistorbeadswired in series,mountedin
a probe-typehousing.Theresistance of the
sensingclementvaries inverselywith any
changein ambienttemperature.

AutomaticTemperature
Control
Whentheselectorknob is movedto AUTO,a

switchin thetemperatureselectorclosesand

completesa circuit to thetemperatureregula-
tor.Settingtheknobpointerfora cabintemper-

atureadjustsa potentiometerfixedto theknob
shaft.Thispotentiometerserves as a reference
resistancein theregulatortemperature-control
bridge.
â€˜Thecabin temperaturesensor providesthe
resistancein theotherlegof thebridge.If cabin
temperatureis thesame as thatof theselectos,
thesilicon-controlledrectifier-actuatorcontrol
preventsany current passingon to the mix

valve,At a cabintemperatureotherthanthat
selected,the temperaturesensor providesa

higheror lowerresistancein theotherlegof,
thecontrolbridge.
Asa result,theregulator-actuatorcontrolcom-

pletesa circuit to valve,so cabintemperature
meetstheselectedtemperature.

â€˜Theanticipatorbridgeand theducttempera-
ture-limitbridgesense conditionedair temper-
ature to slowdownchangesrequestedbythe
controlbridgeandpreventductoverheat.The
actuator controlmoves the mix valveso that
cabintemperaturechangesslowlyandwithout
raisingducttemperatureabovelimits

Section4

CabinHeaters
Whilea fewbravesoulsstill ly open-cockpit
airplanesin winter,therest of us like to have
some heatin thecabin.Theideaof dressingin

layersof wool,topped-offbysheepskin-lined
leatherflyingsuits is not foreveryone.

Cabinheatersrangefromsimpleheat-transfer
systemsthat use engineheatthrougha heat

exchanger,to combustionheatersthat use
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 Figure2-4-1,Aheatintensifieron an exhaustsystem,

â€˜gasolinefromtheairplane'sfuelsystemto pro-
ducecabinheat.Thecommon threadis that

theyall use thecombustionof fuelto produce
heat;therefore,theymust be inspectedregu-
larlyandmaintainedcorrectly.

ExhaustGasHeaters
â€˜Arelativelysimpleheatingsystemusedon

â€˜asmall generalaviation aircraft uses the
engineexhaustgasesas a heat source. A

â€”wot-air muf;or jacket,is installedaroundthe
muffler.Air routedthroughthehot-airmuff

picksupheatbyconvection throughthemuf-
fler material.Theheatmuffalsosupplieshot
air for carburetordeicing.Theheatedair is

routedto thecabinthroughAeroductÂ®tub-
ingandcontrolledbytheheatervalveopen-
ing.Thedangerof exhaust-gascontamina-
tion of theheatedair is greaterin this typeof
heaterthan in most all othertypesofheating
systems(Figure2-4-1)

â€˜Aheatingsystemconsistsof a heatingunit
â€˜andthenecessaryductingandcontrols.The
units,ducts,andcontrolsvary considerably
fromsystemto system.Most controlshave
one thingin common,though:pullfor heat
andpushfor no heat.

Flexible ducting.Flexibleductingis used
in almostall heater,carburetorheater,vent,
andengineinstallationsto carryair, bothhot,
andcold,fromone placeto another.Properly
namedAcroductand manufacturedbythe
AeroquipCorporation,flexductis an impreg-
natedwite-woundmaterialthat is ratedby
the temperatureit is designedto withstand,
andbyits internalwire winding.It comes in

four rangesand is describedas follows:

* CAT:TTemperature-ratedfrom -65Â°Fto
+300Â°F,i is madeof a singleplyof black

neoprene-impregnatedfiberglass.It hasa

copper-coatedsteelspiralinside,with a

fiberglasscordwrappedaroundtheout-
side.

+ SCATETemperature-ratedfrom-80Â°Fto
â€œ+H450Â°F,i t is madeof a singleplyof red
siliconerubber-impregnatedfiberglass.It
alsohasa copper-coatedsteelspiralinside

andafiberglasscordwrappedaroundthe
outside.

 

â€˜+CET Temperature-ratedfrom-65Â°Fto
+350Â°F,it is madeof two pliesof silicone

rubberimpregnatedfiberglass.with the
same wire coilbetweentheplies,along
with a singlefiberglasscord wrapped
round theoutsideâ€™CEETi similarto
CATincolor

â€˜+SCEET:Temperature-ratedfrom-80Â°Fto
450078,i t is madeof two pliesof redsili-
cone rubberwith thewire spiralbetween
the pliesand the same fiberglasscord
aroundtheoutside.

â€˜Thefiberglasscordwoundaroundthe out-
side is to hold the inner wire coil in place.
â€˜Theprincipaldifferencesare whether the
wire windingsare moldedinto the fabricor

not,and the temperaturerange.Donot use

CATof SCATin areas subjectto wind load,
becausethe flappingcauses thewire coilsto

shift,andthetubingto collapse.Figure2-4-2
showsa typicaluse of SCEEThose.

Inspection.Exhaustgasheatersdemandaverycompleteinspectionto eliminatethedangerofcarbonmonoxidepoisoning.Someheatinten-
sifiershaveairworthinessdirective(AD)notes

againstthemthatrequireeven more complete
testsduringinspection.A goodexampleis the
pressuredecayteststhat must beperformed
â€˜onBonanzaheaters.TheAD requiresthatthe
air intakeandexhaustductsontheheatercore

bepluggedandthecore pressurized.Therate
of air escapingfromthecore can thenbemea-

suredto checkfor leaks.

â€˜Toinspectmanyheat-muffinstallations,itis,

necessaryto remove thecover that contains
the hoseflanges.Thiscan generallybedone

byremovingscrews or byremovinga long,
channel-shapedclip.

Anyleakage,cracking,heat damage,or

Serious corrosion must be repaired.It is

frequentlynecessaryto sendthe partto a

certifiedrepairstation for replacingand re-

weldingparts.

CombustionHeaters
Oneof the most popularcabincombustion
heatersis the productline manufacturedby



Janitrol.Janitrolhasproduceda bewildering
varietyof heatertypesfor almostanykind of
airplaneyou can imagine.Not all are inter-

changeable;in fact,mostarenot even close.

Becauseof the wide varietyof models,this
covers onlythebasics.Tocover all theactual
heaterswould requirean extensive collection
of maintenance,parts,and overhaulmanuals.
That,however,doesnot mean that you can

repairor overhaula heaterwithoutthecorrect
â€˜manual,Alwayshaveone on handwhendoing
â€˜maintenanceon a heater.

DescriptionandOperation
Thecombustionheaterassemblyis cylindri-
cal and is fabricatedof heat-resistantalloy
steel.A combustionchamberand radiator
assembly,weldedgas-tight,form the princi
palpartof theheater.At one endof thecom-

bustionchamberandradiatorassemblyis the
fuel inlet,combustion-airinlet,andexhaust
outlet

â€˜Astainlesssteelwrap-aroundjacketwith a

seam-sealingjointenclosesthe combustion
chamberandradiatorassembly.
â€˜Aremovable,spray-typecombustionheadcov-

ers theinletendofthecombustionchamber.A
sparkplugandgroundelectrodeare mounted
in thecombustionheadto providea sparkgap.
Thefuel-spraynozzleis mountedin a nozzle

holderandfeedassemblythatis attachedto the
combustionhead.

 

â€˜Acombustion-airrelief valve is mountedon

the combustion-airinlet. Therelief valve is,

springloadedandadjustable.It connectsto the
exhaustoutlet,thusallowingexcess combus-
tion air to bypasstheheater.

Operation.Heat is producedbyburninga
fucl-airmixture in the combustionchamber.
Thefuel usuallypassesthrougha fuel filter,
pressureregulatorandsolenoidvalvebefore
enteringtheheater.Aviation gasoline,or kero-
sene,is injectedinto thecombustionchamber
throughthespraynozzle.Theresultingcone-

shapedfuelspraymixes with combustionair

andis ignitedbya spark.

 

Electriccurrent for ignitionis suppliedbyan

ignitionunit thatconverts directcurrent (DC)
to high-voltageoscillatingcurrent (Figure2-4-
3).Thisprovidesa continuous sparkacross

the gapbetweenthesparkplugandground
electrode.A shieldedleadconnects the igni-
tion unit to thesparkplug.Mostcombustion
heatersare controlledbya thermostatcycling
switchthatcyclesfuelon andoff to the heater
as needed.
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 Figure2-4-3.A heaterignitionunit.
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 Figure2-4-4,Aircraftheaterassembly.

â€˜Combustionairentersthecombustionchamber
tangentto its surface.Thisarrangementimparts
a whirling,or spinning,action to theair, thus
producinga whitlingflame.Theflameis sta-
ble and sustainscombustionunderthe most
adverseconditionsbecausei tiswhirledaround
itselfmanytimes.Therefore,ignitionis continu-

â€˜ousandthecombustionprocessisselfpiloting,Theburninggasestravelthelengthof thecom-

bustionchamberandpassinto theradiator,then,
travelthroughtheradiatorandout theexhaust.

 Figure2-4-5. Installedview of heaterassemblywithan hourmeter.

Excesscombustionairflow is preventedby
eitheran air reliefvalveor a differentialpres:
sure regulator,

Ventilatingair passesthroughthe heater
betweenthejacketandradiatorandbetween
the radiator and combustion chamber.
Consequently,theventilatingair comes into
contact withthreeheated,cylindricalsurfaces.
Figure2-4-4showsa completeheaterassembly.

InspectionandService

Becauseheaterinspectionsandoverhaulsare

basedon heaterhoursof operationandnotair-planehours,most installationshavean hour
â€˜meterinstalled.Figure2-4-5showsa combus-
tion heaterinstalledin a Piperaircraft.Notice
thatthehourmeter (commonlycalleda Hobbs
â€˜meter)is installedin a prominentposition.

 

10-hour inspection(heatertime).Check
the shieldedleadconnections at the spark
plugand ignitionunit for securityandpos-

sibledamage.
Examinethe fuelandair connections for any
evidenceof leakage.
00-hour inspection(heatertime).Overhaul

theheater.At thisoverhaul,replaceallpartsthat
showevidenceof damageor excessive wear.

AD requirements.Most heatershave AD
notes that includeadditionalinspectionnotes
fr requirements,of both.Alwaysresearchthe
AD notesbeforestartinganyworkon combus-
tion heaters.

Troubleshootinginformationfor heatersis

listedin Table2-4-1,

Overhaul

Heateroverhaulis not a difficult procedure.
It consistsmainlyof disassembly,inspection,
partsrepairor replacement,reassembly,and
test

Cleaningcombustionchamber.Eitherof the
followingmethodscan be usedto cleanthe
combustionchamber:

+ Soakthecombustionchamberandradia-
tor assemblyovernightin an Oakiteâ€•
M3 strippersolution.Thissolutioncan

bbemadebymixingone poundof Oakite
â€˜witheachgallonof water used.Thesolu-
tion shouldbekeptat a temperatureof
190Â°F-210Â°Fduringthe soakingperiod.
Rinsethe heaterthoroughlywith water
afterits removedfromthesolution.
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Ignitionsystemfare
Closeswitches,replacetheburnedout fuses,1. Nopowertoignitionunit z 7Power tog repairopencrcuts

2. Inoperativevibratorin ignitionunit Replacethevibrator

3. Faultysparkplug Replacethesparkplug
4, Faultyshieldedlead Replacetheshieldedlead

5. Worngroundelectrode Replacetheelectrode

6. Ignitionunit i inoperative Overhaulor replacetheignitionunit

Insufficientfuel
rater doesnot l i sel solenoid isnotenergi Closeswitches,replacethebumedoutfuses,Heaterdoesnotlight 1. Fuelsolenoid isnotenergized Closeswitches,epac

2. Fuelsupplypressuremightbelow increasefuelpressuretothevaluerequired
Replacethefiter element3. Ful fiter t clogged â€˜orcleani t ia newone snot avaiable

4, Spraynozzleisclogged Cleanthespraynozzle

5. Fuelpressureregulatorsfaulty Overhaultheregulator
6. Fuelsolenoidis inoperative Replacethesolenoidvalve 

Insufficientcombustionalr   

1. Leaksor obstructionin combustionair

Seaof Repairtheleaksor remove obstructions

2. Faultycombustionair reliefvalve Overhaulor replacethereliefvalve

1. Limitswitchis outofcalibrationorfaulty|Calibrateorreplacetheswitch

Heateriscycledoffand 2. Cylngswitchsed is outofseyRaitawateh2Qiorston'orsay Calibrateorreplacetheswitch
3. Ventilatingair streamcouldbeobstructed|Removeobstructions

1. Fouledsparkplug Cleanor replacethesparkplug
 

  Excessivefuelflow Into heater
 

1. SpraynozzleisdirtyorlooseOverhaulthenozzle

Sackfring,pusatin Checkmarkingson thenozzle.f thenozzleis oversize,

combustorsmoky|2. Spraynozzlesoversize replacewiththepropersize nozzle,

3. Fuelpressureregulatorcouldbefaulty|Overhaultheregulator

Restrictionin exhaustline Removetherestriction
 

5. Insufficientcombustionair Correctas instructedabove

Table2-4-1Troubleshootingchartforcombustionheaters.
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* Usea stainlesssteelbrush(notordinary

steel)orasandblastcleanerto remove any
accumulationof carbonor otherforeign
â€˜materialfromthe insideof thecombus-
tion chamber.If sandblastis used,clean
â€˜outsandafterthisoperationis complete.

Cleaningspraynozzle.Becausecleanburn-
ingis criticalto thesafeoperationof a heater,
followdirectionswhencleaningthefuelnozzle.
Neveruse a wire or welding-tipcleanerto try
andcleanafuelnozzle.It damagestheholesize,
thusskewingthecalibration.Figure2-4-6showsan explodedview of a fuel-nozaleassembly,

1. Disassemblethespraynozzlebyunscrew~

ingand removingthe fuel strainer and
two-piececore from the nozzlebody.
â€˜Thestrainer shouldbeonlyfingertight.
Removethecorewitha screwdriver,

2. Cleanthesepartsbyimmersingthemin

Stoddardâ€™solvent.

3. If immersion in solventdoesnot thor-

â€˜oughlycleantheparts,use a small,soft,
â€˜nonmetallicbrushto aid in cleaning.

4. If brushingfails to remove dirt particles
fromthegroovesinthecore andtheorificein thebody,cleanthegroovesandorifice

ith a stickmadebysharpeninga soft
pieceofwood(amatchstickis satisfactory)
 

5, Afterremovingforeignmaterial,rinse the
partscarefullyin cleansolventanddry
themwith filtered,compressedair.

6. Whenreassemblingthe spraynozzle,
tightenthe core with a screwdriverand

tightenthestrainerwiththefingers.
7 Placethe spraynozzlein a protective

envelope(cellophaneor waxed.pape)
until readyfor installationin theheater.

Cleaningand inspectionof sparkplug.Beforecleaning,examinethesparkpgforev

denceofcrackedorbrokenporcelainaforareingor carbontracksinsidethewel ofthesparkpltgIf crackedor brokenporcelainfs found,no

furtherexamination is necessary,andthespark
plugshouldbe discarded.Arcingor carbon

Figure2-4-6.Explodedviewofspraynozzle.

trackscan becausedbyshortingof thespark
pplugor bydirt on thespringconnectorseatedin
thewellofthesparkplug.In eithercase,use the

followingprocedureto correctthefaultycondi-
tion beforereinstallingtheoldsparkplugin the
heateror beforeusinga new sparkplug:

1. Wipeout the insideof the well of the

sparkplugwith a cleancloth,dampened
with carbontetrachloride.Thisremoves

greaseandcarbondeposits
2. Cleanthe sparkplugbygrit-blasting.

Closethe well of thesparkplugwith a

stopperto keepout dirt duringcleaning,
3. Donot use a metaltoolforscrapingthese

partsbecausethisupsetstheflowcharac-
teristicsof thenozzle.

4. All partsof thenozzleassemblymustbe

kepttogetherbecausenozzlepartsare not

individuallyinterchangeable.Extreme
caution shouldbeusedto keepthenozzle
freeofdirt andotherforeignmaterial

5. Donot brushoff theoutsideof theradia
tor assemblybecausethiscouldmakesat-

isfactoryvisualinspectionmore difficult.

InspectingMiscellaneousParts

â€˜=Inspectthe groundelectrodefor exces-

sive erosion. If thisconditionis evident,
replacethegroundelectrode.

â€˜+Examinethe headgasketand nozzle-
holdergasket.Replaceifdamaged.

= Checkalll screws and nuts for visual

damage.Replacewheneverthreadsare

strippedor otherdamageis evident.

Inspectingcombustionchamberandradiator

assembly.Slightscalinganddiscolorationof the
â€˜combustionchamberandradiatorassemblyis,

â€˜anormalconditionon heatersthathavebeenin

use, Thescaleis not mottledbut is dull,dark
gray,anda darkgraypowdercan berubbed
offscalyareas. Thisconditiondoesnot consti-
tute groundsfor rejectingtheheaterbecause
considerablelife can still beexpectedif there

areno softspotsin themetalwhereit hasbeensubjectedto severe overheating.

TypesofDamageto Expect
Damageto a heatercan beclassifiedas anyof
thefollowing

+ Softspongymetalasa resultofoverheating,
+ Deformationasaresultofbackfiring
++ Fatiguecracks
+ Pinholes



Soft and spongymetal.Severeoverheating
resultsin a generalweakeningof the metal
causingsoftandspongyspots.Theseare usu-

allyfounddirectlyoppositethecrossover pas-
sages.Theycan bedetectedbytappinglightly
with a ballpeenhammer.Thisgivesa slightly
softor spongyresponsein contrastto a solid
feel whentappingon live metal.Thesesoft
spotsusuallyhavea dull,darkgrayappear-
ance,indicatingconsiderableoxidationon the
surface,and theyare surroundedbyan area

â€˜whereslightoxidationhasoccurred.Suchsoft
spotsare reason enoughto rejectthecombus-
tion chamberandradiatorassembly.
Deformation as a result of overheating.
Extremeoverheatingcauses distortionof the
outer wall of the radiatornear the crossovers.

â€˜Thistypeofdeformationis abruptanddoesnotextendfar fromthecrossover area. Softspots,
and extreme oxidationare alsopresent.Such
deformationis reason forrejectingthecombus-
tion chamberandradiatorassembly.
Deformation as a result of backfiring.
Deformationcausedbybackfiringusually
pushestheinner wallof theradiatorin toward

thecombustionchamberoftheheater.Thiscon-

ditionmighthaveoccurredto a comparatively
new heateranddoesnot mean that theheater
â€˜mustbe discarded.Thistypeof deformation

usuallyis evidencedbya gradualchangein

contour extendingthe full lengthof the pass.
However,if thisdeformationcauses an increase

â€˜ofmore than10percentin ventilatingair pres-
sure dropacross theheater,theheatershould
bediscarded,

Fatiguecracks.Fatiguecracksare usually
foundnearthecrossover passages.Somecracks
couldbelargeenoughtobeseenduringvisual
inspection;otherscan befoundonlybya leak-
agetestofthecombustionchamberandradiator

assembly.Ifa visualexamination revealcracks,
repairthesebeforemakingtheleakagetest

Pin holes.Pinholesusuallycannotbeseen by
visualinspection,but evidenceof pinholesis

revealedduringa leakagetestof the combus-
tion chamberandradiatorassembly.Ifa visual
inspectionrevealspinholes,repairthembefore

makingtheleakagetest.

LeakageTestofCombustion
ChamberandRadiatorAssembly
Ifa visualinspectiondoesnot revealpinholes
or cracks,makea leakagetestof the combus-
tion chamberandradiatorassembly.Withall
â€˜openingsclosedandan air pressureof 6 psi.
appliedto theinterior,submergethe combus-
tion chamberandradiatorassemblyina tankofwater.Air bubblesrevealanyleaks.
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Repair.Pin holesand smallcrackscan be
weldedif theyare in areas accessibleto the
welder.Successfulrepair work dependson

the abilityof the inspectorto intelligently
analyzetheconditionof the metalwherethe
weld is to be madeand on the skill of the
welder.

Weldingis not successfulwhentheold weld
or parentmetalis in, or nearing,a stateof

completeoxidation (Softor spongymetal.
Whenthisconditionexists,a new crackusu~

allydevelopsaround the outer edgeof the
new weld.

CAUTION: Anyheaterdamagedby
overheatinghasbeenoperatingin a

systemwhere there is some control

functioningimproperly.â€˜Thespray
nozzleshouldbe checkedfor a loose
core, and the fuel-pressureregulator,
limit switch and fuel solenoidvalve
shouldbecheckedfor properoperation
andcalibration.Becauseoverheatingis

â€˜mostlikelycausedbylackof ventilat-
ingair, the systemshouldbe checked
for possiblerestriction in the ventilat-
ing airstream. A heatershould never

be reinstalledor replacedin a system
where evidenceof faultyoperation
exists,until the troublehasbeencor-

rected,

Aninspectormusttakeinto considerationthe
factthat the presenceof cracksor pin holes
can betheforerunnerof ageneralbreakdown
of the metal.Wherethegeneralconditionof,
the metal is bad,it is unwise to spendthe
time repairinga combustionchamberand
radiatorassemblythat mightdevelopother
leaksaftera fewhoursof operation.
Cracksandpin holessometimesdevelopin

anoriginalweld.Thisoftenputsthedamaged
area in an inaccessibleplaceas far as repair
is concerned.A new weld shouldalwaysbe
madeon the same sideas theoriginalweld.

â€˜Tryingto weld a crackor holein'a seam or

wheretwopiecesof metalare joinedtogether
can not besuccessfulunlessi t is madeon the
same sideas theoriginalweld,

Cleanthearea to beweldedbybrushingwith
a stainlesssteelbrush(notordinarysteel)or

bysandblasting.All sandmust be removed
aftersandblasting.Thearea shouldthenbe

wipedwith a 30 percentsolutionof nitric
acid.Theweld can be madeeither with an

acetylenetorchor bytheHeliarcÂ®method.If
youdo not havetherequisiteweldingskills,
Sendthepartto berepairedtoa CRScertified
for theprocess.

After final repair,repeattheleakagetest.
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OperationalTestEquipment
Requirements

* A blowercapableof delivering600Ibs.
perhourat a staticpressureof 10.0inches
of water

* Afiltered,controlledfuelsupply
+ ADC powersourceâ€”eitherabatteryor aâ€˜generatorcan beused

* Anignitionunit

* A shieldedleadassembly
+ A ventilating-air

inchdiameterorifice
 iceplatewith a 2.5-

+ Two10-inchwater manometers

+ A heatertestset(Figure2-47)

OperationalTestProcedure
1. Closeboth blast gatesand start the

blower.

2. Adjusttheblastgatesto providea com-

bbustion-airpressureof -40 inchesof
â€˜wateranda Ventilating.airpressuredif-
ferentialof47 inchesof water

3, Tumon theignitionto theheater.

4, Turn on the fuel supplyand checkfor
leaks.

5, Adjustthefuelpressure.
6. Theheatershouldignitewithin 10 sec-

onds.Ifthe heaterfails to ignite,referto
theservice manual,

7. Alter the heaterbeginsoperating,read-
justthe fuel.pressure,combustion
pressure,and ventilating-air.pressure

 

â€˜Combustionalrduct

\
aan  

differential to the valuesspecifiedin

Step2.
8. Operatethe heaterfor severalminutes,

then turn it on and off severaltimes
to checkignitiondependability.Wait

approximatelyone minute betweenigni-
tion trials,

9, Reducethe combustion-airpressureto
2.5inchesof water;thenrepeattheabove
test procedureat the reducedcombus-
tion-air pressure.

LeakageTestofHeaterAssembly
â€˜Thistestisto beconductedonlyaftertheheater
haspassedtheoperationaltest. Its alsoa test

â€˜mandatedbyan AD note.

Equipmentrequired.The followingthings
â€˜mustbepresentto completea heaterassembly
leakagetest(Figure2-4-8)

â€˜+A source ofcompressedair

â€˜+A.15.inchmercurymanometer

+ Twomanualshutoffvalves,
â€˜+Rubbertubingandclampsfor connect-

ing the compressed-airsupplyline to
the combustion-airinlet tube of the
heater

â€˜+Tworubberexpansionplugsto closethe
exhausttube

â€˜+A plugfor thefuel-inletconnection

â€˜+A plugfor thedrainconnection

â€˜Testconnections.It is essentialto perform
thesefunctionsbeforebeginningtheleakage
test:

 
   

 

  Shieldedlead4
to sparkplug

Figure2-4-7.A heatertestset.

  



 Figure2-4-8, Leaktesterforcomplyingwiththe
ADnotetestprocedures.

1. Install the two manualshutoffvalvesin

series in thecompressed-airsupplyline,
to providepositiveshutoffcontrol.

2. Connectthe mercurymanometer down-
stream frombothvalves,

3. Removethe combustion-airrelief valve
andtubefromtheheater.

4. Connectthe compressed-airsupplyline
to the combustion-airinlet tubeof the
heaterwith rubbertubingandclamps.

5. Closethe two openingsin the exhaust
tubewith therubberexpansionplugs.

6, Plugthefuel-inletconnection,
7. Plugthedrainconnection.

LeakageTestProcedure
1. Applyair pressureuntil a readingof

80 inchesof mercuryis obtainedon the
manometer

2. Closeboth manualshutoff valves to
lock theair pressurein the combustion
chamberand radiatorassemblyof the
heater.

3. Time the pressuredrop.Themaximum,

allowablepressuredropis 5.0 inchesof
â€˜mercuryin fourminutes,

4. If the pressuredropis greaterthanthat
specifiedabove,makecertain that there
are no leaksat the test connections by
checkingeach connection with soap
suds,
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Section5

Vapor-CycleAir

ConditioningSystem
(Freon)
Vapor-cyclecoolingsystemsare used on

most small-andmedium-sizedgeneralavia-

tion aircraft.Someaircrafthavea vapor-cycle
coolingsystemwith an air-cyclesystemfor
heatandpressurization,

An aircraftFreonsystemis similar,in princi-
pe,to theautomotive or homeair conditioner.
Itusessimilarcomponentsandoperatingprin-
ciplesand,in mostcases,dependson theelec-
tricalsystemfor power.

 

Vapor-cyclesystemsmakeuse of theprinciple
that a liquidcan be vaporizedat any tem-

peraturebychangingthe pressureactingon

it, Water,at sea-levelbarometricpressureof
147 poundspersquareinchambient(psi.a),
boilsif its temperatureis raisedto 212Â°F.The
same water,in a closedtankundera pressure
0f 90psiia,,doesnot boilat lessthan320Â°F.If
the pressureis reducedto 0.95ps..a. with a

vacuum pump,thewater boilsat 100Â°F.If the
pressureis reducedeven more,thewater boils
ata still lowertemperature(Le,At 0.12psia,
water boilsat 40Â°F).Watercan bemadeto boil
at anytemperatureif thepressurecorrespond-
ing to thedesiredboilingtemperaturecan be
maintained.

RefrigerationCycle
Thebasiclawsof thermodynamicsstate that
heatflowsfroma pointof highertemperature
toa pointof lowertemperature.If heatis to be
madeto flow in theoppositedirection,some

energymust besupplied.Themethodusedto

accomplishthisin an air conditioneris based
fon thefactthat,whena gasis compressed,its

temperatureis raisedand,similarly,whena

compressedgasis allowedto expand,its tem-

peratureis lowered.

Toachievetherequiredreverse flowofheat,a

{gasis compressedto a pressurehighenough
so that its temperatureis raisedabovethat
of the outsideair. Heatnow flowsfromthe
higher-temperaturegasto thelowertempera-
ture surroundingair (heatsink),thuslower-
ing theheatcontent of thegas.Thegasis now

allowedto expandto a lowerpressure.This
causes a dropin temperaturethat makesit
coolerthanthe air in the spaceto be cooled
(heatsource).
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Heatnow flowsfromtheheatsource to thegas,
whichis thencompressedagain,beginninga

new cycle.Themechanicalenergyrequiredto
cause thisapparentreverse flowofheatis sup-
pliedbya compressor.A typicalrefrigeration
cycleis illustratedin Figure2-5-1

â€˜Thisrefrigerationcycleis basedon theprin-
ciplethatthe boilingpointofa liquidis raised
when thepressureof thevaporaroundthe

liquidis raised.Thecycleoperatesas follows:

aliquidrefrigerantconfinedin the receiver at

ahighpressureis allowedto flowthroughthe
expansionvalveinto theevaporator.Thepres-
sure in theevaporatoris lowenoughso that
theboilingpointof the liquidrefrigerantis

belowthetemperatureof theair to becooled.
Heat flowsfromthespaceto becooledto the

liquidrefrigerant,causingi t to boil(tobecon-

verted from liquidto a vapor).Cold vapor

 

et
          

            

  

fromtheevaporatorthenenters thecompres-
sor,whereits pressureis raised,therebyrais-

ingtheboilingpoint.Therefrigerant,ata high
pressureandhightemperature,flowsinto the
condenser.Here,heatflowsfromtherefriger-
ant to the outsideair, condensingthe vapor
back into a liquid.Thecycleis repeatedto
â€˜maintainthecooledspaceat theselectedtem-

perature.

Liquidsthat boil at low temperaturesare

the most desirablefor use as refrigerants.
Comparativelylargequantitiesof heat are

absorbedwhenliquidsarechangedto a vapor.
Forthis reason,liquidFreonis usedin most

vapor-cyclerefrigerationunits, whetherin

aircraft,automotive,or homeair conditioners.
 

Freonis a fluid thatboilsat a temperatureof,

approximately39Â°Funderatmosphericpres-

Evaporator(NIIHigh-pressureliquid

[TJHigh-pressuregas

[2 towpressurequia

|
[LGLowpressuregas

Blowers es

Expansion
ahve

cc
Â¢

â€˜CondensorGaiety

Figure2-5-1.Atypicalrefrigerationsystemin schematiclayout.



sure. Similarto otherfluids,theboilingpoint
can be raisedto approximately150Â°Funder
a pressureof 96 p.s.ia.Thesepressuresand
temperaturesare representativeof one type
of Freon,Actual valuesvary slightlywith
different typesof Freon.The typeof Freon
selectedfor an aircraftdependson thedesign
of theFreonsystemcomponentsinstalled.

Freon,similarlyto otherfluids,hasthechar-
acteristic of absorbingheatwhen it changes
froma liquidto a vapor.Conversely,thefluid
releasesheatwhen it changesfrom a vapor
to a liquid.In the Freoncoolingsystem,the
changefromliquidto vapor(evaporation,or

boiling)takesplaceat a locationwhereheat
can be absorbedfromthe cabinair, and the
changefromvapor to liquid(condensation)
takesplaceat a pointwherethereleasedheat
can beejectedoutsidetheaircraft.Thepres-
sure of the vapor is raisedbeforethe con-

densationprocessso that the condensation
temperatureis relativelyhigh.Therefore,the
Freonâ€”condensingat approximately150Â°Fâ€”
losesheatto theoutsideair, whichcan beas

hotas 100Â°F.

Thequantityof heat that each poundof
refrigerantliquidabsorbswhile flowing
throughtheevaporatoris knownas therefrig-
eration effect.Eachpoundflowingthrough
the evaporatoris able to absorbonlythe
heatneededto vaporizeit, if no superheat-
ing takesplace.Superheatingis definedas

raisingthe temperatureof a gasabovethat
of theboilingpointof its liquidstate. If the
liquidapproachingtheexpansionvalvewere

at exactlythe temperatureat which it was

vaporizingin theevaporator,thequantityof
heatthat the refrigerantcouldabsorbwould
beequalto its latentheat.Thatis, it is the
amount of heatrequiredto changethe state
ofa liquid,at theboilingpoint,toagasat the
same temperature.

Whenliquidrefrigerantis admitted to the
evaporator,it is completelyvaporizedbefore
it reachesthe outlet. Becausethe liquidis

vaporizedat a low temperature,the vapor
is still cold after the liquidhascompletely
evaporated.As thecoldvaporflowsthrough
the balanceof theevaporator,it continues to
absorbheatandbecomessuperheated.
Thevapor absorbssensibleheat(heatthat
causes a temperaturechangewhen added
to or removedfrom matter)in the evapo-
rator as it becomessuperheated.This,in
effect,increases the refrigeratingeffectof
eachpoundof refrigerant.Thismeans that
eachpoundof refrigerantabsorbsthe heat
requitedto vaporize it and an additional
amount of sensibleheat,therebysuperheat-
ing it.
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 Figure2-5-2. AFreon-systemcompressor.

FreonSystemComponents
Themajorcomponentsof a typicalFreonsys-
tem are the compressor,condenser,expansion
valve,andevaporator(Figure2-5-1),Otherminor

items can includethe condenserfan,receiver

(Freonstorage),dryer,surgevalve,andtempera-
ure controls.Theseitems are interconnected
byappropriatetubingto forma closedloopin
whichtheFreoniscirculatedduringoperation.

Compressor.The principleof operationof
thesystemcan beexplainedbystartingwith
thecompressor.Thecompressorincreases the
pressureof theFreonwhenitis in vaporform.
Thiselevatedpressureraises thecondensation
temperatureof the Freonand producesthe
forcenecessaryto circulatetheFreonthrough
thesystem(Figure25-2).

Thecompressoris normallydriven byan

electricmotor drive mechanism.Most com-

pressorsare thepistontype.Thecompressor
is designedto act on Freonin a gaseousstate

and,in conjunctionwith theexpansionvalve,
â€˜maintaina differencein pressurebetweenthe
evaporatorand the condenser.If the liquid
refrigerantwere to enter thecompressor,com-

pressordamagewouldoccurbecauseliquidis
noncompressible.Thistypeof malfunctionis

calledslugging.Automaticcontrolsandproper
operatingproceduresmust beusedto prevent
slugging,
Condenser.The Freongas is pumpedto
the condenserfor the next stepin thecycle.
â€˜Atthe condenser,the gaspassesthrougha
heatexchanges,whereoutside(ambient)air
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removes heatfrom the Freon (Figure2-5-3).
Whenheatis removedfromthehigh-pressure
Freongas,a changeofstatetakesplace,andthe
Freoncondensesto a liquid.It is thisconden-
sation processthatreleasestheheattheFreon,

picksup fromthecabinair. Theflowof ambi-
ent air throughthecondenserunit is ordinar-
ily modulatedbycontrollableinlet or outlet
doors,accordingto coolingrequirements.A

condenser-coolingair fanorairejectoris often
usedto helpforcetheambientair throughthe
condenser;thisitem is importantfor operating,
thesystemon theground.
Receiver.Fromthecondenser,theliquidFreon
flowsto thereceiver, whichactsas a reservoir

 Figure2-5-4.Receiver/dryerifilter/sightglass,all
in one unit.

for theliquidrefrigerant.Thefluid levelin the
receiver varies with systemdemands.During
peakcoolingperiodsthe fluid level is lower
thanwhentheloadis light.Theprimefunction
ofthereceiver is to ensure thatthethermostatic
expansionvalveis not starvedfor refrigerant
underheavycoolingloadconditions.

Thereceiver is frequentlya receiver/flter/dryer
unit with an includedsightglass(Figure2-5-4).
Thefilter/dryeris essentiallya sheet-metalhous-
ing with inlet andoutletconnections,contain-

ingaluminadesiccant,a filterscreen,anda filter
pad.Thealuminadesiccantactsas a moisture
absorberso thatdryFreonflowsto theexpansion
valve.Aconicalscreenandfiberglasspadactasa

filteringdevice,removingcontaminants.

Scrupulouslycleanrefrigerantat theexpansion
valveisa mustbecauseof thecriticalclearances
involved.Moisture can freezeat theexpansion
valve,causingit to hangup,with a resulting
starvation or floodingof theevaporator.

In some systems,a subcooleris usedto reduce
the temperatureof theliquidrefrigerantafter
it leavesthe receiver. Thispreventstheliquid
fromvaporizing
Sightglass.Toaid in determiningwhether
servicingof therefrigeratingunit is required,
a liquid-linesightglassor liquidlevelgauge
is installedin the receiver/dryer,or in a line
betweenthe filter/dryerandihe thermostatic
expansionvalve.Thesightglassconsistsof a

fittingwith a window,permittinga view of
fluid passagethroughthe line. In most sys-
tems,thesightglassis constructedas a partof,
thefilter/dryer.

Duringrefrigerationunit operation,a steady
flowof Freonrefrigerantobservedthroughthe
sightglassindicatesthatsufficientchargeis,

present.Ifthe unit requiresadditionalrefriger-
ant,bubblesare presentin thesightglass.

Expansionvalve.TheliquidFreonflowstothe
expansionvalvefor thenext stepin theopera-
tion. TheFreoncomingout of thecondenseris,

high-pressureliquidrefrigerant.Theexpan-
sion valvelowerstheFreonpressure,thuslow-
eringthetemperatureof theliquidFreon. The
coolerliquidFreon makesit possibleto cool
cabinair passingthroughtheevaporator.

Theexpansionvalve,mountednear theevap-
orator, meters the flow of refrigerantinto the
evaporator.Efficient evaporatoroperation
dependson the precisemeteringof liquid
refrigerantinto theheatexchangerforevapora-
tion. If heatloadson theevaporatorwere con-

stant,an orificesize couldbe calculatedand
usedto regulatetherefrigerantsupply.A prac-
ticalsystem,however,encountersvaryingheat



loads,thereforerequiringa refrigerantthrot

tingdeviceto preventstarvation or flooding
of theevaporator,whichwouldaffecttheevap-
orator andsystemefficiency.Thisvariable-or
ficeeffectis accomplishedbythethermostatic
expansionvalve,whichsenses evaporatorcon-

ditionsandmetersrefrigerantto satisfythem.
Bysensingthetemperatureandthepressureof,thegasleavingtheevaporator,theexpansion
valveprecludesthepossibilityof floodingthe
evaporatorandreturningliquidrefrigerantto
thecompressor.

 

â€˜Theexpansionvalve(Figure2-5-5)consistsof,
a housingcontaininginlet and outletports.
Refrigerantflow to the outlet portsis con-

trolledbythepositioningof a meteringvalve
pin.Valvepin positioningis controlledbythe
pressurecreatedbythe remote sensingbulb,
thesuperheatspringsetting,andtheevapora-
tor-dischargepressuresuppliedthroughthe
externalequalizerport.
â€˜Theremote sensingbulb is a closedsystem
filled with refrigerant,andthebulbis attached
to theevaporator.Pressurein thebulb corre-

spondsto therefrigerantpressureleavingthe
evaporator.Thisforceis felton topof thedia-

phragmin thepower-headsectionofthevalve,
andanyincrease in pressurecauses thevalve
to move towardan openposition.Thebottom
sideof the diaphragmhasthe forcesof the

superheatspringand evaporator-discharge
pressureactinginadirectionto closethevalve
pin.Thevalveposition,at any instant,is the
resultof thesethreeforces.

Ifthe temperatureof thegasleavingtheevapo-rator increases abovethe desiredsuperheat
valve,itis sensedbytheremotebulb.Thepres-
sure generatedin thebulbis transmittedto the

diaphragmin the powersectionof thevalve,
causingthevalvepin to open.A decreasein
thetemperatureofthegasleavingtheevapora-
tor causes thepressurein the remotebulb to

decrease,andthevalvepinmoves towardthe
closedposition.

â€˜Thesuperheatspringis designedto control
theamountofsuperheatin thegasleavingthe
evaporator.A vaporis saidto besuperheated
â€˜whenits temperatureis higherthanthatnec-

essaryto changeit froma liquidto a gasat a

certain pressure.Thisensures that the Freon
returningto thecompressoris in thegaseous
state

â€˜Theequalizerportis providedto compensate
for theeffecttheinherentevaporatorpressure
drophason thesuperheatsetting.Theequal-
izer senses evaporator-dischargepressureand
reflectsit backto thepower-headdiaphragm,
adjustingtheexpansion-valvepinpositionto
holdthedesiredsuperheatvalue.
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 Figure2-5-5.Thermostaticexpansionvalve.

 Figure2-5-6, Eithera fanor ram air blowsthroughtheevaporatortocool
thecabin,

Evaporator.Thenextunitinthelineofcooling
flowaftertheexpansionvalveistheevaporator,
whichisa heatexchanger,formingpassagesfor

coolingair flow andfor Freonrefrigerantâ€”in
essence,a smallradiator.Air tobecooledflows

throughtheevaporator(Figure25-6).

â€˜TheFreonchangesfroma liquidto a vaporat
theevaporatorby,in effect,boiling,and the
pressureoftheFreonis controlledto thepoint
â€˜wheretheboiling,(evaporation)takesplaceat
a temperaturethat is lowerthanthecabinair

temperature.Thepressure(saturatedpressure)
necessaryto producethecorrect boilingtem-

peraturemustnot betoo low;otherwise,free2-
ingof themoisture in thecabinair blocksthe
air passagesof theevaporator(normallycalled
freezing-uptheevaporator).As theFreonpasses
throughtheevaporator,i t is entirelyconverted
to thegaseousstate.
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Essentialto obtainingthe maximum cooling
and preventingliquidFreonfrom reaching
thecompressor,theevaporatoris designedso

thatheatis takenfromthecabinair; therefore,
thecabinair is cooled.All theothercompo-
nents in theFreonsystemare designedto sup-
porttheevaporator,wheretheactualcooling
is done.

â€˜Afterleavingthe evaporator,the vaporized
refrigerantflows to the compressorand is

compressed,Heatis beingwithdrawnthrough,thewallsof thecondenserandcarriedaway
byair circulatingaroundthe outsideof the
condenser.As thevaporcondensesto a liquid,
i t givesup the heatthat was absorbedwhen
theliquidchangedto a vaporin theevapora-
tor. Fromthe condenser,the liquidrefriger-
ant flowsbackto thereceiver, andthecycleis,

repeated,

Freon,CFCs,andPollution
Sincechlorofluorocarbons(CFCS)were devel-

â€˜opedin the1930s,theyhavebeenwidelyused
as air conditioner(A/C)andrefrigeratorcool-
ants,aerosolcan propellants,electronicparts
cleaners,and foam-blowingagents. CFC-12
{alsocalledFreonor R-12)has beenthe most
common typeof coolantusedin automobile
â€˜AICsystems,and i t accountedfor 20 percent
of all US. CECconsumptionin 1992.CFCs
have beenuseful in so manyapplications
becausetheyare nonflammable,nontoxic,and

extremelystablein theenvironment.

Unfortunately,as stableCFCmoleculesrise

into the stratosphere,theyare splitbythe
sun'sultravioletradiation.Chlorinemolecules
reactwith andsplitozone molecules,deplet-
ing the ozone layer.Theozone layer,10-30
milesabovethe Earthâ€™ssurface,protectsbio-

logicallife fromthe sun'sharmfulUV rays.
CECShavealsobeenidentifiedas greenhouse
â€˜gases,ie, contributorstoglobalwarming,

Mostautomobileandaircraftsystemsmanu-

facturedbefore1994use Freonin their A/C
systems.Sincethen,severalnon-CFCrefriger-
ants,suchas hydrofluorocarbons(HFCs),have
bbeendeveloped.Since1995,themostcommon

substitutefor CFCsin theseA/Csystemsis

HIRC-134a(orRA34a),UnlikeCFCs,HFCscon-

tain no chlorineanddo not harmthe ozone

layer,thoughtheyare consideredgreenhouse
gases.

Hydrochlorofluorocarbons(HCFCs)are also
usedas CC-12substitutesin A/Csystems.
HCFCscontain chlorine,but their ozone

depletioncapabilityis significantlylessthan
CECs,HCFCproductionis scheduledto be
bannedbytheyear2030.

RegulationsGoverningUseof
CFC-12,HCFCs,andHFCs
Section609 of the 1990 Clean Air Act
â€˜Amendmentsimplementsregulatoryrequire-
â€˜mentsfor personneland facilitiesservicing
automobileor aviation A/Cunits.

(CFC-12and HCFCregulations.Thefollow-
ingaresomeexamplesofruleslimitingtheuse

anddisposalofCFC-12andHCFC.

â€˜=Its illegalto vent CFCsor HCFCsto the
atmosphere.Penaltiesofup to $25,000per
day,perviolationcan belevied,andprison
termscan begivento anyonewhoknow-

inglyvents CFC-12or HCECsinto the
atmosphere.Theregulationsrequirethat
(CRC-12andHCFCsberecycled.However,
it isnot illegalto use in-stock,recycled,of

remanufacturedstocksof thesechemicals.

+= All facilitiesservicingmotor vehicleor

aircraftA/Csystemsmustcertifyto EPA
thattheyhaveacquiredandare properly
usingapprovedCFC-or HCEC-recycling
equipment.

â€˜=Technicianswho service motor vehicle
A/Csystemsmustbecertified.

â€˜=Salesof refrigerantare restrictedto certi-
fiedtechnicians.

â€˜=The EPArequiresthat facilitieswith

refrigerantrecyclingequipmentkeep
recordsof the name andaddressof the
facilityto whichanyrefrigerantissent for
reclamation.Theserecordsmustbekept
for threeyears.Thefacilitymustalsohave
recordsshowingthatall personsautho-
rizedto operateanyrecyclingequipment
are currentlycertified,

â€˜=Itis illegalto vent HCFCsinto theatmo-

sphere.Thesechemicalsmustbecollected

duringservicing,

â€˜Techniciancertification.Tobecomecertified,
all techniciansservicingautomobileor aircraft
A/Csystemsmustcompletean EPA-approved
refrigerant-recyclingcourse.

â€˜TheEPASlist of approvedtechnician-certi-
ficationprogramscan be obtainedfrom the

StratosphericOzoneProtectionHotline(SOP).
The certificaionusuallyinvolvesstudying.a

bookletreceivedfromacertificationcenter,then

takingatestbymailor ata centrallocation.

ApprovedCollectionand
RecyclingEquipment
At thepresent,theEPAscollectionand recy-
Glingrequirementscanbemetonywithequip-



ment carryingUnderwritersLaboratories,Inc,
(UL)certificationor with equipmentat least
as Stringentas the Societyfor Automotive

EngineersAE) Jseriesstandards.Before
purchasingnew equipment,makesure it is

approved.Figure25.7 showsan exampleof
a combinedservice andreclamationunit for
bothR12andR-13da

PollutionPreventionTips
All MontrealProtocolparticipantcountries
ceasedFreonproductionbyJanuary1996,
â€˜Assuppliesof stockpiledand recycledFreon
decrease,thecostsincreasingmarkedly.Proper
collectionandefficientrecyclingare incentives
to preventlossesof Freonto theatmosphere.
Thefollowinggeneralpracticesare forcertified
technicians.Theyare alsothingsan airframe
andpowerplant(A&P)technicianshouldknow.

Leaks.Detectrefrigerantleakswith a simple
visual inspectionof the hoses,connections,
andcondenser.Visibleoil leaksusuallyindi-
cate a leak in the system.A leakingA/C
systemcan alsobe detectedbydrainingthe
refrigerantfromthesystemand then moni

toringits abilityto holda vacuum: pressure
lossindicatesa leak. Electronicsnifferscan

alsobe usedfor leak detection.Fluorescent
leak-detectionsystemsare available,but
many compressormanufacturersadvise
againsttheiruse becausethe abrasivenatureâ€˜ofthe dyeparticles.Usingflame-detection
systemsis stronglydiscouragedbecause
lethalphosgenegas(mustardgas)can bepro-
ducedwhenCFC-12comes in contact with an

openflame.Also,avoidusingleak-detection
productscontainingFreon,

 

â€˜Maintenanceandrepair.Evacuateall refrig-
erant beforeA/Cmaintenanceor repair.Make
ita policyto encouragecustomersto haveleak-
ing A/Csystemsrepaired,ratherthantoppedoffwithrefrigerant.However,leakrepairis not

requiredunderfederallaw.

Manifold hoses.To preventleakage,mani-

foldhosesmust haveshutoffvalveswithin 12
inchesoftheendsofeachline.

Cross-contamination.Avoid cross-contam-

inating refrigerants.Cross-contamination
oftenoccurs whentheA/Csystemhasbeen
partiallychargedwith a refrigerantotherthan
thetypedesignatedon thesysteminformation
label.Cross-contaminatedA/Csystemssuffer
reducedperformance,damagefrom chemi-
cal breakdown,and lubrication problems.
Additionally,ifa cross-contaminatedsystemis,

connectedto recovery/recyclingequipment,it
can foulcomponentssuchas filtersanddryers,
whichthenmustbereplaced.Furthermore,the
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er.snngn Figure2-5-7,Serviceandreclamationof bothreftigerantsin one unit.

cross-contaminatedrefrigerantcan bepassed
fromcontaminatedrecovery/recyclingequip-
â€˜mentto othersystems.BewaryofcomplexA/C

servicehistoriesandmakeshiftor damagedfit
tingsthatcouldindicatecross-contamination.
Anotherconsiderationis thatall cross-contam-
inatedrefrigerantmust besent to a refrigerant-
recyclingfacility for separationandpurifica-
tion, whichincreases operatingcosts.

Retrofitting.Whenretrofittingan olderA/C
system,it is criticalto havea certifiedA/C
technicianevacuate theoldrefrigerant.As an

AGP,youmust not remove or replacean item
that is in thechargedsystem.Todo so would
releasethegasinto theatmosphere.Oncevacu-

â€˜umed,youcan removeandreplaceanyitem in

thesystem.Oncea componentis replaced,you
â€˜mustcallthecertifiedA/Ctechnicianbackto

rechargethesystemandcheckit for leaks.

Ifanylargeamount of workmust bedoneon a

system,the customercouldbea candidatefor
conversion to a non-CFCsystem.Forconver-

sion to an R-134asystem,thereareaftermarket
kitsavailable.

Air ConditioningSystem
Maintenance
Inspections.At each regularlyscheduled
inspection,or anytime thecowlingis opened
uptothepointyoucan see theequipment,visu-

allyinspectthesystem.Theprincipalitems to
lookforare thefollowing:

â€˜+Anysignsof oil leakagefromthe com-

pressoror hoses
â€˜=Anychafingofhoses
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* Conditionof thedrivebeltor conditionof

theelectricalwiringor hydraulichoses,if
motor-driven

* Securityofattachment
* Anythingunusual

Servicing.In contrastto a hydraulicsystem,
wherethe linescontain fluid at all times,a
Freonloopcontains both liquidandvaporat
thesame time. This,in additionto thefactthat
itis difficultto deduceexactlywherein thesys-
tem theliquidis at anyone instant,makesit
difficult to checkthequantityof Freonin the
system.

Regardlessof theamount of Freonin thecom-

pletesystem,theliquidlevelcan varysignifi-
cantly,dependingon the operatingcondi-
tions.

â€˜Tocheck theFreonlevel,itis necessaryto oper-
ate the refrigerationunit for approximately
fiveminutes to reacha stablecondition.If the
systemuses a sightglass,observetheflow of
Freonthroughthesightglass.A steadyflow
indicatesthata sufficientchargeis present.If
theFreonchargeis low,bubblesappearin the

sightglass.
Whenaservice technicianaddsFreonto a sys-
tem,as muchoil shouldbeaddedas was lost
â€˜withtheFreonbeingreplaced.It is impossible
to determineaccuratelytheamount of oil left
inaFreonsystemafterpartialor completeloss
of theFreoncharge.However,fromexperience,
most manufacturershaveestablishedproce-
duresfor addingoil. Theamount of oil to be
addedis governedbythe followingdetermi-
nants:

1. Theamount of Freonto beadded

2. Whetherthesystemhaslostall itscharge
andhasbeenpurged/evacuated

3, Whethera toppingchargeis to beadded

4, Whethermajorcomponentsof thesystem
havebeenchanged

Usually,aquarterounceofoilis addedforeach
poundof Freonaddedto thesystem.When
changinga component,an additionalamount
of oil is addedto replacethatwhichis trapped
in thereplacedcomponent.Theoil is a special
gradeof refrigerationoil

il for lubricatingthecompressor,expansion
valveandassociatedsealsmust be sealedin
thesystem.

Manifold set. Whenevera Freonsystemis
openedfor maintenance,the Freonâ€™and oil
mustberemovedforrecycling.Replenishment

of theFreonandoil isa must,andthisrequires
usinga specialset of gaugesand inter-con-
nectedhoses.A separatemanifoldset should
be maintainedfor R12/R22and R-13a.In
fact,thesystemsare set up so thathosesthat
â€˜workon one will not fit theother(Figure2-
5-8).TheR-12/R-22hoseshavesmallerfittings
thantheR-134ahoses.Theoil vacuumedfrom,
or installedin, eachsystemis not compatible
with theother.Donot allowthemto become
mixed.If theybecomemixed,theFreonvacu-

â€˜umedfromthesystemmustberecycledas con-

taminatedandnot mixedwith otherrecycled
material.

Thelow-pressuregaugeis a compoundgauge,
meaningit readspressureson eithersideof
atmospheric.It indicatesfromabout30inches
fof mercurygaugepressure(below atmo-

spheric)to about60psi. gaugepressureabove
atmospheric.
Thehigh-pressuregaugesusuallyhavea range
{fromzero up toabout600psi.gaugepressure.

Thelow-pressuregaugeis connectedon the
manifolddirectlyto the low-sidefiting.The
high-pressuregauge,likewise,connectsdirectly
to thehigh-sidefitting,Thecenterfittingofthe
manifoldâ€™can be isolatedfromeitherof the
gaugesor thehigh-andlow-servicefittingsby
thehandvalves.Whenthesevalvesare turned
fullyclockwise,thecenter fittingis isolated.If
thelow-pressurevalveis opened(turnedcoun-

terclockwise),thecenterfittingis openedto the
low-pressuregaugeand the lowsideservice

Figure2-5-8. HosesusedforR-12/R-22havedif
ferentendsthanhosesusedforR-134a. 



line.Thesame is true for thehigh-sideservice

linewhenthehigh-pressurevalveis opened.

Specialhosesare attachedto thefittingsof the
â€˜manifoldvalvefor servicingthesystem.The

high-pressurecharginghoseattachesto the
service valveinthehighside,eitherat thecom-

pressordischarge,thereceiver dryeror on the
inlet sideof theexpansionvalve.

â€˜Thelow-pressurehoseattachesto the service

valveat thecompressorinletor at thedischarge
sideof theexpansionvalve.Thecenter hose
attachesto thevacuum pumpforevacuatingthe
systemor to therefrigerantsupplyforcharging
thesystem.CharginghosesusedwithSchrader
valvesmusthaveapinto depressthevalve.

Whennot usingthemanifoldset,besure the
hosesare cappedto preventmoisture from
contaminatingthevalves.

Purgingthe system.After the systemhas
beenopenedformaintenanceor partsreplace-
â€˜ment,i t must bepurged.Purgingis a process
for an A/C-certifiedtechnician.Youmaynot

simplybleedout a bit of Freonthroughthe

rechargingmanifold.

Evacuatingthesystem.If even a smallamount
â€˜ofwater is in thesystem,i t can completelyblock
the lines.If water is in thesystem,it freezes
â€˜whenthesystemstartsto operate.Thisfrozen
â€˜moistureclogstheexpansionvalve,causingthe
systemto malfunction.Anytime thesystem
is opened,it must beevacuatedto remove the
moisture fromthesystem,

â€˜Toevacuatethesystem,connect thecenterhose
ofthemanifoldsetofa vacuum pump.Thevac-

â€˜uumappliedto thesystemcauses themoisture
to vaporizeandbedrawnoutofthesystem,

â€˜Atypicalpumpusedforevacuatingair-condi-
tioningsystemspumps08 cubicft of air per
â€˜minuteandevacuatesthesystemto about29.62
inchesof mercury(gaugepressure).At this
pressure,water boilsat 45Â°F.Pumpingdown,
or evacuating,a systemusuallyrequiresabout
60minutesof pumping.

Recharging
Purginghoses.Openingthe high-pressure
valvepermitsFreonto flowinto thesystem.The

low-pressuregaugeshouldbeginto indicate
thatthesystemis comingout ofthevacuum. To

rechargethesystem,performthefollowing:
1.Closebothvalves.

2,Starttheengine,settingtherpm.atabout
1,250,
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3, Setthecontrolsforfull cooling,
4, WiththeFreoncontainer uprightto allow

vaporto escape,openthe low-pressure
valveto allowvaporsto enter thesystem.

CAUTION:If the can is turnedupside
downto speeduptheprocess,thereis a

dangerofhavingliquidrefrigerantenter
thecompressor.Liquidrefrigerantdam-
agesthecompressorto thepointi t must
bereplaced,
5, As manypoundsof refrigerantshouldbe

pputinto thesystemas calledforbythe

specifications.
6. Closeallvalves,remove manifoldset,and

performan operationalcheck.

Section6

OxygenSystems
â€˜Typesof oxygen.Aviatorsâ€™breathingoxygen
is suppliedin two types:TypeI andTypeIL
Typeis gascousoxygen,andTypeIli liq.
uid oxygen(LOX).Aviatorsâ€™breathingoxygen
is 995 percentpure.Thewater vaporcontent
â€˜mustnot bemore than(0,02milligramperliter
whentestedat 21.1Â°C(70Â°F)and at sea-level
pressure.Gaseousoxygenis the choicefor
Civilian aircraft.LOXis usedfor militaryair-

craftandis not coveredhere.

Oxygenusedfor weldingandothercommer-

cial purposesis calledteclical oxygen.The
moisture content of technicaloxygenis not
as rigidlycontrolledas is breathingoxygen;
therefore,thetechnicalgradeshouldnever be
usedin aircraftoxygensystems.
Theextremelylowmoisture contentrequired
of breathingoxygen is setnot to avoid phys-

eat injurytthebody,But to eneure proper
operationoftheoxygensystem,Aircontaining
a highpercentageof moisturecan bebreathed

indefinitelywithoutanyserious il effects,The
moisture affectstheaircraftoxygensystemin
thesmallorificesandpassagesin theregula-
tor,Freezingtemperaturescan clogthesystem
with ice andpreventoxygenfromreachingthe
User, You must takeextreme precautionsto

Safeguardagainstthehazardsof water vapor
in oxygensystems.

Characteristicsof oxygen.Oxygencom-

ines with most of the otherelements.The

combiningof an elementwithoxygenis called
oxidation.Combustionis simplyrapidoxida-
tion, In almostall oxidations,heatis givenoffIn combustion,theheatis givenoff so rapidly
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it doesnot havetime to becarriedaway.The
temperaturerises extremelyhigh,anda flame
appears.

Oxygendoesnot burn,but it doessupport
combustion.Therefore,combustiblematerials,
burn more readilyandmore vigorouslyin an

â€˜oxygen-richenvironment thanin air.

In additionto existingas a gasanda liquid,
â€˜oxygencan existas a solid.LOXis paleblue.It
flowslike water,andweighs9.52Ibs.pergal-
lon.

Gaseousoxygensystems.Gaseousoxygen
systemsare usedprimarilyin multi-placeair-

craft,wherethesystemsare usedonlyperiodi-
cally.

Handlingoxygen. The pressurein gas-
eous oxygen-supplycylindersshouldnot be
allowedto fall below50 ps.i. If the pressure
fallsmuchbelowthisvalue,moisture is likely
to accumulatein thecylinder(Figure2-6-1)

All oxygenunderpressureis potentiallyvery
dangerousif handledcarelessly.In particular,
â€˜oxygenandpetroleumdonotmix. Themixture
can cause thepetroleumto ignite.Personnel
servicingor maintainingoxygensystemsand
componentsmust be meticulouslycareful
aboutpreventinggrease,oil,hydraulicfluid,
â€˜orsimilarhydrocarbons,as well as othercon-

tamination,fromcomingin contactwith lines,
hoses,fittings,and equipment.Thiscontact,

presentsa fireandexplosionhazard.

If, becauseof hydraulicleaksor some other
malfunction,componentsof theoxygensys-
tem dobecomeexternallycontaminated,they
shouldbe cleanedusingonlyapprovedoxy-
gen-systemcleaningcompounds.Someser

vice instructions specifythe use of a variety
of cleaningcompounds.Thepreferredcom-

poundis oxygen-systemcleaningcompound
conformingto MilitarySpecificationMIL-C-
8638,

 Figure2-6-1,Mostwalk-aroundÂ©,regulatorshavea markto indicatethe
desiredamountofgasto leavein thebattle.

Whenworkingwith oxygen,follow these
safetyprecautions:

â€˜+Underno circumstancesshoulda non-

approvedcleaningcompoundbe used
â€˜onanyoxygenlines,fittings,or compo-
nents,

â€˜+Whenhandlingoxygencylinders,the
valveprotectioncapshouldalwaysbe in

place.Beforeremovingthecapandopen-
ing the valve,ensure that the cylinder
is firmlysupported.A brokenvalvecan

cause a pressurizedcylinderto be pro-
pelledlikearocket.

â€˜+DoNOTuse oxygenin systemsintended
forothergasesof as a substituteforcom-

pressedai.

â€˜+Cylindersbeingstoredfor use on gas-
eous oxygenservicingtrailers or any
other use must alwaysbe properly
secured.Donot handlecylindersor any
other oxygenequipmentwith greasy
hands,gloves,or othergreasymateri-
als. Thestoragearea shouldbe located
so thatoil or greasefromotherequip-
â€˜mentcannot beaccidentallysplashedor

spilledon thecylinders.

[All gaseousoxygensystemsincludethe fol-

lowing:
* Containers(cylinders)for storingthe

oxygensupply
+ Tubingto route theoxygenfromthemain

supplyto theusers

* Variousvalvesfor directingtheoxygen
throughthepropertubing

+ A meteringdevice(regulator)to control
theflowof oxygento theuser

â€˜=A gaugefor indicatingoxygenpressure
â€˜+A maskto directtheoxygento eachuser's

respiratorysystem

Cylinders
Gaseousoxygencylindersare high-pressure
cylinders.Theycan be steel,steelwrapped
in compositematerial(lightweightor alu-
minum, Theyare designedto operateat pres-
sures of 1800-2400p.si. Themost common

typesofcylindersin generalaviation are DOT-
3AA-1800,DOT-3HE-1850or DOT-E-8162(com-
posite)cylinders.
â€˜Themain advantageofthe high-pressurecyl-
inderis that i t minimizes spaceusedfor stor
ing gaseousoxygen. All high-pressureoxygen

Cylindersare painiedgreen,in accordance
with theestablishedfederalcolorcodes



Cylinderscome equippedwith a manually
operatedhandwheel valve. Openingthe

handwheel-operatedvalveassemblyreleases
the contents of thecylinder.Most high-pres-
sure valvesare calledtop-seated.Whenopen-
inga high-pressurevalve,openi t slowlyat
first so the pressurehasa lesserimpacton

the equipment.Then,openthe valve com-

pletely,seatingi t at the topso gasdoesnot
leakaroundtheshaft.Whenclosinga valve,
closeit completelyand i t bottom-seatsto pre-
vent leaks.

â€˜Thevalve is equippedwith a fusiblemetal

safetypluganda safetydiscto releasethecon-

tentsof thecylinderif the pressurebecomes
excessive becauseof hightemperatures.
â€˜Thesafetyplugis filled with a fusiblemetal,
designedto meltat temperaturesrangingfrom
208Â°to 220Â°F(978Â°to 104.5Â°C).

Becauseoxygenis a gas,it expandswhen
the temperaturerises,increasinga cylinderâ€™s
internalpressure.Tomakesure a cylinderis

filled to thepropercapacity,itis necessaryto
use atemperaturechartto calculatetheproper
pressure.Naturally,the rechargepressureis,

lessin a veryhotenvironment,lowerin a cold
one. Figure2-6-2 showsa temperaturechart
for servicinga system.
â€˜Thecylinderandvalveassemblyis connected
to theoxygentubingbysilversolderingthe

tubingto a couplingandsecuringthe valve
outletwith a couplingnut.

Leak-TestingGaseous
OxygenSystems
Leaktestingis performedat differenttimes,
dependingon the inspectionrequirements
for thetypeof aircraft.Thesystemis allowed
to cool,usuallyone hour afterfilling,before
the pressuresandtemperaturesare recorded.
â€˜Afterseveralhourshaveelapsed,thepressures,
â€˜andtemperaturesare recordedagain.Some
â€˜manufacturersrecommenda 6-hourwait,oth-
ers a 24-hourwait. Therecordedpressuresare

thencorrectedfor anychangein temperature
since filling,
Whenoxygenis beinglost from a system
throughleakage,the gaugereadingis less
than that shownon the pressure/tempera-
ture-correction chart.Leakagecan oftenbe
detectedbylisteningfor the distincthissing
soundof escapinggas.If the leak cannot be
foundaudibly,youmust use a speciallycom-

poundedleak-testliquid.Tomakethischeck,
applythe test solutionto areas suspectedof

leakage.Watchforbubbles.Makethesolution
thickenoughto adhereto thecontoursof the

fittings.
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Anyleak,no matterhowsmall,mustbefound
andrepaired.With a smallleakthat contin-
tues over time,the surroundingsand atmo-

spherebecomesaturated.Suchconditions
are especiallydangerous,becausepersonnel
â€˜mightnot be aware that oxygenenrichment
exists.Oxygen-enrichedconditionsarealmost
alwayspresentin poorlyventilatedareas.

Do not attemptto tightena leakingfitting
whilethesystemis charged.

Drainingan OxygenSystem
Oxygenbottlesshouldnotbeemptiedbelow50
psi. or left opento theatmosphere.Moisture
can enter thebottleandcreatecorrosion. When
it is necessaryto drainthesystem,it can be
donebyinsertingafilleradapterinto thefiller
valveandopeningtheshutoffvalves.Donot
drainthesystemtoo rapidlybecausethiswill
cause condensationin thesystem.Analternate
methodof drainingthesystemis to openthe
emergencyvalveon thedemand-oxygenregu-
lator.Performthisjobinawell-ventilatedarea

andobserveall fireprecautions.

Cleaningan OxygenSystem
Alwayskeeptheexternalsurfacesof thecom-

ponentsof theoxygensystemcleanandfreeof
Corrosion andcontaminationwithoilor grease.
As a cleaningagent,use anhydrous(water-
less)ethylalcohol,isopropylalcohol(anti-icing
fluid),or anyotherapprovedcleaner.If mask-

to-regulatorhosesare contaminatedwith oil
or grease,thehosesshouldbereplaced.

CylinderTesting
Al pressurecylindersare subjectto periodic
testingbya Departmentof Transportation-
approvedtestingstation. Naturally,this
includesoxygencylinders.The actualDOT
requiremenisarefoundat CFR49,part173.34.
â€˜Thebasictestingrequirementsandmandatory
retirement timesareasfollows:

* Cylindersmust behydrostaticallytested
to five-thirdsof theirworkingpressure.

â€˜+DOT-3HTcylindersmust betestedevery
3yearsandretiredafter4,380fillings,or

2dyears.
= DOT-AAAcylindersmust be testedto

five-thirds of their workingpressure
every5years

+ DOT-E-8162cylindersmust be tested
every3yearsandretiredafter10,000fill-
ings,or 15years.
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â€˜OxygenCylinderCapacity
Percentratedvolumevs pressure,temperature
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Examples:
To.determine percentof ratedvolumeof gyn,enterchat at temperatureand
traceupto Indleate pressurethen traceleftmalnÃ©ainingaproportionaldistancealong
thepercentlineand readpercentageoffullcylinder.
Todeterminethepressurefor 100%volume,traceupfrom temperatureto 100%line
andtraceacross to cylinderpressure.

Figure2-6-2.Oxygen-servicingtemperaturechart.



After manufacture,all oxygencylindersare

â€˜markedbystampingon the cylinder(Figure
2-6-3)All cylindershaveat leastthefollowing
â€˜markingsstampedinto them:

1. DOTspecification
Cylinderserialnumber

Registeredowner

2

3.

4. Dateof manufactuze

5. Nameof thecurrent owner

6. Retestmarkings

The+ symbol(Plus-rating)indicatesthattheeylin-derqualifiesfora 10percentoverfillrating,while
thestarsymbol(starstamp)indicatesthatthecyl-
indermeetstherequirementsforthe10-yearretest.Theretestmarkingsshouldshowthemonth,facil
ity,year,andPlus-ratingstarstamp(Figure2-6-3).

Regulators
Thesuccess oF failure of high-altitudeflight
dependsprimarilyon the properfunction-
ingof theoxygenbreathingregulator.Actingas a

meteringdevice,theregulatoristheheartofthe
â€˜oxygensystem.Toperformsuccessfullyin an

aircraftsystem,a regulatormustdeliverthelife-
supportingoxygenin thequantitiesdemanded
throughoutitsentirerangeofoperation.

Continuous-flow regulator.A continuous-
flowregulatoris justthat:oxygenflowscontin-

tuouslyinto themask.Mostwalk-aroundbottles,
andoxygensuppliedbyan activatedoxygen
candleare continuous-flowtypes.Becauseof
thecontinuous flow,inhalingis not a problem,
butexhalingmeans theoxygenin themaskgets,
exhaledalso,Whilenot veryefficientin theuse

â€˜ofoxygen,theyare uncomplicatedandwork
wellforshort-durationrequirements,

â€˜Mostsmallerconstant-flowbottlesdonot use a

cylindergauge.Theregulatorsare preset,and
the flow rate is nonadjustable.Constant-flow
systemsfor smallergeneralaviation airplanes
generallyhavebotha flow-rateanda cylinder-
pressuregauge,and the flow-rateis usually
adjustable.Thesetypesare more efficientthan

thebasicbottle-and-masksystembecauseof the
adjustability.Somehavea low-pressureregu-
latorthatadjustsitselfas thealtitudechanges,
â€˜makingthemsomewhatmore efficient.

Diluter-demand system.The _diluter-
demandsystemis more complicated,but it
is muchmore efficientin its use of oxygen.
A diluter-demandregulatorworksjustas its
name implies:oulflowingoxygenstopsat
the regulatoruntil thewearer takesa breath.
Whenyou inhale,the regulatoropens,and
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oxygen,mixedwith ambientair, enters the
mask.After youexhale,the regulatorcloses
andstopstheflow of oxygen.Thismakesfor
â€˜amuchmore efficientuse of oxygen,because
youare not exhalingoxygenfromthesupply
System.Byvirtue of aneroid-controlledsup-
plyvalves,diluter-demandregulatorsalsoare

self-adjustingfor altitude.Figure2-6-4shows
a diluter-demandregulator.
Becauseoxygen is odorless,colorless,and
tasteless,theseregulatorsneeda methodof
indicatingwhen theyare workingproperly.
Theindicator,calledan eyeballor a blinker,is

partof theregulatorand is visibleto thecrew.

It-consistsof a smallindicatorthatblinkseach
time theuser inhalesandtheregulatorcauses

oxygento flow.Theprocedureis almostfool-
proof:no blink means no flow.

 Figure2-6-3.Cylinderstampings,showingthecylinder'shistory

OXYGENREGL Figure2-6-4,A diluter-demandregulator.Theblinker(left)winkswhena

breathis drawn,
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Naturally,a diluter-demandsystemis much
â€˜morecomplicated,and componentmainte-
nance is beyondthe realmof an A&P tech-
nician. However,A&Psare responsiblefor
systemmaintenance. Each manufacturersâ€™
â€˜maintenancemanual (MMM)or structural
repairmanual(SRM)hasa section devotedto
â€˜oxygen-systemmaintenance.

AlthoughA&Ptechniciansare not primarily
responsiblefor maintainingregulators,they
are responsiblefor performingoperationalchecksin theaircraft,and for removingand

installingtheregulators,

 
Pressure-demandregulator.Thethird type
of regulatoris a pressure-demandtype.It
â€˜workssimilarlyto the diluter-demand,except
that itis basedon pressureratherthaninhala-
tion.Specialcrew trainingisrequiredforusing
of thesetypesof systems.Pressure-demand
systemsare principallyfor militaryand
researchaircraftandare not likelytobefound
in generalaviationor commercialaircraft
OxygenMasks
Masksvaryfromthe extremelysimplecon-

stant-flowunits thatfit over the mouthand
nose (Figure2-6-5)to complex,full-facemasks
that are certifiedfor smokeand fumecabin
emergencies.Within this mix are theplastic
drop-downmasksusedwith oxygen-candle
emergencysystemsand the quick-donning
diluter-demandmasksthat must beavailable
forcockpitcrew (Figure2-6-6).

Tubing
â€˜Twotypesoftubingare usedin aircraftoxygen
systems:low-pressurealuminumalloytubingisweoFimlineCarryingprestureupto50pels
andhigh-pressurestainlesssteeltubingis used
in linescarryingpressureabove450p.si.Some
systemsare still aroundthatuse coppertubing,
â€˜Whichwas theoriginalmaterialofchoice.

All stainlessandcoppertubingjointsare silver
soldered.

NOTE:Someof the newer aircraftare

equippedwithhigh-pressureoxygenlines
â€˜madeofhigh-strengthaluminumalloy.

Linesrunningfromthe filler valveto eachof
thecylindersare calledfilerlines.Thoserun-

ring fromthecylindersto theregulatorsare

calleddistributionlinesor supplylines

(Oxygenlines,likeall otherlinesin theaircraft,
are identifiedbystripsof coloredtape.The
colorcodefor oxygenlinesis greenandwhite
with the wordsBreathingOxygenprintedin

thegreenportion,whileblackoutlinesof rect

anglesappearin thewhiteportion.
Resistanceto fatiguefailure is an important
factorin oxygenline designbecausethe line
pressurein-s highrpressuresystem,at times,
Exceeds1,80pstandatothertimesbeaslow5 30 pai.Becauseofthesevaryingpressures
Sandtemperatures,expansionand contraction
ccurall theie. Theseactuation cause metal

{itgue,whichmustbeguardedagainstin both

thedesignandtheconstrictionspecificationsfortubingStepsaretakenduringinstallationfopre-

â€˜entfatiguefailureofthetubing,Tubingis Bent



in smoothcoilswhereverit is connectedto an

inflexibleobject,suchasa cylinderora regulator.
Everyprecautionis takento preventtheacciden-
tal dischargeofcompressedoxygenbecauseof

faultytubingorinstallation.Althoughsimplein

constructionandpurpose,tubingis theprimary
â€˜meansbywhichoxygenis routedfromthecylin
dersto theregulatorstations.

High-pressuretubingis usuallystainlesssteel
or seamlesscoppertubingandis manufactured
in accordancewithstrictspecifications.Ithasan

outsidediameterof three-sixteenthsof a inch
and a wall thicknessof 0.035inch.Forappli-
cation in high-pressureoxygeninstallations,
coppertubingis type-NGoft-annealed),and is

pressure-testedat not lessthan3000psi.

High-pressuretubingis usedbetweentheoxy-
gencylindervalveandthefillerconnection in

all systems,betweenthecylindervalveand
the regulatorinlet in high-pressuresystems,
andbetweenthecylindervalveandpressure
reducerin reducedhigh-pressuresystems.

â€˜Toconnecthigh-pressurecoppertubing,adapt-
ers andfittingsare silversolderedto thetubing
ends.Becauseof thehighpressuresinvolved,
the security(leaktightness)of all high-pres-
sure linesreliesprimarilyon a metal-to-metal
contactof all its fittingsand connections. A

fittingproperlysilversolderedto theendof a

lengthof coppertubingdoesnot come looseor

leak.Propercleaningof all linesthatareeither

repairedor contaminatedis a must.Anycon-

tamination must not beallowedin thesystem
becausei tcouldcause serious problemsfor the

peopleusingit. Manufacturershavemanda-
toryguidelinesfor cleaningandpusgingthe
system,andtheymustbefollowed.

Someofthelatermodelsofairplanesusealum-rum alloyofstainlesssteeltubingin highrpres-
Sure oxygensysteminstallations:Replacement
tubingshouldbe manufacturedof the same

typematerialastheoriginaltubingora suitableSubstituteas speciintheMMM,
â€˜Threadsealer.Teflontapeis normallyused
as a threadsealer.Neveruse permateor zinc

chromatecompoundsbecausetheycontain a

petroleumproduct.

Valves
Varioustypesof valvesare installedin gas-
eous oxygensystems.Amongthe most com-

â€˜monlyusedare checkvalves,pressurereduc-
ingvalves,andfillervalves.

â€˜Checkvalves.Checkvalvesare installedat
various pointsin theoxygensystem.Theyper-
iit the flow of oxygenin one directiononly.
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Checkvalvesare in thesystemto preventthe
lossof theentizeoxygensupplyif a cylinderor

line is ruptured,

Oxygensystemcheckvalves.Variousstylesof,single-,dual,andtriple-checkvalvesare avail-
able.Arrowsembossedon thevalvecastingindi-
catethedirectionof flowthroughthevalve.

Pressure-reducingvalves(orpressurereducers)
are usedin someoxygensystemsto reducehigh

linder pressure fo a workinglow pressure.IRost stationsthepressurereerre
designedto reducethepressurefrom1,800psi
to a workingpressureof 60-70p.si.Theyare

alwaysintheoxygen-distributioninesbetween
thecylindersandtheflightstationoutlet.

Fillervalves.Alloxygensystemsaredesignedso theentire systemcan beserviced(refilled)
throughacommonfillervalve,Thefillervalve
is generallylocatedso that it can be reached

byaman standingon the groundor wing
(Figure2-6-7).Thefiler valvecontainsacheck
valvethatopensduringthe fillingoperation

 
Figure2-6-7,Thefillervalveforsome KingAir

oxygensystemsis (A)justinsidethedooropen-
ing;(B)othershavea specialaccess panelon the
outsideofthefuselage.
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andcloseswhenfillingis completed.A dust
capkeepsout dust,dirt,greaseandmoisture.

Gauges.Gaugesare used in gaseousoxy-
igensystemsto indicatetheoxygenpressure
in poundspersquareinch. All systemsare

equippedwith at leastone gaugethat indi-
catesthe amount of oxygenin thecylinders.
â€˜Thegaugealso indicates,indirectly,how
muchlongertheoxygenwill last.

â€˜Thevolumeof any gascompressedina cylin-
der is directlyproportionaltothepressure.I
thepressureshall thevolumeis half,andthe
like: Therefore,if 900 psi of oxygenremains

ina 1800pa system,half theoxygeni et

TypicalGaseousOxygen
Systems
Systemoperation.Figure2-6-8 showsan

â€˜operationalschematicof a BeechKingAir.
â€˜Thepressuremanifold,which is equipped
with internal check-valves,receives oxygen
flow fromthecylinders,directstheflow into
a.common line and routes it to thepressure
reducer.Themanifoldassemblyalsoconnects
toa filler line,allowingthethreecylindersto
bberechargedsimultaneouslyfroman external

supply.The pressurereducerdecreasesthe
pressureto 65psi.

Incorporatedon the low-pressuresideof the
pressurereduceris a relietvalvethatconnects

throughtubingto an overboarddischarge
indicator.If excessivepressuredevelopsin the
low-pressuresectionof the pressurereducer,
the excess pressureflowsthroughthe relief
valveand out the overboarddischargeline.
â€˜Thisflow rupturesthegreendiscin the dis-

chargeindicator,givinga visualindicationof
a malfunctioningpressurereducer.

â€˜Alinefromthehigh-pressuresideof thepres-
sure reducerconnects to a gaugein thecock-
pit.Thisgaugecan givethepilotan indication
Ofpressurein thethreestoragecylinders.
â€˜Theoxygenflowsfromthe low-pressureside
of thereducerto thethreeregulators.A flex:
ible hoseattachedto eachregulatoris for

attachingtheoxygenmask.

PortableOxygenSystems
Portableoxygensystemsincludewalk-around
cylinders,emergencyoxygen,and survival
kits. Thesesystemsare used primarilyto
maintain crew functionsif fixedoxygensys-
tems fail. All are small,lightweight,high-
pressure,self-containedgaseoussystemsthat
are readilyremovedfromtheaircraft.

Walk-aroundcylinders.Walk-aroundcylin-
dersare standardequipmenton manytrans-

portaircraftand are usedseparatelyor in

addition to a permanentlyinstalledoxygen
system.Eachsystemconsistsof a reducerand

regulatorassemblymounteddirectlyon a

smalloxygencylinder.

Figure2-6-9 illustratesa high-pressurewalk-
aroundoxygensystem.Ashortflexiblebreath-
ingtube,clampedto theoutletof theregula-
tor at one endandfitted with a connector at
theotherend,providesthe necessaryassem-

blyforattachingthedemandmasktube.

SystemMaintenance
â€˜Themaintenance proceduresdiscussedin
thissection are generalin nature. Consultthe

applicableservice manualbeforeperform-
ing anymaintenance. Routinemaintenance
includesservicingof cylinders,checkingthe
systemand regulatorsfor leaks,operation-
allycheckingthesystemandtroubleshooting
â€˜malfunctions.

Malfunctions can becomeapparentdur-
inginspections,testing,or actualuse of the
oxygensystem.Theremediesfor some mal-
functionswill bequiteobvious;otherscould
requireextensive time andeffortto pinpoint
the actualcause. Theeffectivenessof correc-

tive action dependson an accurate diagnosis,
of themalfunction,

â€˜Troubleshooting.Troubleshootingthe gas-
ous oxygensystem,as with othersystems,is,

theprocessof locatinga malfunctioningcom-

ponentor unit in a system.To troubleshoot

intelligently,you must be familiar with the
systemandknowthe functionof eachcom-

ponentin thesystem.Youcan studythesche-
â€˜maticdiagramsof thesystemprovidedin the
MMM to gaina mentalpictureof thelocation
â€˜ofeachcomponentin relationto othercompo-
nents.Bylearningto interpretthesediagrams,
youcan save time in isolatingmalfunctioning
â€˜components.Theschematicdiagramdoesnot
indicatethelocationof componentsin theait-

craft;however,it providesthe means to trace
the oxygenflow from the cylinderthrough
eachcomponentto themask.

Installationdiagramsprovidedin eitherthe
MMM or the illustrated PartsBreakdown
(PB)helpyoufind thecomponentin theair-

craft

â€˜TheMMMsprovidea varietyof troubleshoot-
ingcharts,whichhelpyoudiscoverthecause

of malfunctionandits remedy.
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Oxygensystempurging.Whenan oxygen
systemhasbeenleft openfor servicingor

repair,thesystemmustbepurgedof anymois-

ture or contaminates. Thesimplestmethodis

to connect thesystemto a full oxygenbottle,
connectseveralfacemasks,thenopenthebot-

tleandallowtheoxygento fill thesystemand
drain it. Thisprocessshouldbe repeatedat
leastthreetimesbeforereturningthesystem
to service. Drynitrogencan alsobe usedto

purgethesystemin thesame manner.

Replacinglines,fittings,or components.
â€˜Whenoxygensystemlinesor componentsare

replaced,i t is very importantthatall traces
of oils or petroleumproductsbe removed.
Stabilizedtrichloroethyleneor acetonecan be
usedto cleantubingor fittings.After theyare

cleaned,theyshouldbedriedwith heator by
blowingthemwithdryair or drynitrogen.

CAUTION:Onlythreadlubricantsand
sealantsthat are speciallyformulated
foroxygensystemsshouldbeusedwhen

assemblingthepartsof thesystem.Only
â€˜oxygencompatiblelubricantsthat meet

specificationMIL-G-27617should be
used.Anyother typeof materialcan

resultin a hazardouscondition.

Whenthe partsare dry,use cleanand new

protectiveplugsandcovers to cover all open-
ings.Purgethecomponentsbeforereturning
thesystemto service.

DailyInspections
â€˜Theseinspectionsare visual inspectionsfol-
lowedbya functionaltest. Inspectionsand
testsare performedin conjunctionwith the
inspectionrequirementsfor theaircraft

 Figure2-6-9, Aportablewalk-aroundoxygenbottledesignedforcabincrew

se. Walk-aroundsystemsuse a simplemaskanda constant-flowregulator.

CAUTION: Onceagain,makecertain
that when workingwith oxygen,all

clothing,tube fittingsand equipment
are free of oil,grease,fuel,hydraulic
fluid or anycombustibleliquid.Fireor

explosioncan resultwheneven slight
traces of combustiblematerialcome in

contact with oxygenunderpressure.

â€˜Testingdiluter-demandregulators.To per-
formthefunctionaltest,proceedas follows:

1. Placesupplyvalvecontrollever in the
ONposition.

2. Placethe diluter control lever in the
NORMALOXYGENposition.

3. Connectthe oxygenhoseto the quick-
disconnect,placethe maskto the face,
and inhale.Properregulatoroperation
is indicatedbytheflow-indicatorassem-

blyshowingwhiteduringinhalationand
blackduringexhalation,

Whileatgroundlevel,theregulatordoes
not normallysupplyoxygenfom the
supplysystemto the mask.Therefore,
the emergencypressure-control.lever
â€˜mustbeusedto checktheoxygensupply
functionof theregulatorat lowaltitudes.
â€˜Theemergencyleveris springloadedat
the NORMALposition,and returns to
NORMALwhenreleased,

4. Hold the emergency pressure-control
lever in the TESTMASK positionand
â€˜observetheflowindicator.Theflowindi-
cator shouldbewhite,indicatinga flow

throughtheregulator.
â€˜Afterthe functionaltest is complete,secure

theregulatoras follows:

1. Disconnectthe maskfrom the supply
hose.

2. Ensurethattheemergencypressurecon-

tzolleverreturns to theNORMALposi-
tion.

3. Movethediluter-controlleverto the 100

percentposition.
4. Move the supplyvalvecontrollever to

theOFFposition.

SolidOxygenSystems
Solidoxygensystemsare designedto provide
emergencyoxygento passengersandcabin
crew on largerpassengeraircraft.Thefight
crew

ser

anetoxygenand icedomningallface masksin an emergency. Asa safely
precautionon commercialfights,eachtime 3

Fightofficerleavesthefightdeckfor anyrea-



son, theremainingflightofficermustdonhis
mask,

Chemicaloxygen. Chemicaloxygengenera-
tors,commonlycalledaxygencandles,are actu-

allycomposedof sodiumchlorate(NaClO,)
and additional materials to supportthe
combustionprocess.Toproduceoxygen,the
sodiumchloratecandleis ignitedandstarts to

decomposerapidly(burn).Thegasgivenoff

bythe sodiumchloratedecomposition,after

filtering,is medicallypureoxygen.

â€˜Theamount of oxygengeneratedbythepro-
cess is a designfeatureof thecandleandcan-

not beregulated.Oncestarted,it burnsto the
tendof thechloratesupply.Generally,about15
â€˜minutesâ€™worthof oxygensupplyis produced.
Installation modules. Oxygengenerators
are installed in overheadpassengerservice

panelson mostairliners.Ifemergencyoxygen
is neededbecauseof a cabinpressurization
failure,themasksdropfroma dooron theser-

vice panel.Theycanbereleasedbythepilotor

droppedautomaticallyfromthe pressuriza-
tion loss.Eachmoduleservices betweenthree
andfiveoxygenmasks.Figure2-6-10showsa
â€˜customer-servicepanelloweredto revealthe
â€˜oxygencandleand oxygenmasks.

Eachmaskhangsbyits supplyhose,whichis

shanked(shortenedbyfoldingandtied).Firmly
yankingdown on the hosestraightensthe

â€˜Supplyhoseandfiresthesquibon theoxygen
generator.Thesquib(apyrotechnicprimer)
ignitesthechloratecandle,andoxygenstarts

flowing.Oncethechloratecandleis burning,
oxygenflow continues until the chlorateis

consumed.Theoutflowcannotberegulated.
A burningoxygencandlegetshot. Even

thoughthe unit hasinterior insulation,the
outsideofthe canistercan be250Â°For more.

â€˜Theinstallation is designedto accommo-

datethe temperature without dangerof fire
Oxygencandiesare inert below400Â°Fand
cannot beaccidentallyactivatedbythat temn-

perature.If theywere accidentallyactivated

{uringa cabinfire,theiroxygenoutputis 30

consistentthat i t wouldnot affecttheirecata-

strophically.

ServicingGaseousOxygen
Systems
Gaseousoxygensystemsare servicedusing
a specialprocedurethathelpsconserve oxy-
gen.A fullycharged250cubicfoot(cf)capac-
ityoxygencylindercan haveenoughcapacity
to fill two aircraftsystemsbeforethecylinderpressuredropstoo low tobringthethird refill
up to pressure.Youwouldneedanotherfull
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 Figure2-6-10,An oxygencandleinstalledin a customer-serviceoverhead
panel.

250-cfcylinderto refill thethird system.In a

shorttime,therewouldbea largecollectionof,
cylindersthatare unusable,yetare 75percent
fall of oxygen.

Specialoxygenservice carts use the cascade
systemsolvethe problem.Eachcart mounts
six 250-cfoxygenbottles,all connectedto a

manifold.Becauseof priorusage,eachbottle
hasa differentpressure,andeachbottlehas
its pressurerecordedon a logbooksystem.
â€˜Agaseousoxygenservice cart is shownin

Figure2-6-1

 Figure2-6-11.A gaseousoxygenservice cartthatuses thecascadesystem.
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To start the fillingoperation,the bottlewith
thelowestpressureisturnedon justenoughto

purgethefillerhosewith oxygenandblowout

anyaccumulationof debris.Oncepurged,the
fill hoseis connectedto thesystemfill fitting,
â€˜Onceconnected,the cylinderwith the low-
est pressureis slowlyopenedandoxygenis,

allowedto transferto theaircraftsystemuntil
all flowstops.Thenthecylindervalveis closed
and the current bottle pressureis recorded,
supersedingthe previouslogentry.Thenext
lowestpressurebottle is now slowlyopened
and it, 00, is allowedto flow until all flow
stops.Thisstair-stepping,or cascading,system
is repeateduntil the aircraftsystemreaches
its properpressure.Byusingthissystem,the
higherpressuresupplycylindersare drawn,
down less.Theirhigherpressureis usedto
boostthesystempressureinsteadofsupplying,
themajorityof thevolume.

 Figure2-6-12.Thebusinessendofan oxygenservice cart,showingthetags
foneachcylinderforrecordingtheremainingcylinderpressure. 

Becauseallsupplycylindersare connectedtoa

â€˜manifold,thereis no requirementthathigher-
pressurecylindersbe in a specificlocationon

theservice cart. All youhaveto do as an A&P
technicianis to be sure and purgethe line,
fill thesystemto thecorrect pressure,andre-

recordtheremaining cylinderpressuresin the
logfor thenext refill (Figure2-6-12).

 

 

OxygenSafety
Cylinders.Althoughnot flammable,oxy-
gen is consideredas such in most safety
programs.Becauseit is an oxidizer,oxygen
can greatlyaccelerateanyfire.Evenfiresthat
mightbe controllablebythemselvesgo out
of controlwhenan excess supplyof oxygen
is present.Donot attemptto fightan out-of
controlfire byyourself.Call the fire depart-
â€˜mentand tell themthere is a fire that is,

oxygen-fueled.Thatalertsthemto bringthe
correct equipmentfor puttingit out. Observe
the following:

â€˜=Neverallowanytypeof oil or petroleum
productanywherenear excess oxygen.
Theatmosphereproducedbyexcess oxy-
gencan selfigniteand cause an intense
fire,

â€˜+Handleoxygencylinderscarefully,and
â€˜openthevalvesslowly.

= If openedtoo quickly,itis possiblefor a

regulatordiaphragmto rupture,allow-
ing high-pressuregasto escapethrough
a damagedregulator.

â€˜+Whenreplacinga storagecylinder,keep
thecylinderprotectivecapscrewedonto
thecylinderuntil itis firmlysecured.

â€˜+Beforeattachinga regulatorto a full cyl-
inder,brieflycrackthecylindervalveto
blowdustanddebrisfromthefitting,

â€˜+Whenstoringhigh-pressurecylinders,
alwayschainor strapthemto something
stable,likethebeamofabuilding

â€˜+Neveruse oxygentoinflateanything.
â€˜Oxygengenerators.Oxygengeneratorsare

normallysaferto handlethanoxygencylin-
ders.A fewbasicrulesmust still befollowed:

â€˜+Neverremove thesafetycapwhenhan-
dlingoxygencandlesuntil the mainte-
nance instructions tellyouto doso.

â€˜+Followtheaircraftmaintenance instruc-
tions for replacingall solidoxygencan-

les.

+=Itissafertostoreoxygencandlesin their
shippingcontainer thanto justputthem
cn theshelf



â€˜=Specificregulationsexist for shipping
â€˜oxygencandles.Theyare considereda
hazardousmaterial,

â€˜+NEVERshipan oxygencandlein an air-

craftcargocompartment.To do so can,
andhas,causedat leastone violentair-

planeaccident.

â€˜*Duringan inspection,alwaysfollowthe
establishedprocedure.To varyfrom i t
couldcause youto tripthetriggeron the

squib,startingthe irreversibleoxygen
generationprocessto start.

CERsforOxygen
â€˜Thefederalregulationsdealingwith oxygen
systemsforbothreciprocatingandturbineai-

craftare as follows:

â€˜+23.M4I:Oxygenequipmentandsupply
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23.1443:Minimummass flow of supple-
â€˜mentaloxygen
23.1445:Oxygendistributionsystem
23.1447:Equipmentstandards

23.1449:Meansofdetermininguseofoxy-
â€˜gen
23.1450:Chemicaloxygengenerators
23,1451:Protectionofoxygenequipment
125.219:Oxygenfor medicaluse bypas-
sengers
13591:Oxygenfor medicaluse bypas-
sengers,
135.157;Oxygenequipmentrequirements



 

   



 

LandingGear
Systems

This GulfstreamGUL is making a typical
shortrunwaylandingata generalaviationbeamingairportThemain wheelshavejusttouched OBJectives
thcrunwayandleftalitlerubbersmoke;theREVIEW
nosewheelis sill in the ait, and the theust Designand
reversers are justcomingunlocked,As soon operatonoflandingas the nosewheeltouchesdown the brakes â€˜geartypesincluding
come on and the antiskid starts working.__ultiplewheeled{Tis aeplanehaseverysystemdescribedth
this chapter,andareallworkingat thesame

time

 
DESCRIBE
+Stepsof landing
â€˜gearinspectionat

maintenanceprocess

Designs,sizes,and
â€˜constructionof tres

â€œTypicalwheel
. â€˜assembliesandSection1 maintenancetasks

is is sAieraftantisidAircraftLandingGear Fe ee
Landinggearfor aircraft is quitevaried.  9Peration
Dependingontheaircraftsize,itsdesign,and Â«Characteristicsof
theara oftsoperation,notwosystemslook eachpeafbrake,
exactly thesame. brakesystem,andttyth

assembly

 

TypesofLandingGear CRoy
for land operon,the landinggsr can be BEEstylyedivided into two generalcategories:fixedand

retractable. +Tire maintenance

Fixed landinggear.Fied landinggearis Peyetatveandnormallyassociatedwith light,singleengine \iiveataregaircraft.Themain gearis supportedeitherby "Matesfor brake
thewingsor the fuselage,dependingon the Systems,assemblies,
design.Wherewingsare used,their struc- andcomponents
ture isbuilt up to distributetheweightinto
thewingspars.Ona fuselage-mountedland-
inggear,theloadnormallyis transmittedinto Left.ThisGillismaking
a boxstructure thatholdsboth landinggear. atypicalshortrunway
SeeFigure3-1-1for an exampleof fixedland- landingata generalinggear. aviationairport.  
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    Figure3

â€˜Thedesignof the deviceusedto absorbthe

landingload can furtherclassifyfixed land-
inggear.Thesecanbea bungeecordtype,flex
type,or an air/oilshockstrut,

â€˜Theflextypecan useasteelstrutor gearlegthat
flexesunderloads.Someoftheseflexiblegearlegshavebeenbuiltoutoffiberglass.Theair oilshock.
strut uses a tubefilledwithhydraulicoil andair

pressure.Thechapteron hydraulicsexplainsthe

â€˜workingsofan air/oilcylinder.
â€˜Mostfixedlandinggearaircraftmakeuse of
â€˜anose wheel.Normallytheseare shockstrut

typegear.Thisgearis normallyattachedto the
enginemount. Nosegearof this typeis usu-

allysteerablewith therudderpedals.In some

   as floatplanes.

-1.Fixedlandinggearon (A)a highwingdesign,and(B)a lowwingdesign.  

instances,thenose wheelsare not steerable,but
caster instead.

Conventionallandinggear.Theconventional

landinggearlayoutwas adoptedvery early
in aviation. Twowheelsmountedon struts up
frontcarriedmostof theweight,anda tail skid
in the rear hadtheadvantageof creatingdrag
duringlandingsandtakeoffs.Theextradragonthetailhadtheadvantageofhelpingtokeepthe
airplanepointedin therightdirection.It also
helpedslowtheairplaneduringlanding,thus
brakeswereeithernot usedor a minimaldesign
was al thatwas necessaryforcontrol.

â€˜Thesedesignsalsobroughtaboutthe fabled
tineespointlandingTothee pointan aieplane

.

Figure3-1-2.Atypicalexampleofconventionallandinggearis thisCessna180.Theyare alsopopular
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 Figure3-1-3.A Boeing757withgearandflapsdown.Noticethetit angleofthelandinggeartrucks.

thepilothadto bringabouta stallwhileonly
inchesabovetherunway.Theairplanewould
thentouchdownwith themain gearandtail
skid at thesame time. Thedragfromthe tail
skidhelpedmaintain directionalcontrol

â€˜Asthe needfor all-weatherairportsbecame
the norm, more runwaysbecamepavedand
tail skidslost their purpose.In their place,
â€˜manufacturerssimplyinstalleda tailwheel

Figure3-1-2showsa typicalCessna180 tail
wheelairplane.Althoughit was a simplefix,
â€˜onhardsurfacerunwaystailwheelsofferedno

real advantages;indeedsome disadvantages
appeared.Oneof themajordisadvantageswas

thegroundloop.Agroundloopisalossofdirec-
tionalcontrolbroughtaboutbya rapidswing
of thetail duringlanding.Withthecenter of
gravitybeingbehindthe main gear,the loss
(ofcontrolis veryrapid.Thecommon resultis,

thattheairplanetipsover sidewaysto thepoint
thatawingtipscrapestheground.Ifit scrapedhardenougha wingcouldsuffera brokenspar.

â€˜Asairplaneswerebuiltheavierandwith more

powerfulengines,steerabletailwheelsbecame
necessary.Todayâ€™stailwheelis normallysteer-
ablebytherudderpedalsthrougha cablesys-
tem.Withthelossof thetail skiddrag,brakes
becamenecessaryfor steeringandstopping.
With the continuingincrease in weightand

higherlandingspeeds,brakesystemsbecame
â€˜morecomplicated.

Retractablelandinggear.Retractableland-
inggearis normallyusedon highperformance
aircraft.Thiseliminatesthedragcreatedbythe
fixedgearandmakestheairplaneperformbet-
ter.Virtuallyall retractablegearsare ofthenosegearconfigurationanduse air/oilshockstruts,

To raise and lower the gear,hydraulicor

electricalpower is commonlyused.Only
veryfewtypesof lightaircraftuse electrical
power.Heavieraircrafttypicallyuse hydrau-
lic powerbecauseof the energyrequiredto
raise andlowerthegear.Onalargetransport
categoryairplane,the weightof the land-
ing gearand its supportingstructure can

approachone-thirdtheweightof the entire

airplane.Figure3-1-3showsaBoeing737on

a final approachfor landing,
Like the fixed gear,structuralprovisionsare

built into thefuselageor wingsto supportthe
loadsimposedbytheretractinggear.Thisoften
requiresbeams,boxstructures,or a buildupof,
the spars.The addedstructure necessaryto
attachthelandinggeargenerallyextendsfrom
tonesideof thefuselageto theother.Thestruc-
ture is calleda carryHirough.

Figure3-1-4,Themovementofmostretractable
landinggearis upwardandinward.Thisplaces
thepivotpointin thewingstructureandpro-
Videsa widetread. 
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In additionto the structure necessaryto sup-
portthespar,a placemustbeprovidedto stow
thegearin theretractedposition.Thisarea is,

knownas thewhee!well.Onmostaircraft,the
wheelwellshavedoorsthat are sequenced
with thegear.Mostmain gearmovement is up
andinwardasshowninFigure3-1-4.Thismain

gearis attachedto a beamthat is fastenedto
the rear wingsparandthefuselage.Whenthe
gearis retracted,thewheelrestsin thefuselage
wheelwell

Thenose gearis generallyplacedin a struc-
turalboxthatsupportsthegearandformsthe
nose gearwheelwell.A view of thisis shown
in Figure31-5, Thisgear retracts forward.
Thenose gear,becauseof its abilityto steer,
is requiredto havea centeringdeviceon the
landinggearso thegear,whenretracted,fits in

thespacerequired.

Seaplanesand amphibians.Someaircraft
operationsrequirethat landingsbe madeon

â€˜water.Someaircraftare amphibious,which
â€˜meanstheyhavealandinggearandprovisions
forwater landing.Thisisusuallyaccomplished
bythedesignofthehull andtheuse of retract
ablelandinggear.Thehull is thefuselagebuilt
to withstandtheforcesof landingin addition
to thestrainsof flight.Tostabilizetheaircraft
in the water,pontoonsare sometimesplaced
towardthetipof thewing.Becausethehull or

fuselagemustsupporttheaircraft in thewater,
thelandinggearoftenretractsinto thefuselage
abovethewater lineshownFigure3-1-6.
Normallythe hull portionhascompartments,
that are watertight.Thispreventsa leakfrom

Figure 3-1-5.Thenose wheelwel is generallythemain supportingstruc. _fillingthe hull; onlya compartmentgets
tureforthenoseoftheaircraft. flooded.Onaircraft suchas this,corrosion is of, 
   haoFigure3-1-6. AGrummanWidgeonamphibianseaplane.
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primaryconcern,andspecialprecautionsmust
betakenwith thealuminumstructure.

Otheraircraftusedon thewaterareoftenland
planesconvertedto water use. Theseaircraft
â€˜requirefloatsinstalledin placeof thewheels.

â€˜Thefloatscan be madeof aluminumor fiber-

glass.The basicconstruction of the float is,

madeup of stringersandbulkheadscovered
with skin.Toaid in maneuveringwhile taxi-

ing,water ruddersare placedat thebackof the
float.To keepthepilotfromover controlling
theairplane,theseare retractableduringtake-
off andlanding, Figure3-1-7.Theseare amphibianfloatsmountedon a standardairplane.

Notetheretractedwaterrudders. CourtesyofCena
 

Somefloatsare additionallyequippedwith
wheels.Thewheelsare retractedduringwater,

landingsandare extendedwhenlandingon

theground.Thisis performedbya hydraulic
system,Floatplanesare sometimesableto land
â€˜ongrasswithoutwheels.However,thisproce-
duredependsonthemanufacturerandits rec-

â€˜ommendations.In Figure3-1-7a typicalsetof,
floatsthatwouldbemountedon a fixedgear
aircraftis shown,

Skiplanes.Forarcticor snow operations,skis,
are oftenrequired.Twobasictypesare most
common. Onekind is thewheelreplacement
typethatrequiresthewheelandbrakeassem-

blyto beremoved,andtheskiisinstalledon the
axle.Thistypeofinstallationrequirescablesto
limit theski travelon theaxleandto holdthe
skiin properrigofafewdegreesupwardat the
tipof theski.Skisaremadeofeitheraluminum
or fiberglass. Figure3-1-8.Skid-typehelicopterlandinggear. (Onsome installations,itis desirableto havethe
abilityto landon snow or dryrunway.In such
cases,a retractableski is used.Thesecan be
operatedmanuallyor hydraulically,depend-
ingon thedesign,
Helicopterlandinggear.Helicoptersuse a

varietyof landinggeartypes.Theseinclude
skid-typegear,fixed-wheelgear,and retract
able-wheelgear.

â€˜Themostpopularlandinggearfor lightheli-
coptersis theskid-gear.Thistypeof gearsup-
portsthe aircraftduringlandingsbybeing
attachedto themain structure of thefuselage.
Normallythe cross tubesof the skid-gear
absorbmoderatelandingloadswith thespring
action ofthetube.In some instances,a hydrau-
licdampeneris usedto helpcushiontheload.

â€˜Althoughthesegearscan absorbratherheavy
compressionloads,theyare not stressedfor
tensionloads.Onthebottomof theskids,shoes,
are attachedto preventdamageto the skid
â€˜tubefromabrasioncausedbyforwardspeed.
Severalweldbeadsare usuallyplacedon the
shoeto protectit Figure3-1-8)   Figure3-1-9.Frequentlyhelicopterslandon a dollyso theycan bemovedin

andoutofthehangar.
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Figure3-1-10.Groundhandlingwheelsattachedto a skidlandinggear.

â€˜Theskid-gearis quitesimpleandeasyto main-

tain butpresentssome problemswith ground
handlingbecausewheelsmustbeplacedon the
skidsto move thehelicopterbyhandor towing,
Forthisreason a specialdolly or wheeledplat-
formis oftenused(Figure3-1-9)

â€˜Anoptionis availablefor temporarywheelson

Sskid-gearon some helicopters.Theyare called
groundhandlingwheels.Attachmentis com-

monlywith an overcenter arrangementthat
makesthewheelassembliesreadilyremovable

Figure31-10)
Whenthehelicopteris not exposedto landings
in unimprovedareas,mostoperatorsprefera

â€˜wheeledundercarriage.Mostuse a nosewheel

configurationwith a caster-typenosewheel.
Whenthewheeledgearisanoption, itis anor-

mallya fixedtypeof landinggear.However,
some of the more sophisticatedhelicopters
have retractablelandinggear.Figure3-Ll1
is an illustrationof a SikorskyBell 430with
retractablegear.

 

Ithas two main gearsanda nose gear.Thenose

gearconsistsofanair/oilshockstrut,a shimmy
damper,a trunnion,andtwo wheelassemblies.â€˜Thisisattachedto a structuralbulkheadof the
aircraft,

â€˜Themain gearconsistsof a beam,tire/whee!,
andbrakeassemblyon eachside.Theseattach
to themain beamassembliesof thehelicopter
structure. An air/oilshockstrut is attachedto
eachgearbeamand thehelicopterfuselage.
â€˜Thebrakesystemis usedfor differentialbrak-
ingandas parkingbrakes,

â€˜Multiplewheeledlandinggear.As aircraft

weightincreases,it is common to see two
for more wheelsper gearleg(Figure3-1-12).
Multiplewheelsspreadthe aircraft'sweight
over a largerarea andprovidea safetymar-

gin if one tire fails.It is alsocommon to see

smallerdual wheelsand tires rather than
single,largerwheelsandtires. Althoughthe
rotationalspeedis higherduringtakeoffand

landing,the smallerunits are easier to fit
insidethewingsandnacelleswhentheyare

retracted,

Largertransportaircraftneedeven more foot
printto takethe landingloadscreatedbythe
very size of theaircraft.A systemof multiple
axlescalledtrucksmakeseightor more main

â€˜gearwheelspractical.

Bogiesand trucks. Whentwo wheelsare

attachedto a beamon one strut,theattached
â€˜mechanismis referredto as a bogie.Seldomis

one bogieusedbyitself;therefore,i t becomes
a truck(twobogies)Figure3-113showstwo

bogiesona singletuck. Thenumberof wheels
thatareona truckandthenumberofteucksaredeterminedbythegrossdesignweightof the
aircraftandthesurfaceson whichthe loaded
aircraftmayberequiredto land,

â€˜Thetricyclearrangement ofthelandinggearis

madeupof manyassembliesandpartsThese

  Figure3-1-11.Bell430 helicopterwithretractablelandinggear.



Figure3-1-12.Dualmain landinggearwheel
arrangement. consistofair/oilshockstruts,main gearalign-
â€˜mentunits,supportunits,retraction andsafety
devices,auxiliarygearprotectivedevices,nose

wheelsteeringsystem,aircraftwheels,tires,
tubes,andaircraftbrakesystems.Theairframe
technicianshouldknowallabouteachof these
assemblies,their inspectionprocedures,and
theirrelationshipsto thetotaloperationof the
landinggear.

Bungeecordlandinggear.Bungeecord,also
calledshockcord,hasbeenusedin landing
gearsystemsfor manyyears.Reservedfor
smallairplanes,thesystemis simplicityitself
â€˜Ashockcord is nothingmore than many
strandsof rubber(similarto a rubberband)
wrappedarounda mandrelmanytimes until
the bundlecross section is aboutthree-quar-
tersofaninch in diameter.Thenthebundleiscoveredwith woven fabric.Theendresultis a

large,strong,fabriccoveredrubberband.The
hardwaresection of BookOne,Introductionto
AircraftMaintenance,explainshowto interpret
thedatecodewoven into thecovering.

Thesteut for attachingthebungeecordsis a

weldedassemblyof two tubes,one sliding
insidetheother.Eachhasweldedfittingsfor
attachingthe cord(Figure3-114).Fabricor

leathercoversare typicallyfastenedaroundthe
cordsto helpprotectthemfromtheelements.It
is unlikelyyouwill everbecalledon to replace
anybungeecordshocks.Ifyouare,keepthisin

â€˜mind:thecordsare verystiff,stronganddiffi
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Figure3-1-13.Bogietruckmainlandinggearassembly.

Leaftypegearlegs.Theso-calledCessnatype
gearlegshavebeenusedon manydifferent
â€˜makesof airplanes.As for thegearlegitself,it
is themostsimpleofall.Itis one pieceofspring
steel.Thetopendis clampedtothefuselageland-
inggearcarry-throughstructure,andthelower
endhasattachmentholesfortheaxleassembly.
Taperedshimscanbeusedto correct thetoe-in/
toe-outsomewhat.Nofurtheradjustmentis pos-
sible,or necessary.Thespringsteellegsneedto
beinspectedforcracks.A 10-powermagnifying

 
Figure3-1-14,Theseare bungeecordshockstrutson a homebuiltplane.Notice
thattheassemblyhastwoshockcordshookedon thelowertube,wrapped
aroundtheupperattachpoints,thenhookedagainon thelowertube.

cultto installwithoutspecialtooling.DoNOT
attemptto replacethemwithoutthetoolingto
dothejob.  
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 Figure3-1-15.A classicnonretractableshockstrutlandinggearsystem,

   ij
Oe

{glassis standardequipmentforavisualinspec-
tion. Normally,eachairframemanufacturer
specifieswhatnondestructivetestingprocedures
are necessaryfora thoroughinspection,

Shockstruts,nonretractable.Nonretractable
shockstruts â€˜arethe next most complicated
system.Thistypeof landinggearhasbeenthe
favoriteof thePiperAircraitCorporationfor
manyyears.It hasbeenusedon severalmod-

clsoftraineraircraftanda series of inexpensive
singleengineairplanes(Figure3-115).

â€˜Theinner workingsof air/oilshockstruts are

coveredin thehydraulicssectionofthistextbook.
â€˜Thesetypesof installationsare simple,strong,
andactuallyrequirelitle maintenance.Theprin-
cipalmaintenancerequiredis to checkthestruts,
oil level,andtopitoff withMIL-H-5606hydraulicfluid if itis low.Thesafest,practicalwayto check
theoil levelis to jackup theaircraft,releasethe

Figure3-1-16.(A)Mediumair valve,and(B)high-pressure(Schrader)air valve.

air pressure,andcompressthestrut.Theairpres-
sure mustbereleasedaccordingto theseinstruc-
tions.Theoil levelcan thenbecheckedvisually
byremovingtheplug.Theoil levelshouldbe
even to thebottomof thefillerhole.Theaircraft's
â€˜maintenancemanual(MM)explainsthemethod
of toppingoff thefluid level.Oncetoppedoff,
refillingthesteutwith air is necessary.Thereis
no fixedair pressure.Theair pressureis adjusted
bymeasuringthe extensionof the inner tube
withtheairplanesweightsettingon it. Youmust

gethatmeasurementfromtheaircraft'sMM. Iti
in therangeofthreeto fiveinches.

Not enoughextension allowsthestrut to bot
tom out whenlandingandtaxiing.Toomuch
air pressureputsadditionalstrainonthestruc-
â€˜turewhenlandingandtaxiingbynot allowing
thestrut to absorbtheloadproperly,
Airvalves.Wwoofthevarioustypesofhigh-pres-
sure air valves currentlyin use on shockstruts
are illustratedin Figure3-116.Onevalve(Figure
3.116A)contains a valvecore andhasa five-

cighthsinchswivelhexnut. Iti usedformedium

pressureinstallations.TheotheraievalveFigure
31168)hasno valvecore andhasa three-quarter
inchswivelhexnut. Usinga wrenchto turn the
taperedvalveseatextendingthroughthebody
closesit. tis calleda Schradervale.

WARNING:All pressurizedstruts are

potentiallydangerousto handle.Follow
themanufacturer'ssafetyinstructions to
theletter.

â€˜Whensomeairplanesarejackedupandthestrut
extended,theinner tubeis retainedin theouter
tubebyonlythetorquelinks (scissors).Donot

tryto disconnectthemwith thestrut extended.
Donot extendthestrut to its full lengthwith the
scissors removedbecausetheinner tubeis free
to slideoutofthestrut housing,

 



Someshockstruts havean internalsleeve,oF

spacer,to eliminatethisproblembyproviding
an extensionstop.

â€œAlwaysgreasethetorquelinks as specifiedby
theservice schedule.Notgreasingthemprop-
erlyacceleratesthebushingwear andrequire
theirreplacement.

RetractableLandingGear
(Oneofthefirstmajorinnovationsin aircraftper-
formancewas theinvention of retractableland-
inggear.Bygettingthegearoutoftheslipstream,
streamliningwas improveddramatically,and

speedandrangeimprovedproportionally.
â€˜Theretractablelandinggearhasaddedgreatly
to the complexityof modernaircraftdesign.
Someretractinward,some outward,andsome

back.Onlya fewnose gearsfoldforward.Some
retract into thewings,some into thefuselage,
andsome doboth,

â€˜Asexplainedin the sectionon wheels,most

gearsystemstodayuse moze thanone wheel
permain gearleg.Whilemost systemsare

operatedhydraulically,some generalaviation
aircraftstill retract thegearelectrically.Some
alsouse an electricallyoperatedhydraulicsys-
tem (PowerPack).BothPiperandCessnaman-

lufactureretractablegearairplanesthat use

clectricallypoweredhydraulicpowerpacks
for gearretraction. It simplifiesthe airplane
systems.On largerairplanesthathaveaddi-
tional requirementsforhydraulicpower,gear
systemsare almostexclusivelyhydraulic.Most
havetheabilityto operatefrommore thanone

hydraulicsystem,not includingan emergency
extensionsystem.

Basicretractablesystems.Figure3-117shows
a retractablemain gearthatwouldbe found
oma transport categoryairplane.I showsthe
main itemsthatarerequiredfor a retractable

landinggearto operate.Forpracticalpurposes,
all systemsthoughtheymightlook diferent,
havethe same basiccomponentsarrangedin

thesame manner Figure31-18showsanother

drawingshowingthesame partson a retract
ablenosewhee.
ElectricallyOperated
RetractionSystem
â€˜TheBeechcraftKingAir C90is an exampleof,
an electricallyoperatedlandinggearsystem.
â€˜Allthreelandinggearstruts are conventional
air/oilunits.

Nosegear.Thenose gearissteerablethrough
direct linkagebetweenthe rudder pedals   
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 Figure3-1-17.Adrawingofa Boeing737main gearshowingthebasicitems
necessaryfora completeretractionsystem;al retractablesystemshave
thesecomponents.

Dragtinkfrurthlonpin

Figure3-1-18.Similarto landinggearshownin Figure3-1-17,thisillustrates
a classictransportcategorynose gearretractablesystem.
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Squatswitch

   Figure3-1-19.Thesquatswitchis visibleon theuppertorquelinkofthis
fullyextendedmain gearleg,

 Figure3-1-20.Gearpositionhandleandthethreegreengeardownlights

and the nose gearsteeringlinkage.A single
cylindershimmydamperis installedon the
nose gearstrut to dampenout all vibrations.
After takeoff,a straighteningroller centers
thenosewheelas thenose gearis retractedaft
into thewheelwell.Nosegeardoorsmechani-
callycloseduringretraction andopenduring
extension,

â€˜Maingear. Themain gearretracts forward
into the nacellewheelwells.Themain gear
doors operatebymechanicallinkageand
remain openwhenthegearis extended.During,
groundoperations,themain gearis heldopen
bymechanicaldownlockhooks.

â€˜Atwo-positionswitchon the copilotâ€™ssub-
panelcontrols the electric gear. During
groundoperationthe controlswitchis held
in positionbya solenoidoperateddownlock
hookthat is releasedwhentheairplaneis in

flightand the squatswitch(Figure3-1-19)is

activated.
 

Squatswitch. Thisswitchis mountedon one

of the main gearhousingsandconnectedto
the torquelinks (Figure3-1-19).Whentheair-

plane'sweightis on the wheelsthe switchis

â€˜opened,disarmingthe retract system.When
airborne,the gearportionof the switchis

armed,allowingretraction. Squatswitches
can haveseveralpolesand can be usedfor
other functions,ie, pressurizationdump
valveoperation.All retractablelandinggear,
electricalor hydraulic,havea squatswitchin

thesystem,

Cockpitcontrols and positionindicators.
Withretractablelandinggear,we needsome

warning systemsto tell us that the gear is

up andwhenit is downandlocked(ornot)
Warningsystemscan haveadditionalthings
built in to helpkeepus frommakinga mis-

take: warning horns.Whenthe throttle is

closedand the wheelsare not extended,the
warninghornsounds.Largeaircraft systems
haveconsiderablymore safetychecksbuilt
into thegearwarningsystemsthanlightair-

planes.Thosesystemsare coveredlaterin the
chapter.
TheKingAir cockpitsystemshavefive gear
positionlights,threegreenandtwo red(Figure
3-120),Thegreenlights,one foreachgearillu-
â€˜inatewhenthegearisdownandlocked.The
landinggearhandlecontains two red lights.
Theyilluminatewhena gearis not downand
locked,when one or more landinggear is

in transit,not downandlocked,or whenthe
â€˜warninghornsounds.Whenthegearis up and
locked,all lightsare off

Warninghorn. Two microswitches,one for
eachthrottle,are on thecontrolpedestal.They



soundthegearwarningwhenthethrottlesareretardedto landandthegearis not downand
locked.

Landinggearmotor andactuator.Figure3-1-
21showsa layoutofachainandtorquetube,
electricallydrivenretract system.Thelanding
gearmotor is a split-field,series woundand28
VDC motor with a dynamicbrakingfeature.
â€˜Asplit-ielddevicecontainsone field for run-

ningin one direction,andtheotherfield runs

in theoppositedirectionâ€”thusextensionand
retraction withoutanygearshifting.Theunit is,

underthefloorboardsaheadof themain center
sectionspar.

â€˜Thegearmotor drivesa gearboxthat,in turn,
drivestwo torquetubesthatrun out to themain

{gearactuators.A duplexchainwhosesprocket
is attachedto one of thetorqueshaftsfromthe

gearboxmotor drivesthe nose gearactuator.
Limit switchesareadjacentto thetorquetubes,
andensure thatmotor rotation stopswhenthe
desiredtravelis reached.Frictionclutchesand
circuit breakersprovideeven more protection
againstoverrun,

Emergencyextension.All retractableland-
inggearsystemsneeda backupemergency
system.TheKingAir C90uses an emergency
engagehandleanda ratchetleverthat is next
to thepilot'sseat.Touse theemergencyexten-
sion systemthe circuit breakerfirstneedsto
bepulled.Anypossibilityof themotor start

ingto run duringmanualextensionwouldbe
catastrophic.Thenthehandleis engagedand
â€˜turnedclockwiseto disconnectthemotor and
lock the emergencysystemto the gearbox.
Onceall thisis engagedcorrectly,thehandleis

pumpedup anddownto activate thecontinu-
fous ratchet,whichturns thetorqueshaftsand
lowersthegear.

â€˜Onceon theground,the adviceis to change
nothinguntil theoriginalmalfunctionis found
andcorrected.Youdonot want thegearto start

foldingup and the wholeairplaneto come

downon you.Jackstandsandsafetystands
shouldbe in orderbeforedoinga gearretrac-
tion test.

LightAircraftHydraulic
LandingGear

â€˜A.uniquethingabouttheKingAir 90series is

that it was producedwith bothelectricallyand

hydraulicallyoperatedlandinggearsystems.
â€˜Thisgivesus an opportunityto examine both
systemson thesameairframe.
â€˜Noseandmain gear.Themain andnose gear
assembliesare not thatmuchdifferentfromthe
â€˜oneson the mechanicalretraction system.In
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Main gear

actuator.

Nose gear
act

Figure3-1-21.Thisdrawingshowsa completechainandtorquetubeoper-
ated,electricallydrivenretractsystem.

essence,thedifferenceis in the actuatorsand
theinternalpowerpacksystem.Themajordif-
ferencebetweentheKingAir hydraulicpower
packandotherlightaircraftpowerpacksys-
tems is the use of an 800 p.si, accumulator.
Most smallaircraftsystemsdo not use an

accumulator.

Systemoperation.Thehydraulicsystemis

a closedcenter system(Figure3-1-2).When
gearup is selected,a four-waysolenoidoper-
atedvalveis energized.Thisopensthepres-
sure andreturn linesandallowsthepressure
fromthe accumulatorto start activatingthe
upactuators throughthegearup line. When
the systempressurereachesthe low pres-
sure setting,the powerpackstarts running,
buildingthepressurebacktowardthesystem
highpressuresetting.Thenose gearhasan

internallockthat is lockedbycylinderexten-
sion andunlockedbyinitial systempressure.
Onceunlocked,the cylinderpressurepulls
upon thedraglink andstarts to retract the
gear.The main gearis unlockedbyretract

pressureon the lockinglink,and then the
gearis retracted.

Onceretracted,systempressureincreases to
the maximum setting;then it is shutoff by
a pressureswitch.Thelandinggearis held
in placebysystempressurealone.Theaccu-

mulator,fullychargedfromtheretract cycle,
maintains pressureeven thoughsome internal

leakagecan occur throughthe valve.When
thesystempressurebleedsdown to the cut-
in point,the powerpackautomaticallystarts
and runs justlongenoughto rebuildsystem
pressureto the max cutoffpoint,and.then
disconnect.Thesecretto a systemlike this(if
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Figure3-1-22.TheoperationallayoutoftheKingAir C90hydraulicgearsystem.

thereis a secret)is thatthecut-in pointfor the
hydraulicpowerpackis highenoughthatthe
gearhasnot yetbegunto sagbelowthewheel
wellwhenit cuts in.

Gearextensionis almostthereverseoftheup
â€˜operation.Movingthegearcontrolhandleto
downswitchesthe solenoidvalvepositions,
allowingthe downlines to becomepressur-
ized,the up lines to turn into returns,and
the gearstarts to go down.Oncethe nose

gearreachesthe end of its travel,the drag
link goesover center,lockingit extended,

â€˜Atthe same moment,the internal lock in

the cylinderlocks,securingthe draglink.
Meanwhile,the main gearextendsthe drag
linksto theirfullest,thenactivates thepositive
hooklatchwith the lastbit of cylindermove-

â€˜ment(Figure3-1-23).As thepressureincreases

to maximum, thegear-operatinghandlekicks
Figure3-1-23. Amain geardraglinkgettingreadyto lock.Whentheblock _intoneutralpositionandthepowerpackshuts
{goesinto thehookthegearis lockeddown.Thelackalsotripstheswitch of
andindicatesa geardownlight. 



Air TransportHydraulic
LandingGear
Largeaircrafthydrauliclandinggearsystemsall
haveone thingin common;theyare veryheavy.
â€˜Theheavylandinggearretractfine,butpresent
1 designproblemwhentheyextend.Theheavy
landinggeartendsto to freefall,pullingthe
actuatingcylinderpistonfasterthanthesys-
tem pressurecan fill the downcylinder.â€˜The
resultis an imbalanceof pressuresanda rather
extremeloadon thestructure as thegearfalls,

halfoutof theairplane.
â€˜Twomethodsare usedto rectifytheproblem:

â€˜=A cross-flowvalvethatallowsfluid from
theactuator UPsideto flow to theactua-
tor DOWNsideuntil thesystemfluid flow
catchesupwith itself.Whenthefluid flow
matchesthedemandin thedownsideof
thesystem,thecross-flowvalveshutsoff
andnormalfluid flow to the return line
continues.Cross-flowvalvesare usedon

oldertechnologysystems.

HEReturn

HEPressure

Tonose
whealsteering

Isolation
valvemodule.

Left malngear
Tothrust reverser

Toshimmydampers
Returnmae

LandingGearSystems|
â€˜Â©Most current systemsuse a flow limit.

ingsystemlike the Boeing737system
describedbelow. Rather than create
an entire new valve,the flow-limiting
devicesbecomepartof theselectorvalve
system.Theybothreducetheshockloads

broughtaboutbya landinggearin free
fallandtryto makethegearstaytogether
duringextensionandretraction,

Landinggear hydraulicschematic(UP).
Withthe landinggearcontrolleverplacedin

the up position,theup line pressurizes.The
â€˜mainandnose gearare hydraulicallyactuated
to retract simultaneously.Thepressurethen
goesto themodularpackages(Figure3-124)

â€˜Theflow limiters,in conjunctionwith the
transfercylinder,allowthe lock actuatorsto
unlockandstart theretractioncyclebeforefull
pressureis built up in thenose andmain gear
actuators.This is a momentarymotion,and
thenthenose andmain gearactuatorssupply
the forcenecessaryto retract thegear.At the
â€˜maingearuplockactuators,pressureis applied
to retractthepiston.
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Figure3-1-24.Aschematicof thelandinggearhydraulicsofa 8737whileretracting,
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Whenthegeargetsto the retract position,a

rolleron thestrut strikestheuplockhookand
allowstheactuator pistonto pullthehookinto
the lockedposition.Thepressureappliedto
thenose gearlockactuator to start theretrac-
tion cyclealsolocksthenosegearin theupand
lockedposition.

Hydraulicpressurefromtheuplineis appliedto
bothbrakemeteringvalvesto stopwheelrota-
tion beforethewheelsenter thewheelwellarea.

Landinggear hydraulicschematic(DN).
With the landinggearcontrollever in the
downposition,hydraulicpressureis portedto
thedownline.Hydraulicpressureisappliedto
theDN portof thegearactuators,unlockport
of theuplockactuator,lockportof thedown,
lockactuator,andthroughthenose gearmod-
ularpackageto thenose gearlockactuator.The
pressureat theDN portof thegearactuators
alsois felt at thetransfercylinder(Figure3-1-
25)

â€˜Thereturn fluid leavingtheupsideof thegear
actuatorsis beingrestrictedbythe flow lim-
iters in the modularpackage.The limiting
action andthemovement of thepistoninside

  
      
       

   
       

  Nosegear
actuntor

Transfer
sine |HEreturn

HEPressure

Nosegearmodular
package 

 To nose!

whealsteering

Downlock
â€˜actuator

  
   

Isolation
Valvemodule

â€˜Leftmaingear
To thrust reverser

â€˜Toshimmydampers
Returnme

MY ira

the transfercylindermomentarilycauses a

transferof pressurefromtheDNporttotheup
portof gearactuators.Thepistondifferential
area causes thegearto momentarilyretract.
â€˜Thismomentaryaction allowsthelockactua-
tors to unlockthegear.

â€˜Thetransfercylinderpistonreachesthe end
of its traveland the pressureon theupside
of the actuatorsdrop.Thegearthenextends
in the normalfashion.As the rear reaches
its full extendedposition,the lock actuators
forcethe lockstrut into an over-center posi-
tion. Hydraulicpressureholdsthegearin the
downandlockedposition;withouthydraulic
pressure,springbungeesholdthegearin the
lockedposition.

Hydraulicpressurefromthe down line also
suppliesthe thrust reversers and the nose

wheelsteeringsystem,

LandingGearRiggingand
Adjustment
Occasionallyit becomesnecessaryto adjust
the landinggearswitches,doors,linkages,

Nosegear
lockactuator

2

 

 
  

 
  LUplockze)Llâ€œer

Modular
package  

  
  

   

  Rightmaingear
reowtieent AActuator

â € ” Systempressure

Figure3-1-25,Aschematicofthe landinggearhydraulicsofa 8737whileextending,
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Figure3-1-26.Maingeardoorlatchmechanisms.

latches,andlocksto ensure properoperation
of thelandinggearsanddoors.Whenlanding
gearactuatingcylindersare replaced,or when

lengthadjustmentsare made,overtravelmust
bechecked.

(Overtravelis thatactionof thecylinderpiston
beyondthe movement necessaryfor landing
gearextensionand retraction. Theadditional
action operatesthelandinggearlatchmecha-
nism. If overtravelis out of limits,substantial
excess pressureis appliedto the entire gear
assembly.
Becauseof the widevarietyof aircrafttypes
anddesigns,proceduresforriggingandadjust-
inglandinggearvary.Uplockanddownlock
clearances,linkageadjustments,limit switch
adjustments,and other landinggearadjust-
â€˜mentsvary widelywith landinggeardesign.
Forthisreason,alwaysconsulttheapplicable
â€˜manufacturer'smaintenanceor service manual
beforeperforminganyphaseof landinggear
riggingor installation,

Adjustinglandinggearlatches.Adjusting
latchesis of prime concern to the airframe
technician.A latchis usedin landinggearsys-
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temsto holda unit in a certain positionafter
theunit hastraveledthroughpartof or all its

cycle.
Forexample,on some aircraft,whentheland-
inggearis retracted,eachgearis held in the
uppositionbya latch.Thesame is true when
thelandinggearis extended.Latchesare also
usedto holdthe landinggeardoorsin either
theopenor closedpositions.

Latchdesignshavemanyvariations. However,
all latchesare designedto do thesame thing,
â€˜Theymustoperateautomatically,at theproper
time,andholdtheunit in thedesiredposition.
A typicallandinggeardoorlatchis described
in thefollowingparagraphs.
â€˜Thelandinggeardoorthatis detailedin Figure
341.26is heldclosedbytwo door latches.As
shown,oneis installedneartherearofthedoor.â€˜Tohavethe doorlockedsecurely,both locks
â€˜mustgripandholdthedoortightlyagainstthe
aircraftstructure. Theprincipalcomponentsof
eachlatchmechanism,shownin Figure3-1-26,
are a hydrauliclatchcylinder,a latchhook,a
spring-loadedcrank-and-leverlinkage,and a

sector.
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Serrated
washer

       

Figure3-1-27.(A)Latchrollerclearance(B)Latchrollersupportadjustment.

â€˜Thelatchcylinderis hydraulicallyconnected
with the landinggearcontrolsystemand
mechanicallyconnected,throughlinkage,
with thelatchhook.Whenhydraulicpressure
is applied,thecylinderoperatesthelinkageto

engage(ordisengage)thehookwith (orfrom)
thelatchrolleron thedoor.In thegear-down
sequence,thespringloadonthelinkagedisen-
Fatrnâ€˜doorhinge_Hinge

suppertng.  

  Figure3-1-28.Adjustabledoorinstallation.

â€˜gagesthehook.In thegear-upsequence,spring
action is reversedwhentheclosingdoor is in

contactwith the latchhookand thecylinder
â€˜operatesthe linkageto engagethehookwith
thelatchroller.

Cableson the landinggearemergencyexten-
sion systemare connectedto thesector to per-
â€˜mitemergencyreleaseof thelatchrollers.An

uplockswitchis installedon,andactuatedby,
eachlatchto providea gear-upindicationin

thecockpit.
Withthegearup andthedoorlatched,inspect
the latchfoller for properclearanceas shown
in Figure34-27,view A. Onthis installation,
therequiredclearanceis 1/8#3/32inch.If the
roller is not within tolerance,looseningits

â€˜mountingboltsand raisingor loweringâ€™the
latchrollersupportcan adjustit. Thiscan be
donebecauseof theelongatedholesandser-

zatedlockingsurfacesof thelatchrollersup-
portandserratedplateFigure3-127,view B).

Landinggeardoorclearances.Landinggear
doorshavespecificallowableclearancesthat
â€˜mustbe maintainedbetweendoorsand the
aircraftstructure or otherlandinggeardoors.

â€˜Adjustingthedoorhingesandconnectinglinks,
andtrimmingexcess materialfromthedoorif
necessarycouldmaintain theserequiredclear-



â€˜Adjustabletink

DetallA
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Push-pulltube

Gearstrut,

0.22+ 0.03Inches
â€˜overcenter

Figure3-1-29.Landinggearschematicshowingovercenteradjustments.

On some installations,placingthe serrated

hingeandserratedwashersin theproperposi-
tion and torquingthemountingboltsadjusts
the doorhinges.Figure3-1-28illustratesthis,
typeof mounting,whichallowslinearadjust-
â€˜ments.Thelengthof theelongatedboltholein

the doorhingecontrolsthe amount of linear
adjustment.
â€˜Thedistancethe landinggeardoorsopenor

closedependson the lengthof door linkage
andtheadjustmentof thedoorstops.Theman-

tufacturerâ€™smaintenancemanwal(MMM)spec-
ifythelengthof doorlinkagesandadjustment
of stopsoF otherprocedureswherebycorrect

adjustmentscan bemade.

LandingGearDragand
SideBraceAdjustment
The ndinggearsie bests in

eae 58 Sea susan
Tuna he ue Rl eb

â€˜ished el ase

Sea

On the sidebraceillustrated,a lockinglink
is incorporatedbetweentheupperendof the
shockstrutandthelowerdraglink.Usuallyin

thistypeinstallation,thelockingmechanism
is adjustedso thatitis positionedslightlyover-

center. Thisprovidespositivelockingof the
sidebraceandthelockingmechanism,andas

an addedsafetyfeature,preventsinadvertent

gearcollapsecausedbythesidebracefolding,
Toadjustthe overcenter positionof the side
bracelockinglink illustratedin Figure3-1-29,
placethe landinggearin the downposition
andadjustthelocklink endfittingso thatthe
sidebracelocklink is heldfirmlyovercenter.

Manuallybreakthe lock link and move the

landinggearto a positionfive or six inches
inboardfromthe down lockedposition,and
thenreleasethegear.Thelandinggearmust
free fall and lockdownwhenreleasedfrom
thisposition,

In additionto adjustingovercenter travel,the
down lock springtension must be checked
usinga springscale.The tension shouldbe
between40and60 Ibs.for thelocklink illus-
trated.Thetensionandprocedureforchecking
varyfromsystemto system.
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LandingGearRetractionCheck
â€˜Aretraction checkshouldbe performedon

severaloccasions. First,it shouldbedonedur-
ingannualinspectionof thelandinggearsys-
tem (Figure3-1-30),Second,whenperforming
maintenance that mightaffect the landing

 

Figure3-1-30.Thisshowsa BeechcraftBonanza

duringa retractioncheck.Noticethatthe
Bonanzauses a specialjackingsystem.

 Figure3-1-31.Thisshowsa twin-engineairplaneundergoingan annual
inspection,whichincludesa retractioncheck. 

gearlinkageor adjustment,suchas changing
an actuator,makea retraction checkto see

â€˜whethereverythingis connectedandadjusted
properly(Figure3-1-31).Third,it maybenec-

essaryto makea retraction checkaftera hard
for overweightlandinghasbeenmadewhich
â€˜mayhavedamagedthe landinggear.Closely
inspectthegearfor obviousdamageandthen
makethe retraction check.And finally,one

â€˜methodof locatingmalfunctionsin theland-
inggearsystemis to performa gearretraction
check.

Thefollowinginspectionsmust bemadewhen
doingaretraction checkof thelandinggear:

* Landinggearfor properretraction and
extension

+ Switches,lights,andwarninghornor

buzzerfor properoperation
* Landinggeardoorsforclearanceandfree-

domfrombinding
* Landinggearlinkageforproperopera-

tion,adjustment,andgeneralcondition
* Latchesandlocksfor properoperation

andadjustment
* Alternateextension or retraction systems

for properoperation
* Anyunusualsoundssuchas those

causedbyrubbing,binding,chafing,or

vibration

What follows are generalproceduresand
informationthatintroducesome of thedetails
involvedin landinggearrigging,adjustments,
and retraction checks.For exact information
regardingaboutan aircraftlandinggearsys-
tem, consult the applicablemanulacturerâ€™s
insteuctions.

Alignment
Airplanesdonot normallyrequirerealignment
of thelandinggear,even afterrepairs.Thatisiftherepairswere donecorrectlyandthestruc-
ture is not misaligned.It is an item on a hard
landinginspectionlist(orshouldbe)andmust
bedonefromtime to time,

Unlike an automobilewherefrontendalign-
â€˜mentis a complexoperationand requires
specialequipment,checkinglandinggear
alignmentis not complex.It requiresthat
you know how to makeaccurate measure-

â€˜ments.Like a symmetrycheck,alignment
checksbeginwith an emptyairplaneand
a straightline downthe middleof the floor
that is exactlyon thecenter line.Do not level
the airplanebecauseall measurements are

then in relationto level,and not to the floor.



LandingGearSystems| 349

 

 
Figure3-1-32.Measuringtoe-in.

Usinga carpenter'sframingsquareplacethe
shortsection on the floor and the longsec-

tion againstthe sideofatire andwheel.This,
showsyouif the wheelhasanycamber(the
topleansin or out).

Springsteellandinggearcan havepositive
(leaningin)oF negative(leaningout)camber.
Camberon a springsteelgearis constantly
changingas the aircraftspeedand weight
changeduringa takeoffor landing.On an

oleogear,anglesgenerallyremain the same

duringoperation.Camberis not normally
adjustable.It is more of a checkon structural

alignment.
Next comes checkingfor toe-in or toe-out. If
toedin,thewheelcenterlinescrosstheairplane
center linesomewhereaheadoftheairplane.If
toedout, theycross behindtheairplane.The
MMM normallyprovidesanytolerancesestab-
lishedfor the airplaneyouare checking.A

landinggearthat is toedin tendsto followthe
center lineof thewheelandtraveltowardthe
center lineof theairplane.It can placea large
combinedtorsion andsideloadon the entire

gearassemblyandits attachpoints.Torelieve
thepressure,the tires slipon the runway,in

essence,scrubbingalonganddraggingthe tire
treadsidewayssomewhat

â€˜Toe-in(ortoe-out)hasa verydetrimentaleffect
ontirewear.Youcan actuallyseetheincreased
â€˜wearbylookingat the tread.Withtoe-in,each
tire rib hasa featherededgetowardthecenter

line;with toe-out it goesawayfromthecenter
line.

 

â€˜Toactuallymeasure toe-in is relativelyeasy.
It requirestwo straightboardsthatare longer
than the distancebetweenthe outsideof the
wheelsfromsideto side(Figure3-32).Mark
a centerlinecrosswayon eachboardandcen-

ter themover the center line of theairplane.
Blockupeachendone-halftheheightof the
tires andallowthemto touchthe tire tread.
Placea straightedgealongtheoutsideof the
Wheelsanddrawa lineacross theboard.Now
â€˜measurethedistancealongtheboardfromthe
center line to theoutsideline for eachwheel,
front and rear. Younow havetoe-in (orout)

measurementsforeachtire,in referenceto the

airplanecenter line.

Dependingon howtheaxleis attachedto the
strut,youean use one of two waystoadjustfor
toe-in. If theaxle is boltedon, taperedshims
are availableto makethecorrection.Foraxles
thatare not bolted,theadjustmentsare limited
to shimmingbetweenthelandinggeartorque
links(Figure3-1-33).

ShockStruts
Shockstrutsare self-containedhydraulicunits
that supportan aircrafton the groundand
protectthe aircraft structure byabsorbing

   Figure3-1-33.Landinggeartorquelink.



3.20 | LandingGearSystems

and dissipatingthe tremendousshockloads
of landing,Shockstruts mustbeinspectedand
servicedregularlyto functionefficiently
Becauseshockstruts come in so many designs,
onlygeneralinformationis in thissection.For
informationaboutan installation,consultthe
applicablemanufacturer'sinstructions

Thecompressionstrokeof the shockstrut

beginsas theaircraftwheelstouchtheground;
thecenter of mass of theaircraftcontinues to
move down,compressingthestrut andsliding
the inner cylinderinto theouter cylinder.The
meteringpin is forcedthroughtheorifice and,
byits variableshape,controlstherate of fluid
flow at all pointsof the compressionstroke.
In thismanner, thegreatestpossibleamount
of heatis dissipatedthroughthewallsof the
shockstrut. At theendof thedownstroke,the
compressedairis furthercompressed,limiting,
thecompressionstrokeof thestrut.

If insufficientfluid or air are in the strut,the
compressionstrokewouldnot be limitedand
thestrut wouldbottom,

Theextension strokeoccurs at the end of
the compressionstrokeas the energystored
in thecompressedair causes the aircraft to
start moving up in relation to the ground

andwheels.At this instant, thecompressed
air acts as a springto return thestrut to nor-

â€˜mal,It isatthis pointthatforcingthefluid to
return throughthe restrictions of the snub-
bingdeviceproducesa snubbingor damping
effect.If this extension were not snubbed,
the aircraftwould reboundrapidlyand tend
to oscillateup anddownbecausethe action
of the compressedair. Figure3-1-34 shows
a shockstrut at normalinflation andat full
extension. A sleeve,spacer,or bumperring
incorporatedin thestrut limits theextension
stroke,

ServicingShockStruts

For efficientoperationof shockstruts, the
properfluid level and air pressuremust be
â€˜maintained.Tocheckthefluid level,theshock
strut must be deflatedand in the fully com-

pressedposition.Deflatinga shockstrut can be
â€˜adangerousoperationunlessservicingperson-
nelare thoroughlyfamiliarwithhigh-pressure
air valves.Observeall thenecessarysafetypre-
cautions. Referto manufacturer'sinstructions
for properdeflatingtechnique.
Thefollowingproceduresare typicalof those
usedin deflatinga shockstrut, servicingwith
hydraulicfluid andreinflating,

Figure3-1-34.Illustration(A)showsa shockstrutat normalinflation,and(B)showsa similarstrutat
{ullextension. 
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Positionthe aircraftso the shockstruts
are in the normal groundoperating
position.Make certain that personnel,
workstandsand other obstaclesare

clearof the aircraft.Someaircraftmust
beplacedon jacksto service the shock
struts,

Removethecapfromtheairvalve.

Checkthe swivelhex nut for tightness
with a wrench.

If theair valveis equippedwith a valve
core,releaseanyair pressurethatcan be

trappedbetweenthe valvecore andthe
valveseatbydepressingthe valvecore.

Alwaysstandto one sideof the valve,
becausehigh-pressureair can cause seri-

ous injury,eg, lossofeyesight.
Removethevalvecap.
Releasethe air pressurein the strut by
slowlyturningthe swivelnut counter-
clockwise.

Ensurethattheshockstrut compressesas

theair pressureis released.In some cases,
it couldbenecessaryto rocktheaircraft
afterdeflatingto ensure compressionof
thestrut

Whenthe strut is fullycompressed,the
air valveassemblycan beremoved.

Fill the strut to thelevelof theair valve
openingwith an approvedtype of

hydraulicfluid,

Reinstallthe air valveassembly,using
new O-ringpacking,Torquetheair valve
assemblyto thevaluesrecommendedin

the applicablemanufacturer's.instruc-
tions.

Installtheairvalvecore.

Inflate the strut,usinga high-pressure
source of dryair or nitrogen.Bottled
gasshouldnot be usedto inflateshock
struts, On some shockstruts,the cor-

rect amount of inflation is determined

byusinga high-pressureair gauge.On
others,itis determinedbymeasuringthe
amount of extension(ininches)between
two pointson thesteut. Theproperpro-
cedureis usuallyon theinstruction plate
attachedto theshockstrut. Shockstruts
shouldalwaysbeinflatedslowlyto avoid
excessive heatingandoverintation.

Tightenthe swivel hex nut,usingthe
torquevaluesspecifiedin theapplicable
â€˜manufacturer'sinstructions.

 Removethehigh-pressureair linechuck
and install the valve cap.Tightenthe
valvecapfingertight.
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BleedingShockStruts

If the fluid levelof a shockstrut hasbecome
extremelylow,or if foranyotherreason air is

trappedin thestrut cylinder,it can beneces-

saryto bleedthe strut duringthe servicing
operation.Bleedingis usuallyperformedwith
theaircraftplacedon jacks.In thisposition,the
shockstruts can beextendedandcompressed
duringthefillingoperation,thusexpellingall
theentrappedair. Thefollowingis a typical
bleedingprocedure:

1. Constructa bleedhosecontaininga fit.
tingsuitablefor makingan airtightcon-

nection to the shockstrut filler opening.
Thebaseshouldbelongenoughto reach
fromtheshockstrut filleropeningto the

groundwhentheaircraftis on jacks.
2. Jacktheaircraftuntil all shockstrutsare

fullyextended.
3, Releasetheair pressurein thestrut to be

bled.

4, Removetheair valveassembly.
5, Fill thestrut to thelevelof thefillerport,

with an approvedtypehydraulicfluid,

6. Attachthe bleedhoseto the filler port
andinsert thefreeendof thehoseinto a

containerofcleanhydraulicfluid,making

 Figure3-1-35,Bleedinga shockstrutusingan exerciser jack.

 



322 | LandingGearSystems
sure thatthisendof thehoseis belowthe
surfaceof thehydraulicfluid.

7. Placean exerciser jack(Figure3-1-35)or

othersuitablesingle-basejackunderthe
shockstrut jackingpoint.Compressand
extendthestrut fullybyraisingandlow-
teringthejackuntil theflowofair bubbles
fromthe strut hascompletelystopped.
â€˜Compressthestrut slowlyandallowit to
extendbyits own weight

8, Removetheexerciser jack,andthenlower
andremove all otherjacks.

9, Removethe bleedhosefrom the shock
strut,

10, Installtheairvalveandinflatethestrut.

Shockstruts shouldbe inspectedregularly
for leakingfluid and for properextension.

Exposedportionsof the strut pistonsshould
bewipedcleandailyandinspectedcloselyfor
scoringor corrosion.

LandingGearAlignment,
Support,andRetraction
Thelandinggearconsistsof severalcompo-
nentsthatenablett function.Typicalofthese
are the torquelinks,trunnion and bracket
arrangements,dragstrut linkages,electrical

   
Torqueink

Figure3-1-36.Torquelinks.

and hydraulicgear-retractiondevices,and
gearindicators.

Alignment.Torquelinks (Figure34-36)keep
the landinggearpointedstraightahead;one

torquelink connectsto theshockstrut cylinder,
andtheotherconnectsto thepiston.Thelinks.

Figure3-1-37.Trunnionandbracketarrangement.Noticegroundlockpinwithstreamerattached.It
mustberemovedbeforeflight. 



are hingedat thecenter so thatthepistoncan

â€˜moveupor downin thestrut

Support.To anchorthe gearto the aircraft
structure,a trunnion and bracketarrange-
â€˜ment(Figure3-1-37)is used.Thisarrangement
is constructedto enablethe strut to pivotor

swing forward or backwardas necessary
whentheaircraftis beingsteeredor thegear
is beingretracted.Torestrain thisaction dur-
ing groundmovement of theaircraft,various

typesoflinkagesareused,one of whichisthedragstrut.

Theupperendof thedragstrut (Figure3-1-37)
connects to the aircraftstructure,while the
lowerendconnectsto theshockstrut. Thedrag
strut is hingedso thatthelandinggearcan be
retracted

Emergencyextensionsystems.Theemer

gencyextension systemis usedto lower the
landinggearif the main systemfails.Many
typesof emergencygearretraction systemsare

in use on modernaircraft.Someof the most
common typesincludea free fall systemin

whichthegearis allowedto fall into position
underits own weight.Anothertypeis amanu-

allyoperatedhydraulicpump or a manual
crankdowntype.

Landinggear safetydevices.Suchsafety
devices as mechanicaldownlocks,safety
switches,and groundlockscan preventacc

dentalretractionof alandinggear.Mechanical
downlocksarebuilt-inpartsofa gear-retraction
systemandare operatedautomaticallybythe
gear-retractionsystem.To preventaccidental
operationof thedownlocks,electricallyoper-
atedsafetyswitchesare installed.

Ground locks.Mostaircraft,especiallylarge
cones,are equippedwith additional safety
devicesto preventcollapseof the gearwhen

theaircraftison theground.Thesedevicesarecalledgroundlocks.Onecommon typeisapin
installedin alignedholesdrilled in two or more

units of the landinggearsupportstructure.
â€œAnothertypeisa spring-loadedclipdesigned
to fitaroundandholdtwo or more units of the
supportstructuretogether.All typesofground
locksusuallyhaveredstreamerspermanently
attachedto themto readilyindicatewhether
theyare installed(Figure31-37)

Gear indicators.To providea visualindica-
tion of landinggearposition,indicatorsare

installedin thecockpitorflightcompartment.

Gearwarning devicesare incorporatedon

all retractablegearaircraftand usuallycon-

sist of a hornor some otherauraldeviceand
a red warninglight.Thehornblowsandthe
lightcomes on whenone or more throttlesare
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retardedandthe landinggearis in anyposi-
tion otherthandownandlocked.

Severaldesignsof gearpositionindicatorsare

used.Onetypedisplaysmovableminiature

landinggearcomponentsthat are electrically
positionedbymovement of the aircraftgear.
Another typeconsistsof two or threegreen
lightsthatburnwhentheaircraftgearisdown
and locked(Figure3-1-38).A third typecon-

sistsoftab-typeindicatorswithmarkingsupto
indicatethatthe gearis up andlocked,a dis-
playof redandwhite diagonalstripesto show
whenthegearis unlocked,or a silhouetteof,
eachgearto indicatewhenit locksin thedown
position,

Nosewheel centering.Centeringdevices
includesuchunits as internalcenteringcams

GEAR DOWN
Figure3-1-38.Atypicalgearpositionindicator.   Rod

connected
f toeytinder

eg7cingsaa"
am strut

piston

cylinderyy!

 

    
Figure3-1-39,Cutawayview of a nose gear
internalcenteringcam.
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extendedbymeans of gravityandair pressure
inthestrut.Asthestrutextends,theraisedareaof thepistonstrut contacts theslopingarea of
the fixedcenteringcam andslidesalongit. In
so doing,italignsitselfwith thecenteringcam

androtatesthenose gearpistonto bestraight
ahead.

â€˜Theinternalcenteringcam is a featurecom-

mon to most largeaircraft.However,other
centeringdevicesare commonlyfound on

smallaircraft,Smallaircraftcharacteristically
incorporatean externalrolleror guidepin on

thestrut. As thestrut is foldedinto thewheel
well on retraction,the roller or guidepin
engagesa ramportrack mountedto thewheel
well structure. Therampor trackguidesthe
rolleror pin so thatthenose wheelis straight-
enedas it enters its well.  Figure3-1-40,Nosewheelsteeringsystemona In either the internal cam or externaltrack

nose geartrainer. arrangement,once thegearisextendedandthe

â€˜weightof theaircraftis on thestrut,thenose

wheelcan beturnedforsteering

 

(Figure3-1-39)to center the nose wheelas it
retracts into thewheelwell.Ira centeringunit

.

â€˜werenot includedin thesystem,the fuselageNosewheelSteeringSystem
â€˜wheelwellandnearbyunitscouldbedamaged.

Lightaircraft.Lightaircraftcommonlyhave
Whenthenose gearretractsthestrut doesnot nosewheel.steeringcapabilitiesthrougha

supporttheweightof theaircraft.Thestrut is simplesystemof mechanicallinkagehooked

Steering
cylinder

    sareoeYa  

    
 

Captain's
rudder
pedals

Figure3-1-41.In thissystem,interiorcablescontrolthesteeringmeteringvalve.Boththerudderpedalsandcaptain'stillercan

controltheaircraft.



to the rudderpedals.Most common applica-
tions use push-pullrodsto connect thepedals,
to hornson the pivotalportionof the nose-

wheelstrut. Figure3-1-40 showsan example
of a Pipernose wheelsteeringlinkageon a

trainer.

Heavyaircraft. Largeaircraft,with their
largermass anda needforpositivecontrol,use

a powersource for nosewheelsteering.Even

thoughlargeaircraftnosewheelsteeringsys-
tem units differ in their construction features,
theyworkbasicallythesame andrequirethe
same sort ofunits(Figure3-1-4).

ShimmyDampers
Thethreetypesof shimmydampersinclude
thepistontype,thevane typeor one built into,
the steeringsystemof the aircraft.Shimmy
dampersand how theywork internallyare

coveredin thehydraulicschapterof thisbook.

Steeringshimmydamper.A steerdamperis,

hydraulicallyoperatedandperformstwo func-
tions: steeringand eliminatingshimmying.
Thetypediscussedhereis designedfor instal-
lationon nose gearstrutsandis connectedinto,
the aircrafthydraulicsystem.Theyare found
on oldertransportaircraft

Dailyinspectionofasteerdampershouldinclude
a checkfor leakageanda completeinspectionof,
all hydraulicconnections,steerdampermount-

ingboltsfor tightness,andall fittingsandcon-

nectionsbetweenthemovingpartsoftheshock
strut andthesteerdamperwingshaft.

Piston-typeshimmydamper.Thepiston-
typeshimmydamperis mountedon a bracket
at the lowerendof the nose gearshockstrut
â€˜outercylinder(Figure3-1-42),

The piston-typeshimmydamperrequires

very little maintenance;however,it should
beinspectedat regularintervalsfor evidence
of leakage.Thehydraulicfluid reservoir can

require addition of fluid to maintain the
properfluid level.Thecam assemblyshouldbecheckedforevidenceof bindingandfor worn,
loose,or brokenparts.

Vane-typeshimmydamper.Thevane-type
shimmydamperis on the nosewheelshock
strut justabovethe nosewheelfork andmay
be mountedeither internallyor externally.If
â€˜mountedinternally,thehousingof theshimmy
damperis fittedandsecuredinsidetheshock
strut, andtheshaftis splinedto thenosewheel
fork. If mountedexternally,the housingof
the shimmydamperis bolted to the sideof
theshockstrut,andtheshaftis connectedby
â€˜mechanicallinkageto thenosewheelfork.
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Maintainingtheproperfluid levelis necessary
to the continuedfunctioningof a vane-type
shimmydamper.If a shimmydamperis not

operatingproperly,thefluidlevelis thefirstitem
thatshouldbecheckedbymeasuringtheprotru-
sion of theindicatorrod fromthecenterof the
reservoir cover, Inspectionof a shimmydamper
shouldincludea checkforevidenceof leakage
anda completeexamination of all fittingsand
connectionsbetweenthe movingpartsof the
shockstrut andthedampershaftfor loosecon-

nections,Fluidshouldbeaddedonlywhenthe
indicatorrodprotrudeslessthanthe required
amount. Thedistancetherod shouldprotrude
varies withdifferentmodels.Ashimmydamper
shouldnot beoverflled.If the indicatorrod is

abovethe heightspecifiedon the nameplate,
{uid shouldbebledout ofthedamper.

Figure3-1-42,Thegearon thisHawker800XPis a goodexampleofapis-ton typeshimmydamper. 
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LandingGearSystem
Maintenance
Becauseof the stressesandpressuresacting
on the landinggear,inspection,servicing
and othermaintenance becomesa continu-
â€˜ousprocess.Themostimportantjobin main-

taining.the aircraft landinggearsystemis
thorough,accurate inspections.Toproperly
performtheinspections,all surfacesshould
becleanedto ensure thatno troublespotsgo
undetected.

Periodically,i t is necessaryto inspectshock
struts,shimmydampers,wheels,wheelbear-
ings,tires,and brakes.Duringthisinspec-
tion,performingthefollowing:

* Checkthat thegroundsafetylocksare

installed.

* Checklandinggearpositionindicators,
lights,andwarninghornsforoperation.

* Checkemergencycontrolhandlesand
systemsfor properpositionandcondi-
tion,

+Inspectlandinggearwheelsfor cleanli-
ness,corrosion,andcracks.

+ Checkwheeltie boltsfor looseness.

+ Examineantiskidwiringfor deteriora-
tion.

Tread

Figure3-2-1.Plylayoutforabiastre.

Â© Check tires for wear, cuts,deteriora-
tion,greaseor oil,alignmentof slippage
â€˜marks,andproperinflation.

+ Ins, thelanding gearmechanismforconditionoperaticandproperadjust
ment

â€˜+Lubricatethelandinggear,includingthe
nose wheelsteering,

= Checksteeringsystemcablesfor wear,
brokenstrands,alignment,andsafetying.

â€˜=Inspectlandinggearshuckstrutsforcon-

ditionssuchas cracks,corrosion,breaks,
andsecurity.

â€˜+Whereapplicable,checkthebrakeclear-

Lubrication.Varioustypesof lubricantsare

requiredto lubricatepointsoffrictionandwear

on thelandinggear.Theselubricantsareappliedbyhand,an oil can,or a pressure-typegrease
gun.Beforeusingthepressure-typegreasegun,
â€˜wipethelubricationfittingscleanof oldgrease
anddustaccumulationsbecausedustandsand
mixedwith a lubricantproducea verydestruc-
tiveabrasivecompound.Aseachfittingis lubri-
cated,theexcess lubricantonthefittingandany
that is squeezedout of theassemblyshouldbe

â€˜wipedoff.Wipethepistonrodsof all exposed
actuatingcylinders;clean them frequently,
especiallybeforeoperation,to preventdamage
tosealsandpolishedsurfaces.

 



Section2

AircraftTiresandTubes

Propercareandmaintenanceoftireshavealways,beenimportantin aircraftmaintenance.Because
of themodernfastlandingaircraft,carefultire
â€˜maintenancehasbecomeincreasinglyimportant.
â€˜Thefollowingdesignationsreferto construc-
tion featuresandthetypesof tire casingswith
whichtheyareused.Tiresize designationsare

discussedlater.

TireDesigns
Biastires.Untiltheadventofradialtiresalltires,
â€˜werebiastires.Theyare constructedwithplies
laidat anglesbetween30Â°to 60â€•to thedirection
of rotation,Eachsucceedingplyis laidwith the
cordangleoppositetothelastone. Thisprovides
a balancedcarcass thatis verystrong,Biastires,
havesome problemswith highspeedbecause

theydo not holdtheir roundshapewell.The
treadcomingupoff of therunwayis wavy,set

tingupconsiderableheatandvibration,

Figure3-21showstheconstruction detailsof
a biastube-typeaircrafttire. Tubelesstires are

similarto tubetires excepttheyhavea rubber
inner liner that is matedto the insidesurface
of thetire. Therubberlinerhelpsretain air in

the tire, Thebeadedarea of a tubelesstire is

designedto forma sealwith thewheelflange.
â€˜Wearindicatorshavebeenbuilt into some tires
as an aid in measuringtreadwear. Theseindi-
catorsare holesin thetreadarea or landsin the
bottomofthetreadgrooves.

Radial tires. Themain differencein a radial
tire is thedirectionthepliesare laid.Theyare

laidroughly90Â°to thecircumferenceofthetie.
â€˜Thismakes thetire muchstrongerin thedirec-
tion itis travelingthana biastireâ€”somuchso,
in fact,thatthisis themain reason for theply
ratingas opposedto theactualnumberofplies.
Fewradialtires actuallyhaveas manypliesas

theratingindicates(Figure3-22

Radialtiresidewallsaremoreflexible.Thisiswhy
theylookunderinflatedwhencomparedto a bias
tire, Itis alsothekeyto theirbetterhigh-speed
performance.It laysabetterfootprintontherun-

â€˜wayanddoesnot distortas muchwhenlifting
thetreadupbehindthetire duringrotation,

TireConstruction
Cordbody.Thecordbodyconsistsof multiple
layersofnylonwith individualcordsarranged
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â€˜Tread Breakeroverlay,

   Figure3-2-2.Plylayoutfora radialtre

parallelto eachotherandcompletelyencased
in rubber.Thecordfabrichasits strengthin

onlyone direction.Eachlayerof coatedfabric
constitutesone plyof thecordbody.Adjacent
cordpliesin thebodyare assembledwith the

cordscrossingat nearlyrightanglesto each
other.

â€˜Thisarrangementprovidesa strongandflex-
ible tire thatdistributesimpactshocksover a

widearea. Thecordbodygivesthe tire tensile

strength,resistsinternalpressures,andmain-

tainstire shape.
Tread.Thetreadis a layerof rubberon the
outer surfaceof the tire. It protectsthe cord
bodyfromabrasion,cuts,bruises,and mois-

ture, It is thesurfacethatcontactstheground.
Sidewall.Thesidewallisan outer layerof rub-
beradjoiningthe treadandextendingto the
beads.Likethetread,it protectsthecordbody
fromabrasion,cuts,bruises,andmoisture.

Bead.Thebeadsare multiplestrandsof high-
tensilestrengthsteelwire imbeddedin rubber
andwrappedin stripsof openweave fabric.
â€˜Thebeadsholdthe tizefirmlyon therims and
serve as an anchorfor thefabricpliesthatare

turneduparoundthebeadwires.

Chafingstrip.Thechafingstripsare one or

more pliesof rubber-impregnated,woven fab-
ric wrappedaroundtheoutsideof the beads.

â€˜Theyprovideadditionalrigidityto the bead
andpreventthemetalwheelrim fromchafing
the tire, Tubelesstires havean additionalply
of rubberover thechafingstripsto functionas

an air seal

Lowanglebreakers
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Figure3-2-3.Anosewheeltirewitha doublechine. Breaker.Thebreakersare one or more pliesof
cordor woven fabricimpregnatedwith rubber.
â€˜Theyare usedbetweenthe treadrubberand
thecordbodyto provideextra reinforcement
to preventbruisedamageto the tire. Breakers
are not partof thecordbody.
â€˜Treadpatterns.Tireshave manydifferent
treadpatternsor treaddesigns.Theyare plain,
ribbed,andnonskid.Aplaintreadhasasmooth,uninterruptedsurfaceand is commonlycalled
an SCtire (forsmoothcontouz).A ribbedtread
hhasthreeor more continuous circumferential
ribsseparatedbygrooves.A nonskidtreadis

anygroovedorribbedtread.Themostcommon,

aircrafttie treadis theribbedpattern,

Tire and Tube Sizes

sidewalls.

 â€˜AOutsidedlameter

Figure3-2-4.Sizedesignationof tires.

B.Cross-sectionalwidth,

Plyrating.Theterm plyratinghassuperseded
referencefo thenumberof cordfabricpliesin atire. Thisterm is usedto identifya tire's maxi-

â€˜mumrecommendedloadforspecifictypesof
service. It doesnot necessarilyrepresentthe
numberofcordfabricpliesina tire. Mostnylon
cord tires haveplyratingsgreaterthan the
actualnumberof fabricpliesin thecordbody.
â€˜Chine.Thechineisa flaredringthatprotrudes
aroundone or bothsidesof a tre. Itspurpose
is to deflectwater to theoutside,thuskeeping
it awayfromtheengineintakesor propellers.
It is a term borrowedfrom the shipbuild-
ingindustry.A nose wheeltire normallyhas
a chineon bothsides(Figure3-2-3),but main

gearnormallyhavea chineon theoutsideonly.

SizeDesignation
Figure3-2-4showsthepointsof measurement
usedtodesignatethesize ofa tire. Forexample,
a tire with a size designationof 26x6.6hasan

outsidediameter(measurementA)of26inches,
andacross-sectionalwidth(measurementB)of,666inches.

â€˜Theletterx merelyseparatesthe two measure-

ments.Ifthe tiressizedesignation26 inches
x 66 inches-10 inches,the tire wouldhavea

rim diameter(measurementC)of 10 inches.
If onlyone numericaldesignationis usedfor
a tire,youshouldassume that it is theoutside
diameier(measurementA)

Standard identification markings.You
shouldbe familiarwith themarkingson the
sidewallof a tire. Themarkingsengravedor

embossedon a sidewallare shownin Figure
325,

â€œThistypicaldlagramindicatesthe dimensionsshownon the tire

â€˜Theletter(x)IsusedbetweendimensionsA and B; therefore,
26x 6.6Inchesmeans the overalloutsidedlameterIs26Inchesand
the cross-sectionwidth Is6.6Inches.

â€˜Thesymbol(-)IsusedbetweendimensionsBandC;therefore,7.50-
10means that the cross sectionwidth Is7.50inchesandthe rim ledge
diameterI10Inches.

â€œTheletterRreplacesthe (-)for radialtires.

â€˜Therefore,AxB-C,or AXBRC

.Rim diameter
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 1.Manufacturer
2.Manufacturer'smoldnumber
3.Speedrating(knotsor m.p.h.)
4.Type(onsome tires)
5.Size
6. Plyating
7.Type(tubelessor tube)
Â£8Typetread(onsome tires)

9.750 number
10.Jullandateof manufactureand.

{Ureserlalnumber
11.Cutmit
12 Miltarystandardnumber
13,Countryof manufacture(Ifother

thanU'S.A)
14,Balancemark

Figure3-2-5.Typicaltie identificationmarkings.Notallmarkingsare presenton alltres.

Mostofthemarkingsare self-explanatory;item
10hasa maximum of 10characters.Thefirst
fourpositionsshowthedateofmanufacturein
theformof a Juliandate(lastdigitof theyear
followedbythedayof theyear,or 17Oct2011
= 1250).Thenext positionsare completedby
the manufacturerand are eithernumbersor

letters.Theyare usedto createa uniqueserial
numberfora tire. Thecut limit (11)is expressed
in thirty-secondsofaninch andis usedto eval-
uate thedepthof cuts in thethreadarea. Tires
are markedwith a reddot(14)on thesidewall
to indicatethe lightweight(balance)pointof
the tire.

 

VentMarkings
Tubetireswithinflationpressuresgreaterthan
100p.si.andall tubelesstires must besuitably
ventedto relievetrappedair. Tubetires are

ventedin one of two ways.Thefirst method
uses air bleedridgeson theinsidetire surface
andgrooveson thebeadfaces.Theridgesand
grooveschannelthe air trappedbetweenthe
inner tubeandthe tire to theoutside.Thesec-

â€˜ondmethoduses four or more vent holesthat
extendcompletelythrougheachtire sidewall.
Theyrelieveboth pocketedair and air that
accumulatesin thecordbodybynormaldiffu-

sion throughthe inner tubeandtire. Tubetire
vent holesare markedwith an aluminum-or

white-coloreddot(Figure32-6)

Tubelesstires havevent holesthat penetrate
fromtheoutsideofthetiresidewallto theouter

pliesof the cordbody.Theyrelieveair that

 Figure3-2-6.Ventholemarkings(whitedots)on a new tubetypetire.
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accumulatesin thecordbodybynormaldiffu-
sion throughthetubelesstirelinerandthetire
carcass. Ventholesin tubelesstiresaremarked.
with a brightgreendot.

NOTE:Retreadedtires mightnot have
thevent holesclearlymarked.

TireStorage
â€˜Thelife of a tire, whethermountedor dis-
â€˜mounted,is directlyaffectedbystoragecondi
tions. Tiresshouldalwaysbestoredindoorsin
a dark,cool,dryroom. It is necessaryto pro-
tectthemfromlight,especiallysunlight.Light
causes ultraviolet(UV)damagebybreaking
down the rubbercompounds.Theelements,
suchas wind,rain, andtemperaturechanges,
also break down the rubber compounds.
Damagefrom the elementsis visible in the
formof surfacecrackingor weatherchecking.

   S
>

Figure3-2-7.Incorrecttirestorage.Tires,
mountedanddismounted,shouldbestoredver-

ticallyina rackandprotectedfromditt,water,
andsunlight. 

UV damagemightnot be visible.Tiresmust
rot be allowedto come in contactwith oils,
greases,solvents,or otherpetroleumproducts,
thatcauserubberto softenor deteriorate.

â€˜Thestoreroomshouldnot contain fluorescent

lightsor sparkingelectricalequipmentthat
couldproduceozone. Tiresshouldbe stored

verticallyin racksandaccordingto size. The

edgesof theracksmust besmoothso the tire
treaddoesnot reston a sharpedge.Tiresmust
neverbestackedin horizontalpiles(Figure3-2-
7).Removetheoldesttires fromthestoreroom

first,accordingto their dateof manufacture.
â€˜Thisprocedurehelpsto preventthechanceof,
deteriorationoftheoldertires in stock.

TireInspection
â€˜Twotypesof inspectionsare madeon tires.
Oneis conductedwith the tire mountedon the
â€˜wheel.Theotherinspectionis conductedwith
the tire dismounted,

 

Mounted inspection.Duringeachdailyor

specialinspection,ties must beinspectedfor
correct pressure,tite slippageon the wheel
(tube.tires)cuts,wear, and generalcondi-
tion, Tiresmust alsobeinspectedbeforeeach

flightforobviousdamagethatcouldhavebeencausedduringor after the previousfight
Figure3-2-8showsatypicalunderinflatednosegearona Cessnasingle-engineairplanesitting
inthetiedowns with no chocks.

Maintainingthecorrectinflationpressurein an

aircrafttire is essentialto safetyandto obtain
its maximum service life. Mostaircraftinner

â€˜tubesandtubelesstire linersare madeof natu-
ral rubberto satisfyextremelow-temperature
performancerequirements.Naturalrubberis,

a relativelypoorair retainer.Thisaccountsfor
thedailyinflationpressurelossandtheneed
for frequentpressurechecks.

If thischeckdisclosesmore thana normalloss.
Ofpressure,youshouldcheckthevalvecore for

leakagebyputtinga smallamountof suitable

leakdetectionsolutionor soapywateron theend
of thevalveandwatchforbubbles.Replacethe
valvecore if itis leaking.If no bubblesappear,
it is an indicationthatthe inner tube(ortire)
hasa leak.Whenthe tire andwheelassembly
showsrepeatedpressurelossexceeding5 per
centof thecorrect operatinginflationpressure,
it shouldberemovedfromtheaircraft,

WARNING:Overinflationor underinfl
tion can cause catastrophicfailureof air-

crafttire andwheelassemblies,especially

    Figure3-2-8.Thispictureshowsthreecommonproblems.Thetire is under-
inflated,thenose wheelis extremelydirty,andthereis no protectionfor
thewheelbearings.

at the wheelflanges.Thiscouldresult
in anyof thefollowing:injury,death,or

damagetoaircraftorotherequipment.



â€˜Aftermakingapressurecheck,alwaysreplace
thevalvecap.Besure thatitis screwedon fin-
gettight.Thecappreventsmoisture,oil and
dirt fromenteringthevalvestemanddamag-
ingthe valvecore. It alsoactsas a secondary
sealif a leakdevelopsin thevalvecore.

Someaircraftmanufacturersuse tire slippage
â€˜marks,Theslippagemarkisa redpaintstrip
â€˜oneinchwideandtwo incheslong.It extends,

equallyacross the tire sidewallandthewheel
rim, as shownin Figure3-2-9.Inspecttires
forslippageon the rim as partof a post-flight
inspection.Failureto correct tire slippagecan

cause the valve stem to be rippedfromthe
tube.

Inspecttire treadsto determinethe extent
of wear. The maximum allowablethread
â€˜wearfor tires withoutwear depthindicators,
is whenthe treadpatternis worn to the bot-
tom of the treadgrooveat anyspoton the
tire, Themaximum allowabletreadwear for
tires with treadwear indicatorsis whenthe
treadpatternis worn eitherto the bottomof
thewear depthindicatoror thebottomof the
treadgroove.Theselimitsapplyregardlessofwhetherthewear is theresultof skiddingor

normaluse.

Examinethe treadandsidewallfor cuts and
embeddedforeignobjects.Removeglass,
stones,metal,andothermaterialsembeddedin

the treadto preventcut growthandeventual
carcass damage.A blunt awl or screwdriver
can be usedfor this purpose.Becarefulto
avoidenlargingtheholeor damagingthecord

bodyfabric.

WARNING:Whenyouare probingfor

foreignobjects,be sure you keepthe

probefrompenetratingdeeperinto the
tire. Objectsbeingpriedfrom the tire

frequentlyare ejectedsuddenlyandwith
considerableforce.To avoideyeinjury,
safetyglassesor a faceshieldshouldbe
â€˜worn.A glovedhandover theobjectcan

beusedto deflecti t

Donot parkaircraftin areas wherethe tires
can standin spilledhydraulicfluids,lubricat-
ingoils,fuel,or organicsolvents(Figure3-2-10).Ifanyof thesematerialsis accidentallyspilled
on a tire,wipeit immediatelywith a clean,
absorbentcloth.Thenwashthetires with soap
andthoroughlyrinse with water.

Dismounted inspection.Whenevera tire
hasboensubjectedto a hardlandingor hashit
an obstacle,remove it in accordancewith the

applicableMMsanddismountitfora completeinspectiontodetermineif anyinternaldamagehasoccurred.Spreadthetirebeadsandinspect
the insideofthe tire with theaidofa lightI
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thelininghasbeendamagedor thereare other
internalinjuries,the tire shouldbe removed
fromservice. Checktheentire beadarea and
the area justabovethe beadfor evidenceof
im chafinganddamage.Checkthewheelfor
conditionsthatcan damagethe tire after i t is

mounted

AircraftTireMaintenance
In manycases,tire failuresare attributedto
material failuresor manufacturingdefects
whenactuallyimpropermaintenancewas the

underlyingcause. Poorinspection,improper

  Tirespp

mark
ta

Figure 3-2-9.Tireslippagemarkon a removed
wheelandtire.

Figure3. 2-10.Thisnosewheeltire hasno pro-
tectionfromtheengineoildrippingon it. Too
â€˜manytiresare leftsittingin thetiedownsthis,
â€˜wayforweeks. 
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â€˜wheelandtire assemblyandoperatingtires in

an underinflatedor overinflatedcondition,are

â€˜commoncauses for tire failure.

Duringthe mounting,dismounting,and
inflatingof tires, safetyis paramount.
Compressedair and nitrogenpresenta
safetyhazardif theoperatoris not aware of
the properoperationof the inflation equip-
ment and the characteristicsof the inflation
medium.It is alsoveryimportanttoknowthe
â€˜wheeltypeandbefamiliarwith themanufac-
turer's recommendedprocedurebeforeyou
attemptto dismounta tire. Forprecautions
concerningan installation,alwaysconsultthe
applicableMM.

Dismounting
In the tire shop,rechecktires for complete
deflationbeforedisassemblingthewheeland
breakingthebeadof the tire. Breakingthebead
â€˜meansseparatingthebeadof thetire fromthe
â€˜wheelflange.

Breakingthe bead.Usingproperequipment
forbreakingthebeadof the tireawayfromthe
â€˜wheelflangesaves materialsandlabor.Aircraft
tires,inner tubes,andwheelscan bedamaged
beyondrepairbyimpropermountinganddis-
mountingequipmentandprocedures.

Commerciallyavailableor locallyfabricated
equipmentthat uses either a hydraulically
actuatedcylinderor a mechanicallyactuated
devicecan beusedif theprovidedequipment

Figure3-2-11.Usinga bead-breakingtool 

doesnot damagethetiresorwheels.Figure32-
11showsabead-breakingtool.

Dismountingdivided (split)wheels.Break
thetirebeadawayfromthewheelandremove

thenuts andbolts.Ifthe tire hasa tube,push
thevalveawayfromtheseatedposition.This,
preventsdamageto the inner tube valve
attachmentwhen you break the tire bead
loose.Then,remove thewheelassemblyfrom
the tire,

If the tire is tubeless,remove the wheelseal
carefullyfromthewheelhalfandplaceit on a

cleansurface.Wheelsealsin goodconditioncan

bereusedif replacementsealsare not available.
If thetire hasa tube,remove it. Innertubescan

bereusedif theyare in goodcondition,

Dismountingremountableflangewheels.
Breakthe tire beadaway from the wheel
accordingto thebead-breakingprocedure.If
the tire hasa tube,pushthevalveawayfrom
theseatedposition.Again,thispreventsdam-
ageto the inner tubevalveattachmentwhen
â€˜youbreakthebead.If youhavetroubleremov-

ing theflangewhile thewheelis mountedon

the bead-breakingmachine,remove the tire
fromthemachine.

Laythe tire and wheelassemblyflat with
the demountableflangeside up. Drive the
remountableflangedownbytappingit with a

rubber,plastic,oF rawhide-facedmallet.This,
enablesyouto remove thelockingring.

CAUTION:Whenyou breakthe beads
looseandremove the lockringon some

remountableflangewheelsbeextremely
careful.Thetoe oftheremountableflange
couldextendverycloseto thetubevalve
stem.Excessivetravelof theremountable
flangeor of thetire beadcan cut therub-
berbaseof theinner tubevalve.

If the tire is tubeless,remove the wheelseal

carefullyandplaceit onacleansurface.Wheel
sealsin satisfactoryconditioncan bereusedif,
replacementsealsare not available.Turn the
tire andwheelassemblyover andlift thewheel
â€˜outof thetire. Keepthewheelflangeandlock-
ing ring togetheras a unit to avoidmismatch
duringremounting

Mounting
Beforemountinga tire on a wheel,inspect
the insideof the tire andensure that itis free
of foreignmaterials.Theinner tubemust be
inspectedfor beadchafing,thinning,folding,
surfacechecking,heatdamage,fabriclinersep-
aration,valvepadseparation,damagedvalves,
leaks,andothersignsof deterioration.
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   tube.

â€˜Mountingdivided (split)wheels.Whenyou
â€˜mounta tubetire,dustthe tubewith talcum

powderandinsert it in thetire. Positionthetire
so thatthebalancemarkeron thetubeis next to
thebalancemarkeron thetire.

NOTE: Thebalancemarkeron an inner

tube is a. stripeof contrastingcolors

approximatelyone-halfinchwideand2
incheslong.Its on thevalvesideof the
tube.Thebalancemarkon a tire isa red
dotapproximatelyone-halfinchin diam-
ter It is on the sidewallnear the bead

(igure32-12).

Inflatethetubeuntil itis round,andthenplace
thevalveholehalfof thewheelinto positionin

the tire. Pushthevalvestemthroughthehole.

Finally,insert theotherhalfof thewheeland

aligntheboltholes.

Installfourbolts,nuts andwashers90degrees
apart.Starttheboltsbyhandandtightenthem

evenlyuntil thewheelhalvesseat.Install the
remainingbolts,nuts,and washers.Tighten
the boltsin a crisscross orderto preventdis-
tortingthewheelor damagingtheinserts.Use
a calibratedtorquewrench and tighteneach
bolt in incrementsof25percentof thespecified
torquevalueinacrisscross orderuntil thetotal
torquevaluerequiredforeachboltin thewheel

hasbeenreached.

NOTE: WhenLubtorkis specifiedon the
â€˜wheelhalf,coatall thethreadsandbear-
ingsurfacesof the bolt heads.Lubtork
â€˜mustnotbeusedon magnesiumwheels.
For magnesiumwheels,use the lubri-
cant specifiedor MIL-G-21164lubricant.
Removeall excess.

Beforemountingtubelesstires,checkthe tire
sidewallfor thewordtubeless.Treattires with-
out this markinglike tube tires. Whenyou
â€˜mounttubelesstires, install the valve stem

Figure32-12 (A)Reddotbalancemarkeron atubetypetre,and(8)a balancemarkon an inner

(valvecore removed)in the wheelassembly:
Removingthevalvecore preventsunseatingof
thewheelsealbythepressurebuilt upwhen
thetire is installed

Insertone wheelhalf in the tire andposition
the tire so thebalancemarkeron the tire is at
the valvestem.Install the wheelseal.Install
theotherwheelhalf andaligntheboltholes.
Installthebolts,washers,andnuts in thesame

manner usedfor thewheelassemblycontain-

inginnertubes,
Mountingremountable flangewheels.
Whenyoumount a tubetireona remountable

flangewheel,prepareandinsert theinner tube
in thetire in thesame manner usedon a splitordividedwheel.Thewheelis thenpositionedon

a flatsurfacewith thefixedflangedown.Push
the tire on thewheelassemblyas far as i t will
0, andguidethevalvesteminto thevalveslot
with thefingers.Installtheremountableflange
fon thewheel.Securethelockingringaccord-
ing to theassemblyinstructions requiredby
theapplicablewheelmanual.

Whenyoumountatubelesstire ona demount-
able flangewheel,install the valve stem
(valvecore removed)in the wheelassembly.
Removingthe valvecore preventsunseating
thewhee!sealbythepressurebuilt upwhen
the tire is installed.Lubricatethewheelseal
with thesame lubricantandin thesame man-

ner as describedearlierfor splitor divided
wheelassembliesusingtubelesstires. Install
thewheelsealon theflange.Securethelock-
ing ringaccordingto the assemblyinstruc-
tions requiredbytheapplicablewheelman-

ual

 

TireInflating
â€˜Thegasusedto inflateatire dependsmore on

theairplanethanon theactualtire. Although
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 Figure3-2-13.Nitrogenservicingunits.

 Figure3-2-14.Inflationsafetycagewithaircrafttire.

it wouldbenice to inflateall aircrafttires with
nitrogen,it simplyis not practicalto do so.

â€˜Manylightaircraftare simplyinflatedwith

shopair. However,shopair shouldbe clean
anddry(commonlyit is not)Filtertheshop
air, if necessary.

Nitrogenis usedin tires thatsee highspeed
andhighaltitude.Thus,a PiperJ-3Cubmight
â€˜welluse air,andanythingwith a turbocharger
mightuse nitrogen.All turbine airplanes
shoulduse nitrogen.

Al high-pressureinflationsources shouldbe

equippedwith a regulatorthat limitstheline
pressureto the inflator (Figure3213).The

regulatorshouldbesetto providea controlled
inlet pressureto the inflator. It shouldnot

exceedthe requiredtire inflationpressureby
â€˜morethan50percent.

â€˜Thetire inflatorassemblyconsistsof a remote

regulatorwith low-andhigh-pressuregauges
and a l0-foot service hose. The inflator
assemblyshouldbe calibratedwheni t is first
received,beforebeingplacedin service and
every6 monthsthereafter.Theunit shouldbe
equippedwith a built-inreliefvalveto prevent
overinflationof a tire. Setthereliefvalveat 20

psi.abovethemaximum pressurerequired,
â€œAfterbuildingupanew tire,placeit in a safety
cagefor inflation. A typicalsafetycageis,

shownin Figure32-14.Themethodof inflation
useddependson whethera tubeor tubeless,
tire is beinginflated.

â€˜Toinflatetubetires,remove thevalvecore and

placethe wheelassemblyin thesafetycage.
Rememberthat thereis more than one style
of valvecore (Figure3-215).An Hon thecore

â€˜meanshighpressure.Attacharemotetireinfla-tion gaugeassemblyto thevalvestem.Besure

the inner tube is not beingpinchedbetween
the tire beadandthewhee!flange.
On remountableflangewheels,be sure the
remountableflangeand lockingring are

seatedproperly.Securethesafetycagedoor
andinflatethe tire to its maximum operating
pressure.Thisseatsthe tire beadsagainstthe
rim flanges.Deflatethe tire and install the
valvecore. Then,inflate the tire to its maxi-

â€˜mumoperationpressure.You shouldallow
the tire to remain at thispressurefor a mini-

â€˜mumof 10minutes.At theendof this10-min-
ute period,thereshouldbeno detectablepres-
sure loss,

If no pressurelossis detected,the tire pres-
sure shouldbe reducedto 50 percentof the
â€˜maximumoperatingpressureand the tire
andwheelassemblystoredin a rack,readyfor

If the tire lostsignificantpressure,reducethe
tire pressureto 50 percentof the maximum

â€˜operatingpressurefor safety,thenremove the
assemblyfromthesafetycageanddetermine
thecause of theleak.Ifa slowleakis detected,
theair retention testshouldbeextendedto 24
hours.If theleakageexceeds5 percent,thetire
shouldnot be useduntil remedialaction is

taken,

â€˜Alossof pressurelessthan5 percentcan be
experiencedduringthefirst24hoursafter in i -

tallyinflatinga new tire. Thisis attributedto
normaltire stretch.Thetirepressureshouldbeadjustedaccordingly.Tubelesstiresareinflated
in the same manner as tube tires exceptthe
valvecore is not removed.



TirePreventativeMaintenance
Debrison runwaysand in parkingareas

causes tire failuresandresultsin manytires

beingremovedlongbeforetheyreachfull
service life. Its importantthat thoseareas

bekeptcleanat ll times, Whenyoumove an

aircralton theground,do not pivotwith one

whee!lockedof turn sharplyat slowspeeds
Thisscufsoff readandcauses internalsepa-
ration of thecords.Alwaysbesuretheaireraft
is moving before you attempt a turn, This
Allowstetire to rollinsteadofsrape.

Youshouldmakeeveryeffortto preventoil,
grease,hydraulicfluid,or other harmful
â€˜materialsfrom comingin contact with the
tires. Whenthere is a chancethat harmful
â€˜materialscan come in contactwith the tires

duringmaintenance,theyshould be pro-
tectedbycovers, Tocleantires thathavecome

in contact with oil,grease,or otherharmful
â€˜material,use a brushor clothsaturatedin a

soapandwater solution.Rinsewell with tap
water.

A holderof a pilot'scertificatecan replaceor

repaira tire on an aircraftownedor operated
by thepilot,The operationis consideredpre-â€˜entativemaintenanceandisallowedunderId
CFRPart3

UnevenTreadWear

If a tire showssignsof uneven or excessive

treadwear, investigatethe and remedythe
conditionbeforethe tire is ruined.Someof
the common causes of uneven treadwear are

underinflation,overinflation,misalignment,
andincorrect balance.

Underinflation. Underinflationcauses the
tire to wear rapidlyandunevenlyat theouter

â€˜edgesofthetread.Anunderinflatedtire devel-
â€˜opshighertemperaturesduringuse than a

properlyinflatedtire. Thiscan resultin tread
Separationor blowoutfailure,

(Overinflation.Overinflationreducesthetreadcontactarea,causingthe tire to wear fasterin
thecenter.Overinflationincreases thepossibil-
ityof damageto thecordon impactwith for-
eignobjects.

Misalignment.Figure3-2-16showsrapidand
uneven tire wear causedbyincorrect camber
or toe-in. Thewheelalignmentshouldbecor-

rectedto avoidfurtherwear andmechanical

problems.
Balance.Correctbalanceofthetire,tube,and
â€˜wheelassemblyis important.A heavyspoton

an aircrafttire causes thatspotto alwayshit

LandingGearSystems| 335

 

 

   Aircraft (short)    

      
â€˜Alreraft(long)

Figure3-2-15.Valvecore identification

 Figure3-2-16.Rapidtreadwear causedbymis-

alignment.

thegroundfirstwhenlanding.Thisresultsin
excessive wear at the one spotand an early
failureat thatpartof thetire. A severe case of
imbalancecan cause excessive vibrationduring
takeoffandlanding.Thismakesaircrafthan-

dlingdifficult.Figure3-2-17showsa tire thatis
actuallyout of roundandmore thanlikelywas

difficult to balance.

Tire cuts. Tirecuts on thesidewallof a tire
are generallymore serious than a treadcut.
In general,it dependson how deepthe cut
is. Whenthecut is deepenoughthat thecord
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 Figure3-2-17.Thistre was worn excessivelyfrom
misalignmentandwas alsooutofround,making
balancedifficult.Thehighspatshowsmore wear

thantherestofthetire.

qi
ce

Figure3-2-18.Thisis a badsidewallcutfroma

langepieceofdebrison therunway.If thecordis

â€˜cutor damaged,thetireshouldbereplaced.

NGSeg

   19.Theresultofbeingoutsideandunprotectedfortoo longis

 

hasbeencut the tire is duefor replacement.Figure3-2-18showsa badsidewalllcut froma

largepieceof debrison therunway.

Weatherchecking.Figure3-219showsa

â€˜mountedtire that hasbeenoutsidefor too

long.Thecarcass is severelyweatherchecked.
Water,dirt,andmore sunlightcan penetrate
the cracksandattacktheunderlyingcord.A
tire thisbadneedsreplacing,

NylonFlat Spotting
If the aircraft standsin one placeunder
a heavystatic load for severaldays,local

stretchingcan cause an out-of-roundcondi-
tion with a resultantthumpingduringtake-
off and landing.Thisis the so-callednylon
sickness

DualInstallations

On dual-wheel installations,match tires

accordingto specificdimensions,Table3-2-1
is an exampleonlyof tolerancesfor diam-
eters of pairedtires. Donot use it as a ser-

vice instruction. Tiresvarysomewhatin size

betweenmanufacturersandcan varya great
dealafterbeingused.Whentwo tires are not
â€˜matched,the largertire supportsmostof,or

all,theload.Becauseone tire is not designed
to carry this increase in load,a failure can

result

Manyaircraftmanualsspecifya maximum

size differencefordualtire installations.

Dual-tire inflation. Dual tires must be
inflated evenly.One may not be inflated
â€˜more(orless)thantheother.Todo so moves

a tremendousloadto the tire with thehigher
pressure,Somuchso,in fact,that it can fail
â€˜withcatastrophicconsequences.Neverpush
the pressurelimits. Theyare therefor a rea-

MatchingCriteria

With theavailabilityof severaltire manufac-
turersâ€™productsin bothbiasandradialtypes.
comes theproblemof mixability.Someques-
tions mustbe asked.Whichtire can be used
with anotherbrand of tire? Who can use

them?Canbiasandradial tires be mixedon

thesame truck?

â€˜Theanswer to thesequestionsis maybe.Each
aircraft manufacturerdefinestire-matching
criteria in its aircraftMM. In most cases,the
answer is no. However,as always,the manu-

facturerhasthelastword,



AircraftTubes
â€˜Theinner tubeholdstheair in the tire. Many
tire andwheelcombinationsare not airtight,
requiringatubeinsidethetire
Identification. Tubesare designatedfor the
tires in whichtheyare to beused.Forexam-

ple,a typeItubeis designedforusein a type|tire. Thesize ofthetubeisthesize of thetire in

whichitis designedto fit

Inner tubesrequiredto operateat 100 psi.
or higherinflation pressureare usuallyrein-

forcedwith a plyof nyloncordfabricaround
the insidecircumference.The reinforcement
extendsa minimum of one-halfinchbeyond
thatportionof thetubethatcontactstherim.

â€˜TypeIll andtypeVII inner tubeshaveradial
vent ridgesmoldedon thesurface,as shown
in Figure3-220.Thesevent ridgesrelieveair

trappedbetweenthe casingsand the inner

tube duringinflation. Inner tubevalvesare

designedto fit specificwheelrims.

Tubestorage.Tubesshouldbestoredunder
the same conditionsas new tires. Newtubes
shouldbe storedin their originalcontainers.
Usedtubesshouldbe partiallyinflated (to
avoidcreasing),dustedwith tale (o prevent
sticking),andstoredin the same manner as

tires. Underno circumstancesshould inner

tubesbehungover nailsorhooks.

 

Inspection.Inner tubesshouldbe inspected
and classifiedas serviceableor nonservice-

able.Usually,you can see leaksfrom punc-
â€˜tures,breaksin thetire,andcuts. Smallleaks.
â€˜mightrequirea soapywater check.Complete
submersionin water is thebestwayto locate
smallleaks.If the tubeis too largeto besub-
merged,spreadsoapywater over the entire
surfaceandexamine carefullyfor air bubbles.
Swisharoundthe valvestem andvalvebase
to breakanytemporaryseals.Thetubeshould
becheckedforbentor brokenvalvestemsand
stemswithdamagedthreads,

Serviceabletubes.Innertubesshouldbeclas-
sifiedas serviceableif theyare foundto befree
of leaksandotherdefectswhentheyare inflated
with theminimum amount of air requiredto
roundout thetubeandwaterchecked,

Nonserviceable tubes. _Nonserviceable
tubes can be repairableor nonrepairable.
Nonserviceabletubes with the following
defectsshouldbeclassifiedas repairable:

Bent, chafed,or damagedmetalvalve
threads

â€˜=Replaceableleakingvalvecores

LandingGearSystems| 337
 

 

 

Tarteores(astatee(inch)
tes than18 ve

337040 rn
soa 1s

More than6 ss â€˜Table3-2:1.Tolerancesfordiametersofpairedtiresin dualinstallations.
Examplechartonly.Refertoairframemanufacturersâ€™tolerancesformea-

surements,

Nonserviceabletubes with the following
defectsshouldbeclassifiedas nonrepairable:

â€˜+Anytear,cut,or puncturethatcompletely
penetratesthetube

â€˜*Fabricreinforcedtubes with blisters
greaterthanone-halfinchin diameterin
thereinforcedarea

â€˜*Chafedor pinchedareas causedbybeads
or tire breaks

+ Valvestemspulledoutof fabricbasetubes

* Deteriorationor thinningfrombrakeheat

*Foldsorcreases

+Severesurfacecracking
â€˜=Nobalancemarker

 Figure3-2-20.Inner tubevent ridges.
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TireRebuilding/Retreading
Rebuildingaircrafttires hasbeenpracticedfor
â€˜manyyears.A rebuilttire is one thathasa new

treadSection attachedto a goodcarcass of a

â€˜worntire. Theprocessis calledrecapping.Each,

recappedtire saves aircraftoperatorsapproxi-
mately75 percentof the cost of a new tire.

Historyshowsthata rebuilt tire givesservice

comparableto a new tire,

TireRepairs
â€˜Thefollowingguidelinesrepresentpresent

Acceptableindustrypracticesregardingai-

craft tire repairs
 

Fortiresoperatedabove120m.p.h.
* Treadarea. Cuts,cracks,or othertread

injuries1.5inches longand0.25inchwide
â€˜orlesson thefirstcordbodyplyandthat
do not extendthroughmore than40per~
cent of theactualtire cordbodypliesare

repairable.However,anytread injury
repairedbyskivingor raspingmethods
shouldnot havethe final repairgreater
than2incheslong,

+ Treadinjuries.Treadinjuriesthatpen-
trate to 40 percentof actualtire cord

bodypliesandare 1.5incheslongor less
â€˜onthefirstcordbodyshouldbe limited
to six pertireandshouldnot belessthan
60degreesapartalongthetire circumfer~

+ Sidewall rubber.Surfacedefectsof any
degree(checkingradial and circumfer-
ential cracks,cuts,and snags)maybe

repaired,ifthe injuriesdo not penetrate
into thecordbodyfabricplies.

+ Beadarea. Minor injuries to the bead
area mayberepaired,ifthe pliesare not

damaged.
+ Beadseal.Thebeadsealshouldnot be

affectedor intersectedbyimpressionsor

depressions.
+ Beadfaceand beadheel. Thoseareas

shouldbesmooth,

* Beadtoe.Thebeadtoeshouldbetrimmed
so that no edgesare exposedabovethe
beadfaceandso thatanybeadtoe flash
remainingdoesnot protrudemore than
0.125of an inchfromthefacecontour of
thebead.If trimmingof the beadtoe is

necessary,thetrimmingmust not cut or

exposethetire cordmaterialor more than,
â€˜onelayerof chaferfabric.

* Chaferstrip.Minor injuriesin the cha-
fersteipor slighttire tool injuriesin the

generalbeadarea are repairable,if they
donotextendinto thepliesofthetire and
thereis no signof separationin thebead
area. Looseo blisteredchaferstripscan

berepairedor replaced,
â€˜=Inner liner, Inner liner surfacedam-

ageanddefectsotherthan liner splices
that are lessthan2 incheslongcan be

repaired.A maximum of 10 of these
repairsare acceptablewith no more than
threerepairsin anyone quadrant.Liner

splicedamagedefectscan berepairedif i t
is lessthan10incheslong,

+ Exposedcord.Exposedcord,either in

the breakeror carcass, ply,shouldnot
exceedI percentof thebuffedtotaltread
area on one spotor more than2 percent
for theentire tire. Exposedfabricshould

notexceedonecarcassplyin depth.
Fortiresoperatedbelow120m.p.h.

= Bead injuries.Repairscan be made
whereonlythechaferesistantmaterialis,

damagedor loose,or whereminor inju-
ries do not penetrateinto more than25

percentof thetire pliesupto threedam-

agedplies.
+ Tread of sidewalls. Injuriescan_be

repairedbythe. spot method.â€•ThisTrBludscolsin thebeadaren thot ae

simallerthan05 inchlonganddonot pen-
elrate more thanthenumberof pliesinto
thecordbodylistedin Table322

Lessthan8 None

8 through16 2 plies
More than16 4 plies

Table3-2-2.Allowablecutdepthforsome low
speedtres

RetreadableTires(Recaps)
Generally,tires with soundcordbodiesand
beadsand thosewith flat spotsthat do not
extend into more than one carcass plyare

retreadable.However,each tire manufac
turer hasestablishedrepairdatafor its tires.

â€˜Additionally,eachretreaderapprovedbythe
FAAalsohasa processspecificationthatmust
meet both the manufacturersâ€™dataandFAA
ACM5-4,
Whatthismeans is thatone retreadercan not

approvea tire that is repairablebyanother
retreader.Onceyougetaccustomedto working
with a supplier,acceptanceor rejectioncriteria
is easier to recognize.



â€˜Markingof retreadedtires. Thefollowingis,

a directquotefromFAAAC 145-4:

A. Wheneverit is necessaryto replacethe
area containingtherequiredoriginal
â€˜markings(Ref:TSO-CÃ©2cas applicable),
or if thosemarkingsaredamaged,such
â€˜markingscan bereplacedbytheretreader,
exceptfor the TSOidentification,which
can onlybereplacedat thedirectionof
themanufacturer.Whenretzeadingtires
forcertainaircarriers, theymayrequire
additionaltire markings.In addition,each
retreadedtire shouldershouldbeperma-
rentlyembossedwith at leasttheretread
informationasfollows:

(DTheletterRfollowedbya number1,2,
etc,to signifythesequentialnumberof
retreadsappliedthereon,

@)Themonthandyearoftheretread
application.

(@)Thename or identifyinglettersof the
retreaderwhoretreadedthetire.

(4)Theplantlocationof theretreader.
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B, Balancemarker.A balancemarker,con-

sistingofareddot,is requiredto be
affixedon thesidewallof thetire imme-

diatelyabovethebeadto indicatethe
lightweightpointof thetire. Thedot is

requiredto remain foranyperiodof stor-

ageplustheretreadlifeof thetire.

. Treaddesign.All tires shouldhavea full
circumferentialgrooveor othertread
design,whichwill provideadequate
traction foralloperationalmaneuvers as

specifiedbythemanufacturer.

D, Treadreinforcementfabric.Thetread
reinforcingfabricshouldnot enddirectly
underan outer treadgroove.

E, Balancetolerance.Al tiresshouldbebal-
ancedinaccordancewith thescheduleset
forth in TSO-CÃ©2e.

F, Tireweight.Theweightofa tire should.
not begreaterthantheapplicableaircraft
typecertificatelimitationsunlessspecifi-
allyapproved,

Figure3.2.21showsanexampleof all themark-
ingson a recappedtie.

 1.Rebulder 6.Plyrating 11,cut timit
2 Manufacturersmold 7.Type(tubelessor tube) 12.Miltarystandard

number8. Originalmanufacturer umber
4, Speedrating(knotsor 9.T50 Number 13,Numberof timesrebuilt

mph) 10.Originaldateof manufacture 14.ullandateof rebuildor
4.Type(onsome tires) or Sengsetalnumber Imonthandyearof rebuld
5 Size 15,Rebullderâ€™plantlocation

Figure3-2-21.Markingson a recappedtire. Notallmarkingsare presenton eachrecappedtre.
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NonrepairableAircraftTires

Ifanyof thefollowingconditionsexist,repair-
ingthetire is not recommended:

* Injuriesto thebeador beadarea (except
thatrepairsmaybemadewhereonlythe
chafe-resistantmaterialis damaged,or

loose,or if damagedoesnot extendinto
thepliesof thetire andif thereis no sign
â€˜ofseparationin thebeadarea)

* Beadinjuriesthataffectthe sealof the
beadon tubelesstires

* Evidenceof separationexceedingpro-
â€˜cessspecificationlimitsbetweenpliesor

aroundbeadwire

Injuriesrequiringreinforcementandall
injuriesrequiringsectionalrepair.

+ Kinkedor brokenbead
+ Weathercheckingor radial cracksthat

penetrateinto bodycords

* Evidenceof flexbreaks
+ Looseinternallydamagedorbrokencords.

* Brokenor cut cordsin theoutsideside-
wallor shoulderarea

* Evidenceofblistersor heatdamageto the
beadseat wherereversion scorching,or

rubberflakinghasoccurred
* Cracked,deteriorated,or damagedinner

liners

 
 Figure3-3-2.Typicaldivided(spit)wheelassembly.

â€˜+Flatspotsandskidburnsthathavepen-
trated more thanone carcass

â€˜Â©Tires that have been saturatedwith
fuel,grease,or oil,to the pointwhere
treadadhesionor tire integritycouldbe

adverselyaffected
â€˜+Tireswithsidewallsthathavebeenbuffed

andveneeredthreetimes

â€˜=Puncturesthat penetratethroughthe
cordbodyare not repairable

Section3

AircraftWheels
Aircraftwheelsare removedfrequentlyfor tire

changes,inspections,andlubrication.Wheels

areamongthemosthighlystressedpartsof an

aircraft.Hightire pressures,cyclicloadings,
corrosion,andphysicaldamagecontributeto,
failureof aircraftwheels.Completefailureof
an aircraftwheelcan becatastrophic.
â€˜Thedimensionsusedto identifywheelsare not

necessarilythedimensionsofthewheelsthem-
selves.Instead,theyreferto dimensionsof the
tire,

â€˜Aircraftwheelsare madefromeitheralumi-
â€˜numor magnesiumalloys.This providesa

strong,lightweightwheelthat requiresvery
little maintenance. Wheelsare divided into
threegeneraltypesâ€”dropcenter,split,and

remountableflange.
â€˜Thewheelshaveknurledflangesto prevent
the tires fromslippingon the wheel.Wheels



 Figure3-3-3.Remountableflangewheel.

usedwith tubelesstires havethewheelhalves
sealedbyan O-ring,andtheyuse specialvalve
stemsthatarea partof thewheel

Dropcenter wheels,Not common in todayâ€™s
environment,dropcenter wheelswere mana

facturedjust like automobilewheels,only
many times stronger (Figure3-3-1).Theyare

tne piece,with thebrakedrumshrunkand
bolted to the insideof thewheel,justas an

auuiomabilebrakesystem.Thebrakesystems
were typicallyeithersinglecircularshoeor

expandertubetype

Mostlyon main gears,dropcenter wheels
â€˜mounttires that are 14 or more plies.They
must be mountedanddismountedthe same

as automobiletires,ie, usinga wheelholder,
tire irons, and a bigtire hammer.Thelever,
typeautomobiletire changersusedbytodayâ€™s
tire shopsdonot dothejob.If youhaveto dis-
â€˜mountandmounttiresondropcenterwheels,
find a tire professionalwhowill do thejobfor
you.

  Splitwheels.Figure3-3-2showsa typi
(divided)wheel.This typeof wheelis di
into two halves.Thetwo halvesare sealedby
an O-ringand held togetherwith nuts and
bolts.Eachwheelhalf is staticallybalanced.
â€˜Thistypeof wheelis universallyusedon nose,
â€˜main,andtail landinggearof modernaircraft.

Remountableflangewheel. The remount-
ableflangewheelis madeso one flangeof the
â€˜wheelcanberemovedto changethetire. How
the flangeis attacheddependson how large
the wheelis. If it is a smallwheel,the flange
is held in placebya lockring.Largerwheel

flanges,or rings,are attachedwith a series of
studsand nuts. â€˜Thewheelis balancedwith
the flangemountedon thewheel.Then,both
the wheeland flangeare marked.Toensure
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properbalanceof thewheelduringassembly,
thetwo marksshouldbelinedup.Figure3-3-3
showsa typicalremountableflangewheel.
â€˜Thistypeof wheelis commonlyusedon the
main landinggearof olderaircraft.Theyare

alsocommon as tail or nose wheelson these
same aircraft,

TypicalWheelAssembly
â€˜Thebearingcupsare shrink-fittedinto the
hubof the wheelcasting,and are the parts
fon whichthebearingsride.Thebearingsare

taperedrollerbearings.Eachbearingis made
of a cone, retainer,androllers.Thistypeof

bearingabsorbssidethrustas well as radial
loadsandlandingshocks.Thesebearingsmust
becleanedandlubricatedin accordancewith
theappropriateMM.

A three-piecegreaseretainer keepsthe
greasein theinboardbearingandkeepsout
dirt andmoisture. Itis composedof a felt seal
andinner andouter closurerings.A lockring
secures the assemblyinside the wheelhub

(Figure3-3-4),

 

â€˜Thehubcapsealstheoutboardsideof thehub.
It is securedwith a lockring.Onsome aircraft,
thehubcapis securedwith screws.

â€˜Allwheelsdesignedforuse on themain land-
inggearare equippedwithbrakecomponents.
â€˜Thesecomponentsare attachedto the wheel
casting.Theycan consistofeitherabrakedrumor brakedrivekeys.
â€˜Thetrendin designis for fasterandmore pow-
erful aircraft.Thismeans heavierloadsand

higherlandingspeeds.The friction of long
landingrolloutsandtaxiingcauses heatto be
absorbedbythe wheel.Becauseof theheat,
wheelfailurecouldoccur.

 Figure3-3
anda snapring,

A typicalfeltgreaseretainer:two thinflatwashers,a feltring,
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â€˜Thiscan damageequipmentand injure per
sonnel.Topreventthis,aircraftmanufacturers
havedevelopeda safetydevicecalledafusible
plugshownin Figure3-3-5.Thefusibleplug,
contains an alloythatmeltsat a specifictem-

peratureandpermitsthe tire to deflate,rather
thanexplode.Thisactionoccurs if thewheelis
exposedto excessive heat.

WheelMaintenance
Corrosionand lossof bearinglubricationare

two of themajorcauses of failureor rejection
of aircraftwheels.It is extremelyimportant
to protectaircraftwheelsandbearingsfrom
â€˜water,especiallysaltwater or runwaydeicer.
Wheelbearinglubricationgetscontaminated,
â€˜orbreaksdown,fromexcessive heatandwater.

Greasesealsin aircraftwheelsarenotdesigned
to withstanda directstream of water. When
â€˜wheelsare exposedto a stream of water (Such
as a hose,it usuallypenetratesthehubarea,
contaminatingthebearinglubricant.Thiscon:

tributesto corrosion in thebearingarea. All
â€˜heelbearingsshouldbe lubricatedat every
tire changeandas requiredbytheapplicable
maintenanceschedule.It is a requirementat
tach100-hourandannualinspection.

Cleaning.Youshouldcleanbearings,bearing
cups,wheelbores,andgreaseretainers with
solvent,to remove all tracesof thegrease,pre-
servative compounds,andcontamination. Dry.
thebearingsandthehubarea withcompressed
air,butdonotspinthebearingswiththeair nozzle.
â€˜Atthispoint,theyare nolongerlubricatedand
therpm. exceedsthebearingsrating.Perform
a visual inspectionof the bearings,bearing
retainers,andbearingcupswith a 10x mag-
nifier. Replaceall excessivelyworn, dented,
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Figure3-3-5.Fusibleplugs.

scored,or pittedbearingcups.Mostbearing
cupsdisplaysome wear.

Anyobviousdefectson bearingcone androller
assemblies,includingcracksin the bearing
retainer,are cause forreplacement.
Lubrication.Youshouldrepackthebearings
with themanufacturer'sspecifiedgrease.They
can be repackedbyhandor byusinga bear
ingpacker.Spreada thin layerof greaseon the

bearingcups.Inspectthefeltgreaseretainersfor
deterioration,contamination,or watersaturation.

Replacethemif necessary.Youshouldpresoak
{eltretainerswithlightoil beforeinstallingthem.
Reinstallthewheelon theaircraftaccordingto
theapplicableMM.
Installation. Whenyou reinstall the wheel
on theaircraft,the properadjustmentof the

bearingsis extremelyimportant.Thefollowing
generalrulesapplyto wheelinstallation:

* Tightentheaxlenut whileyouspinthe
wheelwith yourhand,

+ Whenthewheelno longerspinsfreely,
backofftheaxlenut one castellation(one-
sixthturn).

Whenproperlyinstalledand adjusted,the
â€˜wheelturns freely,butdoesnot move sidewise.

NOTE:Thisprocedurecan varyfromone

aircraftto another.Someaircraitrequirea

â€˜specifictorquetobeappliedtotheaxlenut.
In thesecases,referto theapplicableMM.

+ Installtheappropriateaxlenut safety
device(usuallya cotterpin)

*Installandlockthehubcapin place.

)
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Safety.Whenyouperformtire and wheel
â€˜maintenance,handle inflated and partially
inflatedwheelassemblieswiththesame respect
becauseof the destructivepotentialof a gas
underpressure.

WheelOverhaul

Itis possibleto overhaulan itemas simpleasa

wheelItisjustanotherpartofthemaintenance
rocess. Otherresponsibilitiesinclude paint

Ingcleaning,inspection(ubrication),Blend-
ingmaintenance,andcorrosion andphysical
damageblendout

Painting.Whenthewheelpainthasdeterio-
ratedto theextentthattouch-upis not feasible,
wheelsshouldbestrippedandrepainted.

Cleaning.Toinspectaircraftwheelsforcracks,physicaldamageand corrosion, theymust
be clean.All dirt,rubber,andgreasedepos-
its mustbecompletelyremoved.Cleaningfor

appearance'ssakeis generallya requirement.
Removingstainswithoutdamagingthefinish
isa necessity.

Manywheelsare discoloredafterthe rubber
depositshavebeenremovedfromthetire bead
areas. Thisdiscolorationis acceptable,andfur-
thercleaningis notnecessary.Often,discolored
areas aroundbrakekeysare difficultto remove

â€˜withoutdamagingthepaint.

â€˜Thefollowingstepsdescribehow to cleanthe
wheels.Theprocessis forexampleonly.You
mustchecktheappropriateMMM for recom-

â€˜mendations.Notallwheelsare thesame.

Cleanthewheelsas follows:

1.Prepareone tank(olutionA)ofcleaning
solutionconsistingof 4 to 9partsclean-
ingsolventand1partsolventemulsion
cleaner.

2.Prepareanothertank(olutionB)of clean-
ingsolutionconsistingof 4to 9 partsof
cleanwater and1partemulsioncleaner.

43,Placethewheelportionto becleanedon

a grillover solutionA,andsprayit thor-

oughlywith solutionA to remove all loose
greaseandsoil.

4.Immersethewheelportionin solutionA,
andallowit to soakfor20minutes.

â€˜5,Repeatstep3,andthenscrubthetire bead.

areaswithbristlebrushesto remove the
rubberdeposits.Donot use wirebrushes.

6,Thoroughlydrythewheelwith com-

pressedair
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7.Immersethewheelportionin solutionB,
andallowit to soakfor20minutes.

&.Placethewhee!portiononageilover

solutionB,and sprayit thoroughlywith
SolutionB.Removeanyremainingsollor

greasedepositswith liberalamountsof

SolutionBandbristlebrushes

9.Thoroughlywashthewheelportionwith
a high-pressurestreamof cleanwater to
remove all solvents.Compressedair can

beusedto drythewheel.

Inspection,Performa visualinspectionof the
wheelfr cracks,loosebearingcups,corrosion,

physicaldamage,and meltedfusibleplugs
(Figure33-5)

A plugmightnot needto be replaced.If the
eutecticmaterialappearsto be filed,sanded,
or broken,youshouldassume theserviceable
limitshavebeenexceededandrejecttheplug,
You shouldperformthe eddycurrent and

dyepenetrantinspectionson wheels,Inspect
all te bolts for corrosion, elongation,bend-
ing,strippedthreads,or deformedshanks
Youshouldalsoperforma magneticparticle
inspection for cracksonall steel parts."Any of
thelisteddefectsis cause forreetionofthe
tie bolt Selflockingtie boltnuts can bereused
if the mutcannot be turnedonto the te bolt

byhand,Ondisewheels,youshouldinspect
brakekeysor gearsfor wear and looseness

Replacesoon brakekeysandgearsot reattach
loosebrakekeysandgears.Corrosiono rust
on brakekeysandgearsis common andis not
Cause forrejection.

  Figure3-3-6.Pressurerepackingofwheelbearings.
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 Figure3-3-7,Handrepackingofwheelbearings.

Bearingmaintenance.Removeand inspect
thebearingcone androllerassembliesaccord-
ing to the applicableMM. Thoroughlyclean
thebearings,bearingcups,wheelbores,and
greaseretainers with solventto remove the
â€˜grease,preservativecompounds,andcontami:
nation,

Repackbearingswith the recommended
â€˜grease.Bearingscan be repackedeitherwith
pressureequipmentor byhand(Figure3-3-6
and Figure3.3-7).The pressuremethod is

recommendedbecausei t is easier,faster,and
reducesthepossibilityof contamination.The
pressuremethodensures a moreevendistribu-

tionof greasewithin thebearing.
NOTE:Ensurebearingsare completely
drybeforepackingthemwith lubricant.
If solventis in the races,it dilutesthe
â€˜grease.

â€˜Alsospreada thin layerof greaseon thebear~
ingcups.Inspectthegreaseretainers for evi

denceof deterioration,contamination,or water,
saturation,Replacethemifnecessary.Presoak
the retainers with lightoil beforeinstalling
them.

Corrosionand physicaldamageblendout.
Limitedand isolatedcorrosion and physical
damageshouldbe blended.Generally,wheel
rims,outsideendsofbearinghubs,nicks,gouges,
andpockmarksare not consideredsignificant
unlessthedefectis deeperthan0.020ofaninch.
â€˜Thedefectshouldnot be blendedout unless
thereis activecorrosion in thedefect.However,
all burrsmustberemoved.Themaximum depth,
â€ f̃blendoutis containedin thecomponentMM.
fortheproduct.
â€˜Therims,bearinghubends,andtire beadarea,

can beblendedout with amediumor finecut,

half-roundor roundtile.Lightlyfile thedam-

agedarea to remove the defects.After the
defectshavebeenremoved,handpolishthe
areas with 320or finer gritaluminumoxide
paper.All filemarksshouldberemoved.

Section4

AircraftBrakeSystems
Forthefirst20yearsor so of poweredflight,
airplanesdid notneedbrakes.Landingspeeds
were slow,airportswere not paved,and tail
skidsprovidedenoughdragto slowdownthe
aircraftfairlyquickly
â€˜Therapidadvancesin aviation after WWI

produceda proliferationof larger,faster,and
â€˜morecomplicatedairplanes.Pavedairports
and rampsmadetail wheelsand brakesa

necessity.

â€˜Thecomingof the jetageproducedairplanes
that exceededanythingto date in capacity.

were heavier,faster,carriedmore weight,
and landedheavierthanever before.System
designandimprovementskeptpace,andbrak-
ingsystemswere in theforefront.Figure3-4-1
showsthesystemof an Airbus300-600.It is,

typicalof largejettransportsystems.
Mechanicalbrakes,Thefirstbrakesystems
were simplecableoperatedshoebrakesâ€”nottore than youwould find on a simplego-
Cart today.Nearyall were cam operated,with
maintenancebeingnothingmore thancable
Adjustmentsandreplacingbrakelinings.These
Systemsare still aroundfodayin some of the
Clderclasicalgeneralaviation airraft, They
more or lessworkedfor their intendedpur-

boutwere lessthanadequatewhenair:

Planesgotheavierandfaster
Air brakes.Air-poweredbrakeswere popu-
lar on some of theEnglishWWI militaryair-

planes.Like mechanicalbrakes,theyare still
in use todaybya smallnumberof classicair-

planes.Assuch,theyreallydemandno know!-

edgeotherthanthefactthattheyexist.

Hydraulicbrakes. As airplanedesigns
evolved,hydraulicbrakesystemsgaineduni-

versalacceptanceand are usedtodayalmost
exclusively.FromthePiperCubto thelatestjet
transportdesigns,all hydraulicbrakesystems
â€˜operateonthesame basicprinciple.Theydiffer

greatlyin complexity.
Somelightaircraftare equippedwith a single
â€˜mastercylinderthat is operatedbya hand-



lever(Jonsonbar)andappliesbrakeaction to
bothmain wheelssimultaneously.Steeringon

thissystemis danebythenose wheelinkage

Most,however,use independentbrakesys-
tems.Eachbrakesystem(eachside)contains its
own fluidreservoirandis completelyindepen-
dentof theaircraft'shydraulicsystem,

Thebrakesare installedon eachmain landing
gearwheelandare operatedindependentlyof
teachother.Thebrakesmust supplyenough
forceto holdtheaircraftduringnormalrun-up,
slowingtheaircraftafterlandingandstopping
the aircraftwhentaxiing.Therespectiverud-
derpedalcontrolsthebrakeswith eithera toe

pedalor a heelpedal

Independent-TypeBrakeSystem
â€˜Anindependentbrakesystemcontains thefol-
lowingcomponents:

+ Ahydraulicreservoir

â€˜+Oneor two mastercylinders
â€˜=Mechanicallinkagefrom the rudder

pedalto themastercylinder
Fluidlinesandhoses

Abrakeassemblyforeachmain gearwheel
In general,theindependent-typebrakesystem
is usedon all smallaircraft.Thistypeof brake
systemis termedindependentbecauseit hasits
â€˜ownreservoir and is entirelyindependentof
theaircraft'smain hydraulicsystem,

MasterCylinders
Mastercylinderssimilarto thoseusedin the
conventionalautomobilebrakesystempower
the independent-typebrakesystemHowever,
there is one majordifferenceâ€”theaircraft
brakesystemhastwo mastercylinders,andthe
automobilesystemhasonlyone.

â€˜Aninstallationdiagramof a typicalindepen-
denttypebrakesystemis shownin Figure3-4-
2. Thesystemis composedofa reservoir, two
â€˜mastercylinders,andmechanicallinkagethat
connects eachmaster cylinderwith its corre-

spondingbrakepedal,connectingfluid lines,
and a brakeassemblyin eachmain landing
gearwheel.

Eachmaster cylinderis actuatedbytoe pres-
sure on its relatedpedal.Themaster cylinder
buildsup pressurebymovinga pistoninside
a sealedfluid-filled cylinder.Theresulting
hydraulicpressureis transmittedto the fluid
line that is connectedto the brakeassembly
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 Figure3-4-1.TheA300-600Airbusis a classicexampleofthebrakesystems
oftoday.

in thewheel.Thisaction resultsin thefriction
necessaryto stopthewheel,

Whenthebrakepedalis released,the master

cylinderpistonis returnedto theOFFposition
bya return spring.Fluidthatwas movedinto
thebrakeassemblyis thenpushedbackto the
â€˜mastercylinderbyapistonin thebrakeassem-

bly.Thebrake assemblypistonis returned
to theOFFpositionbya return springin the
brake.

Thetypicalmastercylinderhasa compensating
port,or valve,thatpermitsfluid to flow from
thebrakechamberbackto the reservoir when
excessive pressureis developedin thebrakeline
becauseof temperaturechanges.Thisfeature
ensures againstdraggingor lockedbrakes.

Ifa mastercylinderbreaksa return spring,one

of two thingshappen:
+ Thecompensatingportdoesnot allowthe

braketo release
* Thebrakedrags

Variousmanufacturershavedesignedmaster

cylindersfor use on aircraft.All are similarin
operation,differingonlyin minor detailsand
construction,
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TypesofMasterCylinders
Severaltypesof mastercylindershavebeen

designed,buttheyhaveessentiallycome to one

basictypein mostgeneralaviation airplanes:
theverticalmastercylinderandits variations.
â€˜Thissection covers basicverticalcylinders,a

â€˜commonhorizontalmanualcylinder,andtwo

typesof powercylinders.
â€˜Theseunitswerechosenfortheirvarietyofoper~
ation methods.In practice,eachmanufacturer,
especiallyin largerairplanes,havetheir own,

designs.Mostworkononeoftheseprinciples.
Vertical mastercylinders.Eachmastercylin-
der is actuatedbypressureappliedto the toe

pedal.Movingthepistondown into themas-

ler cylinderprovidespressurethat is forced

throughthe fluid linesandagainstthebrake
assemblyat thewheel.Thepressureprovides
frictioninthebrakeassembly,whichslowsthe
wheel(Figure3-4-3),

Whenthe brakepedalis released,the master

cylinderpistonis returnedto thestaticposition
bya return spring.Fluidthatwas movedinto
thebrakeassemblyis thenpushedbackto the
mastereinerbya pistoninthe rake assem

bly.ThebrakeassemblypistonisreturnedtotheOFFpositionbyareturn springin thebrake.

â€˜Thereturn springalsooperatesa compensator
â€˜valve.Whenthe master cylinderis returned

to thebattery(normalrest)positionthespacer
tubingpushesdownon theshaftsealwasher,
allowinga fluid passagebetweenthereservoir

andthecylinderto open.Thiskeepsthecylin-
derfull of fluid,

NOTE: Anytime mastercylindertravel
is excessive,firstcheckthereservoir fluid
level.If it is full,youcan be fairlysure

that the problemis in thecompensator
valve.EithertheO-ringis damagedor

hhassome formof debristhat doesnot
allowit to sealwhenthepedalis pushed.

Internal leakagecan also allow the pedal
to slowlygodown with the brakesapplied
becausethefluid leakspasttheseal.

Parkingbrake lever. Most vertical master

cylindershavea builtin parkingbrakein the
formof a wedgingtypelever.Whenpressure
is appliedto thepedalandtheparkingbrake
leverraised,it wedgedthe shaftso it cannot
return to battery,therebylockingthe brakes.

Pushingon thepedalsagainandreleasingthe

wedgingaction releasesthe parkingbrakes,
allowingthemastercylindershaftto return to
theoffposition.

NOTE:Donot setparkingbrakeson air-

craftequippedwith hydraulicallyoper-
atedmultipledise-typebrakeassemblies
while the brakesare hot becausethis
can cause thebrakediscto warp.Allow

  Figure3-4 A typical,independent-typebrakesystem.



sufficienttime for brakesto coolafter

landingbeforesettingparkingbrake.

â€˜Thesetypesof parkingbrakesare veryeffec-
tive,buttheyhavethreeproblemareas:

â€˜+Thereis no temperaturecompensation.
Whentheparkingbrakesset and ramp
temperatureraises, the line pressure
increases with no relief.Thiscan damage
components.

â€˜+Withcontinueduse,theverticalshaftcan

becomegroovedwith marksfrom the

parkingbrakelever.It mightnot operate
properly,

â€˜+Debriscan getunderthe leverand not
allowi t to release properly.

ABSmastercylinder.ABS(formerlyGoodyeat)
â€˜manufacturedone of theoriginaltypesof master

cylinders.Acutawayview oftheABSmastercylin-dersshownin Figure3-4-4,Fluidis fedbygravity
to themastercylinderfroman externalreservoir.

â€˜Thefluidentersthroughthecylinderinletportand

 Figure3-4-3.Verticalmastercylinder.

 

   
Figure3-4-4. Goodyearmasterbrakecylinder.
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compensatingportandfills themastercylinder
castingaheadofthepistonandthefluidlinelead-
ingtothebrake-actuatingcylinder.

BrakeAssemblies
Brakeassembliescommonlyusedon aircraft
are the single-dise,dualdise,multiple-disc,
and the segmentedrotor types.Automotive
shoetypebrakesare rare,buttheyare on some

oldergeneralaviation airplanesandsome ex-

WWI trainer types.Thereare alsosome older

expandertubetypebrakesthatare occasion-

allyfound.

 â€˜Thesingle-anddual-disctypesare commonly
usedon smallaircraft;themultiple-disctypeisnormallyusedon medium-sizedaircraft,and
thesegmentedrotor typesare commonlyused
on heavieraircraft

Fivemain manufacturersâ€™brakesystemsare in

use today:
* Goodrich

ABS(formerlyGoodyeat)
* Cleveland
* Dunlap
Â© Messier-Bugatti

Eachmanufacturer'sproductline hasa diz-
zyingarrayof sizes andmodels.Brakeunits

rangefroma lightairplane,single-puckunit
that weighsabout2 poundseach,to airline
units thatweighmore than250poundseach,

Pucksare availablein a varietyof materials,
dependingon the frictionrequirements.The
materialsrangefromorganicto sinterediron,
trimetallic,ceramic-metallichybrid,carbon,
andcarbon-boron.

Eachtypeof materialhasa break-inproce-
dure. If relinedbrakesare putinto service

without breakingthem in properly,their
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effectivenessandservice lifearesignificantly
reduced.MostaircraftMMsprovidea break-
in procedure.ForClevelandpads,informa-
tion on break-inis availablein the MMM or

thewebsite(www-parker.com/cleveland).

ExpanderTubeBrakes

â€˜Theexpandertubebrake is a low-pressure
brake with 360Â°of brakingsurface.It is

lightweight,hasfewmoving parts,and canbefoundon older aircraft,bothlargeand
small

â€˜Anexplodedview of the expandertube
brake is shownin Figure3-4-5.Themain

partsof the brake are the frame,expander
tube,brakeblocks,return springs,andclear-
ance adjuster.
â€˜Thebrakeframeis thebasicunitaroundwhich
theexpandertubebrakeis built.Themain part
of the frameis a castingthat is boltedto the
torqueflangeof the landinggearshockstrut.
Detachablemetalsidesforma groovearound
the outer circumferenceinto whichmoving
partsof thebrakeare fitted,

â€˜Theexpandertube is madeof neoprenerein-

forcedwith fabric and has a metal nozzle

throughwhich fluid enters and leavesthe
tube.

â€˜Thebrakeblocksare madeof specialbrakelin-
ingmaterial,andtheactualbrakingsurfaceis

strengthenedbya backingplateof metal.The
brakeblocksare heldin placearoundtheframe
andare preventedfromcircumferentialmove-

 

 

â€˜Thebrake return springsare semi-elliptical
or half-moonin shape.Oneis fittedbetween
eachseparationin thebrakeblocks.Theends
of the return springspushoutwardagainst
the torquebars,andthebowedcenter section

pushesinward,retractingthe brake blocks
whenthebrakesare released.

Whenhydraulicfluid underpressureenters
the expandertube,the tubeexpands.Since
the framepreventsthe tubefromexpanding
inwardandto thesides,all movement is out-
ward.Thisforcesthebrakeblocksagainstthe
brakedrum,creatingfriction.Thetubeshields
preventtheexpandertubefromextrudingout
betweentheblocks,and the torquebarspre-
vent theblocksfromrotatingwith thedrum.
Frictioncreatedbythebrakeis directlypropor-
tional to brakelinepressure.

â€˜Theclearanceadjusterconsistsof a spring-
loadedpistonactingbehinda neoprenedia-

phragm.It closesoff the fluid passagein the
inlet manifold when the springtension is

greaterthan the fluid pressurein the pas-
Sage.Tensionon thespringcan be increased
tr decreasedbyturningtheadjustmentscrew.

Someoftheoldermodelsoftheexpandertube
brakeare not equippedwith clearanceadjust

Forbrakesequippedwith adjusters,clearance
betweenthebrakeblocksanddrumis usually
set to a minimum of 0.002 to 0.015inch,the
exact settingdependingon the aircraftcon-

cerned.All brakeson thesame aircraftshould
besetto thesame clearance.

â€˜Todecreaseclearance,turn theadjusterknobmentbythetorquebars dlockoisesto increase clearance.turn. the
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Figure3-4-5.Explodedview ofexpandertubebrake.



adjusterknob counterclockwise.Note,how:
ever, thatturningtheadjusterknobalonedoes
rot changetheclearance.Thebrakesmustbeappliedandreleasedaftereachsettingof the
adjusterknob to changethe pressurein the

brakeandtherebychangethebrakeclearance.

Expandertubebrakesare difficult to main-

tain in comparisonto discbrakes,and they
do not toleratetheheatoutputof a discbrake.
Expandertubebrakeshavebeenreplacedby
discbrakeson all aircraftbuilt in thelastsev-

eraldecades.Forthefewthatstill exist,after-
marketreplacementkits are availablefrom
supplementaltypecertificateholdersto con-

vert themto moderndiscbrakes.

ShoeBrakes

Automotive style,two-shoebrakesare not
common on airplanes.A fewolderaircraft,and
some cropdusterconversions,areaboutallthat
exist, A fewsystemsuse one largebrakeshoe,
insteadof two smallerones,mostlyon WWII
trainers, Itis unlikelyyouwill encounter them.
If youhavetheoccasion to workon any,there
is somethingabouttheir designyou should
know.All shoebrakesworkon theservo-shoe
principal.Thatis,theleadingshoe(frontone on

eitherside)alwaysexerts more pressurethan
the rear one. In essence,it ries to wraparound
the insideof thedrum,theshoeanchorpoint
onlystopsit. In thecase ofacircularshoe,the
anchorpointon the trailingendof the shoe
stopsit. Thisprocessgreatlyincreases thepres-
sure thatcanbeappliedto thebrake.

If youlookat a set of automotive brakeshoes,
notice thattheleadingshoeis shorterthanthe
trailingshoe.It is alsomadefroma different
â€˜material.Thisis becausethecoefficientof fric-
tion and the area (squareinchesof rubbing
surface)establishtheservo action of thebrake.

Alarge-arealeadingshoecan cause a sudden,
or violent,applicationof brakes.Cuttingthe
shoebackreducesthe violenceof the brake
applicationto somethingreasonable.

DiscBrakes

Single-disebrakes. Thesingle-disebrake
is very effectivefor use on smalleraircraft.
Brakingis performedbyapplyingfriction to
bothsidesofa rotatingdisc,withthediscturn-

ing with the landinggearwheel.Thesingle-
discbrakehasseveralvariations. All operate
â€˜onthesame principleanddiffermainlyin how
thediscis attachedto thewheel

Figure3-4-6showstwo differenttypesofsingle-discbrakesinstalledonlightaircratt.Ilustration
â€˜Ais a Clevelandbrake assembly.In the
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Clevelandassemblies,thediscis mountedsolid
to thewheel.A caliperadaptoris boltedsolid
to theaxle.Thecalipercarries bothbrakepucks
andfloatson pinsthatcan adjustin andout of
theadapterto compensateforwear. Changing
brakepads(pucks)is a five-minuteoperation
andthewheelnever leavestheground,
IllustrationB is a ABSbrakeassemblyon an

identicallandinggearleg.Thebrakehousingis

attachedsolidlyto thelandinggearaxleflange
â€˜withmountingbolts.Thediscslidesin andout
of thewheelslotsto compensatefor wear. To

replacepuckstheairplanemust bejackedup
andthewheelremoved.Thenthecalipermust
be unboltedfromtheaxleso thedisccan be
separatedfromthecaliper.Next,thepadscan

bechanged,theneverythingputbacktogetherin reverse order.

â€”

   Figure3-4-6.Typicalsingle-discbrakeinstalla-
tions:(A)a Clevelandbrakesystemand(8)a
Goodyearbrakesystem.
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 Figure3-4-8, Edgeview ofa multiple-discbrakeshowingthediscstackup.

Maintenanceof the single-disebrake can

include bleeding,performingoperational
checks,checkingliningwear, checkingdisc
â€˜wear,andreplacingworn liningsanddiscs.

â€˜Ableedervalve is providedon the brake

housingforbleedingall discbrakes.Bleeding
shouldbeperformedaccordingto the instruc
tions in theaircraftMM.

Operationalchecksare madeduringtaxing
Brakingaction for eachmain landinggear
â€˜wheeshouldbeequal,withequalapplication
of pedalpressureand without anyevidence
of sot or spongyaction When pedalpressure
Weeleuedtebakesshouldeasewitout

any evidenceof drag.All dise typebrakes
â€˜mustbecheckedperiodicallyfor liningwear.

Excessivelyworn liningsmustbereplaced.
â€˜Themethodusedto checklining(puck)wear

dependson themodelof thebrakeassembly.
Differentmethodsare describedlater in this
chapter.Beforecheckingthebrakeson anyair-craft,alwaysrefer to theapplicableMM and
use the methodrecommendedbythe aircraft
manufacturer.

Dual-disebrakes.Dual-disebrakesare used
fon aircraft wheremore brakingfriction is

desiredwith lowerpressures,

â€˜Thedual-disebrakeis verysimilarto thesin-

gledisctype,exceptthat two rotatingdiscs,
insteadof one, are used.Onemodelof this,
brakeis shownin Figure3-4-7,

â€˜Theunit consistsofahousingassembly,a cen-

ter carrier assembly,and two rotatingdiscs.
â€˜Thehousingassemblycontainseightcylinders,
eachofwhichhasapiston,areturn spring,and
a self-adjustingpin. Brakelinings(pucks)are

attachedto eachpiston,to bothsidesof thecen-

ter carrier andto thehousingassembly,which
makesa totalof 24pucks.
Whenhydraulicpressureis appliedto the
pistons,thepucksare forcedagainstthe first
disc,whichcontactsthe pucksin the center
carrier. Thisforcemoves thecentercarrier and
its pucksmove againstthe seconddisc,forc-
ing i t in contactwith thepucksin the hous-
ing,In this manner, eachdiscreceives equal
brakingaction on bothsidesas the pressure
is increased.Whenpressureis released,the
return springsforcethepistonsbackto thepre-
set clearancebetweenthepucksandthedisc.
â€˜Theself-adjustingfeatureis identicalto that
describedfor thesinglefloatingdiscbrakes.
Maintenanceofdual-discbrakesisthesameas

for theprevioussingle-disctype.

â€˜Maltiple/trimetallicdiscbrakes.Multiple-dise
brakesare heavy-dutybrakesdesignedfor use

with powerbrakecontrolvalvesor powerboost
â€˜mastercylinders.Thebrakeassemblyconsistsof
a bearingcarrier,bearings,theretainingnut,the
annularactuatingpiston,andtheheatstackThe
heatstackis composedof a pressureplate,rotat-

ingdiscs(rotors),stationarydiscs(stators)and

backupplate,an automaticadjuster,retracting
springs,andvarious othercomponents.

Regulatedhydraulicpressureis applied
throughtheautomaticadjusterto a chamberin
thebearingcarrier.

â€˜Thebearingcarrier is boltedto theshockstrut
axle flangeand serves as a housingfor the
annularactuatingpiston.Hydraulicpressure



forcesthe annularpistonto move outward,
compressingthe rotatingdiscs,which are

keyedto thelandingwheelandthestationary
dises,whichare keyedto thebearingcarrier.

Theresultingfrictioncauses a brakingaction
â€˜onthewheelandtireassembly.
Whenthehydraulicpressureis relieved,the
retractingspringsforcetheactuatingpistonto
retract into thehousingchamberin thebear-
ing carrier. Thehydraulicfluid in the cham-
ber is forcedout bythe return of theannular
actuatingpistonandis bledthroughtheauto-
â€˜maticadjusterto thereturn line.Theautomatic

adjustertrapsa predeterminedamount of fluid
in thebrake,an amount justsufficientto give
correct clearancesbetweenthe rotatingdiscs
andstationarydiscs(Figure3-4-8)

Thetrimetallic-disctypebrakesoperateon the
same basicprincipleasthemultiple-disebrakes
andare discussedin detaillaterin thischapter.
Carbonbrakes.Highperformanceis always
expensive,andcarbonbrakeunitsare no excep-
tion. Theyare the bestfor very high-speed,
high-loadstoppingsystems,Asidefrommore

exotic materials,theydonot lookmuchdiffer-
ent fromotherbrakesystems.Thedifferenceis,

in theperformance.Carbonbrakesworkwhen
otherbrakeswouldmeltfromtheheat.As an

example,some carbon/ceramicsystemsregu-
larlyoperateat over 2,000Â°F,a temperaturethat
meltssteeldiscs.

Toperformat thislevel,carbonbrakesdomore

thansimplywithstandmore heat.Thecarbon
â€˜materialactuallyactsas aheatsink,soakingup
theheatof frictionata rate thatexceedssteelby
25 times. Theheatis thenreleasedmore slowly
into the rotors, Conventionalbrakematerials,
â€˜workin theotherdirection;theytryto keepthe
liningscoolerfor longerlininglife. Thisheats
thesteeldisksmore rapidlyandreducestheir
life

â€˜Ascarbonbrakesheatup,theydonot loseeffi
ciency,nor doesthe materialwear more rap-
idly.Thismakesbrakingitselfmuchmore effi-
cient. It translatesdirectlyinto greatersafety
byreducingbrakingdistances,

Whileonthesubjectof brakingdistances,con-

siderthis:an aircraftcan brakeonlyat a rate
thatdoesnot exceedthecoefficientof friction
Ofits tires againstthe runway.Thepowerof
the brakesand the coefficientof frictioncan-

not exceedthestructuralstrengthof theland-
inggearandits attachmentto theaircraft.Any
excess brakecapacityis useless

Becauseof the efficiencyof carbonbrakes,
â€˜manybrakemanufacturershavereducedthe
size of their brakeassembliesto four rotor
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 Figure3-4-9.Acarbonbrakewheelunit.Carbonbrakesare designedforâ€˜maximumfrictionand,thus,to handlea veryhighheatrange.

designs.While providingall the braking
powerthattheairframecan absorb,theunits

â€˜weighalmosta ton (2,000pounds)lessthan
conventionalbrakingsystemson a wide-body
airplane.
Mostwide-bodyairplanes,some regularair-

lineairplanetypes,andalmostall militaryair-

planesuse carbonbrakes.

As an AMT,youare not aptto workon carbon
brakesuntil youhaveacquiredenoughexperi-
tenceto do so withoutproblems.Besides,if you
rememberthe FederalAvaiation Regulations
(FAR),youmust beundersupervisionthe first
time youdoanything,Figure3-4-9showsa car-

bonbrakeassembly.

PowerBoostBrakeSystem
As a generalrule,the powerboostbrakesys-
tem is usedon aircraftthatlandtoo fastto use

theindependent-typesystembut are too light-
weightto requirethepowverbrakecontrolsystem.In thistypeofsystem,a lineis tappedoff from
the main hydraulicsystempressureline,but
main hydraulicsystempressuredoesnot enter
thebrakes,Main systempressureis usedonlyto assistpedalmovement. Thisis donewitl

powerboostmastercylinders.
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Figure3-4-10,Powerboostbrakesystem.

â€˜Aschematicdiagramofa typicalpowerboost size of the aircraft,largewheelsandbrakes
brakesystemis shownin Figure3-4-0 The are required.Largerbrakesmean greaterfluid
normalsystemconsists of 2 reservoir, two displacementandhigherpressures.Forthis
power boostmaster cylinders,two shuttle reason,independentmaster cylindertypesof
Walves,and thebrakeassemblyin eachmain systemsare not practicalon heavyaircraft.A
landingwheel.Acompressedairbottlewithatypicalpowerbrakecontrolvalvesystemis

gaugeandreleasevalve is installedfor emer- shownin Figure3-411
Sencyoperationofthebrakes.In this system,a line is tappedoff fromthe
In thissystem(Figure3-410,main hydraulicmain hydraulicsystempressureline. Thefirst
systempressureis routedfromthe pressure unit in this line is a checkvalve,whichpre-
manifoldto thepowerboostmastercylinders.vents lossof brakesystempressurein case of
Whenthebrakepedalsaredepressed,fuid for main systemfailure.
actuatingthebrakesis routedfromthepower
boostmaster cylindersthroughshuttlevalves â€˜Thenextunit istheaccumulator,whichmainly
to thebrakes. storesareserve supplyof fluid underpressure.

Whenthe brakesare appliedand pressure
Whenthebrakepedalsare released,themain dropsin the accumulator,more fluid enters

systempressureportin themastercylinderis fromthe main systemand is trappedbythe
closedoff,and fluid is forcedout the return checkvalve.The accumulatoralsoacts as a

port,throughthereturn line to thebrakeres. surgechamberfor excessive loadsimposedon

frvoir, Thebrakereservoir is connectedto the thebrakehydraulicsystem,
main hydraulicsystemreservoir to ensure an

â€˜adequatesupplyoffluid to operatethebrakes. Followingtheaccumulatorare thepilotsand
copilotâ€™sbrakevalves.Thebrakevalve regu-

Whenthe emergencyair systemis used,air latesandcontrolsthevolumeandpressureof
pressure,directedthrougha separateset of thefluid thatactuatesthebrake.
lines,acts on the shuttlevalves,blockingoff
thehydrauliclinesandactuatingthebrakes. Fourcheckvalvesandtwo one-wayretrictors,

sometimesreferredto as orificecheckvalves,
are installedin thepilot'sandcopilotâ€™brake

PowerBrakeControl actuatinglines.

ValveSystem Thecheckvalvesallowtheflowof fluid in one

â€˜Apowerbrakecontrolvalvesystemis used directiononly.Theorificecheckvalvesallow
conaircraftrequiringa largevolumeoffluid to unrestrictedflowoflud in onedirection,from
operatethebrakes.Becauseof theweightand theplotsbrakevalve;an orificein thepoppet



restrictsflowin theoppositedirection.Theori-

ficecheckvalveshelppreventchatter.

TemperatureCompensation
Tocompensatefor increases in pressuredueto
thermalexpansion,thenext unit in thebrake
actuatinglinesis the pressurereliefvalve.In
thissystem,the pressurereliefvalveis preset
to openat 825p.si. to dischargefluid into the
return line. Thevalveclosesat 760psi. mini-

Eachbrake actuatingline incorporatesa

shuttlevalveto isolatethe emergencybrake
systemfromthenormalbrakesystem.When
brake-actuatingpressureenters the shuttle
valve,theshuttleautomaticallymoves to the
â€˜oppositeendof the valve.Thisaction closes
â€˜offthe inoperativebrake systemactuating
line. Fluid returningfromthe brakestravels
backinto thesystemto whichtheshuttlewas,

lastopened.
TypesofBrakeControlValves

Pressureball check type.A powerbrake
controlvalveof thepressureballchecktypeis,

shownin Figure3-4-12.Thevalveis designed
to releaseandregulatemain systempressure
to the brakesand to relievethermalexpan-
sion whenthebrakesare not beingused.The
â€˜mainpartsof thevalveare thehousing,piston
assembly,andtuningfork.

Thehousingcontains threechambersandfour
ports.Theyare thepressureinlet,return,and
two brakeports.

Thepistonassemblyis madeupofapistonhead,
pistonshaft,pilotpin,andcross pin.Thepiston
headseparatesthebrakeandreturn chambers.
â€˜Acupsealpreventsfluid fromescapingto the
return chamberwhenthebrakesare applied.
Thesealis heldin placebya retainer andpis-
ton return spring,Thepistonheadhasa hole
drilled throughits center so fluid can flow to
thereturn port.Thisholeis openedandclosed
bythepilotpin.Thepilotpin alsoopensthe
pressureport.Theflangeof thepilotpin and
theholein thepistonheadare lappedtogether.
Thepistonshaftconnectsthepistonheadwith
the tuningfork.Theshaftis slotted,and the
cross pinpreventsit fromturning,

Thetuningforkconnectsthebrakepedallink-
agewith the controlvalve.It swivelson the
housingand limits the maximum pressure
directedto the brake.Theupperarm of the
tuningfork is a barspringthatbendsfromthe
pointof thefulcrumwhenhydraulicpressure
â€˜overcomestoe force.
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Figure3-4-11.Typicalpowerbrakecontrolvalvesystem.
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Figure3-4-12.Powerbrakecontrolvalve(pressureballchecktype).
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Figure3-4-13, Acontemporarypowerbrakecontrolvalve.
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Figure3-4-14,Powerbrakecontrolvalve(slidingspooltype).

Duringapplication:the
jento the
inline

 

ConstantPressure
spring (plungerIsstationary)

â€˜whenrelease: the brake
lines opento the return
line.Thepressureline Is

PlungerIsMoving

Slidingspooltype.A contemporarysliding
spool-typepowerbrakecontrolvalveis shown
in Figure3-4-13.Thisvalveisbasicallya sleeve
anda spoolinstalledin a housing.Thespool
â€˜movesin thesleeve,openingor closingeither
thepressureor return portof thebrakeline.
â€˜Twospringsare provided.It operatesthesame

as the diagramsin Figure3-4-14,exceptthe
portsare in a differentplace.Thelargespring,
calledtheplungerspringin Figure3-4-14,pro-
videsfeelto thebrakepedal.Thesmallspring
returns thespoolto theOFFposition,
Whenthe plungeris depressed,the large
springmoves thespool,whichclosesoff the
return portand opensthe pressureportto
the brakeline. Whenthepressureenters the
valve,fluid flowsto theoppositeendof the

spoolthrougha hole.Thepressurepushesthe

spoolbackfar enoughtowardthelargespring
to closethepressureport,but not openthe
return port.Thevalveis thenin thestatic con-

dition. Thismovement partiallycompresses
the largespring,givingfeel to the brake

pedal.Whenthebrakepedalis released,the
smallspringmoves thespoolback,opening
the return port.Thisaction allowsfluid pres-
sure in thebrakeline to flowout throughthe
return port.
Maintenanceof theslidingspoolbrakecontrol
valve is limited to checkingtheaction of the

plunger.Thisis donebymanuallydepressing
theplungeruntil it bottoms,andthenreleasing
it suddenly.If theplungerremains depressed
(doesnot snapout,thevalveis binding,at the

spoolandsleeve.If bindingoccurs,thevalve
shouldbe replaced.Overhaulingthesetypes
of mastercylindersis not normallya mainte-
nance function.Theyareordinarilytherespon-
sibilityofacertifiedrepairstation

BrakeDeboosterCylinder
In some powerbrakecontrolvalvesystems,
deboostercylindersare usedin conjunction
with the powerbrakecontrolvalves.These
units are generallyusedon aircraftequipped
with a high-pressurehydraulicsystemand

low-pressurebrakes,Thebrakedeboostercyl-
inder reducesthepressureto the brakeand
increases thevolumeoffluid flow.Figure3-4-
15showsa typicaldeboostercylinderinstal-
lation,

â€˜Theunit is mountedon thelandinggearshock
strut in thelinebetweenthecontrolvalveand
thebrake.Theschematicdiagramin theillus-
tration showsthe internalpartsof thecylin-
der.

Whenthe brakeis applied,fluid underpres-
sure enterstheinletportto actonthesmallend



of thepiston,TheballcheckpreventstheHud
frompassingthroughtheshaft,Forceis trans-
mittedthroughthesmallendofthe pistonto
thelangeendofthepiston.Asthepistonmoves

downwardinthe housing,anew low of ud
is createdfromthe lageendof thehousing,
throughtheoutletport,tothe brake,Because
theforcefromthesmallpistonheadi distib-
tutedover thegreaterarea of thelargepiston
head,pressureat theoutletportsreduced.At
the same time,the smallpistonheadusedto
move thelarge pistonheaddisplacesa greater

volumeoffluid.poe

Normally,thebrakeis fullyappliedbeforethe
pistonhasreachedthelowerendof its travel
However,if thepistonfails to meet sufficient
resistanceto stopi t (becauseof a lossof fluid
fromthe brakeunit or connectinglines),the
pistoncontinuesto move downwarduntil the
riser unseatstheballcheckvalvein thehollow
shaft.Withtheballcheckvalveunseated,fluid
fromthepowercontrolvalvepassesthrough
thepistonshafttoreplacethelostfluid.Because
thefluid passingthroughthepistonshaftacts
on thelargepistonhead,thepistonmoves up,
allowingtheballcheckvalveto seatwhenpres-
sure inthebrakeassemblybecomesnormal

Whenthebrakepedalis released,pressureis,

removedfromthe inlet portand the piston
return springmoves thepistonrapidlybackto
thetopof thedebooster.Thisrapidmovement
â€˜causessuction in theline to thebrakeassem-

bly,resultingin fasterreleaseof the brake.
Deboosters,in one formor another,are used
â€˜onmosttransporttypeaircraft.

Lockout deboosters.A lockout debooster
workslike a regulardebooster,excepti t does
not automaticallyrefill the(larger)cylinder.A
valveat the topof the deboosterhasan out-
sidehandle.Whenthehandleis raised,fluid
can transferfrom the high-pressureto the

low-pressureside.Thus,thelow-pressureside
is constantlykeptfilled. A lockoutdebooster
levercheckwas partof a walk-aroundinspec-
tion.

twas designedthiswayso thatbetweenflights
thesystemwouldneedfluid addedonlyif i t

acquireda leak.If it acquiresa leak,it should
beshutoffuntil theleakis fixed.

Lockoutdeboostersare olddesignandare not

normallyusedon current systems.

EmergencyBrakeSystem
On all aircraft,exceptthoseequippedwith
independenttypebrake systems,an emer-

gencybrakesystemis. provided.On some

Bircraf,a pneumaticallyoperatedemergency

LandingGearSystems

systemis provided.Othershave a reserve

hydeaulicsystem;an emergencyhydraulicres-

ervoir retains a sufficientsupplyof hydraulic
{uid formanualoperationof thebrakesin case

â€˜nohydraulicpoweris available.

â€˜Thepowerboostbrakesystem,describedear-

lier,is equippedwithapneumaticallyoperated
emergencysystem.Theemergencysystemcon-

sistsof a T-handle,compressedair bottle,air

releasevalveandpressuregauge.

PullingtheT-handleoperatesthesystem.This
releasesthecompressedair storedin the air

bottle.Air pressureunseatstheshuttlevalves
at the air inlet portsand seatsthehydraulic
pressureports.Air pressureis thenapplied
directlyto thebrakes.

Onceair pressurehasbeenapplied,thebrake
can be releasedonlybydepressinga button
on the air releasevalve.Brakesystemsmust
bebledafterusingtheemergencypneumatic
systems,andtheair storagebottlemustbeser-

vicedwith thespecifiedamount of drycom-

pressedair ornitrogen.Apressuregaugeindi-
catestheamountof air in thebottle,in pounds
persquareinch(p.si).

LargeAircraftBrakeSystems
Largercorporateandairlineairplaneshavea

differentsetofdesignrequirementsforbraking
systems.Basically,theyhaveto havea backup

 Figure3-4-15.Brakedeboostercylinder.
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Plot's
pedals

Normalbrakeâ€”__""s

meteringvalve  
 Figure3-4-16,Thelayoutof acompletedouble-brakingsystemforaBoeing727.

systemfor everything,andbrakesystemsare

no exception.Figure3-4-16illustratesthelayout
of thebrakesystem.Followalongwhilereading,
thefollowingoperationaldescription,andyou
â€˜willsee thateverythinghasabackup.
All the brakesystemcomponents(exceptthe
brakepedals,cableruns,swivelvalves,andthe
brakesthemselves)are in themain gearwheel
well

Subsystemfeatures.A Boeing727 hastwo

â€˜operatinghydraulicsystems:A systemandB
system.Thebrakesare normallyoperatedby
systemBhydraulicpressure.Alternatebrake
hydraulicoperationis providedbysystemA,

throughalternatebrakemeteringvalves,when
systemBis not available.

â€˜Onenormaland one alternateantiskidvalve
foreachbrake(andforeachgear)is installedin
thelinesfromthebrakemeteringvalveto the
brakes.It modulatesbrakepressureas required.
â€œAhydraulicfuseis downstreamofeachantiskid
valveto preventthecompletelossofthehydrau-
licsystemfluid if brakelinefails.
â€˜Oneshuttlevalvefor eachgear,betweenthe
normalbrakemeteringvalveand the auto
brakemodule,passestheoutputpressureto
thebrakes.Anotherset of shuttlevalves,one

foreachbrake,betweenthenormalandalter-
natebrakesystems,passesthepressuresto the
brakes.

â€˜Systemoperation.Pressingthebrakepedals,
rotates cablequadrantsthatoperateboth the
normaland alternatebrakemeteringvalves
simultaneously.WithnormalBpressureavail-
able,thenormalbrakemeteringvalveapplies
hydraulicpressure,throughshuttlevalves,
to the normalantiskidvalves.Theantiskid
valvesmodulatepressurethroughon andoff
action to thebrakes.Whentheautobrakesys-
tem is on, thehigherpressurefromtheauto-

1
Figure3-4-17.Acompletebrakeunitfroma 727.



brakemoduleis appliedthroughthe shuttle
valvesto thenormalantiskidvalves.

Whennormalhydraulicpressurefails,an alter-
natebrakeselectorvalveopens,andsystemA
pressuregoesto thealternatebrakemetering
valve.Whenbrakesare applied,systemA pres-
sure is appliedthroughthe alternateantiskid
valvesandshuttlevalvesto thebrakeunits.

Physicaldescription.Themain landinggear
brakesare multi-diseunits consistingof four
rotatingandfivestationaryelements,Twoof the
stationarydiscs,thepressureplateandtheback-
ingplate,haveliningon one surface.Theother
stationarydises,calledstators,are linedon both
sidesand are notchedon the inside,enabling
themto slideon over thetorquetubesplines.
â€˜Theliningson therotors are madefroma heat
stableceramic-metallicmaterialthatmaintains,
its originalstrengthat hightemperatures,and
are keyedto thewheel.Thebrakecarrierhouses,six pistonsandfourautomaticadjusterassem-

blies.Twobleeder valvesare providedat thetop
of thehousing,andtwo wear indicatorpinsare

installedon thesidesofthehousing.Figure3-4-
17showsa completebrakeunit fom aâ€™Boeing,
â€˜727.\tis verylargeandextremelyheavy.

n

gearlegitself.
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Operation.Whenthe brakesare applied,
hydraulicfluid underpressureenters theinlet
portof thebrakeandgoesto thepistons.The
pistonspushagainstthepressureplate,which
pressestherotors andstatorstogetheragainst
the torquetubebackingplate.Movementof,
the pressureplatealsocompressesthe return

springsin thepistonhousingbymeans of the
automaticadjusterassemblies,

Eachautomaticadjusterassemblyconsistsof an

adjusterpin sphericalball,metaltube,andan

adjusterhousing,Thepinis attachedtothepres-
sure plate.Theball is largerin diameterthan
thetube.Pressureplatemovementbeyondthe
compressedspringtravelforcestheballdeeper
into thetube.Whenpressureis released,return

springforceretracts thepressureplate,permit-
tingtherotorsandstatorsto separateandallow-
ingthewheelto rotatefreely.Theball cannot
move backin thetube,thusproperbrakerun-

ringclearanceis maintained.

Maintenance practices.Airline inspection
proceduresare more thana bit differentfrom

generalaviation aircraft.Figure3-4-18shows
fone endof a dual-wheelbogiesystembeing
jackedup.Asyoucan see,thereis simplymore

to inspect.
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  Figure3-4-18,Thisis a dual-wheelbogiesystemofan aitliner.Noticethetorquearmsbetweenthebrakeassembliesandthe
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Brakewear is a preflightinspectionitem. A
brakewear indicatoris usedto determinethe

â€˜wearconditionofthebrakestack.Itconsistsofpinfastenedtothepressureplateandabracket
fastenedto the housing.Whenthe brakes
are applied,the distancethe pinprotrudes
throughthe bracketindicatesthe amount of
â€˜wearremainingin thebrake.At minimum pro-
trusion,thebrakemust bechanged.

Operationcontrolsequence.Themainwheel
bbrakesare normallysupplied pressure from
the B system,Exceptforparkingall brake
â€˜operationis normallycontrolledbythe anti-
skidsystemoperation,Shuttlevalvesare used
to isolatemanualandautobrakepressureand
to isolatealternatebrakepressurefromnormal
sources. Hydraulicfusesare usedto protect
againstcompletesystemfluid lossin thenor-

â€˜malandalternatesystems.

â€˜Majorsubsystemsequence.Auto braking
uses Bsystempressureto supplyinboardand

Outputs

Brakeactuator
â€˜controller Figure3-4-19.Anelectricsystemreducesthecomplexityofthesystem

â€˜comparedto a hydraulicsystem.

outboardbrakes.Thenormalantiskidvalves
are usedto adjustpressureto theindividual
brakesas required.
Normal sequence.Manualbrakinguses the
normalbrakemeteringvalvesto controlbrake
pressure.Whenthe antiskid is operating,i t
controlsthe wheelbrakepressurefrom the
source supplyingthe pressurethroughthe
normalor alternateantiskidvalves,as appli-
cable.

Backupoperation.Alternatebrake pres-
sure is selectedautomaticallywhenBsystem
pressuredropsbelow approximately1,500
psi. Whenthis occurs, the A systempres-
sure is suppliedto the alternatebrakemeter-

ingvalvesthroughthe alternatebrakeselec-
tor valve.Thealternatebrakemeteringvalves

areoperatedin parallelwith thenormalbrake
â€˜meteringvalves.Fluid from eachalternate
brakemeteringvalve is routedto the brakes

throughan alternateantiskidvalveto control
pressureto brakepairs.

Abrakefeelactuatorcauses increasedfeelforce
at thebrakepedalsduringnormalbrakeopera-
tion. Theseforcesare,at maximum,600p. 

â€˜Adescriptionoftheantiskidsystemis included
in Section5ofthischapter.

ElectricBrakes
Asaircraftmanufacturersprogresstowardanall-electricaircraft,manyof thesystemsare chang-
ing.An all-electricaircraftsimplymeans one

thatuseselectricityto replaceall otherformsof
onboardenergy,especiallyhydraulic.Theadvan-tagescan beseen in thedecreasedweightand

safetyinherentin theelectronicsystems.These
systemsare more reliable,with multi-channel
redundancyandsafer,byeliminatingtheriskof

hydraulicleaksandfirehazards.

Electricbrake technology,shownin Figure
3-4-19,enhancesthe efficiencyof brakingin

generalandof eachindividualbrake,through
{asterresponse,simplerinstallations,andeas-

ier diagnosticsandmaintenance.

Electroniccontrol.In an electricbrakingsys-
tem,electroniccontrolunitsandelectricalwir-

ingreplacehydrauliclinesandequipment,and
electromechanicalactuatorsreplacehydraulic
pistons.Whenthepilotpressesthebrakepedal,
â€˜acomputersendsinformationto a controlbox,
â€˜whichconverts theseelectricalsignalsinto an

electromechanicalcommand;theactuatorson

thebrakering,replacingthehydraulicpistons,
pressthecarbondisks,or heatstacks,against
eachotheras in a conventionalhydraulicsys-
tem.

 



Electricbrakesystemshavethreekeycompo-
nents:electricbrakeactuatorcontroller,electric
brakeactuators,andthebrakeassembly,which
is madeupof carbondiscsin boththestation-

aryandrotatinggroups.

Brakeactuator controller.On a commercial
aircraft,a typicalinstallationhasfour brake
actuator contzollersmountedin theelectrical
electronic(EE)bay.Uponreceivinga brake
commandsignalfromthebrakesystemcontrol
unit, or brakepedal,the actuator controllers
feedpowerto fourseparateelectromechanical
brakeactuatorson eachbrakeassembly.
â€˜Theelectromechanicalbrakeactuatorsprovide
the clampingforce,insteadof the hydraulic
pistons.The actuators (Figure3-4-20)clamp
standardcarbonheatstacksinstalledon each
of themain landinggearwheels.Theactuators

arealllinereplaceableunits (LRUs)thatcan bereplacedwithoutremovingthewheelandtire

assemblyor thebrake.Thismeans lessmainte-
nance costsbecausetheyhavefewerpartsand
less complicatedsystem.

Brakeactuator. Thebrakeactuatorcontrollers,
replacea largenumberofvalvesandaccumula-
tors thatstore hydraulicfluid,underpressure,
to powera hydraulicbrakingsystem,

Hydraulicsystemare more complicated,
involvinga far more intricate,time consuming
removalprocesswhenthebrakesneedto be
serviced.Withelectricbrakes,youcan simply
disconnectandreplacea fewcomponents,and
youhavenoconcerns abouthydraulicleaks.

Whena hydraulicsystemdevelopsa leak
in one of the pistonactuators,the entire

brakeâ€”includingthewheelandtireâ€”mustberemoved,disassembled,andcompletelyover-

hauled.Fluid leakageoccurs aroundtheheat
stacksandat valveconnections in thehydrau-
liclines.Theconnectionsare boundbyhydrau-
lic seals,whichdo not handletemperature
extremesverywell.Forthis reason,theyare

proneto developleakage,andmust be regu-
larlyinspectedto makesure thatno leakshave
developed.Mostairlineshaveadailylinelevel
inspectionof thelandinggearbrakes.

With a conventionalhydraulicbrakesystem,
coneleakinghydraulicpistonmeans theentire
brakemust be removedor disabledand the

fightcanceledor delayed.If one of theelectro-
â€˜mechanicalbrakeactuators is inoperative,the
â€˜minimumequipmentlist (MEL)still permits
aircraftdispatchbecausetheotherthreeactua-
torscanadjustfor theinoperativeactuator.

Built-in test. Electricbrakesalso havethe
advantageof a builtin testinganddiagnostic
featurethat reportsthe maintenance condi-
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 Figure3-4-20.On an electricbrake,thehydraulicpistonsare replacedby
electromechanicalactuators.

tion of thebrakes,includingheatstackwea,
cona cockpitdigitaldisplay.Thedisplayuses

text andgraphicsto reportthe conditionof
thebrakesandthe time remainingon theheat
stack.In contrast,hydraulicbrakingsystems
are equippedwith a wear pin in thewheelthat
needsto bevisuallyinspectedbeforeeachdays
flights.Wearpinsare usedon electricbrakes,butonlyforredundancypurposes.

Thedigitalinformationenablestheairlinesto

forecast,more efficientlyforecastthe mainte-
nance neededon thebrakes,

GeneralBrakeSystem
Maintenance
Properfunctioningof the brakesystemis of
the utmost importance.Inspectionsmust be
performedat frequentintervals,and mainte-
nance workmustbeperformedpromptlyand
carefully.

Operationalchecks.No one operationaltest
can fulfill the requirementsof all airplanes.
NormallytheMMM spellsout theprocedure.
Ata minimum a formaltest procedureshould
be in placefor complexsystems.Simplelight-
aircraltoperationstestsmightbenothingmore

thansteppingon thebrakeswhilehavingthe
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Figure3-4-21,Wheelbrake. airplanepushedout of thehangar.Thebrake
unit shownin Figure3-4-21shouldbetested
â€˜withoutbeinginstalledin thewheel.

Spongybrakes.Whena brakesystemhas
beenservicedor repaired,alltheair needstoberemovedbybleedingthesystem.A majorcause

â€˜ofspongybrakesis the presenceof air in the
system.Whenthebrakepedalmustbepumped
severaltimesbeforefull brakingis possible;the
mostcommon reason isairin thesystem.

Earlybrakesystemsusedan alcoholandcas-

tor oil-basedfluid;thehoseswouldsoftenand
expandunderpressure.Theeffectwas much
thesame as spongybrakesdueto air.

BrakeWearCheck

GoodrichandABSbrakes.Liningwear for
GoodrichandABSsystemscan becheckedby
â€˜oneof two methods.Beforecheckingthebrakes
â€˜onanyaircraft,alwaysreferto theapplicable
MM anduse themethodrecommendedbythe
aircraftmanufacturer,

Wearcheckmethod(No.1).Havea person
in thecockpitapplythebrake,andwith the
brakeapplied,measure thedistancebetween
thefaceof thebrakediscandthebrakehous-
ing,as shownin Figure3-4-22.If thisdistance
hasprogressedto themaximum specifiedmea-

surement givenin theMM,the brakeshould
be removedanddisassembledand thelining,
pucksinspectedforwear,

NOTE:Liningscan bemeasuredonlyby
removinganddisassemblingthe brake.
If any puckhasworn to a thicknessof
lessthanone-sixteenthinch,the entire
set must bereplaced.NEVERMIX NEW
AND USEDLININGS.

Brakecinder Brakedisc
mu

"| Lolining

zi=measure

Figure3-4-22.Wearcheckmethod(No.1).

Wearcheckmethod(No.2).Havea person
in thecockpitapplythebrake.Withthebrake
applied,checkthe positionof the automatic

adjustingpins (Figure3-4-23).If any adjust
ing pin recedesinsidethe adjustingpin nut

(one-sixteenthto three-eighthsinch,theexact
amount dependingon the brakemodel),the
brakemust beremovedanddisassembled,and
theliningthicknesschecked.

 

If any liningis worn to a thicknessof one-

sixteenthinchor less,theentire set of linings
â€˜mustbereplaced.Figure3-4-23illustratesthe
normalpositionof theautomaticadjustingpin
(protrudingout of theadjustingpinnut).

Cleveland brakes. Wearchecksfor pad
thicknessand discconditionis more easily
doneon a Clevelandbrakecaliper.Look at

Figure3-4-24 and follow alongas you read
the followingparagraphs.Thepadthickness
and discthicknesscan be measuredwith a

ruler without disassemblinganything.Disc
conditioncan alsobereadilyobserved.It will
bereadilyapparentif thediscis groovedtoo
muchand must bereplaced.Onlythendoes
the wheelneedto be removedand the disc
replaced.

â€œAnyfluid leaksor seepscan alsobeobserved
with no disassemblyof theunit().If you find
any,thecalipercan beremovedanddisassem-
bled,repaired,reinstalledandthesystembled,
all withoutremovingthewheel.

Removingthecaliperandslidingthepressure
plateoff thetorquepinsallowstheinstallation
â€˜ofnew linings.Theoldbrassrivets wouldthen
needto beremoved,theplatecheckedfor flat
ness,andnew padsrivetedbackon. Slidethe
caliperpins into thebushings,slipthe inside
pressureplatesbehindthedrum,and install
thebolts



WithClevelandbrakes,two inducedmalfunc-
tions possiblethatdo not happenon theother
systems:

â€ Ĩf the caliperhose is misaligned,
(installedundersidepressure),i t tends
to bindthetorquepinsas thepadswear

and the caliperadjusts.Thisresultsin

thepadswearingcrooked,i.e, more on

one endof the pressureplatethan the
other.The result is a taperedpadthat
must bereplacedprematurely.Thefix is

to alwayscheckthatthehoseis properly
aligned,and thecaliperis freeto move

withoutbinding,
On Clevelandbrakes,the torquepins

â€˜mustbecleanedandlubricatedso they
remain free floatingin their bushings.
â€˜Thisallowsfor correct wear adjustment.
Ifthe pinsarelubricatedwith engineoil,
the oil picksupdirt. Theresultinggoo
bindsthe pinsas solid as if theywere

glued.
Thisdoesnot allowtheautomatic adjust-
ers to work.Instead,a brakeapplication
bendsthe axlebracketto allowthepads
to contactthedisc.At some point,theaxle
bracketwill break.Alwaysbe sure the
pinsare freefloating.

Nevermix new andusedliningson a caliper.
Doingso causes themto bind.Also,never use

oldliningswith a new disc.

EmergencySystemContaminationCheck

Checktheemergencysystemfor contamina-
tion, Removetheplugfromtheunusedpnew-
matic pressureporton the brakeassembly.
Positiona cleanwhiteclothnext to theopen-
ing,andslowlypulltheemergencybrakecon-

trol handle.Allowairflowthroughthe system
for approximatelyfiveseconds.Nocombust
blecontaminantsshouldbeonthecloth If the
systemis contaminated,theemergencybrake
peumaticlinesfromthe brakecontrolvalve
forthebrakeassemblymustbefushedperthe
MM

BleedingProcedures

â€˜Twogeneralmethodsare usedto bleedbrake

systemsâ€”bleedingfromtopdownward(top-
downmethod)andbleedingfromthebottom

upward(bottom-upmethod).Themethodused

generallydependson the typeanddesignof
te brakesystemto bebled.In some instances,
it could dependon the bleedingequipment
availbleâ€g̃eneraldescriptionofackmethod
is presentednext.
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Figure3-4-23.Normalpositionoftheautomatic

adjustingpin.

â€˜Top-downmethod.In thetop-downmethod,
the air is expelledfromthe systemthrough
one of thebleedervalvesin thebrakeassem-

bly.A bleederhoseis attachedto thebleeder
valve,andthefreeendof thehoseis placedin

a container thathasenoughhydraulicfluid to
cover theendof thehose.Theair-ladenfluid
is then forcedfromthe systembyapplying
thebrakes.If thebrakesystemis a partof the
main hydraulicsystem,a portablehydraulic
teststandcan beusedto supplythepressure.

Piston
Insulator Insulator

cylinder

Za er
Anchorbolt   | brdarasonbly

Nut

Figure3-4-24.Anexplodedview ofa Clevelandbrakecaliperwiththeaxle-
â€˜mountedtorqueplate.



Figure3-4-25.Bleederpumpsystemforbottombleeding.
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If thesystemis an independentmastercylinder
system,themastercylindersuppliestheneces-

sarypressure.

In eithercase,eachtime the brakepedalis

released,thebleedervalvemust beclosedor

thebleederhosepinchedoff;otherwise,more

air is drawnbackinto the system.Bleeding
should continue until no more air bubbles
come throughthebleederhoseinto thebleeder
container.

Bottom-upmethod.In thebottom-upmethod,
the air is expelledthroughthe brakesystem
reservoir or otherspeciallyprovidedlocation.
Someaircrafthaveableedervalvein the upper
brakeline.In thismethodofbleeding,a bleeder
bombsuppliespressure,

  

â€˜Ableederbombis a portabletank in which
hydraulicfluid is placedand thenputunder
pressurewith compressedair. Thebleeder
bombis equippedwith an air valve,air gauge,
and a connector hose.It shouldalsohavea

safetypop-offvalve.Theconnectorhose,which
attachesto the bleedervalve on the brake
assembly,is providedwith a shutoffvalve.
â€˜Anothertypeofbottombleederis apumpand
reservoir systemshownin Figure3-425, These
can beeasilymadein theshop.
â€˜Ableedervalve attach fittingis available
fromaircraftsupplyhousesor partsdistribu-
tors (Figure3-4-26).It allowsa leak-freecon-

nection to thebleedervalve.Whennot in use,
5/32 inch rivet can be insertedinto the fit
ting,headfirst. Thisstopsfluid fromleaking
â€˜outof,anddirt fromgettinginto,thesupply
hose.

Normally,thehoseis connectedto thelowest
bleedfittingon thebrakeassembly.Withthe
brakebleedfittingopened,openingthebleeder
bombshutoffvalveallowspressurizedfluid to
flowfromthebleederbombthroughthebrake
systemuntil all thetrappedairis expelled.The
brakebleedervalve is thensecured,and the
bleederbombhoseis disconnected,

Thismethodof bleedingshouldbeperformed
strictlyin accordancewith insteuctions for the
aircraftconcerned.Althoughthebleedingof
individual systemspresentsindividual prob-
lems,you shouldtakethe followingprecau-
tions in allbleedingoperations:

1. Ensurethat the bleedingequipmentis
absolutelycleanandfilledwith theproper
typeofhydraulicfluid.

2. Maintainanadequatesupplyoffluid dur-
ing theentire operation.A lowfluid sup-
plyallowsmore air to bedrawninto the
system.

3. Continuebleedinguntil no more air bub-
blesare expelledfromthesystemanda

firmbrakepedalis obtained,

4. Checkthe reservoir fluid levelafterthe
bleedingoperationis completed.With
brakepressureon, checkthe entire sys-
tem for leaks.

OverheatedWheelBrakes

Whenbrakesare usedatall,theyproduceheat.
Discbrakesare designedto withstanda con-

siderableamount of heat.After use,a brake
systemcan holdits heatforsome time.

CAUTION: Donot touchthe discon a

brakethathasjustbeenused.It is hotand
will burnyouseverely.



 Figure3-4-26. Ableedervalveattachfitting
allowsfor leak-freeoperation.

Largeraircraft have more severe problems
whentheyoverheat.Ifa largeaircrafthasbeensubjectedto excessive braking,the wheels
couldbeheatedto thepointwherethereis dan-
gerof a blowoutor fire.

Excessivebrake heatingweakenstire and
â€˜wheelstructures,increases tire pressure,and
createsthepossibilityoffirein themagnesium
wheels.

Whenthebrakesona largeaircrafthavebeen
usedexcessively,the fire departmentshould
be notified immediately,and all unneces-

sarypersonnelshouldbeadvisedto leavethe
immediatearea. An emergencyplanshould
be in placewhereyouwork to handlethese
typesof occurrences. Eventhoughoverheated
brakesare in therealmof thelinecrews,you
shouldstill knowhowto handlethesituation.

BrakeSystemComponent
Maintenance
Componentsof brakesystemsare not peculiar
toanyonesystem.Acomponentvariesin shape,
size,capacityandmanner ofoperation(depend-
ing on the manufacturer),but the function
remains thesame. Thissectiondiscussessome

of themore common brakesystemcomponent
â€˜maintenancepractices.

Independentsystemreservoirs.Reservoirs
for independentbrakesystemsgenerallytake
â€˜ononeofthreeforms:

LandingGearSystems
=A cupbuilt into the upperpartof the

â€˜mastercylinder
â€˜Â©A smallpint-sizedcan mountedto the

firewall and connectedwith hosesto

gravityfeedthemastercylinders,
A pressurizedreservoir with sightglass

andautomatic fillingfromthehydraulic
system

Cleanthe reservoir insideandout with clean-
ingsolvent.Usea fiberbrushon threads.Dry
the interior with clean,drycompressedair

froma regulatedlow-pressuresource.

Afterthereservoir is cleanedandthecuredate
repairkit partshavebeeninstalled,conduct
a leakagetest. This is donebyconnectinga

sourceof25-p.siair tothefillerportandapply-
ingpressure.Thereservoir shouldthenbesub-

mergedin a tankof water for a minimum of,
two minutes.No leakageshouldbeseen,

Power brake valves. Maintainingthese
valvesis limited to removalandreplacement.
Afterinstallation,rigthevalves.Makeanoper-
ationalcheckofthebrakesystemin accordance
with the MM.
Brakeshuttle valves.Shuttlevalve mainte-
nance is generallylimitedto repairingleakage.
Tighteningtheendcapsusuallyrepairsexter-
nal leakage.If thisdoesnot stopthe leakage,
theendcapO-ringshouldbereplaced.

Removingand flushingthe unit with clean
hydraulicfluid can usuallyrepair internal

leakage.Excessiveheatingis a goodindica-
tion of internalleakagethrougha shuttlevalve.
Excessivecyclingof the emergencysystem
pumpis alsoan indicationof a leakyshuttle
valve.

Afteranemergencysystemhasbeenoperated,
all emergencysystempressureshouldbebled
off as soon as possibleandthenormalsystem
restoredto operation,

BrakeAssemblyMaintenance

GoodrichandABSBrakes

Automaticallyadjustedsingle-anddual-dise
brakesare designedto providea satisfactory
runningclearancebetweenthe brake dise
andthe brakelinings.TheselF-adjustngfea-
ture ofthe brakemaintain thedesiredlining
andpuck-to-diseclearance,regardlessof lin:
ingor puckwear. Whenyouapplythebrakes,
hydraulic pressure moves each pistonand itspucksof liningsagainstthedieor discsas

Bpplicable
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Figure3-4-27.Cross-sectionalviewofa single-
discbrakeassemblywithcapturedtorquing-type
automaticadjuster.

â€˜Astheliningswear, thepistonpushesagainst,
theadjustingpin(throughthespringguide)
and moves thepinagainstthe frictionof the

adjustingpingrip.Whenyoureleasethebrake
pressure,theforceof thereturn springmoves

thepistonawayfromthebrakedisc,but i tdoes
rot move theadjustingpin,whichis heldby
thefrictionof thepingrip.Thepistonmoves

awayfromthe discuntil it stopsagainstthe
headof theadjustingpin,

â€˜Thus,regardlessof the amount of wear, the
same travelof thepistonis requiredto apply
thebrake,andtherunningclearanceis main-

tained.

â€˜Theautomatic adjustingfeaturemightbe
referredto as a capturedtorquingtypeor

capturednontorquing-type.Figure3-427
showsa typicalcapturedtorquing-typeauto-
â€˜maticadjuster.Beforetorquingthe automatic

adjustingnut you must establishthe clear~
ance betweenthe liningsandthediscsto the
amountspecifiedfor thatbrake.Otherwise,the
brakedragsuntil an amountequalto thebuilt.
in clearanceis worn fromthe faceof the l in-

ings.Withtheadjustingnutsproperlytorqued,
the frictionbetweenthegripandtheadjusting
pinis greatenoughto overcome thecompres-

 

sion of thereturn spring,andtheadjustingpin
is pulledthroughthegriponlyto compensate
for liningwear.

â€˜Aftertorquingtheautomatic adjustingnuts to
thespecifiedvalue,backthemoff andretorque
severaltimes.Thisprocedureensures proper
â€˜matingof all partsand thecorrect torqueon

thefinalassembly,

Figure3-4.28showsthecapturednontorquing-
typeof automatic adjusterusedon some sin-

gle-anddual-discbrakeassemblies.

Brakesthatcontainnontorquingadjusterscan

beidentifiedbythelocknutandthreadedbush-
ingover eachadjustingpin.Theonlydifference
betweenthe torquingand nontorquing-type
automaticadjustmentis the methodusedto
restrictthemovementoftheadjustingpin.The
torquing-typeadjustmentuses a taperedgrip,
andthenontorquinguses one or more quarter-
inchwidegripscomposedofbrassliners.

Sparegrips are shippedwith pilotpins
installedto openthegripto theapproximate
diameterofthe adjustingpin,thuspreventing
damageto the gripduringinstallation,The
ot pinis expelledas the grip is forcedoverTheadjustingpin.If youaregoingto reuse the

gripswhena brakeis reassembled,first rein-

Stallthepilotpins.

LiningReplacement
Single-disc.Brakerepairson thesingle-dise
brakeconsistof replacinglinings,worn or dam-

agedsealingdevices,brakereleaseunits,or

brakediscs(Figure3-4-29).Atypicalprocedure
forreplacingliningsandsealsisafollows:

1, Removethelockwireandunscrew thecyl-
inderheads(brakereleaseunits);remove

thereleaseunits fromthehousing.

    
       vAWQTE

Figure3-4-28.Capturednontorquing-typeauto-
â€˜maticadjuster.



Screw,
Washer

Bleedervalve.

Bleederadapter

Packing
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Figure3-4-29,Single-discbrakerepairandpartsreplacementdiagram.

2. Removethediscfromthebrakehousing.
3. Removethe inlet plugandbushing,the

bleederadapter,andO-ringpackings.
4, Removethebrakeliningsfromthepistons,

thebrakehousing,andthediscguide.
5. Cleanthe brake assemblycomponents

wh lowepressurecompressedakeWash
A metalparsin cleaningsolvent.Dry
withcompressedai.

6. Checkthe releaseunits for damages,
nicksandgouges.If damaged,replacethe

completereleaseunit,

7.Checkthe brakehousingfor cracksand

cylinderwallsfor nicksor othervisible

damage.Damagedbrakehousingscan

bereplaced,butusuallytheentire brake

assemblymustbereplaced.
8, Installnew liningsin thehousingcavities

andriveton thediscguidelining.Friction
fit holdsthe liningsin thehousingcavi-

ties.DoNOTuse cement.

9. Install new liningsin thepistoncavities

usingbrakeliningadhesivespecifiedfor
suchuse(forexample,PliogripNo.3).

10,Installthebrakediscinto thebrakehous-ing
11,Dipbrakereleaseunitpackingsfrom thecuredatekit into thehydraulicfaid and

installontheBrakereleaseunits

12.Coatthepistonof thereleaseunit with a

lightcoatingofhydraulicfluid andinstall
inthehousing.Tightenthecylinderheadsagainstthe housingas specifiedin the
MM.

13,Reinstallthe inlet plug,bushing,and
bleederadapterinto the housing.Use
â€˜newpackingsthathavebeendippedin

hydraulicfluid,

1M,Lockwvitethe cylinderheads,bleedthe
brake,andtestthebrakefor leakageand

roper operation.The test pressure for

Thivbrakeassemblyis 1100polod the
pressurefor two minutes andcheckthe

Bssemblyfor leaks,

15,Releaseandreapplythepressure10times,
andcheckfor properbrakeoperationand
releaseofthediscs.

16,Allow the braketo standtwo minutes
with pressurerelievedto checkfor static
fluid leakage.
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Figure3-4-30.Sealreplacementandpistonreturnadjustment. 
Dual-dise. On dual-discbrakesand some

single-disebrakes,theliningscan bereplaced
withoutdisturbingthebrakehydraulicsystem.
â€˜Theshockstrut mustbe raisedwith a wheel
jackuntil thewheelis clearoftheground,

Startbyremovingthewheelandthefour inter-
ral wrenchingboltsthatattachthebrakehous-
ingto thebackplateare removed.Unscrewthe
â€˜twosetscrewsat eachsideof thebrakehousing
to allowremovalof the axleflangeattaching
bolts.Makecertain thebrakeassemblyis sup-
portedbeforeyouremove thebolts,or damage
to thebrakehosecouldresult.Removethebrake

liningsfromthe pistons,center carrier, back-

plate,anddiseguide.
Rivetedliningsmustbedrilled.Snap-ono fric-
tion-fitiningscanbeeasilypriedoffwitha com-

â€˜monscrewdriver.Removedirt andotherforeign
particlesfromthebrakeassemblycomponents,
Withlow-pressurecompressedair. Wearsafety
eyeprotectionduringthisoperation.

Cleantheexternalsurfacesof thebrakeparts
with a clothdampenedwithcleaningsolvent,

Replaceanybrakeliningattachingbuttonsthat
are damage.Thehousing,backplate,centercar

ter, andal l botsshouldbeinspectedfordamage,cracks,or leakage,as applicable.Ifthe brakehas,

hydraulicleakageor if thehousing,backplate,or

center carrier is damagedor cracked,thecom-

pletebrakeassemblyshouldbereplaced.

Inspectthediseforminimum thickness,maxi-

mum width of the keyways,and warping.
Checkthediscforwarpingbyusinga straight
edgeacross thefaceofthedise.Replacea brake
discthatis worn excessively,
Whena brakedisckeywayis worn excessively
or elongated,inspectthebrakediscdrivekeys,
in the wheelassemblyfor damageandsecu-

rity,Replacethedrivekeysor thewheelif the

damageexceedsthelimitationsspecifiedin the
applicableMM.

â€˜Thenew liningsare installedin thebrakepis-
tons,thecentercarrier, andthebackplate.The
discguideliningis rivetedto thediscguide.
â€˜Thepistonsare pushedbackinto the piston
housinguntil a maximum of one-eighthinch
of liningis protrudingbeyondthe housing.
â€˜Assemblethe brakeon the axle flange,and
torqueall attachingboltsandthefourinternal

wrenchingboltsto thespecificationsprovided
inthe MM

â€˜Theforeandaftaxleattachingnutson thebrakehousingmusthavetheirflatsurfacetowardthe
setscrewon thefinal torque.Thesetscrewsare

tightenedagainsttheflat surfacestosafetythe
ruts, Securethefourinternalwrenchingbolts,



with lockwire.Thewheelis installedandthe
shockstrut lowered.Performan operational
checkto verifyproperoperation.Specified
stepsthroughoutthe lininganddiscreplace-
â€˜mentproceduresand the final securityof all
attachmentsrequirequalityassurance verifica-

tionas indicatedintheMM
Figure3-4-30showsthevarious stepsinvolved
in replacingthe pistonsealsand adjusting
the return mechanism.Removethe internal

wrenchingboltsholdingthecylinderhousing
to thecarrierandbackplate(viewA).

Placethecylinderhousingundera press,as

illustratedin view B.Usethe pressand the
drive pin to forcetheadjustingpinsthrough
their gripsand remove the pistonsfromthe

housing,Makesure that thedrive pin is cen-

teredon theadjustingpinto preventdamaging
theadjustingpackingsandgrips.

â€˜Next,cut thelockwireon thelocknut.Usethe
threadedbushingwrench,illustratedin view

, to remove the locknuts,bushings,spac
ers andgripsfromthehousing.Removethe
springretainingringfromwithin thepiston,
as shownin view D.

With the liningsstill attachedto thepistons,
supportthe pistonsin a press.Usea 3-inch
lengthof seven-eighthsof an inch diameter
steeltubingto forcetheguidesto thebottom
â€˜ontheadjustingpins,as shownin view E.

  

Hold theguidesin thebottomedpositionand
turn the threadedretainingrings clockwise
until the ringsare snugagainstthe bottom

guides.Backoff the threadedretainingrings

 Figure3-4-31.Adual-caliperClevelandbrakeon

a KingAir 90. Noticetheeasyaccess to thepres-
sure plateattachmentbolts
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three-quartersof a turn counterclockwise
fromthebottomedpositions,if necessary,and
continue turningcounterclockwiseto thenext

lockingposition,as shownin view F.Securethe
threadedretainer withthewire retainingring.

Replacethe pistonpackingsthat havebeen
dippedin hydraulicfluid,andensure thatthe
packingsand adjustingpin stems are lubri-
catedwithhydraulicfluid.

Thepistonassembliesare theninstalledin the
cylinderhousingand forcedto thecomplete
brake-offpositionsâ€”bottomedin thehousing
cavities.Thepistonsaresupportedagainsttheir

liningsto thebrake-offposition.Usethe press
andthegripdriver,as illustratedin view G,to
forcethegeips,one ata time,over theadjusting
pinsuntil theyare bottomed.Thepistonsmust
remain in thecompletebrake-offpositionwhen
thegripsareinstalled.Placethespacersoverthe

adjustingpinsandinstallthebushingsfinger
tight.Holdthebushingsinfingertightpositions
andinstallandtightenthelocknuts,Safetywire

thelocknuts,as shownin view H.

NOTE:On some brakeassemblies,the

adjustingpinbushing(adjustingpinnut)
is torquedto a specifiedvalue

The brake assemblymust be testedafter
reassembly.Connectthe brakeassemblyto
â€˜ahydraulicsupplysource. Bleedthe brake
assemblyandapply600psi.

CAUTION: Beforeapplyingpressure,
makesure that the brakeis assembled
properlywith all boltstorquedandbrake
discsin position.Failureto do so could
resultin injury to personnel

Hold the test pressurefor two minutes while
youare checkingthebrakeassemblyfor leaks.
Releaseandapplythe pressure10times to be
sure that the brake functionsproperly.The
brakediscsshouldbe free whenhydraulic
pressureis released.Allow thebraketo stand
for two minutes with pressurereleasedand
checkforstaticfluid leakage.
If the brakeassemblyis not to be installed
immediately,install any attachinghardware
that is partof theassembly,fill with preserva-
tive hydraulicfluid,andcapor plugall open-
ingsto preventcontamination.

ClevelandBrakes

Thesebrakesystemsaremuchsimplerto disas-
sembleandreassemblebecausethe workcan

beperformedwithoutjackingtheairplaneor

removingthewheel.An exampleis shownin

Figure3-4-31,
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Figure3-4-32.Rivetingnew brakepadsonto thebackingplateis a simple
operation,

Removingthecaliper.Toremove a caliper,itis

necessaryto remove onlytheboltsthat fasten
it to theouter pressureplate.Besure to catch
theouter pressureplatesbeforeremovingthe
lastboltso theydonot fa to thefloor.Thecali-
percan thenbewithdrawnbyslidingit off the
anchorpins.

Onceremoved,the inner pressureplate,and
any thermalinsulatingplates,can be slidoff
theanchorpins.Notethatsmallerunits donot
havethermalinsulatorplates.Thepistonsare

normallyheldin thecaliperboresbythefric-
tion of theO-ringsealsanddonot fallout. The
thicknessofthebrakediskshouldnow bemea~

suredandcomparedto specificationsto deter-
mine airworthiness.

 

If thesealsaretobereplaced,placeacatchpan
undertheunit andremove thepistons.

Reassembly.After cleaningthe pistonsand
cylinderbores,lubricatenew sealswith the
correct brakefluid and reinstallthemin the
cylinders,pushingthemcompletelyto therear

of thecylinders.Replaceanydamagedinsula-
tors bysimplyslidingthemover the anchor
pins.Whenthebrakepadsare to bechanged,
alsodothefollowing:

+ Usinga brakepadrivetingtool in a shop
vise, driveout theoldrivets.

* Cleanthe pressureplateso no debrisis

underthenew pad.

â€˜=Insertnew brassbrakerivets in thepads
with theheadsin thecountersunkholes.

â€˜=Placeone rivet headover theanvil of the
rivetingtool,andtherivet headerinto the
recess of therivet. Holdtheotherrivet in

placeto keepthepadaligned(Figure3-4-
32).

= Generally,a singleblow on the rivet
headerformstherivet head.

â€˜+Nowsettheotherrivets in thepads.
Theinner pressureplatewith its new linings
can be slid over the anchorpins. Theouter

pressureplatescan be insertedbehind the
brakediskandtheattachboltsinstalled.Once
everythingis installed,the attachboltsmust
be torquedto specifications.Someboltsare

torqueddry,while othersrequireLubtork(a
threadlubricant).TheClevelandMM listsdif-
ferentproceduresfordifferenttorquingopera-
tion. Thecalipershouldbe checkedfor bind-
ingandadjustment,ie, smoothslidingon the
anchorpins.Figure 3-4-33showsarebuiltcali-
per.

Initial adjustment.Oncerelined,the brakes

areseriouslyout of adjustment,andthesystem
â€˜mustbe bledbeforethe units can be initially
adjusted.Bottom-upbleedinggenerallyworks
â€˜well.Becarefulnot to overfillthemastercylin-
derandcause brakefluid to poolin thecabin
floor,

Oncebled,severalapplicationsof the brakes
normallyadjuststhecaliperto theoperating
clearance.Oncetheoperatingclearanceis set
and the fluid levelsrechecked,the process
â€˜mustbecompletedbyconditioningthepads.The
conditioning-inprocessis thoroughlycovered
in theClevelandMM. Youcan getyour own

copyof the manualfromthe websitewww.

parker.com/cleveland.

 Figure3-4-33, AClevelandcaliperwithdualpis-
tonsandnew brakepads.



Automaticadjusting.In view of thecomplex-
ityof otheradjustingsystems,theCleveland
systemis simplistic,but i t worksverywell.
â€˜Whenthebrakesare appliedandtheclearance
isnormal,theO-ringrollssomewhatin thecyl-
inderbore,insteadofsliding.Asthepadswear

and the clearanceincreases,the distanceis,

greaterthantheamount theO-ringcan roll.As

2result,it rolls,andthenslidesto takeupthe
space.Whenthebrakesare released,theO-ring
rollsbacka tinyamount,providingrunning
clearanceforthepads.
â€˜Troubleshooting.To keepthe automatic

adjustmentfeatureworking,it is onlyneces-

saryto keepthecaliperclean.If oil collectson

thecaliperandpistons,dirt collectsandbuilds
up.Thisbuildupis enoughto freezethecaliper
in placeandcause thebrakesnot toadjust.
Eachapplicationof brakestendsto bendthe
torqueplateboltedto theaxle.It doesnot take
too muchflexing,and i t cracksandbreaks.
â€˜Anotherwaytheadjustercan bedefeatedby
oil andgrimeis byallowingoil to collecton the
torquepins.Theygluethemselvesto thebush-
ingin thetorqueplate.Insteadofbendingthe
torqueplatewith eachbrakeapplication,the
action causes thebushingto pullout.

Nolossof brakeclearanceoccurs as thebush-
ingworksitswayout. Theonlywayto notice
if i t happensis to actuallytakea secondand
lookat thebushingâ€™slocation.Makei t partof a

preflightinspection.

TrimetallicDiscBrakes

Figure3-4-34showsa typicaltrimetallicbrake

assembly.Thetrimetallicbrakeassemblycon-

sistsof a brakehousingsubassembly,a keyed
torquetubeandtorquetubespacer,a housing
backplate,stationaryandrotatingdiscs,anda

pressureplatesubassembly.
Description.Thebrakehousingsubassembly,
keyedtorquetubeandspacer,andthehousing
backplateare boltedtogetherto formthebasic
brakeassembly.Theremainingcomponentsof
thebrakeassemblyare mountedover thekeyed
torquetubeandbetweenthebrakehousingand
thehousingbackplate.Themetallicfacedrotat-

ingdiscshavekeywaysthatengagedrivekeys
in thewheelso thattheyrotatewith thewheel.

â€˜Therotatingdiscsare separatedbythe sta-

tionarydiscs,whichare keyedto the torque
tube.Thematingsurfacesof theserotatingand
stationarydiscsconstitute the majorfriction-

brakingsurfacesof thebrake.

â€˜Additionalfrictionsurfacesexistbetweenthe
â€˜outerfaceof one rotatingdiscand the hous-

LandingGearSystems| 3-69

 Figure3-4-34, Amultiple-discmetaliclinedbrakeinstalledin a cutaway
â€˜wheelfora Boeingjetairliner.

ingbackplateandbetweentheouter faceof the
rotatingdiscat theoppositeendandthepres-
sure platesubassembly.
â€˜Thepressureplatesubassemblyconsistsof the
pressureplate,replaceablewear plate,andwear

plateinsulator.Thesethreepartsare riveted

together.Thepressureplateserves as a seat
for theself-adjustingpinsof theself-adjusting
mechanism,and i t restsagainstthe insulators
installedin theouter endsofthebrakepistons,

The pressure plateis thecomponentthrough
whigh forcefedirectlytransmitted.during
applicationandreleaseofthebrakes.TheweatPlateskeyedtothetorqueubetoprevenota-
tion of thecompletesubassemblyand serves

as thefrictionsurfacefr theouter faceof the
adjacentrotatingdis. Thewear plateinsulator
preventsbrakeheatfrombeingtransferredto
thepressureplateandthebrakepistons.

â€˜Thebrakepistonstransmithydraulicpressure
throughthepressureplatesubassemblyto the
brakediscs.StandardO-ringsandbackuprings
aroundeachpistonpreventhydraulicfluid

leakageandentryofcontaminants.Thepistons
are furtherprotectedagainstheattransferfrom
thepressureplatesubassemblybyindividual
insulatorsinstalledin theendsof eachpiston
whereit contactsthepressureplate.
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 Figure3-5-1,An antiskidsystemtrainerthatshowsallcomponentsat one

time.

Self-adjustingmechanismsare around the
brakehousing.Theyaccomplishnormalrelease
of thebrakeandprovidea continuingadjust
â€˜mentaction to compensatefor brakewear. Each
mechanismconsistsof a self-adjustingpin, a

springhousingandbushing,a return spring,
guide,a retainingring,a gripandtubesubas-
sembly,and a self-lockingnut. Thegrip and
tubesubassemblymountsover theself-locking
pin, with the gripsbeinginstalledfirmlyon

thetube,

â€˜Asdisewear occurs,movement of theadjust-
ing pins throughthe splitcollargrips pro-
videsautomaticadjustment.Theretainingring.
insidethespringhousingserves as a stopand
retainer for the springguide,which,in turn,
holdsthereturn springin position.Thehead
of theself-adjustingpin engagesthe pressure
platesubassemblyto allowbrakereleasewhen
pressureis removed.

Operation.Whenthe landinggearwheelis
rotating,the metallic-facedrotatingdiscsof
thebrakeassemblyrotate freelybetweenthe
stationarysteeldises.Whenpressureis applied
to thebrakeassemblypistons,therotatingand
stationarydiscsare forcedtogether,creating.
frictionbetweentheirsurfaces,Theamount of
hydraulicpressureappliedto thebrakepistons

is controlledbythe aircraft'sbrakemetering
systemin responseto operatingthebrakeped-
als.Brakingaction appliedto thewheelbrake
is proportionalto thepressureexertedon the
brakepedal.
Pressureappliedto thebrakeactuatesall the
pistonsin thebrakehousing.Thesepistons,in

turn, forcethepressureplatesubassemblylat-
erallyagainstthediscsandagainstthehousing
backplate.As the pressureis appliedandthe
brakestarts to actuate,thelateralmovementof,
the pressureplatesubassemblypullstheself
adjustingpins,the splitcollargrip and tube
subassemblies,and the return springguides
againstthereturn springs,compressingthem
until thespringguidesbottomin thehousings.
Whenthehydraulicpressureis relieved,the
return springmechanisms,actingthroughthe
headsof theself-adjustingpins,pullthepres-
sure platesubassemblybackto the released
position.The pistonsalso return to their
deactuatedpositions.Theextent of thereturn
â€˜motionis limitedbyspringguidesengaging
with theretainingringstopsinsidethespring
housing,
â€˜Asthediscswear,self-adjustingpinsandtubes
are pulledthroughthesplitcollargeipsbythe
forceexertedon thepressureplatebythe pis-
tons. Thissmallmovement of the adjusting
pinsandtubes,relativeto thegrips,is equiva-
lenttothecombinedwear ofall thediscs.When
pressureis removedfromthebrake,thereturn

springsreturn thepressureplateandthebrake
pistonsto the designedreset clearanceand
â€˜maintaina constantdisplacement.
Maintenance.Maintenanceof a multi-disc,
â€˜metallicbrakeassemblyconsistsof cleaning
and inspection.Normally,brakeoverhaulis,

performedbyeithera specialdepartmentwith
thepropertoolingandtrainingor bya certified
repairstation,

Section5

AntiskidSystem
â€˜Afeaturefound in high-performanceaircraft
brakingsystemsis skidcontrol,or antiskidpro-
tection. Thisis an importantsystembecauseif
a wheelgoesinto a skid,its brakingvalue is,

greatlyreduced,

Theskid-controlsystemperformsfourfunctions:

1.Normalskidcontrol

2. Lockedwheelskidcontrol



3. Touchdownprotection

 
â€˜Themain componentsof thesystemconsistof
a skidcontrolgeneratorforeachbrakedwheel,
a skidcontrolbox,skidcontrolvalvesfor each
wheelbrake,a skidcontrolswitch,a warning
lamp,andan electricalcontrolharnesswith a

connection to the landinggearsquatswitch.
â€˜Thewaythatthesystemis installedin an air-

planemakesit impossibleto see the compo-
nentsall at thesame time.However,bylooking
at thesystemtrainer in Figure3-541,itis posâ€•
sibleto see theentire system,

Normal skid control. Normalskid control
comes into playwhen wheelrotation slows
downbut hasnot come to a stop.Whenthis

slowingdown happens,the wheel sliding
action hasjustbegun,buthasnotyetreacheda
fall scaleslide.Inthissituation,theskidcontrol
valveremoves some of thehydraulicpressure
to thewheel.Thispermitsthewheelto rotate
a little fasterand stopits sliding.The more

intensetheskid is,themore brakingpressure
is removed.Theskid detectionandcontrolof
eachwheelis completelyindependentof the
others.Thewheelskid intensityis measured

bytheamount of wheelslow-down.

Skid-controlgenerator.Theskid-controlgen-
eratoristheunit thatmeasures thewheelrota-
tionalspeed(Figure3-5-2).It alsosenses any
changesin thespeedand the rateof change.
It is a smallelectricalgenerator,one for each
brakedwheel,mountedin thewheelaxle.The
generatorarmature is coupledto,anddriven

by,themain wheelthroughthedrivecapin the
wheel.As it rotates,thegeneratordevelopsa

voltageandcurrent signal.Thesignalstrength
indicatesthewheelrotationalspeed.Thissig-
nalisfedto theskid-controlboxthroughthehar-

â€˜Skid-controlbox. Theboxreadsthe signal
fromthegeneratorandsenses changein signal
strength.It can interprettheseas developing
skids,lockedwheels,brakeapplications,and
brakereleases.It analyzesall it readsandthen
sendsappropriatesignalsto solenoidsin the
skid-controlvalves.Figure3-5-3showsa skid-
contro!box.In practice,it wouldbemountedin
thefuselage.
Skid-control valves. â€˜Theskid-controlvalves
â€˜mountedafterthebrakecontrolvalveare sole-
noidoperated.Electricsignalsfromtheskid-
controlboxactuatethesolenoids.If thereis no

signal(becausenowheelis skidding),theskid-
controlvalvehasno effecton brakeoperation.
But,ifa skiddevelops,eitherslightor serious,
a signalis sent to theskid-contolvalvesolenoid.
â€˜Thissolenoie'saction lowersthemeteredpres-
sure in the line betweenthemeteringvalve
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andthebrakecylinders.It doesso bydump-
ingfluid into the reservoir return line when-
ever the solenoidis energized.Naturally,this

immediatelyrelaxesthebrakeapplication.The
pressureflow into the brakelines fromthe
meteringvalvescontinues as longas thepilot
depressesthe brakepedals.Butthe flow and
pressureis reroutedto thereservoir insteadof,
to thewheelbrakes,

â€˜Thesystempressureenters the brakecontrol
valvewhereit is meteredto thewheelbrakes
in proportionto theforceappliedon thepilot's
foot pedal.However,beforei t can go to the
brakes,i t must passthrougha skid control
valve,There,if thesolenoidis actuated,a port
is openedin the line betweenthe brakecon-

trol valveand thebrake.Thisportvents the
brakeapplicationpressureto theutilitysystem
return line.Thisreducesthebrakeapplication,
andthewheelrotatesfasteragain.Thesystem
is designedto applyenoughforceto operate
justbelowtheskidpoint.Thisgivesthemost
effectivebraking
Pilot control.Thepilotcan turn off theoper-
ation of theantiskidsystembya switchin the

cockpit.A warninglamplightswhenthesys-
tem is turnedoff or if thereisasystemfailure.

Lockedwheelskid control.Thelockedwheel
skidcontrolcauses thebraketo befullyreleased,
whenits wheellocks.A lockedwheeleasily
occurs on a patchof ice becauseof a lackof tire

frictionwiththesurface.It occursifthenormal
skidcontroldoesnot preventthewheelfrom

reachinga full skid.Torelievea lockedwheel
skid,the pressureis bledoff longerthan in

normalskidfunction.Thisis to givethewhee!
time to regainspeed.Thelockedwheelskid
controlis out of action duringaircraftspeeds
of lessthan15.20mph,
â€˜Touchdownprotection.The touclidowonpro-
tectioncircuitpreventsthe brakesfrombeing

]â„¢~
SS

Figure3-5-2.Skidcontrolgeneratorthatmounts
insidethewheelaxle,
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Antiskidvalvesin boththenormalandalternate
brakesystemare controlledbythesesignalsto
reducebrakepressureandpreventskidsand
brakelockups.
Generalcomponentlocations.All antiskid
systemsstart with a wheelspeedtransducer
that is installedin eachmain gearwheelaxle.
Theantiskidcontrolunit is in the electronic
equipmentbay.Fournormalandtwo alternate
antiskidvalvesare mountedin the left and
rightmain gearwheelwells. 

 
Subsystemfeatures. â€˜Theantiskid system

I

is programmedto providelockedwheelpro-
tection duringtouchdown,and wheelspeed

| sensingand skid protectionduringbraking.
â€˜Aguardedon-offswitchprovidescontrolof

rE theantiskidsystem.A warninglightprovides
notice of defectivesystems."A.builtin-test
capability(BITE)providescontinuous selftest

E andfaultwarning.
Figure3.5.3.Theskidcontrolboxis theunit thatfiguresout howto apply
thebrakesso thewheelsdonot skid. Antiskid protectionis providedduringboth

appliedduringthe landingapproacheven if
thebrakepedalsare depressed.Thisprevents
thewheelsfrombeinglockedwhentheycon-

tact therunway.Thewheelshavea chanceto
beginrotatingbeforetheycarrythefull weight
of theaircraft.Twoconditionsmustexist before
the skid-controlvalvespermitbrakeapplica-
tion. Withoutthem,theskid-controlboxdoes
not sendthe propersignalto the valvesole-
roids.Thefirst is that thesquatswitchmust

signalthat theweightof theaircraftis on the
â€˜wheels.Thesecondis thatthewheelgenerators
sense a wheelspeedofover 15-20mph.
Fail-safeprotection.â€˜Thefail-safeprotection
circuit monitors operationof theskid-control
system,It automaticallyreturns thebrakesys-
tem to full manualin case of systemfailure.It
alsoturns on a warninglight.
AntiskidSystem(Boeing727)
TheBoeing727antiskidsystemdescriptionis

typicalofa largeaircraftinstallation.

Antiskid SystemOperation
Theantiskidsystemis designedto provide
maximum effectivebrakingfor any runway
conditionwithoutskidding,Individual trans-
ducersfor eachmain gear wheel provide
â€˜wheelspeedinformationto a controlunit in

theaircraftselectronicsbay.Thisinformation
is processedbythecontrolunit,whichdetects
impendingskidsandproducescorrection sig
nalsto thebrakeunits.

â€˜normalandalternatemanualbrakinganddur-
ing autobrakeoperation.An operationalanti-
skidsystemis requiredto use autobrakes.

Generaloperation.Theantiskidsystemoper-
atesbyoverridingthepilot'smeteredpressure
for autobrakecommands.Theantiskid sys-
tem controlshydraulicpressureto eachbrake
until optimumwheelbrakingis obtained.
Regardlessof prevailingweatherconditions,
airplanestoppingdistancesare minimized
â€˜anddirectionalcontrol is maintained.In
addition to individual wheelskid protection,
â€˜wheelsare comparedinboardto inboardand
â€˜outboardto outboardfor lockedwheelprotec-
tion. Touchdownprotectionpreventsbrake
pressureapplicationbeforewheeltouchdown
andspinup,

Antiskid ControlValve

The antiskid control valve is an electri-
callycontrolledhydraulicvalve that meters

hydraulicpressureappliedto a brakeinaccor-

dancewith signalsreceivedfromtheantiskid

controlunit,
Six antiskidcontrolvalvesare used.Onefor
eachmain gearbrakefor normaloperation,
andtwo are usedforalternateoperation.Three
valvesare in eachof themain gearwheelwells.
Thevalvesare usedtomodulatebrakepressure
to thebrakeassembliesin eitherthemanualor

automaticbrakingmodes.

Theantiskidvalvesconsistof an electrically
controlledfirststagevalveanda hydraulically
controlledsecondstagevalve.Thefirst stage
valvecontains the torquemotor, whichposi-



tions a flapperbetweentwo hydraulicports
(returnandpressure).ThesecondstageValve
isspringoffsettotheleftandpressurebiascon-

trolledbythedrilledpassagewayin thespool
Withno controlsignalto thetorquemotor,the

flapperis towardthereturn nozzle.Thespool
is springoffsetto theleft

Whenbrakingoccurs,hydraulicpressureis,

portedthroughthesecondstagevalvedirectly
to the brakeassemblies.Thepressureis also
acting aroundtheannularrecess,throughthe
nozzle into thefirststagevalve.Aspressurein

thefirststagechamberincreases,theincreased
pressurealsoacts on thespringoffsetsideof
the spoolkeepingthe valvedisplacedto the
left.

Operation.If the antiskidsystemsenses a

wheelslowingdown too fast,a signalis sent
to thetorquemotor windings.Thiscauses the
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flapperto move towardthepressurenozzle,
restrictingfluid into thechamberand letting
more fluid escapetothereturn line.

Pressuredropsin thefirststagechamberand
actson thespringoffsetsideof thespool.The
pressureon the left sideof the secondstage
valve(throughthedrilled passageway)forces
i t to theright,closingthe brakepressurein-

line and portingsome pressureto return
â€˜Theamount of secondstagevalvemovement
dependson the torque motorcurrent,which,
in furn,dependson theamountof brakepres:
sure reductionrequiredfor wheelspinup.
Conversely,a decreasein torquemotorcurrent
allowsmore brakepressureto beapplied.
A checkvalveis installedbetweenthepressure
line andthebrakeline to preventa hydraulic
lock in thebrakeline whenappliedpressure
is removed.
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AircraftElectrical
Systems

LearningAircraft electricalsystemdesignhasevolved
GPECegfromsimplesystemsconsistingof magnetos,a

battery,alternator,andpowerdistributioncir- REVIEW
cuitryforlightsandradiosintohighlycomplexÂ«Basicprinciplesof
systemssuchas thosefoundon thenew gen- _electricaltheory
eration BoeingandAirbusair transportcate- Typesof wiring
goryaircraft.Almostall theotheraircraftsysâ€œdlagramsandwiring
temssuchas flightcontrols,hydraulicsystems, symbols
fuelsystems,ice and rain protectionsystems,
engineoverheat,and fire detectionsystems,DESCRIBE
to name a few,dependon an electricalpower_Â«Propertiesof

generationanddistributionsystem.Newair- generatorsandcraftdesignswithfly-by-wiretechnologyhave alternators

even abandonedtraditionalhydraulicactua- _Â«Charactersties
tor methodsfor makingflightcontrolinputs andfunctionsof
in favorof lightweightwiringandelectricallySwitches,relays,poweredactuators.

masavionics, EXPLAINAircraftelectronicsystems,know ee ent,arealsoanintegralpartoftheelacscalsystem â€œHOWt0ety
inalmoctallaieraft Avionicsdependon elec. |Maeva iogaltrical powerto controlandmonior functions

Â° simgortaneof mont

Controlandinstrumentation,Fightdeckand fngandonta
cabinenvironmentalcontrols,andflightman. __Wâ„¢seetrcal load

agementcomputers.Atypicalareaftelectical
sytemfunctionsmuchlike thehumanbody's
Clniralnervous system,monitoring,regula Lf. ABoeing47

ing,andcontrollingeverythingon boardthe has171miesofwireaircraftnecesaryfor manneddght and971 assorted
lights,switches,and

State-otthe-artavionics systemsusuallycon- gauges.This more

Sistof an interrelatedgroupof smallerelec: materi thana per
tronic systemseachdedicatedtoa singlefune-son can learnatone
tion but linkedthroughan onboardcomputer. time.Thesecompl-
Langetransportcatogoryaircraftare generallycatedsystemscan be
buill with threeor more suchavionic systems, _leamedone wie ata

providingredundancys0 thatone failedsys- timetroughcael
fem doesnot resultin an inflightemergency.studyofelecticalda-
â€˜Anexcellentsource of informationon theave grams,logicchars,
Omics in new generationaircraftisthe book, sndtoubleshooting
Avionics:SytemsandTroubleshooting,byTK. chart
Eismin,whichis alsopublishedbyAvotek". â€˜CourtesyofLuthansa
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Regardlessof how simpleor complexthe
electricalsystemis, the fundamentalof phys-
ics surroundingelectricalpowergeneration,
distribution,andusageare thesame. Forthat
reason,a review of electricaltermsandprin-
ciplesis usefulbeforegettinginto thepractical
applicationsof electricaltheoryandthestudy
of electricalcircuits.

Section1

ElectricalTheory
Overview

Ohmâ€™sLawandPower
(Ohm'slaw is the basisfor the relationship
betweenvoltage,resistance,andcurrent. This
lawappliesto all directcurrent(DC)circuits.
In a modifiedform,i t alsoappliesto allernat-
ingcurrent(AC)circuits. Discussedlaterin this

chapteris the differencebetweenDCcircuits

andACcircuits,themerits ofeach,andtypical
uses ofeachtypeof circuit.

 

â€˜Ohm'sexperimentsshowedthatcurrent flowin,

an electricalcircuit is directlyproportionalto
theamount ofvoltageappliedto thecircuit. In
otherwords,as thevoltageincreases,thecur~

rent increases;andwhenthevoltagedecreases,
the current flow decreases.Thisrelationship
is true as longas the resistancein thecircuit
remains constant.Whentheresistancechanges,
current alsochanges.Thisrelationshipis illus
tratedbytheOhm'sLawformulaandcan be

expressedin thefollowingequation:
E/R 

 
is current in amperes,Eisthepotentialdifer-
cencemeasuredin volts,andRis theresistance
â€˜measuredin ohms(designatedbytheGreeklet-
teromega,whosesymbolis). If givenanytwo
of thesecircuitquantities,thethird is foundby
simplealgebraictransposition.
Electriccurrent is usuallyreferredto as current
â€˜orcurrent flow.As coveredin theelectricity
chapterof Introductionto AircraftMaintenance,
current flow in onlyone directionis called
directcurrent. Currentthatreverses itselfperi
odicallyat a certain frequencyis calledalter~
natingcurrent.

 

Electricalpoweris usuallymeasuredin watts.
â€˜Thewatt is a relativelysmallunit of powercon-

sideringthata motor ratedat one horsepower

   Figure4-1-1.Summaryofbasicequationsusing
thevolt,ampere,chm,andwatt.

consumes 746watts of electricalenergywhen
running.Amuchmorecommonunitofmeasure
forelectricalpoweristhekilowatt(1,000watts).
In measuringamountsof electricalenergycon-

sumed,thekilowatt-houris used.Forexample,
if thatone horsepowermotor consumes electri
calenergyfor 10hours,it hasused7460watt -

hoursoF 746kilowatthoursofelectricalenergy.

â€˜Thebasicformulafor findingelectricalpower
ina circuit is thefollowing:

Paine

is thepowerin watts,is currentinamperes,
andFisemf(electromagneticforce)in volts.t
{s possibleto substitutetheOhm'sLawvalues
for E in thepowerformulato obtainthe fol-

lowing:
PaPxR

Fromthisequation,thepowerin watts in a cir-

cuit varies as thesquareof thecircuit current
in amperesandvaries directlywith thecircuit
resistancein ohms.

Figure4-1 is a summaryof all thepossible
equationsusingtheelectricalunits of volt E,
ampereJ,ohmRandwatt P.

Electromagnetism
Knowledgeofmagnetismhasexistedformany
centuries,but i t was not until thelsh century
thatthisbodyofknowledgewascombinedwith
researchandexperimentationofthe properties
and characieristcsof electricalphenomena,
Magnetismisin fat, so integralto generat
ing andusing electricitythatsircratsystemsdetignedto produce,contolanduse electrical
powercouldnt functionwithouti



In 1820it was demonstratedthat an electric
current producesmagneticeffects.Conversely,
it was laterdiscoveredbyFaradaythat amag-
net in motion can generateelectricity.This

physicalmotion is thebasisfor themostcom-

mon means of generatingaircraftelectrical
power,whetherit bea generator,alternator,or

foneof thenewer designsin powergeneration

Colt

   Â«

Figure4-1-2.illustrationshowingcurrentflow
whena magnetis movedthrougha coi 
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componentsknownas an integrateddrivegen-
â€˜erator(IDG).Thechemicalaction thatoccurs in

differenttypesof aircraftbatteriesis another
methodusedfor producingelectricalcurrent;
however,usingbatteriesas a powersource is

usuallyreservedforemergencyor backupelec-
tricalpower.

Generatorsandalternatorsproduceelectrical
current flowwhenmechanicalenergyis used
to rotate theirconductivewire coilsthrougha

â€˜magneticfield.Toshowhowan electriccurrent
can becreatedbya magneticfield,see Figure
4-1-2andrecallthe demonstrationconducted
with a permanentmagnet,coilof wire, anda

galvanometer.
Severalturns of a conductorare wrapped
arounda cylindricalform,andtheendsof the
conductorare connectedtogetherto form a

completecircuit,whichincludesa galvanom-
eter.Ifa simplebarmagnetis plungedinto the

cylinder,thegalvanometercan beobservedto
deflectin one directionfrom its zero (center)
position(A).Whenthemagnetis at rest inside
thecylinder,thegalvanometershowsa reading
of zero, indicatingthat no current is flowing
(B).Thegalvanometerin Figure(C)indicatesa
current flow in theoppositedirectionwhenthe
magnetis pulledfromthecylinder,
â€˜Thesame resultscan be obtainedbyholding
themagnetstationaryandmovingthecylinder
over themagnet,indicatingthata current flows
â€˜whenthereis relativemotion betweenthewirecoilandthemagneticfield.Theinducedcur-

rent causedbytherelativemotion of aconduc-
tor anda magneticfieldalwaysflowsin such
a directionthat its magneticfield opposesthe
â€˜motion.Whena conductoris movedthrough
1amagneticfield,as shownin Figure4-1-3,an

electromotiveforce(em#)is inducedin the con-

ductor.Thedirection(polarity)of theinduced
emf is determinedbythe magneticlinesof
forceandthedirectiontheconductoris moved

throughthemagneticfield

Motionof
conductor

 Figure4-1-3.Conductormovingthrougha mag-
neticfieldcreatinga currentflow.
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â€˜Thegeneratorleft-handrulenottobeconfused
with thelefthandrulesusedwithacoil)canbeusedto determinethedirectionof theinduced
emf,as shownin Figure4-1-4.Theindexfinger
of theleft handis pointedin the directionof
themagneticlinesof force(northto south)the
thumbis pointedin thedirectionof movement
of the conductorthroughthemagneticfield,
andthesecondfingerpointsin thedirectionof
theelectricalcurrent flow.Whentwo of these

Conductor
motion

 Figure4-1-4.Thegeneratorleft-handruleshow-
ingthedirectionof inducedemf.

 Figure4-1-5.Whena loopedconductoris
rotatedthroughthemagneticfield,a voltageis

inducedin bothsides.

Magneticflux Motion
â€”

Current

Figure4-1-6.Theright-handruleforelectric
motors.

threefactorsare known,thethird can bedeter-
â€˜minedbyusingthisrule,

Whena loopedconductoris rotatedin a mag-
neticfield(Figure41-5),a voltageis inducedin

eachsideoftheloopedconductor.Becauseeach
sideof theloopedconductorcutsthroughthe
â€˜magneticfield in oppositedirectionsas physi-
calrotation occurs (onesidemovingup while
theotheris movingdown),current flow is con-

â€˜tinuous,movingin ononesideoftheloopand
out theotherside.

â€˜Thesameelectrodynamicsthatmakeagenera-
tor or alternatorproduceelectricityare in play
whenelectricalcurrent is usedto do work,
suchas raisingor loweringflaps.Whereasgen-
eratorsconvert mechanicalmotion into electri-
calcurrent,electricmotors convert electrical
currentbackinto mechanicalmotion to accom-

plishwork.

In thesame waythat thegeneratorleft-hand
rule can be usedto explainthe relationship
betweendirectionof the magneticlines of
force,directionof current flow,anddirection
of looprotation,the right-handrule for elec-
tric motorscan beusedto determinethesame

rameters(Figure4-1-6).Theindexfingeroftherighthandispointedin thedirectionof
themagneticlinesofforce(northto south),the
thumbis pointedin thedirectionof movement
of the conductorthroughthe magneticfield,
andthesecondfingerpointsin thedirectionoftheelectricalcurrent flow.Whentwo of these
threefactorsare known,thethirdcanbedeter-
minedbyusingthisrule

AlternatingCurrent

Figure4:17 showsa simplegeneratorloop.If,
theloopis rotatedhalfaturn,loopsideA and
loopsideBhasexchangedpositionsand the
inducedem in eachhaltof the loopwire has,
reversedits originaldirection.Thishappens
becausethe wire formerlycuttingthe lines
of forcein an upwarddirectionis now mov-

ingdownward.Thevalueof an inducedemf
dependson threefactors:

1 Thenumberof wires movingthroughthe
magneticfield

2. Thestrengthof themagneticfield

3. Thespeedofrotation

â€˜Ageneratorusedto producealternatingcus-

rent is usuallyknownas an ACgeneratoror

an alternator.Thesimplegeneratorshownin

Figure4-1-7 illustratesone of the methods
of generatingan alternatingvoltage(emf).â€˜Therotatingloop(markedAvandB)i placed
betweentwo magneticpoles(Nand),andthe



 

out
current

Cle
    

Figure4-1-7.A simplegenerator.

endsof the loopare connectedto two metal

slipor collectorrings(CyandC3).Currentis
transferredfromthecollectorringsto thewie-ingbybrushesfor distributingtheelectrical
powerto electricalloadssuchas lightingcie-

cuits,hydraulicsystemmotors,or anti icing
heatingelements,

â€˜Aswire Bmoves downacross thefield,a volt
ageis inducedthatcauses thecurrent to flow
â€˜outward.Whenthe wires are formedinto a

loop,thevoltagesinducedin the two sidesof,
thelooparecombined.Therefore,forexplana-
torypurposes,the action of eitherconductor,
Aor B,whilerotatingin themagneticfield is,

similarto theactionoftheloop.
â€˜Analternatingvoltagecreatesthepotentialfor

alternatingcurrent andif thecircuit is closed
as in Figure4-1-2,current flows.Themagni-
tudeof thatcurrent dependsonseveralfactors
suchas thefollowing:

â€˜+Theresistanceof theloadthatisusingthe
current

â€˜=Sizeof thewire thatcarries theelectrical
current

â€˜=Thevoltageproducedbythegeneratoror

alternator

â€˜Therotatingloopis alsoknownas the rotor.
Fora more detailedexplanationof whathap-
pensas the generator/alternatorrotor spins,
see Figure4-1-8,

At position1,conductorA moves parallelto
thelinesof force.Sinceitcutsno linesof force,
the inducedvoltageis zero. As theconductor
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advancesfromposition1to position2,thevolt-
ageinducedgraduallyincreases.

{At position2,theconductormoves perpendic-tlatothe flax andcutsa maximumaumber
of linesofforce;thereforea maximum voltage
is induced.As the conductormoves beyond
two,itcuts a decreasingamount of fluxat each
instant,andtheinducedvoltagedecreases

At position3,theconductorhasmadeone-half
of a revolutionandagainmoves parallelto the
linesof force,andno voltageis inducedin the
conductor.As theA conductorpassesposition
3,the directionof inducedvoltagereverses

becausethe A conductornow moves down-
ward,cuttingflux in theoppositedirection,

As the A conductormoves across the south

pale,the inducedvoltagegraduallyincreases

in a negativedirection,until at position4,the
conductoragainmoves perpendicularto the
flux andgeneratesa maximum negativevolt-
age.Fromposition4 to 5,the inducedvoltage
graduallydecreasesuntil thevoltageis zer0

andtheconductorandwave are readyto start
anothercycle.
â€˜Thecurve shownat position5 is calleda sine

wave. It representsthepolarityandmagnitude
of theinstantaneousvaluesof thevoltagegen-
erated.Thehorizontalbaselineis divided into

degreesof rotation,or time,and the vertical
distanceaboveor belowthe baselinerepre-
sentsthevalueof voltageat eachpointin the
rotationof theloop
Inadditiontogenerators,DCtoACstaticinverters
arealsocommonlyusedas.a source ofACpower
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Position1

Rotatingconductorsmovingparallelto
themagnetlcfeld,cuttingminimum
linesof force.  180Â°270Â°360Â°

Zerovoltage
  

Position2One-QuarterTurn Completed

Conductorscuttingdirectlyacross
themagneticfleld2sconductorAassesacrossthenorthmagneticpoleandBipassesacrossthesouthpoe.      

    
   
   

  
90Â°180Â°270Â°360Â°

Maximumposttvevoltage

     Position3â€˜One-HalfTurn Completed
Conductorsagainmovingparallel
to the magnet eld cuttingminimum
Inesofforce.%    

90Â°180Â°270Â°360Â°
Voltagedropstozero

Position4
â€˜Three-QuarterTurn Completed

Conductorsagainmovingdlrectly
across themagneticfl passesacross
southmagneticpole,and Bpassesacross
rhorthmagneticpole.

Â© 90Â°180Â°270Â°360Â°
â€˜Maximumnegativevoltage

   

Position5FullTurn Completed
Conductora hasmadeone completecycle
land'sin the same positionas positionT
â€˜Thegeneratorhasgeneratedonecomplete
cycleof alternatingvoltageor current.

  180Â°270Â°

Zerovoltage
  360Â°

Figure4-1-8.Generationofasine wave.



andare uniquein thattheyhavethecapabilityto
convert DCpowerinto ACpower.Staticinvert-
es use a two-stagepowerconversion topology
that providesregulatedoutputACvoltage.A

high-frequencyswitchingDC/DCconverter
isolatesandscalesthe28voltsof directcurrent
(VDO)inputtoa high-voltageinternalDCbus.
Poweris thentransferredto a high-frequency
DCJACbridgeinverter circuit to generatean

outputof 115voltsofalternatingcurrent(VAC)
or 230VACat 50Hz,60 Hz or 400 Hz.Some
Staticinverters can beconnectedin parallelor

threephaseforhigherpowerratings.Theyare

designedwith controltechnologythatensuresproportionalcurrent sharingwithouttheneed
for outputvoltagematching.Newerstatic
inverter designfeaturesincludehighrelibil-
ity lowweight,andhigheficiency
Frequency.Regardlessof whichdeviceis used
to generateACvoltageandACcurrent,certain
characteristicsoftheproducedvoltageandcur-

rent are thesame. Frequencyisthe term usedto
describethenumberof cycleeventsthatoccur

in one second(Figure4-1-9).Withthe unit of
frequencybeingthehertz,400cyclespersec-

ond is referredto as a frequencyof 400hertz,
andis written 400Hz,thecommonlyusedfre-
quencyin aircraftACelectricalsystems.

In a generator,thevoltageand current pass
througha completecycleof valueseachtime a

conductor(oi)passesunderanorthandsouth

poleof themagnet.Thenumberof cyclesfor
eachrevolutionofthecoilor conductoris equal
to thenumberof polepairs.Thefrequencyis

thereforeequalto thenumberofcyclesin one

revolutionmultipliedbythenumberof revolu-
tionspersecond.Expressedin equationform,

= Numberofpolespm.2 0

whereP/2 is the numberof polepairs,and
rpm./60the numberof revolutionsper sec-

cond.If, in a2-polegenerator,theconductoris

turingat 3600xp.m,therevolutionspersec-

ond(r/)areexpressedas follows:

ep3:000  60revolutionspersecond

Becausethereare two poles,P/2 is one, and
the frequencyis 60 Hz.In a 16-polegenerator
with an armature speedof 3,000rp.m.,substi-
tute in thisequation:

 
Phase.In additionto frequencyandcyclechar-
acteristics,alternatingvoltage,andcurrent also
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   alternation

_â€”â€”,

| Positive
|alternatior
 

1secondtime
frequency2Hz

Az | 1Hz | THz

   

1secondtime
frequency6Hz

Figure4-1-9.Frequencyin cyclespersecond.

havearelationshipcalledphase.Ina circuit that
is fed(supplied)byoneelectricalpowersource,
theremust be a certain phaserelationship
betweenvoltageandcurrent ifthe circuit is to
functionefficiently.In a systemfedbytwo or

more electricalpowersources,a certain phase
relationshipmust exist betweenvoltageand
current of one source,anda phaserelationship
must exist betweenthevoltagesandtheother
sources. In addition,therelationshipbetween
two or more circuits can beestablishedcompar-
ingthephasecharacteristicsofone to thephase
characteristicsoftheothers.

 Figure4-1-10.in-phaseconditionof currentand
voltage.

[a7
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=F   
 

180"-150 phasedifference

Figure4-1-1. Voltageandcurrent30Â°outof phase.

u

 
Alternating
current

 Figure4-1-12.Differentwaveformsof DCgeneratorsandACalternators.

  
 
   
 

Whentwo or more sine waves passthrough
Â©Â°and 180Â°at the same time andreachtheir

peaksat thesame time,an in-phasecondition
exists,as shownin Figure4-1-10.Thepeakval-
tues(magnitudes)donothaveto bethesame for
thein-phaseconditionto exist

 

â€˜Whenthesine waves passthrough0 and180Â°
at differenttimes andreachtheirpeaksat dif-
ferenttimes,an out-of-phaseconditionexists,
as shownin Figure4-1-11.Theamount thatthe
â€˜twosine waves are outofphaseis indicatedby
thenumberof electricaldegreesbetweencorre-

spondingpeakson thesinewaves.In Figure4-1-1, thecurrentandvoltageare30Â°out ofphase.
Impedance.AC circuits contain resistanceand
can containinductivereactance,eapactioereactance,
or both.Thecombinationof resistance,induc:
tive reactance,andcapacitivereactancein a cit-

cuit determinesthatcircuit'stotaloppositionto
the flowof current,whichis knownas imped-
ance (2).Resistance(R)cannotbeaddeddirectly
â€˜withinductivereactanceor capacitivereactance.
Instead,therelationshipbetweenthesetypesof
â€˜oppositionto current flow can be represented
bya righttriangle.Thelawof righttrianglesor

thePythagoreantheoremistheformulausedfor

determining.acircuitsimpedance.
Power.Power,whenusedasa term to describe
thepotentialforan electricalcircuit to dowork,
is obtainedbytheequationP = Ex I,as stated
earlierin thischapter.Therefore,if two amps
of current are flowingthrougha circuit oad at
a pressure(electromotiveforce)of220volts,the
{ruepowerconsumedis 440watts.

Apparentpower,on theotherhand,is theprod-
uct of the effectivevoltageas indicatedbya

voltmeterand the effectivecurrent,as indi-
catedbyan ammeter. Apparentpowerequals,
true poweronlywhenthecizcuitâ€™stotalopposi-
tion to theflowof current is purelyresistance

(noinductiveoF capacitivereactance).

â€˜Thepowerfactoristhe ratio of truepowerto the
apparentpowerandis usuallyexpressedas aper-
centage.Whencapacitanceof inductanceare

in theGrcuit,the current andvoltageare not

exactlyin phaseandthetruepower(asreadon a

â€˜wattmetr)is lessthantheapparentpower.

DirectCurrent

DC Generators.DCpowergenerationcompo-
nentsandDCcircuits are usedon alllaircraft
for certain applicationssuchas low-current

lighting,battery-poweredenginestartingsys-
tems,andemergencybackuppowerforradios,
to name a few.Manysingle-engineand light
twin-enginegeneralaviation aircraftuse 12
VDCsystems,but it is more common to find



Feldcoll

 Series
fleld coll

Shunt
fleld coll  Â«

Figure4-1-13.Threewaysofconnectinga gen-
eratorfieldwindingsto theloadare shown:
(A)in series,(B)asa shunt,(C)in series-shunt.

28 VDCsystemson turbine-poweredaircraft

andonall transportcategoryaircraft.Themost

commonlyusedsources of powerfor DCcit-

cuits are batteriesandDCgenerators.
A generatoris ratedin poweroutput,Because
a generatoris designedto operateata specificâ€˜oltagetheratingfsusualygivenasthenum
berof amperesthegeneratorcan safelysupply
atts ratedvoltage
Generatorratingand performancedata are

stampedon thename plateattachedto thegen-
erator. Whenreplacinga generator,itis impor-
tant to chooseoneoftheproperrating.

DC generatorsfunction in muchthe same

wayas ACgeneratorsexceptfor the manner

in whichcurrent generatedbythe rotating
loops(rotorcoils)is transferredto thepower
distributionwiring.Insteadof sliprings,a
commutator is mountedon theendof therotor
andelectricalcurrent is transferredto a setof
brushesin sucha waythat current flows in

onlyone directionthroughthebrushes.Figure
4-1-2 illustratesbothprinciples.
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TypesofDCgenerators
Thereare threetypesof DCgenerators:

+ Serieswound
* Shuntwound

Â« Series-shuntor compound-wound
â€˜Thedifferencein typedependson therelation-
shipof thefieldwindingsto theexternalcircuit
andcan beseen in Figure4-113,

Serieswound.Thefieldwindingofa series gen-
erator is connectedin series with theexternal
circuit or load.Seriesgeneratorshaveverypoor
voltageregulationunderchangingloadbecause
thegreaterthecurrentthroughthefeldcoltothe
externalcircuit,thegreatertheinducedemf and

thegreatertheoutputvoltage.Therefore,whentheJoadis increased,thevoltageincreases;whenthe
loaddecreases,thevoltagedecreases.Regulation
is providedbya theostatin thein parallelwith
thefieldwindings,shownin viewAofFigure41-13,Becausetheregulationisso poorin theseries

â€˜woundgenerator,i t is neverusedin aircraft

Shuntwound.A shuntwoundgeneratorhas
its field windingsconnectedin parallelwith
the outputcircuit. If a constant voltageis

desired,theshuntwoundgeneratoris not suit-
ableforrapidlyfluctuatingloads.Anyincrease

in loadcauses a decreasein outputvoltageand
decreasein loadcauses an increase in voltage.
â€˜Thearmature and the loadare connectedin
series,andall current flowingin theexternal
circuit passesthroughthearmature windings.
Voltageregulationcan becontrolledbyinsert-

inga rheostatin series with thefieldwindings,
as shownin viewBofFigure4-113,Foragiven
settingof thefield rheostat,theoutputvoltage
dropsas theloadis applied,andthe theostat
mustberesetfor thenew values.

â€˜Compound-wound.A compound-woundgen-
erator combinesa series windinganda shunt
windingin sucha waythatthecharacteristics
of eachare usedto advantage.Theseries field

coilsareconnectedin series with thearmature
circuit andare mountedon thesame polesas

theshuntfieldcoils.Theseries fieldsthencon-

tribute a magneto-motiveforce,whichinflu-
tences themain fieldofthegenerator.Thiscom-

poundingcreatesa generatorwhoseoutput
voltagecan increase or decreasewith changes
in the load.Regulationis achievedbyusing
zheostatsin boththeseriesandshuntfields,as

shownin view CofFigure4-113,

Batteries
Varioustypesof rechargeablebatteriesare in

use in aircraftelectricalsystems,includinglead-
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acidand nickel-endmium(NiCad).Figure4-1-14
showsdifferentsizes andtypesofbatteriesthat
are in use. Althoughavailablefor quitesome

time,nickel-cadmiumbatteriesdid not come

into extensiveuse in aviation until increases

in thenumberof commercialandexecutive jet
aircraftmadethemeconomicallypracticable.
â€˜Themanyadvantagesof the nickel-cadmium,
batterywere wellknown,but its initialcostwas,

â€˜severaltimes thatofthelead-acidbattery.
â€˜Theincreasinguse of thenickel-cadmiumbat-
tery(referredto bya varietyof tradenames)
stemslargelyfromthe lowmaintenancecost
derivedfromthelongservice lifeofthebattery.
â€˜Additionally,the nickel-cadmiumbatteryhas,
a shortrechargetime,excellentreliability,and

â€˜goodstartingcapability.
However,a nickel-cadmiumbatterysuffers
froma processthat is not found in lead-acid
batteries.Itis calledthermalrunaway.

â€˜Thermalrunawaycan resultin a chemicalfre
or explosionof the nickel-cadmiumbattery
Underrechargebya constantwoltagesource

Dns dueeyclcaleverincreasingempers:
ture andchargingcurrent

  Figure4-1-15.Abatteryquickdisconnectplug

 

Figure41-14. (A)Severaltypesof leadacidbatteries,(8)a20-cellnickel-cadmiumbattery.

â€˜Oneor more shortedcellsof an existinghigh
temperatureandlowchargecan producethe

cyclicalsequenceof events:

1, Excessivecurrent
2. Increasedtemperature
3. Decreasedcellresistance

4, Furtherincreasedcurrent

5. Furtherincreasedtemperature
â€˜Thisdoesnot becomea self-sustainingther-
â€˜mal-chemicalaction if the constant-voltage
chargingsource is removedbeforethebattery
temperatureexceeds160Â°F.

 

Batterymaintenance.Batteriesare gener-
allymountedin a box that is placedin a

â€˜mountor on a platformthathasbeencoated,
to protectit from the corrosive effectsof

electrolytespillsand other corrosive by-
productsof the battery.Thebatteryis held

securelyin the mount or on the platform
usinghold-downbracketsand other com-

mon hardware.

â€˜Thebatteryboxhasa removabletopwith a

vent tubenippleat eachend.Whenthe bat-
teryis installedin an airplane,a vent-tubeis,

attachedto eachnipple.Onetubeis theintake
tubeandis exposedto theslipstream,andthe
otheris theexhaustvent tube.

(Onsomeolderairplanes,theexhaustvent tube
is attachedto thebatterydrain sump,which
is a glassjar containinga felt padmoistened
with a concentratedsolutionof sodiumbicar-
bonate(bakingsoda).

Most newer aigplaneshave the airstream
directedthroughthebatterycase wherebat
tery gases are pickedupandexpelledover-

boardwithoutdamagetotheairplane.



â€˜Tofacilitateinstallationandremovalof thebat-
teryin some aircraft,a quickdisconnectassem-

blyis usedto connectthepowerleadstothebat-
tery.Thisassembly,whichis shownin Figure
41-15,attachesthebatteryleadsin theaircraft
to a receptaclemountedon thesideof thebat-
tery.Thereceptaclecovers thebatteryterminal
postsandpreventsaccidentalshortingduring
theinstallationandremovalof thebattery.The

pplugconsistsofasocketanda handwheelwithacoarse-pitchthread.Itcan bereadilyconnected
to the receptaclebythe handwheel.Another
advantageof thisassemblyis thattheplugcan

be installedin onlyone position,eliminating
thepossibilityofreversingthebatteryleads.

Section2

Generatorsand
Alternators

DescriptionofGenerator
Systems
Forthisdiscussion,a PiperAircraftComanche
DelcoRemygeneratorsystemhasbeenchosen.
â€˜Thegeneratoris of thetwo-brush,shunttype
and is controlledbya regulatoroperatingon

the principalof insertingresistanceinto the
{generatorfieldcircuit to reducegeneratorvolt
ageandcurrentoutput,

Witheachgeneratoris a regulatorassembly,
composedof a voltageregulatorand current

regulator,to preventoverloadingof thebattery
andelectricalcircuits. Alsowith theregulator
isa reversecurrentcutoutto preventthegener-
ator frombeingmotorizedbythebatterywhen
thegeneratoroutputdropsbelowthebattery
voltage.
Fieldcurrent betweentheregulatorandgenera-
tor can bebrokenthroughtheuse of themaster
switch,Thegeneratoris on thefront,lower-rightsideoftheengineanduses abeltdrivefromthe
tenginecrankshaft.Thegeneratorvoltageregula-
tor isontheenginefirewall.

CheckingGeneratorSystem
Analyzingcomplaintsof generatorregulator
â€˜operation,anyof severalbasicconditionscould
befound:

â€˜+Fullychargedbatteryandlowcharging
rate:indicatesnormalgenerator-regulator
operation.

ElectricalSystems
+ Fullychargedbatteryanda highcharg-

ingrate:indicatesthatthevoltageregula-
tor is not reducingthegeneratoroutputas

i t should.A highchargingrate to a fully
chargedbatterydamagesthebattery,and
the accompanyinghighvoltageis very
injuriousto all electricalunits.

â€˜Thisoperatingconditioncan resultfromanyof,
thefollowing:

â€˜=Impropervoltageregulatorsetting,
*#* Defectivevoltageregulatorunit

+ Groundedgeneratorfieldcircuit (ineither
generator,regulatoror wiring)

+ Poorgroundconnectionatregulator
â€˜Â©Hightemperature,which reducesthe

resistanceof thebatteryto chargeso that
i t accepts a highchargingrateeven though
thevoltageregulatorsettingis normal

IFthe troubleisnot dueto hightemperature,
determinethecause of troublebydisconnect.
ingtheleadfromtheregulatorF (Geld)termi
nal with the generatoroperatingat medium
speed, Ifthe outputremains highthe genera-teredis groundediter ithegeerator
or in thewiringharness theoutputdrops
oft,theregulatoris at foul,and i t shouldbe
checkedfor a high-voltagesettingor grounds
Severalscenarios ae possible:

1, Low batteryandhighchargingrate:This,
isnormalgenerator-regulatoraction.

2. Low batteryandlowor nochargingrate:
Thisconditioncouldbecausedbyanyof
thefollowing:
*# Looseconnectionsfrayedor damaged

+ Defectivebattery
+ Highcircuit resistance

+ Lowregulatorsetting
* Oxidizedregulatorcontactpoints
+ Defectsinthegenerator

If theconditionis not causedbylooseconnec-

tions,frayedor damagedwires,proceedas fol-
lowsto findthecause of thetrouble.

â€˜Todeterminewhetherthegeneratoror regu-
lator is at fault,groundthe F terminalof the

regulatorand increase generatorspeed.If the
â€˜outputdoesnot increase,thegeneratorisprob-
ablyat fault and it shouldbe checked.If the
{generatoroutputincreases,thetroublecaused
byone of thefollowing:

+ Allow-voltage(orcurrentregulatorsetting

jan
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* Oxidizedregulatorcontact pointsthat

insert excessive resistanceinto thegenera-
tor fieldcircuit so thatoutputremains low

* Generatorfieldcircuit openin theregula-
tor at theconnections or in theregulator
wiring,

Burnedresistances,windings,or contacts.
Theseresult fromopencircuit operationoF

highresistancein thechargingcircuit. Where
burnedresistances,windings,or contacts are

found,alwayscheckwiring beforeinstalling
anew regulator.Otherwise,thenew regulator
couldalsofail in thesame way.

Burnedrelaycontact points.Thisis due to
reversedgeneratorpolarity.Generatorpolarity
mustbecorrectedafteranychecksof theregu-
latoror generatoror afterdisconnectingand
reconnectingleads.

Adjusting,Testing,andMaintaining
a GeneratorSystem
Thebestassurance of obtainingmaximum ser-

vice fromgeneratorswith minimum troubleis,

to followaregularinspectionandmaintenance

procedure,Periodiclubricationwhererequired,

 Figure4-2-1.Sectionalview ofgenerator.

inspectionof thebrushesandcommutator and
checkingofthebrushspringtensionareessen-

tials in the inspectionprocedure.In addition,
disassemblyandthoroughoverhaulingof the
generatorat periodicintervalsare desirableas

2 safeguardagainstfailuresfromaccumula-
tions of dustandgreaseandnormalwear of
parts.Thisis especiallydesirableon installa-
tions wheremaintenance of operatingsched-
ulesis ofspecialimportance.

In additionto thegeneratoritself,theexternal
circuits betweenthegenerator,regulator,and
batterymustbekeptingoodconditionbecause
defectivewiring or looseor corrodedconnec-

tions preventnormalgeneratorandregulator
action. At times,it can be necessaryto adjust
thevoltageregulator.Figure4-2-1showsacut

awaygenerator,allowingthe internalwiring
andbrushholdersto beseen.

TestingandMaintainingtheGenerator

Inspectingthegenerator.Atperiodicintervals,
thegeneratorshouldbeinspectedto determine
its condition.Thefrequencyrequiredis deter-
â€˜minedbythetypeofservice in whichitis used.
High-speedoperation,excessive dustor dirt,
hightemperatures,andoperatingthegenera.
to? at or near full outputmost of the time are

all factorsthat increase bearing,commutator,
andbrushwear. Theunits shouldbeinspected
at approximately100-hourintervals.

Theinspectionprocedureisas follows:

1. Inspectthe terminals,externalconnec-

tions andwiring, mounting,pulley,and
belt.Thenremove thecover bandso that
the commutator,brushes,and internal
connectionscan beinspected.If thecom-

â€˜mutatoris dirty,it can be cleanedwith
a stripof No. 00 sandpaper.Never use

emeryclothto cleanthecommutator.

2. Thesandpapercan beusedbyholdingit
againstthecommutatorwith a woodstick
while thegeneratoris rotated,movingit
backand forth across the commutator.
Gumanddirt is sandedoff in a fewsec-

â€˜onds.All dustshouldbeblownfromthe
generatorafterthecommutator hasbeen
cleaned.A brushseatingstonecanalsobeusedto cleanthecommutator.

3. If thecommutator is rough,out of round,
or hashighmica, thegeneratormust be
removedand disassembledso that the
armature can beturneddownin a lathe
andthemica undercut.

4, If thebrushesare worn downto lessthan
half their originallength,replacethem.
Comparetheold brushwith a new one



to determinehow muchit is worn, New
brushesshouldbeseatedto makesure that
theyare in goodcontactwith thecommu-

tator. Aconvenienttoolforseatingbrushes.is a brushseatingor beddingstone. This,
is a softabrasivematerialthat,whenheld
againsta revolvingcommutator,disinte-
gratesso thatparticlesare carriedunder
the brushesand wear their contacting
facesto thecontour of thecommutator in

a fewseconds.All dustshouldbeblown
fromthegeneratorafterthe brushesare

seated(Figure42.)
5, Thebrushspringtension must becorrect

becauseexcessive tension causes rapid
brushandcommutatorwear,whereaslow
tension causes arcingandburningof the
brushesand commutator. Brushâ€™spring
tensioncanbecheckedwithaspringgauge
hookedon thebrusharmor brushattach-
ing screw. Bendingthe brushspringas

requiredcan correct it. If thebrushspring
showsevidenceof overheating(bluedoF

burned),donot attemptto readjustit,but
installa new spring.Overheatingcauses a

springto loseits temper.
6. Alwaysinspectthebraidedcoppercon-

ductor connection,commonlycalled a

pigtail,to the brush. Checkfor fray-
ing or othersignsof wear. Thepigtails
liminate possiblesparkingto thebrush
guidescausedbythebrushesmovingin

theholder,thusminimizingsidewear of
thebrush.

7. Thebeltshouldbecheckedto makesure

thatitis in goodconditionandhascorrect
tension. Lowbelttensionpermitsbetslip-
pagewith a resultingrapidbeltwear and
lowor erratic generatoroutput.Excessive
belttensioncauses rapidbeltandbearing
â€˜wear,Checkthe tensionof a new belt25
hoursafterinstallation,

â€˜Shuntgeneratoroutput.Thecurrent setting
of thecurrent regulatorwithwhichtheshunt
generatoris useddeterminesthe maximum

â€˜outputof shuntgenerators.

 

CheckingDefectiveGenerators

If the generator-regulatorsystemdoes not

performaccordingto specifications(genera-
tor doesnot produceratedoutputor produces,
excessive output),andthetroublehasbeeniso-

latedin thegeneratoritself,thegeneratorcan

becheckedfurtheras followsto determinethe
locationof troublein thegenerator.

No output.If thegeneratordoesnot produce
anyoutput,remove thecover bandandcheck
thecommutator,brushes,andinternalconnec-

tions. Stickingbrushes,a dirtyor gummycom-
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 Figure4-2-2.Mostgeneratormaintenanceis in

thearea of thebrushandbrushholders.

mutator or poorconnections can preventthe
generatorfromproducinganyoutput.Thrown
solderon thecover bandindicatesthatthegen-
erator hasbeenoverloaded(allowedto pro-
duceexcessive output)so it hasoverheatedand
â€˜meltedthesolderat thecommutator riser bars.
Solderthrownout oftenleadsto an opencircuit
andburnedcommutatorbars.Ifthe brushesare

satisfactorilyseatedandhavegoodcontactwith
thecommutator,andthecause of troubleis not

apparent,use a setof testpointsanda testlamp
as followsto locatethetrouble(leadsmust be
disconnectedfromgeneratorterminals)

Raisethegroundedbrushfromthecommutator
andinsulatewith a pieceof cardboard.Check
forgroundswith testpointsfromthegenerator
â€˜mainbrushto thegeneratorframe.If thelamp
lights,it indicatesthatthegeneratoris internally
grounded.Thegroundcan befoundbyraising
andinsulatingall brushesfromthecommutator
andcheckingthebrushholders,armature,com-

â€˜mutatorandfield separately.Repairor replace
defectivepartsas required,

NOTE:Ifa groundedfieldis found,check
the regulatorcontact pointsbecausea
groundedfieldcouldhavepermittedan

excessive field current that hasburned
the regulatorcontact points.Burned
regulatorpointsshouldbe cleanedor

replacedas required.
Ifthe generatoris not grounded,checkthefield
for an opencircuit with a test lamp.Thelamp
shouldlightwhenone test pointis placedon

the field terminalor groundedfield leadand
theotheris placedon thebrushholderto which
the field is connected.If it doesnot light,the
circuit is open.If theopenis dueto a broken



4414 | ElectricalSystems

 Figure4-2-3. Agrowlerisa standardfixturefor
checkingarmaturesforgrounds.

leador badconnection,it canberepaired,butif
theopenis insideone of thefieldcoils,i t must
bereplaced.
If thefield is not open,checkfora shortcircuit
in thefieldbyconnectinga batteryof thespeci-
fiedvoltageandan ammeterin series with the
fieldcircuit. Proceedwith care,since ashorted
fieldmaydrawexcessive current,whichmight
damagetheammeter.If thefield is not within
specification,new fieldcoilswill berequired.

NOTE:If a shortedfield is found,check
the regulatorcontactpointsbecausea
shortedfieldcouldhavepermittedexces-

sive field current that hascausedthe
regulatorcontact pointsto burn.Cleanor

replacepointsas required.

  

If the troublehasnot yetbeenfound,check
thearmatureforopenandshortcircuits. Open
circuits in the armature are usuallyobvious
becausethe opencircuitedcommutator bars
arc everytime theypassunderthegenerator
brushesSo thattheysoon burn.If thebarsare

not burnedbadlyandtheopencircuit can be
repaired,thearmature can usuallybesaved,
In additionto repairingthearmature,genera-
tor outputmustbebroughtdownto specifica-
tions to preventoverloadingbyreadjustingthe

regulator.
Shortcircuits in the armature are found by
usinga growler(Figure4-2-3).Thearmature is

placedin thegrowlerandslowlyrotated(while
a thinstripof steelsuchas a hacksawbladeis,

heldabovethearmature core).Thesteelstrip
vibratesabovethearea of thearmature core in

whichshortcircuitedarmaturecoilsare located.
If the shortcircuit is obvious,it can oftenbe
repairedso thatthearmaturecanbesaved.

Unsteadyor lowoutput.If thegeneratorpro-
ducesa lowor unsteadyoutput,thefollowing
factorsshouldbeconsidered:

â€˜=A loosedrivebeltslipsandcauses a low
or unsteadyoutput,

â€˜+Brushesthatstickin theirholders,or low
brushspringtension,preventgoodcon-

tactbetweenthebrushesandcommutator
so thatoutputis low andunsteady.This
causes arcingandburningof thebrushes
andcommutator.

â€˜=If the commutator is dirty,out of round,
or hashighmica,generatoroutputis apt
to belowandunsteady.Theremedyis to
turn thecommutatordownin a latheand.
undercutthe mica. Burnedcommutator

barscan indicatean opencircuit condition
in thearmature as statedabove.

Excessiveoutput.Whena generatorproduces
excessive output,firstdetermineif theprob-
Jemis in thegeneratoror some otherpartof
the system.If the generatoroutputremains

high,even with the F(Geld)terminalleaddis-
connected,thetroubleisin thegeneratoritself,
and it mustbe furtheranalyzedto locatethe
source of trouble.

 

In thesystemthathasthegeneratorfield cir-

cuit groundedexternally,accidentalinternal

groundingof the field circuit preventsnor-

â€˜malregulationso thatexcessive outputmight
beproducedbythegenerator.Onthis typeof
unit,an internallygroundedfield thatwould
â€˜causeexcessive outputcan be foundbyusing
testpointsconnectedbetweentheF terminal
andthegeneratorframe.Leadsshouldbedis-
connectedfromthe Fterminalandthebrush
to whichthefieldleadis connectedinsidethe
{generatorshouldberaisedfromthecommuta-
tor beforethistestis made.

If the lamplights,the field is internally
grounded.If the field hasbecomegrounded
becausetheinsulationonafield leadhasworn

away,reinsulatingthe leadcan repairit. It is,

alsopossibleto makerepairwheretheground
hasoccurredat the poleshoesbyremoving
the field coils,reinsulating,and reinstalling
them.Installingnew insulatingwashersoF

bushingscan repaira geoundat theF termi-
nalstud.

NOTE: If batterytemperatureis exces-

sive, batteryoverchargeis aptto occus,
even thoughregulatorsettingsare nor-

mal.ConsulttheapplicableMM trouble-
shootingchartfor a procedure.



Noisygenerator.A loosemounting,drive

pulleyor gear,worn or dirtybearings,or

improperlyseatedbrushescan cause noise

emanatingfrom a generator.Cleaningand
relubricationmaysometimessave dirtybear-
ings,butreplaceworn bearings.Brushescan beseatedas explainedlater.If thebrushholderis,

bent,i t can be difficult to reseatthebrushso

that it functionsproperlywithout excessive

noise. Sucha brushholdermustbereplaced.
Armature service.The armature shouldbe
checkedfor opens,shorts,and groundsas

explainedin followingparageaphs.Ifthe arma-

ture commutator is worn, dirty,out of round,
orhashighmica,thearmatureshouldbeputin
a latheso thecommutator can beturneddown
andthemica undercut.Undercutthemica and
cleanthe slotscarefullyto remove anytrace
of distor copperdust.As a final stepin this,

procedure,sandlightlywith No.00sandpaper
thecommutator to remove anyslightburrsleft
fromtheundercuttingprocedure.

Open-circuitedarmaturescan oftenbesaved
when the open is obvious and repairable.
â€˜Themostlikelyplacean openoccurs is at the
commutator riser bars.Thisusuallyresults
fromoverloadingof thegeneratorthatcauses

overheatingandmeltingof thesolder.Repair
can be effectedbyresolderingthe leadsin

the riser bars(usingrosin flux)and turning
down the commutator in a lathe to remove

the burnedspotand thenundercuttingthe
mica as explainedearlier. In some heavy-
dutyarmatures,the leadsare welded into
the riser barsandresolderingcannot repair
these.

Shortcircuits in the armature are found by
usinga growler,seen in Figure42-3.Thearma-

ture is revolvedin the growlerwith a steel
strip,suchas a hacksawblade,heldaboveit the
bladevibratesabovethe area of thearmature
core in whichthe shortis located.Copperor

brushdustin theslotsbetweenthecommuta-
tor barssometimescauses shortsbetweenbars,
whichcan beeliminatedbycleaningout the
slots,Bendingwires slightlyandreinsulating
theexposedbarewire can eliminateshortsat
crossoversofthecoilsat thecore end.

Usinga test lampand test pointsdetects

groundsin the armature. Ifthe lamplights
whenone test pointis placedon the com-

Iutator with the otherpointon the core or

Shaft,the armature is grounded,Grounds
bccur becauseof insulationfailure,whichis

oftenbroughton byoverloadingandconse-

quentoverheatingof the generator,Repairs
Gan sometimesbemadeif groundsare at core

ends(wherecoilscome ott of slots)byplac-
ing insulatingstrips betweencore andcoilthathasbeengrounded.
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Polarizinggenerator.After a generatorhas
beenrepairedandreinstalled,or at anytime
aftera generatorhasbeentested,it must be
repolarizedto makesure that it hasthe cor-

rect polaritywith respectto thebatteryi t is

charging.Failureto repolarizethe generator
can fesult in burnedrelaycontact points,a
run-downbatteryand possiblyserious dam-
ageto thegeneratoritself.Theproceduretofol-
low in correctinggeneratorpolaritydepends
fon the generator-regulatorwiringcircuits;
that is, whetherthe generatorfield is inter-

nallygroundedor is groundedthroughthe
regulator.Polarizingof flashingthefield also
producesa residualmagnetisminto the field
shoes,whichinducesa smallvoltageinto the
field windings.This smallvoltageis what
startsthegenerationprocesswhenthegenera-
tor is drivenbytheaircraftengine.

CAUTION:Notallgeneratorsare flashed
the same,so alwaysconsultthemainte-
nance manualfirst

Radiointerference.Te ouiputof aDCgenera-
tor normallyhassome ACnoise superimposed
on theDCsignal.Thenoiseorhash,createdbybrusharcing,causes interferencein theairraft
avionics. Thenoise can be removedfromthe
DDCsignalby connecting a capacitor between
thearmatureandgroundin parallelwith the
armature windings.TheACpassesto ground
throughthelow impedancepathprovidedby
thecapacitor.

VoltageRegulatorOperation
â€˜Theonlypracticalmethodof maintaininga

constant voltageoutputfroman aircraftgen-
erator undervaryingconditionsof speedand
load is to varythestrengthof the magnetic
field.Thestrengthof themagneticfield is var-

iedbyincreasingor decreasingtheresistance
in thefieldcircuit.

Descriptionof regulator.Theregulatorshown
in Figure4-2-4consistsof a cutoutrelay,a volt-
ageregulator,anda current regulatorunit. The
cutoutrelayclosesthegeneratorto batterycit-

cuit whenthegeneratorvoltageis sufficientto

chargethebattery,anditopensthecircuitwhen
thegeneratorslowsdownor stops.Thevoltage
regulatorunit is a voltage-limitingdevicethat
preventsthesystemvoltagefromexceedinga

specifiedmaximum andthusprotectsthebat-
teryand other voltage-sensitiveequipment.
â€˜Thecurrent regulatorunit is acurrent-limiting
devicethatlimitsthegeneratoroutputso as not
to exceedits ratedmaximum.

Cutoutrelay.Thecutout relay(Figure4-2-4),
hastwo windings,a series windingof a few
turns of heavywire and a shuntwindingof
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 Figure4-2-4.Withthecover removed,itis obviouswhythispartiscalleda
threeunit regulator.

manytums of finewire. Theshuntwindingis

connectedacross thegeneratorso thatgenera-
tor voltageisimpressedon i t at all times. The
series windingis connectedin series with the

chargingcircuit so that all generatoroutput
passesthroughit. The relaycore andwind-
ingsare assembledinto a frame.A flat steel
armature is attachedto theframebya flexible

hingeso that i t is centeredjustabovethesta-

tionarycontact points.Whenthegeneratoris

not operating,thearmature contactpointsare

heldawayfromthe stationarypointsbythe
tension of a flatspringrivetedon the sideof
thearmature.

 

â€˜Whenthegeneratorvoltagebuildsupa voltage
{greatenoughto chargethebattery,themag-
netism inducedbytherelaywindingsis su
ficientto pullthearmature towardthecore so

thatthecontactpointsclose.Thiscompletesthe
circuit betweenthegeneratorandbattery.The
current,whichflowsfromthegeneratorto the

battery,passesthroughtheseries windingin a

directionto addto themagnetismholdingthe
armature downandthecontactpointsclosed,

Whenthegeneratorslowsdownor stops,cur

rentbeginsto flowfromthebatteryto thegen-
erator.

â€˜Thisreverse flowof current throughtheseries,

â€˜windingcauses a reversalof the series wind-
ingmagneticfield.Themagneticfield of the
shuntwindingdoesnot reverse. Therefore,
insteadofhelpingeachother,thetwo windings,
now opposeso thattheresultantmagneticfield
becomesinsufficienttoholdthearmaturedown.
â€˜Theflatspringpullsthearmatureawayfromthe
core so thatthepointsseparate;thisopensthe
circuit betweenthegeneratorandbattery.
Current regulator.â€˜Thecurrent regulator
(Figure42-4)hasa series windingof afew
turns of heavywire thatcarries all generator
output.Thewindingcore is assembledinto a

frame.A flat steelarmature is attachedto the
framebya flexiblehingeso that itisjustabove
thecore. Thearmature hasacontactpointthat
is justbelowa stationarycontactpoint.When
thecurrent regulatoris not operating,the ten-
sion ofa spiralspringholdsthearmatureawayfromthecore so thatthepointsare in contact.
In this position,thegeneratorfield circuit is

completedto groundthroughthecurrent reg-
lator contactpointsin series with thevoltage
regulatorcontact points

Whenthe loaddemandsare heavy,suchas

whenelectricaldevicesare turnedon andthe
batteryisin dischargedcondition,thevoltage

mightnotincreasetoavaluesufficienttocausethevoltageregulatorto operate,Consequently,
generatoroutputcontinues to increase until
thegeneratorteachesratedmaximum current
Thecurrent regulator1s set for this current
value.Therefore,whenthegeneratorreaches
fatedoutput,thisoutput,lowingthroughthe
Current regulatorwinding,creates sufficient
magnetismfo pullthecurrent regulatorarma-

ture downandopenthe contactpointsWith
thepointsopen,resistanceis insertedinto the
generatorfieldcircuit so thatthegeneratorout-

puisreduced,

â€˜Assoon as thegeneratoroutputstarts to fall
off,themagneticfield of the current regula-
tor winding is reduced,thespiralspringten-
sion pullsthe armature up,thecontactpoints,
closeanddirectlyconnectthegeneratorfieldto

ground,Outputincreases andtheabovecycle
is repeated.Thecyclecontinues to takeplace
while thecurrent regulatoris in operation50
to 200times a second,preventingthegenera-
tor fromexceedingits ratedmaximum. When
theelectricalloadis reduced(electricaldevices
turnedoff or batterycomes up to charge),the

voltageincreases so thatthevoltageregulator
beginstooperateandtapersthegeneratorout-

putdown.Thispreventsthecurrent regulator
fromoperating.

Eitherthevoltageregulatoror thecurrent reg-
ulatoroperatesat anyone timeâ€”thetwo do
not operateat thesame time,



Resistances,Thecurrent andvollageregulator
circuits use a common resistorthat is inserted
inthe field circuit whenether thecurrent or

volageregulatoroperates.secondresistoris

Connectedbetweentheregulatorfieldterminal
and thecutoutrelayframe,whichplacesiin

parallelwiththe generatorfieldcols,Thesud-
fen reductionin field current occurringwhen
the current or voltageregulatorcontact points
pen is accompaniedbya surgeof inducedvol
ageinthe fad coilsas thestrengthofthemag-
netic field changes.Thesesurges are partial
Aissipatedbythetworesistors,thuspreventing
excessive arcingatthecontactpoints,Thesecond
resistorsnot presentonallregulators.Manyai-

Craftregulatorshavethisresistoromit,

â€˜Temperaturecompensation.Voltageregula-
tors are compensatedfor temperaturewith a

bimetalthermostatichingeon the armature.
â€˜Thiscauses the regulatorto regulateat a

highervoltagewhencold,whichpartlycom-

pensatesfor the factthat a highervoltageis,

requiredto chargea coldbattery.Manycur-

rent regulatorsalsohavea bimetalthermo-
static hingeon the armature, Thispermitsa
somewhathighergeneratoroutputwhenthe
unit is cold,but causes theoutputto dropoff
as temperatureincreases.

Regulatorpolarity.Some regulatorsare

designedfor use with negativegroundedsys-
tems. Otherregulatorsare designedfor use

with positivegroundedsystems.Usingthe
wrongpolarityregulatoron an installation
causes theregulatorcontactpointsto pitbadly
and giveshortlife. As a safeguardagainst
installationof thewrongpolarityregulator,all

regulatorsof thistypehavethemodelnumber
andthepolarityclearlystampedon theendof,
theregulatorbase.

RegulatorMaintenance

Mechanicalchecksandadjustments(airgaps,
pointopening)mustbemadewith thebattery
disconnectedandregulator,preferablyoff the
aircraft

CAUTION: â€˜Thecutout relaycontact

pointsmustnever beclosedbyhandwith
thebatteryconnectedto the regulator.
â€˜Thiswouldcause a highcurrent to flow

throughthe units that couldseriously
damagethem.

Electricalchecksandadjustmentscan bemade
eitheronorofftheairplane.Theregulatormust

alwaysbeoperatedwith thetypeof generator
forwhichitis designed.
â€˜Theregulatormustbe mountedin theoperat-
ingpositionwhenelectricalsettingsare checked
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andadjustedandi t mustbeatoperatingtemper-
ature, Figure4-2-5showsan air gapadjustment,

Specifiedgeneratorspeedsfor testingand
adjusting.All generatorsmustbeoperatedata

speedsufficientto producecurrent in excess of
thespecifiedsetting.Voltageof thegenerator
mustbekepthighenoughto ensure sufficient
current outputbut belowthemaximum oper-
atingvoltageof thevoltageregulatorunit.

Polarizingthe generator.After any tests or

adjustments,the generatoron the airplane
â€˜mustbepolarizedafterleadsare connectedbut
beforetheengineis started,as follows:

â€˜Afterreconnectingleads,momentarily
connecta jumperleadbetweenthe GEN
andBATterminalsof theregulator.This
allowsa momentarysurgeof current to
flowthroughthegenerator,whichcorrectly
polarizesit.Failureto dothiscan resultin
severe damageto theequipmentbecause
reversedpolaritycauses vibration,arcing,
andburningof therelaycontactpoints

Cleaningcontactpoints.Thecontact pointsof
a regulatordonot operateindefinitelywithout
some attention.It hasbeenfoundthatagreat
â€˜majorityof all regulatortroublecan beelimi-
natedbya simplecleaningofthecontactpoints,
plussome possiblereadjustment.Theflatpoints
shouldbecleanedwith a spoonor rifler file.
(Onnegativegroundedregulatorsthathavethe
flat contactpointon theregulatorarmatures,
loosenthe contactbracketmountingscrews

  

Contactmounting
screws (loosen
â€˜tosetalrgap.

pointjusttouching)

Ategay
(checkwit

pointsjusttouching)__
h

 Figure4-2-5.Threeunitvoltageregulatorairgapadjustment.
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   Adjusting
screw (turn
to adjustsettings)

so thatthebracketcan betilted to one side.A
Figure4-2-6.Adjustingvoltageregulatorsetting,

flatfilecannotbeusedsuccessfullyto cleanthe
flatcontactpointsbecauseit doesnot touchthe
center oftheflatpointwherepointwear is most,

aptto occur. Neveruse emeryclothor sandpa-
perto cleanthecontactpoints.Removeall the
â€˜oxidesfromthecontact pointsbutnotethatitis,
rot necessaryto remove anycavitythatmight
havedeveloped.

RegulatorChecksandAdjustments

     
 

Voltageregulator.Twochecksand adjust-
mentsare requiredonthevoltageregulator,air

â€˜gap,andvoltagesetting.Voltageregulatorset-

tingis shownin Figure4-2-6.

 

Variable
resistance

Connect
to ground

fea(sconnect

Figure4-27. Checkingvoltagesettingusingthefixedresistancemethod,

â€˜Airgap.Tochecktheair gap,pushthearma-

â€˜turedown until the contact pointsare just
touchingandthenmeasure air gap.Adjustby
looseningthe contactmountingscrews and
raisingor loweringcontactbracketas required.
Besure thepointsare linedup,andafterthey
areadjusted,tightenthescrews,

Voltagesetting.Youcan checkthevoltageset

tingwith two methods:the fixed resistance
â€˜methodandthevariableresistancemethod.

Fixedresistancemethod

â€˜+Disconnectthebatteryleadfromthebat
teryterminalof the regulatorand then
connect a fixed resistancebetweenthe
batteryterminalandgroundas shownin

Figure4-27, Theresistanceshouldbe1.5
â€˜ohmsfor a 14-voltunit. It mustbe capa-
bleof carrying10ampereswithoutany
changeof resistance with temperature
changes.

= Connecta voltmeterfromthe regulator
BAT(battery)terminaltoground,

â€˜=Placea thermometerwithin a quarter
inchofregulatorcover to measure regula-
tor ambienttemperature.

â€˜+Operatethegeneratorat specifiedspeed
for 15 minutes with regulatorcover in

placeto bringthe voltageregulatorto

operatingtemperature.
â€˜=Cyclethegenerator.

Fixedresistanceoption1.Movevoltmeterlead
fromBATto GENterminalof regulator.Slow
thegeneratorspeeduntil generatorvoltageis,

reducedto 4volts.Movevoltmeterleadbackto
BATterminalof regulator.Bringgeneratorback
to specifiedspeedandnotevoltagesetting.
Fixedresistanceoption2. Connecta variable
resistanceinto the field circuit as shownin

Figure4-27,Turnoutallresistance.Operatethe
â€˜generatoratthespecifiedspeed.Slowlyincrease(urnin)resistanceuntil thegeneratorvoltageis

reducedto 4volts.Turnout al resistanceagain
andnotethevoltagesetting(withthevoltmeter
connectedas shownin Figure42-7)

 

* Theregulatorcover mustbeinplace.
* Notethethermometerreadingandselect

theNormalRangeofVoltagefor thistem-

peratureaslistedin thespecifications.
* Notethevoltmeterreadingwith theregu-

latorcover in place.
+ Toadjustthevoltagesetting, turn the
adjustingscrew (Rigure427)Turni
clockwiseto increase thesettingand
counterclockwiseto decreasethesetting



CAUTION:Iftheadjustingscrew is turned.
down (Clockwise)beyondthe range,the
springsupportmightnot return whenthe
serew is backedoff.In suchacase,turn the

screwcounterclockwiseuntilthereisample
clearancebetweenscrew headandspring
support.Thenbendthespringsupportup
carefullyuntil it touchesthescrew head.
Finalsettingof theunit shouldalwaysbe

madebyincreasingspringtension,neverby
reducingit Ifthe settingis toohigh,adjust
theunit belowtherequiredvalueandthen
raise tt theexactsettingbyincreasingthe
springtension.Aftereachadjustmentand
beforetakingreading,replacetheregulator
cover andcyelethegenerator.

Variableresistancemethod

â€˜=Connecttheammeterand0.25-ohmvari-

ableresistor in series with thebatteryas

shownin Figure42-8.

NOTE:Itisveryimportantthatthevariable
resistancebeconnectedattheBATterminal
as shownin Figure4-27 ratherthanat the
GENterminal,even thoughtheseterminals
arein thesame circuit. Anysmallresistance
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addedto thecircuitbetweenthegenerator
andthispointis simplyoffsetbya rise in

â€˜generatorvoltagewithoutaffectingtheout-

â€˜putshownat theammeter,

* ConnectthevoltmeterbetweenBATter-
minalandground,

Place a thermometerwithin a quarter
inchof theregulatorcover to measure the

regulatorambienttemperature,
â€˜=Operatethegeneratorat specifiedspeed.

Adjustthevariableresistoruntil current
flowis 8to10amperes.Iflesscurrent than
is requiredaboveis flowing,turn on the
airplanelightsto permitincreasedgener-
ator output,Variableresistancecan then
beusedto decreasethecurrent flowto the
requiredamount.

â€˜Allowthe generatorto operateat this

speedand current flow for 15 minutes
with theregulatorcover in placeto bring
the voltageregulatorto operatingtem:

perature,
* Cyclethegeneratorbyeitheroptionlisted

in the â€œFixedResistanceMethodâ€•of

â€œVoltageSettingâ€•procedure.

 Figure4-2-8.Checkingthevoltagesettingusingthevariableresistancemethod.
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Figure4-2-9.Cutoutrelaypointopeningcheck
andadjustment,

* Notethethermometerreadingandselect
thenormalrangeof voltagefor thistem-

peratureas listedin thespecifications.
* Notethevoltmeterreadingwith theregu-

latorcover in place.
Adjustthevoltageregulatoras required
as describedin the "Fixed Resistance
â€˜Methodâ€™oftheVoltageSettingProcedure.

Inusingthevariableresistancemethod,it
is necessaryto readjustthevariableresis-

tance after eachvoltageadjustmentto
essure that8 to 10amperesare flowing.
Cyclethegeneratoraftereachadjustment

beforereadingthevoltageregulatorset

tingwith thecover in place.
Cutoutrelay.Thecutout relayrequiresthree
checksandadjustments:air gap,pointopen-
ing,andclosingvoltage.Theair gapandpoint
openingadjustmentsmust be madewith the
batterydisconnected.Checkthe MM for set-

tings(Figure4-2-9,

Cosingvoltage.Firstconnecttheregulatortotheroper generatorandbattery,Connectthevot:IneterbetweentheregulatorGENterminaland

round,Thenuse.itherofthefollowingmethods:

â€˜+Method1.Slowlyincrease thegenerator
speedandnote therelayclosingvoltage.
Decreasethegeneratorspeedandmake
sure thecutoutrelaypointsopen.

â€˜+Method 2. Add a variableresistor con-

nectedinto thefieldcircuit Figure4-210).Usea 25-ohm,25-watt resistor.Operate
thegeneratorat mediumspeedwith the
variableresistanceturnedall in. Slowly
decrease(turnout)theresistanceuntilthe
cutout relaypointsclose.Notethe clos-
ingvoltage.With cover in place,slowly
increase (turnin)theresistanceto make
suze thepointsopen

 Figure4-2-10.Checkingcurrentregulator,loadmethod,
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â€˜Adjustthe closingvoltagebyturningthe

adjustingscrew. Turn thescrew clockwiseto
increase thesettingandcounterclockwiseto

Jumperleadbridgingvoltage
regulatorcontactpoints

decreasethesetting,
Currentregulator.Twochecksand adjust
â€˜mentsarerequiredonthecurrentregulator,air

gap,andcurrent setting.
Air gap.Checkandadjustin exactlythesame

â€˜manneras for thevoltageregulator.
Currentsetting.Currentregulatorsettingon

current regulatorshavingtemperaturecom-

pensationshouldbecheckedbyone of thefol-

lowingmethods:

Loadmethod:

= Connectan ammeter into the charging
circuit as shownin Figure42-10,

+ Turnon all accessoryload(lights,radio,
and the like)and connect an additional
loadacross thebattery(suchas a carbon

pileor bandof lights)to dropthesystem
voltageapproximatelyone voltbelowthe

voltageregulatorsetting.
+ Operatethegeneratorat specifiedspeed

for 15minutes with the cover in place.
(Thisestablishesoperatingtemperature)
If the current regulatoris not tempera-
ture-compensated,disregardthe15-min-
tulewarmupperiod

â€˜+Cyclethegeneratorandnote the current

setting,
â€˜+Adjustin same manner as describedfor

thevoltageregulator(Figure4-2-6)

Jumperleadmethod:Usethismethodonlyfor
current regulatorswithout temperaturecom-

pensation,
= Connectan ammeter into the charging

circuit as shownin Figure4-2-1.

= Connectthe jumperleadacross voltage
regulatorpointsas in Figure4-2-1.

â€˜+Turnon all lightsandaccessories or load
thebatteryas underLoadMethod.

= Operatethe generatorat the specified
speedandnote thecurrent setting.

â€˜+Adjustin thesame manner as described
forthevoltageregulator(Figure42-6)

RadioBypassCondensers

Installingradio bypasscondenserson the
field terminal of the regulatoror genera-
tor can cause theregulatorcontactpointsto
burn and oxidize so that generatoroutput

 

   ~

Figure4-2-11.Checkingcurrentregulator,jumperleadmethod,

is reducedand a rundownbatteryresults.
If a condenseris found connectedto either
of theseterminals,replacethe condenser
and cleanthe regulatorcontact pointsas

explainedearlier.

HighPointson Regulator
PerformanceandChecks

â€˜Â©Thevoltageregulatorunit limitsthevolt-
ageof thecircuit,thusprotectingthebat-
tery,distributorpoints,lights,andother
accessories fromhighvoltage.

â€˜Â©The current regulatorunit provides
protectionto thegenerator,preventing
it from exceedingits maximum rated
output

â€˜=Never set the current regulatorabove
the maximum specifiedoutputof the
generator.

â€˜+Manyof the regulatorsare designedto
beusedwith a positivegroundedbattery,
but othersare designedto be usedwith
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â€˜anegativegroundedbatteryonly.Never
attemptto use thewrongpolarityregula-
tor on an application.

+ Themajorityof reportedregulatortrou-
blesarise fromdirtyor oxidizedcontact,

points,whichcause a reducedgenerator
â€˜output,Cleanthe contactpointswith a

spoonor rifflerfile.Neveruse emerycloth,
â€˜orsandpaperto cleanpoints.

+ Alwaysmakesure thattherubbergasket
is in placebetweenthe cover andbase

Figure4-2-12,Threeofthemostcommon types
ofalternatormountings:(A)Chryslertype,(B)
DelcoRemytype,and(C)Prestolitetype. 

beforereplacingthe cover. Thegasket
preventsentranceof moisture,dustand
oilvapors,whichmightdamagetheregu-
lator.

â€˜=The propertestingequipmentin the
handsof a qualifiedmechanicis neces-

saryto ensure properandaccurateregu-
latorsettings.Anyattempton thepartof
untrainedpersonnelto adjustregulators
is aptto leadto serious damageto the
electricalequipmentandshouldbe dis-

couraged.
â€˜=After anygeneratoror regulatortestsor

adjustments,thegeneratormust bepolar-
izedto avoiddamageto theequipment.

â€˜+After a generatoror regulatoris replaced
or repaired,i t is recommendedthatyou
adjustthemon a testbenchas a matched
unit.

AlternatorSystem
Differentkindsof alternators.Threekindsof
alternatorsare usedon lightaircraft,includ-
ingsmallpistonenginetwins. One,usedby
PiperAircraft,isa Chryslerproduct.Another,
manufacturedby DelcoRemy,is normallya

beltdrive model.Thethird kind is normally
usedon largerContinentalenginesand is

driven bya geardrive. Thegeardrive can

beanyof threedifferentplaceson an engine
(Figure42:12)

Forthisdiscussion,a PiperAircraftComanche
alternatorsystemhasbeenchosen.It is the
aviation equivalentof a Chryslerautomotive

system.

DescriptionofAlternatorSystem
One12-olt batteryand a I-volt DC 37 or

60 ampere altematorsuppliesthe electricalThealternatoris onthe front,lower:

Fightsideof theengineanduses a beltdrive
fromtheenginecrankshaft,Manyadvantagesinbothoperationandmaintenancearederived
fromthissystem,Themain advantageis that

fullelectricalpoweroutputisavailableregard-lessofenginempm,
â€˜Thealternatorhasno armature or commuta-
tor andonlya smallpairof carbonbrushes
that makecontactwith a pairof copperslip
rings.The rotatingmemberof the alterna-
tor,knownas the rotor,is actuallythe field

windings.The rotor drawsonly1/13thG7
amp)or 1/20th(60amp)of thecurrent output
â€˜Therefore,thereis verylittle frictionandneg-
ligiblewear andheatin this area. TheAC is

convertedto directcurrent bydiodespressed
into the endbell housingof the alternator.



â€˜Thediodesare highlyreliable solid state
devicesbutare easilydamagedif current flow
is reversedthroughthem,

â€˜Thealternatorsystemdoes not require a

reverse current relaybecauseof thehighback
resistanceof the diodesand the inabilityof
the alternatorto drawcurrent or motorize. A
current regulatoris unnecessarybecausethe

windingshavebeendesignedto limit themax-

imum current available.Therefore,thevoltage
regulatoris theonlycontrolneeded.

â€˜Anadditionallatchingcircuit is usedto help
kkeepthemastersolenoidclosedwhenthebat-
teryvoltageis low and theenginestarter is,

beingoperated.Thiscircuitroutesvoltagefrom
thealternatorto themastersolenoidcoil,thus

holdingthemastersolenoidin theclosedposi-
tion andallowingthestarter to functionprop-
erly,Thiscircuit alsosuppliessome voltageto
thebattery.A diode is placedinto thiscircuit
to preventthereverse flowof current fromthe
batteryto thealternator.

â€˜Thecircuit breakerpanelcontains a circuit
breakermarkedALTFIELD.If thefieldcircuit
breakertrips,i t resultsin acompleteshutdown
â€˜ofpowerfrom thegeneratingsystem.After
a one- of two-minute cool-downperiod,the
breakercanberesetmanually.If trippingreoc-

curs andholdingthebreakerdowndoesnot

preventcontinualtripping,a shortexists in the
alternatorfield,

Unlike previoussystems,the ammeter does
not indicatebatterydischarge,but i t displays
the load in amperesplacedon the generat-
ingsystem.Withall electricalequipmentoff
(except-mastes)the ammeter indicatesthe
amountof chargingcurrent demandedbythe
battery.Thisamount varies,dependingon the
percentageofchargein thebatteryat thetime.
AAsthebatterybecomescharged,theamount
of current displayedon the ammeter reduces
to approximatelytwo amperes. TheamountofCurrentshownonthearhmetertellsimmedi

atelywhetherthealternatorsystemis operat-
ingnormally.
It is importantto note that on installations
â€˜wheretheammeter is in thegeneratoror alter-
nator lead,and theregulatorsystemdoesnot
limit the maximum current that thegenera-
tor or alternatorcan deliver,theammeter can

bered-linedat 100percentof thegeneratoror

alternatorrating.Thegeneratorsratingis usu-

allygivenas thenumberofampsthegenerator
can safelysupplyat itsratedvoltage.

â€˜Theamountofcurrent shownon theammeter
is the load in amperesthat is demandedby
the electricalsystemfromthe alternator.AS
a check,takeforexamplea conditionwhere
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thebatteryis demanding10amperescharg-
ingcurrent,and thenswitchon the landing
light.Notethevaluein amperesplacardedon

thepanelfor thelandinglightfuse(10amps)
andmultiplythisby80percent,thetotal is a

current of 8amperes,Thisis theapproximate
current drawnbythe light.Therefore,when
the lightis switchedon, an increase of cur-

rent from10to 18amperesis displayedon the
ammeter. Aseachunit ofelectricalequipment
is switchedon, the currents addup and the
total,includingthebattery,appearson the
ammeter.

Usingtheexamplethat the airplane'smaxi-

mum continuous loadwith all equipmenton

is approximately30amperesforthe37-ampere
alternatoror48amperesforthe60amperealter-
nator,thisapproximate30-or 48-amperevalue,
plusapproximatelytwo amperesfor a fully
chargedbattery,appearscontinuouslyunder
theseflightconditions.If theammeterreading
were to gomuchbelowthisvalue,underthe
aforementionedconditions,troublewith the
generatingsystemwouldbeindicatedandcor-

rectiveactionshouldbetakenbyswitchingoff
theleastessentialequipment.

AlternatorSystemTestProcedure

Starttheengineandsetthethrottlefor1,000to
41,200rpm.

Switchon thefollowingloadsandobservethe
ammeteroutputincrease as indicated:

â€˜=Rotatingbeacon:3to 6 amps
+ Navigationand instrument lights(bright

position):4to 6amps.
= Landinglight:7 to9amps
* Radio:4to 6ampseach

If thealternatordoesnot meet theaboveindi-
cations,refertoa troubleshootingchart.Follow
the troubleshootingprocedureoutlined on

the chartsystematically,checkingeachcause

andisolationprocedureundera giventrouble
beforeproceedingwith the followingcause

andisolationprocedure.

BenchTestinganAlternator

Fieldcurrent draw.Connecta testammeterin
series betweena 12-voltbatterypositivepost
and the alternatorfield terminal.Connecta

jumperwireto a machinedsurfaceononeofthe
alternatorendshields(ground)andtothenega-
tive batterypost.Thereason for connectingto
themachinedsurfaceis to ensure a goodelec-

tricalconnection.Theendshieldsaretreatedto

| 423
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 Figure4-2-13.Testingthefieldcircuitfora ground.

â€˜opposecorrosion. Thematerialusedto treatthe
endshieldsis notagoodelectricalconductor.

Observethe ammeter to determinethe cur

rent flowingthroughthe rotor coiland con-

nectedcircuit andrecordtheamount. Slowly
rotate therotor with thepulleywhilewatch-
ingthemeter.Thecurrent is alittle lesswhile
rotatingthe rotor thanwhenit is stationary.
However,if the slipringsare cleanand the
brushesare makinggoodcontact,thereading.
shouldbe fairlyeven. A slightfluctuationis,

â€˜normalbecauseof variation in turningspeed
whenoperatedbyhand.

â€˜Thecurrent drawshouldnot be lessthan2.3,
amperesnor more than2.7amperes.A read-
ingof lessthan2.3amperesindicateshigh
resistancebecauseofpoorlysolderedcoilleads
at thesliprings,dirty,oilysliprings,or poor
brushcontact.A readinghigherthan2.7indi-
catesshortedcoilwindings.
â€˜Testingalternatorinternal field circuit for
1aground.To test thealternatorinternalfield
circuit forashortcircuit toground,proceedas,

follows:

+ Removethegroundbrushand usinga

T10-volttestlamp,placeone testprobeto a

machinedsurfaceat one of thealternator
endshields(Figure42-13).Thetestlamp
shouldnot light.

+Ifthe testlamplights,carefullyobservethe
â€˜orderin whichthepartswere installeddur-
ingremovalof theinsulatedbrushassem-

bly.Removethethreethroughbolts.Then,
separatethe two end shieldassemblies.
â€˜Touchone of thetestlampprobesto one of
theslipringsandtheremainingtestprobe
totherotor shaft,Thelampshouldnotlight.
If the lamplights,the rotor assemblyis,

â€˜groundedandrequiresreplacement.

+ Ifthe testlampdoesnot light,theground
condition was in the insulatedbrush
assemblyand the parts were either
assembledwrongor damagedandshort
circuitingthroughto ground.Inspect
the brushholderand insulatedwasher.
Replacei t if i t is damaged.Thestackof

partsattachingtheinsulatedbrushholderassemblyto the endshieldmust always
be installed in the propersequenceas

follows: Insulated brush holder,FLD
(FIELD)terminal,insulatingwasher,lock
â€˜washer,andattachingscrew.

Inspection.Inspecttheconditionofthealterna-
tor componentspayingspecialattentionto the
conditionof theslipringsfor indicationsofcil,
burns,or worn areas. Inspectbrushesforsigns,
ofstickingin theholderor shieldandforwear.

Inspectthebearingsurfaceof the rotor shaft
and the roller bearingsat the rectifierend.
Rotatetherotor in thedriveendshieldto feel
for roughnessin thedriveendbearing.Inspect
thegreaseretainer,if so equipped,on latealter-
ators. Inspecttherectifierleadsespeciallyat
connectionsfora goodsolderjointalsoinspect
insulation.Rectifier/statorleadmustbepushed
down into the slotsthatare cast into theend
shieldand cementedwith specialcementas

specifiedbytheMM.

â€˜Testingrectifiers.Testtherectifiersaccording
to theMM. PiperAircrafthasa specialtoolto
maketheprocesseasier.

VoltageRegulatorServicing
(ChryslerType)
Air gapadjustment.(Regulatorremoved).The
â€˜mostaccuratemethodofmeasuringtheair gap
betweenthelowersideofthearmature andthe
topof thecore is to use a volttestlamp.



= Connectone leadfromthe test lampto
a I2volt batterypositivepostand the
remainingleadto theregulatorIGN ter-
minal

â€˜*Connecta jumperwire fromthebatteryneg-
ativepostto theregulatorfieldterminal

â€˜=Insert a 0.048-inchgaugebetweenthe
armatureandthecoreatthehingesideofthestop.

â€˜+Pressthearmature (notthecontactreed)
downagainstthegauge.The test lamp
lightshoulddim,

â€˜=Inserta 0.052.inchgaugeandwhenthe
armature is presseddown the lamp
shouldnotdim,

â€˜=If an adjustmentis required,loosenthe
adjustablebracketretainingscrew and
raise or lower the supportas required
to bringtheair gapto specificationsand

retightenretainingscrew.

â€˜Theregulatorresistanceunits can bechecked

bysimplyinvertingtheregulator(Figure4.2-
14)andlookingat thebottom.

NOTE:Thebaseair gapis 0.048to 01052
inch.However,thetransfervoltagedeter-
mines thefinal air gap.Thetransfervolt-
ageis therise in voltagefromthereading
takenwhileoperatingontheuppercontact
at 1,250rpm. with loadof 15ampsand

thevoltagetakenat2,200xp.m.withaload
â€˜of7 ampsor less.Thisdifferenceshould
rot belessthan0.2-voltnor more than07
volt.If thetransfervoltageis lessthan0.2
volt,itis permissibleto increase theair gap
butnot to exceed0.005inch(0.057).

+ Ifthe transfervoltageis greaterthan0.7
volt,theair gapcan be decreasednot to
exceed0.005 inch (0.043).Theseadjust-
â€˜mentsshouldbemadeonlyafterthetests
andthenretestedafteradjustment.

 Figure4-2-14.Voltageregulatorresistanceunits
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Contactclearanceadjustment.The distance
betweentheupperandlowercontactsis pre-set
at thefactory,andthecontactclearancebetween
themovablecontactandthelowercontactshould

becorrect.Eventhoughtheair gapis readjusted,
thecontactclearanceshouldremain thesame.

If theregulatoris out of adjustment,the con-

tactclearancecan bereturnedto thespecified
0.014inch+0,002 inchbybendingthe lower
contactbracket.

VoltageRegulatorFusibleWire
Replacement

* Cut the fusewire abovethesoldercon-

nection atthe baseandunwindthewite

at thetopbracket.

CAUTION: If you attemptto unsolder
theoldfuse,theverysmallwire fromthe

voltagecoilcouldbedamaged.
+ Tin theendof fusewire (useresin core

solderonly).
â€˜+Holdingthe tinnedendof the new fuse

â€˜ireintotherecessedrivet atthebaseoftheregulatorandagainsttheoldpieceof fuse
wire thatremains,cause a dropof solder
fromsolderingiron to fall on these,parts.
Allowthesolderto coolsufficientlyfor the
fusewires to makea goodsolderjoint.

Pull the new fusewire up enoughto
remove theslackandwrapi t aroundthe
bracket,thensolderthecoiledwire to the
bracketandcut off thesurplusfusewire.

â€˜=Theoriginalfusewire is machinewound
on theupperbracket.Replacementfuse
shouldbe solderedto the bracketto
ensure agoodelectricalcontact.

SolidStateVoltageRegulator
Checkingvoltageregulator.The regulator
is a fullytransistorizedunit in whichall the
â€˜componentsare encapsulatedin epoxy,which
makesfieldrepairof theunit impractical,and
if i t doesnot meetthespecifications,it mustbe
replaced.â€˜esttheregulatorwith thefollowing
procedure:

1. Besure that thebatteryis fullycharged.
andin goodcondition.

2. Checkthe alternatoraccordingto the
â€˜manufacturer'sinstructions to determine
ifit is functioningproperly.Thistestmust
bedonewith theregulatorout of thecir-

cuit. Aftercompletingthistest,reconnect
theregulatorinto thecircuit,

3. Use a goodqualityaccurate voltmeter
with at leasta 15-voltscale.
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4. Connectthepositivevoltmeterleadto the

redwite at theregulatorharnessconnec-

toror terminalblock.Connectthenegative
voltmeterleadto theregulatorhousing.

NOTE:Do not connect the voltmeter
across thebatterybecausetheregulator
is designedto compensatefor resistance
containedin thewiringharness,

5. With the alternatorturningat sufficient
pam.to producea half loadcondition,
of approximately25-amperesoutput,the
voltmetershouldreadbetween13.6and
143volts.Theambienttemperaturessur-

roundingthevoltageregulatorshouldbe
between50Â°Fto 100Â°Fwhile this test is

beingmade.

6. Thevoltageregulatorheatsink,oF case,isthegroundconnectionfortheelectroniccir-

cuit Thereforeif thisunit is testedon the
bench,it is mostimportantthatawire, No.
1,beconnectedbetweentheregulatorcaseandthealternator.If theregulatordoesnot

regulatebetween136andId.volts,one of
thefollowingconditionsmayexist:

 
Regulates,The regulatorReplacetheGutoutof_isoutolregulatorspecification|Calbration

Thevoltmeter|PoororopenCleanorconnuestoâ€•connectorsâ€™ghten
read battery inthewiringconnection

voltage
y

â€˜harnessâ€˜3
Theregulator|Replacethe
open regulator

Voltage The regulator|ReplacetheContinuestohousingfs not|regulatorfee groundedor

Shorted

If the thevoltageis not beingproperlyregu-
lated,checkthefollowing:

* Pooror looseconnections

* Poorgroundon theregulatorhousing
* Shortedalternatorwindings
* A groundedyellowwire (Thiscauses an

instantaneousfailure)
* Disconnectingtheregulatorwhilethecir-

cuitis energized
* Opencircuit operationof the alternator

(Withthebatterydisconnected)

Over-VoltageRelay
Checkingover-voltagerelay.Therelaycan

be testedbyusinga good-quality,accurate
voltmeter,with a scaleof at least20voltsand
a suitablepowersupply,with an outputof
at least20voltsor sufficientbatterieswith a

voltagedivider to regulatevoltage.To con-

nect the test equipment,use the following
procedure:

 

1. B+is connectedto BATof theover-voltage
control.

2. B- is connectedto theframeof theover-

voltagecontrol.

3, Besure bothconnections are secure and
connectedto a clean,brightsurface.

4. Connectthepositiveleadof thevoltme-
ter to theBATterminalof theover-voltage
control.

5. Connectthenegativeleadofthevoltmeter
to theframeof theover-voltagecontrol

6. Theover-voltagecontrolis set to operate
between16.2voltsto 17:3volts.Byadjust-
ing thevoltage,an audibleclickcan be
heardwhentherelayoperates.

7. If theover-voltagecontroldoesnot oper-
atebetween16.2and1733voltsi t mustbereplaced.

CheckingGeneratoror
AlternatorBeltTension

If properlyinstalledand checkedperiodi-
cally,the generatoror alternatordrive belt
givesvery satisfactoryservice. However,
fan improperlytensionedbelt wears rap-
idlyandcouldslipand reduceunit output.
Consequently,a belt shouldbe checkedfor
propertension at the time of installation,
again after25 hoursof operation,andeach
100hoursthereafter.

Checkingthebelt tension is simpleandtakes

onlya shorttime. Thismethodof checking
eli tension consists of measuringtorque
requiredto slipthebeltat thepulleyon the
generatoror alternatorand is accomplished
as follows:

â€˜=Applyatorque-indicatingwrenchto the
nut that secures the pulleyto thegen-
erator or alternatorand turn thepulley
clockwise.Observethe torqueshown
fon thewrenchat the instant thepulley
slips.

= Checkthe torqueindicatedabovewith
the torquespecifiedin the MM chart.
â€˜Adjustthebelttensionaccordingly.



DC Starter-Generators

Althoughall reciprocatingengineinstallations
use separateelectricstarters andgeneratorsor

alternators,most turbopropinstallationsdo
not. Instead,theyuse a singleunit that com-

biinesthe two functions.It is calleda starter-

generator(Figure4-2-5).Starter-generatorsareconstructedwith two setsof field coilsanda

common armature. Theresultis acompactunitthat is very powerfulin eitherfunctionand
takesupthespaceof onlyoneunit

Whenactivatedas a starter,the field leads
are shuntedtogetheranddisabled,allowing
the unit to run as an electricstarter. Oncethe
engineis startedandthestarter switchinacti-
vated,thefieldcoilsare energizedandthegen-
erator functionbegins.
Thefollowingdiscussionisa descriptionofthe
powersystemoperationof a KingAir 200.The
airplaneis equippedwith two 28-voltunits
ratedat 250 ampseach,With the start mode
selected,theyfunctionas a starter. With the
start modedeselectedandthegeneratormode
selected,the starter-generatorthengenerates
regulatedvoltageto thegeneratorbus.

GeneratorOperation
Thegeneratorsare broughtonlinebythegen-
erator switchesthat are next to the battery
switch.

Two generatorcontrolpanelscontrolgenera-
tor operation.Thegeneratorcontrolpanels,
providevoltageregulation,generatorparallel-
ing, loadsharing,reverse current sensingand
control,overvoltageprotection,andoverexci-

tation protection.

Voltageregulation.Thegeneratoroutput
voltageis sensedat thegeneratorsideof the
generatorbus contactor. Thecontrol panel
Suppliesthe generatorfield excitation cur-

rent requiredto supplythe electricalload
andmaintain a busvoltageof 28VDC.Figure
4-2-16showsastarter-generatorvoltageregu-
lator.

Thegeneratorvoltagesense inputto the gen-
erator controlpanelis at pin8,voltageregula-
tor powerinputis at pinJ,and the regulator
â€˜outputto thegeneratorfield is frompin Mof,
thecontrolpanelconnector.

Generator control. Whenthe engine start
switchis activatedin eitherthe ignitionand
enginestart or the starter onlyposition,the
fieldsense relayis activated,shuntingthefield
leadstogetherand renderingthe generator
inoperative.
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 Figure4-2-15.A combinationstarter-generator.

CAUTION: Do not exceedthe starter
â€˜motoroperatingtime limitsof30seconds
(on,5 minutesoff,30secondson,5minutes
â€˜off,30secondson,andthen30minutesoff.

Theequalizationof thegeneratorsis doneby
usingthe voltagedevelopedin thegenerator
compensatorwindings.Thisvoltageis sensed
at theinterpoleterminalof thewinding,termi-
ral D of thegenerator.Theparallelingcircuit
includestheLHandRHfieldgroundingrelays
andtheLH andRHcontrolpanels.Equalload
sharingis dependenton equalizingthe resis-

tanceof thegeneratorwindingsandtheexter-
nalcircuitry.Thegeneratorcontrolpanelsare
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designedto controlthegeneratorsandtheload
sharedwithin2.5percent,

Reversecurrent protection,Thecontrolpanel
providesthereversecurrentprotectionandthe
forwardcurrent control.Busvoltageis sensed
at thebussideof the line contactor,and the
feneratoroutputvolageis sensedat thegen-
trator sideofthe linecontactor,Wheneverthe
generatoris operatingand the contsolswitch
iSplacedin theRESETposition,thegenerator
ulput voltagerises to the regulatedvoltageâ€˜Whenthegeneratorswitchi placedin theON
position,voltageoutputfrompinHofthe con-

trol panelclovestheline contactorto connect
thegeneratorto thegeneratorbus.

â€˜Thesame voltageis also routedthrougha

Zenerdiode to the coilof a controlrelayto

 

applybusvoltageto the coilof theappropri-
ate generatorbustie relay.TheZenerdiode
ensures thatthegeneratorbustie relayopens.
if generatoroutputvoltagedropsbelowthe

regulatedvoltage.Theoutputof eithergen-
erator is connectedto the center busand to
thebattery.
Whenthegeneratorslowsdown to thepoint
â€˜whereit cannolongermaintainapositiveload,
the generatorbeginsto draw current from
the airplanebus.Thisreverse current passes
throughthecompensatorwindingsof thegen-
eratorandtheresultantvoltageis sensedat the

interpoleterminalof thegenerator.Thegen-
erator controlpanelthenremoves thevoltage
fom thecoilof thebuscontactor,permitting
thecontactorto openandremove thegenerator
fromtheairplanebus.
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Ifa circuit faultsuppliesgeneratoroutput(or
busvoltage)to the field of a generator,the
affectedunit attemptsto assume thefull elec-
trical load.If busvoltagerises above28VDC,
thegeneratoris temporarilyremovedfromthe
busbythereverse current limiter.Failureofthe
reverse current limitercouldcause theaffected
generatorto assume theentire electricalload.
â€˜Theresultantbusvoltagewoulddependon the
generatorspeed,the electricalload,and the
natureofthefault
Reversecurrent protectioncircuits can be
checkedforoperationas follows:

â€˜=Resetthegeneratorsto bringgenerator
â€˜outputupto regulatedvoltage.

â€˜+Shutdownbothengines,leavingthebat-
teryandbothgeneratorsON.

NOTE:As theenginesslowdownand
reverse current beginsto flow into the
â€˜generators,thegeneratorsare removed
fromtheline.

â€˜+NormalindicationsareLoadmeter= zero;
generator-outlights= ON.

â€˜Â©Checkfor abnormalindications,show-
ingthatreverse current protectionis not

beingperformed.

Overvoltageprotection.Thegeneratorcon-

trol panelprovidesovervoltageprotection.If
theoutputvoltagereaches32VDC,theover-

voltageprotectionportionof the generator
controlpaneopensthecoilcircuit of thebus
contactor,isolatingtheovervoltagegenerator
from the airplanebus.Thenormallyregu-
latedgeneratoragaincomes on line to supply
thesystem.

Over excitation protection.The generator
controlpanelprovidesover excitation pro-
tection.Thisportionofthe controlpanelacti
vates if thegeneratorloadandspeedcondi
tions are suchthat,or thenature of the fault
is suchthat,thegeneratorvoltageincreases

without controlbut doesnot reachan over-

voltagecondition. If the generatorfield
reachesthe designedlimitation value,the
circuitryprovidingover excitation protec-
tion is activatedto remove theaffectedgen-
erator fromthebus.

 

Undervoltageprotection.Undervoltage
detectionand protectionis providedwhen
the generatorcontrol panelcomparesline

voltagewith an internal reference.If line

voltagedropsbelow18VDCfor more than4
seconds,the undervoltagecircuit thenuses

theover-voltagecircuit as a switchto trip the
fieldclay. Â°
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Starter/GeneratorandControls
Troubleshooting

Generatorcontrolpaneltestunit. AGenerator
ControlPanelTestUnit shouldbeusedto gain
access to the individual inputsandoutputs
of thegeneratorcontrolpanel.A wiringsche-
matic (Figure4-2-17)providesadequateinfor-
â€˜mationforbuildingthetestunit

CAUTION:Connectanddisconnecttest
unit onlywhenpoweris OFF.

â€˜Thewiringharnessplugis disconnected
from the generatorcontrolpaneland con-

nectedto thereceptacleof the test unit. The

plugfromthe test unit is insertedinto the

receptacleof the generatorcontrol panel,
therebyconnectingthe test unit in series

with the controlpanel.Do not connect the
controlpanelwhencheckingcontinuity.
A sensitive multimeter,capableof measuring
voltagesaccurateto withinone percent,is con-

nectedto the test unit bywayof thebanana
jackson thefaceoftheunit;properpolarityof,
theseconnectionsmust becloselyobservedas

bothpositiveandnegativevalueswill bemea-

sured.ThealligatorclipfrompinGshouldbe
positivelygroundedtotheairplanestructure,

Al voltagemeasurementsare madewith one

jgeneratoron anda 50percentload.Maximum
generatoroutputis 300amperes;so enough
electricalequipmentshouldbe turnedon to
establishabout 150 amperesof load on the
electricalsystem.For load requirementsof
the various electricalsystemsand compo-
nents,see the the electricalload utilization
chartin theMM.

Whencheckingthegeneratorequalizercircuit
for operation,a voltagedropof 2 or 3voltsat

pinBisan indicationthatthegeneratorequal-izercircuitisoperatingproperly.
â€˜Thefollowingitemsshouldbeobservedwhen
usingthetestuni

â€˜=Failureof thegeneratorcontrolrelayto
properlyshorttheshuntfieldofthegenera-
tor can producetransientvoltagespikesat

pinMofthecontrolpanelduringstart.The

â€˜magnitudeof thespikescouldbesufficient
at timesto permanentlydamagetheinter-
nalcircuitryof thecontrolpanel.A dimly
illuminatedlampon the test unit during
start is a normalindication.if the lamp
flashesbrightlywhenstartsare initiated
andthestartrelaycloses,thegeneratorcon-

trolrelaysenseda voltagetransientat pin
â€˜M.Anotherbrightflashof thelampwhen.
thestart is terminatedandthestartrelay
â€˜openscan occur duringthischeck.
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* If pin H is shortedto ground,correct the

faultbeforereplacingthecontrolpanel.
* All resistanceandcontinuitychecksare

madewith theenginesoff,thebatteryoff,
andthecontrolpaneldisconnected,

*â€˜Thetest switchon the test unit appliesa

groundsignalto theequalizercircuit of
thecontrolpanel(pinE).

* All checksare madewith onlyone gen-
erator on thelineata time.

CAUTION: Connectanddisconnectthe
testunit onlywhenthesystemis off

CarbonPileVoltageRegulator
Vibrating-typeregulatorscannot beusedwith
generatorsthat requirea highfield current
becausethecontacts will pit or burn.Heavy
dutygeneratorsystemsrequire a different
typeof regulator,suchas thecarbonpilevolt-
ageregulator.

Thecarbonpilevoltageregulatordependson

theresistanceof severalcarbondisksarranged
ina pile,or stack.Theresistanceof the car-

bonstackvaries inverselywith the pressure
applied.Whenthe stackis compressedunder
appreciablepressure,theresistancein thestack
is less,Whenthepressureis reduced,theresis-

tance of the carbonstackincreases,because
thereis more air spacebetweenthedisks,and
air hashighresistance.

Pressureon the carbonpiledependson two

â€˜opposingforces:a springandan electromag
net. Thespringcompressesthecarbonpile,and
theelectromagnetexerts a pullthatdecreases
the pressure.Thecoilof theelectromagnetis

connectedacross thegeneratorterminalBand
througha rheostat(adjustableknob)andresis-

tor carbondisks)to ground.
Whenthe generatorvoltagevaries, the pull
of theelectromagnetvaries. If thegenerator
voltagerises abovea specificamount,thepull
of the electromagnetincreases, decreasing

 Figure4-2-18.Carbonpilevoltageregulatorsare usedin olderhigh-outputsystems:(A)is a regulator,
(@)istheregularmountingbase,(C)isa reverse currentcutout,and(D)isa solid-statereplacementfor
a carbonpileregulator.



the pressureexertedon the carbonpileand
increasingits resistance.Becausethis resis-

tance is in series with the field,lesscurrent
flowsthroughthefieldwinding,thereis acor-

respondingdecreasein fieldstrength,andthe
generatorvoltagedrops.
On the otherhand,if the generatoroutput
dropsbelowthespecifiedvalue,the pullof
theelectromagnetis decreasedandthecarbon

pileplaceslessresistancein thefieldwinding
Circuit. In addition,thefieldstrengthincreases,

and the generatoroutputincreases. A small
theostatprovidesa means ofadjustingthecur-

rent low throughtheelectromagnetcoil.Figure
Ashowsa typical24-voltvoltageregulatorwith
its mountbaseandreverse currentrelay.
â€˜Acarbonpileregulatorand the necessary
â€˜componentsto installoneareshownin Figure
42:18,Carbonpileregulatorsystemsare not

normallyusedsince the adventof solidstate
electronics.

LargeAircraftGenerators
Extremeelectricaldemandscan beplacedon

transportairplanes,Noneof theelectricalgen-
eration systemsdiscussedso farcan comecloseto supplyingthedemand.Thediscussionthat
followsshouldhelpyou understandjusthow
differenttheelectricalrequirementsof trans-

portaircraftarefromsmalleraircraft.
â€˜TheBoeing727 is a goodexampleof an airline
typegeneratingsystem.Theelectricalsystem's
primarysource of poweris ACgenerators,and
â€˜mostcomponentsare solidstate.

â€˜TheAC bussystemis designedso that indi-
vidual generatorscan supplyindividual load
buses,or theengine-drivengeneratorscan be

paralleledthrougha synchronizingbus.This,
â€˜meansthatanyone or certaincombinationsof,
generatorscan supplythe loadbuses.(Figure
42:19),

KWIKVARExplanation
Beforewe getinto the discussion,we will
explaina fewterms common on largeACsys-
tems.It is necessaryto considerthreetypesof
powerin assessingtheamount of workan AC
generatoris doing:

â€˜+KW (realpower)representstheenergy
the generatoris supplyingto do work
such as operatingthe radios,galley,
lights,andsuch,

+ KVAR(eactivepower)is theamount of
energythat is usedin magnetizingthe

ElectricalSystems| 4:31

 

  External
ACpower

             
Figure4-2-19,Thebasicgeneratorsystemfora Boeing727.

iron cores of relays,transformers,motors
andsolenoids,as wellas theenergyused
in charginganycapacitors(condensers)in

thecircuit.

+ KVA (apparentpower)is the amount of
workthegeneratorsenses thatitis doing
Manufacturersâ€™limitationsare givenin

apparentpowerbecauseof theheating
effecton the generator.It is calculated
bymeasuringthecurrent andvoltageof
a generatorandmultiplyingthem.Thistnitisthekilovoltampere.Â©

KW meter.TheKWmetersindicatetherateat
whichenergyis beingdeliveredbythegen-
erators to theairplanesystems.Thisenergy
leavesthe electricalsystemand doesnot
return. It follows that a continuous torque
is requiredon the generatorshaftsto sup-
plythis energy.Paralleloperationof gen-
erators requiresthat thegeneratorssharethe
KW load. If one generatorwere to assume

more than its shareof the load,its tempera-
ture would increase and the temperatureof
its constant-speeddrive (CSD)would also
increase. Often,thetotalKWloadduringpar-
alleloperationis largerthana singlegenera-
tor can tolerate,0 loadsharingis imperative
Loadsharingis accomplishedbya combined
action of theloadcontrollersandtheCSD.The
loadcontrollerscomparethe KWloadof the
individual generatorsto theaverageKWload
of thesystemandprovideelectricalsignalsto
theCSDsto affectKWloadbalance.

â€˜TheCSDsmustrespondproperlyto theseshar-
ingsignalsanddevelopthecorrecttorqueon
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thegeneratorshafts.WhentheKWinstrument

readingsshowa KWbalanceamongthegen-
eratorsoperatingin parallel,theloadcontrol-
lersandCSDsare workingproperly,Theoper-
atingcontrolpanelforaBoeing727isshownin,

Figure42-20.

KVAR meter. TheKVARmeter indicatesthe
rate at whichenergy is beingdeliveredby
thegeneratorsto themagneticfieldsin motor
coilsandothermagneticdevices.Thisenergy
doesnot leavetheelectricalsystems.In fact,
it returns to the generatorsand is not lost.
No torqueis requiredof theCSDto provide
theseKVARloads.Therefore,the CSDsand
load controllersare not involved in KVAR
loadbalancing,

Unfortunately,highKVARloadshavea very
badeffecton themagneticconditionsinsidethe
â€˜generators.TheseKVARloadstendto decrease
themain magneticfield. Thegeneratorvoltage
â€˜wouldbeunacceptablylowif it were not for
the ability of thevoltageregulatorsto adjust
thefieldcurrent upwardto compensatefor the
demagnetizingeffectof theKVARloads.

In paralleloperation,if one generatorwere to

carrymore thanitsshareof KVARload,its field
current wouldbeveryhigh.Theheatingeffect
inside the generatorfield windingswould
cause damage.
The voltageregulatorsmust comparethe
KVARloadon theindividualgeneratorto the
averageKVARloadto determinethefieldcur-

rent necessaryto affectKVARloadbalance.If,
theKVARinstruments showa KVARbalance,
thevoltageregulatorsare functioningwell.

Generators

Generator and equipmentlocation. Each
tengine-drivengeneratoris locatedon its respec-
tive engine.Theauxiliarypowerunit (APU)
drivengeneratoris on theAPUthat is perma-
nentlymountedin the wheelwell.Electrical
leadsfromall fourofthesegeneratorsgoto the
electricequipmentracksin theelectronicscom-

partmentin the forwardbellyof the aircraft.
Generatorcontrolunits are locatedin theelec-
tronics compartment.Theyare remotelyoper-

 
EssentialPower Fallure Light__
Iluminatesanytimethe
â€˜essentialACbusIsnotenergizedâ€˜andthebatterybusIsenergized.italsotluminatesthemasterwarninglight on the center
Instrumentpanel.

ResidualVoltsSwitch
Userequiresthat thegenerator
fleld relaybetripped.WhendepressedtheAEvoitmeter
indicationsshownon the inner
(20) scaleand Inaleatesthe
fsdual voltageof the selected
generator

KVARSSwitch
Whenpressed,theKW/KVAR
â€˜metersIndicateKVARS.  SYNCHRONIZINGLIGHTS.
Illuminated:This Indicatesthat
thegeneratorIsnot In phase
with thesynchronousBus.

Extingulshed:Thisindicatesthat
thegeneratorIssynchronized
andthe conditionisacceptable
to paralleloperation. 

  
 
   
  

   
  
  
 
 
 

  
  

   
 
  

sential PowerSourceSelector
* Generatorpostion

Gort a ora):
{ho tat ext an the fla
TelyIscosedthe generator
seletedsuppliesAe powerfo
the essentialACbus

+ APUor EXTPWRposton
tn fault ext andthe itd
relyIsclosedthegenerator
selectedsuppliesAâ‚¬powerfo
ihe essentialACus.
Standby:Poweressentafight
Instrumentsand radosrom
thebatterycompleteAc
fale occurs Theknobmust
bepushedInt rotateto the
poston:

ACVoltmeter
Theouter scaleIndicatesthe
â€˜generator,bustle,APU,or
extemalpowervoltages
SelectedbytheACmeters
selector.The Inner scale
Indicatesthegeneratorresidual
voltage.

FrequencyMeter
Thisindicatesthegenerator,bus
tle,APT,or externalpower
frequencyas selectedbytheAC
metersselector.

ACMetersSelector   
Figure4-2-20.ThecockpitgeneratorcontrolpanelforaBoeing727.



ated.Distributionofelectricalpoweris fromthe
electronicscompartmentto themain AC load
buses,whichareona panelin thecockpit.
â€˜Thegeneratorsproduce115volt,3 phase,400

cycleAC powerandare ratedat 40 KVA.The
APUgeneratoris identicalto theengine-driven
{generatorsbutdependson the APU to main-

tain a constant rpm. TheAPU generatoris,

ratedat 60KVAbecausemuchbettercoolingis

providedfor it

â€˜ABoeing727hasan APU in thewingroot. It
is similarto theAPU shownin Figure4-2-21,
whichis an APUin thetailof a Boeing757,

Eachgeneratorconsistsof an excifersectionand
a main generatorsection.Theexciter armature
rotateswithinamagneticfieldcreatedinitiallybypermanentmagnets.Withthefieldrelayclosed,
thevoltageregulatorcontrolsthestrengthof the:
cexciterâ€™smagneticfield,Thisstrengthdetermines,
theoutputofthemain generatorsectionbecause
it is excitationfor themain generatorrotatingfield
â€˜Theexciter section contains a stabilitywinding,
â€˜whichstabilizesthevoltageoutputofthegenera-
tor undervaryingelectricalloads.

Becausethe exciter field contains permanent
â€˜magnets,a smallamountofvoltage(154)is gen-
eratedwith thegeneratorbreakertripped.This
is knownas residualvoltageandcan bereadby
pushingtheresidualvoltsbuttonadjacentto the
AC vollsmeter. Thisbuttonchangesthescale
froma rangeof 100-130voltsto 0-30volt. It is

usedin troubleshootingto ascertain whether
thegeneratoris turning,

Generatoroperationalload limits,like many
electricalcomponentlimitations,are predi-
catedon temperatureprotection.Eachengine-
drivengeneratorcontinuous loadlimit is 36
KW.The maximum continuous loadon the
"APUgeneratoris 54KW(readas 165AMPSontheAPU/EXTloadmeter)

Generator controlpanels.Eachgeneratoris

controlledand protectedbyits own control
panelin the equipmentcompartment.The
panelsprovideautomaticparallelprotectionin

additionto field relay,generatorbreaker,and
bustie breakercontrol

â€˜TheFaultProtectionfeatureprovidesautomatic

clearingof thefollowingfaults:

â€˜+Over/underexcitation

+ Over/undervoltage
= Exciterceiling

Instability
Over/underspeed

ElectricalSystems
â€˜Ared warning lightis near eachgenerator
controlpanelin theelectronicscompartment.
Ilumination of the lightindicatesthat the
associatedcomponentsare poweredandlethal

voltageis present.

Generatorcontrolsandindicators.Ninegen-
eratorswitchesare on theelectricalpanel.They
controlthegeneratorfieldrelays(FR),genera-
tor breakers(GB)andthebustie breakers(BTB),
whichare in theelectroniccompartment.Each
switchis springloadedto theneutralposition
andactuatesa relaybymomentarymovement
to thecloseor tripposition.Thefelaysare of,
the mechanicallatchtypeand remain in the
lastselectedposition.Theyrequireelectrical
powerto operate,

Theamberlightsadjacentto theswitchesindi-
catecircuit open.Althoughtheserelayscan be
trippedbymovingtheswitchorbytheprotec-
tive circuit sensinga fault,theycan beclosed
onlybymovingtheswitch.

Theschematicin Figure42:19 illustratesthe
functionof eachswitchas follows:

* ClosingtheFRcompletestheexcitercir-

cuit throughthevoltageregulatorto the
generator.

Figure4-2-21.TheAPUin a Boeing727 is similartothisunitinstalledin the
tailofa Boeing757,
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* ClosingtheGBconnects individualgen-

erator outputto its ACloadbus.

Closingthe BTBties theloadbusto the
SYNCbusand putsthat generatorin
paralleloperationwith otheroperating
â€˜generators.Thisalsoprovidesfor power
toall loadbusesfromanyoperatinggen-
erator.

On the ground,the loadbusescan be
poweredfromtheSYNCbusbyexternal
â€˜ACpoweror the APU generator.Todo
this,thebustie breakersmust beclosed.

Thesystemis protectedbyinterlocks,which
preventsimultaneoususe of any two power
sources, other than engine-drivengenera-
tors. Closinga GB automaticallytrips the
external powerswitch or the APU GB,if
either of them is supplyingthe SYNCbus.
With the APU generatoroperating,closing
its GBtripsallthee main GBsor theexternal
powerswitch

Withexternalpowerpluggedinto theairplane,
turningon theexternalpowerswitchtripsthe
GBsor the APU GB.TheF/Edeterminesthe
source of powerto supplytheSYNCbus.

Speedswitch.Whenthe CSDattains a pre-
determinedrpm. (5,3002)the limit governor
portsoil pressureto closeaspeedswitch,mak-
ing it possibleto use electricalpowerfromthe
â€˜generator.At about42-45 percentNyengine
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Figure4-2-22.Frequencyadjustingportionofthegeneratorcontrols.

rpm, the frequencyandvoltageindications
shouldstabilize.

If theCSDoverspeedsor underspeedsbeyond
predeterminedvalues,a dropin oil pressure
allowsthespeedswitchto openandgenera-
tor outputis no longeravailable.If thespeed
switchopensas a resultof anunderspeedand
rpm. subsequentlyreturns to normal,the
speedswitchcloses,makinggeneratoroutput
availableagain.However,if thespeedswitch
â€˜opensbecauseof an overspeed,oil pressure
is blocked.Thisconditioncannot becorrected
until CSDrotation ceases.

Thespeedswitch,whenclosed,permitsclos-
ingof theGBandselectionof essentialpower
to thatgenerator.Ifthe speedswitchopens,the
GBtripsandessentialpowerfailsif selectedto
thatgenerator)

Frequencycontrol.Thefrequencyof the AC
powerproducedbythegeneratordependson

the rpm. at whichthegeneratoris drivenby
its CSD.Onenginestart, theCSDstabilizesat
a speedpresetin thespeedgovernor.If this
speedis not satisfactory,as readon theFREQ
meter,it couldbeadjustedthrougha rangeof
about10cyclespersecond(CPS)byturningthe
FREQknobnext to theKW/KVARmeter. This
speedadjustmentis effectiveonlyduringiso-

latedoperation.It is madebysendinga signal
throughtheloadcontroller,whichâ€œbiasesâ€•the
speedgovernor(Figure4222)

=

+   



In paralleloperation,the FREQknob has
little effecton the frequency.Frequency,in

this case,is controlledautomaticallybythe
load controller,whichadjuststhe torqueof
its CSDto shareequallythe total electrical
loadwith the othergenerators.A generator,
whichis carryinga disproportionateshareoftheloadin parallel,can respondto frequency
controlinputto more closelysharean equal
load.

CSDDisconnectMechanism

A guardedmomentaryswitchon the F/Eâ€™s
panel,whenactuated,causes the CSDto dis-
connect fromtheengineaccessorydrive.The
drive can bereconnectedonlyon theground,
afterenginerotation stops.A Thandleon the
CSDis usedto reconnect or disconnectthe
driveon theground.

GeneratorParalleling
Synchronizinglights.The synchronizing
lightsontheACmetersselectorpanelindicate
the phasedifferencebetweenpoweron the
SYNCbusandtheselectedgenerator.Theleft
SYNClightmonitorsphaseA of the selected
generator.Thefrequencymeter indicatesCPS.
(ofphaseB,andtherightSYNClightmonitors

phaseC.
Automaticparalleling,Thisterm,thoughcom-

â€˜monlyused,is a misnomer. Thereis no auto-
â€˜maticparallelingof generators.on theBoeing
727.Thetermauloparailelrefersto theautomatic

protectionaffordedthesystemwhenthegener-
atorsare paralleledusingtheGBs.After GB#1
is closed(normaloperation)andgenerator#1 is

supplyingtheSYNCbus,thisprotectionpre-
vents GB#3fromclosing(regardlessof GB#3
switchposition)if the differencein frequency
6 phaserelationshipis notwithinpresetlimits.
Generator#3can beadjustedintocompatibility
byadjustingitsfrequency.
After enginestart,whenthegeneratorsare

beingparalleled,the essentialpowerselec-
tor is positionedto GEN1,GEN2,andGEN3
beforeanygeneratorbreakeris closed.Thisis

doneto ensure thateachsustains an electri-
calload,thateachCSDspeedswitchis closed
and that there is no powerinterruptionto
essentialAC.

Manual paralleling.This term is used to
describeparallelinggeneratorsusingtheBTBs.
Noprotectivecircuit existsto preventparallel-
inggenerators.Therefore,youmustuse caution
to ensure thatthegeneratorsare properlysyn-
chronizedand theSYNClightsare out when
usingtheBBs,

ElectricalSystems

New GenerationAircraft
In thedigitalage,mostnew generationaircrafthaveall thevarious functionsperformedauto-

â€˜matically.Thismakesthecockpitcrew a lower
workloadandhelpsreducethepossibilitiesof
humanerror.

Section3

AircraftWiring
â€˜Theaircraftcomponentsthat generateelec-
trical powerandall the various systemsthat
placea loadon that electricalpowercollec-
tivelymakeup the more complexportionof
an aircraftelectricalsystem.Ironically,all the

â€˜complexelectricalcomponentsare completely
relianton thesimplestportionof an aircraft's
electricalsystemâ€”thewiring.Wire bundles
carryall thepowerandelectricalsignalsnec-

essaryfor thesatisfactoryperformanceof any
modernaircraftand are absolutelya critical
componentofaircraftdesign.
â€˜Thereliabilityof electricalsystemsandsub-
systemsdepends,in part,directlyon prop-
erlyinstalledwiring,Improperlyor carelessly
maintainedwiringcan cause systemfailure
andit can beasourceofofbothimmediateandpotentialdanger.Therefore,an aircraftmain-

tenancetechnicianmustbeequippedwith the

knowledgeandtechniquesfor installingwit-

ingproperly,inspectingexistingwiringinstal-
lations,and recommendingmaintenance of
electricalsystemwireandcable.

â€˜Theproceduresandpracticespresentedin this
section are representativeof the typegener-
allyseen in theaircraftmaintenanceindustry;
however,theyare generalin nature anddonot
taketheplaceof theindividualaircraftmanu-

facturerâ€™sinstructions andapprovedpractices.

WireandCable
â€˜Toclarifythemeaningsof the termswire and
cable,it is generallyacceptedterminologyto
describea wire asasingle,solidconductoror as

a strandedconductorcoveredwith an insulat-
ingmaterial.Cable,as usedin aircraftelectrical
installations,includesthefollowing:

â€˜=Twoor more separatelyinsulatedcon-

ductorsin thesame jacket(multi-conduc-

torcable).
+ Twoor more separatelyinsulatedconduc

tors twistedtogether(wistedpair).
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 Figure 4-3-1.Allwiringsystemsuse a widevarietyofwire andcablesizes

  andtypes.

* Oneor more insulatedconductors,cov-

ered with a metallic braided shield
(Ghieldedcable),

+ A singleinsulatedcenter conductorwith
â€˜ametallicbraidedouter conductor(radio
frequencycable).Theconcentricityof the
center conductorand the outer conduc-
tor is carefullycontrolledduringmanu-

factureto ensure that theyare coaxial.

Figure4-3-1showsa typicalaircraftwire

haenesscontainingbothwires andcables.

Wiresizeandtype.Wireis manufacturedin
sizes accordingto a standardknownas the
â€˜AWG(AmericanWireGauge).As shownin

â€˜Table43-1,thewirediametersbecomesmaller
as thegaugenumbersbecomelarger.Thelarg-
est wire size shownin Table4-3-1is number
0000,and the smallestis number50. Sizes

largerthan0000andsmallerthan50aremanu-

facturedbutarenotcommonlyusedin aircraft
electricalsystems.

Gaugenumbersare usefulin comparingthe
diameterof wires, but some typesof wire or

cablecannot be accuratelymeasuredwith a

gauge.Largewires are usuallystrandedto
increase their flexibilityfor installationsthat
requireformingandbending,whichis usually
thecase in airframes.Thetotalarea of a cross

sectionof strandedwire can be determined
bymultiplyingthe area of one strand(usu-
allycomputedin circularmilswhendiameter,
or gaugenumberis known)bythenumberof
strandsin thewire or cable.

â€˜Manyfactorsaffecttheselectionof a wire size

in aircraftelectricalsystemdesign:
* Powerloss(IRloss)in theline represents

electricalenergyconvertedinto heat.

Usinglargeconductorsreducesresis-

tanceandthereforetheIR loss,but large
conductorsare heavier,more expensive,
and require more substantialairframe
â€˜mountingsupports.

' Voltagedrop(IRdrop)variations occur in

thelinewhenloadsdemandmore or less
current or load resistancechanges.This
resultsin variations in theIRdropin the
lineifthesource maintainsa constantline
voltage.Widevariations in theIRdropin
the line cause poorvoltageregulationat
theload,

Reducingloadcurrent lowersthe amount of
powertransmitted,whereasa reductionin

line resistanceincreases thesize andweightof
conductorsrequired.A compromisemust be

reachedwherebythevoltagevariationattheloadis within tolerablelimitsandtheweightof line

conductorsdoesnotexceedaircraftdesignlimits.
â€œAnotherfactorto beconsideredis thecurrent-

carryingabilityofthe conductor.Whencurrent
is drawnthroughtheconductor,heatis gener-
ated.Thetemperatureof thewire rises until
the heatradiatedor otherwisedissipated,is,

equalto theheatgeneratedbythepassageof
current throughthe line. Theheat generated
in theconductorcannot be readilydissipated
into air whencoveredbyinsulation.Toprevent
burningof the insulationfromexcessive heat
(causedbycurrent thatexceedsthewire's cur-

rent rating),conductorsize mustbe matched
with theexpectedloadcurrent.

 

â€˜Ageneralrecommendationis that the volt-
agedropin the main powercablesfromthe
aircraftgenerationsource or the batteryto
the busshouldnot exceed2 percentof the

regulatedvoltagewhenthegeneratoris car-

ying ratedcurrent or thebatteryis beingdis-
chargedata five-minuterate.

The resistance of the current return path
throughthe aircraftstructure is alwayscon-

siderednegligible.However,this is basedon

theassumptionthatadequatebondingof the
structure or a specialelectriccurrent return

pathhasbeenprovidedand is capableof car-

tyingtherequiredelectriccurrent with a neg-
ligiblevoltagedrop.A resistancemeasurement
fof0,005ohmfromthe groundpointof the
generatoror batteryto thegroundterminalof,
anyelectricaldeviceis consideredsatisfactory.
â€˜Anothersatisfactorymethodof determining
Circuit resistanceis to checkthevoltagedrop
across thecircuit. Ifthe voltagedropdoesnot
exceedthe limit establishedbytheaircraftor

productmanufacturer,the resistancevalue
{orthecircuit is consideredsatisfactory.When
usingthevoltagedropmethodof checkinga

circuit,the inputvoltagemust bemaintained
ata constantvalue.
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ross Section â€˜ohms

Diameter, Circular per Feetper Poundsper Feetper Ohmsper | Poundsper
Gauge_inmils| mils | Squareinch1,000ft. ohm | 1,000ft. pound__pound â€˜ohm
(0000 460.00 211,600.000.1662 0.04901 20,400 640.5 _â€˜1.561__0.00007652 |__13,070
(000 409.60. 167,800.000.1318 0.06182 16180 5078 | -1.969___0.0001217 8,215
â€˜00| 364.80 133,100.00,0.1045 0.07793 12/830 402.8 | 2.482 _0,0001935 5,169
â€˜0|324.90 105,600.00,0.08291 (0.09825 10,180 319.5 3.130 0.003075 3,252
1289.30 |83,690.000.06573 0.1239 8,070 253.3 3.947 0.004891 2,044
2 |25760 |66,360.000.05212 015636398 200.9 4.978 0.007781 1,285,
3229.40 52,620.00 0.04133, 019715074 159.3 6.278 0.001237, 308.3,
â€˜41204,30 |41,740.00, 0.03278 0.2485 4,024 126.3 7915 0.001967 508.5
5 | 181.90|33,090.000.02599 0.3134 3,190 100.2_â€”-9.984_ 0.003130, 319.5
6 | 162.00 26,240.00,0.02061 0.3952 2530 79.44 12.59 0.004975, 201.0
7 144.30|20,820.000.01635 0.4981 2,008 63.03 _â€”*15.87__0.007902 126.5
B| 128.50|16,510.00,0.01297 0.6281 1,592_4998 20.01 0.01257 79.58
9 |114.40 /13,090.00,0.01028 0.7925 1,262 3962 -25.24 | 0.02000, 4999

10 101.90|10,380.000.008155 0.9988 1,013.43) Â«31.82 0.03178 31.47
N_|_ 90.70. 8,230.00,0.00646 1.26 | 793, 249 40.20.0506 198
12| 80.80| 6,530.00, 0.00513, 159629 198 50.6 | 0.0804 12.4
1372.00 5,180.00,0.00407 2.00500 15.763.70.127,784
1464.10 4,110.000.00323, 2.52 396 124 0.40.203493
155710 | 3,260.00,0.00256 318314 987 101 0.322 3.10
16 50.80 2,580.000.00203 402249 781 128 asia 194
17_| 45.30 2,050.00, 0.00161 5.05198 6.21161 ola 1.23
184030 1,620.00.0.00128 639157 492 203 1:300.770
1935.90 1,200.000.00101 B05 124 3.90256 2.060.485
20. 32,00 1,020.00.0.000804 101 98,7 3.10323 3.270.306
21, 28.50 â€˜812.00,0.000638 128783 246 407 519,0.193,
22.) 25.30 | 640.00" 0.000503 16.2) 617 194 316336 (0.120
23.22.60 511.00. 0.000401 203 49.2 1.55647 13.10.0761
2420.10 404.00 0.000317 25.7 390 1.22B18 21.00.0476
251790 320.00. 0.000252 324/309 0.970 | 1,030 33.4 (0.0300
2615.90 253.000.0019 410 24.40.7692 1,310 53.60.0187,
2714.20 202.00 0.000158 3419.4 0.610 1,640 84.3â€˜0.0119
2812.60 159.00, 0.000125 6531530481 2,080 136 0.00736
2911.30 128.00 0.000100 B12 123 0.387__2,590 210 0.00476
30__ 10.00 100.00" 0.0000785 104 | 9.640.303 3,300 343,0.00292
31.890 79.20 0.000622 1317.64 0.240 4,170 3460.00183
328.00 64.00 0.000503 1626.17 0194 5,160 836 0.00120
33.710 50.40 0.0000396 2064.86 0.153 6,550 1,350 (0.000742
346.30 39.70, 0.000312 261383 0.120, 8,320 2,170.0.000460
35) 5.60 31.40) 0.000246 331/302 0.0949) 10,500 3,480 0.000287
365.00 25.00, 0.00000196 415 241_â€”â€”0.0757_13,2005,480 â€˜0.000182
374.50 20.20 000000159 512_â€”*195 0.0613 16,300 8,360 (0.000120
38.400 16.0 0,00000126 | 6481.54 0.0484 20,600 13,400| _0,0000747
393.50. 12.2, 0.00000962__ 8471.18 _0.0371__â€”-27,000__22,800 | 0.000438
40) 3.10 '9.610.00000755 1,080 0.927 0.0291 34,400 37,100| 0.000270
412.80 784) 0,00000616 1,320 0.756 0.0237 _42,100__-55,700| 0.000179
42250 6.25, 0.00000491_| 1,660 0.603 0.0189 52,900 87,700| 0.000114
432.20 4.84, 0,00000380 | 2,140 0.467 0.0147 68,300 146,000| _0.00000684
44) 2.00 4.00 0.00000314 2,590 0.386 0.0121 82,600__214,000_|0.000467
45176 3.10, 0.00000243 | 3,350 0.299 0.00938 107,000 357,000| 0.00000280
46137 2.46 0.00000194 4,210 0.238 0.00746 134,000 564,000| 0.000017,
471.40 1196 0.00000154 | 5,290 0.189 | 0.00593 |169,000| 892,000| _0,00000112
4g) 124 1.54) 0,00000121_ 6,750) 0.148 | 0.00465 215,000| 1,450,000| 0.000000690
4911 1.23, 0.000000968 8,420 0.119__0.00373 268,000 2,260,000| 0.000000443,
500.99 0.98. 0.000000770 10,600 _0,0945__0,00297 337,000 3,570,000| 0.000000280

Note:ThefundamentalredtvtyusednealcultngthetablestheInterationalAnnealedCopperStandardslr, 0.15328ohm-g/mat 20Â°.
â€˜Thetemperaturecoefcient,forthsrest, 90.0039 perâ€œ,of aq=0.00427.However,thetemperaturecoefficientsproportionalothe
conduct,hencethechangeofrsstvtyer"Cisaconstant,0.0000397chm-gim2.The"constantmasstemperaturecoefientofanysamples

â€œ3.000507+0.000005, 

 â€˜ay or ymatTag. Thedena889gem?at20Â°.

Note:Thevaluesgivennthe tableare onlyforannealedcopperofthestandardrest. Thewerafthetablemustapplythepropercorectionforcopper
â€˜ofanyotherrest. Hand-dravncoppermaybetakenae about 2Spercenthigherest thanannealedcapper.

Table4-3-1.AnAmericanWire Gaugewirechart
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40 8

20 â€œ4
 

â€˜Table4-3-2.Allowablevoltagedropbetweenbusandequipment.

Insulation. Insulationresistanceand dielec-
tric strengthare two fundamentalproper-
ties of anyinsulationmaterialsuchas rubber,
Teflon,vinyl,glassor plastic.Theseproperties
determinetheir suitabilityfor certain uses.

Insulationresistanceand dielectricstrength
are entirelydistinctproperties.
Insulationresistanceis the resistanceto cur

rent leakagethroughand over the surfaceof
the insulationmaterial.Insulationresistance
can bemeasuredwith a meggerwithoutdam-
agingthe insulationto determinethegeneral
conditionof theinsulation.Thistesthowever,
doesnotprovideall theinformationneededto
ascertainwhethertheinsulationis serviceable.
Clean,dryinsulationhavingcracksor other
faultsmightshowa highvalueof insulation
resistancebutwouldnot besuitablefor use.

Dielectricstrengthis theabilityof an insula
tor towithstandelectricalpotentialdifferences
andis usuallyexpressedin termsofthevoltage
at whichtheinsulationbeginsto breakdown,
and fail becauseof the electrostaticstress.
Maximumdielectricstrengthvaluescan be
â€˜measuredbyraisingthevoltageof a test sam-

pleuntil theinsulationbreaksdown,

Onlythe minimum amount of insulationis

appliedto anytypeof wire orcableaccording
to thejobfor whichi is designed,Thisfs nec

essary to keepthecost of wiring lowerandtominimizethestiffeningeffecinsulationhas
ton wire or cable.In adlition,greatvarieties of
environmentalandelectriealconditionsunder

whichconductorsare operatedare determin-
ingfactors.

Varioustypesofconductorinsulationmaterials,
are usedfor maximum effectivenessin a spe-
cificapplicationor typeof installation.Earlier
insulationmaterialssuchas rubber,silk,and
ppaperare no longerusedin most aircraftsys-
tems. Superiorinsulationmaterialssuchas,

polyvinyl,nylon,Teflon,and fiberglasshave
beenintroducedandare more commonlyused
now. Anotherexampleis Teflon-Kapton-Teflon,
a highlyefficientwire insulationmaterialthat
Boeinguses in theB737andB757aircraftelec-
tical wiring,

Wiresmust besizedso thattheymeetthefol-

lowingconditions:

â€˜+Havesufficientmechanicalstrengthto
allowforservice conditions.

+ Donotexceedallowablevoltagedroplev-
els;protectedbysystemcircuit protection
devices

â€˜+Meetcircuitcurrentcarryingrequirements,
Mechanicalstrengthof wires.fi is dest=
ableto use wire sizes smallerthan No. 20,

ay attention to the mechanicalstrengthEndinstallationhandlingofthesewires, eg.
tibration,flexing,and termination, Do not
Use wire containingfewerthan 19strands
Considerusinghigh-strengthalloyconduc.
tors in smallgaugewires to increase mechan-
icalstrength:Generally,wires smallerthan
No, 20 shouldbe providedwith additional

clampsand be groupedwith at leastthree
otherwires, Theyshouldalsohaveadditional
Supportat terminations,such as connec-

tor grommets,strain relief clamps,shrink-
abe sleeving,or telescopingbushings.They
Shouldnot be used in applicationswhere

theywill besubjectedto excessive vibration,
repeatedbending,ot frequentdisconnection
fromscrew termination

Voltagedropin wires.Thevoltagedropin the
â€˜mainpowerwires fromthegenerationsource

10

os

40

79

107 20 No.6

90 20 No.4

88 20 No.12

100 20 No.14

 .00055ohmsift.)(107)(20)=0.942

 00028 ohms/ft.)(90)(20)=0.504

â€˜VD= (0.00202ohms/ft.(88)(20)=3.60

 .00306ohms/ft.)(100)(20)= 6.12

â€˜Table4-3-3.Examplesofdeterminingrequiredtin-platedcopperwire size andcheckingvoltagedropusingFigure4-3-2.



or thebatteryto the busshouldnot exceed2
ppercentof theregulatedvoltagewhenthegen-
trator is carryingratedcurrent or thebattery
is beingdischargedat the 5-minute rate. The
tabulationshownin Table4-32 definesthe
â€˜maximumacceptablevoltagedropin theload
circuits betweenthe busand the utilization
equipmentground.
Resistance, The resistance of the current
return paththroughthe aircraftstructure is

enerally considerednegligible. However,{isisbasedon theassumptionthatadequate
bondingto the structure ora specialelectric
current return pathhasbeenprovidedthat is

Capableof carryingtherequitedelectriccur-

rent with a negligiblevoltagedrop.Todeter
tine circuit resistancecheckthevoltagedrop
across thecircuit I thevollagedropdoesnot
exceedthelimit establishedbytheaircraftor

productmanufacturer,the resistancevalue
Forthe circuit can be consideredsatisfactory
Whencheckinga circuit, the inputvoltage
shouldbe maintainedat a constant value
Tables4-3-9and4-3-4showformulasthatcan

be usedto determineelecrial resistancein

wires andsome typicalexamples,
Dutycycle.Thedutycycleis thetime interval
thatthewiringis carryingcurrent andvoltage.
â€˜Tworatingsare used:intermittentandcontinu-
ous. Anintermittent dutycyclecan bein opera-
tion for a maximum of two minutes,all other
circuitsare consideredcontinuous dutycycles.

ResistanceCalculationMethods

Figure4-32 andFigure4-33 providea con-

venient means of calculatingmaximum wire

lengthfora circuit current.

Valuesin Table4-3-3andTable4-3-4are for

tin-platedcopperconductorwires, Because
the resistance of tin-platedwire is slightlyhigherthan that of nickel-or silver-plated
â€˜wire,maximum run lengthsdeterminedfrom
thesechartsare slightlylessthanthe allow
ablelimits for nickel-or silver-platedcopper
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wire and are thereforesafeto use. Figures
4-3.2and4-3-3can be usedto deriveslightly
longermaximum run lengthsfor silver-or

nickel-platedwires bymultiplyingthe maxi-

â€˜mumrun lengthbythe ratio of resistanceof,

tin-platedwire, divided bythe resistanceof
silver-of nickel-platedwire.

â€˜Asanalternativewayofcheckingresultsfrom

Figure4-32,continuous flow resistancefor a

wire size canbereadfromTable4-3-5andmul-

tipliedbythewire run lengthandthecircuit
current. Intermittentcurrent flow is no more

than two minutes.Forintermittent flow,use

Figure4-3-3,

Voltagedropsfor aluminumwires can be cal-
culatedbymultiplyingthe resistancefor a

givenwire size,definedin Table4-3-6,bythe
wire run lengthandcircuit current,

Whenthe estimatedor measuredconductor
temperature(T;)exceeds20Â°C,suchas in areas

havingelevatedambienttemperaturesor in

fullyloadedpower-feedwires, themaximum

allowablerun length(L3),must be shortened
fromL;(the20Â°Cvalue)usingthe following
formulaforcopperconductorwire:

EX)OMSO+a)

Foraluminumconductorwire, the formulais

as follows:

ese)Baroy
â€˜Theseformulasuse the reciprocalof each
materials temperaturecoefficientof resis-

tance to takeinto account increasedconduc-
tor resistanceresultingfromoperationat ele-
vatedtemperatures.

TodetermineToforwires carrying a high per-

centageof thei currentcarryingcapabilityat
elevatedtemperatures,laboratorytestingusingaloadbankand a high-temperaturechamber
is recommended,Suchtestsshouldbe run at

  
 

 

  

10 No.10 20 39 .00126ohms/ft.)(39)(20)= 0:

os - 195 VD=(0.00126ohms/ft.)(19.5)(20)= 0.366

49 - 156 .00126ohms/t.(156)(20)

70 - 273 = (0.0126ohms/ft.)(273)(20)= 6:

  . Examplesofdeterminingmaximum tin-platedcopperwire size andcheckingvoltagedropusingFigure4
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105Â°C 150Â°C 200Â°C
24 25 4 5 28.40 475

22 3 5 6 16.20 755

20 4 7 9 9.88 1216
18 6 4 2 6.23 1,900
16 7 w 4 481 2,426
4 10 4 18 3.06 3,831
2 B 19 25 2.02 5,874
10 wv 26 32 1.26 9,354
8 38 7 n 0.70 16,983
6 50 76 97 0.44 26,818
4 68 103 133 0.28 42,615
2 95 ai 79 0.18 66,500
1 13 166 210 ons 81,700
o 128 192 243 oa 104,500

00 a7 222 285 0.09 133,000

000 2 262 335 0.07 166,500

0000204 310 395 0.06 210,900      

â€˜Note:Ratingifr 70Â°Cambien,33oF more wiresinthebundleforizes24through10,and9wiresforse8andlarger,withno more than2 percentof
thamescumentcarycapacybelngusedtan operatingaude of6000fee.
[Note2:Forresstanceofsver-of rekeplatedconductors,seewie speciation.   

Table4-3-5.Currentcarryingcapacityandresistanceofcopperwire.

 

 

 

 

 

 

 

 

 

 

Wireconductortemperaturerating

10s'Â¢150 20Â°C

8 30 45 1.093

6 40 oI oa

4 54 2 0427

2 76 m3 0.268

1 90 133 0.214

Â° 102 153 on69

oo Ww v8 0133,

000 138 209 0.109

0000 163 248 0.085      

Table4-3-6. Currentcarryingandresistanceofaluminumwire.
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Figure4-3-4,Singlecopperwire in freeair for26to 10gaugewire.

anticipatedworst-case ambienttemperature
andmaximum current loadingcombinations,

ApproximateT2can beestimatedusingthefol

lowingformula:

Te=Th+ T-TETnad)

Where:

a benttemperature
â€˜Ty= Estimatedconductortemperature
Th â€˜onductortemperaturerating
= Cireutcurent(A= amps)
lax = Maximumallowablecurrent(A=amps)atTz

â€˜Thisformulais quiteconservative and typi-
callyyieldssomewhathigherestimatedtem-

peraturesthan are likelyto be encountered
underactualoperatingconditions.

NOTE:Table4-3-5and4-3-6showsthe
conductorresistanceof aluminumwire

and that of copperwire (twonumbers

higher)are similar.Accordingly,the

30

Currentamperes

electricwire current in Table4-3-5can

be usedwhen you want to substitute
aluminumwire, andthepropersize can

beselectedbyreducingthecopperwire

size bytwo numbersand referringto
â€˜Table4-3-5,Usingan aluminumwire size

smallerthanNo.8 is not recommended.

MethodsforDetermining
CurrentCarrying
CapacityofWires

Thispartcontainsmethodsfor determining
thecurentcarryingcapacityofelectricalwie,
bothasa singlewite in fre air andwhenbur.
dledinto aharness.It presentsderatingfactors
for altitudecorrectionandexamplesshowing
howto use thegraphicalandtabulardatapro-
videdfor thispurpose.In some instancesthe
Wie can becapableof carryingmore current
than is recommendedfor the contactsof the
relatedconnector.In thisinstance,ti thecon-

tact ratingthatdictatesthemaximum current
tobecarriedbya wire. Wiresoflargerga

righneedtobeusedto ft within teSaprangeofconnectorcontactsthatare adequately



300
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difference
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rating
minus
the
amblent.

                                  
450-0 70 8090100 200

Currentamperes

300400

Figure4-3.5.Singlecopperwire n freeair for8to 4/0gaugewire.

ratedforthecurrent beingcarried.Figure4-3-6
givesa familyof curves wherebythe bundle

eratingfactorcan beobtained.

Effectsof heat agingon wire insulation.
Becauseelectricalwire can beinstalledin areas,

â€˜whereinspectionis infrequentover extended

periods,itis necessaryto considerheataging
characteristicsin selectingwire. Resistanceto
heatisofprimaryimportancein selectingwire

for aircraftuse becausei t is thebasicfactorin
wire rating.Wherewire mightberequiredto

operateat highertemperaturesbecauseofhigh
ambienttemperatures,high-currentloadingor

a combinationof the two,selectionshouldbe
â€˜madeon thebasisof satisfactoryperformance
underthemostsevere operatingconditions.

MaximumOperatingTemperature
â€˜Thecurrent that causes a temperature-steady
stateconditionequalto theratedtemperature
of thewire shouldnotbeexceededforobvious,
reasons. Ratedtemperatureof thewire can be
basedon theabilityof eithertheconductoroF

the insulationto withstandcontinuous opera-
tion withoutdegradation.

Singlewire in free air. Determininga wir-

ingsystemscurrent carryingcapacitybegins
with determiningthe maximum current
that a wire can carrywithoutexceedingthe
allowabletemperaturedifference(wirerating
minus ambientÂ°C),Thecurves are basedon

a singlecopperwire in freeair (Figure4-3-4
andFigure43-5).

Wiresin a harness.Whenwires are bundled
into harnesses,thecurrent derivedfor a single
wire mustbereduced,as shownin Figure4-3-6
â€˜Theamountofcurrent deratingis a functionof,
thenumberofwires inthebundleandtheper-
centageofthetotalwire bundlecapacitythatis

beingused.

Harnessataltitude.Becauseheatlossfromthe
bundleis reducedwith increasedaltitude,the
amount of current shouldbe derated.Figure
4-3-7givesa curve wherebythealtitude-derat-
ingfactorcan beobtained.

Bylookingat Figure4-34,i t showswhythe
properratingof individualwiresinabundleisÂ£0important.If onewirebecomesoverheated,
i t can damage significantnumberof other
wires andbundles.

'500 6007006009001,000 
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Aluminum conductorwire. Whenalumi-
hum conductorwire is used,sizes should
be selectedon the basisof current ratings
shownin Table4-3-6,Usingsizes smaller
than #8 is discouraged.Aluminum wire

shouldnot be attachedto enginemounted
accessories or used in areas havingcorro-

sive fumes,severe vibration,mechanical
stresses,or wherethere is a needfor fre-
quentdisconnection.Usingaluminumwire

is alsodiscouragedfor runs of lessthan 3

feet.Terminationhardwareshouldbeof the
typespecificallydesignedfor use with alu-
minum conductorwiring

 

Instructions for Useof
ElectricalWireChart

Correctsize.Toselectthecorrectsize of elec-
trical wire, two majorrequirementsmust be
met

 

 

&

Bundle loading

   emigas  ief   

 
     

 
     

Figure43-6, Bundlederatingcurves.
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1. â€˜Thewire size shouldbesufficientto pre-

ventanexcessivevoltagedropwhilecarry-ingtherequiredcurrent over therequired
distance.SeeTable4-3-2,TabulationChart,forallowablevoltagedrops.

2. Thesize shouldbe sufficientto prevent
overheatingof the wire carryingthe
requiredcurrent.

â€˜Tomeet therequirementsin selectingthecor-

rect wire size usingFigure4-3-2or Figure4-3-
3,thefollowinginformationis necessary:

+ Wirelengthin fet

+ Numberofamperesofcurrenttobecartied.Figure4.3.8,Thsis arunofwirebundlesthatrun thelengthofthefuse-lageina 8-757.Theyareabovethecelngpanelsandthegasper.Notice
thecablerun partiallyenclosedin a plasticguardabovethewiring   â€˜+Allowablevoltagedroppermitted.

â€˜=Requiredcontinuousor intermittent cur-

rent.

â€˜+Estimated,or measured,conductortem-

perature.
Â«=If thewire is to beinstalledin conduitor

bundleor both.
â€˜=If the wire is to be installedas a single

wire in freeair.
Example1:

Findthewire size in Figure4-3-2usingthefol-

lowingknowninformation:

â€˜+Thewirerun is50feetlong,includingthe

groundwire,

â€˜+Thecurrent loadis 20amps.
â€˜Thevoltagesource is 28voltsfromthebus
to theequipment.

â€˜+Thecircuithascontinuousoperation.
Estimatedconductortemperatureis 20Â°C
or less

â€˜Thescaleon the left of the chartrepresents
â€˜maximumwire length(infeet)to preventan

excessive voltagedropfor a specifiedvoltage
source system(eg,MV,28V,115V,200V).This

voltageis identifiedat thetopof scale,andthe

correspondingvoltagedroplimitforcontinuous
â€˜operationatthe bottom.Thescale(slantlines)ontopofthechartrepresentsamperes.Thescaleat
thebottomof thechartrepresentswire gauge.
â€˜Thestepsforfindingthewire size are as follows:

1 Fromtheleftscale,find thewirelength50
feetunderthe28Vsource column.

2, Followthecorrespondinghorizontalline
to therightuntil it intersectstheslanted
lineforthe20-ampload.

3. At thispoint,dropverticallyto thebottom
of thechart.ThevaluefallsbetweenNo.8
andNo.10,Selectthenextlargersize wire

to theright,in thiscase No.8. Thissmall-
estsize wire can beusedwithoutexceed-
ing thevoltagedroplimit expressedat
thebottomof theleft scale.Thisexample
is plottedon thewire chart,Figure4-3.
UseFigure4-3-2for continuous flow and

Figure4-3-3for intermittentflow.

Proceduresin ExampleNo.1 can be usedto
find thewire size foranycontinuousor inter-
mittent operation(maximumtwo minutes)
Voltage(eg.14 volts,28 volts,115volts,200
volts)as indicatedon theleft scaleof thewire

chartin Figure4-3-2and4-3-3,

Example2:

UsingFigure4-3-2,findthewire size requiredto
meettheallowablevoltagedropin Table4-3-2fora wire carryingcurrentatan elevatedconductor
temperatureusingthefollowinginformation:

â€˜Â©Thewire run is 15.5feetlong,including
thegroundwire.

+ Thecircuit current (12)is continuously
20amps.

â€˜Â©Thevoltagesource is 28volts.
â€˜=Thewite typeusedhasa 200Â°Cconductor

ratinganditis intendedto use thisthermal
ratingto minimizethewire gauge.Assume
that themethoddescribedin Table4-31
was usedandtheminimum wire size to

carrytherequiredcurrent is #14,

â€˜+Ambienttemperatureis 50Â°Cunderhot-
testoperatingconditions.

Theproceduresfor findingwire size in this
secondexampleare as follows:

1. â€˜Theestimatedcalculationmethodsout:
lined in Table4-3-1andTable4-3-2can

beusedto determinetheestimatedmaxi-
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â€˜mumcurrent (lay).The#14gaugewire

â€˜mentionedabovecan carrytherequired
current at 50Â°Cambient(allowingforalti
tudeandbundlederating).

A.UseFigure4-3-2to calculatetheImax8
#14gaugewire can carry.

Where:

Tp=estimatedconductortemperature

7,= 50Â°Cambienttemperature
Tq=200Â°Cmaximum conductorratedtemperature

B.Findthetemperaturedifferences(Tq-"T)
(200Â°C- 50Â°C)= 150Â°C.

. Followthe150Â°Ccorrespondinghori
zontallineto intersectwith #14wire size,

dropverticallyandread47ampsat the
bottomof thechart(currentamperes).

D.UseFigure4-3-7.Theleftsideofchart

reads0.91for20,000feet.Multiplybythe

deratingampsfactor:

0.91x 47amps= 42.77amps

UseFigure4-3-6,find the deratefactorfor 8
â€˜wiresin a bundleat 60percent.First,find the
â€˜numberof wires in thebundle() at bottomof

graphand intersect with the60percentcurve

â€˜meet.Readthe deratingfactor,(leftsideof

graph)whichis 016,deratingfactorbyamps.CaculateImax
0.6 x 42.77amps=26amps

â€˜Thisis the maximum current the #14 gaugewirecouldcarryat 50Â°Cambient.

imax= 26amps

â€˜Thisis the maximum run lengthfor size #14
â€˜wirecarrying20ampsfromFigure4-3-2.

Usisstt

2. DeterminetheT,andtheresultantmaxi-

â€˜mumwire lengthwhen the increased
resistanceof thehighertemperaturecon-

ductoris takeninto account.

Te=Th+(Te-THBTTradTp=50Â°C+ (200Â°C-50Â°C)(VZORTZER
Â°C+ (150Â°C)(0.877)
22Â°C

 
 

 
y= OSD
2 G3450)+)

[px2545'9(05.5ft)
2Â°Oa.
Le=9sit

 

â€˜Thesize #14wire, selectedusingthemethods
outlined,is too smallto meet thevoltagedrop
limitsfromFigure4-3-2fora 15.5feetlongwire

3. Selectthenext largerwire (size#12)and
repeatthecalculationsas follows:

â€˜Thisis themaximum run lengthfor 12gauge
wire carrying20ampsfromFigure4-3-2

Ly=2aft

â€˜Thisis themaximum current thesize #12wire

can carryat 50Â°Cambient).Usecalculation
â€˜methodsoutlinedin Table4-3-4

la =37amps
Ty=50'C+(200Â°C- 50Â°)(/20K737A)

50Â°C+ (150Â°C)(540)=131Â°
ye 24S) LY
22450)+(1)

 

 

 
545Â°C) (24) _6,108

2Â°34510)+13'C~366

LyxPESO erg
306

â€˜Theresultantmaximum wire length,after

adjustingdownwardfor the addedresistance
associatedwith runningthewire at a higher
temperature,is 154 feet,whichmeetstheori

nal15.5-footwirerun lengthrequirementwith-

â€˜outexceedingthevoltagedroplimitexpressed
in Figure4.3.2,

 

ComputingCurrent
CarryingCapacity
Example1:

Assumea harness(openor braided),consisting
of 10wires, size #20,200Â°Cratedcopperand
25wires, size #22,200Â°Cratedcopper,will be
installed in an area wherethe ambienttem-

peratureis 60Â°Candtheairplaneis capableof
operatingata 60,000-footaltitude.Circuitanal-
ysisrevealsthat7of the35wires in thebundle
(7/35= 20percent)will becarryingpowercur-

rents nearlyat or up to capacity.Usethe fol-

owingprocedureto computecurrent carrying
capacity:

 

1,Refertotheâ€œsinglewireinfreeaitâ€•curvesin Figure4-3-2,Determinethechangeof
temperatureof thewire to determinefree
air ratings.Becausethewire will bein an

ambientof 60Â°Candratedat 200Â°C,the

changeof to temperatureis 200Â°C- 60Â°C
440Â°C.Followthe 10Â°Ctemperature

differencehorizontallyuntil i t intersects
with wire size line on Figure4-3-2.The



freeair ratingfor size #20 is 21.5amps,
andthefreeair atingfor size #22 is 16.2
amps.

2. Referto the â€œbundlederatingcurvesâ€•
in Figure4-3-6,the 20 percentcurve is

selectedbecausecircuit analysisindicate
that20 percentor lessof thewire in the
harnesswould be carryingpowercur-

rents andlessthan20percentofthebun-
dle capacitywouldbe used.Find35(on
theabscissa)becausethereare 35wires

in the bundleanddeterminea derating
factorof0.52(ontheordinate)fromthe20percentcurve.

3. Deratethesize #22freeairratingbymul-
tiplying16.2by0.52to get84 ampsin-

harnessrating,Deratethesize #20freeair

ratingbymultiplying21.5by0.52to get
11.2ampsin-harnessrating

4, Referto the â€œaltitudederatingcurveâ€•of

Figure4-327,look for 60,000feet(onthe
abscissa)becausethat is the altitudeat
â€˜hichtheairplanewill beoperating.Note
thatthewire must bederatedbya factor
00.79 (foundon theordinate).Deratethe
size #22hamessratingbymultiplying84ampsby0.79to get6 amps.Deratethe
size #20harnessratingbymultiplying11.2ampsby0.79toget&8amps.

5. To find the totalharnesscapacity,mul-

tiplythe totalnumberof size #22wires

bythe deratedcapacity(25x 66 = 1650

amps)and add to that the numberof
size #20wires multipliedbythederated
capacity (10x88= 88amps)andmultipthesumbythe20percentharnesscapac-
ityfactor.Thus,thetotalharnesscapacity
is (165.0+88.0)x 0.20= 50.6amps.It has
beendeterminedthat the total harness
current shouldnot exceed50.6amps,size

#22 wire shouldnot carrymore than66
amps,andsize #20wire shouldnot carry
â€˜morethan8.8amps.

6. Determinethe actualcircuit current for
eachwire in thebundleandfor thewhole
bundle.If thevaluescalculatedin step#5
are exceeded,selectthe next largersize

wire andrepeatthecalculations.

Example2:

Assumea harness(openor braided),consisting
of 12,size #12,200Â°Cratedcopperwires, will
beoperatedin an ambientof 25Â°Cat sea level,
and60Â°Cat a 20,000-footaltitude.All 12wires

will be operatedat or near their maximum

capacity.Usethefollowingprocedure:
1. Referto the â€œsinglewire in free airâ€•

curve in Figure4-3-2,determinethe
temperature differenceof the wire todeterminefreeair ratings.Becausethe
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wirewillbein ambientof25Â°Cand60Â°C
and is ratedat 200Â°C,the temperature
differencesare 200Â°C- 25Â°C= 175Â°C
and200Â°C- 60Â°C= 140Â°Crespectively.
Follow the 175Â°Cand the 140Â°Ctem-

peraturedifferencelineson Figure4-3-5
until eachintersects wire size line,the
freeair ratingsof size #12 are 68 amps
and61amps,respectively.

2. Referto theâ€œbundlingderatingcurvesâ€™
in Figure4-3-6,the 100percentcurve is

selectedbecausewe know all 12 wires

will becarryingfull load.Find12(onthe
abscissa)becausethereare 12wires in the
bundleanddetermineaderatingfactorof
(0.43(ontheordinate)fromthe100percent

3. Deratethesize #12freeairratingsbymul-

tiplying68 ampsand61ampsby0.43to

get29.2ampsand26.2amps,respectively.
4. Referto the â€œaltitudederatingcurveâ€•of

Figure4-3-7,lookfor sea leveland20,000
feet(ontheabscissa)becausetheseare the
conditionsat whichtheloadwill becar-

tied.Thewire mustbederatedbya factor
of 10and091,respectively.

5, Deratethesize #12 in bundleratingsby
multiplying29.2ampsatsea leveland26.ampsat20,000feetby1.0and 091,respec-
tively,to obtain29.2ampsand23.8amps.
â€˜Thetotalbundlecapacityat sea leveland

25Â°Cambientis 29.2x 12= 350.4amps.At
20,000feetand60Â°Cambientthebundle
capacityis 23.8x 12 = 2856 amps.Each
size #12 wire can carry29.2ampsat sea

level,25Â°Cambientor 23.8ampsat 20,000
feet,and60Â°Cambient,

6. Determinethe actualcircuit current for
eachwire in thebundleandfor thebun-
dle.If thevaluescalculatedin Step#5are

exceeded,selectthenext largersize wire

andrepeatthecalculations.

IdentifyingWireandCable
Aircraftelectricalsystemwiringandcablecan

bemarkedwith a combinationof letters,num-

bers,andcolorsto identifythewire, thecircuit

itbelongsto,thegaugenumber,andotherinfor-
â€˜mationnecessaryto relatethewire or cableto a

wiringdiagram.Suchmarkingsare calledthe
identificationcode.Unfortunately,aircraftman-

ufacturersdonot adhereto a common standard

procedureformarkingand identifyingwiring
to simplifythetask.Rather,eachmanufacturer

usuallydevelopsits ownâ€™identificationcode

roughlyfollowingAir TransportAssociation
of America(ATA)systemnamingconventions.

Figure4-39 illustratesthebacksideof an avi-

nics bayin an aieliner.Its aclassicexampleofwhywire numberingis so important.
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(Onesuchidentificationpractice(Figure4-3-10)
showsa markingandspacingthat is represen-
tative ofatypicalwire markingin an auto-pilot
system.Thenumber22inthecoderefersto the
systemin whichthewire is installed,ie, the
autoflightsystem.Thenext set of numbers,
0.013,is thewire number,andthe 18indicates
thewiresize.
â€˜Alletteror groupoflettersandnumbersadded
to the basicidentificationnumbertypically
identifiesothersystemcomponents,suchas

plugsandjacks.Theselettersandnumbers,in

some cases,indicatethe physicallocationof
thecomponentin thesystem.Interconnected

cablesarealsomarkedin some systemsto indi-
cate location,propertermination,anduse.

Toensure visibilityandto be legible,thesize

and color of the markingstampedon the
insulationshouldcontrast with theinsulation
color.For example,blackstampingshouldbe
usedwith light-coloredbackgrounds,or white
stampingon dark-coloredbackgrounds.

  

Wiresareusuallymarkedatintervalsofnotmorethan15 incheslengthwiseandwithin3 inchesof
eachjunctionor terminatingpoint.Figure4-310
showswire identificationataterminalblock.

 

â€˜Analternativemeans of identificationis fre-
quentlyusedwith coaxialcableand wires at
terminalblocksandjunctionboxes.Theiden-
tificationconsistsof a markingor stampinga

Figure4-3-9,Withoutaccuratelynumberedwires,itwouldbeallbutimpos- wiringsleeveratherthanthewireitself. flex-
sibleto maintainthesesystems. iblevinylsleeving,eitherclearor whiteopaque,

iscommonlyusedforgeneralpurposewiringâ€” =

.
â€˜orhigh-temperatureapplications,silicone rub-

~22.013-18-beror siliconefiberglassslevingis recommended.
Whereresistanceto synthetichydraulicfluids
or othersolventsis necessary,clearor white

â€” â€˜opaquenylonsleevingcan beused.

 
Thepreferredmethodis usuallyan identifi
cation markingstampeddirectlyon thewire

(insulation)or on the sleeving;severalother

sate. methodsare alsoused.Figure43-11 shows
a pieceof whiteshrink tubingwith thewire

â€˜numberstampedon it beforebeinginstalled.

â€” ? WiringInstallationand
Routing

saanznSeveralrecommendedproceduresare usedfor
. installingaircraftelectricalwiring It is useful

todiscussanddefinethevarious typesofwire/
cableinstallationsandproceduresin common

terms. Thefollowingare common terms and
descriptions:

"

+ Openwiring.Openwiring is anywire,es wire group,or wire bundlenot enclosed
Figure4-3-10.Typicalwire markingsin an auto-pilotsystem. ina conduit
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â€˜+Wiregroup.Awiregroupis two or more

wires goingto the same locationand

physicallytied togetherto retain their
groupidentity(Figure4-3-12).

+ Wire bundle.A wire bundle is two or

more wire groupstied togetherbecause

theyare goingin thesame directionat the
pointwherethetie is.

+ Electricallyprotectedwiring.Electrically
protectedwiringare wires that include
fin the cizcuit)protectionagainstover-

loading,suchas fuses,circuit breakers,oF

otherlimitingdevices    + Electricallyunprotectedwiring.
Electricallyunprotectedwiringare wires

or largecables(generallyfromgenerators
to main busdistributionpoints)thatdo
not haveprotection,suchas fuses,cir

Cait breakers,or othercurrent-limitingdevices uncle te Groupte undle te

Figure4-3-11.A numberedsleevemadefromshrinktubing.

â€˜heprocticeof groupingoF bundlingsome | | |
writ shouldbeavoidedin cases sucha elec

Traulyunprotectedpowerwiringandwiring
goingto dupliateequipmentot components
thatare vital or relatedfo safetyof fight.The
ractceofequippingaircaft with duplicatedEquipmentsuchasseveraelecricalypoweredFigufe43-12,Groupsofwiresforspecificults ae frequentlybundled,

Injdraulicpumpsis knownas redundancyand thenincudedin main bundle,
is meand of continuedsaeightoperationif
one vial systemfils Forexample,grouping
OrbundlingVHP#1andVHE#2wiringcould Twistthewire so thattheylie snuglyagainst
resultinthe lssofbothradiosf enoughdam- eachother,makingapproximatelythe nme

ageoocuredin thebundlecarryingwiringfor berof twists perfootss shownin Table4-37,
bothradios.This,ofcourse,woulddefeatthe Alwayscheckwie insulationfordamageafer

purposeofredundancyandshouldbeavoided.twisting.Ifthe insulationfs torn orfrayed,
replacethewire.

In general,wire bundlesshouldcontain las
than 73wires ot measure 15 to 2 inchesin Radiusof bends.Theradiusof bendsin wire

diameter"where practicableWhenseveral groupeor bundlesshouldbenot les than10
â€˜wiresare groupedat junctionbotes,terminal fimes theoutsidediameterofthe wire group
blocks,pares,andsuch,identityofthe group or bundle.Howeveraf terminalstrips,where
ina bundlecanberetained. wire is suitablysupportedat eachendof the

bend,@ minimum radiusof threetimes the
Twistedwire, Severalwires runningparal-outsidediameterof thewire, or wire bundle,
lel to one anothercan be twistedtogetheris normallyacceptable.Ofcourse,exceptionstouniformlywhenspecifiedon theengineering theseguidelinesare allowedin thecase of cer-

drawing,usuallyto mitigateelectromagnetictain typesof cable;for example,coaxialcable
interferenceordistortionofanelectricalsignal.shouldnever bebentto a smallerradiusthan
â€˜Themostcommon examplesare wiringnear a 10times theoutsidediameter.
magneticcompassor flux valve,three-phase

      
 

distributionwiring,andradiowiringasspeci-Wire splicespacing.Splicedconnectionsin

fiedonengineeringdrawings. wire groupsor bundlesshouldbe locatedso

#22 Â«#20 # # #8 #4

2wires | 10 10 9 8 78 7 65 6 5 4

3wires | 10 10 as 7 65 6 55 5 4 3

Table4.  7Twistingwires togetherhelpsto reducetheelectromagneticinterference.
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thattheycan beeasilyinspectedwhentrouble-

shootinga wiringproblem.Splicesmust also
be staggered(Figure4-3-13)to preventthe
bundle frombecomingexcessivelyenlarged.
Splicesthatare not selt-insulatedmustbecov

eS
Figure 4-3-13.Whenseveralsplicesare necessaryat one locationstagger
â€˜themas indicated.

 
Figure4-3-14,Somewire slackhelpsfuturemaintenancetasks.

Angle
bracketwith
two point
fastening

Approvedgrommet   
Clearance
V/4inchminimum

Figure4-3-15.Two methodsofrunningwire throughformerlighteningholes.

eredwith plasticor some othersuitableinsu-

lationmaterialandsecurelytiedat bothends.
â€˜Thereshouldno more thanone splicebetween
two terminalson anyonecable.
Bundleslack(sag).Thewire run or bundle
shouldnot be undulytaut;nor shouldi t be

excessivelyslack.A suitableamount of slack
betweenwire/cablesupportsnormallydoes
not exceeda maximum of 0.5 inchdeflection
with normalhandforce.Slightlymore slack
canbeacceptableif thewire bundleisthinand
theclampsare farapartbutshouldnever beso
greatthatthewire bundlecouldchafeagainst
any surface.Theproperamount of slackis

importantneareachendof thewirebundlefor
severalreasons. Figure43-14showsslackin a

wire bundle.

Enoughslackallowsthetechnicianto accom-

plishothermaintenancetaskson equipment
near thewire bundle,especiallywhenconnec-

tors must be disconnectedand reconnected.
Slackalsomakesi t easier to replaceterminals,
withoutresultingin wires too shortto be re-

connected.Enoughslackhelpsto prevent
â€˜mechanicalstrain on thewires, wire junctions,
andsupportspermitsfreemovement of shock
andvibration-mountedequipment.

Wiringshouldbe routed,eitherparallelwith
or at rightanglesto,theairframestringersor

ribswheneverpracticable.An exceptionto this
rule is coaxialcable,whichis generallyrouted
as directlyas possibleto avoidsignaldistortion
andminimizeline loss

Wirebundlesmust beadequatelysupported
throughouttheirlengthwith a sulficientnum-

berof supportsto keepunsupportedlengths
shortand minimize vibration.Severalfactors
â€˜mustbeconsideredfortheprotectionof wires,
cables,wire groups,and wire bundleswhen

decidingwhereto route them:

â€˜+Exposureto chafingor abrasion
â€˜+Exposureto hightemperatures
â€˜=Locationsthatwouldencouragetheiruse

ashandholdsorsupportsforcargoor per-
sonalitems

â€˜+Possibledamagecausedbypersonnel
â€˜movingwithin theaircraft

+ Possibledamagefromcargo stowageor

Foe
dames rgo stowag.

â€˜+Possibledamagefrombatteryacidfumes,
spray,or spillage

â€˜+Possibledamagefromsolventsandfluids

 

Chafingandabrasion.Wires,cables,andbun-
desmustbeinstalledin sucha waythatpos-
siblechafingor abrasionis preventedwhere



contact with sharpsurfaces,controlcables,
or otherwires woulddamagethe insulation.
Insulationdamagecan leadto shortcircuits,
â€˜malfunctionsor intermittent operationofelec-
trical loads,or inadvertentoperationof equip-
â€˜ment.Directshortcircuits to airframeground
can cause firesonboardthe aircraft,a criti
calandpotentiallydeadlyproblemin flight.
Insulatedcableclampssuchas the popular
â€˜Adelclampshouldbe usedto supportwire

bundles,especiallywherethe wiringpasses
throughholesin a rib,stringeror bulkhead.In
addition,anywire thatliescloserthana quar-
ter inchto theedgeof theholerequiresthata

suitablegrommetbeinstalledto linetheedges
of thehole(Figure4-315).
Wheninstallingnylonor rubbergrommets,
the taskis sometimesmadeeasier bycutting
thegrommetfirst.Thecut shouldbe madeat
an angleof 45Â°to theaxis of thewire bundle
hole.Positionthecut at thetopof theholeand

securethegrommetin placewith an approved,
generalpurposeadhesive.

Hightemperatureenvironments.Unlessnec-

essary,wiringshouldberoutedoutsideareas

in theairframethatare subjectedto hightem-

peratures.Suchairframe locationsinclude
exhauststacksandspacescontainingengine
bleedair ducts.In addition,wiringshouldnot
touchorbe adjacentto high-temperaturecom-

ponentssuchas largepowerresistorsthatdis-
Sipatea lot of heat.Failureto heedthesetips
could resultin deteriorationor meltingof cer-

tain typesof insulation.Thedistancebetween
wiringandthesecomponentsis normallyspec-
iffedbyengineeringdrawings.
In cases wherewiringmustberoutedthrough
hot areas,wiringwith a specialinsulating
â€˜materialmust be used.Somematerialsthat
withstandhightemperaturesincludeasbes-
tos,fiberglass,andTeflonor Teflonderivatives.
â€˜Additionalprotectionin the formof conduits
couldalsobe required.Commonsense man-

datesthatwiringrepairsin hot areas must be
accomplishedwith the same or otherequiva-
lenthigh-temperatureresistantmaterials.

If coaxialcablesmust be run throughhigh-
temperatureareasof theairframe,becertainto
tuse onlythosetypesof coax thatare approved
for suchenvironments. Most typesof coax

havesoftplasticinsulation,suchas polyethyl-
ene,whichis especiallysubjectto deformation
and deteriorationat elevatedtemperatures.
â€˜Allhigh-temperatureareas shouldbeavoided
when installingthesecablesinsulatedwith

plasticor polyethylene.
Protectionagainstsolventsandfluids.A good
Generalrule for preventingdamageto wit-

ingcausedbysolventsor othercorrosive flu-
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idssuchas Skydrolis to avoidinstallationsin
areas thattendto collectsuchfluids.Onesuch
area is typicallythelowestfour inchesof the
aircraftfuselage.Someelectricalsystems,how:
ever, dependon wiringconnectionsor termi-
nationofwiresinsuchareas, In suchacase,the
possibilityof anywire becomingsoakedwith
fluidsmustbe considered,andplastictubing
shouldbeusedto protectthewire. Thistubing
shouldextendpasttheexposurearea in both
directionsandtiedat eachend.If thewire has
a lowpointbetweenthetubingends,provide
an eighth-inchdrainhole,as shownin Figure
43-16.Thisholeshouldbepunchedinto the

tubingafter the installationis completeand
thelowpointdefinitelyestablishedbyusinga
holepunchto cut a half circle.Becarefulnot
to damageany wires insidethe tubingwhen
usingthepunch,
Nowiringshouldever beroutedbelowan ait-

craftbattery.All wires andcablesnear an ait-

craftbatteryshouldbe inspectedfrequently.
Anyevidenceof insulationdiscolorationis rea-

son forwiringreplacement,
Wheelwellarea, Thewheelwellarea in retract
ablegearaircraftis perhapsthemost difficult
area for ensuringthesafetyof wiringinstal-
lations.Wiringhazardsincludeexposureto

hydraulicfluids,possiblepinching,andsevere

flexingcausedbylandinggearretractionand
extension,andheatgivenoff fromhot wheel
brakes.Wheneverpossible,allwiringshouldbe
in conduit.Forwiresthatflexthemostcommon

formof protectionincludessleevesof flexible

tubingsecurelyheldat eachend.Thereshould
beno relativemovementat pointswherepro-
tective flexibletubingis secured.

Wheelwell wiringand its insulatingtubing
shouldbecarefullyinspectedfrequently(usu-

A drainagehole 1/8inchdlameterat lowest
pointin tubing.
Makethe holeafter installationIscomplete
andlowestpointisfirmlyestablished.

Figure4-3-16.Anytimewire is routedthroughflexible(ornon flexible)
tubingthathasa lowspot,a waterdrainholemustbeprovided.
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 Figure4-3-17.A methodof placingan Adelclampon tubing,

 
externalteeth

allydeterminedbythemaintenance program.
underwhichtheaircraftis certified),andany
â€˜wiresor tubingshowingsignsof wear, dete-
Fioration,or chafingshouldbe replaced.In
addition,ensure thatthereis no strain on wir-

ingattachmentswhenlandinggearstrut parts
are fullyextended,but neithershouldslackbe

Miscellaneousroutingprecautions.Installa-
tions that requirewire bundlesto be routed
parallelto combustiblefluid or oxygenlines
shouldhaveas muchfixedseparationas pos-
sibledesignedinto therouting.Wirebundles
shouldbeona levelwith,or above,theplumb-
inglines.Wiringclampsshouldbespacedclose
â€˜enoughtogetherthata wirebrokenat a clamp
doesnot contact a plumbinglineandcreatea

shortcircuit or fire hazard.In cases whereat
leastsix inchesof separationis not possible,
youcan clampthewirebundleandtheplumb-
ing line to thesame structure to preventany
relativemotion. If theseparationis lessthan

J
Cableclamp Cableclamp

Screw

\ oat washer

split

â€˜twoinchesbutmorethanone-halfinch,a poly-
ethylenesleevecan be installedover thewire

bundleto givefurtherprotection.

Anothermethodthatcan beusedto maintain
a rigidseparationis shownin Figure4-3-17,
Thisclamparrangementis not considereda
wire bundlesupportbut merelya means for
maintainingsafeseparation.A wire should
never beroutednearer thanone-halfinch to
a plumbingline,and a plumbingline that
carries flammablefluids or oxygencannot
ever beusedas a supportfor wires or a wire

bundle,

It is goodpracticeto maintain a minimum

clearanceof at leastthreeinchesbetweencon-

trol cablesandwiring. In cases wherethis is,

not possible,mechanicalguardsshouldbe
installedto preventcontact betweenwiring
andcontrolcables,

Cableclampinstallation,Figure4-3-18shows
the correct hardwareto use for attachingan

â€˜Adelclamp.Figure4-3-19showsthe proper
techniquefor installingcableclamps.The
mountingscrew shouldbe abovethe wire

bundlewheneverpossible.It is alsodesirable
thatthelongstraightbackportionof thecable
clamprestagainsta structuralmemberwhere
practicable.
Whenassemblingthewirebundlesandinstall-
ingcableclamps,takecare to selecttheproper
size clampto avoidpinchinganywiring and
damagingthe insulation,Aâ€™clamptoo large
doesnot providethenecessarysupport,anda

clamptoosmalldamagesthewiring.

â€˜Adelclampsarewidelyusedandareavailable
with a rubberinserts to cushionthewire bun-

dlesandpreventdamageto tubularstructuresas shownin Figure4-3-20.Suchclampsmustfit
tightlybutshouldnotbecomedeformedwhen
themountinghardwareistightenedin place.

Cablecamp.

ee
[Nutself-locking:

Figure43-18.Althoughelasticstopnutsare theprincipallock,splitandstarlockwashersandplainnutscan alsobeused.
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My4Dangerousangles

Figure4-3-19,Dosanddon'tsforAdelclampinstallation

Conduit.Conduitis the term usedto describe
a protectivetubularcoveringin whichaircraft
Wiringis routedfromone pointto another.It
providesmechanicalprotectionof wires and
cables,can bemadefrommetallicor nonmetal-
lic material,andcan beeitherrigidor flexible,
dependingon theaircraftapplication.

Determiningtheproperconduitsize for a wire

bundleorcablerequiresseveralconsiderations.â€˜Toallowforease in maintenanceandpossible
future circuit expansion,the conduit inner

diametershouldbeapproximately25 percent
largerthantheanticipatedmaximum diameter
of theconductorbundle.Thenominaldiameter
of a rigidmetallicconduitis normallytheout-
sidediameter(O.D.),so theinsidediameter(1.D.)
is obtainedbysubtractingan amount equalto
twice theconduitwall thickness.

Wheneverconductorsre run throughconduit,
theyare susceptibleto abrasiondamagewhere
theyenterandexit theconduit,Therefore,con-

duitendfittingsareattachedin suchamanner

that theconductorscontactonlysmoothsus-

faces.It is rare,but whenfittingsare not used,
the conduitend shouldbe flared to prevent
damageto theconductorinsulationor internal
wiring,

Conduitis usuallyinstalledwithclampsalongthe conduitrun to providesupportand limit
movement. You shouldbe aware of several
common conduitinstallationhazardsandtake
stepsto avoidthoseproblemsbykeepingthe

followingdetailsin mind:

â€˜+Beforeplacingconductorsin a conduit,
drill fewdrainholesin theconduitat the
lowestpointof theconduitrun. Carefully

removeanydrilingburt fom thedain

sateangles

Anglehaber
â€”â€”

Correct

Anglebrathet

Wires
pinched
incamp 

 
â€”)

â€˜ZMember

Figure4-3-20.Goodandbadmethodsof locatingandinstallingAde!
clampsandacceptablemountinghardware.



Figure4-3-21.ShieldedRFcablethatwillconnectto groundthroughthe
connector.

Figure 4-3-22.Abondingstrapon an installedflap.
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* Do not install conduitwhereuse as a

handholdot footstepwouldbelikely.
+ Useenoughclampsof therightsize to

supporttheconduitandpreventchafing,
againsttheairframestructure. Payatten-
tion to theconduitendfittings,ensuring
adequatesupportandmakingsure that
conductorbundletensiondoesnot place
excessive stresson theendfittings.

+ Repairdamagedconduitsectionsbefore

damageoccurs to theconductorswithin,
â€˜Adhereto acceptabletubebendradii for

rigidconduitas prescribedbythemanu-

facturerâ€™sinstructions and rejectkinked
â€˜orwrinkledbendsin rigidconduit,

Whenthreadingwires in conduit,it can bedif
ficulttogeta bundlepulledthrough.Powdered
soapstoneof tire talcumblownthroughthe
conduitfirstmakesit mucheasier to pullthe

Flexiblealuminumbraidconduitis commonly
producedin eithera bareflexibledesignor a

rubber-coveredstyle.Systemwiringthatneeds
protectionfromradiointerferencecan benefit
fromusingflexiblebrassconduit.In general,

   

flexibleconduitcan beusedwhereitis imprac-
tical to use rigidconduit,suchas areas that
havemotion betweenconduitendsor where
complexbendsarenecessary.If flexibleconduit
â€˜mustbecut to a certainlength,useatechnique
recommendedto minimize frayingofthebraid
whencuttingdesiredlengthswith a hacksaw.
(Onesuchtechniqueconsistsof wrappingthe
flexibleconduitwith ducttapeor some other
typeof adhesivetapeover thearea wherethe
cutmustbemade.

Shielding.The braidedshieldof a shielded
conductoris commonlyconnectedto airframe

groundon eachendof theshieldedcablerun.

â€˜Thisprovidesa pathto groundforanyelectro-
â€˜magneticinterferencethatcouldbeintroduced
into thecenterconductor.Figure43-21shows
shieldedradiofrequency(RF)cable.In thisman-

ner,extraneousvoltagesare drainedandare not
â€˜aproblemto the centerconductorvoltageand
current. In additionto groundingtheshield,i t
is alwaysadvisableto avoidplacinglowvoltage
signalwiringin thesameconduitor bundlethat
carties powermains,relaycoildrives,relaycon-

tactleads,orotherhighlevelvoltagesorcurrents.

Engineignitionnoise (static)hastraditionally
plaguedaircraft communication systemsin

reciprocatingengineaircraftandthecomplete
shroudingof theenginein a metalcowlwith
a metalfirewallbetweentheengineandradio
installationhasnot altogethereliminatedaudi-
blestatic.Byshieldingtheactualsource,most
â€˜unwantedsignalscan besuppressed,so high
tension wires shouldbe shieldedwith wire

braid,sparkplugsjacketedin metal,andthe
â€˜magnetoshousedin a metalcase. Theshields
cn all theseare groundedto theengineblock.
â€˜Anadditionalmeasure of preventionis typi-
callyaddedbyplacingtheradioantennasome

distancefromtheengineandconnectingthe
antenna to the radiowith a shieldedcoaxial
cable,groundingitsouter braidat eachend.

Bondingandgrounding.Bondingis the term
usedto describethetaskof connectingmetal
objects,wiring,or other conductivemateri-
alsin sucha waythatelectricalenergyis eas-

ilytransferredwith a minimum of resistance.

Groundingis theterm usedtodescribethetask
of connectingmetalobjects,wiring,or other
conductivematerialsto the aircraftprimary
structure in sucha waythata return pathfor
electricalcurrent is established,completingthe
circuit. An aircraftprimarystructure includes
the spars,stringers,ribs,andotherstructural
â€˜membersthatformthefuselageor wingstruc-
ture oftheaircraftandis commonlyreferredto
as airframeground(Figure4-3-22)

â€˜Manybondingandgroundingconnectionsare

â€˜madein all aitcraftelectricalsystemsfor sev-

eralpurposes:



â€˜=Protectaircraft and personnelagainst
hazardsfromlightningdischarge.

â€˜+Provideelectricalcurrent return paths.
â€˜+Reducethegenerationof RFelectromag-

netic voltages.
= Provideaddedprotectionto personnel

againstelectricalshockhazards.
â€˜=Improveoverallqualityandstabilityof

radiotransmissionandreception.
â€˜=Preventaccumulationsof electrostatic

chargesbetweentwo conductivesurfaces.
Follow each aircraftâ€™manufacturer'sstan-
dard practicesfor bondingand grounding
techniqueswhereprovided.WhenspecificoF

detailedstandardpracticesare not provided,
use the followingrecommendedgeneralpro-
ceduresandprecautionsto makebondingor

groundingconnections:

â€˜=Bondor groundequipmentcases to the
primaryaircraftstructure wherepracti-
cable.

â€˜+Ensurethatbondingor groundingpro-
ceduresweakensno partof the aircraft
structure.

â€˜+Bondpartsindividuallywherepossible.
â€˜+Makebondingor groundingconnections

againstsmooth,cleansurfaces.

â€˜+Makebondingor groundingconnections
in sucha waythat the connection does
not breakof loosenbecauseof vibration,
expansionand contraction (causedby
heatingandcoolingof metalsurfaces)or

relativemovement in normalservice.

â€˜+Makebondingand groundingconnec-

tions in protectedareas of the primary
airframestructure wheneverpossible.

â€˜+Bondingjumpersshouldbekeptas short
as practicable.

â€˜+Bondingjumperinstallationsshouldnot
interferewith theoperationof movable
aircraft assembliesor controlsurfaces.
Furthermore,normalmovement of ait-

craft assembliessuchas landinggear,
controlsurfacesand doorsshouldnot
resultin damageto thebondingjumper.

Bondingandgroundingconnectionsare sus-

ceptibleto deteriorationcausedbyelectro-
lyticaction unlessprecautionaryâ€˜measures

are taken. Corrosioncan developrapidly,
especiallyin operationalenvironments near

â€˜warmcoastalareas. Saltwater actsas an elec-
trolyteandacceleratesoxidationof the met-
alsat theconnection,especiallyif dissimilar
â€˜metalsare in contact with one another.Left
unchecked,corrosion causes the electrical
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Figure4-3-24.Groundinga studto a flatsurface.

 Figure4-3-25.Thisavionics bayshowswell-lacedwire bundlesthatalso
haveenoughslackto allowwire maintenance.

qualitiesof a bondedor groundedconnec-

tion to develophighresistanceandpoorcon-

nectivity.

Aluminumalloyjumpersare recommended
for most connections;however,copperjump-
ers can beusedto bondtogetherpartsmadeof
stainlesssteel,cadmium-platedsteel,copper,
brassor bronze.Wherecontact betweendis-
similarmetalscannot beavoided,jumperand
hardwarematerialcombinationsshouldbe
chosenwhichminimize potentialcorrosion. In
all cases,thepartmostlikelyto corrodeshould
be the jumperor associatedhardwarerather
thanthe airframe.Figure4-3-23 illustratesa
fewrecommendedhardwarecombinationsfor
makingbondingconnections.

At locationswherefinishesareremoved,apply
protective finish.Onesuchmethodistoanod-
ize thearea with productssuchas Alumiprep
andAlodyne.Thisproceduregreatlyreduces
corrosion tendenciesat the completedcon- 

 

nection. Alodyneis a chromicacidconversion

processthatleavesa corrosion-resistantfilm on.

aluminumsurfaces,

Usingsolder to attach bondingjumpers
shouldbeavoidedbecausethesolderingpro-
cess actuallycreatesconditionsfavorablefor
developingcorrosion. Wheretubular struc-
turalmembersneedto bebonded,use clamps
to whicha jumperis attached.Clampmaterial
shouldbeSelectedthat minimizes theproba-
bilityof corrosion. Inaddition,bondingjump-
ers thatcarrya substantialamount of ground
returncurrentshouldbelargeenoughto meet
the requiredcurrent ratingwith a negligible
voltagedrop.
Severaltypesof bondingandgroundingcon-

nections are commonlyusedon flatsurfaces,
usuallybymeans of through-boltsor screws

wherethereis easyaccess for installation.One
variation on boltedconnections involvesmak-
{nga studconnection wherea boltor screw is

lockedsecurelyto the structure, thusbecom-
ing a stud(Figure4-3-24)Groundingo bond-
{ngjumperscan thenberemovedoF addedto
theshankof thestud(bolt)withoutremoving
thestudfromthestructure.

In locationswhereaccess to thenut for repairs
â€˜wouldbedifficult,a nut platecan beinstalled.
[Nutplatesarerivetedor weldedtoacleanareaof thestructure

If bondingor groundingconnections are

madeto a tabrivetedto a structure,it is very
importantto cleanthebondingor grounding
surfaceandmakethe connection as through
it were beingmadeto thestructure. If thetab
is removedlater,therivets shouldbereplaced
with rivets one size larger,andthematingsur-

facesof the structure and the tab shouldbe
leanedagainto ensure thatall corrosion, dirt,
andoldanodicfilm are removed.

Bondingor groundingconnectionscan bemade
to aluminumalloy,magnesium,or corrosion-

resistant steeltubular structure,but exercise

caution to distributethescrew andnut pressure
bymeans of plainwashersbecauseof theease,
with whichaluminumcan bedeformed.

Hardwareusedto makebondingor ground-
ing connections shouldbe selectedaccording
to mechanicalstrength,current to be carried,
andease of installation.If aluminumor copper
jumpersmakeconnection to thestructure of a

dissimilarmaterial,awasherof suitablemate-
rial shouldbe installedbetweenthe dissimi-
lar metalsso thatany corrosion occurs on the
â€˜washer,whichis expendable.Whenrepairingor

replacingexistingbondingor groundingcon-

nections,thesametypeofhardwareusedin the
originalconnectionshouldalwaysbeused,

 



â€˜Theresistanceof all bondandgroundconnec-

tions shouldbe testedafter connections are

â€˜madebeforerefinishing.Theresistanceof each
connectionshouldnormallynot exceed0.003
â€˜ohm,Resistancemeasurementsneedto beof
limitednatureonlyforverifyingthatthebond
exists,but i t shouldnot beconsideredas the
soleproofof satisfactorybonding.Thelength
Ofjumpers,methodsandmaterialsused,and
thepossibilityof looseningtheconnectionsin
service shouldbeconsidered.

Lacing,Tying,andBundling
In addition to clampsandconduit,virtually
every aircraftwiringinstallationis secured
with cableties orlacingcord,usingtechniques
Knownas lacing,tying,andbundling.
Lacing.Lacingisthesecuringtogetherofagroup
â€˜orbundleofwires bya continuouspieceofcordformingloopsat regularintervalsaroundthe
groupof bundle.Onlyone ofthemostcommon

â€˜methodsis shownin Figure4-3-26B,Forexten-
sive informationon thecordlacingprocedure,
see Chapter7ofFAAAC43.13-1B,

â€˜Tying.Tyingis the procedureof securing

togetheragroupor bundleofwiresbyindivid-
ual tiesplacedaroundthegroupor bundleat

regularintervals.Todaythepreferredmethod
is to use nylonwire ties;in the pastlacing
cordor ribstitchingcordwas common. Lacing
cordis typicallymadeof blackor whitemulti-
strand,waxednylonin a narrow flat ribbon
form,Nyloncordis usedbecauseitis moisture
andfungusresistant.

Wirebundle.A wirebundleis composedof two

â€˜ormorewires orgroupstiedor lacedtogetherto
forma secure,neat,andefficientwiringinstal-
lation,and to facilitatemaintenance.Figure
43.25showswell-lacedavionics bundles.

Wiregroupsandbundlesare lacedor tiedwith
cordSo theyare easyto install,maintain,and
inspect.
â€˜Awiregroupdefinestwo or more wires tied or

lacedtogetherthatare all partof one electrical
system,suchas strobelighting,electricflaps,or

radaraltimeter.It is common practiceto te all
â€˜wiregroupsor bundleswheretheclamps/sup-
portsare more than12inchesapart.Figure4-3-
26illustratesa standardrecommendedproce-
durefor tyinga wire groupor bundle,which
youwill encounter in virtuallyeveryaircraft
â€˜wiringinstallation.Startthe tie bywrapping
thelacingcordaroundthewire groupto form
a clovehitchknot(Figure4-3-26A).Next,tie a

squareknot with an extra loopandtrim the
freeendsof thecord.Thelacingis thencontin-
uedat regularintervalswith halfhitchesalong

ElectricalSystems| 4-57

the wire groupor bundle(Figure43-268)
andat eachpointwherea wire or wire group
branchesoff to an electricaldeviceor connec-

tion. Thehalfhitchesshouldbespacedto make
thebundleneatandsecure.

You can, on occasion,maketemporaryties

usingcoloredcordto fabricatea wire group
or bundleon a workbenchor hangarfloor for
installationin theaircraftlater.

â€˜Arecommendedprocedurefor tyinga wire

groupthatbranchesoff themain wire bundle
is shownin Figure4-3-27.Thebranch-offtie
is on themain bundlejustpastthebranch-off

 Figure4-3-26.(A)Aclovehitchis usedasa start
knot,(B)Awiringbundlelacedwithcord.

   Figure4-3-27.Tyingoff awire branch.
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point.Continuethelacingalongthebranched-
â€˜offwire group,usingregularspacing.Space
the ties so that thebundleis lacedup neatly
andsecurely.
Whetherlacedor tied,wire bundlesshouldbe
securedto preventslippingbut not so tightly
thatthe cordcuts into or deformstheinsula-
tion. Thisappliesespeciallyto coaxialcable,
â€˜whichhasa softdielectricinsulationbetween
the inner and outer conductor.Portionsof a

â€˜wiregroupor bundleinsidea conduitare nor-

 Figure4-3-28.A common lightdutyhandoperatedwire stripper.

Figure 4-3-29.Wirestrippingwitha handoperatedtool.

mallynot tiedor laced,but wherewire groups.
for bundlesare routedinsideenclosuressuch
as a junctionbox,use lacingor tyingproce-
duresonly.

ConductorTermination
â€œAircraftwiringandcablemustbecut to length
to facilitateeasier installation,maintenance,
and repair. Todo this,wire and cableruns

in aircraftare brokenat specifiedlocations
byjunctions,includingconnectors,terminal
blocks,or buses.All wires andcablesshouldbe
coutto thelengthsspecifiedon aircraftmanu-

factureror equipmentmanufacturerdrawings
andwiringdiagrams.Makethecut cleanand
square,usingtoolsrecommendedbythewire

manufacturerto avoid deformingthe wire

co cable.It mightbe necessaryto restore the
shapeof some large-diameter,multi-stranded
wires aftercutting.Goodcuts dependon cut

tingtoolbladesthat are sharpandfreefrom
nicks.A dull bladedeformsandextrudeswire

ends.

Strippingwireinsulation.Preparingwire for
assemblyto connectors,terminals,or splices
requires thattheinsulationberemovedfrom

ort lengthof theconductorto exposethe
bareconductor.Thisprocedureis knownas

strippingand is performedseveralways.
Copperwire can bestrippedwith a variety
of toolsandaccordingto the wire size and
insulationtype.Becarefulnot to accidentally
cut or markthe individual copperstrands
becausethis compromisesthe integrityof

 



theconnection.Aluminumwire, on theother
hand,must bestrippedverycarefully,using
extreme care becauseindividual aluminum
wire strandshavea tendencyto breakvery
easilyif theyhavebeennickedor damaged
in anyway.

Followthesegeneralprecautionswhenstrip-
pinganytypeof wire:

* Whenusinganytypeof wirestripper,ld thewire sothat itis perpendicular to

cuttingblades.
pepe

â€˜+Adjustautomatic strippingtools care-

fullyand follow the manufacturer's
instructions to avoid nicking,cutting,
or otherwisedamagingstrands.This
is especiallyimportantfor aluminum
wires andfor copperwires smallerthan
No.10.Examinestrippedwires for dam-
age,thencut off andre-strip(if length
is sufficient),or rejectand replaceany
wires with more than the allowable
numberof nicked or broken strands
listed in the manufacturer'sinstruc-
tions.

â€˜+Makesure insulationis clean-cutwith no

frayedor raggededgesandtrim if neces-

sary.
â€˜+Make sure all insulation is removed

fromstrippedarea, Sometypesof wires

are suppliedwith a transparentlayerof
insulationbetweenthe conductorand
the primaryinsulation.Anyremaining
insulation causes a defectiveconnec.

tion,so ensure that all insulationhas
beenremoved.If necessary,examine the
strippedwirewitha magnifyingglass.

â€˜+Whenusinghand strippersto remove

lengthsof insulationlongerthan three-
quartersofaninch,itis easier to doin two
â€˜ormore operations,

â€˜=Re-twistcopperstrandsbyhandor with

pliers,if necessary,to restorenaturallay
andtightnessofstrands.Ensurethatyour
handsand anytoolsusedare cleanto
avoidcontaminatingthewiring,

â€˜Themajorityof wire-strippingtasksare nor-

â€˜mallydonewith a pairof handwie strippers.
â€˜Thetool shownin Figure4-3-28is the wire

strippingtool most commonlyencountered
and can be usedon most wiringtypes.The
cuttingbladesare removableandare replace-
ablewhentheybecomedull. In addition,sev-

eralchoicesof cuttingbladesare availableto
handlea varietywire sizes.

Safelystrippingwires withahandstripperisaskill madeeasier byreferringto thefollowing
suggestionsandFigure43-28

ElectricalSystems
â€˜Insertthewire into exactcenterofcorrect

cuttingslotfor wire size to bestripped.
Eachslotis markedwith wire size. Move
thewire until thelengthextendingfrom
the bladesideof the strippingtool is

the recommendedlengthof bare wire

requiredto completetheelectricalconnec-

tion,

Slowlysqueezethe stripperhandles

togetheruntil theclampsideof the tool

securelyholds the wire byits insula-
tion andwatchthe bladesbite into the
insulationwhile continuingto squeeze
thehandles.Whenenoughpressurehas
beenapplied,the strippingtool jaws
â€˜moveapart,removingtheinsulationand

revealingbarewire.

â€˜Â©Oncethe tool'sjawshavemovedas far
apartas possible,quicklyreleasepressure
onthehandles,allowingtheclampingjaw
andcuttingjawto fullyopen.Removethe
strippedwireandproceedwiththeremain-
ingstepsto completetheconnection.

â€˜+Manydifferentbrandsandtypesof com-

mercialwire strippersandcrimpingpli-
ers are available,includingmany that
do both (Figure4-3-30).In almostall
cases theyare not ableto doa correctjob,
becausetheycannot becalibrated.In the
case of commercialstrippers,theyinvari-

ablynickthewire.

Wire splicesand terminal connectors.

Splicingof electricalconductorsshouldbe

AVAFigure4-3-30.A selectionof commercialwiringtools.
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keptto a minimum and avoidedentirely
in locationssubjectto extreme vibrations.
Individual wires in a groupor bundle can

bespliced,as longas thecompletedspliceis,

placedwherei t can bevisuallyinspectedas

needed.Splicesshouldbe staggeredto pre-
vent the bundle frombecomingexcessively
enlargedor distortedin shape.

â€˜Manytypesof insulatedanduninsulatedair-

craftspliceconnectors are manufacturedby
companiessuchas Ampandare availablefor
splicingindividualwires, Self-insulatedsplice
connectors suchas thepopularbutt-spliceare

normallythepreferredconnector;however,a

Figure4-3-32.Twosizes ofratchetingwire

crimpingtools.

uninsulatedspliceconnector can bespecified
for a certain application.Youwouldnormally
cover uninsulatedspliceconnectorswith plas-
tic sleeving,securedat bothendswith lacing
cordor a plastictie. Solderspliceshavebeen
usedin thepast,but theyare brittle and not

usuallyrecommended.

Whereassolderlesssplicesare usedto joinelec-
tric wires to formpermanentcontinuous runs,
solderlessterminallugspermiteasyandeffi
cient connection to and disconnectionfrom
terminalblocks,busbars,or otherelectrical
equipment.Thegreatmajorityof solderless
terminal lugsand splicesare madeof tin-

coatedcopperoraluminumandareeitherpre-
insulatedor uninsulated,dependingon the
desiredapplication.Mostmanufacturerscolor
codetheinsulationon a spliceor lugto indi-
cate thewire size forwhichit is made,

â€˜Terminallugsare generallyavailablein three
typesfor use in differentspaceconditions.
â€˜Theseare the flag,straight,and rightangle
lugs.Themostcommonlyusedterminallugis,

a straightringlug,designedto slideover the
shankof a connecterstud.Terminallugsare

crimped(sometimescalledstaked!or swaged)to
thewires bymeans ofhandor powercrimping
tools.

Copperwiringis terminatedwith solderless,
preinsulatedstraightcopperterminal lugs.
â€˜Theinsulationis pactof theterminallugand
extendsbeyonditsbarrelso that itcoversapor-
tion of thewire insulation,makingtheuse of
an insulationsleeveunnecessary.

â€˜Themost popularpreinsulatedterminallugs
contain an insulationgrip(@metalreinforcing
sleeve)beneaththe insulationfor extra grip-
pingstrengthon the wire insulation.Color-
codedinsulationis usedto identifythewire

sizes thatcan be terminatedwith eachof the
terminallugsizes (Figure4-3-3).

In addition to specialwire strippingtools,
specialcrimpingtoolsare neededfor install-
ingsplicesandterminalson theendsof wire.

Whilehand-heldcrimpingtoolsare the most

widelyusedin aircraftmaintenance,aircraft

â€˜manufacturingfacilities can use portable
poweror stationarypower tools for mak-
ing thousandsof crimpedterminalsquickly.
â€˜Thesetoolscrimp the barrelof the typical
terminallugto theconductorandsimultane-
ouslycrimpthe insulationgripto the wire

insulationfora veryefficientandreliableelec-
tricalconnection.

Betterhandcrimpingtoolsallhavea self-lock-
ingratchetthatpreventsopeningthetooluntil
thecrimpis complete(Figure4-3-32).Higher
qualityhand crimpingtools are equipped



with a nestof various size inserts to fit dif-
ferentsize terminallugs.All typesof hand
crimpingtoolsneedto becalibratedregularly
with gaugesto ensure theproperadjustment
of crimpingjawsand a consistentlyreliable
electricalconnection.

â€˜Aproperlycrimpedterminalshouldprovide
a jointbetweenthewire andtheterminalthat
is as strongas thetensilestrengthof thewire

itself.

Properinsertion of boththewire andthe ter-
â€˜minalin thecrimpingtool is essentialfor a

goodcrimp.Figure4-3-33showsthe correct

placementof wire and lugin the handtool
â€˜Afterstrippingthe wire insulationto proper
length,insert theterminallugtonguefirstinto,
handtoolcrimpingjawsuntil theterminallug
barrelbuttsflushagainstthe toolstop.Insert
thestrippedwire into theterminallugbarrel
until the wire insulationbutts flushagainst
theendof thebarrel,andthensqueezethetool
handlesuntil theratchetreleases.Removethe

completedassemblyandexamine i t for proper
crimp.Figure4-3-34showsa goodcrimpon

boththeterminalandtheinsulation.

Uninsulatedterminallugsmust be insulated
aftercrimping,Beforethedaysof shrinktub-
ing,piecesof transparentflexibletubingcalled
sleeveswere used.Thetubingwas alsocalled
spaghetti.Theyare still usedtoday.Thesleeve

provideselectricalandmechanicalprotection
attheconnection.Certaintypesofpreinsulated
lugsknownas hand-shakesneedthissleeveover

theexposedportionofthetwo lugswherethey
shakehands.Whenthe size of thesleeving
usedis suchthati fitstightlyover theterminal

lug,thesleevingneednotbetied;otherwise,i t
shouldbetiedwith lacingcordas illustratedin

Figure4-3-35.

Aluminumterminallugsmust be usedwith
aluminumwire. Youcan recallthatusingalu-
â€˜minumwire hasbothadvantagesanddisad-
vantages.It hastheadvantageofbeinglighter
in weightthancopper;however,whenalumi-
num is subjectedto bending,i t developswork
hardening,makingi t brittle.Thisresultsin fail-
ture or breakageof strandsmuchsooner than

inasimilarcase withcopperwire.Aluminum
alsoformsa high-resistanceoxidefilm imme-

diatelyuponexposureto air. Tocounteractdis-

advantages,itis veryimportantto use themost
reliableinstallationprocedures.
Useonlyaluminumterminallugsto terminate
aluminumwires. All aluminumterminallugs
incorporatean inspectionhole that permits
checkingthedepthof wire insertion. Thebar-
rel of aluminumterminallugsis filled with a

petrolatum-zincdust compound.This com-

poundremoves theoxidefilmfromthealumi-
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Figure4-3-33,Usingtheterminalstopon an

AMPratchetingcrimpingtool.

Figure4-3-34.Aproperlycrimpedringterminal

 Tightor Loosesleeve
shrunksleeve

Figure43-35, Howto tie a sleeveon a connector.

num bya grindingprocessduringthecrimp-
ingoperation.Thecompoundalsominimizes

lateroxidationof the completedconnection

byexcludingmoisture andair. Thecompound
is retainedinsidethe terminallugbarrelby
a plasticor foil sealat the endof the barrel

(Figure4-3-36)

As statedearlier,selfor preinsulatedsplice
connectorssuchas thepopularbutt-spliceare

normallythepreferredconnector.Theseper-
manentcoppersplicesjoinsmallwires of sizes
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22through10andeachsplicesize can beused
for more than one wire size. Splicesare usu-

allycolor-codedin the same manner as the

preinsulated,small,tin-coated,copper-ring-
terminallugs.Splicesare also usedto con-

rect one wire size with another,as shownin

Figure4-3-37.Thesame crimpingtoolsused
for thepreinsulatedringterminalcan beused
to crimpthistypeofsplice.Thecrimpingpro-
ceduresare thesame exceptthatthecrimping
â€˜operationmust be donetwice,once for each

Hattfull endof thesplice.
 

Emergencysplicingrepairs.Emergency
repairsfor damagedor brokenaircraftwir-

ingshouldalwaysbemadein accordancewith
theaircraftmanufacturer'sstandardpractices.
â€˜Thisincludescrimpedsplices,usingtermi-
nal lugsfromwhichthe tonguehasbeencut

Removingcover off,or bysolderingtogetherandpottingbro-
kenstrands(Figure4-3-38),Theserepairsare

applicableto copperwire; however,damaged

a=, aluminumwire cannot betemporarilyspiced
Bearin mindthatthefollowingrepairsare for

Se ret temporaryemergencyuse onlyandshouldbe

replacedas soon as possiblewith permanent
repairs. Someaircraftmanufacturerscan pro-
hibitemergencyrepairs,andin thosecases,the

aa manulacturers.procedureslake.precedence
hd mustbefolded

In rare cases whenneitherapermanentsplice
Coverholeto preventforcing nor a terminallugis available,a brokenwire

petroleumcompoundout can berepairedwith solderandpottingcom-

pound(ifpermittedbythe aircraftmanufac-
turer):

â€˜=Installa pieceof plasticsleevingabout3
incheslong,andof theproperdiameter
to fit looselyover theinsulation,on one

Checkto seeifwireIsproperlyInserted pleceofthebrokenwire.

â€˜=Stripapproximately1.5 inch fromeach
brokenendofthewire.

+ Laythe strippedendssidebysideand
twist one wire around the otherwith

approximatelyfour turns.

â€˜+Twistthe free end of the secondwire

aroundthefirstwire with approximately
fourturns. Solderthewire turns together,
using60/40tinlead resin-core solder.

â€˜+Whenthesolderis cool,drawthe sleeve
over the solderedwires and tie at one

Figure4-3-36.Althoughusedveryseldomtoday,
thisistheprocessforattachingterminalsto alu-

ee z en If pottingcompoundisavaiablell
Thinwiedoubledover theslegvewithpottingmaterialand te

securely _â€”
+ Allow thepottingcompoundtose with-

|e aaa out touchingfor the time recommended
-

bythepottingcompoundmanufacturer.
â€˜Coverwithvinyltube tled at bothends Checkthepottingcompoundinstructions.

forthe tinte needed10achievefll cure

Figure43.37 Usinga crimpspliceto jin twodifferentsizes ofwire. andoptimumelectricalcharacteristics.
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 Pottingdispenser,
NS

Figure4-3-38.How to doa soldersplice.

â€˜Terminalblockandbarrierstripconnections.
Recommendedmethodsshouldbeusedwhen

installingterminal lugson terminalblocks
(Gometimesknownas barrierstrips)to enhance
securityandpreventloosening.Thisis impor-
tant for counteractingthelooseningeffectsof
vibrationand temperatureswingsthat cause

expansionandcontractionof metal.Whenthe

lugterminalsare physicallyâ€œlockedâ€•in the
correct position,theycannot move in a direc-
tion that causes looseningof the hardware

(Figure43-39)
â€˜Terminalblocksare normallysuppliedwith
studssecuredin placebya plainwasher,an

externaltoothlockwasher,and a nut. In con-

nectingterminals,a recommendedpracticeis,

to placecopperterminallugsdirectlyon topof,
thenut,followedwith a plainwasherandelas-
tic stopnut,or with a plainwasher,splitsteel
lockwasher,andplainnut.

Aluminum terminal lugsshouldbe placed
â€˜overa platedbrassplainwasher,followedwith
anotherplatedbrassplainwasher,splitsteel
lockwasher,andplainnut or elasticstopnut.
â€˜Theplatedbrasswashershouldhavea diam-
eter equalto the tonguewidth of the alumi-
â€˜numterminallug.Consultthemanufacturer's
instructions for recommendeddimensionsof

 

 Figure4-3-39.Acorrectlyinstalledterminalbarrierblock.

theseplatedbrasswashers.Donot placeany
washerin the current pathbetweentwo alu-
minum terminallugsor betweentwo copper
terminallugs.Also,do not placea lockwasher

iret againstthetongueorpadofthealumi-
â€˜numterminal
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Figure4-3-40. Ajunctionboxwitha series of
barrierstrips. 
â€˜Tojoina copperterminallugto an aluminum
terminallug,placea platedbrassplainwasher
â€˜overthenut thatholdsthestudin place;follow
with thealuminumterminallug,a platedbrass

plainwasher,thecopperterminallug,plain

Figure4-3-41.Widevarietiesofconnectorsare

necessaryin everywiringinstallation,

â€˜washer,splitsteellockwasher,andplainnut
or self-locking,all-metalnut. Asa generalrule,
use a torquewrenchto tightennuts to ensure

sufficientcontact pressure.Manufacturer's
insteuctionsprovideinstallationtorquesforall
typesofterminals,

Junctionboxes.Inmanycases,terminalstrips/
barrierstripsare in a protectiveenclosure
knownas a junctionbox.A typicaljunctionbox
is constructedof an aluminumalloyor fiber-

glassandis mountedin a protectedarea of the
airframe.Whenjunctionboxesare in afire zone

or enginecompartment,theyare madeofstain-
lesssteel.Whenmakingconnectionsor trou-

bleshootingan electricalproblemin a junction
box,exercise caution,especiallyif anycircuitry
passingthroughthejunctionboxmustbepow-
eredupfortroubleshooting.Metaltools,wrist

watches,andringsare metal,andare excellent
conductorsthat,if accidentallyplacedbetween
a powersourceandground,canbecomewelded
in place,causingserious burnsor deliveringa

deadlyshock.Figure4-3-40showsa junction
boxwith six rows of barrierstrips.

Connectors
Electricalconnectors,consistingof plugsand

receptacles,are critical componentsin an

aircraftwiringsystemthat facilitateelectri-
cal systemmaintenance and troubleshoot-
ing,especiallyif frequentdisconnectionis

anticipated.Connectorsare availablein many
types,sizes,andstyles.Severalpopularcon-

nector manufacturersare Bendix/Amphenol,
Deutsche,Burndy,and ITT Cannon.At one

time Cannonproductswere so prevalentthat

multipinaircraft electricalconnectors were

commonlycalled canon plugs.Historically,
electricalconnectors havebeendesignedand

designatedbyvarious militaryspecifications,
andan astoundingnumberofconnectortypes
are available.Figure4-3-41showsa collection
of various connectors in an enginecompart-
â€˜ment

Someconnectorshave removablepins,into
whichwires are eithercrimpedor soldered,
but otherconnectorshavecaptivepinsthat
are permanentlypottedin place.Connectors
havebeenvulnerableto corrosion in thepast
due to condensationin the shell.Becauseof
that,specialconnectors with waterprooffea-
tures havebeendevelopedto replacenonwa-

terproofconnectorsin areas wheremoisture
causes a problem.Whenreplacinga connec-

tor,youmust either replacei t with another
of the same basictypeanddesign,or use a

newer styleapprovedbythemanufacturer.

In some cases,aircraft manufacturerscan

specifya chemicallyinert waterproofjelly



treatment for connectorsthat are susceptible
to corrosion difficulties.As a generalrule,
the receptaclesocket-typeinsert (female
side)shouldbeusedfor thesideof thecon-

nection that remains liveor hotafterthecon-

nector halvesare disconnected.Thishelpsto
preventunintentionalgroundingof a power
source if a protrudingpin contact airframe

ground

ConnectorTypeIdentification
â€˜Acomprehensivecatalogof every mil-spec
electricalconnector ever madewould fill an

entire bookcase.Fortunately,theonlygroupof,electricalconnectorsneedto be familiarwith
are thewellknownAn or MSstylecylindrical
connectorsthatare basedon one of two mili-

taryspecifications,
MIL-C-5015,MIL-C:5015appliesmainlyto
connectorsusedin aircraftandaeronautical
equipmentseveraldecadesold.Thisspecifica-
tion covers a series of cylindricalconnectors
thatrangefromlessthanone inchin diameter
to nearlythreeinches,andcontain from1 to
100contacts,or pins.Thisseries hasbeenin

use formany yearsandthenumberingsystem
for theseconnectorshasremainedessentially
unchanged
Somedistinguishingfeaturesof MIL-C-5015
connectorsincludelarge,prominentmalepins
and femalepins Gocketstyle),collectively
refered to as contacts.Screwthreadsusedfor
connectingthe two connectorhalvesare avail-
ablein eithercoarse or finethreads,

â€˜MIL-C-26482,Series1 andSeries2. A newer

series of connectors,MIL-C-26482,Series1
andSeries2,are physicallysmallercompared
to MIL-C-5015series,but thelargestnumber
of contactsavailableis 61.Theyare partof the
MSfamilyof partnumbers,but alsoinclude
partnumber prefixessuchas PT,KPT,KPSE,
and others. Pin or contact optionsinclude
both non-removablesoldercupand crimp-
styleremovable.Crimpstyleconnectorstend
to be more reliableunder some conditions,
but are more difficult to assemble.Theyusu-

allyrequirespecializedcrimping,extraction,
and insertion toolsfor assemblyand repair,
drivingup thecost.MIL-C-26482series pins
are usuallysmallwith goldplatingand use

â€˜aBayonetstylelockingringinsteadof screw

threads,

AN connectors.Connectorsidentifiedbythe
'AN familyof partnumbersare alsodivided
into classeswith themanufacturer'svariations,
in eachclass.Themanufacturer'svariations are

differencesin appearanceand in the method
â€˜ofmeetinga specification.Thereare fivebasic
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Standard

â€˜Typenumber

   
  

 
\ Class

r r r Ste
Tt|=i}Â£il| â€˜rangementI

f=

A_X contactstyle
Insertrotation

Figure4-3-42.MSconnectormarking.

classesofANconnectorsusedin mostaircraft.Eachclassof connector hasslightlydifferent
constructioncharacteristics.ClassesA,B,C,
andD are madeof aluminum,andclassK is

â€˜madeof steel.Theseclassesare describedas

follows:

+ ClassA. Solid,one-piecebackshell,gen-
eral-purposeconnector.

â€˜*ClassB. Connectorbackshellseparates
into two partslengthwise.Usedprimar-
ilywhereitis importantthatthesoldered
connectorsbereadilyaccessible.Theback
shellis heldtogetherbya threadedring
or byscrews,

* ClassC. A pressurizedconnectorwith
insertsthatare not removable.Similarto
a classAconnectorin appearance,butthe
insidesealingarrangementis sometimes
different.It is usedon wallsofbulkheads
of pressurizedequipment.

Class D. Moistureand vibration resis-

tant connectorwhichhasa sealinggrom-
â€˜metin thebackshell.Wiresare threaded

throughtight-fittingholesin the grom-
met,thussealingagainstmoisture.

# ClassK. A fireproofconnectorusedin

areas whereit is vital that the electric
current is not interrupted,even though
theconnector can beexposedto continu-
ous openflame.Wiresare crimpedto the
pin or socketcontactsandtheshellsare

â€˜madeof steel.Thisclassof connector is

normallylongerthanotherclassesof con-

nectors.

FindingPartNumbers

Most connectors have their part numbers
stampedor engravedsomewhereon theinsert
or shell.Thoseon the insert are typicallytwo
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M3100 wallreceptacle

1MS3106straightplug
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digitsor two digitsanda letter,a dash,and
thentwo more digitsfollowedbya letter.A few

examplesare 28-218and145-5P.

â€˜Thefirstpairofdigitsrepresentstheshellsize

code.The secondpair indicatesthe contact,

arrangement,and the lastletterin thestring.
indicateswhetherthe connectorcontainspin
contactsor socketcontacts.A connector with
visiblemalepinsalwaysbedesignatedP in the
lastposition,whereasa connector with female
pinswill alwaysbedesignatedS,Figure4-3-42
showsillustrationsandpartnumbersfor the
mostpopularconnectors.

MS3102A14S-5S.Thefirstpairof characters,
MS,indicatesthe connector series. This can

beeithera standarddesignationor something,
proprietaryto a specificmanufacturer.The
fourdigitsfollowingtheseries,3102,indicate
the physicalconnector type.Forthe MIL-C-
O15 spec,theseare as follows:

 1MS3106angleplug

 
1MS3106straightplug

Figure4-3-43.Examplesof MSconnectors

3100 - A 3100is a wall-mountedrecep-
tacle,designedto carrywiringthrough
a bulkheador wall.Providesstrain relief
for thewire bundle.

3101 - A 3101is a cable-connectingplug/
receptacle.Thesereceptaclesor plugs
do not havemountingflanges.Theyare

designedto beusedon extensioncables
andprovidestrain relief.

3102 - A 3102is a boxmountingrecep-
tacle,Thesediffer fromtype3100in that

theyhaveno strainreliefandaredesigned
to bringwiringin andout of a protected
chassis.The3102series is themost com-

â€˜montypeof chassisreceptacleusedon

militarygear.
3106-The3106is a straightplug.Thisis

themostcommon series of plugsusedto
â€˜matewith the 3100- 3102series for con-

trol or powercables.Theseplugscan be
equippedwith a numberof strain relief
styles,includingclamp,pottingcupsand

watertightstyles(MS-Eseries only)
3108 - The3108is the same as the3106,
but i t hasa backshellthatallowswiring
to exit at 90degrees.

â€˜Thenext singlecharacterindicatestheconnec-

tor class:

â€˜+A-Most commonandleastexpensivehasa solidendbell

B - Sameas ClassA,butwith a splitend-
bell

E- Ratedfor hostileenvironments,such
as moisture,oils,grease,andsuch

F- ReplacesClassEin some typesofcon-
nectors

â€˜Thenext two or threecharacters,14S,identify
theshellsize. Thiscodedoesnotalwayshavealetterfollowingit.Theremainingpairof char-
acters,5S,identifiesthecontactarrangement.If
thiscodeis followedby5,it indicatesinternal-
stylepins(socket).If itis followedbyPit indi-
catesexternalcontacts (plug).Examplesof MS
connectorsare shownin Figure43-43,

â€˜Thenumbersfor the newer 26482speccon-

rectors are nearlyidenticalto thosedescribed
above.Thedifferencesare mainlyin thefour-

digitstringthat identifiesthe connector type.
Hereare some examples:

â€˜=3116- Equivalentto 3106,but sizedunder
â€˜MIL-C.26482insteadofMIL-C-5015.Straight
plug,soldercupnon-removablepins

â€˜+3126 - Sameas 3116,but hascrimp-style
removablepins.



Connector/CableFabrication

Constructingany typeof wire bundlewith
connectors is an art that requiresthe proper
toolingto producea qualityproduct.Solder-
typepinsrequiregoodsolderingtechniques,
skills,and equipment,but for assemblyof

crimp-styleconnectors,using the recom-

mendedtoolingis critical.Usingincorrect

toolingcan resultin earlyfailureor poorreli-
abilityof connectors and equipment,a sce-

nario thatcouldendupbeinga lot more costly
in thelongterm.

Beforefabricatinga coax cable,checktheequip-
â€˜mentmanufacturer'sinstructions.Someunits

requirea cableof a specificlength,whilemost

aresimplyroutedas directas possible,

InstallaingConnectors

â€˜Thefollowingproceduresoutlineone recom-

mendedmethodof assemblingconnectorsto

receptacles:
1. Toproperlypositiontheplugin relation

to the receptacle,alignthe keyof one

partwith thegrooveor keywayof the
otherpart.

2. Starttheplugintothereceptaclewithalight
forwardpressureandengagethethreadsofthecouplingringandreceptacle.

3. Alternatelypushin theplugandtighten
thecouplingringuntil the plugis com-

pletelyseated,

4, Usespecialconnector pliersto tightencouplingringsonesixteenthtooneeighth
turn beyondfinger-tightif spacearound
theconnector is too smallto obtainagood
fingergrip.

5. Neveruse forceto mate connectors to

receptacles.Donot hammeraplugintoits

receptacle;andnever useatorquewrench
or pliersto lockcouplingrings.

â€˜Aconnector is generallydisassembledfroma

receptacleas follows:

1, Useconnectorpliersto loosencoupling,
ringsthatare too tightto beloosenedby
hand,

2. Alternatelypullon the plugbodyand
unscrew the couplingringuntil thecon-

nector is separated.
3. Protectdisconnectedplugsand recep-

tacleswith capsor plasticbagsto keep
debrisfromenteringandcausingfaults.

4, Donotuse excessive force,anddonot pull
on attachedwires,
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Do not breakstrands  
 
  
 
 

Donot nickcenterconductor 3-8

    
NutWasher Gasket

"4a

+32

â€˜Trimstrandswith scissors
flushwith end of taper

=
sustay/

Figure4-3-44,Thisfigureshowsthenecessarystepsto installthe
â€˜mostcommon typeof BNCconnector.

      
    

CoaxialConnectors

Manyconnectors have beendevelopedfor
coaxialandtriaxialcables(acenter conductor
with two separateshields),but the connec-

tor most commonlyseen terminatingcoaxial
cableis the BNC connector. Developedas

â€˜aminiature version of the TypeC connec-

tor justbefore1950,BNCis an abbreviation
for Bayonet,Neill Concelman,namedafter

AmphenolengineerCarl Concelman.The
BNCproductline is a miniature quickcon-

nect/disconnectRF connector that makesit

extremelyusefulfor removingand installing
avionics equipment.BNCconnectors feature
two bayonetlugson the femaleconnector
that lockthe two connectorhalveswith only
â€˜aquarterturn of thecouplingnut. BNCsare

ideallysuitedfor cabletermination for min-

iature andsubminiaturecoaxialcabletypes
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â€˜Backupgenerator

Figure4-4-2,Boeing777electricalpowerpictorialdiagram.

suchas RG-58,RG-59,RG-179and RG-316.

Figure4-3-44showsthe stepsnecessaryto
installa removableBNCconnector.

Amphenol50@BNCconnectorsare miniature,
lightweightunits designedto operateupto II

GHzandtypicallyyieldlowreflectionthrough
4 GHz. Designedto accommodatea large
varietyof RGand industrystandardcables,
BNCconnectors are availablein crimp/crimp,
clamp/solder,SURETWIST"andfield service-

abletermination styles.
Another line of BNCconnectorswith 75 Q

specificationsmeets the needfor higherper-
formanceimpedance-matchedcableintercon-
nections. Theseconnectors can be usedin a

varietyof applicationswhere75Q impedance
connectionsare neededto ensure low signal
distortion.

 

Partnumbersthatare listedwith theappropri-
ateM39012numberare militarygradeconnec-

torsproducedin accordancewith andactively
qualifiedto themilitaryspecificationMIL-C-
39012.

Section4

WiringDiagrams
Wiringdiagramsare theelectricalroadmapsthat
makeit possibleto see howall theaircraftelec-
tricalwiringandelectricalcomponentsrelate
andconnect to one another.Severaltypesof
iting diagramsthat were designedfor spe-
cificpurposeshavebeenin use formanyyears.

â€˜Thesimplestof all electricalwiringdiagrams
is theblockdiagramthat typicallyshowsvery
fewcomponentsymbolsandverylittle detail,
butit providesa basicunderstandingandover-

view ofthesystemdesign.Whena new aircraft
electricalsystemis first learned,the familiar-
ization trainingusuallyincludesseveralblock

diagramsto quicklygivea largeoverview of,
thesystemat hand(Figure4-4-1)

Forexample,the followingBoeing777 elec-
trical powerblock diagramclearlyshows
the thtee main sources of electricalpower,

RATgenerator

  
 

APUgenerator
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the left integrateddrive generator,right
integrateddrive generator,andAPUgenera-
tor. Eachgeneratoris controlledbyits own

GeneratorControlUnit (GCU)andprovides
powerto its own powerpanel.In addition,
Severalsources of emergencypower are

shown,the main aircraftbatteryand Ram
â€˜AirTurbine(RAT)generator.Theblockdia-
â€˜gramalsoshowsthatthereare pathsforelec-
trical load-sharingand a means of routing
virtuallyanyof the powersources to anyof
thepowerpanelsfor redundancyandsafety
backuppower.

Pictorialdiagramsprovideall the benefitsof
blockdiagrams;however,extra detail is added
to showsome wiringconnectionsandsome of
thesymbologyadoptedbytheaircraftmanu-

facturer.Pictorialsarethenextlogicalstepused
in gaininga more thoroughunderstandingof
an electricalsystem(Figure4-42).

Schematicdngramsare themost detailedofall
electricalwiring/systemdiagrams.Theyrely
heavilyon circuitrysymbolsandrequirethe
greatestamount of interpretationtobeuseful
Eachaircraftmanufacturerprovidesa keyor

legendin theirwiringmantal to explainthe
meaning ofeachsymbolusedin theschemat-
its, Schematicdiagramsare the mostheavily
usedofall drawingsin troubleshootingelectri
Calcircuit problemsbecausetheyprovidethe
freatestamountofdetail

â€˜The777APUGeneratorPowerandRegulation
schematic,Figure4-4-3,showsseveralrelay
symbolswith wiringconnections.Thedashed
lineslabeled124013,124014,andsoonare sym-
bolicofcurrenttransformers,usedformeasur-

Tohigh-powercircuttA.

  

ingcurrent flow in eachof thethreephasesof,
powergeneratedbytheAPUgenerator.

Figure4-4-4contains thesymbolsusedfor the
â€˜wiringdiagramsof aBoeing737.Theseare typi-
calof allBoeingairplanes.In facttheyare used
ina myriadof othermanufacturersâ€™drawings.

Section5

ElectricalComponents
SwitchesandRelays
â€˜Thefunctionof any switchin an electrical
circuit is to providea simpleandconvenient
methodof connectingor disconnectingelec-
trical loads(lighting,solenoids,motors,or any
otherelectricaldevicethatconsumes electrical
power)fromtheirpowersource.Switchdesign
is drivenbymanyfactors,includingvoltage,
current flow,switchlocation,andergonomics
(formanuallyoperatedswitches).

Severaltypesof speciallydesignedswitches
can be usedfor high-currentapplicationsin

powerdeliverycircuits.Onetypehasa snap-
action designthatenablesrapidopeningand

closingof contacts(independentof thespeed
with which its operatingtoggleor plunger
operates).This featureminimizes damageto
theswitchcontactscausedbyarcingandpro-
longsswitchlife.Anotherheavycurrent switch
typeknownas a contactor,relayor relay-switeh

Tohigh-powercircult B.

! 

Movablecontactor

    

 

Statlonar
 

  contat  

 

Fixed   

     

Movable
 

contactor      

1]
Lowcurrentcontrolclrcutt  Lowcurrentcontrolcircutt

Figure4-5-1,Thetwo typesofrelays:(A)fixedcore and(B)moveablecore.



hasveryruggedconstructionandhassufficient
contactcapacityto make,break,andcarrycon-

tinuous loadcurrent. Figure4-5-1showsboth
typesofrelays.Thesespecialswitcheshavesev-

eraluniquefeatures:

â€˜=Abilityto controltheopeningandclosing
â€˜ofmain switchcontactsthatcarryenorâ€•

â€˜mousamounts of current usinga very
low-powerswitch.Thisisolatedlow-cur-
rent controlcircuit increases operational
safetyoftheswitch,

â€˜+Remoteoperation.Thelow-powercontrolcircuit in a typicalrelayis a solenoidthat
is operatedremotelybya smallswitch
that is some distancefromtherelay,usu-

allysomewhereon one of the cockpit
instrumentpanels.

Relaysare usedas switchingdeviceswherea

â€˜weightreductioncan beachievedor electrical
controlscan besimplified.
â€˜Theswitch manufacturerstampson the
switchâ€™snominalvoltageandcurrent ratingontheswitchhousing.Thenominalcurrent rating
representsthecontinuous current ratingwith
thecontactsclosedthattheswitchis capableofcarrying.Whenselectinga switchfor a circuit
â€˜onthebasisof nominalcurrent ratings,bearin
â€˜mindthattheswitchcouldberequiredto han-
dlemuchhigheramounts of momentarycur-

rent whentheswitchcontactscloseandbegin
carryingcurrent. Thefollowingcircuit types
fall into thatcategory:

â€˜+High-currentrushcircuits.Circuitscon-

tainingincandescentlampscan drawan

initialcurrent thatis 15timesgreaterthan
the continuous current. Switchcontact

burningor weldingcanoccuriftheswitch
hasacurrent ratingtoo lowto handlethis,
â€˜momentaryrushof current. As the fila-
â€˜mentof a typicalincandescentlampheats,
upandbeginsproducinglight,its resis-

tancesimultaneouslyincreases,reducing
current flow.

â€˜=Inductivecircuit.Magneticenergystoredina solenoidcoilor elayis releasedas the
field aroundthecoilscollapses,generat-
inga voltagehighenoughto cause cur-

rent to arc across the switchcontactsas

thecontrolswitchis opened.
Â© Motor circuits. Direct-currentmotors

draw severaltimes their ratedcurrent

duringthefirstfewsecondsof motion.As
themotor spinsup,counter em is gener-
ated,whichreducesthecurrent drawfrom
the powersource. In addition,magnetic
energystoredin theirarmature andfield
coilsinducesa voltagespikeandsurgeof
currentwhenthecontrolswitchis opened.
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28 Lamp8

Inductivea (relaysolenoid) 4

Resistive8 (heater)2

28 Motor3

2 Lamp5

Inductive2 (relaysolenoid) 2

Resistive@ heater)'

2 Motor2

Note Td henal atingofwich equ topertdevice,multpytecontinouscarenangGfte devicebythederatngactorcorespondngtotheNotingandypeoftad
Note 2:Totndhecontinuousatingthatawth of2 nominaltng handleseet,die thesth
tonal angbythedrag ator comesponngto

thevollagean ypeotad â€˜Table4-5-1.Thistableprovidesa means of
deratinga switchwhenan additionalchoice
â€˜mustbemade.

 

Anaircraftelectricalsystemsengineerdesigns
Circuitrythat requiresmakingswitchselec-
tions.An aircraftmaintenancetechniciannor-

mallyconductsoperationalchecksor trouble-
shootan existingcircuit. Thisactivitycould
requireswitch replacementin accordance
with theaircraftmanufacturerMM. Persistent
switchmalfunctions,however,can indicate
that a circuit needsa differentswitch,rated
to carryhighervoltagesandcurrent,and i t is

importantto knowhow to selecttheproper
switch,

â€˜Tables4-5-1 andTable4-5-2shouldhelpyou
choosea ratingfora replacementswitch,

 Table4-52 illustrateshowto selecttheproper
nominalswitchratingwhenthe continuous
Toadcursent is known.Thistableprovides
means of deratinga switchto avoiddamage
from momentaryrushesof current and to
dbtain reasonableswitchefficiencyand ser

vice life, Becausea decisionon how to pos
tion a switchat installationmightalso be
necessary,standardconventions or configu
fations couldapply inthe absenceof specificMatinsruction*
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â€˜Table4-5-2. Selectionofcontactmaterialforareplacementswitch.

Standardconvention foraircraftswitchopera-
tion requirestwo-position,on-offswitchesto be
mountedso thatan upwardor forwardmove-

ment of theswitchtogglereachestheon posi-
tion. Whentheswitchcontrolsmovableaircraft
â€˜elements,suchas landinggearor flaps,thetog-
gleshouldmove in thesame directionas the
desiredmotion. In addition,a switchguardcan,

bemountedover theswitchto preventinadver-

oy

 
Figure4-5-2.Single-pole,
single-throwswitch(SPST),

Figure4-5-3.Single-pole,
double-throwswitch

(SPDT). (oPst).

1 N

Figure4-5-4. Double-
pole,single-throwswitch

tent switchoperation.Theseguardsare com-

â€˜monlyredto indicatethatswitchoperationcan

resultin a hazardto personnelor damageto

equipmentunlessoperationalprecautionsare

heeded.

â€˜Asoutlined in thechapter"BasicElectricityâ€•
in IntroductiontoAircraftMaintenance,switches

aredesignatedbythenumberof poles,throws,
andpositionstheyhave.A poleof a switchis,

its movablebladeor contactor. The number
â€˜ofpolesis equalto the numberof circuits,or

pathsfor current flow,that can becompleted
throughtheswitchat anyone time.

Thethrowof a switchindicatesthenumberof
circuits,or pathsforcurrent,thatitis possibleto

completethroughtheswitchin eachONposi-
tion. Thenumberof ONpositionsa switchhas
is thenumberof placesat whichtheoperating
device(toggle,plunger,andsuch)comes to rest
andat thesame time closeone or more circuits.

â€˜A.single-pole,single-throw(SPST)switch,as

shownin Figure4-5-2,makesit possibleto com-

pleteonlyone circuit throughtheswitch.A sin-

gle-poleswitchthroughwhichtwo circuits can

becompleted(notat thesame time)is a single-
pole,double-throw(SPDT)switch(Figure4-5-3).

â€˜Aswitchwith two contactorsor poles,eachof
whichcompletesonlyone circuit,is a double-
pole,siugle-throw(DPST)switch.A double-pole,
single-throw,toggle-typeswitchis shownin

Figure4-5-4

â€˜Adouble-poleswitchthat can completetwo

Circuits,one circuit ata time througheachpole

 
Figure4-5-5.Double-
pole,double-throwswitch
(Pon).

ye 

oo 

 

Single-pole
singlethrow

Single-pole
doublethrow

Figure4-5-6.Howtheswitcheslookin a schematicdrawing,
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Double-pote
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is a double-pole,double-throw(DPDT)switch.A

toggle-typeswitchis shownin Figure4-5-5,

Schematicrepresentationsfor the most com-

â€˜monlyusedswitchesare shownin Figure45-6,

â€˜Theswitchesshownin Figures4-5-2through
are simpletoggleswitches;the most

commonlyusedmanuallyoperatedaircraft
switches.Another very similar and very
common aircraft switch is a rockerswitch.

â€˜Theyare availablein severalstylesandcon-

figurations.Thehandleof this switchrocks
to theONor OFFposition,givingtheswitch
its name.

 

Rotaryswitchesprovidethe abilityto select
â€˜manydifferentcircuit connections in a small,
compactspace(Figure4-5-7)

With the adventof low-powercontrol cit-

cuitryandcomputerizedaircraftsystemoper-
ation,themicro switchis beingusedin increas-

ing numbersin new aircraft design.Until
recently,micro switcheswere usedmainlyas

limit switchesto provideautomatic control
andprecisepositioningof landinggear,flap
actuatormotors,eandthelike. A microswitch
is shownin Figure4-5-8,

â€˜Anothertypeof switchpopularwith aircraft

designersfor precisepositioningof landing
gear,flaps,andtrim tabsis knownas aproxim-
ityswitch.Proximityswitchesoperateusingthe

principlesof magnetismto operatean internal
switch,Whenthe targetthat is attachedto a

â€˜movingsurfaceis positionedover theswitch,
theswitchclosesmagnetically,completingthe
circuit,

CircuitLimitingDevices
â€˜Aircraftelectricalsystemsshouldbe pro-
tectedwith circuit breakersor fuseslocated
as closeas possibleto the electricalpower
source bus.Normally,the electricalequip-
â€˜mentmanufacturerspecifiesthe fuseof cit-

cuit breakercurrent ratingto be usedwhen

installingequipment.
â€˜Theonlycircuits thatdo not requireprotec-
tion are themain circuits of motors andthose
thatdonot presentahazardbytheiromission.
â€˜Thecircuit breakeror fuseshouldopenthe
circuit beforethewiringor equipmentover-

heats to the pointof emittingsmoke.To
accomplishthis,the time current character-
istic of theprotectiondevicemust fall below
thatof theassociatedconductor.Circuitpro-
tector characteristicsshouldbe matchedto
obtain the maximum use of the connected
equipment.
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=>â€˜Completeswitchwith knob

Figure4-5-7,Thisillustrationshowsa complete
rotaryswitchanditscontacts.

StatlonaMovable

contactâ€•
â€˜contact

  Three-bladed
spring

Figure4-5-8. A microswitchhastheabilityto controlmotionto a veryclose



478 | ElectricalSystems
â€˜Anexampleof a chartusedin selectingthe
propercircuit breakerandfuseprotectionfor
copperconductorsin a DCcircuit is shownin

Table4.5.3.

â€˜Table4-5-3is a limitedchart,applicableto a set,

â€˜ofambienttemperaturesandwirebundlesizes,andis presentedas a typicalexampleonly.Safe

 

 

   

WireANgauge CCrcultbreaker

copperamperesFuseamperes
22 5 5

20 28 5

18 10 10

16 15 10

â€œ4 20 15

2 30 20

10 40 30

8 50 50

6 80 70

4 100 70

2 125 100

1 150

o 150

Bassofchart
() Weebundlesin 138Â°Fambientandaltucesupto30000fee.
(@Wirebundlesof15or more wires,wthwes cary no mere than20percentofthe
totalcuren-caryingeapactyofthebundlean SpeciationMILWSOBB(ASC).
(@)Protectorsin 75Â°to 85Â°Fambient.
(@CopperwireSpecticationMLW:O88.
(6)Cire beakerstoSpeciitionMIL-C-5809or equvatet.
(Â©FusestoSpectieatonMILF-18160or equalent.

Table4-5-3.DCwire andcircuitprotectorchart

o.

 
Figure4-5-9.Circuitbreakersareavailablein manystylesandcapacitiesto
meeta widevarietyofelectricalconditions.

circuit designdependson suchguideswhen

selectingthe correct conductorand circuit
breakerforaspecificpurpose.

All resettablecircuit breakersshould be
installedata pointinthe circuit theyare pro-
tectingto beableto openthecircuit regardless
of thepositionof theoperatingcontrolwhen
â€˜novetloador circuit faultexists. Suchcircuit
breakersarereferredto as trip-free.Automatic
resetcircuit breakersautomaticallyreset them-
Selvesaftera circuit overloadandshouldnot
beusedas circuit protectiondevicesin aircraft

igure4-5-9,

Section6

ElectricalPowerSources
andMonitoring
Properinstallationand maintenance of an

aircraftelectricalsystemrequiresknowledge
of electricalload limits,acceptablemeans of
controllingor monitoringelectricalloads,
andcircuit protectiondevices.AMTTshavethe
responsibilityto ensure that an aircraftelec-
trical systemperformssafelyafterscheduled
â€˜maintenance,troubleshooting,or new equip-
â€˜mentinstallation.

ElectricalLoadLimits
Wheninstallingadditionalequipmentthat
consumes electricalpowerin an aircraft,the
totalelectricalloadmustbesafelycontrolled
â€˜ormanagedwithin the rated limits of the
affectedcomponentsof the aircraft'spower-
supplysystem.

Beforeanyaircraftelectricalloadis increased,
theassociatedwires,cables,andcircuit protec
tion devices(fusesor circuit breakers)should
becheckedto determinethatthenew electrical
load(previousmaximum loadplusaddedload)
doesnot exceedtheratedlimitsof theexisting
wires,cables,or protectiondevices.

Thegeneratoror alternatoroutputratingspre-
scribedbythe manufacturershouldbe com-

paredwith the electricalloadsthat can be
imposedon theaffectedgeneratoror alternator
bynewlyinstalledequipment.If acomparison
showsthattheprobabletotalconnectedelectri-
calloadcouldexceedtheoutputloadlimitsof
the electricalpowergenerationcapabilitiesof
the aircraftgeneratorsor alternators,theload
shouldbe reducedto preventpossibleover-

load.Inelectricalsystemsthatincludeastorage
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 Figure4-6-1.BeechcraftKingAir 200 electricalsystemis midwayupthecomplexityscale.
  

battery,ensure thatthebatteryis continuously
chargedin flight,exceptwhenshort,intermit-
tent loadsare connectedsuchas a radiotrans-

mitter,a landing-gearmotor or othersimilar
devicesthat can placedemandloadson the

batteryforshorttimes.

Controllingor Monitoringthe
ElectricalLoad
Placardsare typicallyinstalled in the cock:
pitor flightdecklocationsin plainview of
aircraftcrew to providecautionaryinforma-
tion on the various combinationsof electri-
calloadsthat can safelybeconnectedto the
powersource.

Whenan ammeter is electricallylocatedin

the batterylead,and the regulatorsystem
limits the maximum current that thegenera-
tor or alternatorcan deliver,a voltmetercan

beinstalledon thesystembus.As longas the
ammeter doesnot readdischarge(exceptfor
shor,intermittent loadssuchas operatingthe
gearandflaps)andthe voltmeterremains at

Systemvoltage,the generatoror alternatoris
not overloaded.

In installationswherethe ammeter is in the
generatoror alternatorlead,andtheregulator
Systemdoesnot limit the maximum current
that thegeneratoror alternatorcan deliver,
the ammeter shouldbe redlinedat 100per-
cent of the generatoror alternatorrating.
If the ammeter readingis never allowedto
exceedtheredline,exceptfor short,intermit-
tent loads,thegeneratoror alternatoris not
overloaded.

â€˜CourtesyofDynamiAviation
Whereusingplacardsor monitoringdevices
is not practicableor desired,andwhereassur-

ance is neededthat thebatteryin a typical
smallaircraft generator/batterypowersource

is chargedin flight,the totalcontinuous con-

nectedelectricalloadmaybeheldto approxi-
mately80percentof the total ratedgenerator
outputcapacity.Whenmore thanone generator
is usedin parallel,thetotalratedoutputis the
combinedoutputofthe installedgenerators.

Whentwo or more generatorsare operatedin

paralleland the totalconnectedsystemload
can exceedthe ratedoutputof one generator,
theelectricalsystemmustbedesignedwith the

capabilityto load-shedquicklyifa generatoror

enginefailure occurs. A specifiedprocedure
requiringpilotintervention can alsobe pro-
videdbythe manufacturerwherebythe total
loadcan bereducedtoaquantitythat is within
the ratedcapacityof the remainingoperable
generators.
Electricalloadsshouldbeconnectedto inverters,
alternatorsor similaraircraftelectricalpower
sources in sucha manner thattheratedlimitsof,
thepowersourcearenotexceeded,unlesssome

typeof effectivemonitoringmeans is provided
tokeeptheloadwithinprescribedlimits,

BeechKingAir Electrical
PowerSupplyand
DistributionSystem
Theelectricalsystemsof aircraftrangefroma

systemssimpleasthevenerablePiperCubwith
â€˜magnetos,a battery,afew lightsandpossiblya
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generator,to incrediblycomplexsystemson air-

craftliketheBoeing777or AirbusA340.

â€˜Anaircraftelectricalsystemthat is approxi-
â€˜matelyhalfwayup thecomplexityscaleis that
of theBeechModel200SuperKingAir (Figure
464).TheprefixSuperwas laterdroppedby
Raytheon(whohadacquiredBeechcraft)in 1996.

Theelectricalsystemuses both28VDCand115
VACelectricalpower.Mostof theelectricalsys-
tem circuitryoperatesoff DCpowersources.

Thisis illustratedin Figure4-6-2.

KingAir DCPower

DCpoweris usedforstartingtheengines,oper-
atingtheretractablelandinggear,flapmotors,
standbyfuel pump,ventilationblower,light
ing, and some electronicequipment.Three
sources of DCpower includeone 24-volt(20-
cell)34-amperehour nickel-cadmiumbattery
and two 250-amperestarter generators.The
batteryis mountedin therightwingcentersec-

tion,accessiblethrougha panelon the topof
thewing.Onestarter-generatoris mountedon

eachengineaccessorydrive,andeachis fully
capableoffunctioningas.a starteror a generator.
DCpowercan alsobeobtainedfroman exter-
nalgroundpowercart pluggedinto an external
powerreceptacleon therightenginenacelle.
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Whenusedas an enginestarter,28voltsDCis

requiredfor starter rotation. Selectingengine
start switchesroutespowerthroughtherespec-
tive 5-amperestart controlcircuit breakerson

theoverheadcircuit breakerpanelfromeither
theaircraftbatteryor a groundpowercart

Whenin use as a generator,theunit is capable
of producing250 amperesat 28 VDC.Each
sarter-generatoris controlledbya generator
controlunit (GCU).Theoutputof eachgen-
erator passesthrougha cableto therespective
generatorbus(Figure4-6-2).Theleft andright
generatorbuses,in turn,supplypowerto sev-

eralotherDCpowerbusesfor distributionto
various electricalcomponents.Thegenerators
are paralleledto balancetheDCloadsbetween
thetwo units. Whenone of thegeneratingsys-
tems is not online,andno faultexists,aircraft
DC powerrequirementscontinue to be sup-
pliedfromtheothergeneratingsource.

MostDCdistributionbusesare connectedto
bothgeneratorbusesbuthaveisolationdiodes
to preventpowercrossfeedbetweenthegen-
eratingsystems,whenconnection betweenthe
generatorbusesis lost.Ifeithergeneratoris lost
becauseof a groundfault,theremaininggen-
erator in operationis still ableto supplypower
to the equipmenton that distributionbus.
Theonlyexceptionsare thoseDCdistribution
busesthathavededicatedconnections to the

   Figure4-6-3.Thisoverheadpanelcontainsmostelectricalgenerationandprimarydistributioncontrols.
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   Figure4-6-4. Aloadmetermarkedin percentof
generatoroutput.

inoperativegeneratorâ€™sbus.Whena generator
is not operating,reverse currentandover-volt-
ageprotectionis automaticallyprovided.For
a detailedreview of typicalstarter-generator
unit operation,refer to the turbineengines
chapterofAircraftPowerplantMaintenance.

KingAir ElectricalSystemControls

Controlsand indicatorsassociatedwith the
DCsupplysystemare on theoverheadcontrol
panel(Figure4-6-3)andconsistofa singlebat-
tery switch(BAT,two generatorswitches(#1
GENand#2GEN)andtwo volt-loadmeters.

Batteryswitch. A switch,placardedBATT

(Figure4-6-3,ison theoverheadcontrolpanel
under the master switch.TheBATT switch
controlstheDCpowerto theaircraftbussys-
tem throughthebatteryrelayandmust beon

â€˜whenusingexternalpower.TheBATTswitch
is forcedOFFwhenthe master switchbar is

placedaft

Generator switches.Two switches(Figure
46.3)placarded#1 GENand #2 GENare on

the overheadcontrolpanelunder the mas-

ter switch.Thethree-positiontoggleswitches
controlelectricalpowerfromthe designated
generatorto parallelingcircuits and the bus
distributionsystem.Switchpositionsare plac-
ardedRESET,ON,andOFF.RESETis forward
(pringrloadedbackto ON),ON is center,and
OFFis aft. Whena generatoris placedoffline
fromtheaircraftelectricalsystem,eitherfrom
a fault or from movingthe GEN switchto

OFF,the affectedunit cannot haveits output
restoredtoaircraft use until theGENswitchis

movedto RESET,thenON.

Master switch.All electricalcurrent can be
shutoff usingthe master switchbar (Figure

4-6-3),that extendsabovethe batteryand
generatorswitches.The master switchbar
is movedforwardwhena batteryor genera-
tor switchis selectedon. Thebar forcesall
four switchesinto theOFFpositionwhenit is,

movedaft

Voltloadmeters.Two meters (Figure4-6-3),
on theoverheadcontrolpaneldisplayvoltage
readingsandshowthe tate of current usage
from left and rightgeneratingsystems.Each
meter is equippedwith a springloadedpush-
buttonswitchthatcauses themeter to indicate
main bus voltagewhen manually.pressed
Eachmeter normallyshowsoutputamperage
readingfromtherespectivegenerator,unless
thepush-buttonswitchis pressedtoobtainbus.voltagereading.Currentconsumptionis indi
catedas a percentageof totaloutputamperage
Capacityfor thegeneratingsystemmonitored

igure4-6-4,

Batterymonitor.A characteristicof nickel-
â€˜cadmiumbatteriesis thatif theybecomeover-

heated,thebatterychargecurrent increases

and can indicatethat thermal runaway is

imminent. Theaircrafthasa charge-current
sensor that detectsa chargecurrent. The
chargecurrent systemsenses batterycurrent

througha shunt in the negativeleadof the
battery.Anytime the batterychargingcur-

rent exceedsapproximately7 amperesfor 6
secondsor longer,the yellowbatterycharge
annunciator lightandthemaster faultcaution

lightilluminates.

Followinga batteryenginestart,the caution

lightilluminatesapproximatelysix seconds
after the generatorswitch is placedin the
ON position.Thelightnormallyextinguishes
within two to five minutes,indicatingthat
thebatteryis approachinga full charge.The
time intervalincreases if thebatteryhasa low
stateof charge,thebatterytemperatureis very
low,or if thebatteryhaspreviouslybeendis:
chargedat a very low rate (ie,batteryopera-
tion of radiosor lightsfor prolongedperiods).
Thecaution lightcouldalsoilluminateforshort
intervalsafterlandinggearor flapoperation.
Ilumination ofthecaution lightin cruise flight
indicatesthat conditionsexist for possible
batterythermalrunaway.Thebatteryshould
be turnedoff. Typically,thebatterybecomes
usableagainaftera 15-to 20-minutecool-down
period.

 

Generator out warninglight.Two caution/
advisoryannunciator panellightsilluminate
â€˜wheneithergeneratoris not deliveringcurrent
to theaircraftDCbussystem.Theselightsare

placarded#1 DCGENand #2 DCGEN.Two

flashingmastercaution lightsand illumina-
tion of eitherfault lightindicatesthateither
theidentifiedgeneratorhasfailedor voltageis,



insufficientto keepi t connectedto thepower
distributionsystem.

DCexternalpowersource. ExternalDCpower
can beappliedto theaircraftthroughanexter-nal powerreceptacleon the undersideof the

rightwingleadingedgejustoutboardof the
enginenacelle,accessiblethrougha hinged
access panel.DCpoweris suppliedthroughthe
DCexternalplugandapplieddirectlyto the
batterybusafterpassingthroughtheexternal

relay.Theexternal powersourceshouldPeott whileconnectingthe powercableto oF

removingit fromtheaircraft'sexternalpower
supplyreceptacle.Theholdingcoil circuit of
the relayis energizedbythe externalpower
source whenthekeylockandBATTswitches
are in theONposition.Thegroundpowerunit
(GPU)must beadjustedto regulateat 28 volts
â€˜maximumto preventdamageto the aircraft
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KingAir ACPower

TheAC electricalsystemis shownin Figure
4-6-5,ACpoweris producedbyinverter units
numbered#1and#2. Theseinverters takeDC
powerfromtheaircraftelectricalsystemand
convert it to ACpower.Bothinverters are rated
at 750volt-ampsandprovidesingle-phase115
voltand26volt400HzACoutputs.Theinvert-
ers are protectedbycircuit breakersmounted
on theDCpowerdistributionpanelmounted
beneaththe floor.Aircraft equipmentoperat-
ingfromsingle-phaseACpowerincludessev-

eralavionics systemsandengineinstruments
for fuel flowand torquemeters.Controlsand
indicatorsof theACpowersystemare on the
overheadcontrolpaneland on the caution/
advisoryannunciator panel.AC power is

selectedONusingthe inverter selectswitches
placardedinverter #1 and#2on theoverhead
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Figure4-6-5. AtypicalACelectricalsystemschematicdiagram.
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Two flashingmastercautionlightsandtheillu-
mination of an annunciator caution light#1

inverteror #2inverterindicateaninverterfailure.
â€˜Twovolt-frequencymeters (Figure4-6-3),are

mountedin theoverheadcontrolpanelto pro-
vide monitoringcapabilityfor both 115VAC
buses.Normaldisplayon themeter is shown,
in frequency(Hz).Toreadvoltage,pressthe
buttonin thelower-leftcomer of themeter.115
VACand400 Hz on the metersindicatesnor

malinverter output.

Loadcontrol
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Figure4-6-6.Basicpowergenerationandconversion systemforaBoeing
737-300.

Boeing737PowerSupply
ACElectricalPower

â€˜Theelectricalpowersystemof a Boeing737300
aircraftconsistsof 28VDC,28VAC,and115VAC
systems.Threeisolatedgeneratorsthatsupply
115/200-volt,three-phase,400-Hzpowerare pri-
â€˜marysources of powerfor themain ACbuses
and the wholeaircraftelectricalsystem.Each
tenginedrivesa generatorandtheAPUdrivesthe
thirdgenerator.Forgroundoperations,115/200-
volt,three-phase,400Hzexternalpowercan be
connectedto theaircraft.Figure4-6-6showsthe
basicelectricaldistribution.

â€˜Transformersthat reducea 115 VAC input
downto 28VACprovidepowerto the28VAC
buses.Emergencypoweris obtainedfrom a

static inverter that converts 28 VDCbattery
powerto 115VACpower.Emergencypower
suppliescriticalflightloadson theACstandby
buswhen the primarypowersources have
eitherfailedor shutdown.Thestatic inverter
is on an electricalequipmentshelfin theelec-
tronic compartment,or as i t is alsoknown,the

EXEbay.
DCElectricalPower

â€˜Threetransformer-rectifier(I-R)units provide
28VDCpowerbyconverting115VACpowerto
28VDCpower.ERunits are on electricalequip-
â€˜mentshelfE3-1.A36-amphournickel-cadmium
batteryprovides28VDCpowertostarttheAPU.
â€˜Thebatteryprovidespowerto loadsthat are

connectedto thebatterybuswhenotherpower
sources are de-energizedandis mountedin the
electroniccompartmentnear theelectricalequiip-
mentshelves.

Eachengine-drivengeneratoris drivenbya

constant-speeddrive(CSD)to obtaina genera-
{or speedof 6000rpm.TheCSDis amechani-
cal,differential,hydraulicallycontrolledunit
attachedto theengineaccessorygearbox.Figure
4467showsa generatordrive (disconnected).
Manualcontrol,monitoringlights,anddialindi-
calorsforthedrivesare on theforwardoverhead

ppanelin thecontrolcabin.Warninglightspro-
videindicationsoflowoil pressureandhighoil
temperature.

â€˜Torqueissuppliedbytheengineto theinputshaftatvarious enginespeeds.Thistorqueis transmit.
tedto theinputendof theplanetarydifferential
gearunit in thedrive.Dependingon thediffer-
tencebetweentheoutputspeedand6000rpm,
thevariabledisplacementhydraulicunit boosts
or retardthespeedof theplanetarydifferential
â€˜outputgearto maintain an outputspeedof6,000
â€˜pam.as requiredbythegovernor.



AircraftWiringDiagrams
A completebook of wiringdiagramsfor a

commercialairliner would â€˜containmany
hundredsof pages.Tryingto teachtheopera-
tion of each'andeverysystemis a project
beyondthe scopeofthis chapter.Tounder-
standthecomplexsystemsof modernaisin-
ers,youmust learnthebasicsandthenapply
them to the more complexschematicsone

wireata time.Whileat firstthismayseeman

Impossibletask,in practiceit realy isnot. An

exampleof thisprocessis presentedin Figure
46-8 It is a blockdiagramof theBoeing737-
300powergenerationsystem.It alsoincludes
partsofthe distributionsystemuptothevar-

fousbusbars,

Startwith thegeneratorsandfollowthesys-
tem throughas i t dividesand startssupply-
ing the various busbars.Thenfollow from
teachbussbartoits conclusion.Youwill find
it actuallyproceedsverylogically.Thatis why
binarylogicchartscan beusedto providecur-

rent flowcharts.Seetheâ€œBinaryLogicâ€•chap-
ter of IntroductiontoAircraftMaintenancefor a

â€˜Onceon the job,the more complexelectrical
drawingscan befollowedthesame wayas the
blockdiagramin Figure4-6-8,

eet â€”
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 Section1

Introduction

Successfulflighthasalwaysbeendependent
fon the pilotâ€™sabilityto understandwhatthe
aircraft is doing.Thiswas true even with the
WrightFlyerin 1903.Theearliestaircraftwere

flown bypilotswho sat outside the aircraft,
usuallyon topofthewing,in theairflow.They
were ableto heartheengine,feelthewind in

their face,seetheattitudeof theaircraftand
its relationshipto theground,andhavesome

judgmentof theheightabovetheground.As
aircraft grew in speedand complexityand
pilotsmoved into enclosedcockpits,they
becameever distantfromtheseraw sensory
inputs.Additionally,humansenses, whichare

optimizedfor walkingspeeds,are insufficient
toeffectivelyanalyzeflightathighspeeds.

 

Thisbroughtaboutthedevelopmentofinstru-mentation to aid thepilotin effectivelymea-

suring the conditionof the aircraft and its

systems,Thescience of instrumentation in

aviation datesto the Wrightbrothers,The
WrightFlyerhad a tachometer,a stopwatch
and an anemometer (Figure5-1). Thepri-
mary purposeof theseinstruments was to
identifyengineproblemsbeforeenginefail-
ture occurredso that the airplanecould be
landedsafely.

  

Safeandreliableoperationalsorequiresinfor-
â€˜mationaboutthespeedandaltitudeof theair-

craft.TheWrightFlyerhada stringhanging
fromtheforwardcanardthatthepilotcoulduse

to judgethe amount of yaw. Instrumentation
â€˜wassoon developedto measure air pressures
and changesin pressure.Theseinstruments
were calibratedto showaltitude,airspeed,

â€˜Instrument
classificationsby
function

â€˜Types,uses,and
â€˜operationof
flight,electronic
flight,gyroscopic,
â€˜engine,standby,
andotherfight
instruments

â€˜Autopilotsystems
andcomponents
â€˜operationand
maintenance

+Thestepsfor
Inspectingand
troubleshooting
instrumentsystems

Leftincraftinstrumentsystemsstartedas little
more thanoil pressure
gaugesto warn the
pilotofenginefailure.Today'sjetaircraft,
likethisHawker
4000,use advanced
computersystemsto
monitormanysys-
temson theaircraft.

CourtesyofHower
BeeceratCorporation
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   Figure5-1-2.ThePiper|-3Cubinstrumentpanelshowshowsimplethe
instrumentationwas in earlyaircraft.

 
rate-of-climb,andotherinformationthepilot
neededforsafeflight.
Thedesireto flyin all weatherconditionsmoti
vated individualsto developâ€œblindflyingâ€•
instruments permittingaircraftto safelyflyin

cloudsandotherconditionswherethe pilots
visualsenses couldnot bereliedon to maintain
level flight.Themost successfulof theearly
instruments was theSperryGyroscope.Most
â€˜moderngyroscopicinstrumentsoperateon the
same principles,
Earlyinstruments reliedon simplemechani
calmechanismsto displaythe relevantinfor
â€˜mationto thepilot.Muchof thepilot'sflight
informationwasobtainedvisually.Figure5-12
showsaPiperCubinstrument panel,Thepanel
includesthebasicclusterofengineinstruments
and theminimum flightinstruments necessary
to safelyoperatetheaircraft.

â€˜Aircraftinstrumentshavebecomesignificantly
â€˜morecomplexover theyears,particularlywith
the widespreaduse of modern,high-speed,
â€˜turbineaircraft. Multipleengines,higherflight
speeds,and a needto operatein all weather
conditionsgreatlyincreasedthe amount of
informationrequiredbythe pilotA typical
airlinercockpitfromthe1960sshowsthiscom:

plexity(Figure5-1-3),

Thedevelopmentof the transistor and inte-

gratedcircuit hasalsogreatlychangedthe
typesof instrumentation found in modern
aircraft. Thelatestaircrafthavewhatis known
â€˜asaglasscockpit.Whiletheadventof modern
technologyhasbroughtaboutmajorchanges
in the displaysystemswith some airliner
cockpitslookingmuchlike videogamecon:

soles,many of thesensors in use still operate
usingthe same technologiesas they always
have. Theintegrationof computersinto the
cockpithasgreatlysimplifiedthepilot'swork-
load. Computersnow monitor many of the
basicfunctionsandalerttheflightcrew when
certain conditionsaremet. Thecrew no longer
needsto intenselymonitor everyinstrument;
rathertheycan focuson flyingthe aircraft
and let thecomputertell themwhenan area

needsattention. Figure5-1-4showsthecock
pitof the CessnaCitationMustangbusiness
jet.Comparethiscockpitto theDC-9photoin
Figure5-1-3

 

 

Onesignificantdifferencebetweenthe earl
simpleaircraft systemsand the laterairline
anddigitalsystemsis thatthesensingmecha:
nism is, in many cases,no longerin theinstru:
â€˜ment.Thisallowssensors to becloserto the
informationsource andsignalsare transmitted
electricallyto indicators,thusgreatlyreducing
theweightof theinstallation.Systemcomplex:
ity hasincreasedas a result

 



Sates a
_â€”

Figure5-1-4,Moderncomputerlogyhasgreatly

simplifies â€˜oftheCessnaCitationMustangshows

thecurr indigital displays.  



Figure5-
turbineengine.
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Today'sAMT hasthe opportunityto work
â€˜onall thesetypesof instrumentsduringthe
course of hisor hercareer. A thoroughunder-

standingof theprinciplesof instrument opera-
tion is criticalto propermaintenanceoftheair-

craft'sinstrumentationsystems.

Section2

Classificationof
Instruments
Instruments can begroupedin two different
â€˜ways.Thefirstmethodis bythefunctionthat
theyperform.Thebasicclassificationsunder
this methodare flightinstruments,engine
instruments,and navigationinstruments.

Flightinstruments are thosethepilotuses to
aid in controllingtheflightattitudeof theair-

craft.Engineinstruments are usedto moni-

tor theoperationof the engines.Navigation
instruments are usedto steer the aircraftto
its intendeddestination,regardlessof weather
conditions.

Instrumentscan alsobe categorizedbythe
principleon whichtheywork.Theseprinciples
includechangesin temperatureor pressureas

â€˜wellas magnetic,electrical,and gyroscopic
indicators.Beforethedigitalage,theseprin-
cipleswhereprimarilymechanicalin nature.

   â€˜Asightgaugeusedto quicklychecktheoil evelon a PWS30

â€˜Moderndigitalsensors haveintroducedmulti-

pplemethodsfortheworkingsof various types.
of instruments.

â€˜Thischapteris organizedbyinstrument func-
tion,Thevarious methodsbywhichinstruments,

â€˜workareexplainedalongwiththeirfunction.

SensorsandDisplays
Instrumentsintially combinedboth thesens-

ingmechanismandthedisplayin one hous-
ing.Theseunits are oftenreferredto as dct
rentinginstruments. Aircraftcomplexityand

technologicalchangeshavebroughtaboutthe
needfo separatethesensors andthedisplays.Digitaltechnologyhasintroducedfurthervari

ationstotheinstrument world.Modernaircraft
oftenuse a combinationof directreadingand
emote indicatinggauges,Digitalsystemshave
replacedtraditionalanalog.dials with video

displays

TypesofDisplays
â€˜Themanner in which informationhasbeen
presentedto theflightcrew haschangedover

theyears.All ofthetypesofdisplaysfulfill one

common functionâ€”toinformtheflightcrew as,

to thestatusof a systemor operation.Theeat-

liest,simplestsystemsreliedon directobser-
vation bythe flightcrew. Latersystemshave
introducedelectricalandelectroniccircuits to

relayor processsysteminformation.

Visual/sightgauges.Thesimplesttypeof
indicatoris thesightgauge.Thesightgauge
is mostcommonlyusedas aquantitymeasur-

ing tool,typicallyfor fuel,oil,oF hydraulic
fluids.Thesecome in a varietyof configura-
tions. A typicaltypeof sightgaugeis a clear
tubeor panelconnectedto the tankor reser-

voit. This letsthe pilotsee the fluid level in
the tank.Earlyaircraftcommonlyusedsight
gaugesto providefuel quantityinformation.
Most productionaircrafttodayuse a remote
fuel sender,but some lightaircraftstill use a

sightgauge.Clearpanelsare still commonly
found on turbine aircrafthydraulicsystems
and some oil systems.Theyare usedduring
preflightto quicklycheckfluid levels.Figure
5-241).

â€˜Thesecondtypeof visual indicator is the
mechanicaltype.Theyare also most often
usedfor fluid levelmeasurement.Someearly
aircraft providedfuel quantityinformation

byusinga float in the fuel tank connected
to a rodstickingup out of thefuel tank. The
float pushedthe rod up whenthe tank was

filled with fuel,andas the fuel was usedthe
floatdroppedwith the fuel level.As longas
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 Figure5-2-2.A mechanicalfuelfloatusedon a BeechcraftBaron.

   the rodwas visible,therewas still fuel in the

       

    
tank. Whilenotincommon use this method viCan still befoundon some earlyaircraft N /

his methodistused St Ee[Avariation onthismethodisstilused oncur-

fentproductionaircraftasa backupindicator.~~8 FUELQTY'Â©_

TheBeechcraftBaronuses a floatconnectedto 18
a simpleanalogdial mountedon thewing in

view of thepilot.Thisinstrument is shownin

Figure5-22.

Conventional analoginstruments. These
types.of instruments displayinformation
on a rounddial (Figure5-2).Theytypically
includea faceand an indicatingneedle.The
dial is markedwith a rangeand the needle
â€˜movesradiallyto pointattheappropriatemea- Figure5-23.Ananalogfuelquantityindicatorsurementon therange.Theyappearmuchlike
thetypicalautomotive speedometer.
Informationcan be evaluatedvery quickly
usinganaloginstruments. Thepilotdoesnot
needto stopandreadtheexact numberthat
theneedleis pointingto. Aquickglanceshows
â€˜whereon therangetheneedleis. If itisoutside
the normalrange,the flightcrew can pause
andreadit in detail.Thisfeatureallowsallows,thecrew to quicklyscan manyinstrumentsat
atime.

Vertical scale instruments. Vertical scale
instruments are a variation on the analog
instrument. Initiallyusedto save spaceand
providea more modern instrument panel
appearance,theywere incorporatedinto pro-
ductiondesignsfor onlya fairlyshorttime.
Whiletheycan save some spaceandinitially
looked modern,theyare difficult to read
quickly.Scanningthe instrument panelfor
criticalinformationtakesmore time with ver-

ticalscaleinstruments. Duringemergencysit-

uations,thisuses vital time. Verticalscalesarestill usedin some olderaircraftandfor some

noncriticalfunctionsin new aircraft(Figure
5-2-8) Figure5-2-4.Averticalscaleindicator. 
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 Figure5-2-5.(A)Directreadinggauge,(B)analtimetercounter.
Digitalinstruments. Digitalinstruments
can bemechanicalor electronic.Theydisplay
informationin numeric form,ratherthanbya

movingneedle.Mechanicaldigitaldisplaysare

wheelsof numbersthatrotate. A numeric dis

playin an altimeterinshowninFigure5-2-5,

Digitalinstruments can also be electronic.
Themechanicalnumberwheel is replaced
byan electronicdisplay.Digitalinstruments
are common on olderaircraft.Like theverti
calscaleinstrument,theywere an attemptto

 Figure5-2-6.Anelectronicdigitalinstrument.

makea more compact,moderninstrument

panel.An exampleis shownin Figure5-2-6,
However,theyhavethesame shortcomingas

theverticalscale:theycan bedifficult to read
quickly.Theydo haveone importantbenefit.
Digitalreadoutsgivetheflightcrew very pre:
cise measurements.Becauseof this,theyare

no longerusedas primarydisplaysfor criti
calinformation,butdigitalreadoutsare often
addedto analogdisplaysto providesupple:
â€˜mentalinformation.

Electronicdisplays.Electronicflightinfor
mation systems(EFIS)use computertech
nology10 displayinformation(Figure52.
7). Computerscreens replacemechanical
instruments. Oneadvantagetheyhaveover

older instruments is their simplicity.One
screen displaysthe information frommany
instruments. Anotheradvantageisflexibility.
Computersmanagethe processanddisplays
can be configuredto bestsuit the crew's

needs.Electronicsystemscan combinethe
bestfeaturesof earlierdisplays.Theyoften
use analogpresentationswith added.digi
tal data,providingfor quickscans andpre-
cise measurementswhen needed.EFIS are

describedin more detail laterin thischapter.

TypesofSensors

Direct readinggauges. Direct reading
gauges,(Figure5-2-8)are thoseinstruments
thatcontain both the sensor mechanismand.
the displayin the same case. Earlyaircraft
used this typeof instrumentation almost
exclusively.

Separatesensors and indicators. Single
engine aircraft usuallyhave the gauges
mounteddirectlybehind the firewall in the
cockpit.It is a simpleprocessto run an oil
pressure,fuel-pressure,or similar line into
thecockpitandattachit to the backof the
instrument.

Thecomplexityrequiredto route plumbing
from multipleenginesto thecockpitbrought
aboutthe needfor remote indicatinginstru:
â€˜ments.Plumbingaddsweightandcomplexity
to an aircraft. Pressurizedaircraftmust also
deal with many large-diameterpenetrations
of thepressurizedfuselagewall (Figure5-2-9).
Significantsafetyissues alsocome with mul
tiplefuelandoillinesrunningintotheaircraft
crew andpassengercompartments.

Remote sensinginstruments use a sensor

closeto of at thepointof measurement.This
sensor sendsa signal,typicallyelectrical,
to an indicatorin thecockpit.A singlewire

bundle penetratesthe fuselageand carries

the signalsfor multipleindicators.Aircraft



with analoginstruments havea wire or wire

bundle from the sensor to eachindividual
instrument (Figure5-2-8).Thewire bundle
transmits datato a centralcomputerin glass,
cockpitsystems.

RemoteSensingTechnologies
Thepilotrequiresa widevariety of typesof
information.Theseinclude informationon

various pressuresandtemperaturesthrough-
out theaircraft,the positionof components,
the quantitiesof availablematerials,and the
speedsof various items.Examplesincludefuel
and oil pressure,landinggearposition,fuel
quantity,andenginerp.m.All this informa-
tion mustbeavailableto theflightcrew.

â€˜Avarietyof mechanismsandtechnologiesis,

usedto gathertheneededinformation.

â€˜Mostof thesetechnologiescan beusedto sig-
naleitheranalogor digitalinstruments. Some
newer digitalsystemshavenew technology
solid-statesensors thattransmit theirdatadigi-
tallyandcan beusedonlywithcomputerized
glasscockpitsystems.

SimpleSwitches

Thesimplesttypeof remote sensor is an on-

off switch.Switchescan beattachedto compo-
nents,suchas landinggeat,to alertthe crew

whenthelandinggearis retractedor extended,
Switchescan alsobe usedto indicatehighor

lowpressures.A pressureswitchcan beused
to alert theflightcrew ofalowfuel pressure
condition.Switchesare not typicallyused
to drive aircraft instruments. Theyare most
oftenusedto turn on or off warninglightsin
thecockpit.Theycan alsobeusedto activate
or deactivateaircraftsystemsor instruments,

SimpleResistance

Electricalresistancein a circuit can be made
to vary.Thisvaryingresistancecan beusedto
indicateposition,temperature,or pressure,

Position indicating.Variableresistors and
potentiometersare usedas sensors and con-

nectedto many componentsto indicateposi-
tion. Thesensor is connectedtoaninstrument
bywires. Electricalcurrentispassedthroughthis circuit. As the componentmoves, the
resistancegeneratedbythe sensor changes,
Thiscauses thevoltagein thecircuit to vary.

Theinstrument is essentiallya voltmeter.The
needlemoves as the voltagein the circuit
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ora. rum.cos (250 Figure5-2-7.A typicalEFISdisplayshowingbothanaloganddigitalinfor-
â€˜mationon thesame screen,

 Figure5-2-8,Thegaugeon theleft isa directreadinginstrument.The
gaugeon therighthasaremotesensor.

Sanat
Figure5-2-9,Wiringharnessandcablebundlesmustbesealedwherethey
penetratea pressurizedcabin. 
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Acphesippy

  
 

      

Mechanical
 
  

synchro
transmitter

Synchrodata
â€˜transmissionines

Figure5-210. Synchroblockdiagram.

changes.Theinstrumentfaceis markedto cor-

respondwith thepositionof thecomponent.

â€˜Temperatureindicating.Manymetalshavethe
propertyof varyingtheirresistanceto theflow
of electronsas theirtemperaturechanges.Some
â€˜metalshavea verypredictableandconsistent
resistancechangeover a specifictemperaturezange.Sensorsmadeofthesemetalscanbeusedto indicatetemperature.An electricalcurrent is

Torquetransmitter(1X)
Recalver(TR)

Controltransmitter(CX)

Recelver(CT)

Resolver(RS)

Differential(Inatorquesystem)
â€˜transmitter(TDX)recelver(TDR)

Differential(Ina controlsystem)
transmitter(CDX)recelver(CDR)

Figure5-2-11.Typesofsynchros.

passedthrougha temperatureprobemanufac-
turedfroma specificmetaltype.Thistempera-
tureprobeisplacedin theregiontobemeasured.
â€˜Thiscouldbean oil tankto measure oil tempera-
ture,an exhaustsystemto measure exhaustgas
temperature,or theinsideof a turbineengineto
â€˜measurecombustiontemperatures.
â€˜Anindicatoris connectedto the temperature
probe.Theinstrument is calibratedto display

 1

= cy

son

52

1s Sty 952

3En3. R3st RT

wlwlle
Rebbe

Â®

1 81 stie 52
et 33

s



the temperaturecorrespondingto the resis-

tancepresentatatemperature,

Pressureindicating.The latestdigitalsys-
tems include silicon chipsthat are sensi-

tive to pressure.Theresistancegeneratedby
thesechipsvaries with the pressureplaced
fon them.Thevoltagesand resistancesused
in thesesystemsare too smallto beusedby
traditionalanaloginstruments. Theextremely
sensitivevoltagesinvolvedrequirethechipto
convert theelectricalresistanceinto a digital
signalthat is communicatedto theflightcon-

trol computer.

Servo-Mechanisms
(SynchroSystems)
Oneof the most common typesof remote

indicatingsystemsis the synchro.The term

synchrois usedto referto synchronousdata-
transmissionsystems.A synchrosystemcon-

sistsofatransmittinganda receivingelement.
â€˜Theirkeyfeatureis theabilityto measure and
indicateangulardeflection.Bothdirectcurrent
(DC)andalternatingcurrent (AC)systemsare

Synchrosare usedextensivelyin modernair

â€˜transportaircraft.Theyare commonlyusedin

engineinstruments,analogair datacomputers,
remote-indicatingcompasses,landinggear,
andflappositionindicators,andin flightdirec-
tor systems,

ACSynchroSystems
A simpleACsynchrosystemisshowninFigure
5.2:10,It consistsofasynchrotransmitter(gen-
erator)anda synchroreceiver (repeater).

Synchrosystemscan bedivided into fourcat

egories:

32

 
  

  Figure5-2-13,Synchrocontrolschematic.
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* Torque
* Control
+ Differential

+ Resolver

â€˜Thestandardsymbolsfor thesefourtypesare

shownin Figure5-2-1.

Torqueindicatingsynchros.Thesimplestype
isthe torqueindicatingsystem,A asc torque
indicatingsynchrosystem is shownin Figure
S212,Thesynchrotransmitterisa rotor wth3Singlewindingandastatorwiththreewindings.â€˜Thewindingsarearranged10Â°apart.
â€˜Therotor is connectedto the transmittershaft.
Its windingis excitedbythe ACpowersup-
ply.As thiswindingrotates in thethreestator

â€˜windings,it inducesvoltagesin thestatorsas a

functionof therotor angle.
â€˜Thesevoltagesare transmittedto thesynchro
receiver via threewires, Thesynchroreceiver

is electricallyidenticalto the transmitter,The

voltagestransmittedto the receiver cause its
Totor to move to thesame positionas therotor
in the transmitter, This iy causedbya mag.
netic forceinducedby thewindingsating on

the rotor, Oneearlysynchroof thstypewas

f ZI =
- @=â€”â€”Â®)

Figure5.2-12.Synchrotransmitterandreceiver.

92,

synchrocontrolansmiter
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 Figure5-2-14,Synchrodifferentialschematic.

knownas theMagnesynsystem.Thisterm is no

longerin common use.

Control synchros.Thecontrolsynchrosys-
tem is similarto thetorqueindicatingsystem
above.Theprimarydifferenceis in function.
â€˜Thecontrolsynchrogeneratesan error signal
ratherthan a rotationaltorquemovement in

thereceiver. Thiserror signalis amplifiedand
â€˜outputto the controlphaseof an AC servo-

motor. A typicalsynchrocontrolschematicis
shownin Figure52-13

Differential synchros.Differentialsynchros
are used to measure positiondifferences.

â€˜Addinga synchrodifferentialto a synchrocir-

cuit allowsthecircuit to measure two angular
positions.Theresultingsignalindicatesthe
differenceor sum of the two positions.

â€˜Asynchrodifferentialdiffersfromthe stan-
dardsynchroin thenumberof rotor windings.

Figure5-2-15.Synchrodifferentialschematic. 

Differentialsynchroshavean additionalrotor

windingfor a totalof three.Bothtransmitters
andreceiversarewiredthesame internally.
When used as a differential transmitter,
the voltagefromthe synchrotransmitter is,

appliedto the stators. Theoutputvoltages
from the rotor windingsare then applied
to the synchrotransmitter stator windings.
Whenthesynchrodifferentialrotor shaftis,

rotated,the combinedoutputsignalvaries,

indicatingthe differencebetweenthe two

positions.Thiswiringschematicis shownin

Figure52-14

â€˜Thesynchrodifferentialcan beusedas a dif-
ferentialreceiver byconnectingone synchro
transmitter to the rotors andanotherto the
stators.Theshaftof the differentialsynchro
indicatesthesum of the two signals.A sample
syncheodifferentialwiringschematicis shown
in Figure5-2-5.

Angie



Figure5-2-16.Synchroresolver.
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Figure5-2-17.Synchroresolverschematic
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Synchroresolvers.Synchroresolversgener-
aie a voltagesignalindicatingpositionrather
thana rotationalforce.Thisvoltagerepresents
theangularpositionof the shaft.A synchro
resolverhas two stator windings90Â°apart
andtwo rotors alsosetat 90Â°apart.Thestators
act as transformerprimarywindingsandthe
rotors actas transformersecondaries.Atypical
synchroresolveris shownin Figure5-2-1

â€˜Therelationshipbetweenthe rotors and the
stators inducesvoltagesbasedon their rela-
tive positions.Thevoltagevaries as the rotor
ismoved.A graphof thisvoltage,showingone

revolutionof theshaft,takeson a sine-cosine

waveform.Synchroresolverscan be usedas

differentialcontroltransformers,controltrans-
formers,or transmitters.Wiringfor all three
typesare shownin Figure5-2-17.

DCSynchroSystems
TheDCsynchrosystem(sometimesreferredto
as a DCselsynsystem)is a widelyusedelec-
tricalmethodof indicatinga remotemechani-
calcondition.TheDCsynchrosystemremote

indicatingmechanismcanbeusedto showthe
movement andpositionof retractablelanding
gear,wingflaps,oil coolerdoors,or similar
movablepartsof theaircraft

 Figure5-2-18,DCsynchrotransmitter.

| sat
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  â€˜Transmitter

Figure5-2-19,Schematicdesignofa three-wireDCsynchrosystem,

â€˜A.synchrosystemconsistsof a transmitter

(Figure5218),an indicator,andthe connect-

ingwires. Currentsuppliedfromtheaircraft's
electricalsystempowersthesystem.

 

â€˜Transmitter.A synchrosystemschematicis
shownin Figure5-2-9,Thetransmitterconsists
of a circularresistancewindinganda rotating
contactarm, Thecontactarm turnsona shaftin

thecenteroftheresistancewinding.Thetwoends
ofthearm, or brushes,alwaystouchthewinding
â€˜onoppositesides.Theshafttowhichthecontact
armis fastenedprotrudesthroughtheendofthe
transmitterhousingandis attachedto theunit

(Glaps,landinggeas,andthelike)whoseposition
is to betransmitted.Thetransmitter is usually
connectedto theunit througha mechanicallink-
age.As theunit moves,it causes thetransmitter

shafttoturn,Thus,thearm canbeturnedso that

voltagecanbeappliedatanytwo pointsaround
thecircumferenceofthewinding,
[Asthevoltageat thetransmitter tapsis varied,
the distributionof currents in the indicator
coilsvaries andthedirectionof the resultant
â€˜magneticfieldacross theindicatoris changed.
â€˜Themagneticfield across the indicatingele-
â€˜mentcorrespondsin positionto the moving,
arm in thetransmitter. Wheneverthemagnetic
field changesdirection,the polarizedmotor
turns andalignsitselfwith thenew positionof
thefield.Therotor thusindicatestheposition
of thetransmitter arm.

â€˜WhentheDCselsynsystemis usedto indicate
thepositionof landinggear,an additionalcir-

cuit is connectedto the transmitter winding,
whichacts as a lockswitchcircuit. Thepur-
poseof thiscircuit is to showwhentheland-
Inggearis upandlocked,or downandlocked,

Indicator

Figure5-2-20showslock switchesconnected
into a three-wiresystem,

Indicator. A resistor is connectedbetween
â€˜oneof the tapsof the transmitter at one end
and to the individual lock switchesat the
otherend.Wheneitherlockswitchis closed,
the resistance is addedinto the transmitter
circuit to cause an unbalancein one section
of the transmitter winding,This unbalance
causes thecurrent flowingthroughone of the
indicatorcoilsto change.Theresultantmove-

â€˜mentin the indicatorpointershowsthat the
lockswitchhasbeenclosed.Thelockswitch
is mechanicallyconnectedto thelandinggear
up- or down-locks,and when the landinggearlockseitherupor dows,it closesthelock
Switchconnectedto the selsyntransmitter.
â€˜Thislockingof the landinggearis repeated
on theindicator.

DigitalDataBuses
â€˜Thelatestaircraftwith integratedcomputer
systemshaveeliminatedmuchof thecomplex
wiringharnessesin analogsystems.Before
digital systems,eachinstrument was an indi-
vidual systemâ€™consistingof a transmitter,
an indicator,and a set of connectingwires.

Complex,multiple-engineaircraft can have
hundredsof wires interconnectingall of their
instruments and indicators.Thesesystems
becomeverycomplexandcanbequitedifficult
to troubleshoot.Themass of wire requiredis,

alsoveryheavy.
â€˜Thenewest digital systemsincorporate digi-
tal databuses,Adatabusis a wheethatcan
transmit multiplesignalsat the same time.
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    Resistorwith taps
â€˜equallyspaced

  
â€˜Transmitter

Figure5-2-20,Doublelockswitchcircuit.

Eachsensor converts its datafroman analog
electricalsignalto a digitaldatapacket.Each

packetis encodedwith an address,indicating
â€˜wherei t came fromandwhattypeof datai t
contains. Thesedatapacketsare then trans-
â€˜mittedelectricallyon one wire. Multiplesen-

sors can beconnectedto thissinglewire. The
datapacketsare transmittedto the aircraft's
centralcomputer,which then decodesthe

digitaldata,andâ€˜sendstheappropriatecon-

trol signalto thecockpitdisplay.A databusis,

essentiallya computernetwork.

Termination
resistor

Data
bus

cable

stub
able

 une
laceableunitNo.

Figure5-2-21.Digitaldatabus.

 IndicatingElement

Criticalsystemshavemultipledatabusescon-

nectedto themto providea backupcircuit if
a databusfailureoccurs. A systemwith only
fone databuscouldlosecommunicationsand
controlwith all sensors if smallportionof the
busfailed.Multipledatabusesprovidebackup
communicationpaths.

â€˜TheBoeing777databussystemis diagrammed
in Figure5-221. The777 has11databuses.
â€˜Threeof thesedatabusesare dedicatedto the

ightcontrolsystem.Theyare connectedto

Aâ€•LRUNo.2

2 current mode
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AltimeterVerticalspeed

  
â€˜lrspeed

Pitotine

 
 

Staticline   
Drainopening    

Figure5-3-1. Abasicpitot-staticsystemincludesa pitottube,staticports,andthreeindicators.

26 LRUs.Theaircrafthasa doublebackup(or
tripleredundant)systemto ensure thatthefly-
by-wireflightcontrolsystemis not disabledby
a simplebusfailure.

Fouradditionaldatabusesprovidethe com-

â€˜municationsystemfor the avionics, electrical,

Figure5-3-2.Nose-mountedpitottubescan beplacedunder,on top,oF

fn thesidesofthenose oftheaircraft.Thisstylepitottubecan alsobe
â€˜mountedbelowthewing.   

clectro-mechanical,environmentalcontrol,and
propulsionsystems.All thesesystemscommu-

nicateoverthesamesetofbuses,withfourbuses,providedfor redundancy.Thesebusesconnect
to 58LRUs.Thesebusesare independentof the
flightcontrolbuses.Thispreventstheotherair-

craftsystemsfromaffectingtheflightcontrolsif
anykindoferroror glitchoccurs.

Thefinal four busesinterconnect the two ait-

planeinformationmanagementsystemcom-

putersandthethreecontroldisplayunits.

Earlydigital systemsaddeddata converters
to analogsensors, Theseconverters readand
interpretedthe analogsignaland converted
the informationto a digitalsignalthat can be
â€˜transmittedon thedatabus.Newersystemsuse

advancedtechnologyincorporatinglightweight
siliconchipsthatsense pressures,temperatures,
andpositionanddirectlyoutputdigitalsignals.

 

Section3

FlightInstruments

BasicPitot-StaticSystems
Successfulaircraft operationis dependent
â€˜onthepilot'sabilityto knowthe relationship
betweentheaircraftandtheair that it is mov-

ing through.Flyingtoo slow,too fast,or too
ow can all havedangerousconsequences.The
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pitot-staticsystemis thekey.It calculatesthe
aircraft'sspeedandaltitudebymeasuringair

pressures,

â€˜Abasicaircraftpitot-staticsystem(Figure5-3-
1)includesinstruments that operateon the
principleof thebarometer.Thesystemconsists
of a pitottube,static air ports,andthreeindi-
cators that connect with pipelinesthat carry
air. Thethreeindicatorsare airspeed,altim-
eter, and the verticalspeedindicator(VSI)
â€˜Aircraftequippedwith advancedelectronics
instrumentation systemsuse thesame inputs
but processanddisplaytheinformationusing
solid-statecircuitry.Thesesystemsare dis-

cussedlater.
Theairspeedindicatorshowsthe speedof Figure5-3-3.Anothertypeofpitottubeextendsforwardfromthe nose or

the aircraftthroughtheair, and thealtimeter wingleadingedge.
showsthealtitude.TheVSIindicateshowfast
theaircraftis climbingor descending.Theyall
operateon air thatcomes in fromoutsidethe
aircraftduringflight.  
Pitot tubesand staticports.Thepitottube
â€˜mountson theoutsideof theaircraftatapoint
â€˜wheretheairis eastlikelyto beturbulent.The
tubepointsforward,parallelto the aircratâ€™s
line of flight.Onecommon typeof airspeed
tubemounts on a streamlinedmastextending
coutfromthefuselageor belowthewing.These
can extendbelowthe nose,out fromtheside,
or can evenbemountedon thetopof thenose

(Figure53-2),Theaircraftmanufacturerdeter-
mines the exact placementfor eachaircraft
typeafter extensive fighttesting.Another
typemounts on a boomextendingforward
fromthenose or theleadingedgeof thewing.
Thistypeis shownin Figure5-3-3.AlthoughFigure5-3-4.Someaircraftstillusetheoldermilitarystandardsharkfinthereisaslightdifferenceintheirconstruction, stylepitotstatictube.
theyoperateidentically

 

Someolderaircraftuse a pitottubedesigned
bytheUSmilitaryin WorldWarIl. Thistype,

Knowmasthesharkfintype (Figure5-3-4)hasadistinctivefinstickingupaboutthree-quarters,
ff the waybackfromthepitotentrance. This
typeis knownas a pitot-statictubebecauseit
alsocontains a static port.Whilenot common,
thistypeistill foundin service on manyolder
aircraft,

Somehigh-speedaircraftuse a modernver-

sion of the pitot-statictube(Figure5-3-5).It
contains a pitotpressureportandtwo static

pressureports.Whenworkingwith pitot-
Static systems,be sure to determineif the
aircrafthasseparatepitotand static portsor

if theyare integratedinto a singleprobe.In
some cases,thestatic portsare some distance
fromthepitottubes.

Pitotstandsfor impactpressure,ie, thepres-
sure of theoutsideair againsttheaircraftfly- Figure5-3-5.A modemhigh-speedpitot-staticprobe. 



Figure5-3-6,Staticportsare typicallymountedon bothsidesofthefuselage.
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ing throughit. Thetubethat goesfromthe
pilottubeto theairspeedindicatorappliesthe
â€˜outsideair pressureto theairspeedindicator.
Theairspeedindicatorcalibrationallowsvari-

â€˜ousair pressuresto cause differentreadingson

thedial. Thepurposeof theairspeedindicator
is to interpretpitotair pressurein termsof air-

speedin knots.

Generally,static air ports(Figure5-3-6)are

â€˜small,calibratedholesin an assemblymounted
flushwith theaircraftfuselage.Theirposition
is ina placewith theleastamount of localair-

flowmovingacross theportswhentheaircraft
is flying,

Topitotsystemâ€”s 

  
     

   

L_  

Figure5-3-7.TheFalcon900 corporatejetis typi-
calofa multiplepitot-tubeconfiguration. 

Staticmeans stationaryor not changing.The
static partof thepitot-staticsystemalsointro-
ducesoutsideair. However,itis at its normal
outsideatmosphericpressureas thoughthe
aircraftwere standingstill in theair. Thestatic
line appliesthis outsideair to the airspeed
indicators,thealtimeter,andtheVSL

Pitot-staticinstrumentsoperatefirst,bymea-

suringthedifferencebetweenthestatic pres-
sure sensedat the static portand the impact
pressureat thepitottube,second,bymeasur

ing one of thetwo pressures,or third,bymea-

suringthe rate of changein one of the pres-

Electricalconnectorfor
= heatingpower

Nickal-plated
copper

~â„¢

Heatingelements

 
Figure5-3-8,Heatedpitottubescontainintemalelectricalheatingelements.



 Figure5-3-9. Abasicairspeedindicator.

â€˜Mostlightaircrafthaveasinglepitot-staticsys-
tem.Thissystemtypicallyincludesone pitot
tubeandtwo staticports,one on eachsideof
the aircraft.Providinga static porton both
sidesof theaircraftautomaticallycompensates
for anypressuresinducedbya side-slip.More
advancedaircraft have multiplepitot-static

systems.Somehaveas manyasfourpitot-tubes:
andeightstatic portsandadditionalsensors

neededfor high-speedflight.A typicalmulti-
plepitottubeconfigurationis shownin Figure
532,

 

Manypitottubesare providedwith heating
elementsto preventicingduringflight(Figure
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53-8).Duringicing conditions,the electri-
calheatingelementscan beturnedon with a

switchin thecockpit
Theelectricalcircuit for the heaterelement
can beconnectedthroughtheignitionswitch.
Whenmaintaininga heatedpitot tube,be
carefulbecauseit can becomeextremelyhot.
Never toucha pitot tube when it is being
heated.The safestway to checkfor proper
pitotheatis to domeasure theamperagedraw
with thesystemon. Touchingthepitottubeis

not necessary.

SimpleAirspeedIndicators

Theairspeedindicator(Figure5-3-9)measures

the impactpressuresensedat the pitottube
andcomparesi t to the static pressurefrom
thestatic port.Whilethisinformationtellsthe
pilothowfasttheaircraftis movingthrough
theair, it can alsobeusedto estimateground
speedand to determinethrottlesettingsfor
the most efficientflyingspeed.Airspeedalso
providesa basisforcalculatingthebestclimb-
ingandglidingangles.It warns the pilotif,
divingspeedapproachesthesafetylimitsof
theaircraft'sstructure, Additionally,because
airspeedincreases in a diveanddecreasesin

a climb,theindicatorcan beusedas a backup
to theVSIformaintaininglevelflight.
â€˜Anairspeedindicatorhasa cylindrical,air-

tightcase thatconnectsto thestaticlinefrom

   Totalpressure
statlepressure=! |    

Figure5-3-10.Pitotpressureenterstheaneroiddiaphragmin an airspeedindicatorandcauses i t to

expand.



2992
Inches

= Vacuum

Figure53-11
Mercurialbarometer.
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thepitot-statictube.Insidethecase is a small
aneroiddiaphragmof phosphorbronzeor

berylliumcopper.Thediaphragmis verysen-

sitive tochangesin pressure,andi t connectsto
theimpactpressure(pitot)line.Thisallowsair

fromthepitottubetoenter thediaphragm.The
sideofthediaphragmfastensto thecaseandis

rigid.Theneedleor pointerconnectsthrough
a series of leversandgearsto thefreesideof
thediaphragm.Figure5-3-10showsa cutaway
view of a typicalairspeedindicator.

 

â€˜Theairspeedindicatoris a differentialpres-
sure instrument. It measures the difference
betweenthepressuresin theimpactpressure
line and in the staticpressureline. The two

pressuresare equalwhenthe aircraftis sta-

tionaryon the ground.Movementthrough
the air causes pressurein the impactline to
becomegreaterthan that in the static line.
â€˜Thispressureincrease causes thediaphragm,
toexpand,Theexpansionor contractionof the

diaphragmgoesthrougha series of leversand
â€˜gearsto thefaceof the instrument to regulate
needleposition.Theneedleshowsthe pres-
sure differentialin MPHor knots.In air navi-

gation,all speedsanddistancesare typically
in nauticalmiles.

â€˜Airpressure(anddensity)dropsas altitude
increases. This reducesthe impactpressure
to the pitottubeas the aircraftclimbs.As a

result,indicatedairspeedfalls off as altitude
increases. Somealtimeters,andmost aircraft

flightmanuals,providea means ofcalculating
â€˜groundspeedusinga combinationof indicated

airspeed,temperature,andaltitude.

Altimeters
â€˜Analtimeteris an instrument that measures

Staticpressure.Beforeunderstandinghowthe
altimeterworks,a thoroughunderstandingof
altitude is required.Remember,even though
thealtimeterreadsin feet,itis actuallymea-

suringpressure.

â€˜Thewordaltitudeis vague,soit needsfurther

defining.The term altitudeincludesaltitude
abovemean sea level(MSL)andaltitudeabove

groundlevel(AGL),It alsoincludespressure
altitude,indicatedaltitude,densityaltitude,
andelevation,

Mean sea level. Becauseabout80percentof
theearth'ssurfaceis water,itis naturalto use

sea level as an altitudereferencepoint.The

pullof gravityis not thesame at sea levelall
over the worldbecausethe earth is not per-
fectlyroundandbecauseof tides.Toadjustfor
this,an average(ormean)valueis set;this is

referredto as theMSL.MSLis thepointwhere
gravityactingon theatmosphereproducesa

pressureof 14.70poundspersquareinch.This
pressuresupportsa columnof mercuryin a

barometerto a heightof2992inches.Thisis the
referencepointfromwhichall otheraltitudes

aremeasured(Figure5-3-11andFigure5-3-12)
â€˜AltimetersindicatealtitudeaboveMSL.

Elevation and true altitude. Elevationis the

heightof a land mass aboveMSL.Elevation
is measuredwith precisioninstruments that
are far more accuratethan the standardair-

craft altimeter. Elevation information is

foundon chartsor, for a particularspot,may
bepaintedon a hangarnear an aircraftramp
or taxi area,

â€˜Truealtitudeis theactualnumberof feetabove
MSL.Precisionsurveyingtools are used to
â€˜measurethe altitude.In standarddaycondi-
tions,pressurealtitude,and true altitudeare

thesame.

Absolutealtitude. Absolutaltitudeis thedis-
tancebetweentheaircraftandtheterrain over

whichitis flying.It is referredto as thealti-
tudeAGL.AGLaltitudesare onlysignificant
whenaircraftare flyingnear theground,such
as duringtakeoffand landing.AGL can be
calculatedbysubtractingtheelevationof the
terrain beneaththeaircraft(referencedon the
charts)fromthealtitudereadon thealtimeter
(MSL,

â€˜Aquicker,more preciseindicationcan be
obtainedbyusinga radaraltimeter.Radar
altimeterssenda radarsignaldirectlydown.
â€˜Thisradarsignalis used to preciselymea-

sure thedistancebetweentheaircraftandthe

ground.Thismeasurementis alsoreferredto

asradaraltitude.
Pressurealtitude. It is not possibleto havea

rulerextendingfroman aircraftandreaching
to sea level to measure altitude.Tomeasure

altitude,instruments sense air pressureand
comparei t to knownvaluesof standardair

pressureat measuredaltitudes.The altitude
readfroma properlycalibratedaltimeterref-
erencedto 2892inchesof mercury(Hg)is the

pressurealtitude(igure5-312).

If a pressurealtimetersenses 675 poundsper
squareinchpressurewith thealtimeterset to
Sea levelandbarometricpressure2992inches
of mercury,thealtimeterindicates20,000feet.
Thisdoesnot mean thatthe aircraftis exactly
20,000feetaboveMSL.It means theaircrat is

inan air massexertinga pressureequivalentto

20,000feeton a standardday.Pressurealtitude
isnot true altitude.

Indicated and calibrated _alltitude.
Unfortunately,standardatmosphericcondi-
tions very seldomexist.Atmosphericcondi-



tions andbarometricpressurecan vary con-

siderably.A pressurechangeofone-hundredth
(0.01)ofan inchof mercuryrepresentsa 9-foot

changein altitudeat sea level.Barometricpres-
sure changesbetween29.50and30.50are not
uncommon (apressurechangeof about923
feet).Indicatedaltitudeis theuncorrectedread-
ingof abarometricaltimeter.Calibratedaltitude
is theindicatedaltitudecorrectedfor inherent
andinstallationerrors of thealtimeterinsteu-
ment. On an altimeterwithout sucherrors,
indicatedaltitudeandcalibratedaltitudeare

fdentical.Assumethat this is thecase for the
restof thisdiscussion.

Whenflyingbelow18,000feet,the aircraft
altimetermustbeset tothe altimetersetting
(barometricpressurecorrectedto sea level)of
a selectedgroundstation within 100milesof
the aircraft Altitude readfroman altimeter
set to localbarometricpressureis indicated
altitude,Theaccuracyof this methodis lim-
itedbecauseit assumes a standardlapserate,
thatis,foragivenaltitude,an exactchangein

pressureoccurs, Thisseldomhappens,hich
Timitsthe accuracyof the altimeter,Above
18,000feet,all altimetersaresetto 2992(pres:
sure altitude).Althoughthe altimeteris not
displayingan accuratereadingof altitudei tdoesprovidefor verticalseparationbetween
aircraft,as longas al aircraftare usingthe
Same barometricpressuresetting,
Densityaltitude. A very importantfactorin

determiningthe performanceof an aircraft
or engineis thedensityof theair. Thedenser
the air, the more horsepowertheenginecan

produce.Also,thereis more resistanceto the
aircraftin flyingthroughtheair, andtheair-

AirportA
Fleldelevation332
Altimetersetting29.67
â€˜Temp.20Â°C(68Â°F)

Indicatedaltitude

Pressurealtitude

Densityaltitude

Absolutealtitude

Figure5-3-1. Differenttypesofaltitude.
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Altitude
feet

Figure5-3-12.Thestandardatmosphere.

foilsproducemore lift. Pressure,temperature,
and moisture content all affectair density
Measurementsof air densityarein weightper
unit volume(forexample,poundsper cubic
foot).However,a more convenient measure-
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â€˜mentof air densityfor thepilotis densityalti-
tude.Densityaltitudeis a calculatedaltitude.
Densityaltitudeis thealtitude(orair pressure)
â€˜onastandarddaythatis equalto theair density
presentonagivendayat a giventemperature.
â€˜Onacoldday,theair is denserthanon a stan-
dardday.Thedensityaltitudeis lowerthanthe
actualaltitude.Ona hot,humiddaytheairis,

lessdense.Thedensityaltitudeis higherthan
theactualaltitude.

 

Densityaltitudedoesnot showon an instru-
â€˜ment.It is usuallytakenfroma tableor com-

putedbycomparingpressure,altitude,and
temperature.Althoughmoisture content

affectsair density,itseffectis negligible.
Summaryof altitudedefinitions.Figure5-3-
1 showsthedifferenttypesof altitude.At the

exampleairportA, the field elevationis 322
feet,Thealtimetershouldread322feetwhen

properlyset to the localaltimetersetting(in
this case 29.67).If thealtimeteris set to 29.92
(Gtandarddaypressureat sea level),thealtim-
ter wouldreadabout550feet.Thedensityati
tude is suchthatthe aircraftandengineper-

â€” HE
Figure5-3-14,Aneroidmechanismwithinan altimeter.Asthepressure
outsidetheaneroiddrops,theaneroidexpands.A basicKollsmanpressure
altimeter.

 

formthesame as if theywere atastandardday
altitudeof 1180feet.Thismeans thedistances

requiredfor takeoffandlandingare longerfor

higherdensityaltitudes(highertemperatures)
Theabsolutealtitude(AGL)for theaircrafton

the runwayis zero feetbecausetheaircraftis

touchingthesurface

Lookat the altitudefor airportB(Figure5-3-
13).Noticethat the differencebetweenpres-
sure altitudeand indicatedaltitude remains

the same as at airportA. However,at the
same temperaturethedensityaltitudeis much
greaterat thehigherairport.

AltimeterTypes
Severalkindsofaltimetersare usedtoday.They
are al constructedon thesame basicprinciple
as an aneroidbarometer.Theyare occasionally
referredto as Kollsmanaltimetersafter their
inventor,PaulKollsman.All altimetershave
pressure-responsiveelements(aneroidwafers)
that expandor contract with the pressure
changesofdifferentflightlevels,

â€˜Theheartofapressurealtimeteris itsaneroid
mechanism(Figure5-3-14),whichconsistsof
â€˜oneof more aneroidwaters.Theexpansionor

contraction of the aneroidwaferswith pres-
sure changesoperatesthelinkage.Thisaction
moves the indicatinghand/counterto show
altitude.Around the aneroidmechanismof
â€˜mostaltimetersis a devicecalledthebimetal

yoke.As thename implies,thisdeviceis com-

posedof two metals.It performsthefunction
Ofcompensatingfor the effectthat tempera-
ture hason themetalsof theaneroidmecha-

â€˜Thealtimeterdiscussedin thefollowingpara-
graphsis a simpleone. Severalcomplexaltim-
etersare discussedlaterin thischapter,along
with theautomaticaltitudesystem.

Basic pressurealtimeter. The purposeof
thecounter pointerpressurealtimeter(Figure
5.3-15)isto showaircrafteight.Threehands
indicatebarometricpressurein feetof altitude.

â€˜Theyoperatein conjunctionwith the baro-
metric scale,and indicationsare readon the
altimeterdial. Thelongesthandindicatesten
thousandsof feet,theintermediatehandindi-
cates thousandsof feet,andtheshortesthand

indicateshundredsoffet.

Figure5-345 showsan aircraft flyingat
21,000feet.The ten-thousandshand points
pastthe 2,indicatingtwentythousandfeet
â€˜Thethousandshandpointsat 1,indicatingan

additionalone thousandfeet.Thehundreds
handpointsat0.Combiningthethreeindica-
tions of 20,000feet,1,000feet,and zero feet

 



 Figure5-3-15.A basicKollsmanpressure
altimeter.

yieldsan indicatedaltitude of 21,000feet.
Noticealsothat thebarometricwindowis set
to standard(29.92).

â€œAtmosphericchangescause movement of the
â€˜twoaneroiddiaphragmassemblies.Theseunitsâ€˜movetwo similar rockingshaft assemblies
engagedwith themain pinion.Thismovement

goesto the handstaffassembly,whichoper-
atesthehandassemblyanddrivesthecounter,
â€˜mechanismthrougha disk.Becauseofthespe-
cialdesignof thehandassembly,thecounter
indicationis never obscured.

Barometriccorrections are madebyturning
theexternalknob.Theknobengagesthebaro-
â€˜metricdial and themain plateassemblythat
supportstheentire mechanism.Thealtimeter
is adjustedso thatthereadingon thebaromet-
ric dialcorrespondsto thearea barometriccon-

ditionsin whichtheaircraftis flying.
Becauseatmosphericpressurecontinually
changes,thebarometricscalemust be reset to
the localstation altimetersettingbeforethe
altimeterindicatesthe correct altitudeof the
aircraftabovesea level.Whenthesettingknob
is turned,thebarometricscale,thehands,and
the aneroidelementmove to alignthe instru-
â€˜mentmechanismwith the new altimeterset

ting.

CAUTION: Donot adjustthebarometer
settingpasttherangeshownin thewin-

dow.Todoso makesthealtimetergoout
of calibration,andi t mustbereplaced.

â€˜Allanalogaltimetersuse an aneroiddia-
phragmto move the mechanism.Themore

complextypesdiscussedlaterare built on the
same basicmechanismwith addedfeatures
andcapabilities.
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Figure5-3-16.Azeroto 6,000f.p.m.VSI

Altimeter errors. Altimetersare subjectto
various mechanicalerrors. A common one is

thatthescaleis not correctlyorientedto stan-
dard pressureconditions.Altimetersshould
be checkedperiodicallyfor scaleerrors in

altitudechamberswherestandardconditions
exist.

Another mechanicalerror is the hysteresis
error, Hysteresiserror is inducedbytheaircraft
maintaininga givenaltitudefor an extended
period,followedbya large,quickaltitude
change.Theresultinglagor drift in thealtim-
eter is causedbytheelasticpropertiesof the
materialsthat composethe instrument. This
error eliminatesitself with slowclimbsand
descentsor aftermaintaininga new altitude
fora reasonabletime.

In addition to the errors in the altimeter
mechanism,anothererror calledinstallation
error affectstheaccuracyof indications.The
error is causedbythe changeof alignment
of the static pressure portwith the relative
wind, The changeof alignmentis caused
bychangesinthespeedof the aircraftand
in the angleof attack,or bythe locationof
the static portin a disturbedpressurefield
Improperinstallationot damagetothe pitt.
static tube alsoresultsin improperindica-
tions of altitude

 

Smallleakscan alsodevelopin the system.
Thesecan occur when maintenance is per-
formedanda lineor fittingbecomesdamaged
or is not attachedsecurely.Vibrationfromait-

craftoperationcan alsoloosenlinesandfittings
if not properlytightened.Smallleakscan cause

largeerrors in displayedpitotstaticinforma-
tion. Everyaircraftmust haveits pitot-static
systemchecked,usingproperlycalibratedtest

equipment,every24months.



LevelFlight
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RateofClimb/VerticalSpeed
Indicators
A VSIshowsthe rate at whichan aircraftis
climbingor descending.Theyare alsoreferred
to as rate-ofclimbindicators.Thisinstrument is

very importantfor nightflying,flyingthrough
fogor clouds,or whenthehorizonis obscured,

Meterin

unit
J

 
 Descent

climb

  Figure5-3-17,Theaneroidwithina VSIincludesa calibratedleak.

Anotheruse is to determinethemaximum rate
of climbduringperformancetestsor in actual

Therate of altitudechange,as shownon the
indicatordial,is positivein a climbandnega-
tive in a diveor glide.Thedialpointer(Figure
5-3-16)moves in eitherdirectionfromthezero

point.Thisactiondependson whethertheair-

craft is goingup or down.In levelflight,the
pointerremains at zero.

 

TheVSI is in a sealedcase,and it connectsto
the static pressureline througha calibrated
leak(Figure5-317)As theaircraftlimbs,the
diaphragmexpands;however,the calibrated
leakalsoallowsthe pressureto slowlyequal-
ize. Thereverse happenswhen the aircraft
descends.Thisexpansionor contraction of
the diaphragmmoves the indicatingneedle
throughgearsandlevers.

Throughthe use of metalsthathavepredict
able temperaturecharacteristics,the instru-
â€˜mentautomaticallycompensatesfor changes
in temperature.

AlthoughtheVSIoperatesfromthestatic pres-
sure source,itis a differentialpressureinstru-
ment. The differencein pressurebetween
the instantaneousstaticpressurein the dia-
phragmandthestatic pressuretrappedin the
case createsthedifferentialpressure.Theleak
rate and theexpansionor contraction rate of
thediaphragmare carefullymatchedto give
a consistentindicationof therateof changein

altitude.

Whenthe pressuresequalizein level flight,
theneedlereadszero. As static pressurein the
diaphragmchangesduringa climbor descent,
the needleshowâ€™a changeof verticalspeed.
However,until the differentialpressuresta-

/
2Â°

7

instantaneousS
â€”â€” 

VERTICAL
SPEED =

Figure5-3-18.InstantaneousVSIsare usually
â€˜markedas such,



bilizesat a definiteratio,indicationsare not
reliable.Becauseof the restriction in airflow
throughthe calibratedleak,it can take six

to nine secondsbeforethe indicationis sta-
bilized.Indicationsbeforethat pointare not
reliable.

TheVSI hasa zero adjustmenton the front
of thecase. Thisadjustmentis usedwith the
aircrafton thegroundto return the pointer
to zero. Whileadjustingthe instrument,tapi t

lightlyto remove frictioneffects

Instantaneous vertical speedindicator
(IVSD).Theinstantaneousrate-of-climbindi-
cator is a more recentdevelopmentthat incor-

poratesaccelerationpumpsto eliminatethe
limitationsassociatedwith thecalibratedleak
(Figure5-3-18andFigure52-19).Forexample,
duringan abruptclimb,verticalacceleration
causes thepumpsto supplyextea air into the
diaphragmto stabilizethe pressuredifferen-
tial without the usuallagtime. Duringlevel
flightandsteady-rateclimbsanddescents,the
instrument operateson thesame principlesas

theconventionalrate-of-climbindicator.
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Vertical
acceleration
pump

Mainmeter

restrictionud
Figure5-3-19,An IVSIcontainsan accelerationpumpto eliminatethetime

lag.

Figure5-3-20.ThisBombardierGlobalExpressbusinessjetshowsa typicalcomplexpitot-staticsystem.It includespitottubesand
TATandAOAprobes. 
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Azero-settingsystem,controlledbya setscrew
for an adjustingknob permitsadjustmentof
thepointerto zero. Thepointerof an indica-
tor shouldindicatezero whentheaircraftisonthegroundor maintaininga constantpressure
levelin fight.

ComplexPitot-StaticSystems
Simplepitotstatcsystemsare found in most
Tighaircraft.Highspeedfight addsadcitional

Spoutmensuingaispeedand altude

Impactan staticpressurecharacteristicschangeas thespeedofsoundis approached,Thiscauses

Significanterrors ina simplepittstaicsystem,
Ar frictioncreatesheatinthe air enteringthe
pilotstatiesystem,Thisheatchangesthepres-
ures in thesystem.Complexpitotstticsys
tems incorporateaddtional featuresto accu

ratelymeasure alrspeedand altitudeduring
high-speedflight.Thesensors shownin Figure
3-5-20are commonlyon highspeedjt aieraft
â€˜Thepit tubeswere describedearn Theother
itemsshowen,theangleof attackprobe,andthe
totalair emperaturesensor are describedin the

followingsections

 

Earlierhigh-speedjet aircraft using analo
ages epthefightcre tocolles
tocompensatefortheseerrors.Air datacomput-
ers (ADCS)were thendevelopedto makethese
calculationsanddisplaythecalculatedinforma-
tion to theflightcrew. A typicalcomplexpitot-
staticsystemis shownin Figure5-3-2.

â€˜Thesesystemsare requiredto havemultiple,
independentpitot-staticsystems.Thisprovides.
redundancy,whichis usefulin a systemfal
ture. Thesystemin theillustrationhastwo sep-
arate systems.Onesystemis connectedto the

pilotsinstruments,the otherto thecopilotâ€™.
Eachsystemhasa pitottubeand four static

ports.Someaircrafttypeshavemultiplepitot
â€˜tubesforeachsystemas well,

â€˜Threeseparatealtimetersandairspeedindica-
tors are provided.Twosets,one for eachpilot,
are poweredbyeachof theADCs.A third ana-

logstandbysetis providedin theevent of an

electricalfailure.EachADCalsodrivesa rate-
of-climbindicator.Astandbyrate-of-climbindi-cator is not required.
Someof theinstrumentsdescribed,suchas the

complexaltimeters,are alsoon aircraftwith

simplepitot-staticsystems.

PressureDefinitions
Abriefsummaryof thekeypressures andhow
theyvarywith airspeedis helpfulbeforepro-
ceeding,

AircraftInstrumentSystems.|
Indicatedstaticpressure.Thispressure(P)is
theatmosphericpressureas sensedat a point
on theaircraftthat is relativelyfreefromair-

flow disturbances.At subsonicspeeds,static

pressureerror issmallandoflittle significance.
However,at transonic andsupersonicspeeds,
the staticportssense extreme staticpressure
errors. BothMachnumberandangleof attack
can cause significanterrors in thestaticpres-
sure system.Indicatedstatic pressure(P),as

detectedbytheaircraftstatic ports,deviates
from true static pressure. Thesedeviations
havea definiterelationshipto Machnumber
andangleofattack.Thesize of theerror is the
ratio of true staticpressureto indicatedstatic

pressure,as relatedto Machnumberandangle
of attack

Impactpressure.As implied,impactpressure
(Qa)is theforceof theair againsttheaircraft
Qciismeasureddirectlybyuse of a pitotstatic
probe(Figure5-3-22)or calculatedfromthe
outputsof thestaticandtotalpressuretrans-
ducers.The ADC calculatesactual impact
pressure(QA)as a functionof Machnumber

Squaredandstaticpressure.

Indicatedtotal pressure.Indicatedtotalpres-
sure (Pt)is thesum of staticair pressureand
thepressurecreatedbyaircraftmotionthrough
the air. Thepitottubesenses total pressure,
whichis alsoreferredto as pitotpressure.

Correctedstaticand correctedtotal pres-
sures. Thesepressures,Ps and Pt, contain
errors thatmustbecorrectedto gettrue static
and true total pressures.Theseerrors are a
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Figure5-3-23,AnADC. resultofslopeandoffseterrorsrelatedto Mach
speeds.Thecomputercalculatesthespecified
slopeand intercepterrors as functionsof the
indicatedpressureratio (Pt,/P)andof theindi-
catedangleof attack(ai).

Air DataComputers
Aircraft operatingbelow0.8 Machairspeed
can reliablyuse raw pitotandstatic pressures
to developaccurate airspeed,altitude,and
verticalspeedindications.Aircraft operating
in thisspeedrangeuse thepressuresthat the
pilot-staticportssense.

Manymodernturbineaircraftoperateatspeeds
aboveMach0.8,At highspeed,pressuresbuild
up on theexternalskin of the aircraft.These
pressurescause a distortionofthenormalflow
Ofair, causingthepitotstaticsystemto sense

falsepressures.Thesystemthensupplieserro-

neous informationto the flightinstruments.
Thealtimeter,for instance,can showan error

â€˜ofmore than3,000feet.A 3,000-footerror in

altitudeis intolerableandcouldputanaircraft
in an extremelydangerousposition.

Friction betweenthe aircraftand the atmo-

sphereduringhigh-speedflightalsocreates,

significantair heating.Air pressureschange
with temperature.The friction heat causes

additionalpressureerrors.

Flighttestinghasshownthat theseerrors are

predictableand consistent for any aircraft.

 TheADC (Figure5-323)was developedto

compensatefor the errors and displayaccu-

zate informationto the fightcrew. Extensive
aerodynamictestingis performedduringthe
initial certificationprocessto determinethe
informationneededto designthe ADC. Each
computerfits a specificairframedesignand
cannot beusedon otheraircrafttypeswithout
reprogramming.

Most modernturbineaircraftuse digitalair

data computers(DADC).DADC areâ€™micro-

processorbaseddigitalcomputersthataccept
bothdigitalandanaloginputs,performdigi
tal computations,andsupplybothdigitaland
analogoutputs.For a review of digitalcom-

putersystems,see thedigitallogicchapterin

IntroductiontoAircraftMaintenance.

TheDADCreceives pitot-staticpressuresand
totalair temperatureinputsforcomputingthe
standardair datafunctions.It alsoprovides
outputsfor drivingthe air datadisplays,the
transponders,flightdirector,autopilot,pres-
surization, and otherelementsof the auto-
â€˜maticflightcontrolandnavigationsystems.
ThetypicalDADCprovidesthefollowingout-

puts:

* Altitude,correctedfor positionerror

basedon Machnumbersignals,to the
pilotandcopilotaltimeters
Altitudeto thetransponder
Altitudeerror totheflightdirectorsystem.
Altitudeerrorandairspeedto theautopi-
lotsystem
Pressure altitude,Mach number,cali
bratedairspeed,true airspeed,totalair

temperature,andstaticandtotalpressure
to theautothrottlesystem.

* Mach numberto the pilotand copilot
â€˜Mach/airspeedindicators

* Computedtrue airspeedto the Mach/air-speedindicators

* Staticair temperature(GAT)to the SAT
indicator

Correctedpressurealtitude,computed
airspeed,Machnumber,true airspeed,
altitudechangerate,andSATto theflight
â€˜managementcomputers

Dependingon thetypeofflightdatarecording,
some of oF all theseoutputsare alsoprovided
toandrecordedbytheflightdatarecorder.Ata
â€˜minimum,theflightdatarecorderhasaltitude
andairspeedinputsfromtheADC.Figure5-3-
24illustratestheseoutputs,

â€˜AtypicalDADChasatest function.Activating
the test functioncauses theDADCto sendtest
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Figure5-3-24,TheADCis connectedto thepitot-staticsystem,theTATprobeandtheAOAsensor. It providescorrectedinforma-
tion to severalinstrumentsandsystems.
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Figure5-3-25.High-speedaircraftuse an airspeed
indicatorthatalsodisplaystheMachnumber.

signalsto eachof the units controlledbythe
computer.In our examplesystem,the follow-
ing indicationsare displayedwhenthe test
switchin pressed:

* Allflagsare out of view

+ Altimeterdisplays1,000feet

Diaphragm

Bimotatemperaturecompensator

 
Bimetal
â€˜temperature

nA â€˜compensator

dials Machnumberdlat
(movable)

   
Diaphragm

VSIdisplays500feetperminute

+ Indicatedairspeedis 350knots
â€˜+Vio is indicatedat 300knots

â€˜+Machspeedis indicatedat 0.79

# TATindicates16Â°C
+ SATindicates~A5Â°C

TASindicates466knots

DADC unit numberone is suppliedpitot
pressurefromthepilot'spitottubeandstatic

pressurefrom the pilot'sstatic systemor

the alternatestatic systemas selectedbythe
pilot'sstatic source selectorswitch.DADC
unit numbertwo is connectedto thecopilotâ€™s
pitot-staticinputs.

Mach/airspeedindicators. In some cases,
the term Machnumberis usedto expressai-

craft speed.TheMachnumberis the ratio
of thespeedof amovingbodyto thespeed
of sound in the surroundingmedium,For

example,if an aircraft is flyingat a speed
equalto one-halfthe localspeedof sound,
it's flyingat Mach05. If it moves at twice
the localspeedof sound,its speedis Mach
2. (Theterm Machnumbercomes fromthe
â€˜nameof an Austrian physicist,ErnestMach,

 

    

2 f-â€” Statle

Callbration

Pitotalr pressureConnection
Figure5-3-26.Machmetershavean additionalaneroidthatcorrectstheMachnumberforaltitude.



pioneerin the field of aerodynamics)The
speedof soundvaries with air pressure.Air

pressurevaries with altitude,thus,thespeed
of soundincreases as an aircraftclimbs,even

if thebarometricsettingremains thesame.

Figure5-3-25showsthefront view of a typi-
calairspeedandMachnumberindicator.The
instrument consistsof altitudeand airspeed
â€˜mechanismsincorporatedin a singlehousing.
Thisinstrument givesthe pilota simplified
presentationof both indicatedairspeedand
Machnumber.Bothindicationsare readfrom
the same pointer.Thepointershowsairspeed
at lowspeeds,andbothindicatedairspeedand
â€˜Machnumberat highspeeds.Pitotpressureon

a diaphragmmoves thepointer,andananeroid
diaphragmcontrolstheMachnumberdial.The
aneroiddiaphragmreacts to static pressure
changesbecauseof altitudechanges.Figure
5.3.26is a mechanicalschematicof an airspeed
andMachindicator.

Therangeof the illustratedinstrument is 80
to 400 knotsindicatedairspeedandfrom0.3
to 1.2Machnumber.Its calibratedoperating
limit is 50,000feetof altitude. A stationary
airspeeddial masksthe upperrangeof the
â€˜movableMachdial at lowaltitudes.Thesta-

tionaryairspeeddial is graduatedin knots.
Theinstrument incorporatesa Machnumber
settingindex.A knobon the lowerleft-hand
corner of the instrument adjuststhe index.It
can beadjustedover theentire Machrange.

Mach/airspeedindicatorscan alsobe servo,

controlledbyan ADC.Thesedisplaycomputed
airspeedandmachnumberinformationthat
hasbeencorrectedfor temperatureandhigh-
Machpressureerrors.

Servocontrolledindicatorstypicallyhavean

identicalfaceto theaneroidindicators.They
differ in their internalmechanisms.Thenee-

dle is movedbya servo motor that receives

its positioninformationfromtheADC.Some
aircraft use indicatorsthat have onlythe

MachmeterdrivenbytheADC.Theairspeed
portionis operatedbya conventionalaner-

oid. Review the maintenance information
for eachaircraftto ensure a completeunder-
standingof thesystemusedbeforetrouble-
shooting,

ComplexAltimeters

Complexaltimetersadd a varietyof features
to thebasicoperationof thesimplealtimeter.
Thesefeaturesincludealtimeterswith digital
readoutsshowingaltitude,altimeterswithalti-
tudedigitizersconnectedto transponders,and
altimeterswith remote aneroidsandservoed
cockpitdisplays.
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 Figure5-3-27.An altimeterwithmultipleaddi-
tionalreadouts.

Thesimplestadditionto thebasicaltimeteris a

digitalreadout.Thistypeof altimeter,shown
in Figure5-3-27hadimprovedreadability.
Another common addition is an altitude
tencoder.Thealtitudeencoderis connectedto
thealtimetermechanism.It sendsan electrical
signalto theaircrafttransponder(transponders
are describedin thechapterâ€œNavigationand
â€˜CommunicationSystemsâ€•)providingthe tran-

sponderwith altitudeinformation.Externally,
theencodingaltimeteris similarto the stan-
dardaltimeter.However,it hasan additional
electricalconnectionon theback.

 

Servoed barometric altimeters. The ser-

voedbarometricaltimeteris themostcomplex
of theanalogaltimeters.A typicalunit con-

tains a pointer,an altitudecounter, a failure
warningflag,an altitudealertannunciator,a
BAROset knob,andbarometriccounters in

both inchesof mercuryandmillibars.These
functionsare describedfor thesamplealtim-
eter. Somefunctionsandlimitsvaryfromair-

craftto aircraft
 

Thealtitudealertannunciator illuminatesto

providea visualindicationwhentheaircraft
is within 1,000feetof thepreselectedaltitude
andextinguisheswhenthe aircraftis within
250 feetof thepreselectedaltitude.After cap-
ture, thelightilluminatesiftheaircraftdeparts
more than250 feetfromtheselectedaltitude
andextinguishesif theaircraftaltitudemoves

â€˜morethan1,000feetfromthepreselectedalti-
tude.

Thefailurewarningflagcomes into view when
the differencebetweenthealtitudedisplayed
andthealtitudesignalreceivedis too great,if
theADCgoesinvalid,or if thealtimeterloses
primarypower,



530 | AircraftInstrumentSystems

Figure5-3-28,An externalpaddletypeAOA,
transmitter, â€˜Thefour-drumcounter displaysaltitudefrom
2e10 to 50,000feet.A negative(NEG)altitude
shutterobscuresthe10,000and1,000digitsof
the counter at indicatedaltitudesbelowsea

level.Thezero positionon the ten-thousands
drum is blackandwhitecrosshatchedto alert
thepilotto altitudesbelow10,000feet.

â€˜TheBAROKnobsetsthebarometriccounters.
Thisdiffersfromthesimplealtimeterbut pro-
vvidesfor the same functionality.Ratherthan

directlyaffectingthe aneroidgeartrain, the
BAROknob providesa barometriccorrection

NOHANDGRIP

Hor

S
Â®,

Figure5-3-29.An intemalpaddletypeAOAtransmitter.

amount to theADC,which,in turn,adjuststhe
altitudesignalsentbackto theservoedaltimeter.

â€˜Thepointerdisplaysaltitudesbetween1,000
feetlevelson ascalewithmajorinchesevery100
feetandminor inchesevery20feet.Thepointer
isreadinthesame mannerasasimplealtimeter.

Angle-of-AttackSystems
â€˜Theangleof attack(AOA)is theanglebetweenthe relativewind and thechordof thewing.
(Thechordof thewingis a straightline run-

ningfrom the leadingedgeto the trailing
edge)Increasingtheangleof attackincreases

thepressurefeltunderthewingandvice versa,

â€˜TheAOAindicatingsystemconsistsof an air-

stream directiondetector(transmitter)andan

indicatoron the instrument panel.The air-

streamdirectiondetectorcontains thesensing
elementthat measures localairflowdirection
relativeto the true angleof attackbydeter-
miningtheangulardifferencebetweenlocal
airflowand thefuselagereferenceplane.The
sensingelementoperatesin conjunctionwith
a servo-drivenbalancedbridgecircuit that

convertsprobepositionsinto electricalsig-

AOA transmitter.Twotypesof transmitters
are used.Onetypehasan externalpaddle,the
otheraninternalone.Theexternalpaddletype
transmitter(Figure5-3-28)hasa detectorprobe
thatsenses changesin airflow.Changesin air-

flow cause theprobepaddleto rotate. This,in
turn,drivesthewiperarms of thethreeinter-

nallymountedpotentiometers.
â€˜TheenclosedpaddletypeAOAprobecontains
â€˜twoparallelslotsthat detectthe differential
airflowpressure(Figure53-29).Air fromthe
slotsis transmittedthroughtwo separateair

passagesto separatecompartmentsin a paddle
chamber.Anydifferentialpressurecausedby
misalignmentof theprobewith respectto the
directionof airflowcauses internalpaddlesto
rotate, Themovingpaddlesrotate the probe
througha mechanicallinkageuntil thepressure
differentialis zero. Thisoccurs whentheslots
are symmetticalwith theairstreamdirection,

BothexternalandenclosedpaddleAOAprobes
have two electricallyseparatepotentiometer
wipers,rotatingwith the probe,providesig-
nalsfor remote indications.Probeposition,or

rotation,is convertedinto an electricalsignal
byone of thepotentiometersthat is the trans-
mitter componentof a self-balancingbridge
circuit. Whentheangleof attackof theaircralt
is changedand,subsequently,thepositionof
the transmitter potentiometeris altered,an

error voltageexists betweenthe transmitter
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Figure5-3-30.An AOAwiringschematic.

potentiometerandthe receiver potentiometer
in theindicator.Currentflowsthrougha sensi-

tive polarizedrelayto rotate a servomotor in

theindicator.Theservomotordrivesreceiver/
potentiometerin the direction requiredto
reducethevoltageandrestorethecircuit to an

electricallybalancedcondition.Theindicat-
ingpointeris attachedto,andmoves with,the
receiver/potentiometerwiper arm to indicate
â€˜onthedial therelativeangleof attack.A ty
calwiringschematicis shownin Figure5-3-30.

 

TheAOAsystemshowsthepilotaircraftpitchattitudewthrespettothesurroundingarmass,
AOA Indicator. TheAOAindicatorpresentsa

displayof angleof attackthat is indicatedin

percentof lift on a scaleofzero to 1.0.Zero rep-
resentszerolift and1represents100percent.A

typicalAOAindicatoris shownin Figure5:
31. TheAOA indicatorincludesan adjustable
indexer.Thepilotsetstheindexerto theopt
â€˜mumangleof attackfortheflightmode.

 

 

Somesystemsincludean AOA indexer.The
â€˜AOAindexeris a three-light,three-colorunit
â€˜mountedon the aircraftglareshield.It pro-
videsa heads-upsource of informationwith
respectto deviationfromtheadjustablerefer-
tence indexon theAOAindicator.Theindexer
indicateswhenangleof attackis high,on-ref-
erence,or low.
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Newer aircraft with glasscockpitsystems
displaythe AOA informationon one of the
cockpitdisplayunits with otherinformation.

AOA computer.TheAOAcomputersreceive

informationfrom the AOA probesand pro-
vide outputsfor the AOA indicatorand the
stall barrier/limitersystem.TheAOA com-

 Figure5-3-31.AnAOAindicator.
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Figure5-3-32.Awiringschematicforastickshakerstallwarningcircu.

Figure5-3-33.A RosemounttypeTATprobe.

putercalculatesthe lift for various aircraft
aerodynamicconfigurations,includingflap
andslatpositions.

Becausethe pilotand copilotsystemsare

independentof eachother,a sideslipor other
â€˜out-of-trimconditioncan cause the two indi-
cators to displaydifferent information.A.
continualdifferencebetweenthe two indica-

tors usuallyindicatesan out-of-trimcondi-
tion,not an AOAcomputeror probeproblem.
Angle-of-attackstall warningsystems.
Manyaircrafthavestallwarningindicatorsto
warn thepilotof an impendingaerodynamic
stall.In thepast,stallwarningindicatorswere

â€˜ofa pneumaticcontroltype.Theyoftenare

nothingmore thana contact switchattached
toa flapperin the airstream on the leading
edgeof thewing.Whenthewingstalls,the
airflowacross themreverses and the switch
contacts are closed.Thesedevicesactivated
eitherwarninghornsor flashinglights.
Later,researchfound that a stall relates

directlyto the angleof attack,regardless
of airspeed,powersetting,or aircraftload-
ing.Thestall warningdevicesof most cur-

rent productionaircraftoperateat aspecified
angleof attack.

â€˜Atapredeterminedangleof attack,the stall
â€˜warningsystemactivates.Thedevicesoper-
ate throughcams in theAOA indicator.The
cam-drivenswitchactivatesa vibratormotor
connectedto eithera rudderpedalor thecon-

trol stick.Figure5-3-32showsa simplified



Reference
voltage

Figure5-3-34,Totaltemperaturecircuit.
schematicof the stickshakersystem,When
the aircraft reachesstall angleof attack,
the AOA indicator cam-actuatedswitch

completesthe stickshakermotor circuit to

ground.Whenthe angleof attack returns
belowstall conditions,the cam deactuates
the switch.The switchaction removes the

groundto thestickshakermotor.

TotalAir Temperature(TAT)
Probe
â€˜Totaltemperature(Ti)is the temperatureof
ambientair plusthetemperatureincrease cre-

atedbythemotionoftheaircraft.Aprobesenses
totaltemperature.Thisprobeincludesa plati-
â€˜numresistanceelementinsidean aerodynamic
housingplacedin theairstream.Theseprobes
are oftenreferredto Rosemountprobes,after
thelargestmanufacturerof totalair temperature
(EAT)probes.A RosemountTATprobeis shown
in Figure53-33,

â€˜Theresistive clement,whoseresistancevar-

ies with temperature,actsas thevariablepor-
tion of a bridgecircuit. Thetotaltemperature
probeprovidestheADCwith accurateoutside
air temperature(OAT)information.The raw

{informationis theindicatedtotaltemperature
(Tt).Thecomputersmoothsandlimits com-

putationson theTi beforeusingtheresultant
outputto calculatetrue Tt.Figure5-3-34shows
a typicaltemperature-sensitivebridgecircuit
that providestemperaturedata to the ADC.
â€˜Thesetemperaturesare usedbythe ADC to

computethecorrectedairspeedandaltitude.

TotalAirTemperatureIndicator
â€˜TheTAT indicatorprovidesthe flightcrew

with the temperatureinformationpickedup
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Figure5-3-35,Totalair temperatureindicator.

bythe total air temperatureprobe(Figure
5.3.35).SomeindicatorsalsodisplaytheSAT.
TheTAT/SATindicatorcan bedirectlycon-

nectedto theTATprobeor theTATinforma-
tion can berelayedbytheADC.

Mostmodernsystemsuse the TATprobeto

provideinformationto the ADC.Beforethe
adventof ADCsystems,the TATprobewas

connecteddirectlyto the indicator.â€˜These
earlysystemsrequiredtheflightcrew to make
manualcalculationsto adjustairspeedand
altitudefor theinducedpressureandtemper-
ature errors.
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Solid-StatePressureSensors
Solid-statedigitalcomputertechnologyis

becomingmore prevalentin productionair-

craft.Manydigitalair datasystemshaveused
aneroidbarometersconnectedto synchros
to sendan analogaltitudesignalto theADC.
â€˜TheADChasan analogto digitalconverter to

changethesynchrosignaltoa digitalsignal
Someof the latestdigitalsystemsuse a new

typeof pressuresensor that eliminatesthe
mechanicalaneroid.Thesesensors operateon

thepiezoelectriceffect,whichnotesthatcertain

crystallinematerialsgenerateelectricalsignals
â€˜whensubjectto pressure.A piezoelectricsen-

sor consistsofquartzdiskswith a metallicpat-
tern placedon them.Thedisksarearrangedin

a thinstackthatactsas aflexiblediaphragm.
Whensubjectto pressure,the diaphragm
exes,settingupan electricalpolarizationin

the disksthatproducesan electricalcharge.
Polarityof thechargechangeswith thedirec-
tion of theflexing.Thesevoltagechangespro-
videpressureinformationto theADC.

â€˜Thesesensors are the heartof the air data
module(Figure5-3-36).Whenconnectedto
the staticport,the air datamoduleprovides
altitudeinformation.Whenconnectedto the
pitottube,the ADCcan comparethealtitude
andpitotpressuresto computetheairspeed.
ADCs alsomeasure therate ofchangein the
altitudeto computeverticalspeedinformation.

 Figure5-3-36.Anair datamoduleis littlemore thana smallchamberwitha

piezoelectricsensor,electricalandpitotor staticconnections,

MaintenanceofPitot-Static
Systems
â€˜Themaintenance instructions for anypitot
staticsystemare usuallydetailedin theappli-
cableaircraftmanufacturer'sMM, However,
certain inspections,procedures,and precau-
tionsapplytoallsystems.

Regulatoryrequirements.Therequirements
of CFRPart91,GeneralOperatingandFlight
Rules, requireaircraft operatingunderinstru-
rent fightrules(FR)havethelrpitostatic

systemand altimetertestedand inspected
every 24 calendarâ€œmonths.The altimeter
Fequitementsare listedin CFRPart43,appen-
dix E,Whena transponderwith an altitude
encoderi installedin theaircraft,therequire-
mentsofCFRPart43,appendixFmustalsobetet. Thetestandinspectioncan beperformed
byan appropriatelyratedAMT or an instru-
mentrepairsation,

 

Inspection.Pitottubesand theirsupporting
structure shouldbe inspectedfor securityof
mountingand evidenceof damage.Checks
shouldbe madeto ensure thatelectricalcon-

nections are secure. Thepitotpressureentry
hole,drainholes,andthestaticholesor ports
shouldbe inspectedto ensure that theyare

unobstructed.Thesize of thedrainholesand
staticholesis aerodynamicallycritical.They
â€˜mustneverbeclearedofobstructionwith tools
likelyto cause enlargementor burring.The
linesandfittingsfromthepitottubeandstatic

pportsto the instrumentsshouldbe inspected
fordamageandproperrouting,

Heatingelementsshould be functionally
checkedto makesure thepitottubeandstatic

portsbeginto warm up whenthe heateris
switchedon. If an ammeter or loadmeter is

installedin thecircuit,a current readingshouldbetaken,

Individual instruments shouldbe inspected
for securityof mounting,visualdefects,and
properfunctioning.Thezero settingof point-
fers must alsobe checked.Wheninspecting
the altimeter,the barometricpressurescale
shouldbe set to readfield barometricpres-
sure, the instrument shouldreadzero within
the tolerancesspecified.No adjustmentsof
anykind can bemadeto thealtimeteror any
otherinstrument. If thereadingis not within
limits,the instrument must be replacedor

sent to an instrument repairshopfor possible
overhaul

Pitot statictests.Aircraftpitot-staticsystems
â€˜mustbe testedfor leaksafter installingany
componentparts,whenthesystemmalfunc-
tion is suspected,andat theperiodsspecified
in theCFRPart91.



â€˜Themethodofleaktestingandthetypeofequip-â€˜mentto use dependsonthetypeof aircraftand
its pitot-staticsystem.A typicalsystemtester is

shownin Figure5-3-37.Inallcases,pressureand
suction must beappliedandreleasedslowlyto,
avoiddamageto theinstruments.Themethodof
testingconsistsofapplyingpressureandsuction
to pressureheadsandstaticvents,respectively,
usinga leaktesterandcouplingadaptors.The
rate of leakageshouldbewithinthepermissible
tolerancesforthetypeofaircraft.An unpressur-
izedaircraftsystemmustleakno more than100
feetin one minute witha differentialpressureof,

inHgor an altimetersettingof 1,000feetabove
fieldelevation.A pressurizedaircraftstaticsys-
â€˜temmusthavea pressuredifferentialequivalent
to themaximum cabinpressuredifferentialand
thelossmustnot exceed2percentof theequiva-
lentaltitudeof themaximum cabindifferential
pressureor 100feet,whicheveris greater.

If a staticpressuresystemleakcheckreveals
excessive leakage,theleakscan belocatedby
isolatingportionsof the lineandtestingeach
portionsystematically.It is bestto startat the
instrument connections and workingdown
linetowardthestaticports.
â€˜Thetests,inspections,andequipmentusedon

aircraftwith ADCsare complexandrequire
typespecifictraining.An air datatestset can

beseen in Figure5-3-38,

Leak testsalsoprovidea means of checking
thattheinstrumentsconnectedto a systemare

functioningproperly.However,aleaktestdoes
not serve as a calibrationtestfor thealtimeter
or altitudereportingsystem,

CAUTION:Whenthe leak test is com-

plete,besure thatthesystemis returned
to the normalflightconfiguration.If i t
â€˜wasnecessaryto blankoff various por-
tionsof thesystem,checkto besure that
all blankingplugs,adaptors,or piecesof
adhesivetapehavebeenremoved.

Section4

GyroscopicInstruments

GyroscopicPrinciples
Earlyaircraftwere flown byvisuallyalign-
ing the aircraftwith the horizon.Withpoor
visibility,i t was not possibleto flytheaircraft

safely.Theneedfor flightinstruments to cor-

rect this conditionlead to the development
â€˜ofgyroscopicinstruments. Thegyroscopic
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 Figure5-3-37.Atypicalpitot-staticsystemtesterrequirestrainingbefore
beingusedon an aircraft

 Figure5-3-38.AircraftthatincorporateADCsrequire
sophisticatedpitot-statictestsandequipment,

propertiesof aspinningwheelmadeprecision
instrument flyingandprecisenavigationprac-
ticalandreliable.Someof theinstruments that
use thisprincipleare theturn-and-bankindi-
catoz,directionalgyro,gyrohorizon(attitude
indicator),andthedrift meter.Systemsthatuse

thegyroscopicprincipleincludetheautopilot,
gyrostabilizedflux-gatecompass,flightdirec.
tor,and the inertial navigationsystem.The

followingcontains a brief descriptionof the
basicmechanicalgyroscope.Solid-stategyros,
which sense accelerationand translatethat
informationinto attitudeandheadinginfor-
â€˜mation,are describedin a latersection.



a
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 Figure5-4-1. Asimplegyroscope.
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Figure5-4-2.Actionofa freelymountedgyroscope.

â€˜+High-speedrotation with lowfriction

â€˜Themountingsof thegyrowheelsare gim-
bals.Theycan becircularringsor rectangular
frames.However,some flightinstruments use

ppartof theinstrument case itselfas a gimbal.A

simplegyroscopeis shownin Figure5-4-1.

â€˜Thetwo generaltypesof mountingsforgyros
are the freeor universalmountingand the
restrictedor semirigidmounting.Thetypeof,
â€˜mountingthegyrouses dependson thegyro's
purpose.

â€˜Agyrocan havedifferentdegreesof freedom.
â€˜Thedegreeof freedomdependson thenum-

ber of gimbalssupportingthegyroand the
arrangementof thegimbals.Donot confuse
thetermdegreesoffreedom,as usedhere,with
an angularvalueas in degreesof a cizcle.The
term degreesof freedom,as usedwith gyros,
showsthenumberof directionsin whichthe
rotor is free to move. (Someauthoritiescon-

siderthespinof therotor as one degreeoffree-
dom,butmostdonot)

â€˜Agyroenclosedin one gimbal,suchas theone

shownin Figure5-4-1,hasonlyone degreeof,
freedom,Thisis a freedomof movement back
and forth at a rightangleto the axis of spin.
â€˜Whenthisgyrois mountedin an aircraft,with
its spinaxis parallelto thedirectionof travel
andcapableof swingingfromleft to right,i t
hasone degreeof freedom.Thegyrohasno

otherfreedomof movement.Therefore,if the
aircraftnoses upor down,thegeometricplane
containingthegyrospinaxis moves exactly
as the aircraftdoesin thesedirections.If the
aircraftturns rightor left,thegyrodoesnot

changepositionbecauseit hasadegreeoffree-
domin thesedirections.

â€˜Agyromountedin two gimbalsnormallyhas
â€˜twodegreesoffreedom.Suchagyrocanassume

andmaintainanyattitudeinspace.Forillustra-
tive purposes,considerarubberballinabucket
of water. Eventhoughthewater is supporting
theball,it doesnot restrict theballs attitude.
â€˜Theballcan liewith itsspinaxis pointedin any
direction.Suchis thecase withatwo-degree-of-
freedomgyro(oftencalleda freegyro)
In a two-degree-of-freedomgyro,the base
surfaceturns aroundtheouter gimbalaxis or

aroundthe inner gimbalaxis,while thegyro
spinaxis remains fixed.Thegimbalsystem
isolatesthe rotor fromthe baserotation. The
universallymountedgyrois an exampleof this
type.Restrictedor semirigidmountedgyros
are thosemountedso one planeof freedomis

fixedin relationto thebase.

Practical applicationsofthegyroarebasedonthaobasicpropertiesofgyroscopication:



+ Rigidityin space
= Precession

Rigidity.Newton's first lawof motion states,
â€œAnobjectat reststaysat rest andan objectin

â€˜motionstaysin motion with the same speed
and in the same directionunlessactedupon
byan unbalancedforce.â€•An exampleof this
lawis therotor in a universallymountedgyro.
Whenthewheelis spinning,it staysin itsorigi-
nalplaneof rotation regardiessofhowthebase
â€˜moves.Figure5-4-2showsthisprinciple.The
gyroscopeholdsits positionrelativeto space,
even thoughtheearthturns aroundonce every
24hours,

â€˜Thefactorsthatdeterminehowmuchrigidity
a spinningwheelhasare in Newton'ssecond
law of motion. This law states,â€œThedeflec-
tion of amovingbodyis directlyproportional
to thedeflectiveforceappliedand is inversely
proportionalto its mass andspeed.â€•

Gyroscopicrigiditydependson severaldesign
factors:

â€˜+Weight:Aheavymass is more resistantto

disturbingforcesthanalightmass.

â€˜+Angularvelocity:Thehigherthe rota-
tional speed,thegreaterthe rigidityor

resistanceto deflection,

â€˜Â©Radiusat whichthe weightis concen-

trated:Maximumeffectis obtainedfroma

â€˜masswhenits principalweightis concen-

tratednear therim rotatingathighspeed,
â€˜=Bearingfriction:Anyfriction appliesa

deflectingforcetoagyro.Minimumbear-ing frictionkeepsdeflectingforcesat a

â€˜Toobtainas muchrigidityas possiblein the
rotor,i t hasgreatweightfor its size androtates
athighspeeds.Tokeepthedeflectiveforceat a

â€˜minimum,therotor shaftmountsin low-â€˜riction
bearings.Thebasicflightinstrumentsthatuse

thegyroscopicpropertyof rigidityare thegyro
horizon,thedirectionalgyro,andanygyro-sta-
bilizedcompasssystem.Therefore,theirrotors
mustbefreelyor universallymounted.

Precession.Precession(Figure5-4-3)is the
resultantaction or deflectionof a spinning
wheelcausedbya deflectiveforceappliedto
its rim. Whenadeflectiveforceis appliedto the
rim ofarotatingwheel,theresultantforceis 90

degreesaheadof thedirectionof rotation and
in thedirectionof theappliedforce.Therate at
â€˜whichthewheelprecessesis inverselypropor-
tional to rotor speedanddirectlyproportional
to thedeflectiveforce.Theforcewith whicha

wheelprecessesis the same as the deflective
forceapplied(minusthefrictionin thegimbal
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 Figure5-4-3. Precessionresultingfromdeflectiveforces.

ring,pivots,andbearings).If too greata deflec-
tive forceis appliedfor theamount of rigidity
in thewheel,thewheelprecessesandtopples
over at thesame time.

Anyspinningmass exhibitsthe gyroscopic
propertiesof rigidityin spaceandprecession.
â€˜Therigidityof a spinningrotor is directlypro-
portionalto theweightandspeedof therotor

speedandinverselyproportionalto thedeflec-
tive force.

AttitudeIndicator/Gyro
Horizon
Pilotsdetermineaircraftattitudebyreferring
to the horizonwhen theycan see it. Often,
however,thehorizonis not visible.Wheni t i ,

darkor whenthereare obstructionsto visibil-
itysuchas overcast,smoke,or dust,thepilot
cannot use the earthâ€™shorizonas a reference.
Whenthis conditionexists,theyrefer to an

instrument calledthe attitudeindicator.This
instrument is alsoknownas a verticalgyro
indicator(VG),artificialhorizon,or gyrohori-
zon. Fromtheseinstruments,pilotslearnthe
relativepositionof the aircraftwith reference
to theearthâ€™shorizon.

 

â€˜Theattitudeindicatorgyrorotor revolveswith
its spinaxis in a verticalpositiontotheearthâ€™ssurface.Thisverticalpositionis rigidlymain-

tainedas the aircraftpitchesandrollsabout
thespace-rigidgyro(Figure5-4-4).

Thecase of the gyr0identicallyduplicatesai-

craftmovementThecive is feeto revolve

aroundthetablegyrobecauseofthemounting
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   pS: sc
â€˜Atrcraftpitches:gyroremainsupright

Figure5-4-4,Aircraftreferenceandgyrostability.

ofthegyrorotor in gimbals.It follows,therefore,
thattheaircraftitselfactuallyrevolvesaround
the rotor and is thecomplementingfactorin

establishingtheindicationsof theinstrument.

â€˜Althoughattitudeindicators(Figure5-4-5)dif-
fer in size andappearance,theyall havethe
same basiccomponentsandpresentthe same

basicinformation.Thereis alwaysa miniature
aircrafton thefaceof theindicatorthat repre-
sentsthenose (pitch)andwing(bank)attitude
of theaircraft.Thebankpointeron theindica-
tor faceshowsthedegreeofbank(in10-degree
incrementsupto 30degrees,thenin 30-degree
incrementsto 90degrees).Thesphereis always
lighton theupperhalfanddarkon thelower
half to showthe differencebetweenskyand

ground,Calibrationmarksonthesphereshow
legreesof pitchin 5- or 10-degreeincrements,

Eachindicatorhasa pitchtrim adjustmentfor
thepilotto centerthehorizonas necessary.

SourcesofPowerforGyro
Operation
Gyroscopicinstruments can havean integral
gyroscopeor a remotegyroscopewith a cock-
pitindicator.Most lightaircraftuse integral
gyroscopicinstruments. Theseinstruments
an beoperatedeitherbya vacuum systemor

fan electricalpowersource. In some aircraft,
all thegyrosare eithervacuum or electrically
â€˜motivated.In otheraircraft,vacuum (suction)
systemsprovidethepowerfor theattitudeand

headingindicators,and the electricalsystem

drivesthegyrofor operatingtheturnneedle
EitherACorDC istsedtopowerthegyro-scopicinstruments,
Mostremotegyroscopesare eitherelectrically
poweredmechanicalunitsor solid-stategyros.
Solid-stategyrosare electricallypoweredbut
do not contain spinningwheels.Theyare

describedseparately.

 

â€˜Vacuumsystem.Thepurposeof thevacuum

systemis todrawa streamofairover thevanes

of a gyro,rotatingthegyrowheel(orrotor).
Venturitubesandvacuum pumpsystemsare

usedto powerthistypeof gyro.Thevacuum

source drawsatmosphericair throughan

instrumentairfilterover thegyro,causingi t to
rotate atveryhighspeed.
â€˜Thevacuum value requiredfor instrument

operationis usuallybetween3.5in. to 4.5 in

Hg.A vacuum reliefvalvein thesupplyline

typicallyadjuststhisvalue.Theturn-and-bank
indicatorsusedin some installationsrequirea
lowervacuum setting.Thisis obtainedusing
an additionalregulatingvalvein the individ-
ual instrument supplyline.

 

Venturi-tubesystems.Theadvantagesof the
venturi asa suctionsourcearets relativelylowCostandsimplicityof installationandopers-
tion.Becauseoftheirmanylimitationsandthe
introductionof reliableelectricalgyros,Ven-

tur tubesystemsaenolongerin common useâ€˜Aventuri vacuumsystem8shownin Figure
Ea
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 Figure5-4-5, Rollandpitchindicationson theattitudeindicator.

   AttitudeIndicator HeadingIndicator

Figure5-4-6, Venturivacuum system.
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Figure5-4-8. Dry(carbonlubricated)vacuum pump,

 Figure5-4-9,Turbineejectorvalve.

 
Theline from the gyro is connectedto the
throatof the venturi mountedon theexterior
oftheaircraftfuselage.Throughoutthenormal
â€˜operatingairspeedrange,thevelocityoftheair

throughtheventuri createssufficientsuctionto

spinthegyro.

Theventuri systemhassignificantlimitations.
It is designedto producethedesiredvacuum at

approximately100m.p.h,understandardsea-

levelconditions.Widevariations in airspeedor

air density,or restrictionto airflowbyice accre-

tion,affectthe pressureat the venturi throat
and thusthevacuum drivingthe gyro rotor.

â€˜Additionally,preflightoperationalchecksof
venturi-poweredgyro instruments cannot be
â€˜madebecausetherotor doesnot reachnormal
operatingspeeduntil after takeoff.For this,
reason thesystemis adequateonlyfor light
aircraftinstrument trainingandlimitedflying
underinstrument weatherconditions.Aircraft
flownthroughouta widerrangeof speed,alti-
tude,andweatherconditionsrequire a more

effectivesource of powerindependentof air-

speedand lesssusceptibleto adverseatmo-

sphericconditions.

Engine-drivenvacuumsystems.Reciprocatingtenginescan beusedto turn a pumpto provide
a vacuum source forvacuum drivengyros.The
tengine-drivenvacuum pumpis verycommonly
usedon lightaircraft.Two typesof vacuum

pumpsare in common use: thewet pumpand
thedrypump.

Thewet pump uses engineoil to lubricate
the pump.A cutawaywet pumpis shownin

Figure5-4-7.Bothwet anddrypumpshavea

similarvane action. Thedifferencesarein their
â€˜methodof lubrication,whichmeans different
â€˜materialsfor thepumpvanes.

 Thedrypump,shownin Figure5-4-8,uses

vanes madeof a specialcarbonmaterial.This
carbon,as it wears off thevanes,providesfor
the pump lubrication.Onedisadvantageof
the wet typepumpis that it requiresan air/
il separatorto remove the oil from the air

beforeit is dischargedoverboardor to some

otheruse.

 

Somesmallturbineaircraftuse enginebleed
air passedthroughan ejectorvalve(Figure
544.8)to create a vacuum source. Air pressure
â€˜movingthroughtheejectorvalvecreatesa suc-

tion effectmuchliketheearlyventuri systems;
however,the pressureregulatormaintains a

constant airflowthroughtheejector.Thesys-
tem alsobecomesoperationalas soon as the
enginesare started,thuseliminatingthemajor
limitationsoftheearlyventuri system.

â€˜Apartfrom routine maintenance of the fil-
ters and plumbing,whichare absentin the
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Figure5-4-10.Abasicengine-drivenvacuum system.A turbineejectorpumpis shownat thebottom.

electricgyro,the engine-drivenpump is as

effectivea source of powerfor lightaircraft
at lowandmediumaltitudesas theelectrical
system,At higheraltitudes,vacuum systems,
donot workwell

Pressureoperatedsystems.Aircraft oper-
atingat higheraltitudescreate specialprob-
lems.Theair is thin enoughthat sufficient
vacuum cannot begeneratedto properlyspin
a gyro.Theseaircraft require either elec-
tricallydriven gyrosor pressure-operated
Byros.

Pressuresystemspushair across the gyro-
scoperotor ratherthansuckingit pastthem.
Thisrequiressome minor changesto therotor

designanda slightlydifferentplumbingopera-
tion. While not trulyvacuum gyrosystems,
theiroperationis essentiallythesame as with
vacuum systems.

TypicalPump-Driven
VacuumSystem
Figure5-4-10showsthecomponentsof a vac-

â€˜uumsystem.Pumpcapacityandpumpsize

vary in differentaircraft,dependingon the
numberof gyrosto be operated.Eitheran

engine-drivenvacuum pumpor a bleedair

â€˜operatedejectorcan powerthis system.Both
typesconnect to thereliefvalve.

Relief valve. Becausethesystemcapacityis

more than is neededfor operatingthe instru-

ments,the adjustablesuction relief valve is

set for the vacuum desiredfor the instru-
â€˜ments,Excesssuction in theinstrumentlinesis

reducedwhenthespring-loadedvalveopensto
atmosphericpressure.

Selectorvalve. In twin-engineaircraftwith
vacuum pumpsdrivenbybothengines,the
alternatepumpcan beselectedto providevac-

tuum if eithertheengineor pumpfail,with a

checkvalveincorporatedto sealoff the failed
pump.

Air filter. Themasterair filter screens foreign
â€˜matterfrom the air flowingthroughall the
gyroinstruments,which are also provided
Withindividual filters.Cloggingof the mas-

ter filter reducesairflowand causes a lower

readingon thesuction gauge.In aircraftwith
1nomaster filter installed,eachinstrument has
its own filter.Withan individual filtersystem,
cloggingof a filter doesnot necessarilyshow
fon thesuctiongauge.

 

Vacuum/suctiongauge.Thesuction gaugeis
a pressuregauge,indicatingthe differencein
inchesof mercury(inFig),betweenthepressure
insidethesystemandatmosphericor cockpit
pressure.Thedesiredvacuum,andltheminimum.
andmaximum limits,varywithgyrodesign.If
thedesiredvacuum fortheattitudeandheading
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   â€˜exhaustfrom portA

Figure5-4-11.Erectingmechanismofa vacuum drivenattitudeindicator.

indicatorsis 5 inHgand the minimum is 46

ing,a readingbelowthelattervalueindicates
thatthe airflowis not spinningthegyrosfast

â€˜enoughfor reliableoperation,In many)aircraft,
the systemprovidesa suction gaugeselector
valve,permittingthepilotto checkthevacuum,

at severalpointsin thesystem.

Vacuum-DrivenAttitudeGyros
In a typicalvacuum-driven,attitude gyro
system,air is suckedthroughthe filter,then

throughpassagesin the rear pivotand inner

gimbalring,theninto thehousingwherei t is,

directedagainstthe rotor vanes throughtwo

â€˜openingson oppositesidesof therotor.Theair

thenpassesthroughfourequallyspacedports

Pendulous

Al port

\
Figure5-4-12,Actionofthependulousvanes.

Gyroprecesses,Increasing  Precession

Precessingforce at portA
erectsgyro,exhaustalr

 â€˜againequaiatallports

in the lowerpartof the rotor housingand is

suckedout into thevacuum pumpor venturi

(Figure5-410.
â€˜Thechambercontainingtheportsistheerect-

ingdevicethatreturnsthespinaxis to itsver-

ticalalignmentwhenevera precessingforce,
suchas bearingfriction,displacesthe rotor
from its horizontalplane.Fourexhaustports
are eachhalf coveredbya pendulousvane

thatallowsdischargeofequalvolumesof air

througheachportwhentherotor is properly
erected.Anytiltingof the rotor disturbsthe
totalbalanceof thependulousvanes,tending
to closeone vane of an oppositepairwhile
the oppositevane opensa corresponding
amount. The increase in air volumethrough
theopeningportexerts a precessingforceon

the rotor housingto erect thegyro,and the

pendulousvanes return to a balancedcondi-
tion (Figure5-4-12).

â€˜Thelimitsof the attitudeindicatorspecified
in the manufacturer'sinstructions refer to
themaximum rotation of thegimbalsbeyond
whichthegyrotumbles.Thebanklimitsof a

typicalvacuum-drivenattitudeindicatorare

fromapproximately100Â°to 110Â°,andthepitch
limitsvaryfromabout60Â°to 70Â°,depending
fon thedesignof a specificunit. If,forexample,
thepitchlimitsare 60Â°with thegyronormally
erected,the rotor tumbleswhenthe aircraft
climbor diveangleexceeds60Â°.As the rotor

gimbalhits the stops,the rotor precesses
abruptly,causingexcessive frictionand wear

â€˜onthegimbals.Therotor normallyprecesses
backto thehorizontalplaneat a rate of about
8Â°perminute.

Manygyrosincludea cagingdevice,usedto
erect therotor to its normaloperatingposition



beforeflightor after tumbling,and a flagto
indicatethatthegyromust beuncagedbefore
use, Turningthecagingknobpreventsrotation
of thegimbalsandlockstherotor spinaxis in

its verticalposition,

Vacuum systemmaintenance practices.
Errors in the indicationspresentedon the
attitudeindicatorresultfromany factorthat
preventsthe vacuum systemfrom operat
ing within thedesignsuction limits or from

any forcethat disturbsthe free rotation of
the gyro at designspeed.Theseinclude
poorlybalancedcomponents,cloggedfilters,
improperlyadjustedvalves,and pumpmal
function. Sucherrors can be minimizedby
properinstallation,inspection,and mainte:
nance practices.

Other errors, inherent in constructingthe
instrument,are causedbyfriction and worn

parts,Theseerrors, resultingin erratic preces-
sion andfailureof the instrument to maintain
accurate indications,increase with theservice

life of theinstrument.

For theaviation technician,thepreventionor

correction of vacuum system malfunctions
usuallyconsistsof cleaningor replacingfil:
ters, checkingandcorrectingfor insufficient
vacuum, or removingandreplacingtheinstr:
ments. A list of the most common malfunc-
tions, togetherwith theircorrection,is in Table
AL

 

ElectricAttitudeIndicator
In olderaircraft,suction-drivengyros were

favoredover the electrictypesbecauseof
their comparativesimplicityand lowercost.

Improvedelectricallydriven gyros have
madethe vacuum gyro a thingof the past
for all but the smallestgeneralaviation air:

craft.Althoughmany lightaircraft still use

vacuum gyros,the ease of installationand
reliabilityof electricsystemsare makingthat

Electricallyoperatedgyroscopesuse small
electricmotors to spintherotor insteadof air.

Thesemotorsare mountedinthegimbalsand
attacheddirectlyto the rotor. Thespinning
rotor hasexactlythe same gyroscopicquali
ties as a vacuum-drivengyro.Onekeydiffer
tence fromtheflightcrew'sperspectiveis how
to knowwhenthesystemis powered.Vacuum

systemsare monitoredusingthevacuum/suc
tion gauge.Electricgyroshavea powerwarn.

ing flagto alert the crew to a failure in the
gyroor its powersource (Figure5-4-1  

Electricallydriven gyrosrequirean erection
â€˜mechanismto keepthegyroaxisverticalto the
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Powerfallureflag

 Figure5-4-13,Powerfailureflagon anelectricgyro.
surfaceof theearth.Toperformthis,a high-
speedrotatingmagnetis attachedto the top
of thegyroshaft.Aroundthismagnet,but not
attached,isasleevethatis rotatedbymagnetic
attraction. As illustratedin Figure5-4-1, the
steelballsare freeto move aroundthesleeve.If
thepullof gravity is not alignedwith theaxis

of thegyro,theballsfall to thelowside.The
resultingprecessionrealignstheaxis of rota-
tion vertically

 

Thegyrocan becagedmanuallybya leverand
cam mechanismto providerapiderection.

RemoteGyroIndicators
Someattitudeindicatorshavea self-contained
gyro.Othermore modernindicatorsuse pitch
and roll informationfrom the inertial sys-
tem or theattitudeheadingreferencesystem.
Thesesystemsare accurate andreliable.They
gaintheir reliabilityandaccuracy frombeing
largerbeforesize is not limitedbythespaceof
an instrument panel.Electricalsignalsfrom
the remote gyro travelvia synchros.Thesig-
nal is amplifiedin the indicatorto drive ser-

vomotors and positionthe indicatorsphere.
Thispositioningis exactlyas theverticalgyro
positionin thegyrocase. In thenewer attitude
indicators,thesphereis gimbal-mountedand
capableof 360-degreerotation. In contrast,the
oldergyroscouldtravelonly60degreesto 70
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Defectivevalvegauge Onamultiengineaircraft,| Replacefaultyvacuum gaugeos cheektheopposeengine
pee ss

systemonthegauge

Vacuumreliefvalveincorrectly|Changevalveadjustment Adjustthereliefvalveto thedojusted propersetting

Vacuumreliefvalveinstalled Visuallyinspect Install proper

â€˜backwards:
yin Liane

Brokenline Visuallyinspect Replaceline

Novacuumpressure|inescrossed â€˜Visuallyinspect Installlines proper!

orinsufficient
yin property

pressure
Obstructionin vacuum line Checkfora collapsedline Cleanandtestline;replace

defectiveparts

Vacuumpumpfailure Removeandinspect Replacefautypump

Vacuumregulatorvalve Makevalveadjustmentandnote|Adjusttoproperpressureincorrectlyadjustedpressure

VacuumreliefvalvedirtyCleanandadjustreliefvalve Replaceifadjustmentfails

Reliefvalveimproperlyadjusted â€˜Adjustelie valveto proper
_ Setting

Excessivevacuum
Inaccuratevacuum gauge Checkcalibrationofgauge __â€”Replacefullygauge

Instrumentcaged Visuallyinspect Uncageinstrument

Instrumentfilterdirty Checkfilter Replaceor cleanas necessary

Gyrohortzonbarfallsto respond Insufficientvacuum Checkvacuum setting Adjustrei valveto proper
setting

Instrumentassemblyworn or Replaceinstrumentdirty Â¥
_

i

â€˜Novacuum suppliedto Checklinesandvacuum system|Cleanor replacelinesand
instument

Ye |TeplacecomponentsofvacuumSystemas necessary
Turn-and-bank instrumentfiterclogged Visuallyinspect ReplaceiterIndicatorfallsto

99 yin i

respond
Defectiveinstrument Testwitha properlyfunctioning|Replacefaultyinstrument

instrument

Jurn-and-bank Defectiveinstrument Testwitha properlyfunctioning|Replacefaultyinstrument

pointervibrates instrument   

Table5-4-1.Vacuumsystemtroubleshooting,
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agingMechanism

Figure5-4-14,Erectingandcagingmechanismsofan electricattitudeindicator.

degreesof pitchand100degreesto 110degrees,
of roll

Thelatestgyro systemshave replacedthe
mechanicalgyroscopewith an electronicone.

Thesesystems,sometimesreferredto as iner-

tial navigationsystems,use ring lasergyros
(RLG)oF micro electronicmotionsensors (MEMS).

â€˜Mostmodernturbineaircraft,usingeitherana-

logor digitaldisplays,incorporatetheattitude
indicatorinto an instrument calleda flight
director.Theflightdirectoraddsradionaviga-
tion informationto thegyrodisplay.An analog
flightdirectoris shownin Figure5-4-15.Flight
directornavigationfunctionsare coveredin

thechapter"NavigationandCommunication
Systems."

Solid-StateGyros
Numerouseffortshavebeenmadetoreplacetheconventionalmechanicalgyro.Someof these
effortshave beenvery successful,although
until recentlytheywere all veryexpensiveand
usedonlyin militaryaircraftandcommercial
airliners.Modern electronicsadvanceshave
â€˜madesolid-stategyro technologyavailableto
generalaviation aircraft

Gyrosare mechanicallycomplexdevices.
While fairlyreliable,greaterreliabilityis
alwaysa safetyissue. Directionalgyrosalso
havea tendencyto precessover time,slowly
driftingto the left or right.Thisprecession
is not a problemfor shortflights,but for lon-
gerflightstheseerrors becomeprogressively
larger.â€˜Theselimitations are unacceptable
for aircraftin long-rangeairlineandmilitary

Somesystemswere initiallydevelopedto meet
â€˜amilitaryneedforan accurate,long-rangesys-
tem thatisindependentof ground-basedrefer-
ences. Othersystemshavebeenmadepossible
as a resultof moderncommercialelectronics
development.

â€œMertialReferenceSystems
Manyair forceshavelongdesireda navigation
systemthat is independentof anyoutsideor

ground-basedreferences.Ground-basedradio

   turboprop.
Figure5-4-15,Ananalogflightdirectorinstalledin a KingAircorporate
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 FigureS-4-16,A ringlasergyro.

systemscan bejammedor distorted,prevent.
ingaccuratenavigation.

Precisionaccelerometerscan be usedto cal
culatespeedand directioninformation,The
driver of a car feelsthe acceleration,decel-
eration,and turning forces.Thesame
of forcesare presentinaircraftSensorswere
dlevelopedto accuratelymeasure theseacceler-
tion forces,Whenthesesensors are connected
toa compute,a precisionnavigationsystem
can bedevelopedthatis totallyindependentof
ny outsidereference
â€˜Theseearlysystemswere two-dimensionalin

theiroperationandwere usedonlyfornaviga-
tion. Attitude controlrequiresa significantly
higherlevel of precision.Eventually,acceler~
â€˜ometerswere developedthatcouldbeusedin

attitudereferencesystems.

Start
End

Accuratelymeasuringthese accelerations
requiresa stable,eve platform,even whilethe
aircraftmaneuvers. Agyro-stabilizedplatform
was necessary.Thesesystems,whileaccurate,
are veryexpensiveto manufactureandmain.

tain. Theyare typicallyusedonlyin military
aircraftandolder,long-rangeairliners.

LaserRingGyros
â€˜TheRLGmadeinertialsystemspracticalfor a

muchlargersegmentof aviation (Figure5-4-
16).TheRLGuses theSagnaceffect.Georges
Sagnac,a Frenchphysicist,experimentedin

1913with a rotatingturntablethatcontained
ringsof lightshiningin oppositedirections.

Sagnacdiscoveredthat the lighttraveling
with therotation tookslightlylongerto travel
aroundtheringthanthelighttravelingagainst
therotation.

â€˜Therotation of the turntablecreatesa longer
pathfor the lighttravelingwith the rotation.

Figure5-4-17illustrateshowthisworks.This,

longerpathchangesthefrequencyof thelight.
â€˜Aphasedetectorcomparesthe frequencyof
bothlights.Ifthe ringlaseris not moving,both

lightsoperateat thesame frequency.Whenthe
ringlaseris rotated,the lightsshift frequen-
cies. Thephasedetectormeasures thisshift.

Byplacinga ringlaserto measure yaw,pitch,
androll,theringlasercan actas a gyroscope.
â€˜ThefirstRLGrequiredthe same typeof gim-
balledplatformas an inertialnavigationsys-
tem.Advancesin computertechnologymadei t

possibletorigidlymount theRLGs(Figure5-4-
18)to the airframe.Thecomputerconstantly
calculatesthepositionof thelaserringsandis

ableto determinethe appropriatehorizontal
reference.

Start End

  Figure5-4-17,TheSagnaceffect.  



Thesesystems,knownas strap-downsystems,
are muchlessexpensiveto manufacturethan
jgimballedsystems,andtheyare significantly
â€˜morereliable.Strap-downRLGsare the pr
â€˜marygyroreferencesystemin mostmodernjet
aircraft

 

MEMS

Microelectromechanicalsensors (MEMS)are

thelatestinsolid-stategyrotechnology(Figure5-4-19).Thesesensors havebeendevelopedfor
severalhigh-volumecommercialapplications
â€˜Adaptedfor aviation, MEMSgyro systems
contain verysmallsiliconchipsthatpreciselyâ€˜measureacceleration.Theirhigh-volumecom-â€˜mercialuse makesthemveryinexpensive.

FAA.cettified,MEMS-based,solid-stategyros
are now available.Theirlowcost makesthem
affordablefor even pistonpoweredlightair-

craft.Theirlowcost is makingpossibleglass
cockpittechnologyfora significantportionof,
thegeneralaviation market(Figure5-4-20).

DirectionalGyro
Gyroscan alsobe usedto provideheading
information.Thistypeof gyro is referredto as

directional gyro.it providesdirectionalinfor-
â€˜mationbyconstraininga verticallymounted
â€˜mechanicalgyrotoasingledegreeoffreedom.
Althoughdirectionalgyrosareprimarilyused
for navigation,theyoperateon thesame gyro-
scopicprinciplesas theattitudegyro.

â€˜Atypicaldirectionalgyro is shownin Figure
54.21. It consistsof a gyro rotor anda verti-

callymountedcompasscard.As the aircraft
changesdirection,thegyro remains oriented
towardnorth.A mechanicallinkagebetween
the gyroscopeand the verticalcardindicator
â€˜movesthecard,

Al the gyro technologiesdiscussedcan be
usedto providedirectioninformation.They
use a remote indicatinginstrument to display
theheadinginformation.

Turn-and-BankGyros
Turn-and-bank indicator. The turn-and-
bankindicator(Figure5-422),alsocalledthe
turn-and-slipindicator,showsthe lateralatti-
tudeofan aircraftin straightflight.It alsopro-
videsa referencefortheproperexecutions of a

coordinatedbankandturn, Theturn-and-bank
indicatorshowswhentheaircraftis flyingon

a straightcourse andthedirectionandrate of

8turn, It was one of thefirst instruments for
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an Plezoelectric
alther

motorâ€˜Anode

Figure5-4-18.A RLGsinternalschematic,

Figure5-4-19,AMEMSsolid-stateinertialgyro.

Figure5-4-20.TheCirrus,single-engine,four-placelightplaneis now avail

ablewithan advanced,computer-basedflightinstrumentsystem.
CourtenyofCresDesgn
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controllingan aircraftwithoutvisualreference
to thegroundor horizon,

Theindicatoris a combinationof two insteu-
â€˜ments:aballandaturnpointer.Theballpartoftheinstrument operatesbynaturalforces(cen-
trifugaland gravitational).Theturn pointer
dependson thegyroscopicpropertyof preces-

 Figure5-4-22.A turn-and-bankindicator.

Figure5-4-23.Theballreactsto gravityandcentrifugalforces.

sion for its indications,Thepowerfor theturn
indicatorgyro is eitherelectricalor vacuum.

Ball. â€˜Theball portionof a turn-and-bank
indicator(Figure5-4-23)consistsof a sealed,
curved,glasstube.Thetubecontains water-
whiteKeroseneanda blackor whiteagateor

common steelball bearing.Theball bearing
is freeto move insidethetube.Thefluid pro:
vvidesa dampingaction andensures smooth
and easy movement of the ball. Thecurved
tubeallowstheball to seekthe lowestpoint
when in level flight.Thisis the tubecenter.
A smallprojectionon theleft endof thetube
contains a bubbleof ait. Thebubbleletsthe
fluid expandduringchangesin temperature.
Two markingsor wires aroundthe center of
theglasstube.Theyserve as referencemark-
ers to showthecorrect positionof theball in

thetube

Theonlyforceactingon theballduringstraight
andlevelflightis gravity.Theballseeksits low-
estpointandstayswithin thereferencemarks.
Ina turn,centrifugalforcealsoactson theball
ina horizontalplaneoppositeto thedirection
of theturn,

Whenthe forceactingon the ball becomes
unbalanced,theballmoves awayfromthecen-

ter of thetube.In a skid,therate of turn is too

greatfor theangleof bank.Theexcessive cen-

trifugalforcemoves the ball to theoutsideof,
the turn. Theballmoves in thedirectionof the
force,towardtheoutsideoftheturn, Returning
the ball to center (coordinatedturn)callsfor
increasingbankor decreasingrateof turn, or acombinationof both,

Inaslip,therate of turn is too slowfortheangle
of bank. Theball moves towardthe insideof
theturn.Returningtheball to thecenter(coor-
dinatedturn)requiresdecreasingthebankor

increasingtherate of turn,or a combinationof,
both.

Theball instrument is actuallya balanceindi-
cator becauseit showstherelationshipbetween
angleof bankandrate of turn. It letsthepilot
knowwhentheaircrafthasthecorrect rate of,
turn for itsangleof bank.

â€˜TurnPointer. Theturn pointeroperateson a

gyro. Thegimbalring encirclesthe gyro in a

horizontalplaneandpivotsforeandaft in the
instrument case. Themajorpartsof the turn

portionof an electricalturn-and-bankindica~
tos,shownin Figure5-4-24,are as follows:

* A frameassemblyusedfor assembling
theinstrument.

+ A motor assemblyconsistingbasicallyof
thestator,rotor,andmotor bearings.The



   
 

Stretchingofsing for

leftar inightturns
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Figure5-4-24.Thegyromechanismwithintheturn portionoftheturn-and-bank.

electricalmotor serves as thegyrofor the
turn indicator.

â€˜+Aplateassemblyformountingtheelectri-
calreceptacle,pivotassembly,andchoke
coilandcapacitorsforeliminatingradio
interference.It alsomounts the power
supplyof transistorizedindicators.

â€˜+A dampingunit that absorbsvibrations
and preventsexcessive oscillationsof
the needle.Theunit consistsof a piston
andcylindermechanism.Theadjustment
serew controlstheamount ofdamping.

â€˜=An indicatingassemblycomposedof a

dialandpointer.
â€˜+Thecover assembly.

â€˜Thecarefullybalancedgyrorotates aboutthe
lateralaxis of theaircrait in a framethatpiv-
â€˜otsaboutthelongitudinalaxis. Whenmounted
in thisway,thegyrorespondsonlyto motion
arounda verticalaxis. It is unaffectedbyroll-
ingoF pitching,
â€˜Theturn indicatortakesadvantageof one of
the basicprinciplesof gyroscopesâ€”preces-
sion. Precession,as alreadyexplained,is a

gyroscopeâ€™snaturalreaction 90degreesin the
directionof rotation froman appliedforce.It
is visibleas resistanceof thespinninggyroto
a changein directionwhena forceis applied.
â€˜Asaresult,whentheaircraftmakesaturn,the
gyropositionremains constant.However,the
framein whichthegyrohangsdipsto theside
â€˜oppositethedirectionof turn. Becauseof the
designof thelinkagebetweenthegyroframe
andthepointer,thepointershowsthecorrect

directionof turn. Thepointerdisplacementis

xroportionalto theaircraftrateof turn. IfthePointerremains on center,ishowsthesicrat
ingstraight.If it moves offcenter,it shows

the aircraftis turningin the directionof the
pointerdeflection.Theturn needleshowsthe
rate (numberof degreesperminute)at which
theaircraftis turning.

 

Byusingtheturn-and-bankindicator,thepilot
checksforcoordinationandbalancein straight
andlevelflightandin turns. Bycross-checking
thisinstrument againsttheairspeedindicator,
the relationbetweenthe aircraftlateralaxis

and the horizoncan be determined.Forany
givenairspeed,thereisadefiniteangleofbank
necessaryto maintain a coordinatedturn at a

givenrate,

TurnCoordinator

â€˜Theturn coordinator(Figure5-4-25)is a varia-

tion on theturn-and-bankindicator.Thegyr0-
scopeaxis is offsetapproximately30Â°fromthe
aircraft'slongitudinalaxis. Thischangesthe
precisionaxis,addingsensitivityto roll and
turning,

Rollingan aircraftis thefirststepin a turn. The
turn coordinatorprovidesinformationabout

developingskidsor slipsbeforetheyoccur.

â€˜Turnscan beflownmore smoothlyusingthis
information.The turn coordinatoris usually
labeledas suchandtypicallyhasan aircrait
silhouetteratherthan a verticalbar display.
A typicalturn coordinatoris shownin Figure
5-426,
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 Figure5-4-25.Turn coordinatorinternalgyroaxis.

  Figure5-4-26. Atypicalturn coordinator,

 

    

 

 

Abbreviation Term

AHRS Attitudeandheadingreferencesystem

crt Cathoderaytube

pais Digitalavionics informationsystem

EADI Electronicattitudedirectionindicator

esis Electronicfightinstrumentsystem

HSI Electronichorizontalsituationindicator

Fc Flightmanagementcomputer

FMcs Flightmanagementcomputersystem

EICAS Engineindicatingandcrew alertingsystem

ico Liquidcrystaldisplay

MD Mult-funetiondisplay

PD Primaryflightdisplay
â€˜Table5-5-1.Commonabbreviationsandterms.

 

Section5

ElectronicFlight
InformationSystems
Digitalsystemshavedramaticallychanged
the appearanceof the modern cockpit.
Althoughthe information the flightcrew

â€˜mustmonitor hasnot changed,the manner

in which that information is managedand
displayedhas,in manyways,changedfor
thebetter.

Commonlyreferred to as a glasscockpit,
advanceddisplayscome in manyforms.The
term glasscockpitrefersto theexpanseof flat
glasspanelsreplacingthe traditionalclusters
of analoggauges.Differentmanufacturerscan

use differentterms to describesimilarunits.
Someof thecommon terms are listedin Table
55-1

Thefirstsystemsusedcathoderaytubes(CRT),
Usingthe same technologyas a traditional
television,CRT:basedsystemsrequirea lot
of depthbehindthe instrument panel.While
still in widespreaduse,CRTshavelargelybeen
replacedbyliguidcrystaldisplay(LCD)-based
systemsin new productionaircraft.LCDsoffer
betterreliability,lowerweight,and a more

compactinstallation,Both typesof displays
can showsimilarinformation.

Electronicsystemshaveseveraladvantages
comparedto traditional analoginstrumen-
tation (Figure5-5-1).Theyhavefewermov-

ingpartsanda significantlysmallernumber
of parts.Thecomplexityof the system,its
â€˜mountingandwiring is muchsimpler.This
combinationtranslatesinto lower mainte-
nance costs and betterdispatchreliability.
Theyare also largerand can be easier to
read.

 

EFISfirst replacedthe gyro horizon and
directionalgyroswith displayscreens. These
sereens alsoaddairspeedandaltimeterdis-
playsto theattitudedisplay.Thiscombination,
Knownas an electronicattitudedirectionindicator
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Figure5-5-1.TheDC-9/717seriesairlinershavebeenupdatedwithmodernel 3s(A)showsthe1960'sanalog
configuration,(B)showsthecurrentelectronicfightdisplaysystem. 0 (8) CourtesyofAan Aways

(EADD,replacesthe traditionalflightinstru-
â€˜mentcluster(Figure5-52). Thegyro horizon,
airspeedindicator,altimeter,and VSIsare all
included,

Thefirst generationof glasscockpitsystems

providedenlarged,combinedflightinforma-
tion displays.Figure showsa typical
Honeywellsystem installedin a Hawker800
businessjet. Theattitude gyroand direc-
tional gyroshaveeachbeenreplacedwith
a singlescreen. Thecockpitincludesa radar
screen and two navigationcontrol screens.

Therest of theinstrument paneluses conven-

tional analoginstrument systems.Thistype
of systemtakesadvantageof the benefitsof

digitalair datasystemsand enhanceddis-
plays,but it still hasa very complexcockpit
installation.

Most systemsin productiontodayuse large
multi-functiondisplays.Thesedisplayscan

showa variety of different typesof infor-
mation and can includedata from multiple
sources on the same screen. Symbolgenera-
tors receive data from severalsensors and
send that data to the appropriatescreen.

â€˜Almostall the information displayedon con-

ventionalanaloginstruments is now incorpo-
ratedinthe EFIS  



552 | AircraftInstrumentSystems
â€˜Multi-functiondisplaysalsoallow the flight
crew to move displayedinformationfromone

screen to another.Ifa screen failureoccurs,the
displayscan easilybereconfiguredto compen-
sate.Comparethelowerhalfof thepilot'sand
copilotâ€™sprimarydisplaysin Figure5-5-4. The
pilot'spanelis actingas horizontalsituation
indicator,andthecopilotâ€™sis configuredas a

radarscreen. If eitherscreen failed,the cen-

ter screen can be reconfiguredto displaythis
information.

EFIScome in manyforms.Variousmanufac-
turers havedevelopedsystemswith three-,
four-,five-,andsix-screen systems.Additional
variations will surelybe seen in future air-

craft.Themostcommon systemsare five- and
sixcpanelconfigurations.Eachpilothastwo
screens. Oneof the screens is usedfor atti-
tudeandheadinginformation,andtheother
is typicallyconfiguredto showweatherradar
information.Figure5-5-5showsa typicalfive-

panelsystem,

Figure5-5-4. Multi-functiondisplaysin thecockpitoftheRaytheonPremierbusinessjt.
CourtesyofaytheonArcot 



Figure5-5-5. Atypicalfive-panelcockpitdisplay.

Thecenter of the panelhas the remaining
screen. It contains theengineoperatinginfor-
ration. It alsomonitors theotheraircraftsys-
tems, includingenvironmental,hydraulics,
landinggear,and electrical.Known as the
engineindicatingandcrew alertsystem(EICAS)
(Figure5-5-6)thissystemis describedin more

detailin Section7 (EngineInstruments)of this
chapter.

 

 

Fromanoperationalstandpoint,theflightcrew

can custom tailor thedisplaysfor the opera-
tional needs.Thenewestsystemsofferdigital
databasescontainingairportmaps,en route

navigationinformation,and manyotherref-
erences. Theflightcrew can easilysearchand
displaythisdataalongsidethe flightinstru-
â€˜mentinformation.Someof thesesystemsadd
anotherdisplayon thesideof thecockpitfor
thedatabase,

Maintenance is simplifiedbyflightmanage-
â€˜mentcomputersystems(MCS).Systemfail-
tures and intermittent faultscan be recorded
and replayedon the ground.Manysystems
offerenhanceddiagnosticsoftwaresystems.
Thiscombinationsimplifiesthe maintenance

process,

ThecomputerbecomestheAMT's assistantin
thediagnosticandtroubleshootingprocess.In

â€˜manycases,thesystemalreadyknowswhere
thefailurehasoccurred,thetechnician'sjobis,

to access thecomputerandmakethenecessary
systemrepairs,
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   Figure5-5-6,Theengineindicatingandcrew alertingsystem(EICAS)panel



Figure5-6-1.Standbyindicatorsusedin theFalcon900 businessjet.
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Section6

StandbyandOtherFlight
Instruments

StandbyInstruments

All aircraftthatuse computedairspeedandalti-
tudeinformation,includingthosethathaveglass
cockpits,are requiredto havea set of standby
instruments. These instruments providea
backupsystemif a computeror electricalfailure
â€˜occurs.Thetypicalconfigurationincludesan atti-
tudegyro,an airspeedindicator,andan altime-
ter. Theseare shownin Figure5-6-1

Standbyattitude gyro.Thestandbyattitude
indicator(Figure5-62)consistsof a miniature
aircraftsymbol,a bankangledial,anda bank
index.It alsoincludesatwo-coloreddrumback-
â€˜groundwitha horizonlinedividingthetwo.

The indicator roll index is graduatedin

10-degreeincrementsto 30degrees,withgead-
uation marksat 60 degreesand 90 degrees.
Theexampleindicatoris capableof displaying.
360degeeesof roll,92degreesofclimb,and79

degreesof dive.Becauseof thehighspinrate
â€˜ofthe gyro, the indicatordisplaysaccurate

pitch-and-rolldatafor9minutesafterelectrical
failure.Someunits are equippedwith battery
backups.Theattitudeindicatorincorporatesa

pitchtrim knobto positiontheminiature air-

craftsymbolaboveor belowthehorizonrefer-
tence line. Thepitchtrim knobalsocagesthe
gyro.Whenthepitch trimknobis pulledout,
the gyro cages.Rotatingthe knobclockwise
whileextendedlocksin theextendedposition.
Theattitudeindicatoralsoincorporatesan OFF
flag.Theflagappearsif electricalpowerfails,
â€˜orif you cagethegyro.

  

 

Standbyaltimeter. Standbyaltimetersare

conventionalKollsman-typeaneroid altim-
eters. Thestandbyaltimeterprovidesaltitude
informationto theflightcrew if a systemfail-

ureoccurs.Itisself-containedandis not depen-
denton aircraftpower.Thestandbyaltimeteris,

typicallyconnectedinto thecopilotpitot-static
system.Itis subjectto error at highMachnum-

bersbut is accurate at slowerspeedsandcan

beusedfor landingif an electricalor systems
failureoccurs.

Standbyairspeedindicator. Thestandby
airspeedindicator is a small,conventional
â€˜mechanicalairspeedindicator.It requiresno

externalpower.Althoughthe standbyair-

speedindicatordoesnot compensatefor pres-
sure errors at highMachnumbers,it provides
â€˜amuchneededbackupfor landingif asystems
failureoccurs. Thestandbyairspeedindicator
is typicallyconnecteddirectlyinto thecopilot
pitot-staticsystems.In some cases thestandby
airspeedindicatorandaltimeterare combined
in one case (Figure5-6-3)

OtherFlightInstruments

Manyadditionalinstruments are providedto
the flightcrew as backups,to provideaddi-
tional informationnecessaryin certain flight
conditions,or to monitor auxiliarysystems.
Theseinstruments that provideadditional
flightinformationare describednext.

Compass.Duringtheearlydaysof aviation,
directionof flightwas determinedchieflyby
direct-readingâ€˜magneticcompasses.Today,
thedirectreadingmagneticcompass(Figure
5-6-4)is usedas a standbycompass.Direct-
readingmagneticcompassesusedin mostait-

craftmount on the instrument panelfor use

bythepilot.It is readlike thedial of a gauge.
Whiletechnicallya navigationinstrument,it
can alsobeusedto provideattitudeinforma-
tion.

A nonmagneticmetalbowl,filled with liquid,
contains thecompassindicatingcard.Thecard
providesthemeans ofreadingcompassindica-
tions. Thecardmountson a floatassemblyand
is actuallya diskwith numberspaintedon its

edge.A setofsmall magnetizedbarsorneedles
fastensto thiscard.Thecard-magaetassembly
sitson a jeweledpivot,whichletsthemagnets
alignthemselvesfreelywith the north-south
componentof theearthâ€™smagneticfield. The
compasscardand a fixed-positionreference
marker(lubberâ€™sline)are visible througha
glasswindowon thesideof thebowl.

An expansionchamberin thecompassprovides
for expansionand contraction of the liquid
causedbyaltitudeand temperaturechanges.
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 Figure5-6-2. Astandbyattitudegyrois smaller
thanthetypicalprimaryattitudegyro.

33
Pon

O W
Teadatt

Figure5-6-4, A direct-readingmagnetic
compass. The liquiddampens,or slowsdown,the
oscillationof thecard.Aircraft vibrationand
changesin headingcause oscillation.If sus-

pendedin air,the cardwould keepswing
Ing backand forth andbe difficult to read,
Theliquidalsobuoysup the floatassembly,
reducingtheweightandfrictionon thepivot
bearing.

 

Instrument-panelcompassesare availablewith
cardsmarkedin stepsof either2 degreesor

5 degrees.Sucha compassindicatescontinu-

ouslywithoutelectricalor informationinputs.
Youcan readtheaircraftheadingbylookingat
thecardin referenceto thelubberlinethrough
thebowlwindow.

Outsideair temperature(OAT).OATinfor-
â€˜mationis sometimesneededbytheflightcrew.

â€˜Anelectricallypoweredindicatordisplaying
uncorrectedOATis sometimesin the instru:

Figure5-6-3.A combinationstandbyairspeedindicatorandaltimeter.

 Figure5-6-5.Atypicaldirectreadingoutsideair

temperatureindicator.

ment panel(Figure5-6-5).A temperature-sen-
sitive resistor(temperaturebulb)is exposedto
theslipstream.Thisresistormeasures changes
in temperature.Thetemperatureof the air

â€˜measurementis in theformof changingresis-

tance. TheOATindicatordisplaysthischange
in resistance. Thegraduatedindicatordial is

typicallymarkedin Celsius,from+50degrees
t0-50 degrees,

AnothertypeofOATindicatordoesnot require
externalpower.It consistsof a bimetallictem-

peratureprobeandadialindicator.Thistypeis
â€˜mountedin thecockpitin a locationthatallowstheprobeto penetratetheskin to theoutside
air whilestill allowingthepiloteasyaccess to
theindicatorface.

Flappositionindicator. Flapsare used to

changethe camberof the wing duringland-
ing. Theyare alsousedon some aircraltdur-
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Figure5-6-6. Aflappositionindicatorin a

BeechcraftKingAir.

  

    

ingtakeoff.Thepilotcan observetheirpositionâ€˜onmanysmalleraircraft.Theflightcrew can-

not visuallymonitor themon largeraircraft.
Flapsettingsare criticalwhenoperatinginto
smallerairports.Flappositionindicatorsare

providedto enabletheflightcrew to accurately
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Figure5-6-8. Accelerometermechanicalschematic.

 Figure5-6-7,An accelerometer(sometimes
referredto as a Gmeter

settheproperflapposition.A typicallapposi-
tion indicatorisshowninFigure5-6-6. 

(Oneor more flapshasa flappositiontransmit.
ter attachedto it. Thiscan bea synchrotype
transmitter or a variableresistortype.

â€˜Accelerometer.Accelerometersare typically
usedonaerobaticandmilitaryaircraft.Thepilotâ€˜mustlimitaircraftmaneuversso variouscombi-nations of acceleration,airspeed,grossweight,
and altitude remain within specifiedvalues.
Thisreducesthepossibilityofdamagingtheair-

craftas a resultofexcessive stresses.Theaccel-
erometer showstheloadon theaircraftstruc-
ture in termsofgravitation(g)units, It presents
informationthatletstheaircraftmaneuver the
aircraftwithin its operationallimits.A typical
accelerometeris shownin Figure5-6-7
Theforcessensedbythe accelerometeract

alongtheverticalaxis of theaircraft.Themain

hhandmoves clockwiseas the aircraftacceler-
ates upwardandcounterclockwiseas theait-

craftacceleratesdownward,

Theaccelerometerindicationsare in g units.
Themain indicatinghandturns to +1 when
theliftof theaircraftwingequalstheweightof
theaircraft.Sucha conditionprevailsin level
flight.Thehandturns to +3 g whenthe lift
is threetimes theweight.Thehandturns to
â€˜minusreadingswhentheforcesactingon the
aircraftsurfacescause theaircraftto accelerate
downward.

Theaccelerometeroperatesindependentlyof
all otheraircraftinstruments andinstallations.
Theactivatingelementof the mechanismis a

â€˜massthat is movablein a verticaldirectionon

2pairof shafts(Figure5-6-8).A spiral-wound
â€˜mainspringdampenstheverticalmovement



of the mass, Theforceof the mass travelsby
a string-and-pulleysystemto themain spring
andmain shaft.Fromhere,it goesto theplus
â€˜andminus assemblies.Thehandassemblies
mount on the plusand minus assemblies.
Changesin verticalaccelerationcause move-

â€˜mentof the mass on theshafts,whichtrans-
latesinto a turningmotion of the main shaft.
The turningmotion pivotsthe indicating
handsaroundthedial. Thehandtravelsa dis-
tanceequivalentto thevalue,in g units,of the
upwardor downwardaccelerationof theair-

craft

Theaccelerometeroperateson theprincipleof
Newton's Law of Motion. Duringlevelflight,
no forcesact to displacethemass froma posi-
tion midwayfom the topandbottomof the
shafts.Therefore,the accelerometerpulley
systemperformsno work,andthe indicating
handsremain stationaryat +1g.Whentheair-

craftchangesfromlevelflight,forcesact on the
â€˜mass,causingthemass to move eitheraboveor

belowits midwayposition.Thesemovements,
cause the accelerometerindicatinghandsto

changeposition.Whentheaircraftgoesnose

down,thehandsmove to theminus section of
thedial. Whenthenose goesup,theymove to
theplussection,

 

Themain handcontinuouslyshowschanges
in loading.Thetwo otherhandson theaccel-
erometer showthehighestplusacceleration,
andhighestminus accelerationof theaircraft
duringany maneuver. Theindicatoruses a

ratchetmechanismto maintain theseread-
ings.A knob in the lowerleft of the instru-
â€˜mentfaceis usedto reset themaximum. and
â€˜minimum-readinghandstonormal.Thus,the
accelerometerkeepsan indicationof thehigh-
est accelerationsduringa flightphaseor dur-
ing a series of flights.
Clocks.Clockscome in manyforms.Theycan

haveanalogor digitaldisplays.Analogclocks
can beelectricallyor mechanicallypowered.
Digitalclocksare alwayselectricallypowered,
The typicalmechanicallypoweredanalog
clockis a 12+hour,elapsedtime, stem-wound
clockwith an 8-daymovement.Thepull-to-
setwindingstem is at thelowerleftof thedial
(Figure5-6-9).Thedialhas60divisions,which
are readas minutes or seconds,as appropri-
ate. Thefacehasstandardminute andhour
hands,a sweep-secondhand,andan elapsed-
time minute hand. Theclockcan be started,
stopped,or resettheelapsed-timeminute hand
bypressinga singlebuttonat theupperright
of thedial.

Electricallypoweredanalogclocks(Figure
5-6410)are readsimilarly;however,theyare

continuouslypoweredbythe aircraftelectri-
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   Figure5-6-9. Amechanicallywoundanalog
lock

 Figure5-6-10.Anelectricallypoweredanalog
clock.

Deecheraft

QUARTZCHRONOMETER

TIMERCLOCKDray
. â€˜MODE >
RST > ssp Figure5-6-11.Adigitalclock
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calsystem.Mechanicallywoundclocksmust
berewoundbytheflightcrew regularly.They
must alsobe reset if theaircrafthasnot been
â€˜operatedrecently(theyoperatefor eightdays
maximum),Electricallyoperatedclocksdonot
havethislimitation,buttheydonot functionif
an electricalfailureoccurs. Itis for thisreason

that mechanicallypoweredclocksare still in

regularuse.

Digitalclocks(Figure5-6-I1)are electrically
powered,typicallybythe aircraftelectrical
system,althougha fewbatterypoweredtypes.
are available.Theyusuallyhavea stopwatch

 

    

                 Frontview  
  

        Figure5-7-1A.Reciprocatingengineinstruments.
   

Sideview



or elapsedtime featureas well.Bothtypesof
clocksare veryreliable,but thedigitalstyle,
whenproperlydesigned,is the more reliable
of thetwo becauseof thelackof movingparts.

â€˜Thesetypesof clockare in thecockpitfor use

bythepilotor copilot.Additionalclockscan

beelsewherefor use byothermembersof the

fightcrew.

Section7

EngineInstruments
Engineinstrumentsare usedto monitor engine
performanceandsetenginepowersettings.Both
turbineandreciprocatingenginesrequireinsteu-â€˜mentation.Somefunctions,suchas rpm, fuel
pressure,andoil pressure,are common to both
typesof engines.Otherfunctionsare measured

onlyon eitherreciprocatingor turbineengines.

Safe,economical,and reliableoperationof
aircraftenginesdependson accuratelymea:

suringengineoperation.In_hydromechani-
callycontrolledsystems,thepilothasprimary
responsibilityfor monitoringthe instruments
and maintainingthe enginepowersettings
withinpresetlimits.Modernelectroniccontrol
systems,primarilythe Full AuthorityDigitalEngineControl(FADEC)andElectronicEngine
Control(EEC),havemovedthetaskofkeeping
theenginewithinsafeoperatingparametersto
theseelectronicsystems.Nonetheless,thepilot
â€˜muststill maintain an awareness of theoperat-
ingconditionandsettingsoftheengine.

 

Figure5.71 (A)and(B)showsa typicalinstru-
â€˜mentgroupingfor a reciprocatingengineand
â€˜twotypesof turbineengines.Notethatwhile
â€˜manyof theinstrumentscover similartypesof
systems,theirrangesandstylesvarysomewhat.

CommonEngineInstruments

Instrumentscommonlyusedon both turbine
and reciprocatingenginesincludetachome-
ters,fuel flow indicators,fuelpressuregauges,
oil temperatureandpressureindicators,and
enginesynchronizers.Althoughthe turbine
andreciprocatingsystemshavedifferences,the
basictheoryandoperationof the instruments,
is thesame.
Tachometers

All engineshavemaximum speed(orp.m)
limits.Thetachometershowstheenginecrank-

AircraftInstrumentSystems| 5-59

shaftxpm.Figure5-72 showsa tachometer
with rangemarkingsinstalledon the cover

glass.Thetachometer,oftenreferredto as tac,
is calibratedin hundredswith graduationsat

every100-rp.m.interval.Thedial shownhere
starisat 0andgoesto35(3,500rpm).
â€˜Thegreenarc indicatestheoperatingp.m.
range.Thetopof thegreenarc, 2,550rp.m,,
indicatesmaximum continuous power.All
operationabovethisrpm. can be limited in

time. The red line indicatesthe maximum

pam, permissibleduringtakeoff;any p.m.
beyondthisvalueis an overspeedcondition.

â€˜Aturbineenginetachis a bit differentthan
thoseusedin reciprocatingenginesystems.
â€˜Tobeginwith,i t measures in percentofengine
pm. Also rpm. is not normallyusedto set

enginepower.Enginepoweris setbymeasur-

ingtheEPRor torquemeter.Thetachometeris

usedmainlyforenginestart andto indicatean

overspeedcondition.Becauseturbineengine
outputcan vary so muchwith a changein

atmosphericconditionsi t is possibleto have
â€˜290percentengineone dayanda 110percent
enginethe nextday.If xp.m.was usedto set

enginepower,youwouldnot havefull power
one dayandovertemptheenginethenextday.
High-pressuretachometer(N;).On a sin-

gle-spoolengine,theHP tachis theonlyone

available.It providesthe N, indication.On
a splitspool,enginethe high-pressure(HP)
tachometerindicator(Figure5-7-3)measures

the high-pressurecompressor_rp.m.There
is an Nolachfor eachengine.Theindicators
showHP compressorrpm. in percent.The
units are self-poweredbya tachgeneratoron

thegearboxof eachengine.

 

Low-pressuretachometer(Nz).A lowpres-
sure (LP)tachometerindicatorforeachengineis
usedon all single-spoolenginesandfan jets,
eitherhighor lowbypass.Theindicatorsshow
LLPcompressorp.m.in percent.

TachometerGenerators

Somelightaircraftuse a mechanicallinkage
to provideenginespeedinformationto the
tachometer.A flexibleshaftis connectedto the
rear of theengine.Theotherendof theshaft
connectsto thebackof thetachometer.As the
enginerotates,so doesthe shaft.Thisdrives
theneedlein thetachometer.Thissimplesys-
tem is practicalonlyin aircraftwith theengine
in closeproximityin frontof the instrument

panel.
â€˜Theelectricaltachometergeneratorsystemis
usedwhena mechanicallinkagecannot easily
connecttheengineandtachometer.Essentially,
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thetachometergeneratorsystemconsistsof an

AC generatorcoupledto the aircraftengine
andan indicatorconsistingof a magnetic-drag,
elementon theinstrument panel.
Thegeneratortransmits electricpower to a

synchronousmotor,a partof theindicator.The
frequencyof thispoweris proportionalto the

    

Turbofan

enginespeed.An accurateindicationofengine
speedis obtainedby applyingthemagnetic-
dragprincipleto theindicatingelement.

Generatorvoltagechangeswith enginespeed.
Thevarying voltageproblemis eliminated
by the â€˜generatorand synchronous-motor
combination.Theseunits makea frequency-

    baie

SSA Tn

 

 

Figure5-7-18.Turbofanandturbopropinstruments. 
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 Figure5-7-2.Areciprocatingenginetachometer. Figure5-7-3.Turbinetachometerfaceslookbasically
thesame. Theyare placardedas eitherN,oFN

sensitive systemfor sendingan indicationof,
enginespeedto the indicatorwith absolute
accuracy.

Tachometergeneratorunitsaresmallandcom-

pact(about4inchesby6inches).Themostcom-

â€˜montypeof generatoris constructedwith an

tendshielddesignedso thegeneratorcanattachwith four bolts to a flat plateon the engine
frameor reductiongearbox.An earlierstyleis,

attachedwith one largethreadednut around
thetachgeneratordriveshaft.

Figure5-7-4showsa cutawayview ofa tachom-
ter generator.Thegeneratorconsistsof a per-
â€˜manentmagnetrotor (1)and a stator (8)that
developthree-phasepowerastherotor turns,

Thearmature of the generatorconsistsof a

magnetizedrotor. Therotor is cast directly
â€˜ontothe generatorshaft. Thegeneratorcan

be of either two- or four-poleconstruction.
Thetwo-andfour-polerotors are identicalin

appearanceand construction. Theydfs in

that the two-polerotor is magnetizednorth
andsouthdiametricallyacross the rotor,but
the four-polerotor is magnetizedalternately
northandsouthateachof thefourpolefaces.

Thekey(2)thatdrivestherotor isa long,slen-
der shaft.It hasenoughflexibilityto prevent
failure underthe torsionaloscillationsorigi-
natingin theaircraftdriveshaft.Italsoaccom-

â€˜modatessmall misalignmentsbetweenthe
generatorandits mountingsurfaces.  Thestatorconsistsof a steelringwith a lami 1. Rotor 5. Mountingflange
natedcore of ferromagneticmaterial.A three- 2. Drivekey 6. Stator

phasewindinggoesaroundthis core and is 3.0llseal ring 7. Receptacle
insulatedfromit. Thewindingis adaptedfor 4.Ball bearing 8,Junctionbox
â€˜two-or four-poleconstruction,dependingon

thegeneratorin whichit is used.Figure5 Figure5-7-4,Tachometergeneratorcutaway.
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Figure5-7-5.Turbinetachometergeneratorschematic.

showsa tachgeneratordesignedfor use on

turbineengines,
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499.x FuelFlowIndicator   
Fuelflowindicators,whichshowthe fuel flow
rate for eachengine,are alsoa necessity.The
fuel flow rate is typicallymeasuredat the

Figure5-7-6.Fuelflowis normallyindicatedin beginningof the enginefuel system(usu-
eithergallonsor poundsperhour.An abnormal_allyjustbeforetheengine-drivenfuelpump).
fuelflowis alwaysan indicationthatrequires Fuelflow is indicatedin gallonsperhour for

troubleshooting,reciprocatingenginesand in poundsperhour



{forturbineengines,althoughsome advanced
reciprocatingsystemsuse a poundsperhour
indication. Whentroubleshootingthe rela-
tionshipbetweenabnormalfuel flow and
otherengineparameters,thisgaugecan bea

valuableaid. A typicalfuel flow indicatoris,

showninFigure5-7-6
Thefuel flow indicatingsystemconsistsof a

transmitter andan indicatorfor eachengine.
â€˜Somereciprocatingfuelflowsystemsare noth-
ing more thana fuelpressuregaugecalibrated
in poundsperhour.Thesesystemsdo not use

fa transmitter; instead,theyhavea fuel pres-
sure linefeedingthemfromthefuel injection
distributor.Thisstyleis commonlyusedon

TeledyneContinentalMotors fuel injection
systems.Troubleshootingproceduresfor this
systemare a bit differentfrommost others.A
typicalfuelflowgaugeofthistypeis shownin

Figure5-77,

 

Thefuelflowindicatorisacalibratedfuelpres-
sure gauge.Whenthereis a blockagein a fuel
injectoror line,the fuel pressureincreases

while the fuel flow decreases.Theincreased
pressureis displayedas an increase in fuel
flowon theindicatorface.Whentroubleshoot-
ing thistypeof system,alwaysreferto thefac-
toryMM.

Turbinefuel flow systemsandsome recipro-
catingenginefuel flow systemsuse a system
thatmeasures thetrue fuelflow.Thesesystems,
haveaninlinefuellow transmitter. It contains,
1 paddleor wheelthat is rotatedbythemov-

ing fuel. Thesesystemsprovidea continuous
indicationof the rate of fuel deliveryto the
engine.Somesystemsincludea totalizerthat
keepstrackof thefuelusedandcalculatesthe
remainingfuel in thetanks.

Themeasurementsare transmittedelectrically
to thepanel-mountedindicator.Theuseofelec-
trical transmissionendsthe needfor a direct
fucl-filledline fromthe engineto the instru-
â€˜mentpanel.Thisminimizes thechanceof fire
andreducesmechanicalfailurerate.Manyfuel
flowsystemsare synchrobased.

VaneTypeFuelFlowTransmitter

Figure5-7-8showsa cutawayview ofatypical
fuelflow transmitter. Thetransmitter includes,
both a fuel-measuringmechanism(ormeter)
and a synchrotransmitter. Youcan separate
thesepartsfromone anotherfor maintenance

purposes,but theyjoin as a singleassembly
{orinstallation,

Thefuelenterstheinlet portof thetransmitter
andflowsagainstthevane (1),causingthevane

to swing,Thegreaterthefuelflow,thegreater
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 1.Vane 5.Ringmagnetassembly
2. Halrspring 6.Transmittermountingframe
3. Synchrotransmitter 7.Fuelchamber
4. Barmagnetassembly 8. Electricalconnector

Figure5-7-8. Acutawayview ofa synchrofuelflowtransmitter.
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Figure5-7-9.Synchrofuelflowindicatingsystem,

theforceappliedagainstthevane. Thespiralfuel
chamberdesignallowsthedistancebetweenthe
vane andchamberwall to becomeincreasingly
largeras fuelflow increases so thatfuelflow is

not restricted.A calibratedhairspring(2)retards
themotion of thevane. As thevane is rotated,
theresistancein thespringincreases. Thevane

stopsmovingwhentheforcesexertedon it by
thehairspringandbythefuelare equal.
Therotor shaftof thesynchrotransmitter(3)
connects to a barmagnet(4).Anothermagnet

  Figure5-7-10.Fue!totalizerindicator.

 Fromenginecontrolunit

is attachedto the vane shaft(6).Thismagnet
moves as the vane shaftmoves. Thisdesign
eliminatestheneedforashaftenteringthefuel
lineandtheresultantproblemsofkeepingthat
shattsealed.

Thetwo magnetskeepthesynchrorotorshaft
alignedwith thefuelflowvane. Whenthevaneâ€˜moves,thereis a correspondingmovement of,
thesynchrorotor.Thewiringschematicforthis
typeof unit is shownin Figure5-7.

Thefuel flow indicatorusedwith this type
of systemis a synchrotype.Therotor in the
instrument synchromaintains the same ori-

entation as thesynchrorotorin the transmit-
ter. Thefaceof the indicatoris calibratedto

displaythe fuel flow presentfor any vane

angle.

 

FuelFlowTotalizingSystems
Figure5-7-10showstheindicatorofa fuelflow
totalizingsystem.Thereadingof this instru-
â€˜mentusuallyshowsthecombinedrate of fuel
flow into two or more engines.Also,if only
â€˜oneengineis operating,the readinggivesa

true indication.A continuous readingof the
poundsof fuel remainingin the aircraftfuel
cellsappearsinthesmallwindow.Beforestart-

ing the engines,you set the totalamount of
fuel in theaircraft on thepounds-fuel-remain-
ing indicatorbyusingthe reset knobon the
frontof theinstrument. Assoon as theengines
are running,thefuel flow readingshowsthe
rate of fuelconsumption.Thefuel remaining
indicatorstarts countingdownto zero,giving
a continuous readingof fuel remainingin the
cells



Theentire fuelflow totalizingsystemconsists
of two or more fuelflowtransmitters,an ampli-
fier,andan indicator.

Fuel flow transmitters.Thefuel flow trans-
zmittersare almostidenticalto thosediscussed
in thesinglesystem.In thefuelflowtotalizing
system,the transmitters connect electrically,
so theircombinedsignalsgo into thefuelflow
amplifierasone,
Fuelflowamplifier.Thefuelflowamplifieris

an electronicdevicethatsuppliespowerof the
propersize andphasingto drivetheindicator.
Thespeedat whichthe indicatormotor runs

dependson the transmitter signalgoing into
theamplifier.
Fuel flow totalizer indicator. Thefuel flow
totalizerindicatorcontains a two-phasevari

ablespeedinductionmotor. Thismotor travels
in one directiononly;however,thespeedvar-

ies. As therate of fuelconsumptionincreases,
more and more powergoesto the indicator
motor. Thiscauses the speedof the motor
to increase proportionallyto the rate of fuel
consumption.The motor turns a magneticrumvand-cuplinkageGimilartothetachom-
eter indicatorhysteresiscup),which causes

pointerdeflection.The deflectionis propor.
tional to the motor speedand,thus,propor-
tional to the rate of fuelconsumption.At the
same time,a linkagewith a friction clutch
drives the pounds-uelremainingindicator.
Theclutchis disengagedwhenusingthereset
knob to:set the readingon the pounds-fuel-
remainingindicator
EngineOil TemperatureIndicator

Manyaircraftare equippedwith oil tempera-
ture indicators.Most turbine enginesand
higherhorsepowerreciprocatingengines
transfera moderateamount of heatto thelubri-
catingoil duringoperation.Excessiveoil tem-

peraturesaffectthe oil'sviscosity.Oil cooler
systemsare used to maintain temperatures
within theproperrange.

Engineoil temperatureindicators(Figure5-7-
11)are usedto monitor theoil coolingsystem,
Indicatorsare typicallyscaledin Â°Cwith a

maximum temperaturebetween150Â°Cand
180Â°C.Temperatureis sensedbya probein the
oil tankor at thepointthattheoil is returned
to theengine.

Threetypesof oil temperaturegaugesare avail-
ablefor use in theenginegaugeunit. Oneunit
consistsof an electricalresistancetypeof oil
thermometer,suppliedwithelectricalcurrent by
theaircraftDCpowersystem.Thesecondtype
is theresistancethermometerprobeis shownin
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 Figure5-7-11.Excessivelyhigholltemperature
isa signof an impendingproblem.Withhigh
temperatures,bearings,andgearsdonot get
adequatelubrication.

Figure5-7-12,Resistancethermometerbulb.

Figure5-7-12.Thethird typeis themechanical
bourdontube,

Wheatstonebridgecircuit. â€˜Theresistance
thermometerbulbis connectedto a Wheatstone
bridgeor a ratiometer circuit. A Wheatstone
bridgecircuit is shownin Figure5-7-13.The
resistancebulbis one of thesidesof thecircuit.
Theotherthreesidesof thecircuit are resistors
within theindicator.

Whenthe temperaturebulb in Figure5-713
is at a temperatureof 0Â°C,its resistanceis 100
ohms.Theresistanceof arms X,Y,andZ are

also100ohmseach.At this temperature,the
Wheatstonebridgeis in balance.Thismeans

thesum resistanceof XandYequalsthesum

resistanceof the bulb and Z. Therefore,the
same amount of current flowsin bothsidesof,
thisparallelcixcuit. Becauseall four sidesare

equalin resistance,the voltagedropacross

sideXequalsthedropacross thebulb.Because
thesevoltagesare equal,thevoltagefromA to
Biszero,andtheindicatorreadszero.

Whenthetemperatureof thebulbincreases,its
resistancealsoincreases. Thisunbalancesthe
bridgecircuit causingthe needleto deflectto
the right.Whenthe temperatureof the bulb
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decreases,its resistancedecreases.Againthe

bridgecircuitgoesout ofbalance,but,thistime
theneedleswingsto theleft.

 
â€˜Thegalvanometeris calibratedso theamount
of deflectioncauses theneedleto pointto the
â€˜numberof themeter scale.Thisnumbercorre-

spondsto thetemperatureat thelocationofthe
resistancebulb.

â€˜Thisinstrument requiresaconstantandsteady
supplyofDCvoltage.Fluctuationsinthepower
supplyaffecttotalbridgecurrent,whichcan

cause an unbalancedbridge.Unlessexcessive

heatdamagesthebulb,it givesaccurate ser-

vice indefinitely.Whenathermometerdoesnot
â€˜operateproperly,checkcarefullyfor loosewie-

ingconnectionsbeforereplacingthebulb.An

â€˜openin thevoltagesupplycircuit alsocauses

theindicatorto readzero,

Ratiometersystem.Theratiometeris a temper-
ature indicatorthatuses two coilsin abalanced
Circuit. In some instruments,the coils turn
betweenthepolesof a permanentmagnet.In
otherinstruments,a smallpermanent-magnet
rotor turns betweenstationarycoils,Ratiometer
circuitsvaryin design,buttheprincipleofoper-
ation is verymuchthesame forall.

Figure5-7-14showsa simplifiedcircuit with
a permanent-magnetrotor. The two coilsare

stationaryin theinstrument,andtheindicator
needlefastensto thepermanent-magnetrotor.
â€˜Theneedlepositionis determinedbyhowthe
permanentmagnetalignsitselfwith theresul-
tant fluxof thetwo coils,

 

   

 

CyandC2= constantcurrentcolls

MyandMz= maincols

Figure5-7-14.Ratiometercircuit. 



Foran understandingof howthecircuit oper-
ates,trace the current throughthe circuit.

Startingat ground,current flowsup through
the bulb,centeringpotentiometerRsand Ry
to pointD.Currentthroughtheleft legof the
bridgeis fromgroundthroughRyto pointA.
CurrentthengoesfrompointA throughthe
lowerpartof the expansionand contraction

potentiometerRs.It alsogoesfrompin 2 of Ro
throughRjto pointD.Here,thecurrentsof the
two legscombineandflow throughRyto the
positive28volts.

Note that restoringcoil Lo,resistor Ryand
upperpartof potentiometerRyformsa parallel
pathfor current flow frompointA to pin 2 of
Rg,DeflectioncoilLy,connectsbetweenpoints
A andB.Therefore,anydifferencein potential
betweenthesetwo pointscauses current to
flowthroughLy.
Theratiometertemperatureindicatorusesa fixed
permanentmagnetto pullthepointerto an off
positionwhentheindicatorisnotoperating,Thus,current throughrestoringcoilLamust compen-
satefor thepull-offmagnetwhentheindicatoris
â€˜operating.Variationsin theresistanceofthebulb,becauseof temperaturechanges,cause a change
in voltageat pointB.It alsocauses theresulting
changein current throughdeflectioncoilLy
Bourdon tube system.Somesystemsuse

a direct readinginstrument. Thisstyle,the
capillaryoil thermometer,is a vapor pres-
sure thermometer.It consistsof a bulb con-

nectedbya capillarytubeto a Bourdontube
anda multiplyingmechanismconnectedto a

pointer.A Bourdontubemechanismis shown,
in Figure5-7-15,As the temperaturechanges,
the Bourdonexpandsor contracts. It can also
beusedto measure pressurechanges,
Thistubeexpandsor contracts androtates the
oil temperaturepointer.Thepointershowsthe
oil temperatureon a dial. TheBourdontubeis

usedin manydirectreadingpressureandtem-

peratureindicators,Excessiveoscillationof the
â€˜gaugepointerindicatesthatthereis air in the
Tinesleadingto thegaugeor thatsome unit of
thesystemis functioningimproperly.

Oil PressureIndicators

Oil pressureinstruments showthatoil is or

is not circulatingunderproperpressure.An
oil pressuredropwarns of impendingengine
failuredueto lackof oil,oil pumpfailure,or

brokenlines.Oil pressureshowson an engine
gaugeunit (Figure5-7-6).Thisunit consists
Ofthreeseparategaugesin a singlecaseâ€”oil
pressure,cylinderheadtemperature,andoil
temperature.Theoil pressuregaugecan also
bea singleinstrument.
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Bourdontube

Figure5-7-16.A three-in-oneenginegaugeunit
containsmultipleinstrumentsin one case. Theyare

quitecommon on reciprocating-engineaircraft

Thegaugehasa Bourdontubemechanismfor
measuringfluid underpressure.Theinstru-
mentâ€™soil pressurerangeis from0 to 200psi
Youreadthe scalein graduationsof 10psi.
Thereis a singleconnection on thebackof the
case leadingdirectlyinto the Bourdontube.
As with a Bourdontube temperaturegauge,
excessive oscillationof thegaugepointerindi-

catesthatair isin thelinesleadingto thegauge
or thatsome unit of thesystemis functioning
improperly.

Pressure
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Figure5-7-17.Asynchro-drivenoil pressureindi-
cator.

Figure5-7-18.Asynchronizerindicator.

Beechcraft?

 Figure5-719. Areciprocating-engineEGTindicator.

Thesynchrosystemis anothermethodof
â€˜measuringoil underpressure.Thistypeof
oil pressuresystem(Figure5-717)is used
fon many largeraircraft.Essentially,it is a

method of directlymeasuringengine oil
pressure.An aneroid type diaphragmis

connectedto a synchrotransmitter.As the
oil pressureexpandstheaneroid,a linkage
rotates thesynchro.
Thesynchropositionis electricallytransmitted
fom thepointofmeasurementto thesynchro-
indicatoron theinstrument panel.Thesynchro,
systemendstheneedfor directpressurelines
fromtheengineto theinstrument panel.It also
reducesthechancesof fire,lossof oil or fuel,
andmechanicaldifficulties.

EngineAutoSynchronizer
â€˜Anengineauto synchronizerreceives signals
frombothenginetachometers(Figure5-7-18).
Theamplifierproducesa signalthat oper-
ates an actuator on the master enginethrot-
tle linkage.Thus,it varies the slaveengine
p.m. to matchthemaster enginer.p.m.The
left throttle lever doesnot move while the
throttle linkageis beingpositionedbythe
synchronizer.Therangeofcontrolofthesya-
chronizeris between6 and 10 percent.The
systemis failsafein that thepilot,byoperat-
ing thethrottlesmanually,hasfull controlof,

bothengines.
Eachairplanesystemhas a specificset of
insteuctionson howto move thethrottleswith
theENGINESYNCengaged.EngineAutoSyne
is not availableon all aircraft

ExhaustTemperatureGauges
Turbineand most advancedreciprocating-
engineaircraftuse some typeof exhausttem-

peraturemeasurement.Whiletheir purpose,
froma flightcrewâ€™sperspective,is somewhat
different,theyoperateusingverysimilartech-
nologies.

Reciprocatingenginesuse the exhaustgas
temperature(EGT)to measure the tempera-
ture of the exhaustgasas it leavesthe cyl-
inders.From that reading,the fuel mixture
can be leanedin-flightwith no dangerof
â€˜overheatingthe engine. Theprimary pur-
posein reciprocatingengineapplicationsis

fueleconomy.A typicalreciprocating-engine
EGTis shownin Figure5-719. Somegauge
systemsuse a multipositionswitchwith a

singleinstrument.

 

Exhaustgastemperatureindicator. A tur-
bineengineEGTprobecan beeitherbetween



or behindtheturbinestages.EGTis an engine
operatinglimit and is usedto monitor the
integrityof the turbine and checkengine
â€˜operatingconditions.It is alsothefirstindica-
tion thatan enginehasstartedto run during
astart.

â€˜Turbineinlet temperature.Turbineinlet
temperature(TIT)is the most importantcon-

sideration in engine instrumentation, TIT
determineshow muchfuel can be burned
beforecriticaltemperatureis reached.Before
digitalinstrumentation,it was very difficult
to read TIT. In manyapplications,interstage
turbinetemperature(ITT)is measuredinstead.
Additionally,TIT would requirean armload
of chartsto computethe properfuel burn.
Thus,totaloperatingtemperature(TOT)was

almostalwaysinstrumentedinstead.In the
digitalage,it is not difficult and is usedas a

modifyingparameterfor TOT.Basicallyit is

anotheritem that aFADECsystemtakescare

of. TIT is not commonlyinstrumented(Figure
20) 

EGTProbes

â€˜MostEGTand TIT systemsuse thermocouple
probesto sense thesetemperatures.Theywork
verywell in high-temperatureapplications.
â€˜Athermocoupleis a junctionor connection of
two dissimilarmetals;sucha circuit hastwo

junctions.Whenone of thejunctionsbecomes
hotterthantheother,anelectromotiveforceis

producedin thecircuit. Byincludinga galva-
nometer in thecircuit,thiselectromotiveforce
can be measured.Thehotter the high-tem-
peraturejunction(hotjunction)becomes,the
greatertheelectromotiveforce.Bycalibrating
thegalvanometerdial,in degreesof tempera-
ture,it becomesa thermometer.Thegalvanom-
eter contains thecoldjunction.

â€˜Atypicalthermocouplethermometersystem
consistsof agalvanometerindicator,a thermo-
coupleor thermocouples,and thermocouple
leads.Somethermocouplesconsist of a strip
fofcopperand a stripof constantan pressed
tightlytogether.Constantanis an alloyof cop-

perandnickel.Otherthermocouplesconsistof
a stripof iron anda stripof constantan,Others
can consistof a stripof Chromelanda stripof,
Alumel,

 

Thehotjunctionof the thermocouplevaries

in shape,dependingon its application.Both
reciprocatingand turbineEGTprobeshavea

similarappearance.Figure5-721 showsboth
typesof a EGTprobe.Thermocoupleleadsarecriticalin makeupandlengthbecausethegal-
vanometers are calibratedfor a specificset of
leadsin thecircuits.
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 Figure5-7-20.EGTandTIT are similar.EGTis the
â€˜mostcriticaltemperatureduringengineoperation,

 Figure5-7-21.EGTprobes:(A)reciprocating-enginetype,(B)turbinetype.
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ReciprocatingEngine
Instruments
|A few typesof engineinstruments are used
â€˜onlyon reciprocating-engineaircraft. They
â€˜monitorfunctionsthatare uniqueto recipro-
catingengines.

Cylinderhead temperatureindicator.
hinderheadtemperaturesare indicatedby
â€˜agaugeconnectedto a thermocoupleattached
to thecylinder(Figure5-722).Single-cylinder
andmulti-cylinderinstallationsare used.If a

singlethermocoupleis used,itis on thecylin-
derdeterminedbytest to bethehottest.

Thetemperaturerecordedwith the thermo-
coupleismerelya referenceor controltempera-
ture;as longas itis keptwithin theprescribed

Figure5-7-22.Acylinderheadtemperature limits,thetemperaturesof thecylinderdome,

gauge. exhaustvalve,andpistonare withina satisfac
toryrange.Whenthethermocoupleis attached
to onlyone cylinder,it can do no more than
give evidenceof generalenginetemperature.
Althoughnormallyit can beassumedthatthe
remainingcylindertemperaturesare lower,
conditionssuchas detonationare not indicated
unlesstheyoccur in thecylinderthathasthe
thermocoupleattached.

 
Manycylinderheadtemperaturesystemsuse

a gasket-typethermocouple(Figure5-7-23).In
thegasketthermocouple,theringsof two dis-
similarmetalsare pressedtogether,forminga

sparkpluggasket.Eachleadthatconnectsback
to thegalvanometermustbeofthesame metal
as thethermocouplepartto whichit connects.
Forexample,a copperwire connectsto thecop- Figure5-7.23.A gasket-typecylinderheadtem-

peratureprobe.

FOLDâ€œ9%
SSURE ge Figure5-7-24.Manifoldpressuregauges:(A)is normallyusedon a standardinstallation,(B)is mostlikelyon a supercharged

engine,and(C)isa verticalscaleunit



perring,andaconstantanwire connectsto the
constantanring.

Manifold PressureIndicator. Thepreferred
typeofinstrumentformeasuringthemanifold
pressureis a gaugethat recordsthe pressure
as an absolutepressurereading(Figure5-7-
24).Thisis donebyusinga speciallydesigned
â€˜manifoldpressuregaugethat indicatesabso-
lute manifoldpressurein inchesof mercury.
Manifold pressureis belowbarometricpres-
sure on normallyaspiratedenginesand greater
than barometricpressureon supercharged
engines,

â€˜Ablueare representstherangewithin which
â€˜operationwith the mixture control in auto-
â€˜matic-lean(onlyon largeradialengines)posi-
tion is permissible.A greenarc indicatesthe
rangewithin whichtheenginemust beoper-
atedwith the mixture controlin the normal
or rich position.Thered arc indicatesthe
maximum manifold pressurepermissible
duringtakeoff.Oninstallationswherewater

injectionis used,a secondred line is on the
dial to indicatethe maximum permissible
â€˜manifoldpressurefor a wet takeoff.Water

injectionis not typicallyusedon modernpro-
ductionengines.
Manifold pressuregaugesare usuallydirect
readinggaugesthatconnect to theintakeman-

ifold. Thisconnection is on theoutputsideof
thesuperchargeror turbochargeron engines
so equipped.

TurbineEngineInstruments

Turbineenginesalso requirea few unique
typesof instruments. Someof theseinstru-
â€˜mentsare usedonlyon some typesof turbine
engines.Enginepoweroutputis measured
differentlyon turbojetand turbofanengines
thanitis on turbopropandturboshaftengines.
Enginepressureratio indicator. An engine
pressureratio (EPR)indicatorfor eachengine
â€˜measuresthe EPRas a measure of thethrust
beingdevelopedbytheengine.Theindicator
providesan indicationof enginepowerin the
formof theratio of exhausttotalpressure(P;)
to intaketotalpressure(P;).EPRalsorequires
themonitoringof severalotherparametersto
becorrect. Beforethedigitalage,EPRrequired
usingchartsto computethe correct reading
for the conditions.Withdigitalfuel controls,
all thevariations are comparedandcomputed
for you.Thus,EPRis an actualpresentationof
enginepower(Figure5.725)
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thesetwo pressures.Thisdifferentialmustthen
beadjustedfor temperature,altitude,andother
factorsto give an accurate enginepowerrat-

ing.A typicalintakepressuresensor probeis

shownin Figure5-7-26.EPRindicatorsaretyp-
icallyusedon turbojetand turbofanengines.
Torquemetersare usedto measure powerout-

puton turboshaftandtuzbopropengines.
Torquemeterindicator. Turbopropaircraft
measure enginepoweroutputwith a forqueme-
ler (Figure 5-727).Theelectrictorquemeter
systemin turbopropaircraft measures the
horsepowerproducedby the engine. Two
methodsare in use. Thefirstmeasures torque
at an extensionshaft.Eachsystemconsistsof a

 

 Figure5-7-25.An EPRindicationshowstheratio
betweenengineinletpressureandengineoutlet
pressure.Itis an indicationof an engine'sthrust.
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Figure5-7-26.EPR-equippedturbineengineshavean EPRpressuresensor in

theengineinlet.If thisbecomesblocked,theEPRindicatorgiveserroneous

indications.

Exhausttotal pressure(P;)and intake total
pressure(P,)are measuredusingsimplepitot-
typeprobes.ThebasicEPRfunctioncompares 
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 Figure5-7-28.Turbinevibrationindicator.

   Figure5-7-29.TypicalEICASdisplayshowingNy,
TTACH,ITT,NzTACH,fuelflow,oiltemperature,
andpressure.

transmitter (partof theengineextensionshaft,
a phasedetector,and an indicator.Thesys-
tem measures the torsionaldeflection(wis!)
of theextension shaftas it sendspowerfrom
the engineto the propeller.Themoze power
theengineproduces,thegreaterthe twist in

the extension shaft.Magneticpickupsdetect
andmeasure thisdeflectionelectronically.The

indicatorregisterstheamount of deflectionin
shafthorsepower.
Thesecondmethodin common use is ahydro-
â€˜mechanicaltorquemeter.Thissystemuses oil
pressureto measure torque.Rotationalforces
in the enginegearboxare usedto compress
oil in a torquemeter-sensingchamber.The
systemthenmeasures thedifferencein pres-
sure betweentheoil in thesensingchamber
and the internaloil pressureof thegearbox.
Thispressuredifferentialis transmittedto the
torquemetervia an electricalsignal
â€˜Turbinevibration indicator. Theturbine
vibration indicatorsprovidea continuous

monitoringof the balanceof the rotating
assembliesin the engine to detecta pos-
sibleinternal failure that couldresult in an

enginefailure (Figure5-7-28).Theindication
is normallypickedup fromthelow-pressure
compressoror the low-pressureturbine.
Vibration indicationsfor both enginesare

normallypresentedon a singleindicator
with a switchto alloweither compressoror

turbine vibration to bedisplayed.Onboard
vibration monitoringsystemsare not new.

However,in the digitalagetheyare even

â€˜moreuseful.Not onlycan vibrationsbemon-

itored,butavibrationcan becross referenced
to a specificset of instrument readouts,pro-
ducinga betterpictureof what is goingon at
a moment in time.

Enginetoptemperaturecontrol.Onengines
with FADEC,thisis monitoredandcontrolled
automatically.It senses the temperaturefrom
thermocouplesin theturbineprimaryexhaust
gasstream, preventingover temperatureof
theturbinegas.Normallyone elementin each
thermocoupleis usedfor cockpitturbinegas
temperature(TGT)indication.Thesecondele-
â€˜mentpassessignalsto a temperaturecontrol
signalamplifier.Whenthe TGTexceedsthe
â€˜maximumthe amplifiersignalsthe tempera-
ture controlactuator on the enginefuel flow
regulator.Theactuator operates,resultingin

a reducedfuel flow,thuspreventingthe TGT
fom exceedingthelimits.

Thesesystemsdo not operateduringengine
groundstarting.Controlof the TGTduring
start is onlybythepilot'smanualoperationof
the throttlelever.Thissystemcan reducethe
fuel flow as muchas 6 to 10 percent,which
couldslightlyreduceHPcompressorspeed.

EngineIndicatingand CrewAlertSystem
(EICAS).Most new aircraftuse digitalelec-
tronic instrumentation that is presentedon

a CRTor LCD(Figure5-7-29).Glasscockpit
technologyhasall but eliminatedthe tradi-
tionalanaloggaugein new transportaircraft
construction. In this system,knownas the

 



EngineIndicatingandCrewAlert System,or

EICAS,all theenginesensors transmit their
information to the EICAScomputer.â€˜The
EICAScomputerthensendsdigitaldata to
thecockpitscreen tellingit whatinformation
to display.In most cases this informationis

presentedon a computermonitor in a form
thatgraphicallyresemblesthefaceof an ana-

loginstrument.

[All the informationpresentedon conven-

tional gaugesis displayedon thecockpitdis-
play.Typicallythereis onlyone cockpitdis~
playunit. Thisunit can replaceas many as 36
conventionalanaloginstruments. A signit
cant benefitis greatlyreducedmaintenance in

thecockpitandenhancedaircraftreliability.
Thepresentationcan easilybetailoredto meet

operationalneeds.If a screen failureoccurs,
the EICASinformationcan bedisplayedon a

flightdisplayscreen or vice versa.

 

â€˜Onebenefitof theEICASis theabilityto alert
the flightcrew of failuresor abnormalcondi
tions. Thescreen showssystemstatus mes-

sages,in additionto basicenginedata,during
all phasesof flight.It alsocan displaycolor-
codedalertmessagescommunicatingboththe
typeandseverityof a failure.

 

Thecrew can alsoset thedisplayto showonly
theprimaryparametersfull time andallowthe
EICASto monitor secondarysystems,present-
ing informationon thosesystemsonlywhen
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certain parametersare exceeded.Thissimpli-
fiestheinformationthecrew must absorband
reducescrew workloadandfatigue.
A typicalEICASprovidesthe followingpri-
â€˜maryinformationto theflightcrew:

â€˜+ActualandcommandedN;speed
â€˜TransientN, (thedifferencebetween

actualandcommandedN;)
â€˜+Max potentialandpermissibleN:

If N; limitsare exceeded,the followingaddi-
tionalindicationsare provided:

Currentthrustleverposition
â€˜Â©Thrustreverser systemstatus

â€˜+Exhaustgastemperature(EGT)
Â© Max permissibleEGT

If EGTlimitsare exceeded,thefollowingaddi-
tionalindicationsare provided:

â€˜=Narotor speed.
â€˜=Fuelflow

Additionalsecondarydata is alsopresented.
Theseincludefuelused,oil quantity,oil pres-
sure,oiltemperature,vibrationsensor data,oil
filter status,fuel filter status,ignitionsystem

 Figure5-7-30.Theright-handsideofthisEICASdisplayalertsthecrewtoseveralconfigurationand
  warningindications.
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status,start valveposition,enginebleedpres-
sure andnacelletemperature.

TheEICASalsoprovidesseveraladvantages
for the AMT Thesystemcan automatically
recordtrend monitoringinformation,elimi-
natinghandrecording(andthepotentialfor
mistakes).After an engineor systemfaultall
thedatalistedpreviouslycan becalledupand
evaluatedduringthetroubleshootingprocess.
TheAMThasmuchmore informationavailable
thanwith conventionalsystems.Maintenance
personnelcan also use the EICASon the
{groundto monitor manysystemsandaccess

the computer'sbuillsintestequipment(BITE)
Manysystemson modern,digitallycontrolled
aircrafthavetheabilityto performextensive

selftesting.Thecomputercan analyzecircuits
andsystemstatus andrelaythe information
bbackto theEICASpanel.
In additionto displayingenginerelatedinfor-
mation,the EICASpresentsvital information
regardingpressurization,aircraftconfigura-
tion, andotherkeysystemsto the crew. The
CrewAlertingSystemportionof the EICAS
presentsstatus informationand alertsfor a

 Figure5-8-1.One-andtwo-piecephenolic
instrumentcases.

varietyof systemsthroughoutthe aircraft.
Figure5-7-30showssome of thesealertslisted
in thetopright-handcorner. Thestatus of the
cabindooris shownas well as alertsrelating
to thebrakesystem.TheEICASdisplayshown
alsohasa notice to the crew to set the field
elevationin theflightcontrolcomputerbefore
departing.

Section&

Maintenanceof
Instruments

Manyskills are neededto maintain aircraft
instruments and their associatedequipment.
It is importantto check,inspect,andmaintain
theseinstruments becausetheaircraftdoesnot

performproperlyunlesstheinstruments pres-
ent reliableinformation.

Instrumentsusedin aircraft must give cor-

rect indications.Errors in instrument sys-
tems directlyrelateto flightsafetyandeffi
cient aircraftperformance.Eachsystemhas
an allowabletolerancefor instrument error.

Borderlineinstrument errors are not accept-
able. Thisis especiallyimportantin high-
speedaircraft
AMT regularlyperformfunctionaltestson ait-

craftinstruments to makesure theygiveaccu-

rate indications.Operationaland functional
teststaketime. Whenperforminganinspection,
it is essentialthatyouknowhowthataircraft
instrument operates.Havingthe correct cali-
bratedtools,equipment,andtechnicalmanuals
is necessarybeforestartingandsystemmainte-

GeneralMaintenance
Instrumentmaintenance is primarilytrouble-
shootingand repairingthe instrumentation

system,not the internalrepairof individual
gauges.FAA regulationsrestrict the repair
or overhaulof most instruments to certified
repair stations. Repairstations must meet

stringentoperatingguidelines.Additionally,
a repairstation is usuallylimitedto perform-
ing maintenance onlyon specifictypesof
instruments

Cases

Instrumentstypicallycome in one of four
kindsofcases.



Figure5-8-2.Flangedinstruments:(A)frontmountedand(8)rear mounted,

1.One-piecephenoliccompositioncases

2. Two-piecephenoliccompositioncases

3. Nonmagneticall-metalcases

4. Metallicshieldedcases

For an exampleofaone andtwo piecephenolic
instrument cases see Figure5-8-1
Thecases come in severalsizes so instruments
can beeasilyremovedandmaintenancesimpli-
fied.Specialinstruments that contain mecha-
nisms too largeforadaptationto a standardcase

come in speciallydesignedcases,

Instruments easilymount on the instrument

panelwith lockingdevicesmoldedinto the

instrumentflangeassembly,byspringlocknuts,
â€˜ormountingclamps.Flangedinstruments can

bbemountedwith themountingflangeeitherin
frontofor behindthepanels.Mountingbehind
thepanelgivesacleanerpanelappearance,but
it requiresaccess to the rear of thepanelfor
removal.Front-mountedinstruments can be
easilyslidout for maintenance.Bothstylesare

shownin Figure5-8-2

Instuments thatuse a mountingclamp(Figure
5-8-3)are easilyremovedbyunscrewingthe

 Figure5-8-3.An instrumentmountingclamp.
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  tension screw in the instrument's corner. The
tensionscrew doesnot needto befullyremoved
to releasethetensionon theclampassembly.

MarkingsandGraduation

Markingson the instrument faceor on the
glasslenshelpflightpersonnelconfirmthat
systemsoperationsare maintainedwithin
prescribedranges.Electronicsystemsprovide
similarmarkingsas partof theirdigitaldis-
plays.Insteumentmarkingsindicaterangesof,
operationor minimum and maximum limits,
or both,Table5-8-1highlightsthe most com:

â€˜moninstrument markings.
 

Generally,theinstrument markingsystemcon-

sistsof fivecolors(eed,yellow,blue,white,and
green)and intermediaieblankspaces.Figure
5-8-4 showsan instrument with markings
addedto thecover glass.
Theyellowarc covers a givenrangeof opera-
tion andis an indicationof caution. Generally,
theyellowarcis on theouter circumferenceof
the instrument cover glassor dial face.

 

      

   

      
   

ANâ€˜go!
YeoPsi 1007

   

OILPRESS

SEicâ€˜i
Figure5-8-4. Anoil pressureindicatorshowing
typicalrangemarkings.
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Whiteradialline

Marking Definition

Greenare Normaloperatingrange

Yelloware Cautionrange

Whiteare Specialoperationsrange

slippagemark
 

Redarc

Redradialline

Bluearc

Blueradialline

Redtriangle,diamond,or dat Table5-8-1.Commoninstrumentmarkings.

A ted line or markindicatesa pointbeyond
whicha dangerousoperatingconditionexists,
anda redarc indicatesa dangerousoperating,
ange.Of thetwo,theredmarkis usedmore

commonlyand is arrangedin a radialpattern,
â€˜onthecover glassordial face.

Thebluearc or a whitearc liketheyellow,indi-
cates a rangeof operation.Theblueor white
arc mightindicate,for example,themanifold
pressuregaugerangein whichtheenginecan

beoperatedwith thecarburetorcontrolset at
automatic lean.Theblueor whitearc is used
onlywith certain engineinstruments,suchas

Figure5-8-5. Aplasticnon-glarecover over an aluminuminstrumentpanel.

Prohibitedrange

Do notexceed

Specialoperationsrange

specialoperatingcondition

Maxlimitforhigh-transitindications

the tachometer,manifold pressure,cylinder
headtemperature,andtorquemeter.

Thegreenarc showsa normalrangeof opera-
tion. Whenusedon certain engine instru-
â€˜ments,however,it alsomeans that theengine
â€˜mustbeoperatedwith an automatic richcar-

buretorsettingwhen the pointeris in this
range.

Whenthemarkingsappearon thecover glass,a

whitelineis usedas an indexmark,oftencalled
slippagemark.Thewhiteradialmarkindicates
anymovementbetweenthecover glassandthe

   



case,a conditionthatwouldcause dislocationof
theotherrangeandlimitmarkings.

Panels

Instrument panelsare usuallymadefromsheet
aluminumalloywith sufficientstrengthto
resist flexing.Aluminumpanelsare nonmag~
netic. Thepanelcan bepaintedto eliminate
glareandreflection.Many instrument panels,
havea plastic,non-glarepanelthatcovers the
aluminumpanel(Figure5-8-5).Most installa-
tions are alsoprovidedwith a glareshieldto

preventdirectsunlightfromcausingglareand
reflectionsthatwouldmakethe instruments
unreadable,A basicglareshieldis shownin

Figure5-8-6.Manyturbineaircraftincorporate
annunciator lightsor additionalcockpitcon-

trolsinto theglareshield,
â€˜Mostinstrument panelsare providedwith a

lightingsystemfor nightoperation.Manyair-

craftprovidemultiplelightingsources.

Instruments can be internallylit or provided
with a spotlightmountedin one of the instru-
â€˜mentcase mountingholes,Thesespotlightsaretypicallyreferredto as postlights.Figure5-87
shows postlightassemblyandhowit appears
â€˜wheninstalledin thepanel.Additionalindi-
rect lightingcan beprovidedfromunderthe
instrument panelglareshieldor fromcockpit
overheadlights
Somepanelshaveoverlaypanelsequipped
with internal lighting.Theselightingpanels
are constructedof clearplasticandare painted
â€˜onthefrontandtheback.Thelightsare placed
aroundtheedgeof thepanel,hencetheirname

ledgelit or ELpanels.Theyare equippedwith
letteringand othermarkingsmadeof trans-
lucentpaint.Whenthe lightingis turnedon,
theseareas illuminateand are very easy to
readat night.Figure5-8-8 showsa typical
panel.Thistypeof panelrequiresspecialcare

Whenperformingmaintenance. Anyscratch
thatpenetratesthetoplayerof paintresultsin
lightbeingemittedat thatspot

Instrument panelsare shock-mountedto
absorblow-frequency,high-amplitudeshocks.
Themountsconsistofsquare-platedabsorbers
insetsoftwo,eachsecuredtoseparatebrackets
(Figure5-8-9).Youshouldinspectthe mounts

periodicallyfor deterioration;if the rubberis
cracked,replacethe pair. A shock-mounted
instrument panelis shownin Figure5-8-10 

Instrument SystemInspections
Instrument system maintenance usually
includesthefollowingtypesof inspections:
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 Figure5-8-6. A single-engineCessnainstrumentpanelequippedwitha

glareshiel,

unin,353

%,â€œmpl8My x)"ona Ws

Figure5-8-7.Thetop-leftcomer ofthisOmniBearingSelectoris equipped
witha postlight.

* Checkpointersforexcessiveerrors.Some
indicatorsshouldshowexistingatmo-

sphericpressure,existingtemperatures,
andsuch,Othersshouldindicatezero.

Â© Checkinstruments for looseor cracked
cover glasses.Replacepitot-staticinstru-
ments if damaged.

* Checkinstrumentlightsforproperopera-tion,

Checkcagingandsettingknobsfor free-
domof movementandcorrect operation.

+ Carefullyinvestigateanyirregularitythe
pilotreports.

Whenperforminga phase/calendarinspec-
tion, makethefollowingchecks:
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~

enseoe0e
Figure5-8-8,Anedgelt paneloverlay.

Checkthemountingofal theinstruments
andtheirdependentunits forsecurity,
Checkforleaksin instrument cases,lines,
andconnections

Checkthe conditionof operationand
limitationmarkingsagainsttheTCDâ€™sfor
the aircraft.Also,checktheircondition.
Checkslippagemarks.

Checkforcontact andconditionof bond-
ingon instruments,

Checkshockmountingsfor conditionof
rubberandsecurityofattachment.

Checkfor freedomof motion of all
linesand tubingbehindthe instrument

panel.Also,checkthattheyare properly
clampedor tapedto avoidchafing,and
freefrommoisture,crimps,andsuch.

 
Rubbergrommet

 

\    

Figure5-8.9.An instrumentshockmount:(A)fullview,(B)cross section.

CompassSwingProcedures

Compassswingmust beperformedwhenever
anyferrouscomponentof thesystem(ie,flux
valve compensatoror standbycompass)is

installed,removed,repaired,or a new com-

passis installed.Themagneticcompasscanbecheckedfor accuracybyusinga compassrose

on an airport.

Thecompassswing is normallyeffectedby
placingtheaircrafton various magnetichead-
ingsandcomparingthedeviationswith those
â€˜onthedeviationcards.

1. Havethe aircrafttaxiedto the NORTH
(0Â°)radial on the compassrose. Usea

hairlinesightcompass(areverse reading
compasswith a gun sightarrangement
â€˜mountedon topof it)to placetheaircraft
in thegeneralvicinity.Withthe aircraft
facingnorthand thepersonin thecock-
pitrunningtheenginesat 1,000rpm, a

â€˜mechanic,standingapproximately30 feet
in frontof theaircraftand facingsouth,
"shoots"or alignsthe master compass
with theaircraftcenter line. Usinghand
signals,the mechanicsignalsthe person
in thecockpitto makeadditionaladjust
â€˜mentsto aligntheaircraftwiththemaster

compass.Oncealignedon theheading,
thepersonin thecockpitruns theengines
to approximately1,700rpm. to duplicate
theaircraft'smagneticfieldandthenthe
personreadsthecompas.

2. If the aircraftcompassis not in align
â€˜mentwith themagneticnorthof themas-

ter compass,correct theerror bymaking
small adjustmentsto the North-South
brassadjustmentscrew with anonmetal-
lic screw driver(madeout of brassstock,
or stainlesssteelweldingrod).Adjustthe
N-Scompensatorscrew until thecompass
readsnorth(0Â°),Turn theaircraftuntilitis,

alignedwith theeast-west,pointingeast.

â€˜AdjusttheE-Wcompensatorscrew until
it reads90Â°.Continuebyturningtheair-

craftsouth180"andadjusttheN-Sscrew

to remove one-halfof the southâ€™shead-
ing error. Thisthrowsthe northoff,but
the totalnorth-southshouldbe divided
equallybetweenthe two headings.Turn
the aircraftuntil itis headingwest 270;
andadjusttheE-Wscrew on thecompen.
sator to remove one-halfof thewest error.

ThisshoulddivideequallythetotalE-W
error. Theenginesshouldberunning,

  

3. With the aircraft headingwest, start

yourcalibrationcardhereandrecordthe
â€˜magneticheadingof 270Â°and the com-

passreadingwith theavionics/electrical
systemson, thenoff.Turntheaircraftto



alignwith eachof thelineson the com-

passroseandrecordthecompassreading,
every30Â°,Thereshouldbenot more thana

plusor minus 10â€•differencebetweenany
ofthecompassâ€™headingandthemagnetic
headingof theaircraft.

4, Ifthe compasscannot beadjustedto meet
therequirements,installanotherone.

5. Whenthecompassissatisfactorilyswung,fill out thecalibrationcardproperlyand
put it in the holderin full view for the
pilot'sreference.

InstrumentSystemRepair
â€˜Afterstartingtheengine,checktheinstrument

pointersfor oscillation.Also,checkthe read~
ingsfor consistencywith enginerequirements
andspeeds.Onmultiengineaircraft,checkthe
instruments for the various enginesagainst
eachother.Investigateany inconsistency;i t
couldindicatea faultyengine,component,or

instrument.

â€˜Afteratroublehasbeendiagnosed,replacethe
faultyunit. Remember,the followingprecau-
tions whenremovingand installinginstru-
ments:

â€˜+Handle instruments carefullyat all
times.Additionaldamagecan resultfrom

improperhandling,
â€˜+Donot changethepanellocationof an

indicator.
â€˜=Donot forcethemountingscrews. If the

screw is cross-threaded,replaceit. Donot
drawthescrews up too tightagainstthe
panel.Thiscan distortthecase enoughto
affecttheoperationoftheinstrument,crack.
thecase,or breakoffthemountinglugs.

+ Whenremovingor installingtubingof
a pressure-operatedinstrument,use a

backupwrenchto avoidtwistingthetub-
ing oF fitting.Donot exert undueforce
whiletighteningtheconnection.

â€˜=Installall electricalplugshandtight.
â€˜=Beforeconnectingan electricalplugto

an instrument,checktheplugfor bentor

brokenpins.
= Capthe open electricalreceptacles,

plugs,and hose connections to. pre-
vent foreignmaterialfromenteringthe
instrument or system.

Built-In TestEquipment(BITE)
Mostmoderndigitalsystemsincludebuiltin
testequipment(BITE).Thesesystemscan mon-
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   Figure5-8-10. Ashock-mountedinstrument

panel.

itor andtest manyinstrument systemparam-
eters.Maintenancepersonnelcan use theBITE
function to performtroubleshootingtests
whileon theground.Thesystemcan alsocall
up operatingdatathatwas recordedin flight.
Thisdata can be used to helptroubleshoot
intermittent failuresor to evaluatesystemsthat
can beoperatedonlyin flight.
TheBITEsystemand relateditems are con-

trolled on the maintenancepagethat can be
accessedthroughone of the cockpitdisplay
units (CDUs)(Figure5-8-11).Someaircraft
havea dedicatedmaintenanceaccess terminal
instead.Themaintenancepagecan beusedto

displaysystemdiagramsshowingthestatusof
theitems in thesystem(Figure5-8-12).
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         Figure5-8-12,A maintenanceCDUshowingan aircraftsystemdiagram.

Section9

AutopilotSystems
Automatic pilotsare systemsusedto control
aircraftwithoutdirectpilotcontrol.Theycan

rangefromsimple,wing-levelingsystemsto
completeflightcontrolsystemsthatcan oper-
ate the aircraft from takeoff,climb,cruise,
descent,andlanding.
â€˜Theearliestandsimplestsystemswere basic
â€˜winglevelers.Thesesystemsuseda gyroscope
to maintain thewingsin a levelattitude,thus

reducingthepilot'sworkloadon longflights.
â€œAutopilotsystemssoon addeddirectionalcon-

trolandaltitudecapabilities.

ControlMechanisms
Modernautopilotsuse two typesof control
mechanisms.Thetwo typesate position(or

horizon)-basedandrate-basedautopilots.Both
typesuse gyrosto providethebasicattitude
andheadinginformation

Position-basedautopilotsinterpretthe gyro
movement anddetermineflight controlcom-

â€˜mandsthat return the aircraft to the desired
pitchorroll attitude.Thesesystemsusetheatti-tudegyroas theprimaryreference.A position-
basedartificialhorizonis shownin Figure5-9-1

Rate-basedsystemstypicallyuse a turn coor-

dinatorfor theirgyroreference.Thesesystems
can detectroll rates as little as 1/16,000thof a

degreepersecond.Thecomputeruses thisroll
informationto calculatethe aircraftattitude
and generatea corrective action. Rate-based
systemsalsoincludeaccelerometersto.mea-

sure therateofchangeandwhetherthisrate is

increasingor decreasing,
Position-basedsystemsare very responsive.
â€˜Theycan even overstressan aircraftin extreme
turbulencebecauseof theirrapidresponserate.

â€˜Theyare alsodependenton properattitude



Figure5-9-1.Anartificialhorizonusedin a posi-
tion-basedautopilotsystem, gyrofunction.A tumbledattitudegyrocauses

theautopilotto fail.

â€˜Theturn coordinatorusedin rate-basedsys-
temsaremorereliablethanattitudegyros,thus

â€˜makingrate-basedsystemsslightlylessprone
to failure.Rate-basedsystemsare slightlyless
responsivebut do not riskoverstressingthe
airframe,Althoughbothtypesare in common

use in lightaircraft,rate-basedsystemsare

â€˜morecommon on transportcategoryaircraft.

BasicSystemComponents
All autopilotshavea gyroscopicreference(the
sensingelement),a computerto calculateposi-
tion and corrections (thecomputingelement),

2controlconsoleto activate anddeactivatethe
system(thecommandelement),andservos to
move thecontrolsurfaces(theoutputelement).
Dependingon thecontrolmechanismtype,the
â€˜gyroscopicreferenceis eithera directionalgyro
andan artifical horizonor a turn coordinator
andaccelerometers.Thecontrolcomputercan

beanalogor digital.Mostanalogsystemsadd
controlservos to thebasiclightcontrols.Figure
5-92 showsan analogservo connectedto the
controlcables.Digital,ly-by-wiresystemsuse

thesame flightcontrolactuatorsformanualand

autopilotflight.Thedifferenceis in wherethe
controlsignalis generated,
Manysystemsincludeothercomponentsadd-
ingadditionalfunctionsandcontrols.Figure
5.9-3 showsan autopilotsystemthat hasan

altitudeholdfeatureanda radiocoupler.The
radio couplerconnects the autopilotto the
navigationradiosystems,allowingthe auto-

pilotto flytheaircraftto a specificnavigation
waypoint.

â€˜Today'sadvancedsystemsoffer.Mach-trim
systemsand auto throttle capabilities.They
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  alsointerconnect with a varietyof advanced
navigationsystems.Most of theseadvanced
systemsintegratetheautopilotwith the flight
directorsystem.Thisis describedin thechap-
ter â€œNavigationandCommunicationSystemsâ€•

AutopilotAxisControl

Autopilotsare availableto controlone, two,
or threeof axes of flight.Thesethree axes

are heading,pitch,and roll. Figure5-9-4
illustrateshow the aircraft moves around
theseaxes. Fora completereview of acro-

dynamics,refer the chapterâ€œPrinciplesof
Aerodynamicsâ€•in Introductionto Aircraft
â€˜Maintenance

Themostbasicautopilotisthesingle-axiswing-
leveler.Theydo little more thanmaintain the
aircraftin a levelattitude,thusrelievingpilot
â€˜workloadon longflights.Two-andthree-axis
autopilotsare muchmore common.

A two-axis autopilotcontrolsroll andeither
pitchor heading,Three-axisautopilotscon-

trol roll,pitch,andheading,but theycannot
controlall threesetsof flightcontrols,Some
three-axisautopilotscontrolonlyaileronsand
elevators.Elevatorsare usedfor pitchcontrol,
andaileronsare usedfor bothroll andhead-
ingcontrol.A quickreview of aerodynamics
showsthat theprimaryturningforceis pro-
videdbybankangle,whichis, in turn,setby
theailerons.

YawDampers
â€˜Yawdamperssimplifythedesignof theautopi-
lot butaddsome undesirableflightcharacteris-
tics,Turnscontrolledonlybyaileronsare unco-

Figure5-9-2.Ananalogcontrolservo connectedto theflightcontrolcables.
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ordinatedturns andcreatesome side-sipin the
aircraft.Thiscan beuncomfortablefor passen-
ers.Mostthree-axis,two-servoautopiotspro-
videfortheadditionofa yawdamper.Theyaw
damper(Figure5-9-5)providestwo significant
features:yawdampingandturn coordination.

Someaircraft have a tendencyto oscillate
abouttheirheadingaxis,especiallyin turbu-
lence.Theseslightleft and rightmovements
â€˜cancause motion sicknessfor passengers.The

aw damperwas developedto activelycontrolTedeetoeliminatethseosllationsA
secondbenefitof theyawdamperis turn coor-

dination.

Yawdampersuse a turn coordinatorto deter-
mine thentheaircraftis slippingor skidding
andmovetheruddertocounteractthesemove-

â€˜ments.Whentheyawdamperis activateddur-
{ngautopilotcontrolledflight,i t moves the
rudderto eliminateanyuncomfortablesideslip
duringturns. Threeservo autopilotsincorpo
zatetheyawdampingfunctionintotheautopi-
lot,not asa separatesystem.

AutopilotOperation
â€˜Theautomaticpilotsystemflies theaircraft

byusingelectricalsignalsdevelopedin gyro-

Commandementsoutput
soments

Console

Sensing
Sloments

Rollservo
Computer

An.
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â€˜A
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Diectlonagyro :
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Navigation"ignas
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Radiocoupler  
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Figure5-9-3. Afull-featured,light-aircraftautopilotsystem.
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Figure5-9-4,Autopilotscan controlheading,roll,andpitch.
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 Figure5-9-5.Ayawdampersystemcan operateindependentlyof theautopilt.

sensingunits. Theseunits are connectedto or

containedin flightinstruments that indicate
direction,rate-of-turn,bank,or pitch.If the
flightattitudeor magneticheadingis changed,
electricalsignalsare developedin the gyro-

sensingunits.Thesignalsare usedtocontrolthe

â€˜operationofservounitsthatconvertelectricalor

hydeaulicenergyinto mechanicalmotion,

Thecontrolcomputerreadsthesesignalsand
â€˜commandstheappropriateservo to move the
flightcontrolsto correct the flightattitude.
Mostautopilotsprovidefor bothmanualand
automaticoperation.Bothmodesare setbythe
flightcontrolconsole.Theconsoledescribedis
a typicalthreeaxis systemconsole.It allowsfor
â€˜one,two-,or three-axiscontrolin manualor

automatic modes.

Thecontrolconsole(Figure5-9-6)is usedto acti-

vateand deactivatetheautopilot.Somesystems
alsoincorporatean additionalautopilotdiscon-

TRIM|

Century11 Figure5-9-6.Controlconsole.

rect switchon thecontrolwheel.Thisletsthe

pilotquicklydisconnecttheautopilotifasystem
failureoccurs. Most autopilotsalsoautomati-
callydisengageif presetroll or pitchchanges
are exceeded.If the aircraftencountersturbu-
lenceoraflightattitudethattheautopilotis not

capableof handling,the systemautomatically
reverts to pilotcontrol

â€˜Manualautopilotcontrol.Thesimplestmode
is roll control.Manualroll controlmodemain-

tain theaircraftin theroll attitudeselectedby
thepilotusingtheroll controlknob.Thepilot
can selecta levelattitude,or use theroll con-

tzolknobto roll theaircraftandturn it toa new

heading.Oncethenew headingis reached,the
pilotmust thenuse theroll controlknobto level
theaircraft.Theroll controlknobmanuallycon-

tzolsboththerollandheadingaxes.

Thesecondmanualmodeis rollwithpitchcon-

trol. In thismode,boththerollandpitchcontrol
knobsare active. Thepilotuses thepitchcon-

tzolwheelto setthepitchattitudeof theaircraft.
It can be usedto cause the aircraftto climb,
descend,or maintain a level attitude.Again,
thepilotmust move thepitchcontrolwheelto
changefromone pitchattitudeto another.

Automaticautopilotcontrol. Theautopilot
can alsobeusedin fullyautomaticmode.Basic
automatic modesare headingand altitude.
Headingmodediffersa bit frommanualroll
controlmode.Manualroll controlmodekeeps
thewingslevelbutdoesnot correct forwindor

turbulence,whichmove theaircraftheading,
â€œAutomaticheadingmodecauses theaircraftto
â€˜maintaina headingpreseton thedirectional
gyro or flightdirector.Ifthe aircraftdeviates
fromthisheading,theautopilotrollstheair-

craftinto a turn, move theheadingbackto the



     
 

Feedback
loop

 

Figure5-9-7,Autopilotfeedbackloop.

originalheading,thenroll the aircraftout of
the turn,

Autopilotfeedbackloop.Thebasicautopi-
lot feedbackloop,illustratedin Figure5-9-7,is

thekeyto automaticoperation.Theamplifier
fr controlcomputercomparestheaircraftatti-
tudeandpositionwith thedesiredattitudeand
positionset on the autopilot.Anydeviation
fromthedesiredpositioncauses theamplifier
â€˜orcomputerto move a servo to return theair-

craftto thedesiredposition.

â€˜Theamplifieror computermust alsoinclude
circuitryto eliminateautopilot-inducedoscil-
lation. Duringhuman-controlledflight,the

pilotmust anticipatethe aircraftattitudeand
position.As theaircraftapproachesthedesired

heading,the pilotreducesthe roll (andrate
of turn)until the aircraftstopsturning.as i t
reachesthedesiredheading.
Ifthepilotmaintainedtheturn until thehead-
ingwas reached,theaircraftwouldturn past
the desiredheadingbeforethe aircraftcould
be returned to a level attitude.This over-

shootwouldthenrequirean additionalturn
back to the desiredheadingwith the same

consequences.The autopilotmust also be

equippedwith circuitrythat anticipatesthe
aircraftpositionandreducesthe roll so that
theaircraftstopsturningjustasitreachesthe
desiredheading,
Altitude control.Fullyintegrated,three-axis

autopilotsalso include an altitude control
feature.Altitude hold modeis the automatic

equivalentof manualpitchcontrol,however,

=pod
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altitude hold providesadditional features.
Manualpitchcontrolmaintains a level atti-
tudebut doesnot compensatefor updraftsor

downdratts.

Altitudecontrolcapableautopilotsareequipped
â€˜witha barometzicpressuresensor (Figure5.9-
8).Theamplifieror controlcomputeruses this
barometricinformationto maintain theaircraft
ata presetaltitudein additionto maintaininga

levelpitchattitude.Theautopilotoccasionally

 Figure5-9-8.Autopilotaltitudeholdchamber.
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 Figure5-9-9,Radiocoupler.

â€˜commandsa slightclimbor descentto return,
theaircraftto thepresetaltitude.

Radio navigationcontrol. Most advanced
autopilotscan beconnectedto thenavigation
radios,Radionavigationcontrolis achieved
byusinga radiocoupler(Figure5-9-9).This,
radiocouplercouldbea standaloneunit or

partof a flightdirectorsystem.Bothtypes
providea commandsignalto the autopilot
computer.

Radio navigationcontrol commandsover-

rideheadingcontrolcommands.Theautopi-
lot fliestheaircrafton a specificradionaviga-
tion course. Theautopilotcan flythe aircraft
directlyto a chosenairport,compensating
for crosswindsandotherweatherconditions.
Navigationradiosystemoperationis coveredin

eeeae
Figure5-9-10.Autopilotengageanddisengageswitchesare oftenon the
pilot'scontrolyoke. 

detail in the â€œNavigationandCommunication
Systemsâ€•chapterofthisbook.

Flightcomputercontrol.Themost advanced
digitalautopilotsystemsavailabletodaycan

controlthe aircraftthroughoutthe majority
of the flight.A flightplan,includingmultiple
altitudesandturns,canbeprogrammedbefore
flight.After takeoff,thepilotcan activate the
autopilot.It thenfliesthe aircraftto the pre-
programmedaltitudes,levelingtheaircraftat
thecorrect times. Theautopilotalsoturns the
aircraft to follow a precisecourse. Multiple
legscan beflown in succession,flyingaround
congestedor restrictedairspace.Theautopi-
lot maintains theaircraftpresetaltitudesand
courses andclimbs;it descendsand turns as

needed.

Someof thesesystemsalso providecontrol
to the enginesandbrakes.Theenginescan

be throttledup or downbytheautopilotfor
climbsanddescents.Autoland-equippedair-

craft can even finish the flight,landingthe
aircraft,andcomingto a stop,usingbrakesor

thrust reversers. All this is achievedthrough
autopilotcontroloperation,

AutopilotSystemMaintenance
The information in this section does not

applyto any one autopilotsystem,but it

gives generalinformation that relates to
most autopilotsystems.Maintainingan

autopilotsystemconsists of visual inspec-
tion; replacingcomponents;cleaning,lubri-
cating,and operationallycheckingthe sys-
tem,

Withtheautopilotdisengaged,the flightcon-

trolsshouldfunctionsmoothly.Theresistance
offeredbytheautopilotservos shouldnot affect
thecontrolof theaircraft.Theinterconnecting
â€˜mechanismbetweentheautopilotsystemand
the flightcontrolsystemshouldbe correctly
alignedandsmoothin operation.Whenappli-
cable,theoperatingcablesshouldbechecked
for tension,

â€˜Anoperationalcheckis importantto ensure

that every circuit is functioningproperly.
â€˜Anautopilotoperationalcheckshouldbe
performedon new installations,afterreplac-
ing an autopilotcomponent,or whenevera
â€˜malfunctionin the autopilotsystemis sus-

pected.

â€˜Aftertheaircraft'smain powerswitchhasbeen
â€˜turnedon,allowthegyrosto come up to speed
andtheamplifierto warm upbeforeengaging
theautopilot.Somesystemsare designedwith
safeguardsthat preventprematureautopilot
engagement.



Whileholdingthecontrolcolumnin the nor-

â€˜malflightposition,engagethesystemusing
theengagingswitch(Figure5-9-10),

â€˜Afterthesystemis engaged,performtheoper-
ationalchecksspecifiedfortheaircraft.In gen-
eral,thechecksof the:

â€˜*Rotatethe turn knobto the left.Theleft
rudderpedalshouldmove forward,and
the controlcolumnwheelshouldmove

slightlyaft
= Rotatethe turn knob to the right.The

rightrudder pedalshould move for-
ward,the controlcolumnwheelshould
â€˜moveto the right,and the controlcol-
umn shouldmove slightlyaft. Return
the turn knob to the center position.
â€˜Theflightcontrolsshouldreturn to the

level-flightposition.
â€˜=Rotatethepitch-trimknobforward.The

controlcolumashouldmove forward.

â€˜*Rotatethepitch-trimknobaft. Thecon-

trol columnshouldmove aft.

AircraftInstrumentSystems
Ifthe aircrafthasa pitch-trimsysteminstalled,
i t shouldfunctionto adddown-trimas thecon.

trol columnmoves forward,andaddup-trim
as thecolumnmoves aft.Manypitch-trimsys-
temshavean automaticanda manualmodeof,
operation.Theaboveactionoccurs onlyin the
automaticmode.

Checkto see if i t is possibleto manuallyover-

ride or overpowertheautopilotsystemin all
controlpositions.If it is not possibleto manu-

allyoverridethe autopilot,consultthe MM
for properadjustmentprocedures.Centerall
thecontrolswhentheoperationalcheckshave
beencompleted.

Disengagetheautopilotsystemandcheckfor
freedomof thecontrolsurfacesbymovingthe
controlcolumnsandrudderpedals.Thenre-

engagethesystemandchecktheemergency
disconnectreleasecircuit.Theautopilotshould

disengageeachtime thereleasebuttonis actu-
ated.

Whenperformingmaintenance and opera-
tionalcheckson autopilotsystems,alwaysfol-
low the procedurerecommendedbythe air-

craftor equipmentmanufacturer.
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direction finders to computerizednaviga- Challengershowstionalsystems,andotheradvancedelectronicatypicalcollection
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radar,area navigationsystems(RNAV),Omni-
directionalradioreceivers (VOR),and satellite
â€˜basedGlobalPositioningSystems(GPS)are but a

fewbasicapplicationsofairborne radionaviga-
tion systemsavailablefor installationanduse

in aircrat.

|All theseelectronicinstallations,and more,
fare items that are on an inspectionchecklist.
Collectively,theyare calledavionics. Avionicsis,

a contractionofaviationelectronics.Originallythe
â€˜meaningwas clearft was electronicandpartof
aviation,thename applied.Withthecomingof
thedigitalage,thingsare not so easilydiscern-
ible.Today,almosteverythingon an airplaneis

electronic.

In an attemptto standardizethedescription,
manyauthoritieshavenarrowedthedefinition
to includeanythingthathasto dowith naviga-
tion,communication,o automaticflightsys-
tems.As an AircraftMaintenanceTechnician
(AM youarenotexpected,in factnotallowed,
to performmaintenanceontheseunis. Repair,
calibration,and in most cases installation,of
tlectronicequipmentisthe realmofa certified
repairstation.Youare expectedto understand
hhowtheyfunctionandhow to inspecttheir
basicinstallationandoperation.
â€˜Theseinspectionsincludea visualexamination
forsecurityof attachment,conditionof thewir-

ing,bonding,shockmounts,radioracks,and
supportingstructure. In addition,a functional
checkis usuallyperformedto determinethat
theequipmentis operatingproperlyandthatits
â€˜operationdoesnot interferewiththeoperationof

othersystems,
Duringtherestofthischapteryoushouldthink.
of avionics as threedifferentgroupsof equip-
â€˜ment:

+ Panelmountedonly,Usedmostlyin

smallergeneralaviation aircraft.
+ Acombinationofpanelmountedunitsand

remoteunits with thecontrolheadspanel
â€˜mounted.Principallyusedin twin-engine
andmedium-sizedcorporateaircraft

+ RemotemountedLineReplaceableUnits
(LRU)(Figure6-14)with panelmounted
controlheads.Airliners havethe LRUs
â€˜mountedin a separateelectronicequip-
â€˜mentbay.

 

â€˜Atechnicianshouldpossesssome basicknowl

â€˜edgeandunderstandingof theprinciples,pur~
poses,andoperationoftheradioequipmentusedin aircraft.Theinformationpresentedin this

chapteris generalin nature andprovidesa broad
introductionto radio,itsprinciples,andapplica-
tion to aircraftfroma technician'sviewpoint.In

zowaywill i t makeyoua radiotechnician,

Section1

Basic RadioPrinciples
Radiosaffectyoureverydaylife in manyways.
Followingare some of thetypes:

+ Cordlessphonesandcellphones
+ Garagedooropenersanddoorbells

+ Televisionâ€”bothsatelliteandcable
+ AMand FM radio

+ Ham radio
+ MilitaryandCBradio
+ Policeandfiredepartmentradios
+ Babymonitorsandtoys
+ WirelessclocksandGPS
+ SatelliteInternetaccess

â€˜+Microwaveovens andpoliceradar

+ Autochangingstoplights
+ Everythingsatelliteandspacerelated

â€˜+Aviation,andmanymore

Frequencygeneration.Radio,or more cor-

rectlythepropagationof radiowaves,is basi-

callyverysimple.
Radiocommunicationsinvolvesthetransmis-
sion andreceptionofelectromagnetic(radio)
energywaves throughspace.Alternating
current (AC)passingthrougha conduc:
tor creates electromagneticfields around
the conductor.Energyis alternatelystored
in thesefieldsand returnedto the conduc-
tor. As the frequencyof current alternation
increases,lessand lessof theenergystored
in thefield returns to the conductor.Instead

ofreturning, theenergyis radiatedinto space

inthe formofelectromagneticwaves. Acon
ductorradiatingin thismanner is calledthe
transmittingantenna.

Foranantennato radiateefficiently,a transmit.
ter mustsupplyit with an ACof theselected

{frequency(cycles).Thefrequencyof the radio
â€˜waveradiatedis equalto thefrequencyof the

appliedcurrent.

How AC is producedin various frequen-
cies is a subjectfor a course in basicradio.
â€˜Thefrequencyof the electricalalternationis

calleda sine dave, Thefrequencyof the sine

wave is the numberof times it oscillatesup
and down,persecond.Forexample,if you
are listeningto AM radioand are tuned to
540on thedial,thefrequencyof thestation is
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Figure6-1-1.TheelectronicsbayofaBoeing757containstheLRUsfor theavionics.

540,000cyclespersecond.If youtune to 95.3. andis fairlyimmune tostaticandatmospheric
FM.thefrequencyis 95,300,000Hz interference(Figure6-14),

.
Theentire spectrumof possibleradiofrequen-

FrequencyModulation ies hasa limit. Sectionsof thespectrumare

Whena transmitter transmittingasine wave,
andthatsine wave is goinginto spacethrough
an antenna,youhavea radiostation. Theprob-
lem is thatthewave hasno informationin it
Toput informationin thesine wave requires
superimposing,oF modulating,theinformation
youwant to transmit over thesine wave. There
are threecommon typesof modulation

Figure6-1-2.Anexampleofpulsemodulation.
Pulsemodulation (PM).Pulsemodulationis
simplyturningthesine wave on andof. It's a

processthatis goodforMorsecodeandsetting
zadiocontrolledclocks;that is aboutall.One
transmitter can cover theentire UnitedStates
(Figure6-1-2)

Amplitudemodulation(AM).Theprincipal
â€˜useofamplitudemodulationis for AMradiosta- Figure6-1-3.AM modulationshowingsine wave changesas a voice

tions andtelevisionpictures.Thepeak-to-peakchangestoneandvolume.
voltageof thesine wave changesas theampli-
tudeof themodulationchanges(Figure6-1-3).
Thesine wave producedbya person'svoice is

thebestexampleof AM.

Frequencymodulation (FM).Hundredsof
radio applicationsuse frequencymodulation,
includingFM radio,televisionsound,cell

phones,andaircraftsystems.TheFM transmit- Figure6-1-4,FMmodulationshowingthatthesine wavewidthdoesnot
ters frequency(sinewave)changesvery little change,butthatthefrequencydoes.
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Figure6-1-5.Theradiospectrum,showingwhereeverydayitemsfallin rela-
tion to eachother.

reservedfor certain uses (Figure6-1-5).Those
uses breakdownas follows:

+ Garagedooropenersandalarmsystems
around400megahertz(MHz)

* Standardcordlessphones:40to60MHz

* Babymonitorsandchildrenâ€™swalkietalk-
ies: 49MHz

* Radiocontrolairplanesandcars: 72to 75
MHz

+ Wildlifetrackingcollars:215to220MHz

* Cellphones:824to900MHz

* Airtrafficcontrolradar960to 1,215MHz

+ GPS:1,227101,575Miz

+ Deepspacecommunications: 2,290to
2,300MHz

Manypeoplewant to use theairwaves at the
same time,andmanyon thesame,or closeto
the same,frequency.As more productsthat

relyon thesefrequenciesbecomeavailable,
the tighterthe frequencytolerancesbecome.
â€˜Tokeepthemfrominterferingwitheachother
theFCChasestablisheda handwidthfor every
category.

Antennas
Whencurrent flowsthrougha transmitting
antenna,radiowaves are radiatedin all direc
tions in muchthesame waythatwaves travel
â€˜onthesurfaceof a pondinto whicha rockhas
beenthrown.Radiowaves travelat a speedof

approximately186,000milespersecond.

Whena radiatedelectromagneticfield passes
throughaconductorsome oftheenergyin the
fieldsetselectronsin motion inthe conductor,
Thiselectronflow constitutesa current that
varies with changesin the eleciromagnetic
field Thus,a variation of thecurrent ina radi
ating antenna causes asimilarvarying current
inaveevingantenna(conductor)atdistant
location.Anyintelligenceproduceda5 current

ina transmittingantennais reproducedascur-rent in a receivingantenna,

FrequencyBands
â€˜Theradiofrequency(RF)portionof theelectro-
â€˜magneticspectrumextendsfromapproximately
30kilohertz(KHz)to30,000MHz.

â€˜Asa matter of convenience,this partof the

spectrumis divided into frequencybands,
fachbandor frequencyrangeproducesdif-

ferenteffectsin transmission.TheRFbands
provenmost usefulandpresentlyin use are

thefollowing:
+ LowFrequency(LF):30to 300kHz

â€˜+MediumFrequency(MF):300to 3,000KHz,

â€˜+HighFrequency(HF):3,000kHzto30MHz

++ VeryHighFrequency(VHF)30 to 300MHz,

+ Ulua HighFrequency(UHF):300 to

3,000MHz

* SuperHighFrequeneyGH: 3000to

In practice,radioequipmentusuallycovers

onlya portionofthedesignatedband,eg,civil
\VHFequipmentnormallyoperatesat frequen-
cies between108.0MHz.and13595MHz.

BasicEquipmentComponents
â€˜Thebasiccomponents(Figure6-1-6)of a com-

munication systemare transmitter,receiver,
transmittingantenna, receiving"antenna,
microphone,anda headsetor speaker.
â€˜Transmitter.A transmitter can beconsidered
a generatorthatchangeselectricalpowerinto
radio waves andmustperformthesefunctions:

= GenerateaRFsignal
â€˜+AmplifytheRFsignal
â€˜+Modulatethe signalbyplacingintelli

genceonit
â€˜Thetransmitter contains an oscillatorcircuit
to generatetheRFsignalandamplifiercircuits
to increase theoutputof theoscillatorto the
powerlevelrequiredforoperation.

Transmitterstakemanyforms,havevarying
degreesof complexity,anddevelopdiferent
levelsof power, Theamount of power gener-

atedby4transmitter affectsthestrengthof
the electromagneticfield radiatingfromthe
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Loudspeaker

Figure6-1-6.Primarycomponentsofa basicradiosystem,

antenna. Thus,it followsthat thehigherthe
poweroutputfroma transmitter,thegreater
thedistanceits signalis received.

VHF transmitters usedin single-engineand

lighttwin-engineaircraft vary in power
outputfrom1 to 30watts,dependingon the
â€˜modelradio.However,3to 5 watt ratingsare

used most frequently.Executiveand large
transportaircraftare usuallyequippedwith
VHFtransmittershavinga poweroutputof20t0 30watts.

Aviation communicationtransmittersare crys-
tal-controlledto meet thefrequencytolerance
requirementsof theFCC.Thefrequencyof the
channelselectedis determinedbya crystal
â€˜Transmitterscan havefromone to 720chan-
nels,

Receivers.Thecommunicationsreceiver must
selectRFsignalsandconvert theintelligence
containedon thesesignalsinto a usableform:
eitheraudiblesignalsfor communicationand
audibleor visualsignalsfornavigation,
Radiowaves of manyfrequenciesare in theair.

â€˜Areceiver must be ableto selectthe desired

frequencyfromall thosepresentandamplify
thesmallACsignalvoltage.
â€˜Thereceiver contains a demodulatorcircuit
to remove the intelligence.If the demodula-
tor circuit is sensitive to amplitudechanges,i t
is usedin AM radiosand is calleda detector.
â€˜Ademodulatorcircuit that is sensitive to fre-
{quencychangesis usedfor FM receptionand
isknownasadiscriminator.

Amplifyingcircuits in the receiver increases

theaudiosignalto a powerlevelthatoperates
theheadsetor a speaker.
â€˜Transmittingantenna. An antenna is a spe-
cialtypeofelectricalcircuitdesignedto radiate
and receive electromagneticenergy.As men-

tioned,a transmittingantenna is a conductor
thatradiateselectromagneticwaves whena RF
current is passedthroughit. Antennas vary
in shapeanddesign(Figure6-1-7)depending
on the frequencyto be transmittedandpur-
posestheymust serve. In general,communi-

Cation-transmittingstationsradiatesignalsin

all directions.However,specialantennasare

designedthatradiateonlyin certain directions
or certain beampatterns.
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Figure6-1-7.Becauseeachsystemrequiresa differenttypeofantenna,you
can telltheantennaâ€™spurposebyits looks.

VHFcommunication
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Receivingantenna. The receivingantenna
must intercepttheelectromagneticwaves that
are in theait. Theshapeandsize of thereceiv-

ingantenna alsovaries accordingto thepur-
poseforwhichitis intended.In airbornecom-

munications,the same antenna is normally
usedfor both transmittingandreceivingsig-
nals,

Microphone.A. microphoneis essentially
fn energyconverter that changesâ€œacoustical
(ound)energyinto correspondingelectrical
energy.Whenspokeninto a microphone,the
Sudiopressurewaves thatare generatedstrike
thediaphragmof themicrophonecausingit to
move in andout in accordancewiththe instan-
taneouspressuredeliveredtit. Thediaphragm
is attachedto a devicethat causes current to
flowin proportiontothepressureapplied
Forgoodqualitysound,theelectricalwaves from,
â€˜amicrophonemustcorrespondin magnitude
â€˜andfrequencyto the soundwaves thatcause

them.A desirablecharacteristicis theabilityof
themicrophoneto favorsoundscomingfroma

nearbysourceoverrandomsoundscomingfrom,
a relativelygreaterdistance.Whentalkinginto
thistypeofmicrophone,thelipsmustbeheldas

closeas possibleto thediaphragm.
Personsinexperiencedin usinga microphone
are usuallysurprisedat thequalityof their
â€˜owntransmissionswhentheyare tapedand

playedback.Wordsquiteclearwhenspoken
to anotherpersoncan bealmostunintelligible
â€˜overthe radio.Readableradio transmissions

dependon thefollowingfactors:

* Voiceamplitude
= Rateofspeech
+ Pronunciationandphrasing,

Clarityincreases withamplitudeup toa level
justshortof shouting,Whenusinga micro-

hone,speakloudly,withoutexertingextremefortTalkslowlyenoughso thateachword
is spokendistinctly.Avoid usingunnecessary
words,

Headsets,Headsetsfor aircraftradiosare not

interchangeablewith commercialaudiohead-
sets.Aircraftheadsetsare designedto operate
in a highnoise environment andare frequently
includedin a setof hearingprotectorear cups
thatcover theentire ear. Whilenotdelicate,they
can bedamagedbyroughhandling.Themost
â€˜commondamageis to thewires: mostlypinch-
ingor kinkingthemin a crowdedcockpit.
â€˜Mostheadsetsuse a boommicrophonethat is,

positionedjustaheadof the lips.Themicro-

phonesare alsodesignedforhighnoise envi-

ronments. Theyshould be positionedjust

aheadof the lips,andthe lipsshouldalmost
touchthemicrophonewhenspeaking,
â€˜Speakers.Speakersare installedin thehead-
linersof mostsmallerairplanes.Theyare posi-
tionedso bothpeoplewho are sittingat the
controlscanhear.Othercockpitshavespeakers,
ina suitableposition,

Becauseof theirprotectedlocations,speakers
are not normallysubjectto roughhandling.
â€˜Thelargestcause of failure is fromcracked
cones broughtaboutbyagingand the envi-

ronment. If a speakeris difficult to hearfrom

clearly,checkit for crackedcones andreplace
if necessary.

PowerSupply
In manyaircraft,theprimarysource of electric
poweris DC.An inverteris usedto supplythe
requiredAC.Commonaircraftinverters consist
â€˜ofaDCmotordrivingan ACgenerator.Static,or

solid-state,inverters havereplacedtheelectro-

â€˜mechanicalinverters.Rotaryinvertersaretoday
foundonlyin mucholdersystems,Staticinvert-
ers haveno movingpartsbutusesemiconductor
devicesandcircuitsthatperiodicallypulseDC
throughtheprimaryof a transformerto obtain
an ACoutputfromthesecondary.ManyACsys-
temstodayrun 120VACat400hertz(He),

Section2

CommunicationSystems
VeryHighFrequency(VHF)system.The
most common communicationsystemin use

todayisthe VHFsystem.In additionto VHE
equipmentlargeaircraft are usuallyequipped
WHhHEcommunicationsystems.
â€˜Airbornecommunications systemsvarycon-

siderablyin size,weight,powerrequirements,
qualityof operation,andcost,dependingon

thedesiredoperation.

Almostallairborne VHFandHFcommunication
systemsuse transceivers.A transceiver is a self
containedtransmitter and receiver that share
common circuits;ie, powersupply,antenna,
andtuning.Thetransmitterandreceiver both
â€˜operateon thesame frequency,andthemicro-

pphonebuttondetermineswhenthereis an out-

putfromthetransmitter.Whenthesystemis not

transmitting,the receiver is sensitiveto incom-

ingsignals.Largeaircraftcan beequippedwith
transceiversor a communicationssystemthat
â€˜useseparatetransmittersandreceivers.



Figure6-2-1.AbasicVHFradio,

Operatingradioequipmentis essentiallythe
same if installedon largeaircraft or small
aircraft.In some radioinstallations,the con-

trolsfor frequencyselection,volume,andthe
on-offswitchare integralwith theradiomain

chassis.In otherinstallations,thecontrolsaremountedon a panelin the cockpit,and the
radioequipmentis in racksin anotherpartof
theaircraft

Becauseof themanydifferenttypesandmod-
elsof radiosin use,itis not possibleto discuss
thetechniquesfor operatingeachin thisman-

ual. However,thereare some practicesthat
applyto all radios.

VHF communications.VHF airbornecom-

munication sets operatein the frequency
rangefrom 1080 MHz to 135.95MHz. VHF
receivers are manufacturedthat cover only
the communications frequencies(notcom-

mon)or both communications and naviga-
tion frequencies(common).In general,the
VHF radiowaves followapproximatelylineof
sight(straightlines).Theoretically,the range
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of contact is thedistanceto thehorizon,and
this distanceis determinedbythe heights
of the transmittingand receivingantennas.

However,communication is sometimes pos-
sible many hundredsof milesbeyondthe
assumedhorizonrange.

 

Many VHF radios have the transmitter,
receiver, powersupply,and operatingcon-

trolsbuilt into one unit. Theseunits are gen-
erallyinstalledin a cutout in the instrument

panel.A typicalpanel-mountedVHF trans-
ceiver is shownin Figure6-2-1.Othershave
certain portionsof thecommunication system
mountedon the instrument panel,and the
remainderis remotelyinstalledin a radioor

baggagecompartment.

VHF operational(ops)check.After turning
fon the radiocontrolswitch,allow sufficient
time for the equipmentto warm up before
beginningtheoperationalchecks.Usingthe
frequencyselector,selectthefrequencyof the
groundstation to becontacted.Adjustthevol-
â€˜umecontrolto thedesiredlevel.

â€˜Antennaoutputâ€”_

â€˜Antennacoupler 

 
  HFSSBtranscelver

Figure6-2-2.A HFsystembasicallyaddsan antennatuner (ortunercircu)anda differentantenna.
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Withthemicrophoneheldcloseto themouth,
pressthemicrophonebuttonandspeakdirectly
into themicrophoneto transmit.Whenyouare

finishedtalking,releasethebutton.Thisaction
returns the communicationreceiver to opera-
tion, Whenthegroundstationacknowledgesthe
initial transmission,requestthatan operational
checkbemadeon all frequenciesor channels.

HighFrequency(HF)system.An HF com-

â€˜municationsystem(Figure6-22)is usedfor

long-rangecommunication. HF systemsoper-
ate essentiallythesame as aVHFsystem,but

theyoperatein the frequencyrangefrom3
MHz to 30 MHz.Communicationsover long
distancesarepossiblewithHF radio becauseof
thelongertransmissionrange.HF transmitters
havehigherpoweroutputsthanVHFtransmit-
ters.

â€˜Thedesignof antennasusedwith HE com-

â€˜municationsystemsvary with the size and

shapeoftheaircraft.Aircraftthatcruise below
300mph.generallyuse a longwire antenna.

Higherspeedaircrafthavespeciallydesigned
antenna probesinstalledin theverticalstabi-
lizer.Regardlessof thetypeantenna,a tuner is,

usedto matchtheimpedanceof thetransceiver

totheantenna,
â€˜Anoperationalcheckof an HE radioconsists,
of turningthecontrolswitchto on, adjusting,
theRFgainandvolumecontrols,selectingthe
desiredchannel,andtransmittingtheappro-
priatemessageto thecalledstation.Bestadjust-

 Figure 6-2-3.Communicationbetweenthetugoperatorandtheobserver,whennecessary,willnormallybebyhandsignal.

â€˜mentof thegaincontrolcan beobtainedwith
thevolumecontrolsetat half range.Thegain
controlis usedto providethestrongestsignal
with the leastamount of noise. Thevolume
controlis usedto setsoundlevelandaffects
onlytheloudnessof thesignal.

OnboardAircraft
Communications
Evenin theearlydaysofaviation,communi-

Cationbetweenfightcrew andgroundcrew

personnelwas extremelyimportant.Thefirst
aircraftwere startedbyhandas thepilotsim-

plyyelledto hisgroundcrew. Handsignals
were oftenusedfor communication in times
of adversenoise conditions(Figure6-2-3).
[Asaircraftbeganto carrypassengers,they,
too,neededto be informedof certain flight
details.

Earlycrew to passengercommunication was

simplya matter of loudconversations.As ait-

craftgrewin size andcomplexity,i t became
evidentthat bettercommunicationsbetween

flightandgroundcrews, andbetweencrew-

â€˜membersandpassengerswere necessary.

â€˜Today'stransportcategoryaircraftcontain a

varietyof systems,all dedicatedto commu-

nications. Forexample,the flightcrew can

communicatewith passengers,groundcrew,
air trafficcontrol,andflightattendants.Some
systemsallow communication betweenait-

 



line operationsor maintenance facilitiesand
theaircraftcentralmaintenancesystem.Gate

changes,passengerlists,or other pertinent
datacan betransmittedandprintedusingan

onboardprinter.

Manymoderntransportcategoryaircraftalso
includean extensivepassengerentertainment

system.Entertainmentsystemsincludemulti-
channelaudioandvideoprograms.All these
passengersystemsmustbelinked totheflightcrew so thepilot(orflightattendant)can make
an announcement.

â€˜Today'stransportcategoryaircraft employ
a sophisticatedaudio systemto coordinate
communications. This section presentsan

overview of theseinformationand enter-
tainment systemsbyexaminingthe Boeing
747-400aircraft.Mostof thesystemson this,
aircraftaresimilartothoseofotherlargeair-

craft

Keepin mind,this sectionpresentsgeneral
concepts;the specificinformationfor each
aircraft must be accessedbeforeperform-
ing anymaintenance activities. For further
informationon the subjectof avionics, refer
to Avionics:SystemsandTroubleshootingbyT.K.
Eismin,availablefrom Avotek Information
Resources,

AirborneCommunications
AddressingandReporting
System(ACARS)
ACARSis a digitalair/groundcommunica-

tions service designedto reducethe amount
of voice communicationson the increasingly
crowdedVHF frequencies.ACARSallows

groundto aircraftcommunications (ina digi-
tal format)for operationalflightinformation,
suchas fuelstatus,lightdelays,gatechanges,
departuretimes,andarrival fimes.

ACARScan alsobe usedto monitor certain

engineand systemparametersand down-
link relevantmaintenancedatato theaircraft
â€˜operator.BeforeACARSwas used,thisinfor-
â€˜mationwas transmittedusingvoice commu-

nications. ACARScan bethoughtof as e-mail
for theaircraft.Becausethemessageis trans-
mitted in digitalformatvia ACARS,i t occu-

ppiesmuchlesstime on a frequencythancon-

ventionalvoice communications,andbecause
ACARSis an automatic system,transferof
informationrequiresvirtuallyno flightcrew

efforts.

â€˜TwomajorcorporationsprovideACARSser-

vices worldwide:ARINC Incorporatedand a

Frenchorganizationknownas SITA.ARINC
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Incorporatedis a globalcorporationbasedin
the UnitedStateswith primarystockholders
consistingof various U.S.and international
airlinesand aircraftoperators.ARINC pro-
videsservices relatedto a varietyof aviation
communicationandnavigationsystems.

(Oneof theservices availablethroughARINC
is calledGLOBALink.GLOBALinkis thename

of the ACARSservice providedbyARINC
Incorporated.Note that other providersof
ACARSservices in various partsof theworld;
however,ARINCandSITAprovidethemajor-
ity of the ACARSservices. In general,air-

borneequipmentdesignedto operateusing
GLOBALinkoperateswith otherACARSser-

vices throughouttheworld,

ACARS theoryof operation.Theairborne
componentsof ACARSconnect to various

sensors throughoutthe aircraft.Thesesen-

sorsareusedtodetectparameterstobetrans-
mittedbyACARS.Forexample,virtuallyall
transportcategoryaircraft transmit 0001
(Out,Off,On,andIn)data.Outstandsforout

ofthegate.ACARSuses a parkingbrake(or
similar)sensor to determineout-of-the-gate
time. Off means aircraftofftheground;this
can bedeterminedby a landing gearsensor.

On refersto theairrafttouchdownfonthe
ground).Onceagain,a landinggearsensor

â€˜andetectthisconditionandsendthe infor-
mation to ACARS.Wheni t is determined
whenthe aircraftis in thegate.ACARScould
transmit In datawhenthe parkingbrake is

set.Remember,ACARSoperatesbytransmit-

tingdigitaldata.A codeof ones and zeros

is transmittedto deliver all information.If
one were to listento ACARS,it mightsound
similarto a modemconnectingto an Internet
website.

ACARStransmits all informationusingVHE
frequencies.The airborneequipmenttrans-
mits througha VHF transceiver (typicallyin

the aircraft'sequipmentbay).Thefutureuse

of satelliteswill improveworldwidecover-

ageandenhanceACARSperformance.In the
future,more datawill betransmittedthrough
some formofACARSandit will mostlikelybe
broadcastthroughsatellites.

â€˜TheACARSairborneequipmentcontains a

controlunit, typicallyon the flightdeck,a
ManagementUnit (MU)and the necessary
VHF transceiver in an electronicsequipment
bay.Theground-basedequipmentcontains
antennas and VHF transceivers at various

sites,a datalink via telephonelinesto one or

more ACARScontrolfacilitiesanda datalink
to thevarious airlines.In some cases,thecom-

municationsbetweenACARSgroundfacilities
andtheairlinesarecarriedthroughmicrowave
transmitters or satellitelinks. Ofcourse, the
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airlineelementof ACARSis an elaboratesys-
tem of commandandcontrolsubsystemsthat
are usedfor maintenance,crew scheduling,
gateassignments,andotherday-to-dayopera-
tions,

TheACARSisdesignedto useavariety ofVHF

frequenciesfrom129.00MHz to 137.00MHz.
In North America,all ACARStransmissions

beginon 131.55MHz. TheACARSground
facilitiescan thenassigna differentVHF fre-
quency(between12900and13700MHz)to the
aircrait

Theassignedfrequencyis a functionof the
aircraft location and the VHF frequencies
usedin that area. TheACARSgroundfacili
ties then reassignnew VHF frequencies
to the aircraft ACARSas needed.Anyfre~
quencychangesare totallyautomatic and,
therefore,are unknownto theflightcrew. It
is very likelythatACARSchangesfrequen-
cies severaltimes duringa flight.
EachaircraftusingtheACARSis givena spe-
cific addresscode.Thiscodeis usedbythe
â€˜groundbasefacilitywhenevercallingtheair-

craft. Theairborneequipmentmonitors all
ACARSdatatransmissionson theirassigned
frequencyandacceptonlythosewith thecor-

rect addresscode,

SelectiveCalling(SELCAL)

SELCALisa radiosystemthatallowsan airline
â€˜operatorto communicatewith anyof his air-

planeswhiletheyare in theai.

Toreducecockpitnoise,most flightcrews turn.
the volumedownon the radiotuned to the
SELCALfrequency.Whentheoperatorwishes
to call a specificairplane,theyfirst transmit
thatairplane'sSELCALcode.Thereare 10920
codesavailable.

 Figure6-3-1. TheVORsectionofa panelmountedradiois on theright.

TheSELCALcodeconsistsof four lettersthat
serve as an identifierfor eachairplane.The
codeis usedwith an HF radiotransmitter to

basicallycommunicate with all airline type
airplanesat one time,even thoughthe mes-

sagewas meantonlyforone airplane.Thespe-
cialcodesoundsa chimein thecockpitof the
selectedairplaneonly.Thecockpitcrew then
turns up thevolumeso theycan transact their
business.

Whilethiscan seem a bit awkward,it works
fairlywell.Althoughanycockpitcrew could
listento anytransmission,in practicetheydo
not. Everybodyjustkeepsthe volumedown
unlessa chimegoesoff.Communicationwith
all transportairlinesin theairat anyone time
is instantaneousandon one RF.Manyrequests
{orinformationconcerningtheflightare trans-
mittedthisway.

Section3

AirborneNavigation
Equipment
Airborne navigationequipmentis a phrase
encompassingmanysystemsandinstruments.
ThesesystemsincludeVHF omnidirectional
range(VOR),ILS,DME,automatic direction
finders (ADE),radar beacontransponders,
Dopplersystems,and inertialnavigationsys.
tems(INS).

Whenappliedto navigation,theradioreceivers

andtransmitters handlesignalsthatare used
to determinea bearingheading,and in some

cases,distancefrom geographicalpointsor

radiostations.

WOCISSATSO
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VHE OmnidirectionalRange
(VOR)System
TheVORis an electronicnavigationsystem.
â€˜Asthe name implies,the omnidirectionalor

all-directionalrangestation providesthepilot
â€˜withcourses fromanypointwithin its service

range.It produces360usableradialsor courses,

anyone of whichis a radiopathconnectedto
the station. Theradialscan be consideredas

linesthatextendfromthe transmitter antenna
likespokesofawheel.Operationis in theVHE
portionoftheradiospectrum(frequencyrange
(of108.0MHz/11795MHz)with theresultthat
interferencefromatmosphericandprecipita-
tion static is negligible.Thenavigationalinfor-
â€˜mationis visuallydisplayedon an instrument
in thecockpit.
ThetypicalairborneVORreceivingsystem
(Figure6-3-1)consists of a receiver, visual
indicator,antennas,and a powersupply.The
antenna is most frequentlymountedon the
verticalstabilizer.In addition,a unit frequency
selectoris requiredand,in some cases,ison the
receiver unit frontpanel.Thisfrequencyselec-
tor is usedto tune the receiver to a selected
VORgroundstation.

TheVORreceiver, in additionto coursenaviga-
tion,functionsasa localizerreceiver duringILS.
operation.Also,some VORreceivers includea

â€˜lideslopereceiver in a singlecase. Regardless
of how individual manufacturersdesignthe
VORequipment,theintelligencefromtheVOR
receiver is displayedon thecourse deviationindi-
Â«ator(CD).

 

TheCDI,Figure6-32,performsseveralfunc-
tions. DuringVORoperationtheverticalnee-

dle is usedas thecourse indicator.Thevertical
needlealsoindicateswhentheaircraftdeviates
fromthecourse andthedirectiontheaircraft
â€˜mustbeturnedto attain thedesiredcourse.

TheTO-FROMindicator(notshown)presents
the directionto or fromthestation alongthe
radial. TheCDI also contains a VOR-LOC
flagalarm,Normally,thisis a smallarm that
extendsinto view onlyin thecaseofa receiver,

â€˜malfunctionor the lossof a transmittedsig-
nal.

Whenlocalizersignalsare selectedon the
receiver, theindicatorshowsthepositionofthe
localizerbeamrelativeto theaircraft,andthe
directionthe aircraftmust beturned to inter-

ceptthelocalizer.

GroundTestinga VOR

DuringVORoperationthe VORradial to be
usedis selectedbyrotatingtheomni-bearing
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 Figure6-3-2.TheCDI istheinstrumentpartof
â€˜Omninavigation, CourtofBerding

selector(OBS),TheOBSis generallyon theCDI;
however,in some installationsitis apartofthe
navigationreceiver. TheOBSis graduatedin

degreesfromzero to 360.Eachdegreeis a VOR
coursetobeflownin referenceto a groundsta-
tion.

TheFAAVORtestfacility(VOT)transmitsatest

signalthatprovidesusers a convenient means

to determinetheoperationalstatus andaccu-

racyof a VORreceiver whileon thegroundat
a VOTfacility
To use the VOTservice, tune in the VOTfre-
quencyon your VORreceiver. With the CDI
centered,the OBSshould read 0 degrees
with the to/fromindicationshowingFROM
or theOBSshouldread180degreeswith the
to/fromindicationshowingTO.Shouldthe
VORreceiver operatea radiomagneticindica-
{or (RMI),it indicates180degreeson anyOBS
setting,Two means of identificationare used.
Oneis a series of dotsandtheotheris a con-

tinuous tone. Informationconcerningan indi-
vidual test signalcan be obtainedfromthe
localFSS.

If theoperationalcheckis unsatisfactory,you
must remove theVORreceiver andassociated
instruments fromtheaircraftandhavethem
calibrated.

Instrument LandingSystem
TheILS,one of thefacilitiesof thefederalair:

ways,operatesintheVHE portionof theelec:
tromagneticspectrum.TheILScan bevisual-
izedas a slidemadeof radiosignalson which
the aircraftcan bebroughtsafelyto the run-

way.
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â€˜VoR/LOCantenna

potter
VOR/LOCrecelver

 
Frequencyselector

Giidesiopeantenna

Glidestoperecelver

Figure6-3-3,Instrumentlandingsystem.

@_â€”@1-Theindex ne definesthe
selectedradialor the selected
Course to the station.

2.TheCDIrepresentsthe selected
radialor the course to the
station.

3.TheTOflagindicatesthebearing
toward the station.lustration
left270Â°.The term FR'=(TOflag
plsdownindletes onlythat
nealrplaneIsheading

outbound
4. Thelower Indexdefinesthe

selectedradialor the selected
Course to the station.

5.TheOBSselectsa requiredradial
â€˜TheCDIrepresentsthe radial.   

Figure6-3-4,TheCDI instrumentistheprincipalindicatorforan ILS.

 
Theentire systemconsistsof a runwoaylocal-
ier, a glideslopesignal,andmarkerbeaconsfor
positionlocation.Thelocalizerequipmentpro-
ducesa radiocourse alignedwith thecenterof,
an airportrunway.

Theon-course signalsresultfromequalrecep-
tion of two signals:one containing90 Hz
â€˜modulationand the othercontaining150Hz
â€˜modulation.Onone sideof therunwaycenter
line the radioreceiver developsan outputin
whichthe150Hztone predominates.Thisareais calledthebluesector. Onthe othersideof
thecenterline,the90Hzoutputis greater.This,
area is theyellowsector.

Runwaylocalizer. The localizer facility
â€˜operatesin thefrequencyrangeof 108.0MHz
to 112.0MHz on theodd tenthsof themega-
hertzsteps,TheVORreceiver alsooperatesin
thisfrequencyrangeon theeven tenthsof the
megahertzsteps.The airborneVORreceiver

functionsas the localizerreceiver duringILS.
â€˜operation.

Glideslope.Theglideslopeis a radiobeam
that providesverticalguidanceto the pilot,
assistinghim in makingthe correct angleof
descentto the runway.Glideslopesignalsare

radiatedfrom two antennas adjacentto the
touchdownpointof the runway.Eachglides-
lopefacilityoperatesin the UHF frequency
rangefrom329.3MHz.to335.0MHz.

Theglideslopeand VOR/localizerreceivers

can beseparatereceivers or combinedin a sin-

glecase. Theglideslopereceiver is pairedto the
localizer,andone frequencyselectoris usedto
tune bothreceivers. Acomponentdiagramof
an ILSisshownin Figure6-3-3.

The information from both localizerand
glideslopereceivers is presentedon theCDI;
theverticalneedledisplayslocalizerinforma-
tionand thehorizontalneedledisplaysglides-
lopeinformation(Figure6-3-4).

Whenbothneedlesare centered,theaircraftis,

â€˜oncourse anddescendingattheproperrate. In
addition,theCDIcontains a redwarningflag
foreachsystemthatcomes into view whenthe
receiver failsor thelossofa transmittedsignal

Two antennas are usuallyrequiredfor ILS
operation.Onefor the localizerreceiver also
used for VORnavigation,and one for the
glideslope.Somesmallaircraft use a single
â€˜multi-elementantenna for both glideslope
andVOR/LOCoperation.TheVOR/localizer
antenna is normallyinstalledon the topof
the aircraftfuselageor flushmountedin the
vertical stabilizer.The glideslopeantenna
is, in most cases,installedon the nose of the
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Figure6-3-5.Markerbeaconreceiver.

aircraft. On aircraft equippedwith radar,
the glideslopeantenna is installedunderthe
radar,

Marker beacons,Markerbeaconsare usedin

connection with theILS,Themarkersare sig-
nalsthat indicatethepositionof the aircraft

alongtheapproachto therunway.Twomarke
ers are usedin eachinstallation.Thelocation
of eachmarkeris identifiedbybothan aural
tone and a signallamp.Themarkerbeacon
transmitters,operaingon fixed 75MHz fre-
quency,are placedat specificlocationsalong
the approach patternof an ILS facility, TheAntennaradiationpaternis beamedstraight
up.

â€˜Amarker beaconreceiver (Figure6-3-5)
installedin the aircraftreceives theantenna

signalsandconverts theminto powerto illu-
rminatea signallampandproducean audible
tone in a headset.Theouter markermarksthe

beginningof the approachpath.The outer
markersignalis modulatedbya 400-Hzsig-
nalthatproducesatonekeyedin longdashes.
In addition to providingauralidentification,
thesignallightsa purplelampin thecockpit.
â€˜Themiddlemarkeris usuallyabout3,500ft
fromtheendof therunwayandis modulated
at 1300Hz,whichproducesa higherpitched
tone keyedwith alternatedotsanddashes.
â€˜Anamberlampflashesto indicatethat the
aircrattis passingover themiddlemarker.

Markerlights
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Markerantenna

Earphones

Markerbeaconreceivers varyin designfrom

simplereceivers that haveno operatingcon-

trolsand no auraloutputto more sophisti-
catedreceivers thatproducean auraltone and
havean on/offswitchand a volumecontrol
to adjustthe soundlevelof the identification
code.

Wherethreelightsare used,a whitelightindi-
cates theaircraft'spositionsat various points
alongtheairways.In additionto the light,a

rapidseries of tones (sixdotspersecond)of

3,000Hazare receivedin theheadset.Distance-
â€˜measuringequipmentis rapidlyreplacingthe

along-routemarkersystem.A_3,000-Hz_tone
andwhite lightmarkerare alsobeingused
for inner markers(missedapproachpoint)on

some CategoryII ILS-equippedrunways.

â€˜TheILScannot begroundtestedfullywithout
usingtestequipmentsimulatinglocalizerand

glideslopesignals.
If an aircraftis at an airportthathasan ILS-

equippedrunway,i t can bepossibleto deter-
mine ifthe receiver is functioningbyperform-
ingthefollowing.Placetheon/offswitch(ifo
equipped)in theONposition,andadjustthe

frequencyselectorto theproperILSchannel
for theairport.
Allow sufficienttime for the equipmentto
â€˜warmup.Inastrongsignalarea,boththelocal-
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Figure6-3-6.DMEinstrumentin cockpitshowingnauticalmiles.

izer andglideslopewarningflagseitherstart
to move or gocompletelyout of view. Observe
thatbothcross pointersare deflectedto their
maximum displacement.
Someof themore sophisticatedsolid-stateILS
equipmentcontains self-monitoringcircuits
Thesecircuits can be usedfor performingan

â€˜operationaltest usingthe proceduresin the

 Figure6-3-7.DMEantenna,

aircraftor equipmentmanufacturer'sservice

â€˜manuals,

DistanceMeasuring
Equipment
the purposeof DME is o providea constant
Visualitication ofthe distancetheaerate
Froma groundsation. A DME readingis not
2 true indicationof point-topointdistanceas

treasuredover theground.DME indicatesthe
STantangebetweenthearrattandtheground
Slaion.Slantrangeerror inereases as the aie:

Craftapproachesthestation. Ata distanceof30{060nltical mileytheslantrangeerrs neg?
Tgie
DME operatesin theUHF rangeof theREspec-
trum. Thetransmittingfrequenciesare in two

groups,between962 MHz to 1024MHz and
1151MHz to1,212MHz;thereceivingfrequen-
cies are between1,025MHz and 1,149MHz.

Transmittingand receivingfrequenciesare

givena channelnumberthat is pairedwith a

VORchannel.Insomeaircraftinstallations,the
DME channelselectoris gangedwith theVOR
channelselectorto simplifythe radioopera-
tion. A typicalDME controlpanelis shownin

Figure6:3-6.

Theaircraft is equippedwith a DME trans-
ceiver, which is tuned to a selectedDME

groundstation. UsuallyDME groundsta-
tions are collocatedwith a VOR facility
(calledVORTAC).Theairborne transceiver
transmits a pair of spacedpulsesto the
groundstation. Thepulsespacingserves to

identifythesignalas a valid DME interroga-
tion. After receivingthechallengingpulses,
the groundstation respondswith a pulse
transmission on a separatefrequencyto send
a replyto theaircratt.



Whenthe airbornetransceiver receives the
signal,the elapsedtime betweenthe chal-
lengesand the replyis measured.This time
intervalis a measure of thedistancebetween
the aircraftand thegroundstation. Thisdis-
tance is indicatedin nauticalmilesbya cock-
pit instrument similar to the one shownin

Figure6-3-6.

â€˜AtypicalDMEantennais showninFigure6-3-
7.MostDMEantennashavea cover installedto

protectthemfromdamage.TheDMEantenna
is usuallya short,stubtypemountedon the
lower surfaceof the aircraft. To preventan

interruptionin DMEoperation,the antenna
â€˜mustbein apositionthatis not blankedbythe
â€˜wingwhentheaircraftis banked.Theanten-
rnas are alignedwith thecenterlineof theair-

plane.
Todetermineif theDMEoperates,turn theonJoltswitchto the on positionandselectthe
appropriatechannel.Allow sufficienttime for
theequipmentto warm up.Duringthisperiod,
thedistanceindicator,bothdigitalandpointer,
travelsfromminimum to maximum readings
(sweepor search).Whenthe DMEhaslockedona station,theindicatorstopssearchingandthe
red warningflag(ifthe indicatoris equipped
with one)disappears.In most installations,no

functionalcheckcan be madeon theground
withouta DMEtest set.VORTAC-basedDME
units are rapidlybeingreplacedbyGPSnavi-

gationunits.

AutomaticDirectionFinders
â€˜AnAutomaticDirectionFinder(ADE)is a radio
receiver equippedwith directionalantennas
thatare usedto determinethedirectionfrom
whichsignalsare received.MostADF receiv-

ers providecontrolsfor manualoperationin
additionto automatic directionfinding.When
fan aircraft is within receptionrangeof a

radiostation,the ADFequipmentprovidesa

â€˜meansof fixingthepositionwith reasonable
accuracy.TheADFoperatesin the low-and
medium-frequencyspectrumfrom 190 kHz
through1,750kHz.Thedirectionto the sta-
tion is displayed,on an indicatorin thecock-
pit,asa relativehearingto thestation,

Theairborneequipment(Figure6-3-8)consists
of a receiver,loopantenna,sense or nondirec-
tionalantenna,indicator,andcontrolunit,

â€˜MostADF receivers usedin generalaviation
aircraftare panelmounted.â€˜Theiroperating
controlsappearon thefrontof theradiocase.

MostADFsystemsuse fixed,ferritecore loops.
in conjunctionwith a rotatabletransformer
calleda resolver,or goniometer.It operates
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 Figure6-3-8. PanelmountedADF.

essentiallythesame as therotatingloop,except
that one of the windingsof the goniometer
rotates insteadof theloop.
MostADFinstallationsrequirethattheanten-
nas becalibrated

A generalprocedurefor performingan opera-
tionalcheckof theADFsystemis as follows:

1. Turnon/offswitchto theon positionand.
allowtheradioto warm up.Oninstalla-
tionsthatusetheRadioMagneticIndicator

(RMDpointerasan ADFindicator,ensure

that the switchhasbeenpositionedto

presentADFinformation(Figure6-3-9).
2. Tunetothedesiredstation.

3, Adjustthevolumeto an appropriatelevel.
4, Rotatethe loopantenna and determine

thatonlyone null is received.

5. CheckthattheADFneedlepointstoward
thestation. If theaircraftis amongbuild-
ingsor anyotherlargereflectingsurfaces,
theADFneedlecan indicatean error as a

resultofa reflectedsignal.

 Figure6-3-9.Radiomagneticindicator.
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 Figure6-3-10,Transponder.

RadarBeaconTransponder
Theradarbeacontranspondersystemis used
in conjunctionwith a ground-basedsurveil-
lanceradarto providepositiveaircraftiden-
tification directlyon the controller'sradar
scope.Everytransponderwill showa blipon.

the radarscreen. On the front of eachtran-

ponderis a button labeledIDENT.To iden-
tifya specificairplane,the radaroperator
must be in radiocontact with the pilot.He
thenasksthepilotto â€œSQUAWKIDENT.â€•The
pilotthenpushesthe IDENTbutton,andhis
radarimagetemporarilyincreases in bright-
ness. Nowthe radaroperatorknowswhohe
is talkingto andwheretheyare. Togivethat
airplaneadistinctnamefor identification,the
ATCcontrollerdirectshim to reset the four-
digitcodeon the transponder.In this way,
everythingon this radarscreenhasa differ-
ent number.Thereare 4,096possiblenumber
combinations.

Codechanges.Itisbestnottomakechangesto
a transpondercodesetting.If youshouldmake
â€˜aninadvertentselectionof codes7500,7600oF

7700youwouldcause momentaryfalsealarms
at automatedgroundfacilities.Forexample,
â€˜whenswitchingfromcode2700to code7200,
switchfirst to 2200thento 7200,NOTto 700

    
Soundwaves equallyand

lenslyspace

b

â€˜MedianspacingIf vehiclewere

stationary

CourtesyofGarmin

andthen7200.Thisprocedureappliesto non-

discretecode7500andall discretecodesin the
7600and7700series (i.e,7600-7677,7700-7777),
whichwill triggerspecialindicatorsin auto-
â€˜matedfacilities,Onlynondiscretecode7500is,

decodedas thehijackcode.

Operationalmodes.Theairborneequipment,
or transponder,receives a groundradarinterro-

gationforeachsweepof thesurveillanceradar
antennaandautomaticallysendsbackacoded
response.Civil transpondersoperatein three
â€˜modeslabeledModeA, ModeAC,andModeS,
whichis switchcontrolled.

Thethreedifferentmodesworkas follows:

â€˜+ModeAis a basicgeneralaviation tran-

sponder.It is normallyset for 1200,
the VERsettingfor a noninstrument

equippedairplane.
WithModeA,an airplanecannotnormally
flyto a controlledairportor in controlled
airspace.ModeA givestheair trafficcon-

tzoloperatoronlythe horizontaldistance
(bearing)fromtheradar.Witheachsweep,
theradarlightsupairplanesin its area of
coverageso theradaroperatorknowseach
plane'sposition.

Soundwaves equallybut
â€˜widelyspaced

   Vehicledeparting,

Figure6-3-11.Thefrequencyofsoundchangesas theambulancemoves pasttheperson,thereforedepictingtheDopplereffect.
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â€˜Correctionsignalto levelplatform
Stabilized
platform

Figure6-3-12,INSandaccelerometerson a platform,

+ Mode AC,commonlycalledMode C,
addsan altitudeindicationto the radar
image.The altitude informationcomes

from the encodingaltimeteror radio
altimeter.Nowtheradaroperatorknows
bothwhereandhowhigheachplaneis
fying

+ Mode$ is a refinementof bothModesA
andC.TheModeÂ§transpondercan take
informationfromotherModeStranspon-
dersand figureout whereotherplanes
are in relationto theairplane.Thisis part
of the TrafficAlert/CollisionAvoidance

System(TCAS)of air traffic control
â€˜TCASis coveredin thechapter,Lighting,
Warning,andUtilitySystems.

Severaldifferentmakesof aircrafttranspon-
dersare in use. Theyall performthe same

functionand are basicallythe same electri-
cally.
â€˜Themajordifferencesare in construction:either
asingleunitora controlunit forremotelyoper-atingthetransponder.

â€˜Atypicaltransponderis shownin Figure6-3-10â€˜Thefrontpanelof theillustratedtransponder
contains all theswitchesanddialsneededfor
operation.

â€˜Ashortstubor coveredstubantenna is used
for transponderoperationand is usually
mountedon the lowersurfaceof the aircrait

fuselage.
â€˜Togroundcheckthe transponder,theappro-
priatetestequipmentmust beused.Thetran-

sponderdoesnot havea builtin testfeature.

â€˜Transponderinspection.All transponders
in aircraft must be inspectedfor accurate

â€˜operationandreportingevery24months.The
inspectionrequiresspecialinstrumentation
andcan beperformedonlybya facilitythat is

FAAapprovedfor theequipment.

DopplerNavigationSystem
Dopplernavigationalradarautomaticallyand

continuouslycomputesanddisplaysground
speedanddrift angleof an aircraftin flight
withouttheaidof groundstations,wind esti-
â€˜mates,or true airspeeddata.Dopplerradardoes
not sense directionas searchradardoes.

Instead,it is speedconscious and drift con-

scious. It uses continuous carrier wave trans-
mission energyand determinesthe forward
andlateralvelocitycomponentsof theaircraft
byusingtheprincipleknownas theDoppler
effect.

â€˜TheDopplereffect,or frequencychangeof a sig-
ral,can beexplainedin termsof an approach-
inganddepartingsound.As shownin Figure
63-11,thesoundemitter is a siren on a moving
ambulanceandthe receiver is theeat of a sta-

tionaryperson.Noticethespacingbetweenthe
emitter whenit is approachingandwheni t is

departingfromthestationaryâ€™receiver. When
thesoundwaves are closelyspaced,thelistener
hearsa soundthatis higherin pitch.Thishap-
ppensbecauseasthesoundwaves move toward
you,so doesthesource. Thus,eachsoundwave

is spacedclosertogetheras the vehiclecon-

tinues movingtowardyou.Thischangesthe
frequencyand the pitchbecomeshigher.The
reverse is alsotrue. Whenthevehicleis mov-

ingaway,thedistancei t travelsis addedto the
soundwave spacingandthefrequencylowers.
Dopplerradaruses thefrequencychangephe-
nomenon justdescribed,exceptin theradarfre-quencyrange.

â€˜TheDopplerradar emits narrow beamsof
energyat one frequency,and thesewaves

of energystrike the earthâ€™ssurfaceand are

reflected.Energywaves returningfrom the
earthare spaceddifferentlythan the waves

strikingthe earth.Theearth-returnedenergy
is interceptedbythe receiver andcompared
with theoutgoingtransmitterenergy.

2nd

Distance

Computer
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Thedifference,due to the Dopplereffect,is

usedto developgroundspeedandwind drift
angleinformation,

â€˜Agroundoperationalcheckof a Dopplersys-
temconsistsofsettinga preciseairspeed,anda

deviationanglethatgivesa distance-off-course
reading.Alwaysreferto theequipmentmanu-

facturerâ€™sinstruction manualor the aircraft's
operationmanualfor the propertest proce-
dure,

â€˜ModernweatherDopplerradarcan alsoplot
â€˜windspeedanddirection,Thisis howweather
reportingstationstrackstorms,

InertialNavigationSystem
â€˜TheINS is usedon largeaircraftas a long-
rangenavigationaid.It isa self-containedsys-
tem anddoesnot requiresignalinputsfrom
groundnavigationalfacilities.The system
derivesaltitude,velocity,andheadinginfor-
mation from measurementof the aircraft's
accelerations.Twoaccelerometersarerequired,
fone referencedto northandtheotherto east.
â€˜Theaccelerometers(Figure6-3-12)aremounted
ona gyro-stabilizedunit,calledthestableplat-
form,to avert theintroductionof errors result-
ingfromtheaccelerationdueto gravity.

An INSisacomplexsystemcontainingfourbasic
â€˜components:

1. A stableplatform,whichis orientedto
maintain accelerometershorizontalto the
earth'ssurfaceandprovideazimuthori-

entation,

2. Accelerometersarrangedon theplatform
to supplyspecificcomponentsof accelera-
tion,

3, Integrators,whichreceive theoutputfrom
the accelerometersand furnishvelocity
anddistance.

 

4. A computerthatreceives signalsfromthe
integratorsandchangesdistancetraveled
to positionin selectedcoordinates.

Thediagramin Figure6-3-12showshowthese
componentsare linked togetherto solvea

navigationproblem.Initial conditionsare set
into thesystem,andthenavigationprocessis,

begun.In inertialnavigation,the term initial-
izationis usedto denotetheprocessof bring-
ingthesystemto a setof initialconditionsfrom
whichit can proceedwith thenavigationpro-
cess. Theseconditionsincludelevelingtheplat
form,aligningthe azimuthreference,setting
initial velocityandposition,andmakingany
computationsrequiredto startthenavigation,

Althoughall INSs must be initialized,the
procedurevaries accordingto theequipment
and the typeaircraftin whichit is installed.
Theprescribedinitialization proceduresare

detailed in the appropriatemanufacturersâ€™
â€˜manuals,

Fromthediagram,youcan see thattheaccel-
ferometersare maintainedin a horizontalposi-
tion to theearth'ssurfacebya gyro-stabilized
platform.As the aircraftaccelerates,a signal
fromthe accelerometeris sent to the integra-
tors.Theoutputfromthe integrators,or dis-
tance,is thenfedinto thecomputer,wheretwo.

operationsare performed.

First,a positionis determinedin relationto the

presetflightprofile,andsecond,a signalis sent
backto theplatformto positiontheaccelerom-
eterhorizontallyto theearthâ€™ssurface.Theout

putfromhigh-speedgyrosandaccelerometers,
â€˜whenconnectedto theflightcontrolsof theair-

craft,resistsanychangesin theflightprofile.

LoranARNAV System
Loranis a longrangenavigationsystemused
bymanygeneralaviation andairlineaircraft

List

Made in USA



as a backupto GPSs.Althoughan oldsystem,
Loranhastheadvantageof workingin areas

of theworldwherethereare no modernnavi-

gationalaids.Thename Loranstandsfor long
rangenavigation.
â€˜TheLoransystemwas developedfor themili-
taryduringWorldWarIl, Later,the Loran
systemfirstbecamepopularwith commercial
fisherman.Theearlyuse of the Loransys-
tem was verycomplicated.However,it soon

becametheprimarysystemformostcommer-

â€˜Astechnologyadvanced,Loran systems
becameeasier to use. In laterLoransystems,
the readouts concerninglatitudeand longi-
tudecoordinateswere madeeasier to handle
becausethe informationwas beingprocessed
bycomputerchips.Onceagain,thesiliconchip
improvedtheoperationof anotherflight sys-
tem so i t couldhandlechangingcoordinates,
whichinteractwith thedatabeingfed into an

integratedflightsystem(Figure6-3-13).
â€˜ALoranstation consistsof a radiotransmit-

tingtower and a mannedmonitoringoffice.
â€˜TheCoastGuardhasthe responsibilityfor

handlingthefunctioningof eachstationand
â€˜maintainingdual transmitters to ensure that
transmissionsare continuous. The transmit-

tingstationsare groupedin chainswith one

station setas amasterandtheothersarranged
as secondarystations. Secondarystationsare

identifiedbya letter:W:Whiskey,X:X-Ray,Y:
Yankee,Z:Zulu,andthelike.

â€˜TheLoransignalsare transmittedat lowfre-
quenciesof 100kHz. Low-frequencysignals
travel(propagate)wellover thesurfaceof the
earth.Becauseof this,i t givesthe frequen-
cies a muchgreaterrangewhencomparing
themto systemsusingVHF signals,suchas

VOR.ThisbecauseVHFsignalsare limitedto

line-of-sightuse. LFLoransignalstravelover

obstructions,whichwouldstopVHFsignals.
Oneof the excellentfeaturesof this system
{i soon aftertakeoffthepilotcan makeradio
contact with theairportto whichtheaircraft
is flyingandthedistanceawayindicatorimme-

diatelybeginsindicatingthedistanceandfly-
{ngtime awayfromtheairport.
â€˜Themaintenance requirementsof aLoransys-
tem is thattheworkmustbedonebycertified
repairstationratedformakingtherepairs.

GlobalPositioningSystem
Navigation
GPSis a satellite-basedsystemthat is capable
of providingpositionandnavigationaldata
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 Figure6-3-14.Sixgeosynchronousorbitscontain24satelites.

forground-basedandairbornereceivers. GPS

actuallydeterminesthepositionof a receiver,
or receiverâ€™santenna,to beprecise.Thenavi-

gationalcapabilitiesof GPSare determined

throughmultiplecalculationsandcompari-
son to the WorldGeodeticSystem(WGD)map.
â€˜TheWGDmapis an extremelyaccuraterel-
erence of the earth latitude and longitude.
â€˜TheGPS,therefore,provideslocationcoor-

dinatesbya latitude/longitudereference,
not with referenceto the knownlocationof,
a ground-basedtransmitter. Conventional
formsof aircraftnavigationrelyon ground-
basedtransmitters thatemploylimitedrange
and relativelylow-frequencysignals.GPS

employsultra high-frequencytransmitters
and requiresonly21 transmitters for world-
widenavigation,

â€˜TheGPSwas first implementedbythe US.

militaryin the late1970s.Throughtheearly
80s,thesystemwas testedandrefined.During
the 1980sandearly90s,the initial satellites
were replacedbymore accurateand power-
ful units.TheFAAgrantedtechnicalstandard
orders(ISOs)to severalGPSunits,whichper-
mittedinstallationon civilian aircraft.Today
manyGPSunitsareavailableandcertifiedfor
en route navigationandcan beusedforanon-

precisionIFRapproach.
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In the UnitedStates,the formalname for the
GPSis the NAVSTARGPS, Thisname was

first assignedbythe US. DeputySecretary
of Defense in 1973and the name hasstuck
ever since. TheUnitedStatesisnot theonly
country thathasdevelopeda usableGPS.The
formerSovietUnion beganimplementingits
satellitenavigationsystemcalled Glanoss
severalyears before the USSRâ€™sdemise.
Todaythe Commonwealthof Independent
States(madeupof formerSovietUnion mem:

bernations)is continuingto developits GPS.
Bothnations haveexploredthepossibilityof

combiningeffortsto reducecost and increase

worldwidecoverage.

 

GPSelements.TheNAVSTARGPSconsistsofthreedistinctelements:thespacesegment,the
controlsegment,andtheuser segment(Figure
6-3-14).Thespacesegmentconsistsofaconstel
lationof24orbitingsatellites.Twenty-oneof the
satellitesare active andthreeare sparesthat
can bemovedinto positionif an active unit
fails. Thesatellitesare eachplacedin a near

geosynchronousorbit approximately10,900

 

  15,GPSdisplayasshownon a GarminGNS530,

â€˜nm(20,200km)abovetheearth.Thesatellites
are equallyspacedaroundsix differentorbits
to provideworldwidecoverage.Eachsatellite
completesone orbitaboutevery 12hours.The
systemis designedso that a minimum of five
satellitesshouldbein view of a ground-based
user at any time,at any locationon earth.

Eachsatellitein thesystemtransmits position
andprecisetime informationon two frequen:
cies knownas LI andL2.Ll operatesat 1,575.42
MHz and 12 hasan operatingfrequencyof
1.2276MHz. Thesignalsare digitallymodu:
latedand haveabandwidthof 20MHz.or2 MHz

dependingon the typeof information that is

beingtransmitted.Theindividualsatellitesare

identifiedbytheinformationbroadcastbythe
â€˜modulatedcarrier waves. Thedigitalmodula:
tion of thecarrier is achievedthrougha process
knownasphasemodulation(PM).PM is achieved
byshiftingthephaseofthecarrier wave to rep.
resentachangeinthedigitalinformationsignal,
Toimprovereceiver receptionof faint GPSsig.
nals,eachsatelliteemploys12helicalantennas

arrangedin a tightcircularpattern.



â€˜Thecontrolsegmentof the GPSconsistsof
fiveground-basedmonitor stations,one master
controlstation(MCS),andthreegroundanten-
nas at differentsites throughoutthe world
The five monitor stations. receive/transmit
time and rangedata from various satellites
Within its region.The raw datareceivedby
theseunmannedstations is sent to the MCS
in ColoradoSprings,Colorado.TheMCScom-

putersanalyzethedataandprovidecorrection

Signalsas neededto the threegroundanten-
nas. Thesignalsare periodicallyuplinked toThesateiteandthehecesarycovrectionsae

â€˜madebythesystem'ssoftware.

When GPS was first conceived,it was

intendedthat theentire user segmentwould
berestrictedto high-accuracymilitaryappli-
cations.Today,i t wouldbe difficult to deter
mine if thereare more civilian or military
GPSreceivers in operation,Oncereleasedby
the Departmentof Defense,the divilian use

of GPShasskyrocketed,GPSis beingused

byfarmers,surveyors,archaeologists,tin

es, recreationalhikers,and,of course, ai

craftowners andpilots,Virtuallyanyonewho
needsto navigate,measure position,or deter-
mine velocitycan become.partof the GPS
User segment.Anyone can buy a GPSmoving

mapdisplayunitfortheirautomobileforithe
money.As technologyadvances,theywill be
even lessexpensive

 

â€˜Theuser segmentis typicallydesignedto
receive time and positiondatafrom four or

â€˜moresatellitesandprocessthatdatainto the
desiredoutput.The equipmentneededfor
theseoperationsis a functionof theequipment
installation(ifany),the desiredaccuracy,and
outputdata.Outputdatarangesfromsimple
displayof latitudeand longitude,to moving
â€˜mapsanddisplaysof localairportsor ground
terrain.

All GPSreceivers must have at leastthree
â€˜majorelements:

+ Control/displayunit

+ Receiver/processorcircuitry
= Antenna

â€˜Theseelementscan all be combinedin one

unit or consist of threeindividual elements.
Modernhandheldreceivers are availablefor
justa few hundreddollars.Theseunits are

completelyself-contained;however,many
are not approvedfor aircraftuse. Manyait-

craftsystemsare designedto bepermanentlyinstalledontheaircraftandofteninterfacewith
othernavigationalequipment.OnaircraftGPS.
equipment,thedisplayandreceiver processorareoftencombinedin one unit;theantenna is,

alwaysmountedon thetopof theaircraftfuse-
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lageto ensure propersatellitereception(Figure
63.15).

Theoryof operation.Twoassumptionsare

necessarytojustifytheexplanationthatfollows:
â€˜Â©Weknowexactlywhereeachsatelliteis at

anytime.

* Thedistanceto eachsatellitecan becal-
culatedbytheGPSreceiver/processor.In

reality,theexact locationofamovingsat-
elliteis easyto predict.

Oncein orbit,eachsatellitefollowsaconsistent

path.Exactsatellitepositiondatastransmitted
to the receiver as partof thesatellitemessage.
Calculatingdistancefromthesatelliteis alsoa

simplematter.Becausedistanceequalsveloc-
itymultipliedbytime,thereceiver/processor
reedonlymeasture thetime it tookfortheGPS
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signalto reachthereceiver. Thespeedat which
thesignaltraveledto the receiver is a constant
186,000miles/second(thespeedof light).Using
time andvelocityto derivedistance(range)is

knownas the time of arrival (TOA)ranging
concept.

To keepthingssimple,a two-dimensional
modelis presentedfirst(Figure6-3-16).Assume
theGPSuser segmentandall satellitesare in

â€˜onegeometricplane.In thiscase,knowingthe
distance(range)fromjust two satellitespro-
â€˜videsthelocationof theaircraft.In thisexam-

ple,theaircraftmust besomewhereon a circle
â€˜witha radiusof 30milesfromsatelliteA, and
somewhereon a circle with a radius40 miles,
fromsatelliteB,In thistwo-dimensionalmodel,
theaircraftcan be in one of two positions.To
furtherdefinethelocationof theaircraftin the
two-dimensionalmodel,a third GPSsatellite
â€˜wouldbe added.If theaircraftwas 30 miles,
fromsatelliteA, 40 milesfromsatelliteB,and
20 milesfromsatelliteC,theaircraftmust be
in position2. As we all know,realaircraftcan

 Figure63-17.(A)Radarantennain thenose ofaKingAr,(B)thecockpitCRT.

travel in threedimensions.To pinpointposi-
tion in eachof thesethreedimensions,theair-

craftmust monitor at leastfourGPSsatellites

GPSandAircraftNavigation
GPSprovidesan excellentmeans of general
navigation;however,thereare severallimita-
tions that must be addressedfor civilian air-

craftuse. ThebasicGPSservice fails to meet
thefourbasiccriteria:

â€˜=Accuracy:The differencebetweenthe
â€˜measuredpositionand the aircraft's
actualposition.Note thatGPSaccuracy
is adequatefor en route navigation,but
it fails to meet approachand landing
requirements,

â€˜=Availability:Theabilityof the system
to be usedfor navigationwheneverit is,

needed,and the abilityto providethat
service throughouttheentire flight.

â€˜=Integrity:Theabilityofthesystemto shut
itselfdownwhenitis unsuitedfornaviga-
tion or to providetimelywarningsto the
pilotof thesystemfailure.

â€˜*Continuity:TheprobabilitythatGPSser-

vice will continue to beavailablefor the
time necessarytocompletethenavigation
requirementsof theflight.

Whileaircraftare flyingon an IFR flightplan,
their en route separationis typicallymain.

tainedat 5 milesor greater.Theaccuracyof
GPSis sufficientfor civilian en route navi-

gation.GPScan easilyprovidenavigational
signalscapableof a five mileseparation+ 4

percent.However,whileflyinganapproachto

land,theaccuracylevelmust besignificantly
higher.
Thefutureof GPSaircraftnavigationdepends
â€˜onimprovedaccuracy.As for availability,the
US.governmenthasstatedthatGPSwill be
consistentlyavailableforcivilianuse.

Aircraft GPSequipment.All aircraftGPS
equipmentmust meet a minimum certifica-
tion standardthrougha TSO.However,several
units are availablethat are not TSOcertified.
â€˜Mostof theseGPSreceivers were intendedfor
non-aircraftuses suchas hiking,marine, or

automobilenavigation.In some cases,pilots
use non-ISOcertifiedequipmentas a second-
ary referenceduringVFRflights.
Thisis perfectlylegal,but onlyequipment
approvedby a'TSOmaybeusedas asource for
IERor VERnavigation.TheTSOensuresamin-

imum qualityandaccuracystandardsetbythe
FAA;therefore,it providesapprovalforaircraft
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use. In general,the majordifferencebetween
an aircraftGPSreceiver andone designedfor
â€˜marineor otheruse is thedatabase.Virtually
all aircraftGPSreceivers contain a database
of various airportsandstandardnavigational
waypoints.

â€˜Thewaypointsare enteredinto theGPScon-

trol panelusinglatitudeand longitudecoor-

dinatesor thewaypointcan beselectedfrom
the airborneGPSdatabase.Notethatcivilian
aircraftuse of GPSnavigationis limitedtoonly
{wo dimensions;however,theGPSis capableofprovidingextremelyaccuratepositiondatain

threedimensions.Verticalnavigation(altitude)
is providedbyconventionalsystems.

@ DONOTPAINT6 
Figure6-3-18.Radioaltimeter.

time intervalbetweentransmissionof radar

signalsand receptionof reflectedenergyand
uses thisintervalto representthedistance,or

range,of thetarget.

AirborneWeather
RadarSystem
Radar(radio,automatic detectionand rang-
ing)is a deviceusedto see certain objectsin

darkness,fog,or storms,as well as in clear
weather.

Rotationor sweepof the antenna andradar
beamgivesazimuthindications.Theindicator
displayshowsthearea andtherelativesize of
targets,whoseazimuthpostionis shownrela-

In adalitiontothe appearanceoftheseobjectstive tothe lineof light.
on the radarscope,their rangeand relative

ition are alsoindicated â€˜Theweatherradarincreases safetyin fight

rs thublingtheoperatorto detectorminthe
flightpathto charta course aroundthem,The
terrainmappingfacilitiesof the radarshow
shorelines.islands,and other topographical
featuresalongthe flightpath,Theseindica-
tions are presentedon thevisualindicatorin

rangeandazimuthrelativeto theheadingof
theaircraft

Radaris an electronicsystemusinga pulse
transmission of radio energyto receive a

reflectedsignalfroma target.â€˜Thereceivedsig-
nal is knownas an echo.Thetime betweenthe
transmittedpulseandreceivedechois com-

putedelectronicallyand is displayedon the
radarscopein termsof nauticalmiles.

â€˜Aradarsystem(Figure6-3-17)consistsof a An operationalcheckconsistsofthefollowing:
transceiver and synchronizer,an antenna
installedin thenose of theaircraft,a control
unit installedin thecockpit,andan indicator

â€˜orscope.

In operatinga typicalweatherradarsystem,
thetransmitterfeedshortpulsesofRFenergy
througha waveguideto the dish antenna in

thenose of theaircraft.Theantennaoscillates
to providethetypicalradarsweep.Partof the
transmittedenergyis reflectedfromobjects
in thepathof thebeamandis receivedbythe
dish antenna. Electronicswitchingsimulta-
neouslyconnects theantennato thetransmit-
ter anddisconnectsthereceiver duringpulse
transmission. Whenthe pulsetransmission
is completed,the antenna is switchedfrom
the transmitter to the receiver. The switch-
ingcycleis performedfor eachtransmitted

pulse.
â€˜Thetime requiredfor radarwaves to reach
thetargetandreflectto theaircraftantenna is,

directlyproportionalto thedistanceof thetar-

getfromtheaircraft.Thereceiver measuresthe

â€˜=Towor taxi theaircraftclearof all build-

ingsandparkedaircraft
â€˜+Applypowerto theequipmentandallow

sufficientwarm-uptime

 ilt theantenna to an upwardposition
â€˜Â©Checkthescan on theradarscopefor an

indicationof targets

CAUTION:Donot operateradarin any
â€˜mannerthatwouldallowthe transmit-
tedwaves to strikeanotherperson.High-
energyelectronicwave transmissioncan

bedangerousto humansandanimals.

RadioAltimeter
Ratioaltmetersare usedto measure the dis-
tancefromthe aircraftto theground(Figure
6-3-18).Thisis donebytransmitting RFener

to the groundandreceiving,thereflected
energya theaircraft
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Altimeterindicator

PowerRadioaltimeter 
Figure6-3-19,Radioaltimeterequipmentlayout.

â€˜Mostmodernaltimetersare pulsetype,and
the altitudeis determinedbymeasuringthe
time requiredfor the transmittedpulseto hit
thegroundandreturn. Theindicatinginstru-
â€˜mentindicatesthetruealtitudeof theaircraft,
which is its heightabovewater,mountains,
buildings,or otherobjectson the surfaceof
theearth.

 

â€˜Today'sgenerationof radioaltimetersare pri-
â€˜marilyusedduringlandingandare a Category
IL requirement.The altimeterprovidesthe

pilotwith the altitudeof the aircraftduring
approach.Altimeterindicationsdeterminethe
decisionpointto eithercontinue to land,or

executea climb-out.

A radioaltimetersystem(Figure6-3-19)con-

sistsof transceiver,normallyin an equipment
rack,an indicatorinstalledinthe instrument
panel,andtwo antennason thebellyoftheair-

craft

GroundProximityWarning,
System(GPWS)
GPWSis a systemdesignedto alertpilotsif
their aircraft is in immediatedangerof fly-
inginto thegroundor an obstacle.Thesystem
â€˜monitorsan aircraft'sheightabovegroundas,

determinedbya radioaltimeterandothersys-
tems in landingand flightconfigurations.In
a landingconfigurationa computermonitors

systemssuchas air datacomputer,ILS,land-
inggear,and flappositions.Thecomputer
thenkeepstrackof thesereadings,calculates

trends,and warns the captainwith visual
andaudio messagesif the aircraft is in any
of thefollowingdefinedflyingconfigurations,
(modes).

1. Excessivedescentrate (SINKRATE,PULL
uP)

2. Excessiveterrain closurerate(TERRAIN,
PULLUP)

3. Altitude lossaftertakeoffor with a high
powersetting(DONâ€™TSINK)

4. Unsafeterrain clearance(TOOLOW~

TERRAIN,TOO LOW - GEAR,TOO
LOW-FLAPS)

5. Excessivedeviationbelow glideslope
(GLIDESLOPE)

6. Excessivelysteepbank angle(BANK
ANGLE)

7, Windshearprotection(WINDSHEAR)
More advancedsystemsare known as

enhancedGPWS(EGPWS),sometimescalled
terrain awareness warningsystems.These
systemsimprovedover theoriginaldesignby
lookingforwardanddownto predictsteepter-
rain aheadof theaircraft.TheoriginalGPWS.
hhada weaknessthat it onlylookedstraight
down.

â€˜TheEGPWSwas now combinedwith a world-
widedigitalterrain databaseandrelieson GPS.

technology.On-boardcomputerscomparedits
locationwith a databaseof theearth'sterrain.
â€˜Theterrain displaynow gavepilotsa visual
orientation to highandlowpointsnearbythe
aircraft.EGPWSsoftwareimprovementswere

focusedon solvingtwo common problems;no

warningat all,andlateor improperresponse.
You will find thesesystemson all modern
transportaircraftandmanygeneralaviation
aircraft

EmergencyLocator
Transmitter(ELT)
An emergencylocatortransmitter(ELT)isa self-
contained,selfpoweredradio transmitter

designedto transmit a signalon the interna-
tional distressbandsof 406MHz and 121.5
â€˜MHzfor civilian use and 243MHz for the

military.
International satellites stopped_monitor-

ing12,5 MHz ELTsignalsin February2008.
COSPAS/SARSAT,the internationalmonitor-

ingorganization,choseto terminate satellite
processingof distresssignalsfrom121.5MHz
ELIs.Its stronglyrecommendedthataircraft
operatorsswitch to ELTsthat operateat 406
MHz. Onlyground-basedreceiver stations



suchas Civil AirPatrol,ATC,andairportfacili-
ties are availableto detectandrespondto the
121.5MHzsignals.
Satellitesmonitor 406MHz signals.Theycan

be encodedwith the owner'sidentification,
aircraftinformation,andthelastknownposi-
tion information,takenfromtheFMSor GPS.
at themomentof activation.Thissignificantly
reducesthenumberof falsealarmsthatoccur

everyyearandimprovesthechancesof locat-
inga downedaircraft.

ELTSconformto TSOC126or TSOC91.Testing
and inspectionrequirementsare coveredby
the manufacturer'smanualsand the guide-
lines in AC-43.131B.Specificaircraftrequire-
â€˜mentsare coveredin 14CER91.207.

Operationis automatic on impact.Thetrans-
â€˜ittercan alsobeactivatedbya remoteswitch
in thecockpitor a switchon the unit. If theG
forceswitchin thetransmitter is activatedfrom
impactin a directionparallelto thelongitudi-
nalaxis oftheairplane,itcan beturnedoffwithonlytheswitchonthecase (Figure6-3-20),

â€˜Transmitter.The transmitter can anywhere
in theaircraft,but the ideallocationis as far
aftaspossible,justforwardof theverticalfin.
It must beaccessibleto permitmonitoringthe

replacementdateofthe batteryandforarming
or disarmingtheunit. A remotecontrolarm/
disarmswitchcan beinstalledin thecockpit.

Control
charger
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â€˜Theexternalantenna must beinstalledas far
as practicablefromotherantennasto prevent
interaction amongavionics systems,
Batteries.BatteriespowerELTs.Whenacti-
vated,the batterymust be ableto furnish
powerfor signaltransmission for at least48
hours.Theusefullife of the batteryis how

longthe batterycan be storedwithout los-
ingits abilityto continuouslyoperatetheELT
for48hours.Thisusefullife is establishedby
thebatterymanufacturer;theybatterymust
bechangedor rechargedas requiredat 50
percentof thebattery'susefullife.Thisgives
reasonableassurance that the ELTwill oper-
ate if activated.Thebatteryreplacementdate
must bemarkedon the outsideof the trans-
mitter. This time is computedfromthe bat-
teryâ€™sdateof manufacture.If thesystemhas
accumulatedmore thanone hourof operation
in any12monthperiod,thebatterymust be

replaced.

 

Batteriescan benickel-cadmium,lithium,mag-
nesium dioxide,or dry-cellbatteries.Wet-cell
batterieshavean unlimitedshelflife until lig-
uid is added.At thattime,theirlifeinanELTis

regulatedthesame as drycellbatteries;change
themat 50percentofshelflife.Whenreplacing
batteries,use onlythoserecommendedbythe
manufacturerof theELT.

Do not use flashlighttypebatteriesbecause
theirconditionandusefullife are unknown,

unit â€˜Antennas

 Figure6-3.20.ELTwithon/offswitch,
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 Figure6-4-1.Radioinstallationfrombehindthepanelofa classroomtrainer.

â€˜Testing.Testingof ELTsvaries with thetype.
121.5MHz units can be manuallyactivated,
Testsshouldbeconductedduringthefirstfive
minutes of anyhourandshouldberestricted
to threeaudiosweeps.Anytime maintenance
is performedin thevicinityof theELT,a VHF
communication receiver shouldbe tuned to
121.5MHz to listenfor ELTaudiosweeps.If it
is determinedtheELTis operating,it must be
turnedoff immediately.It is advisableto coor-

dinatetestingwith thenearest FAA tower or

FlightServiceStation.

 

Donot activate406MHz.units to testthem.They
are continuouslymonitoredbysatelliteandany
activation will berelayedto searchandrescue

services. Mostunits havean internalself-test
function.â€˜Testingbeyondthatrequiresa special
testset If youdonot haveaccesstoatestset,take

theunitanauthorizeddealerortestingfacility.
Falsealarms.Falsealarmsare themost com-

mon problemwith ELTs,Batteryfailures,with
resultingcorrosion of theunit, are considered
1acompletefailure or an unwantedtransmis-
sion. Anothertypeof unwantedtransmission
is theresultofcarelesshandlingbytheaircraft
â€˜operators

â€˜Testequipment.Monitorsare availablefor
identifyingor locatingunwantedELTtrans-
missions. A miniature scanningreceiver can

>bemountedin thecockpitto warn a pilotif the
ELTis transmitting.A smallportableELTloca-
tor is oftenusedat generalaviation airportsto
findaircraftwith accidentallyactivatedtrans-
mitters.

Theoperationof a 121.5MHz ELTcan beveri-

fied bytuninga communication receiver to
thatfrequencyandactivatingtheELT.Tura the
ELToffimmediatelyuponreceivinga signalin

the communication receiver. 406 MHz.receiv-

ers are not activatedto verifyoperation.

In all maintenance and testingof ELTs,the
â€˜manufacturer'sinstructions mustbefollowed,

Section4

installingCommunication
andNavigationEquipment
TheAMT must considermanyfactorsbefore
alteringan aircraftbyaddingradioequipment.
Thesefactorsincludethe spaceavailable,the
size andweightof theequipment,andprevi-
ouslyperformedalterations.In addition,the
powerconsumptionof the addedequipment
must be calculatedto determinethe maxi-

â€˜mumcontinuous electricalload.Eachinstalla-
tion shouldbeplannedto alloweasyaccess for
inspection,maintenance,andexchangeofunits.

Installingradios is primarilymechanical,
involvingsheetmetalwork in mountingthe
radios,racks,antennas,andcontrols.Routing
the interconnectingwires, cables,antenna
leads,andsuch,is alsoan importantpartofthe
installationprocess.Whenselectinga location
for theequipment,firstconsidertheareas des-
ignatedbytheairframemanufacturer.If such
informationis not available,or if the aircraft
doesnot contain provisionsfor addingequip-
â€˜ment,selectan area thatwill carrythe loads
imposedbytheweightof theequipment,and
that is capableof withstandingtheadditional
inertia forces.

If theradiois to bemountedin theinstrument

paneland no provisionshavebeenmadefor
suchan installation,determineif thepanelis,

primarystructure beforemakinganycutouts.
â€˜fominimize the loadon a stationaryinstru-
â€˜mentpanel,installa supportbracketbetween
the rear of theradiocase or rackanda nearby
structuralmemberof theaircraft

Theradioequipmentmustbesecurelymounted
to the aircraft,All mountingboltsmust be
securedbylockingdevicesto preventloosen-
ing fromvibration.

â€œAdequateclearancebetweenthe radioequip-
â€˜mentandtheadjacentstructure must be pro-
vided to preventmechanicaldamageto elec-
tric wiring or radioequipmentfromvibration,
chafing,or shocklanding(Figure6-4-1).In a

realaircraftpaneltherewill not bethismuch
room. Clearanceandbracingare a necessity
butcanbea problemin a liveairplane.



Donot locateradioequipmentandwiring near

units containingcombustiblefluids.Whensep-
aration is impractical,instal bafflesor shrouds
to preventcontact of the combustiblefluids
with radioequipmentif a plumbingfailure

In older,privateairplanes,radioequipment
â€˜wasfrequentlymountedunderseats.FAAAC
43.13-28listsclearancesnecessary.Thebottom
of theseatmust haveat leastone inchofclear-
ance whentheseatis occupied.

Coolingandmoisture.â€˜Theperformanceand
service lifeofmostradioequipmentis seriously
limitedbyexcessive ambienttemperatures.The
installationshouldbeplannedso thattheradio
equipmentcan dissipateitsheatreadily.In some

installations,it couldbenecessaryto produce
airflowover theradioequipment,eitherwith a

bloweror throughtheuse of a venturi

Thepresenceof water in radio equipment
promotesrapiddeteriorationof theexposed
â€˜components.Somemeans mustbeprovidedto

preventwater fromenteringinto thecompart-
â€˜mentshousingtheradioequipment.

Vibration isolation.Vibrationis a continued
motion causedbyan oscillatingforce.The
amplitudeand frequencyof vibrationof the
aircraftstructure varies considerablywith the
typeofaircraft.

Radioequipmentis sensitive to mechanical
shockand vibrationand is normallyshock

Figure6-4-2. Installedavionics LRUson shockmounts.
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mountedto providesome protectionagainst
in-flightvibrationandlandingshock.

Whenspecialmounts(Figure6-4-2)areusedto
isolateradioequipmenttromvibratingstruc-
ture, theyshouldprovideadequateisolation
over the entire rangeof expectedvibration
frequencies.Wheninstallingshockmounts,
ensure that the equipmentweightdoesnot
exceedtheweight-carryingcapabilitiesof the
mounts,

Radiosinstalledin instrument panelsdo not

ordinarilyrequirevibrationprotectionbecause
the panelitself is usuallyshock-mounted.
However,makecertain thattheaddedweight
can besafelycarriedbytheexistingmounts.
In some cases,it couldbe necessaryto install
largercapacitymountsor to increase thenum-

berof mountingpoints.

Radioequipment installedon shockmounts
â€˜musthavesufficientclearancefromsurround-
ingequipmentandstructure to allowfor nor-

â€˜malswayingoftheequipment.

  
 

Periodicinspectionof the shockmounts is

required,and defectivemounts shouldbe
replacedwith the propertype.Duringthe
inspection,observethefollowingfactors:

Deterioration of
â€˜material

the shock-absorbing

â€˜=Stiffnessandresiliencyofthematerial
â€˜+Overallrigidityof themount
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com Figure6-4-3.An avionics panel(audiopanel)allowsforsimplecontrolofamultitudeofswitches.On

theleftis a MarkerBeaconindicator,andthecenterswitcheschoosetheradiothattransmits.

If themount is too stiff,it cannot provideade~
{quateprotectionagainsttheshockof landing.
If the mount is not stiffenough,it can allow
prolongedvibrationfollowingan initial shock,

Shock-absorbingmaterialscommonlyused
in shockmounts are usuallyelectricalinsu-

lators.Eachelectronicunit mountedwith
shockmounts must beelectricallybondedto
fastructuralmemberof the aircraft.Thiscan

alsobe donebyusingsheetsof high-conduc-
tivitymetal(copperyor aluminum)whereit is

impossibleto use ashortbondstrap.

AudioPanel

â€˜Mostairplaneinstallationshavemore thanone

radioinstalled.It wouldbeextremelycumber-
some to haveto disconnect/reconnectmicro-

phonesandheadsetsfromone radioto another
constantly.Theaudiopaneleases thisdifficulty.
Avionicspanel.An avionics panelis a small
electricalpanelwith eachitem of NAVCOM.
equipmentwired into it. Thisputsall on/off
switchesandall input/outputconnections in

Figure6-4-4. Variousstaticwicks/dischargers.

â€˜CourtesyofGarmin

fone convenient location(Figure6-4-3).The
avionics panelis normallywired to themain

busbar and allowsall avionics equipment
to be turnedon or off at once with a master
switch,

ReducingRadioInterference

Suppressingradiointerferenceis a taskof first
importance.Theproblemhasincreasedin pro-
pottionto thecomplexityof boththeelectrical
systemand theelectronicequipment.Almost
everycomponentof the aircraftis a possible
source of radiointerference.Radiointerference
of anykind deterioratestheperformanceand
reliabilityof the radioandelectronicsystems.
Threemethodsusedto suppressradiointerfer-

enceareisolation,bonding,andshielding,
Isolation. Isolationis the easiestand most

practicalmethodof radionoise suppression,
Thisinvolvesseparatingthe source of radio
noise fromthe inputcircuits of the affected
equipment.In many cases,the noise in a

receiver can beentirelyeliminatedsimplyby
movingthe antenna lead-inwire just a few

 



inchesawayfromthe noise source. Someof
thesourcesofradiointerferencein aircraftare

rotatingelectricaldevices,switchingdevices,
ignitionsystems,propellercontrolsystems,AC
powerlines,andvoltageregulators.
{Anaircraftcan becomehighlychargedwith
Staticelectricitywhile in fight, the aircraft
is improperlybonded,all metalpartsdo not
havethe same amount of charge.A differ
ence ofpotentialexistsbetweenvarious metal
Surfaces.Neutralizingthe chargesflowing in

pathsof variableresistancefromsuchcausesasIntermittent contactfromvibrationor moving
the contol surfacesproduceelectricaldistur
bances(noise)in theradioreceiver.

 

Bonding.Bondingprovidesthe necessary
electricalconnection betweenmetallicparts
fof an aircraft.Bondingjumpersand bond-
ingclampsare examplesof bondingconnec-

tors.Bondingalsoprovidesthelow-resistance
return pathforsingle-wireelectricalsystems.

Bondingradio equipmentto the airframe

providesa low-impedancegroundreturn
and minimize radio interferencefromstatic

electricitycharges.Bondingjumpersshould
beas shortas possibleandinstalledin such
a manner that theresistancedoesnot exceed
0.003ohm.Whena jumperis usedonlyto
reduceradio noise and is not for current-

carryingpurposes,a resistance of 0.01ohm
is satisfactory.
â€˜Theaircraftstructure is alsothegroundfor
theradio,Fortheradioto functioncorrectly,a

properbalancemustbemaintainedbetweenthe
aircraftstructureandtheantenna.Thismeans

the surfacearea of thegroundmustbe con-

stant,Controlsurfaces,forexample,can at times.
becomepartiallyinsulatedfromtheremaining
structure.Thiswouldaffectradiooperationif

bondingdid not alleviatethecondition,

Shielding.Shieldingis one of themost effec-
tive methodsof suppressingradio noise.

â€˜Theprimaryobjectof shieldingis to electri-
callycontain theRFnoise energy.In practical
applications,thenoise energyis keptflowing
alongtheinner surfaceof theshieldtoground
insteadof radiatinginto space.Usingshield-
ingis especiallyeffectivein situationswhere
filterscannotbeused.A goodexampleof this,
is wherenoise energyradiatesfroma source

and is pickedup bythe various circuits that
eventuallyconnect to the receiver inputcit-

cuits, It wouldbe impracticalto filter all the
leadsor units thatare affectedbytheradiated
noise energy;thusapplyingeffectiveshielding
at the noise source itself is preferredbecause
it eliminatestheradiated portionof thenoise

energybyconfiningit within theshieldat its

NavigationandCommunicationSystems

Ignitionwiringandsparkplugsare usually
shieldedto minimize radiointerference.If an

intolerableradionoise levelis presentdespite
shielding,it can benecessaryto providea fil-
ter betweenthemagnetoandmagnetoswitch
to reducethenoise. Thiscan consistof a single
bypasscapacitoror a combinationofcapacitors
andchokecoils.Whenthisis done,theshield-
ingbetweenthefilterandmagnetoswitchcan

usuallybeeliminated

â€˜Thesize of a filter can vary widely,depend-
ingon thevoltageandcurrent requirementsas

wellas thedegreeof attenuationdesired,

Filtersare usuallyincorporatedin equipment
known to generateradio interference,but
becausethesefillersare ofteninadequate,itis

frequentlynecessaryto addexternalfilters,

ElectrostaticDischarge(ESD)
Static dischargerwicks. Staticdischargers
are installedon aircraftto reduceradioreceiver

interference.This interferenceis causedby
corona dischargeemittedfromtheaircraftas a

resultof precipitationstatic.Coronaoccurs in

shortpulsesthatproducenoise at theRFspec-
trum, Staticdischargers,normallymountedon

thetrailingedgesofthecontrolsurfaces,wing
tips,andverticalstabilizer,dischargethepre-
cipitationstaticat pointsa criticallengthaway
fromthewingandtailextremitieswherethere
is little or no couplingof the static into the
radioantenna,

â€˜Threemajortypesofstaticdischargersare used:

1, Flexiblevinyl-covered,silver-or carbon:

impregnatedbraid

2. Semi-flexiblemetallicbraid

3. Null-field

Flexible and semiflexibledischargersare

attachedto the aircraftbymetalscrews and
shouldbeperiodicallycheckedfortightness.At
least1 inchof the inner braidof vinyl-covereddischargersshouldextendbeyondthevinylcov-

exing,Null-ield dischargers(Figure6-4-4)are

rivetedandepoxybondedto theaircraftsteuc-
ture. A resistancemeasurementfromthemount
to theairframeshouldnot exceed0.1ohm.

InstallingAircraft
Antenna Systems
An introductoryknowledgeof radio equip-
â€˜mentis a valuableassetto theaviation techni-
cian,especiallyknowledgeof antennainstalla-
tionâ€™andmaintenancebecausethe technician
oftenperformsthesetasks.
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11/2 edgedistancemin Figure6-4-6.Doublersare sometimesnecessaryon skin-mountedantenna.

â€˜Antennastakemanyformsand sizes depen-
denton thejobtheyare to perform.Airborne
antennas should be mechanicallysecure,
â€˜mountedin interference-freelocations,have
the same polarizationas thegroundstation,
andbeelectricallymatchedto the receiver oF

transmitter thattheyserve.

â€˜Toinstalla typicalrigidantenna:

1. Placea templatesimilarto thatshownin

Figure6-4-5ontheforeandaftcenterlineat the desiredlocation.Drill the mount-

ingholesand correct diameterholefor
thetransmissionlinecablein thefuselage
skin,

2. Install a reinforcingdoublerof sufficient
thicknessto reinforce the aircraftskin.
â€˜Thelengthandwidth of thereinforcing
plateshouldapproximatethe example
shownin Figure6-4-6.

3. Installtheantenna on thefuselage,mak-
ingsure thatthemountingboltsaretight-enedfirmlyagainstthereinforcingdou-
blerandthe mast is drawntightagainst
thegasket.If a gasketis not used,seal
betweenthe mast and thefuselagewith
a suitablesealer,suchas zine chromate
paste,or equal,

4. Make sure the antenna is groundedto
theairframeeitherthroughthemounting
hardwareor a separategroundingwire.

â€˜Themountingbasesof antennasvaryin shape
andsizes;however,theinstallationprocedure
is typicalandcan beusedfor most mast-type
antenna installations.

â€˜Thereinforcementto themountingarea is based
fon theprofiledragof the antenna. Thatdrag
loadis foundbyusingthefollowingformula:

1D=0.000327Â«Axv2
where

1D=dragloadin pounds

A; frontalarea ofthe antennain squarefeet

\V=sircraftspeedin mph.

â€˜Antennaeinstalledon the vertical fin could

changethe frequencyof thevibrationsof the
fin itselfIfthe unit is not a simplereplacement,
it at theleastneedsan FAA337form.A first
time installationmightrequirean engineering
approval
â€˜Transmissionlines.A transmittingor receiv-

ingantenna is connecteddirectlyto its associ-

atedtransmitter or receiver bywire or wires



thatare shielded.Theinterconnecting,shielded
wire or wires are calleda coaxialcable,which
connects theantenna to the receiver of trans-
zitter. Thejobofthetransmissionline(coaxial
cable)is to gettheenergyto theplacewhere
it is to beusedandto do thiswith minimum

energyloss.A transmissionlineconnects the
final poweramplifierof a transmitter to the
transmittingantenna,

Thetransmissionline for a receiver connects
the antenna to the first tunedcircuit of the
receiver. Transmissionlinescan varyfromonly
a fewfeetto severalfeetlong.

Transponders,DME, and other pulse-type
transceivers require transmission lines that
are preciselengths.Thecriticallengthof the
transmissionlinesprovidesminimum attenu-
ation ofthetransmittedor receivedsignal.For
thetypeandallowablelengthof transmission

lines,see theequipmentmanufactureinstal-
lationmanual

Wheninstallingcoaxialcable(transmission
lines),secure thecablesfirmlyalongtheirentire

lengthat intervalsof approximately2 ft. To
censure optimumoperation,coaxialcablesshould
not beroutedortied tootherwire bundles.When
bendingcoaxialcable,besure thatthebendis at
least10times thesize ofthecablediameter.

MaintenanceProcedures
Detailedinstructions,procedures,andspeci-
fications for servicingradio equipmentare

Flightinstruments
at

Figure6-5-1. AbasicIFRinstrumentpanelwithseparateflightandnavigationinstruments.
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in the manufacturer'soperationand service

manuals.In addition,instructions for remov-

ing andinstallingof theunits are in theMM
for the aircraft in which the equipmentis
installed.

Althoughinstallationappearsto be a simple
procedure,many radiotroublescan beattrib-
lutedto carelessnessor oversightwhenreplac-
ing radio equipment.Specificinstances are

loosecableconnections,switchedcabletermi-

nations,improperbonding,lackof or improper
safetywiring,or failure to performan opera-
tionalcheckafterinstallation.

Twoadditionalpointsfor installingequipment
needemphasis.Beforereinstallingany unit,
inspectits mountingfor properconditionof
shockmountsandbondingstraps.Afterinstal-
lation,safetywire as appropriate.

Section5

AdvancedIntegrated
NavigationInstruments
Instrument panelcomplexityincreases pilot
workload. Thisbecomesa safetyproblem
duringcriticalflightphasesin badweather.
Monitoringmultipleflightand navigation
instruments at nightin a thunderstormwhile
tryingto landan airplaneis a dauntingtask.

Navigation
Instruments

   



1
2
3.
4,
5.
6.
7
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|. GlidescopeGSflag
5. Glidescopepointer
5. Pitchscale
Fixed alrplanereference
symbol(lubberline)

 |. Inclinometer 8. V-Commandbars
Attitudetestbutton 9. CMPTRflag

. Gyroflag 10.DH light
1. Fast/SlowIndicator
12.Speedflag
13,RunwayIndicator
14,Runwayflag

Figure6-5-2.Atypicalflightdirectorindicator.

Lightaircraftandearlyairlinershavethenavi-

gationinstruments to the sideof theprimary
flightinstruments. Figure6-5-1 showsthis
typeof configuration.Notethatthepilotmust
lookbackandforthfromthefightinstruments

(airspeed,attitudegyro,altimeter,andvertical
speedindicator)to theCDI

â€˜Twocomplexanaloggaugeswere developedto
combinethesefunctions.Theseinstrumentsare

theflightdirectorindicator(FDI)andthehori-
zontalsituation indicator(HSI).TheFDIis often
calledsimplya flightdirector.Eachof these
instruments combinesboth flightinstrument
andnavigationinformationon one indicator.

â€˜Theyare very complexmechanicaldevices
and,as such,are veryexpensive.Theywere

originallyusedonlyon ailiners becauseof
theirhighcost. Lowercost units were eventu-

allydeveloped.FDIsandHSIsare now usedon.

â€˜mostturbineaircraftandmanyhigh-endrecip-
rocatingengineaircraft

FDI.AnFDIisamultifunctioninstrument that
combinesattitudeinformationfromthe gyro

horizonwith navigationinformationfromthe
VORandglideslopereceivers. Someunits also
add airspeedand altitudewarnings.Figure
6-5-2showsatypicalFDL

1. Inclinometer. â€˜Theinclinometerworks
exactlylike the ball in a turn and slip
gyro.It providesslipandskid informa-
tiontoaid in coordinatingturns.

2. Attitude test button.Depressingthetest
buttonmoves the gyro to a presetposi-
tion. Thegyro shouldindicate10Â°nose

up and20Â°rightroll,and the gyro flag
shouldappearwhenitis depressed,

3. Gyroflag.TheFDI receives its attitude
informationfroma remotegyro.Thegyro
flagappearswhenthegyro is unableto

displayaccurate attitude information.
Thiscouldbeduetoeither alackof power
to the EDIor a signalfailure fromthe
remotegyro.

4. GlideslopeGS flag.Thisflagappears
whenno glideslopesignalis presentor

theglideslopesignalis not usable.

5. Glideslopepointer.Whenthe VHSNav
receiver is tunedtoa frequencyequipped
with an ILS function,the glideslope
pointerappears.When no glideslope
is available,this pointerretracts out of

6. Pitchscale.Theflightdirectorprovides
the primarygyrohorizonattituderefer-
tence. It includesa scaleshowingtheait-

craft'spitchanglewith referenceto the
horizon.Pitchanglesof 20Â°up to 20Â°
downare visiblein Figure6-5-2.

7. Fixedairplanereferencesymbol.This
symbolprovidesthesameinformationas

the aircraftsilhouetteon a typicalgyro
horizon.It showsthepositionof theait-

craftwith referenceto thehorizon.

8. V-Commandbars.TheV-commandbarsprovidesteeringguidanceto the pilot.
Whenthe glideslopeis activate,these
indicateif theaircraftis aboveor below
the glideslope.It also provideslateral
deviationcommandguidance.

9. CMPTR flag.Thecomputeror CMPTR
flagmonitors thecomputerinputsignals.
Whenthisflagis visible,commandinfor-
â€˜mationis not reliable.Someflightdirec-
tors havethislabeledas thesteerfla.

10.DH light.TheDH or decisionheight
lightilluminateswhen aircraftreaches
thealtitudepresetbytheradioaltimeter
alertknob.Thisis knownas theMDA or

â€˜minimumdecisionaltitudelighton some

units,



11.Fast/slowindicator. Theairspeedindi-
cator hasa knob that is usedto selecta
desiredairspeed.Thispointerindicates
Whenthe aircraft is movingfasteror

slowerthanthepreselectedairspeed.
12,Speedflag.Thespeedflagmoves into

view, obscuringthe fast/slowindicator,
whenthespeedcommandindicationsarenot usable.

13.Runwayindicator. Therunwayindica-
tor showslocalizerdeviation.Thisshows
the lateralcourse deviation.As the air-

craftapproachestherunway,usingradar
altimeterinformation,therunwayindica-
tor rises towardthe centerof thedisplay
providingthe pilotwith an additional

visualcue.TherunwayindicatorinFigure6-5-2showsthattheaircraftis slightlyto
theleft of therunway.

1M,RunwayFlag,WhentheVHF NAV is not
tunedtoalocalizer,ifalocalizerfails,the
runwayindicatoris obscuredbya run-

wayflagindicatingthatits not providing
usabledata,

 

Theflightdirectorcombinesfunctionsfrom
â€˜manyinstruments and navigationsources

into one easy-to-readdisplay.It hasgreatly
reducedpilotworkload;however,itis a com-

plexand sometimes maintenance intensive

system.When troubleshootingany flight
directorsystem,ensurethat thepropermain-

tenance and troubleshootingmanualsare

used,

HSI. TheHSI combinesthe functionsof a

directionalgyrowith a VHF Nav display.Like
theFDI,it combinesmanyfunctionsinto one

instrument. A typicalHSI is shownin Figure
65.3,

1. Courseknob. Thecourse knob is used
to set thedesiredVORradialor localizer
â€˜magneticcourse. It alsosets thedigital
displayin theCOURSEwindow.

2. Glideslopepointer.The glideslope
pointeris visible when the VHF Nav
receiver is tuned to an ILSfrequency.If
glideslopeinformationis not available,
thepointeris notvisible.

3. Glideslopeflag,Theglideslopeflapindi-
cates thereliabilityof theglideslopesig-
nal.Theflagis visiblewhentheglideslope

NavigationandCommunicationSystems

6. Lubberline. Thelubberlinealignswith,
the fixed airplanereferenceand marks
thetopcenterof theHSI

7. NAV flag.TheNAVflagindicatesthereli-
abilityof the VORor LOCradialsignal.
Whentheflagis visible,thesignalis not
reliable.Thisflagis labeledVOR/LOCon

some units.

8, Miles window. DME distanceis dis-
playedin themileswindow.

9, Shutter. Theshutterobscuresthe DME
windowwhen DME informationis not
availableor is not usable.

10.HDG flag.Theheadingflagis visible

whenthecompasscardinformationis not
usable

U1,Lateral deviation bar. Thelateraldevi-
ation bar displaysthe positionof the
selectedradiocourse relativeto the ait-

planeposition.It providesthesame infor-
â€˜mationas the verticalbar on a conven-

tionalVORCDL
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i i
1. Courseknob 9. Shutter

signalis not usable
2. Glidescopepointer 10.HDGflag

4. Coursewindow.Thecoursewindowdis 3. Glidescopeflag 11.Lateraldeviationbar

playsthecourse setbythecourse knob. 4. Coursewindow 12,Headingknob
5. Coursearrow 13,Fixedalrplanereference

5. Coursearrow. Thecourse arrow indi- @ tubberiine 14.Headingmarker
catestheselectedVORradialor localizer 7. NAVfag 15.Compasscard
course relativeto thecompasscard.The &. Mileswindowcoursearrowis setbythecourse knob.

Figure6-5-3. Atypicalhorizontalsituationindicator.
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Headingknob. Theheadingknob is

usedto set the desiredheading.Some
systemscouplethisknob to theautopi-
lot. Theknob can thenbe usedto pro-
vide steeringguidanceto the autopilot
systemin theautopilotmanualsteering.
mode,

Figure6-5-4.A BeechraftKingAircorporateturbopropequippedwitha

modemFlightDirectorandHSI

13.Fixedairplanereference.Thefixedair-

planereferencerepresentsthe position
Oftheairplane.Lateraldeviation,course

andheadinginformationare all shown
relativeto thisreference.

MM.Headingmarker. Theheadingmarker
indicatesthe selectedheading.It is set
with theheadingknob.

15.Compasscard. Thecompasscardpro-
videsa continuousdisplayof theairplane
heading.Its positionis determinedbya

remotedirectionalgyro.

Figure6-5-4 showsa typicalcorporateair-

craft equippedwith a flightdirector and
HSI system.Comparethe informationdis-
playedwith the instrument panelshownin

Figure6-5-1.Bothinstrument panelsprovide
the flightcrew with the same information;
however,the advancedsystemssignificantly
reducethecrew'sworkload.

Electronic FlightInformation Systems
(EFIS).Thenext stepin developingintegrated
instrument and navigationdisplayswas the
EFIS.Thesesystemsprovideflightdirectorand
HI styledisplayscombinedwith informa-
tion fromadditionalinstruments. Thebasics
fof EFISsare coveredin chapter5,Aircraft
Instruments.

 

   

Figure65.5 showstwo typicalEFISdisplays.
Figure6-5-5(A)hastwo separatedisplays,one

for theflightdirectoranda secondfortheHSL
View (B)showsthesame typesof information
displayedon a singlescreen.

All the informationdisplayedon old style
analoggaugesis incorporatedinto the dis-
play.â€˜Thebasicflightdirectordisplayis in

the center. Both sidesof the displaypro-
vide additional flightinstrument informa-

Figure6-5-5.(A)A two screen EFISdisplay.TheFDIson theleftscreen andtheHSIson theright.(B)A singlescreen EFSdis-
play.TheFDIinformationis displayedat thetopandtheHSIat thebottom.
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Figure6-5-6. (A)showsa view oftheactualflightpath.(B)showsa layoutexampleof themaintenancepagesavailablefortrou-

bleshootingandrepairs.Bothtypesof informationare availableon theCRT.

tion, Theleft-handsideshowsthe airspeed
and includesan airspeedreferencemarker.
Theright-handsideprovidesaltitude infor-
mation. Thisincludesthe altitude,vertical
speedinformation,andan altitudereference
marker.TheHSI informationis displayedat
thebottom,

Digitalsystemsfurther automate the duties
of theflightcrew. A flightcrew can enter the
cockpitandgathera flightplanpreparedby
its company.Theentirerouteofflight,includ-
ing waypoints,navigationand communica-

tion frequencies,alternateairports,and the
destinationairportinformationare all avail-
ableat thetouchof a button.

TheEFISalso monitors severalaircraftsys-
tems. Maintenancedata can be accessedby
groundpersonnelquicklyandeasily.Figure
6-5-6 showsa typicalflightroutingandaddi-
tionalmaintenancepages.

Expectedweatherconditions,includingwinds
aloft,can alsobe enteredbeforethe flight.A
â€˜movingweathermapcan be madeto roll in

frontof thecrew to studytheweatherat alti-
tudebeforetakeoff.Weatherradarinformation
can alsobedisplayedon one of theEFISpan-
elsduringflight.Figure6-5-7showsa typical
weatherradardisplay.
Themost advancedsystemsintegratewith
the autopilotand can operatethe aircraft
fromtakeoffto landingwith no in-flightinput
fromthe pilot.Theflightmanagementcom-

puteris accessedfroma dedicatedpanel.A

typicalflightmanagementinterfaceis shown
in Figure6-5-8. Thenewest systemsadd a

mouse-typetrackballandadvancedgraphi-
cal interfacessimilar to the latestdesktop
computers,

 
Figure6-5-8,Theflightmanagementsystemis
accessedthrougha dedicatedinterface,Course
andwaypointinformationis enteredinto the
computerusingthispanel   

 



    



 

 Section1

AircraftLightingSystems
Aircraft lightingsystemsis a misnomer. Like
â€˜mostsubjectsin aircraftoperationsandmain-

tenance,a lightingsystem is actuallya col-
lectionof smallsystemsandsubsystemsthat
operateindependentlyof eachother.Eachone

is designedto performaseparatefunction.The
studyof lightingsystemsstartswithalocation,
andfollowswith a function.TheFAA require.
â€˜mentsfor aircraftlightingare spelledout in

title14oftheCodeofFederalRegulations(CFR)
23.1381/23.1401and14CFR25.1381/25.1403

ExteriorLights
Exterior lightsconsistof position(navigation)
lights,anticollisionandstrobelights,landing
and taxi lights,logolights,andwing inspec-
tion (ce)lights.Alsoclassifiedas exterior lights
are cargobay,wheelwell,andworkandservice

lightsfoundon airlineequipment.

PositionLights
For manyyearspositionlights,alsocallednavi-

gationlighis,were theminimum FAA require-
â€˜mentfor aircraftflyingat nightsee 4 CFR
91.200,

Positionlightsconsistofone red,one green,and
onewhitelight.Onmanyaircrafteachlightunit
containsa singlelampmountedon thesurface
oftheaircraft.Othertypesofpositionightunitscontain two lampsand are oftenstreamlined
into the surfaceof the aircraftstructure. An

exampleis shownin Figure71

Data collectedby
two typesof data
recordersandts

Two typesof
advisoriesissued
bytrafic alertand
callsionavoidance
systems

Componentsof
theinterphone
systemandcommon

maintenancetasks

+Locationand
functionof typesof
alveraftlighting

+ Stall,EICAS,and
â€˜otheraireraft
warningsystems

+Thefunctionof the
AdvancedCabin
Entertainment
ServiceSystem

Left.Thecockpitlayout
ofthisFalcon900 is

an exampleofaglass
cockpitin a corporate
jet.Noticethewaming
paneltotheleftofthe
centerdisplay.
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 Figure7-1-1.Wingtippositionlights.

Thegreenlightunit is alwaysmountedat the
extreme tipof therightwing. Theredunit is,

mountedin a similarpositionon theleftwing.
Thewhiteunit can beon topoftheverticalsta-

bilizer,in thetrailingedgeof therudder,or on.

thefuselagetailcone.

Thethreecolorsof lightsallowfor quickand
positivepositionidentification.For instance,
if onlya whitelightis visible,theairplaneis

headingawayfromthe viewer. A greenlight
â€˜ontheleft anda redlightontherightindicates
theairplaneis headingtowardtheviewer.
Thewingtipand tail lightsare controlledby
1 switchin thepilot'scompartment.Sometip
lightshavea Plexiglasor Luciteattachmentthat
transmitsasmallamountoflightasa visualin-

flightindicatorthattheyare working.

Manyoldernavigationlightsystemsuseda

fairlycomplicatedflashingsysteminvolving
an electricmotor-drivenswitchassemblythat
rotatedan on/offswitch.Somesmallergen-
eralaviation airplanesystemshavea system.
resemblingan automotive emergencyflasher
system.Thesesystemsbecameoutdated
whenwingtipstrobelightsbecamestandard
equipment.

Manyvariations in thepositionlightcircuits
are usedon various aircraft.Most transport
categoryairplaneshaveduallightinstallations
for redundancy.All circuits are protectedby
fusesor circuit breakers.

AnticollisionLights
Commonlycalledrotatingbeacons,al aiplanes
Certifiedfor nightflighthaveat leastone ant
Collisionlight.Manyairlinershavetwo; one

â€˜ontopandone below(Figure7-1-2),Theseare

rotatingbeamlightsthatare usuallyinstalled
â€˜ontop(orbottomif two aremounted)oftheaft
fuselage,or on topof theverticalstabilizer,in

sucha locationthatthelightdoesnotaffectthe
vision of thecrewmembersor detractfromthe
visibility of thepositionlights.
â€˜Ananticollisionlightunit usuallyconsistsof
â€˜oneor two rotatinglightsoperatedbyan elec-
tric motor. Thelightcan befixed,but mounted
underrotatingmirrors insidea protrudingred
glasshousing.Themirrors rotate in an arc, and
the resultingflashrate is between40and 100

cyclesperminute (Figure7-1-3).Theanticolli-
sion lightis a safetylightto warn otheraircraft,
especiallyin congestedareas.

 

Most olderrotatingbeaconsare drivenbyan

internalelectricmotor and a gearassembly,
but newer units are speciallydesignedstrobe
lightswith redlenses.It is becomingcommon

practiceto replaceolder,motor-drivenunits
Withthe new typewhenit is time to replace
themotor.

Rotatingbeaconshaveno specificmaintenance

procedures.However,that does not_mean
that are maintenance-free.Anticollisionlights
shouldalwaysbe examinedfor any irregu-

Figure7-1-2,Rotatingbeacon.



larities,suchas water ingestionin the rotat

ingassembly,leakingat themountingflanges,
looseor corrodedlens retainer rings,abnor.
mallynoisygearsystems,andlooseorcracked
lenses.Inspectthewiringandcheckfor loose
or corrodedgrounds.Alwaysmakesure anti
collisionlightsare installedon a switchinde.
pendentof thepositionlightingsystem,

StrobeLights
Strobelightsbecamepopularin thelate1960s
and are now requiredequipmenton all air

craft.Thesystemsare so dependableanddraw
so little powerthat theyare normallyturned
on with a separateswitch,any time the air

planeisrunning.
 

Thebrilliant whitelightemittedis mucheasier

to see thananycombinationof positionlights.
Theyare especiallygoodin inclementweather
andshowuplongbeforeanyotherlightsystem
(Figure7-4),

Operatingtheory.Allstrobelightsworksimi:

larly.A storagecapacitorconnectedacross the
flashlampis chargedfom a 300/400voltage
directcurrent (VDC)powersupply.
â€˜Anothersmallcapacitoris chargedfromthe
same powersupplyto generatea triggerpulse.
â€˜Anelectricalswitch,designedto producea

flashat the correct time, closes.Thiscauses

the chargeon the triggercapacitorto be
dumpedinto the primary of a pulsetrans.
former whosesecondaryis connectedto a

Figure7: 4, Strobelight.
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Figure7-1-3.Anticollisionlight

wire, strip,or themetalreflectorthat is close
to theflashtube.

Thepulsegeneratedbythistriggeris enough
to ionize the xenon gasinsidethe flashtube.
Thexenon gassuddenlyacquiresa low resis:

tance and the energystoragecapacitordis:

73
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Figure7-1-5.Astrobesystem,withpowersupplyandwingtiplights.

chargesthroughtheflashtube,resultingin a

burstof brilliant whitelightfor a shorttime

(Figure741-5).

Thepowersupplyrechargesthecapacitorsand
thecyclerepeats.

Strobemaintenance.Simplestrobemainte-
nance and troubleshootinginvolvesa visual
inspectiononly.Strobelightsdo not havea

maintenanceprogram.

CAUTION: As with all high-powered
lightbulbs,do not touchstrobebulbs
withyourbarehands,Oilfilmleftbehind

Figure7-1-6.Landinglightsbuiltinto theleadingedgeofthe wing,

helpsconcentrate heatandleadsto pre-
mature failure,

Visuallyinspectfor thefollowing:
â€˜+Groundconnections for corrosion and

apparentmovement thatwouldindicatealooseconnection.

â€˜=Lookat the flashtubestosee if theyare

blackeninginternally.If so,replacethem
becausetheywill fail soon.

â€˜=Checkthe flashtubesfor cracks,as well
as thelightlensesandtheirgaskets.

 



Figure7-1-7.Retractablelandinglightmounted
in theouterwingpanelofaCessna310.

CourtesyofPryCharter If a singlestrobedoesn'twork,do the fol-

lowing:
Placethe bottomof a coffeecupor similar
container againstthestrobetube.At thecup
â€˜opening,listenfor a ping,or snap,as thetrig-
getfires.Nopingmeans thateitherthewiring
hasan open,a short,or thepowersupplyis not

â€˜working.If none of thestrobelightswork,one

couldhavea groundedwire, whichcauses the

oversupplyto shutitselfof ather thanover

eat.Disconnectall strobeleadsandcyclethe
powersupply.Checkthepowersupplywith a

voltmetertoseeif t is providingpower;if itis,
reconnect thestrobeleadsone at a time until
thebadleadis located,

 

â€˜Aircraftstrobetubeshavethreecolor-coded

â€˜=Pin1 is a redwire and is theanodecon-

nection,

â€˜=Pin2 isa blackwire andis theflashtube

ground,
â€˜+Pin3isa whitewire andis thetriggerwire.

Irpins1 and3areeverjumpedforanyreason,thetriggercircult inthe powersupplywill be

destroyed

LandingLights
Landinglightsare verypowerfuland are

designedforuse duringlandingand,on some

smallerairplanes,takeoff.Theyare sealed
beamunitsthatvaryfromlampsequalto mod-
er automobileheadlights,to more than600
watts and750,000candle-powerquartzhalo-
gensealedbeamunits for largeaircraft.

Landinglightscan be locatedmidwayin the
leadingedgeof eachwing, streamlinedinto
theaitÃ©atsurfaceas showhin Figure716,or

theycanberetractable,a in Figure7-17

Lighting,Warning,andUtilitySystems

Leadingedgelights.Most smallergeneral
aviation airplaneshavea landinglightassem-

blyin thewing.It contains two lightsthatare

aimeddifferently:one for taxi andone for land-
ing.An electricalrelayis installedcloseto the

lightassemblyto eliminatelargerhighamper-
agewiringundertheinstrument panel.
Retractable lights.When the retractable

ampsare not in use,amotor retractstheminto

receptaclesin thewingwherethe lensesare

not exposedto theweather.

Whenthecontrolswitchis placedin theupper,
or extend,position(Figure7-1-8)current from
thebatteryflowsthroughtheclosedcontacts
of the switchand to the motor itself.When
the lampmechanismis completelylowered,
theprojectionat the topof thegearquadrant
opensthecircuit to themotor andcauses the
brakesolenoidto releasethebrake.Thebrakes

pushedagainstthemotor shaftbythespring,
stoppingthemotor andcompletingthelower.
ingoperation

â€˜Toretractthelandinglamp,thecontrolswitch
is placedin theretractposition.Themotor and

Relay
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Figure7-1-9.ThisGulfstreamGill hasallightson duringlanding
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  brakecircuits are completedand the landing.
lightmechanismis retracted.Retractableland
ing lightsthatcan beextendedto anyposition
are usedon some aircraft.

Manylargeaircraftare equippedwith four
landinglights,two of whichare fixedandtwo
retractable.Fixedlightsare usuallyin either
thewingrootareaor justoutboardof thefuse-
lagein theleadingedgeof eachwing.Thetwo
retractablelightsare in the lowersurface,as

shownin Figure71-9.

â€˜Taxilights.Taxi lightsare designedto pro-
vide illuminationon thegroundwhiletaxiing.
â€˜ortowingtheaircraftto or froma runway,taxi

strip,or in thehangararea.
Taxi lightsare not designedto providethe
degreeof illuminationnecessaryfor landing,
lights;150-to250-watttaxi lightsaretypicalon

manymediumandheavyaircraft
 

(Onaircraft with tricyclelandinggear,taxi

lightsare oftenmountedon thenon-steerable
partof thenose landinggear.In Figure7-1-10,

 

thesethreetaxi lights,mountedon a KingAir
190,theouter two lightspositionedat an angle
to thecenter lineof theaircraftto provideillu-
mination directlyin frontof the aircraftand
some illuminationto the rightandleft of the
aircraft'spath,
Taxi lightsare alsomountedin the recessed
areas of the wing leadingedge,oftenin the
same area with a fixedlandinglight.

Winginspectionlights.Someaircraftare

equippedwith wing inspectionlightsto illu-
minate theleadingedgeof thewingsto per-
rit observationof icing in flight.Thewing
inspectionlightsystem(alsocalledwing ice

lights)are typicallymountedlush on theout-
boardsideofthefuselage(Figure7-11),These
lightspermitvisualdetectionof ice formation
on wing leadingedgeswhile flyingat night
Theyare alsooftenusedas floodlightsduring
groundservicing,

  

 

Logolights.Logolightsare usedon larger
corporateand commercialairlineequipment.
Two lights,one on eachwingtip,shineon the
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Figure7-1-10.Commonmethodofmountingtaxi lightsis shownon thisKingAl. leelight

 Figure7-1-11.Icelightsare typicallymountedflushon thesideofthefuselage.
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aftsectionofthefuselage.Theyalsolightupthe
verticalsurfacesthatcarrytheN numbersand
companylogo.Thismakestheaircrafteasier to

seewhentaxiingandduringlandingandtake-
off as wellas advertisingtheairline.Whichever
purposeis primary,it makesairportoperations
saferbyprovidingclearrecognition.

MaintainingandInspecting
LightingSystems
Inspectingan aircraft'slightingsystemsnor-

mallyincludescheckingthe conditionand
securityof al visiblewiring,connections,ter-
minals,fuses,andswitches.A continuitylight
â€˜ormeter is usedin makingthesechecks.Many
problemscan be detectedbysystematically
testingeachcircuit forcontinuity

+ All lightcovers andreflectorsshouldbe

keptcleanandpolished.Cloudyreflectors
are oftencausedbyan air leakaroundthe
lens.

* â€˜Theconditionof thesealingcompound
around positionlightframesshould
be inspectedregularly.Leaksor cracks
shouldbefilledwith an approvedsealing.
â€˜compound,

Exercisecautionwheninstallinga new bulbin

alightassemblybecausemanybulbsfit into a

socketin onlyone position,andexcessive force
â€˜cancause an incompleteor opencircuit in

thesocketarea. Strobetubesandxenon bulbs
shouldnot betouchedwith thehands.Leaving,
fingerprintson theglassbecomesa heatsink,
â€˜overheatingthebulb,

Circuittesting,commonlyknownas trouble-

shooting,is a means ofsystematicallylocating,
faultsin an electricalsystem.Themain faults
are thefollowing:

+ Opencircuits in whichleadsor wiresarebroken
* Shortedcircuits in whichgroundedleads

â€˜causecurrent to bereturnedbyshortcuts
to thesource of power.

+ Low powerin circuits causinglights
to burn dimlyand relaysto chatter.
Electricaltroublescan developin theunit
or in thewiring.If troublessuchas these
are carefullyanalyzedand systematic
stepsare takento locatethem,muchtime
andenergycan besaved,anddamageto

expensivetestingequipmentoftencan be
avoided.

â€˜Anystandarddirectcurrent (DC)volt-ohmme-
ter (VOM)with flexibleleadsandtestprobesis

satisfactoryfor testingcircuits.

Morespecificinformationon troubleshooting
electricalcircuits is in section 19of thechap-
ter "BasicElectricityâ€•in thefirstbookof this,
series,IntroductionfoAircraftMaintenance.

 

Section2

ata Recorders
â€˜Theregulationsin 14CFRpart121requirethat
everyairplanecertifiedunder14CFRpart121
havetwo recorderson board.Oneis a cockpit
voice recorderand the other is a flightdata
recorder.Theseblind recordersare not accessi-

bleto thecrew. Therecordersare theso-called
Dlackboxesthatare actuallypaintedorangeor

yellow.Theirpurposeis to provideinforma-
tion in case ofan accident.

Datarecordingmediais designedto becrash-
worthy.In otherwords,it shouldsurvive any
crash,in anyenvironment,that is possiblefor
an airplaneto encounter.

CockpitVoice Recorder(CVR).Everycock
pitregulatedunder14CERpart121is wiredfor
sound,Severalmicrophonesare installedin the

cockpitandcan recordall voice communication
betweenthe crew members.Thecockpitvoice

recordercan alsorecordanyothersoundsthat

â€˜mightbepresent.Figure7-2-1showsa photoof,
a typicalCVRor blackbox.

MostCVRsare theolderstylemagnetictape
units andrecord30 minutes of soundson a

closedloop.At theendof 30minutes,thetape
startsrerecordingover thepreviouslyrecorded
tape.

NewerCVRsaredigital.ThedigitalCVRscan

recordup to two hoursof voice andcockpit
soundsbeforetheystartrerecording,
FlightData Recorders(FDR).FlightData
Recordersare more complex.Theirpurposeis
to recordflightandcontrolparameters,includ-
ing selectedinstrument readings.Theycan

recordfor up to 24 hours,dependingon the
â€˜modeloftheFDR.
Oldermodelsof FDRsstill in service record
on Mylartape,but current modelsuse digital
recordingmedia.Digitalmediaare capable
of recordingup to severalhundredparam
eters,thoughonly88parametersare recorded.

Examplesof itemsrecordedare thefollowing:
+ Time
* Altitude



 Figure7-2-1.A cockpitvoice recorder.

+ Airspeed
= Verticalacceleration
+ Heading
â€˜=Timeof eachradiotransmissioneitherto

or fromair trafficconteol
+ Pitchattitude

+ Rollattitude
+ Longitudinalacceleration

+ Pitchtrim position
Controlcolumnor pitchcontrolsurface
position

* Controlwheelor lateralcontrolsurface
position

â€˜+Rudderpedalor yawcontrolsurfaceposition
â€˜=Thrustofeachengine
â€˜=Positionof eachthrustreverser 

â€˜+Trailingedgeflapandcockpitflapcontrol
position

â€˜*Leadingedgeflapandcockpitflapcontrol
position
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Flightdatarecordersare blind recordersas

well;the flightcrew have no controlover

whatis recorded.Oncetheairplanestarts,the

recordingprocessis automatic.

AccidentInvestigation
â€˜ThepurposebehindCVRsand FDRsis to
aid accidentinvestigation.While i t is impor-
tant to avoid accidents,no systemis per-
fect. Accidentswill happen.â€˜TheNational

â€˜TransportationSafetyBoard(NTSB)and the
FAAhavea mandateto investigateeveryavi-

ation accident.Someinvestigationstakeupto
a yearormore

Fromthefindingsof theNTSBand theFAA,
a cause and effectfor anyaccidentcan be
identified.Thefindingstell us if an accident
was humaninducedof a mechanicalfailure.
â€˜Theinformationfromthe FDRis fed into a

flightsimulatorand pilotinvestigatorsâ€œse-

flyâ€•the trip.Mechanicalfailures can be
evaluatedfurther to determineif a re-design
or modificationof a partor assemblywould
ensure that the same thingdoesnot happen
again.
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Section3

TrafficAlertandCollision
AvoidanceSystem
â€˜Theâ€˜TrafficAlert_and Collision Avoidance
System,or TCAS,is an instrument integrated
into othersystemsin an aircraftcockpit.Itis an

â€œonboardsystemofhardwareandsoftwarethat
togetherprovidea setof electroniceyesso the
pilotcan â€œseeâ€•thetrafficsituationin thevicin-

ityof the aircraft(Figure73-1),Information

Figure7-3-1.TCASis designedto warn pilotsofthedangerof potentialcollision,

comes fromtheAir TraficControlRadarBeacon

â€˜System(ATCRBS)transponder,or froman ATC
â€˜ModeÂ§transponder.Partof theTCAScapability
is to displaytherelativepositionsandveloci-
tiesof aircraftupto 40milesaway.Theinstru-

â€˜mentsoundsan alarmwhenit determinesthat
anotheraircraftwill passtoo closelyto thesub-
jectaircraft.TCASprovidesabackupto theair

trafficcontrolsystemsseparationsafeguards.
TCASI. Thwoversions of TCASare designed
for use on differentclassesof aircraft.The
first,TCAS1,indicatesthebearingandrela-
tive altitudeof all aircraftwithin a selected

 



range(generally10 to 20 miles).Withcolor-
codedsymbols,the displayindicateswhich
aircraftposepotentialthreats.Thisconstitutes
theTraficAdvisory(TA)portionof thesystem.
Whenpilotsreceive a TA,theymustvisually
identifythe intrudingaircraftand can alter
theirplane'saltitudebyup to 300feet.TCAS1
doesnot offersolutionsbut doessupplypilots
with importantdataso that theycan deter-
imine thebestcourse of action. An illustration
of TCASrangeandaltitudecriteria showsthe
horizontaland verticaldistancesto monitor
traffic and issue advisoriesto maintain safe
separationof aircraft

TCASIL. In additionto a trafficdisplay,the
more comprehensiveTCASII providespilots
with resolutionadvisories(RA)whenneeded.
â€˜Thesystemdeterminesthecourse of eachair-

craft;climbing,descending,or flyingstraight
andlevel.TCASII thenissues an RAadvising
thepilottoexecutean evasive maneuver neces-

saryto avoidtheotheraircraft,suchas â€œClimbâ€•
or â€œDescend.â€•Ifboth planesare equippedwith
â€˜TCASII, the two computersoffercompatible
RAs.In otherwords,thepilotsdo not receive

advisoriesto make maneuvers that would
effectivelycanceleachotherout,resultingin a

continuedthreat.

â€˜TheMITRE Centerfor AdvancedAviation

Developmentwas centralto the developing
TCASdueto its work on the collisionavoid-
ance logicfor TCASIl. Thesoftwareuses the
collecteddataon the flightpatternsof other
aircraftand determinesif there is a poten-
tial collisionthreat.Thesystemdoesnot just
showtheotherplanesona displaylikearadar
screen,but offerswarningsandsolutionsin
theformofTAsandRAs.

Evolvingtechnology.Althoughairlineswere

usingthe more advancedversion of TCAS

logic,some improvementswere necessary
becausethesystemwas too sensitive in some

situations.Forinstance,thesystemissuedRAS
at finalapproach,whentrafficmightbecloser
butsafelyundercontrol.UnnecessaryTAsand
RAshadeven beentriggeredbytransponders,
â€˜onbridgesandships.
In 1992TCASlogicversion 6.04was released
to alleviatetheseproblems.DeltaAirlines,the
first carrier to voluntarilyuse the new logic,
reportedan 80 percentreductionin RAs.The

followingyear version 604A was developed
with an additionalimprovementto the logic.
Aislinesbeganequippingtheirfleetswith this,
version in 1994,

In 1997a finalchangeto theTCASlogicwas

â€˜madein version 7.Version7 logicyieldsat least
220 percentreductionin RAsover theprevious,
version. ItwasapprovedbytheRTCAstandards,
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committee andtheFAA,and i t is theversion

installedon all new aircraft.It hasalsobeen

adoptedbythe IntemationalCivil Aviation

Organization(ICAO)as theinternationalstan-
dard.Version7 is requiredfor aircraftserving
Europeanandsome othercountries. American
carriers thatflyto thesecountries are required
to upgradefrom604A to 7on theirinternational
planesandcan voluntarilyupgradetheequip-
â€˜mentintheirUS.fleets.Version7isrequiredfor
operationin WeducedVerticalSeparationMinimum

(RVSM)airspace.

Section4

WarningSystems
Asidefromstall warningsystems,discussed
later in this section,smallgeneralaviation

airplaneswith fixed landinggearhave no

â€˜warningsystems.Thoseaircraftwith retract-
ablegearsystems,however,havewarningsfor
geardown,gearin transit,andgearup.Many
twin and turbine airplaneswith reciprocat-
ingengineshavetheaddedcomplexityof fire
warningsystems.Cabinwarningsystemsare

alsoin placefor cabinpressurizationcontrols.
Theseare discussedin otherchaptersbut are

all partof thegeneralwarningsystem.A typi-
calsetof warninglightsisshownin Figure7-4-
1. Theoverheadpanelof thisHawker800XPis

mostlywarninglights.

| mat

  Figure7-4-1,An overheadpanelis thenormallocationfor warninglights.
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   Figure7-4-2.Dooropenwarningdisplay.

Whenthe size and complexityof airplanes
increase,so dothevarious warnings.Somuch
0, in fact,thatwarningsystemsonan airplane
regulatedunder14CERpart121couldfill this
entire book,if studiedin depth
Doorwarnings.Digitalcockpitsmakesome-

thingas innocuous as dooropenwarninglightsa

simplevisualitem. Withdigitaldisplays,you
donothaveto findthedoorajarlightandtryto

figureout whichone is openor not latched.The
displayshownin Figure7-4-2showsclearly
that the cabinentrance and two cargodoors
are open.

ConfigurationWarningSystems
Whilemostairplanes,includingcorporatejets,
use the same typesof warningsystems,the
differencesstart to showup whenlookingat

digitalairplanes.

With digitalinstrumentation,not onlyare

therewarningsystemsfor theactuallanding
gearupanddown,butdigitalelectronicsmake
possiblea series ofconfigurationwarningsthat

 Figure7-4-3,A micro switchoperatedbyan airflowtab is themostcom-

â€˜monstallwarningtransmitter. 

are basedon gearposition,flapposition,thro
tleposition,altitude,speed,andrate ofdescent.

Configurationwarnings.If theairplaneis,

not configuredcorrectlyforalandingor take-
off,an alarmsounds.A typicalwarningsys-
tem monitors the take-offpositionof critical
controlsurfacesystemslike stabilizertrim,
trailingedgeflap,leadingedgedevices,and
speedbrakes.Whenprimary flightcontrol
surfacesare set for a phaseof flight,suchas

landingor takeoff,the correspondingcon-

trol-surfaceindicatingsystemshowsflap/
slat position.Manyof the takeoffwarning
systemson largeraircraftselfactivate when
thrust leversare movedto takeoffposition.
Whatthealarmis,orsays,dependsonthecir~

cumstance. Table7-4-1showssome examples,
of integrationseen in configurationwarning
systems,

Initially,the amount of warningscan seem

unwieldy,but thesewarningshave saved
manylives.A largeairplanenot configured
properlyfor landing,or attemptingtakeoffin
a landingconfiguration,will more thanlikely
crash.While a misconfigurationshouldbe
caughtwhenperforminga checklist,thecon-

figurationwarningsystemworksas a backup
to keeptrackof items that mighthavebeen
missed.

 

StallWarnings
Theearlieststall warningwas the joy stick
bangingbackand forth betweenthe pilots
kneesfromthe air disturbanceover the aile-
rons justbeforethe airplanestalled.As air-

planesbecamemore sophisticated,andcontrol
surfaceswere balanced,stick-shakingbecame
lessviolent,but,didnotdisappear.
Withtodayâ€™shydraulicallyor electricallyoper-
atedcontrolsystems,aircraftmanufacturers
still use a stickshaker.Never mindthefactthat
thereis no stick,or that thecomplexcontrol
systemshaveno feel.Controlfeel is another
systemthat,in the name of safety,hasbeen
built-into todayâ€™sairplanes.Part of thesystem
of artificalcontrolfeelis shakingthestick,or

controlcolumn,justbeforea stall.

Stall WarningSystems

Stickshakersareonlyone aspectofstallwarn-

ings.Themainstayis a warningsystembased
â€˜onairflowover thewings.Thethreetypesare

basedon input.Theyare pressureinput,elec-
tricalinput,andair-datastall.

Pressureinput.Thesimpleststall warn-

ing is a tube that hasone end in the dead



System Warningsound
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Whenactivated
 

Landinggear Klaxon Whenthelandinggearis upandanythrottleis retardedbelow7096Ny.It also
soundswhenthegearis upandflapsare extendedmore than20Â°.

 

COverspeed

Speedbrake/takeotf

Cricket

Alternatinghigh/low

WhenairspeedhasexceedVibyapprox. 6knotsat 28,000ft.or below.When
theMachnumberhasexceededMby0,01Mabove26,000ft

(@Speedbrokesaredeployedwith flapsmore than22Â°or thespeedbrakesareeployedwithlandinggearextended Peed

(Â©)Takeoffisattemptedwithapsoutoftakeoffposton.
(Â©Takeoffis attemptedwithgroundspoilersdeployed.Thegroundspoilerand

â€˜mastercautionlightsalsoilluminate.

(@)Takeoftis attemptedwiththethrustreverser overcenterlinkshavingmoved
overcentertowardthedeployposition.

Oxygenâ€˜Warbling Cabinaltitudehasexceeded28,000ft. andthepassengeroxygensystemhas
activated

Engine/APUfire Bell â€˜Anengineor APUfirehasresulted.

Table7-4-1.Commonexamplesof configurationwarningindications,

air at the leadingedgeof the wing, and the
other end connectedto a flat rubbertube.
Justbefore a stall,the air flow over the
wing shifts.Thisplacesa positivepressure
on the tube andsendsit to the flat rubber
tube. Theflat tubethenmakesa soundlike
a duckcall andmeans â€œgetyour nose down
andadd some power~ NOW."At the same

time, the varying angleof incidencein the
wing shouldstart a shudderingin the wing
roots as an additionalremindertheairplane
is aboutto stall.Theinputtube is easilybent
duringgroundhandling.Themaintenance
â€˜manualshowshow to realignthe tubeusing
a template.

Electricalinput.A more common stallwarn-

ing workson the same airflow processbut
operatesa microswitchinsteadof blowinga
duckcall(Figure7-4-3).

Whentheairflowshiftsit allowstheflapperto

pitchup,closingthecircuit. Thatplacespower
fon the receiver unit on the instrument panel,
blinkinga redlightandsoundinga buzzerto
â€˜warnof an impendingstall.Shortlythereafter
the wing roots start shuddering,and a stall
wouldbeimminent.

Maintainingan electricalinputstallwarning
systemis simple:makesure theswitchunithas,
not slippedon its mountingscrews,thewires

are not chafedor broken,andthatthesystem
â€˜workswhentheswitchis tripped
â€˜Airdatastallwarning.Thethird typeofstall
â€˜warningsystemis in common use on largeait-

planes.

Digitalelectronicshavemadeair datasystems
possible.Theair datasystemgathersinforma-
tion fromvirtuallyeverysystemon the air-

plane.It collectstemperature,airspeed,baro-
metric pressure,poweroutput,flapand slat
configuration,rate of climb,and,most impor-
tantly,angleofattackindications(Figure7-4-4)Theflightcomputercomparestheseinputsto
theaircraft'sperformanceenvelope.Thecom-

puterthendeterminesif theairplanewillfly.

 Figure7-4-4.Anangleofattacksensor.
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  If thecomputerdeterminesthat theairplane
is incapableof flight,the stickstartsshaking,
thealarmgoesoff,anda loud,recordedvoice

warns: "STALLWARNINGNOSEDOWN"
repeatedly.

EuropeanAirbusairplaneswere the first fly-
by-wireairplanesthathadair datacomputers
programmedinto the flightcomputers.They
developedthe ultimatestallwarningsystem,
{All controlinputswere comparedto the air-

plane'sperformanceenvelope.Theflightcom-

puterwouldcheckwith the air datasystem
â€˜andnot letthepilotputtheairplanein a posi-
tion of stallingin thefirstplace.

EngineIndicatingand
CrewAlertSystem(EICAS)
Warnings
â€˜Anyairplanewith a glasscockpithasaddi-
tionalwarningsystems.EICASisthemain one.

Figure7-4-5showsatypicalEICAS,

EICASformats.Severaldisplayformatsare

usedbyvarious versions of EICAS.Formats

Figure7-4-5. AtypicalEICASdisplay.Noticethewarninglightson theleftofthisparticulardisplay.

ag

 

vary with aircraft model.Commonformats
include primary, secondary,and compact
modes.The primary format is shownon

the upperdisplayduringnormaloperation.
Differentcolorsare usedto displayinforma-
tion. A changein colorindicatesa changein

systemstatus. Six colorsare usedbymost
EICASdisplays.

â€˜=White is used for displayof various

scales,pointers,and digitalreadouts
whenthesystemis in thenormaloperat-
ing range.

â€˜=Red is used to indicatethat a system
has exceededa predeterminedvalue
(Redline).If a systemexceedsits limits,
the entire scale,pointer,or digitalread-
out,or anyof the three,turn red.Redis

alsousedto showcertain warningmes-

sages.
â€˜+Greenis usedto indicatenormaloperat-

ingof a system,
â€˜+Amberis usedfor certain warningmes-

sagesandsome scalemarkings.In some

cases,a systemdisplaychangesto amber
if thatsystementersthecaution range.



oeFigure7-4-6.EICASmasterwarning/caution
lightassembly.

â€˜+Magenta(pink)is usedfor certain mes-

sagesanddisplayparameters.
+ Cyan(lightblue)is usedforvarious labels

andmessages.

AlertMessages
Duringnormaloperation,EICASis usedto
alerttheflightcrew as to anyabnormalpow-
explantor airframesystemoperation.EICAS.
uses four typesofalert messages:

â€˜Â©LevelA warningmessagesare shownin

red.Thesearethemostimportantmessages.
â€˜+LevelBcautionmessagesare displayedin

amber,
+ Level C advisoriesare displayedin

amberor cyandependingon themodel
EICAS,

+ LevelDmessages,calledmemos,are dis-

playedin white,

Statusand maintenance messagesare also

shownon

somesystemsandare typicallydis
playedin whit

Warningmessages.Warningsare knownas,

level A messages.Warningsrequireimme-

diate attention and immediateaction bythe

flightcrew. LevelAfaultsincludeveryserious

failures,suchas enginefire or cabindepres-
surization, Warningsalsoactivate additional
aural andvisual annunciators on the flight
deck.Forexample,a fire bell soundsif an

enginefire occurs. Veryfew faults require
evel A warnings.

 

Caution messages.Caution messagesare

Knownas levelBalerts.CautionsappearontheEICASdisplayin amberjustbelowany level
â€˜Amessage.LevelBalertsalsocreatea distinct
audiotoneandilluminateadiscreteannuncia-

tor. Cautionsrequireimmediatecrew aware-

ness andfuturecrew action,
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Advisorymessages.Advisorymessages(level
(C)requireimmediatecrew awareness andpos-
siblefutureaction.Memosare usedfor crew

reminders.Typicallythereis no auraltone or

â€˜mastercaution/warningassociatedwith advi-
sories or memos. Forall levelsof alerts,the
most recent messageappearsat thetopof its

category.LevelA messagesappearat thetop
of thedisplay,levelB is belowlevelA,levelC
is next,andlevelD is shownon thebottomof,
thelist

Statusandmaintenancemessagesare usedto
aid the flightcrew and maintenance techni-
cians in determiningtheaircraft'sstatusbefore

dispatch.Maintenancemessagesusedin con-

junctionwith theminimum equipmentlist for
theaircraftdetermineswhatrepairs(ifany)are

requiredbeforethenext fight.
All BICAS-equippedaircraft contain two
master warning/cautionannunciators.These
annunciatorsconsistof an illuminatedswitch

assemblyon the instrument glareshield

directlyin frontof thepilotandcopilot.
â€˜Thered warningis in the tophalf of the

assemblyand the ambercaution ison the
lower portionof the assembly(Figure,7-4
6),Thewarningor caution lightsilluminate
wheneverEICASpresentsa levelA or Bmes-

sage.Ifthe assemblyis pressed,thelampsare

extinguishedandanyauralwarningis can-

celed;however,the relatedEICASmessage
remains on thedisplay.

 

It is bestnot to distractthepilotswith alert
messagesduringcertain phasesof flight.
â€˜Therefore,EICASincorporatesinhibit software
to keepalertmessagesfrombeingdisplayed
duringcriticalflightoperations,suchas land-
ingandtakeoff

 

Moreinformationon glasscockpitsandhow

theyoperateis availablein thebook,Avionics

SystemsandTroubleshooting,byTomEismin,

Section5

InterphoneSystems
â€˜Theinterphonesystemis used on trans-

portcategoryaircraft to providecommuni-

cations betweenflightcrew, groundcrew,

flightattendants,and maintenance person-
nel.Becauseof thesize of transportcategory
aircraft,communications betweendifferent
areas of the aircraft,or insideand outside
the planeare nearlyimpossiblewithout the
aid of the interphonesystem(Figure7-5-1),
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Becausemost airportsare noisy,the inter-

phonesystembecomesindispensablewhen

performingmaintenance andgroundservice

activities,

â€˜TheB747-400interphonesystemis dividedinto
foursubsystems:

* Flightinterphone
* Serviceinterphone
+ Crewcallsystem
* Cabininterphone(seesection6)

Theflightandservice interphones,as well as

the crew call system,operatein conjunction
with the audiomanagementunit. Thecabin
interphonesystemis not controlleddirectlyby
theaudiomanagementunitandis discussedin
thenext sectionof thischapter.

FlightInterphone
TheB747-400flightinterphonesystemis usedto
providecommunicationsbetweenflightcrew

membersotheraircraftoperationspersonnel,
or both.Theflightinterphone system is typi

CallyUsedforeoenmuntationsbetwenfag
crewmembers;however,the systemcanbe
interconnectedto the service andcabininter-

phoneswhenneeded,

Microphonesandheadsets.Communication
microphones(mics)and_speakers/headsets
â€˜comein severaloptions.Thecaptainandfirst
officerchoosefromthefollowing:

+ Headset(mic/earphonecombination)
+ Handheldmic

+ Oxygenmaskmic

+ Headphones
* Cabinspeaker

â€˜Theheadsetcontainsan acoustictubemic that
carries soundwaves to the transducer.The
transducerconverts thesoundwaves into an

electricalsignal,whichis sent to the pream-
plifierin the headsetcord.Theheadsetmic

is keyedbyone of threePress-To-Talk(PTT)
switches.Theheadsetearphoneis a standard
earphoneassemblythatallowsthecrewmem-

berto monitorcommunications.

Controls.Thereare13audioreceiver controls
Eachreceiver controlis dedicatedto a specific
â€˜communicationsystem.The receiver controls
are a pushon/offswitch-volumecontrolcom-

ination. Whena receiver controlis in theon

position,theassociatedgreenindicatorillumi-
nates.

Both thecaptain'sand first officerâ€™scontrol
wheelhavea two-positionPTTswitch.The
switch control is a rockerassembly(trig-
ger).Pressingthe upperportionof the trig-
gerkeysthe oxygenor headsetmic to the
Selectedcommunication system.Pressing
the lowerportionof the triggeractivates the
interphonesystemregardlessof thecommu-

nication systemselectedon theaudiocontrol

panel.

ServiceInterphone
â€˜Theservice interphonesystempermitsground
crew communicationsthroughvarious access

pointsthroughoutthe aircraft.Technicians
â€˜oftenuse thisportionof the interphonesys-
tem duringvarious maintenanceoperations.
â€˜Theservice interphonecan alsobeuseddur-
inggroundservice operations.TheB747-400
has19differentservice interphoneconnection

points.Theinterphoneconnection pointsare

combinedinto threegroups:forward,mid,
andaft. Eachinputconnection of thegroup
is paralleledandsent to theaudiomanagement
unit (AMU).

â€˜TheAMU receives inputsignalsfromtheser-

vice interphonejacks.TheAMU coordinates
interphonesystemcommunications, Theser-

vice interphoneinputsare amplifiedbythe
AMU andsentbackto theservice interphone
jacksor flightinterphonesystem(iftheservice

interphoneswitchis on).

Crew call system.The crew callsystemis
used to alert groundcrew personnelof an

interphonemessagefromthe flightcrew and
to alerttheflightcrew of a messagefromthe

groundcrew. A horn,alongwith the inter-

phonecontrolpanelis in thenose wheelwell.

Pressingtheflightdeckcallswitchsendsasig-
nal to theModularizedAvionics andWarning
ElectronicsUnit (MAWEA).MAWEAactivates,
1 chimethroughtheflightdeckspeakersand
illuminates alighton theaudiocontrolpanel
â€˜Thegroundcrew call hornsoundsany time
a flightdeckinterphonecall is madeto the

groundcrew. Thesame horn is alsousedto
alertthegroundcrew of an equipmentcooling
failure,or if the InertialReference(IR)unit is,

on andACpoweris not suppliedto theaircraft.
Ifthe IR is allowedto operateonbatterypower
only,thebatteryquicklydischarges.

InterphoneMaintenanceand
Troubleshooting
Maintenanceandtroubleshootingofthe inter-

phonesystemconsistsof wiring(connector)
problemsrelatedto thevarious systemâ€™scom-



ponents,or removingandreplacingvarious

LRUs.TheAMU containsBITEcircuitrythat
communicateswith bothCentralMaintenance

Computers(CMC.

Micsandheadsetsare itemsthatrequireregu-
lar maintenance. Theseitems are constantly
beingmoved,bounced,and droppedabout
thecabin,Thiscauses wires to shakelooseor

breakresultingin intermittentaudiotransmis-
sions. Theeasiestwayto troubleshootmics and
headsetsis to operatethesystem;shakethe
suspectunit,therelatedwiring,or both,while

listeningforproblems.Then,swapthesuspect
unit andtrythesystema secondtime. Service

interphoneconnection jacksalsoseem to be

problemcomponents.Manyof thesejacksare

exposedto the outsideenvironment and are

oftentreatedroughlybygroundpersonnel.
In mostcases,thejackbecomesloosecausing
an intermittent connection,Besure to inspect
thesecomponentscarefullywhendealingwith

interphonefaults.

Section6

AdvancedCabin
EntertainmentService
System
â€˜TheAdvancedCabinEntertainmentServiceSystem
(ACESS)is usedon theB747-400to controlfive
â€˜majorsubsystems:thepassengerentertainment
audio system,the cabininterphonesystem,
cabinlighting,the passengerservice system,
and the passengeraddresssystem.Inâ€™short,
â€˜ACESScontrolsand distributespassenger
audioandlighting.ACESSis software-driven
andallowsfor improvedcabinflexibility.That
is, ACESScan easilyreconfigurecabin audio

andvideosignalsto compensateforchangesin

cabinconfiguration.ThroughACESSsoftware,
audioandvideosignalscan bechangedforvir-tuallyanyseatingarrangement,Olderaircraft
â€˜wouldhaverequiredchangesin systemwiring
andcomponents.
ACESSis a multiplexeddigitalsystem;there-
fore,the majorityof ACCESSinformationis

transmittedon a serialdatabus.Transmissionofserialdigitaldataprovidesa greatreductionin

wiring;however,multiplexeranddemultiplexer
circuits are required.Multiplexers/demulti-
plexersare requiredat thebeginningandend
of eachaudiotransmissionroute.Becausethe
initial audiosignalsare analog,theymustbe
convertedto digitalsignalsbeforemultiplex-
ing.(Multiplexingis theprocessof converting

Lighting,Warning,andUtilitySystems| 7-17

 Figure7-5-1.Cabincommunications,lighting,andrestrooms are

controlledandmonitoredfromthispanel.

paralleldigitaldata into serialdigitaldata)
â€˜Aftermultiplexing,thedatais thentransmitted
â€˜Aftertransmission,the datais demultiplexed
(Demultiplexingis the processof converting
serialdatainto paralleldata)Thedigitalto ana-

logconverter (D/A)is thenusedto changethe

digitizedaudiointo an analogsignal.Theana-

logaudiosignalis thensent to thepassenger
headphones.Multiplexersanddemultiplexers,
as wellas analogto digital(A/D)andD/Acon-

verters,are typicallycircuitsfoundin an LRU.
â€˜Thesecircuits are notstandalonecomponents.
â€˜Thelocalarea controllers(LACS)actasadistri-
butionunit for eachof thethreemain control-
lersandsendlightingcommandsanddigitized
audiosignalsto theoverheadelectronicunits
andtheseatelectronicunits fordistributionto
the individual passengerstationsandrelated

lighting.
â€˜TheACESSOverheadElectronicUnits(OBU)
controltheoverheadspeakers,cabinlighting,
passengerreadinglights,flightattendantcall

lights,and passengerinformationlights(no
smoking,andfastenseatbeltsigns).A maxi-

â€˜mumof 31OEUscanbeconnectedto one LAC.
â€˜TheSeatElectronicUnits (SEU)are usedto
interfacewith eachseat controlfor selecting
various audiochannels,volume,readinglights,
andattendantcalllights.TheSEUalsodistrib-
tutesthe requestedaudio to eachpassenger
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headphoneconnection.OneSEUis undereach
groupof seats,and can interfacewith up to
fourseatsin a group. Amaximum of 31SEUs
can connect to one OEU.

Configurationdatabase.The configuration
databaseis thesoftwareprogramthat is used
to informACESSof thecabinlayout.ACCESS
hasseveralLRUsthatcontain theconfiguration
databasestoredin a nonvolatilememory.The
CentralManagementUnit (CMU)stores the
configurationdatabase.TheCMU alsocoor-

dinatesdatabaseloadingandstorageforother
ACESSLRUs.

â€˜Thedatabasecanbeusedto identifyitems,such
as seatingconfigurations,cabininterphonedial
codes,entertainment audiochannels,passen-
geraddressareas,and the passengeraddress
volumelevels.Thissystemprovidesflexibility
to the airline for easyreconfigurationof the
passengercompartment.The configuration
databaseis typicallymodifiedbya shoptech-
nician or theengineeringdepartmentusinga

personalcomputer.Thedatabaseis thenstored
â€˜ona35-inchfloppydiscandtransferredto the
CMUusingtheaircraft'sdataloader.After the
databasehasbeendownloadedto theCMU,
the ACESSCabinConfigurationTestModule
(CCTM)isusedto downloadthedatabasefrom
theCMUto thevarious ACESSLRUs.

CabinInterphoneSystem
â€˜TheCabinInterphoneSystem(CIS)providescom-

municationsbetweenflightattendantstations,
andfromflightattendantstations to theflight
deck.A handset,whichresemblesa telephone
receiver, is at eachflightattendantâ€™sstation.

 

Fromthe flightdeck,thepilotscan interface
with theCISusingeithertheflightdeck,hand-
setor theflightinterphonesystem.

CabinLighting
TheCabinLightingSystem(CLS)ispartofACESS.
thatcontrolsthefollowingcabinlighting:

+ Indirectceilinglights
+ Sidewallwashlights
* Directceilinglights
+ Nightlights

Fluorescenttype lightsare used for wall
wash,indirectceilinglights,andsome night
lighting.Incandescentlampsare used for
directlighting.Thecabinlightsare controlled
byflightattendantsusing the cabinsystem
modules.

TheEntertainment/ServiceController(ESC)is the
â€˜mainACESScontrolunit usedto processcabin
lightingcommands.TheLACreceive lighting
selectioncommandsfromthe CabinSystems,
Module (CSM).Thesecommandsare sent
to the ESCwheretheyare distributedto the
appropriateLACS.TheLACSthat receive the
ESCcommandssenda signalto theappropri-
ate OEU.TheOBUsthenturn on theappropri-
ate cabinlights
ACESSmaintenanceand troubleshooting.
Themaintenanceandrepairof ACESSis simi-

lar to multiplexedpassengeraddress/entertain-
â€˜ment/interphonesystemsfoundon otherair-

craft.In general,thesemultiplexedsystemsare

Seatelectronicunit

Figure7-6-1.SeatElectronicsUnits(PESvideo)locatedunderthepassengerseats.



somewhathighmaintenancesimplybecause
of their complexity.Hundredsof lightbulbs
andswitchesare linkedbymilesof wires con-

trolledbydozensof electronicunits.Withthis,

largenumberof componentscomes a massive

numberof connectorplugs.Connectorassem-

bliesareoftena weaklink in anyelectronicsys-
tem,andthelargenumberrequiredforACESS,
makesthe systemvulnerableto failures.Be
sure to carefullyinspectall suspectconnectors,
whenevertroubleshootingthesystem,

MostoftheACESSLRUsare in thecabinbehind
decorativepanelsor mountedto seatstructures.
Forexample,OverheadElectronicUnis(OEUs)are

locatedbehindceilingpanelsdirectlyabovethe
ssengerseating,Theaircraftservice manual

â€˜willprovidediagramsthatcan beusedto locate
various ACESScomponents,
(OntheB747-400,one electronicLRUis located
tundereachgeoupof passengerseats.SEUs
â€˜mountto the seat trackon the aircraftfloor

(Figure7-6-1).becausepassengersoften rest
theirfeet,or storebaggagein thisarea,SEUsare

oftenproneto wiringfailures.As passengers
â€˜moveitems (ortheir feet)near theSEUs,the
wiringcan getsnagged.Thiscauses connec-

tor problemsor wiring failuresbecauseof theexcessstressplacedonthewiting.Whenever

â€˜workingon an SEU,besure thatall thewiring
is securedcorrectlythatandall plasticcovers

arein place.Thishelpstopreventwire/connec-tor damage.

 

PassengerEntertainment
Video
â€˜ThePassengerEntertainmentSystem(PES)video
is used to displayvideo entertainment on

various monitors and projectorsthroughout
the cabin.Thesystemuses prerecordedVHS.
formattapesthat contain both the videoand
audiotracks.Thisaircraftwas deliveredwith
a VHSsystem.Manyhavebeenupgradedwith
DVDor digitalvideoandaudiosystems.The
basicsystemarchitectureis similarregardless
of the videotechnologyused.Theaudiodata
is transmittedto the passengeraddresscon-

trollerfor broadcastover cabinspeakers,or to
theEntertainment/ServiceController(ESC)for
distributionto passengerheadphones.
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Architecture.The VideoSystemControlUnit
(WSCU)is the majorcontrolanddistribution
unit for the entertainmentvideo signals.The
VSCUreceives video andaudioinputsfrom
the VideoTapeReproducer(VTR)and a dis-
cretesignalfromthedecompressionrelay.The

decompressionrelaymonitorsforsuddencabindecompression.In the event thatcabinpres-
sure is los,all video is automaticallyturned
off.TheVSCUsendscontrolsignalsto theVIR
forautomaticoperationof thetapeunit.

TheVSCUis locatedunderthe stairwayto
the upperdeckin the VideoControlCenter
(VCC).'A maximum of two videotaperepro-
ducerswill alsobelocatedin theVCC.Storage
for videocassettesandothermaterialsi also
locatedin theVCC.

Control.All videosystemoperatingcontrols
are locatedon thefrontpanelof theVSCU.

Maintenance and troubleshooting.The
PESvideosystemis a relativelysimplesys-
tem to maintain, Whenevertroubleshooting
the system,alwaysrememberwhich LRUs
controlandfeeddatato the unit in question.
Forexample,if severalmonitors are inopera-
tive,itismost likelythatthearea VDUwhich
feedsthosemonitors is defective.Remember
the VSCUcontrolsthe signalsto the VDU.
â€˜Therefore,if the VDU doesnot repairthe
system,the associatedwiringor the VSDU
should be suspected.In most cases, the
LRUsare simplyswappedwith other units
to troubleshootthe system.Connectorpins
are alsolikelyfaultareas. Besure to inspect
all electricalconnections relatedto thefailed
system,

 

LikeahouseholdVCR,thevideotapereproducer
periodicallyrequirescleaning,adjustment,or

beltreplacement.Thisis donein a service shop
and the line techniciansimplyremoves and

replacestheVTR.Boththevideomonitorsand
theprojectionunitshavevarious adjustmentsto

improvepicturequality.Brightness,colorinten-sity,hue,andverticalholdare typicallyavail-
ableon eachmonitor andprojector.Theprojec-
tion units alsohavesharpnessandconvergence
controlsto adjustthepictureclarity.Theappro-
priateservice informationdescribestheadjust-
â€˜mentofthesecomponents.
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 Section1

FireProtectionBasics

Becausefire is one of the most dangerous
threatsto an aircraft,thepotentialfirezones of
largeraircraftareprotectedbya fixedfire pro-
tection system.A firezone is an area or region
of an aircraftdesignedbythe manufacturer
to requirefire detectionor fireextinguishing
equipment,or both,anda highdegreeof inher-
ent fire resistance.Theterm fixeddescribesa
permanentlyinstalledsystemin contrast to

anytypeof portablefireextinguishingequip-
â€˜ment,suchas a hand-heldcarbondioxide(CO;)
fireextinguisher.
A completefire protectionsystemon mod-
ern aircraftandon manyoldermodelaircraft
includebotha fire detectionanda fire extin-

guishingsystem,

Toidentifyfiresor overheatconditions,detectors
are placedin thevarious firezones to bemoni-

tored,Theseunits can detecttemperaturesabove
a presetlevelrapidrise in temperature,or sense

thepresenceof flames.Thesetypesofdetectors
are bestsuitedforuse in enginecompartments,

Othertypesofdetectorsare alsousedin aircraft
fire protectionsystems.Forexample,smoke
detectorsarebettersuitedto monitor areas such
as baggagecompartments,where materials
burnslowlyor smolder.Detectorsin thiscat-

egoryalsoincludecarbonmonoxide(CO)detec-
tors andchemicalsamplingequipmentcapable
ofdetectingcombustiblemixtures thatcan lead
to accumulationsofexplosivegases.

Additional information on fire protection,
safety,andfireextinguishersare in theâ€œSafety

+Fire protection
basics

Detectionsystem
requirementsand
â€˜commendetection
methods

+ Routinevisual
inspectionandmain-
tenancetrouble-
shootingpractices

Propertiesoffre
â€˜extinguishingagents,
typesof systems,
andinspection
andmaintenance
practices

+ Fireprevention
andprotection
includingcommon

hazardsandtypes
anduses of hand-
heldextinguishers

Left.Witha varietyof
sensingdevices,each
tailoredto a specific
environment,today's
firewarningand
extinguishingsystems
are betterandmore

dependablethanever

before.TheFreon

agents,containedin
thisBoeing737fire
bottleinstallation,are

excellentextinguis-
hants.
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and GroundHandling"chapterof Aircraft
StructuralMaintenance.
FireZones

Compartmentsare classifiedinto fire zones

accordingto theairflowthroughthem.These
classificationsdeterminethetypeof detection

andextinguishingequipmentusedinthatarea,
ClassA zones. ClassA zones are thosewith
largequantitiesof air flowingpastregular
arrangementsofsimilarlyshapedobstructions.
â€˜Thepowersectionof a reciprocatingengineis,

usuallyof thistype.

ClassB zones. ClassB zones are thosewith

largequantitiesofair flowingpastaerodynami-
callycleanobstructions.Heatexchangerducts
andexhaustmanifoldshroudsare usuallyofthis
type(Figure8-14)Also,zones wheretheinside

of the enclosingcowlingor otherclosureis

â€˜smooth,freeofpockets,andadequatelydrained,
so leakingflammablescannotpuddle,areofthistype.Turbineenginecompartmentsmaybecon-

sideredin thislassifenginesurfacesareaerody-â€˜namicallycleanandallairframestructuralform-
ers are coveredbya fireprooflinerto produceanSerodjnamicalydeanenclosuresurace

ClassC zones. ClassC zones haverelatively
smallair flow.An engineaccessorycompart
â€˜mentseparatedfromthepowersection is an

â€˜exampleof thistypeofzone.

Figure8-1-1.Thisar-cycle

ClassD zones. ClassDzones haveverylittle
for no air flow.Theseincludewingcompart
â€˜mentsandwheelwellswherelittle ventilation
is provided,
ClassX zones. ClassX zones are thosewith

largequantitiesofairflowingthroughthemand
are of unusualconstructionmakinguniform
distributionof theextinguishingagentverydif-
ficult.Zoneswith deeplyrecessedspacesand

pocketsbetweenlargestructuralformersare

Ofthistype.Testsindicatethatthequantityof
agentsrequiredfor puttingout a fire is double
thatofClassA zones..

Section2

FireDetectionSystems
Consideringthesize andsophisticationofmod-
ern aircraftand the normalworkloadof the

pilotand flightcrew, it is possiblethat a fire
couldbewelldevelopedbeforebeingnoticed.
Firedetectionsystemsare capableofmonitoring
â€˜manyareas at thesame time.Thiscan include
baggagecompartments,wheelwells,andother
areas notvisibleto thecrew. Detectionunits are

installedwheretherearegreaterpossibilitiesofa fire.Thesesystemsare designedto signalthe
presenceof a fireearlyenoughto providethe
bestopportunityforextinguishingit.

   conditioningsystemin a Boeing757 is an exampleofa Class&firezone.

Virtuallyeveryductin thisphotographhasan overheatsensor.



FireDetectionMethods
Firescan be detectedbycrew or passenger
observationor usingdetectorsemployinga

varietyof technologies.Thecompleteaircraft
fire protectionsystemoftenincorporatessev-

eralof thesedetectionmethods.

â€˜Systemrequirements.Theidealfiredetection
systemincludesas manyof thefollowingfea-
tures as possible:

* Doesnot cause falsewarningsunderany
flightor groundoperatingconditions

+Rapidindicationof a fireandaccurate
locationof thefire

* Accurateindicationthatafire is out

+Indicationthata firehasreignited
* Continuousindicationfordurationofa fire

+ Meansforelectricallytestingfiredetector
systemfromtheaircraftcockpit

* Detectorsthatresistexposuretooil,water,
vibration,extremetemperatures,and
maintenancehandling,

* Detectorsthatare lightweightandeasily
adaptableto anymountingposition

* Detectorcircuitrythatoperatesdirectly
fromtheaircraftpowersystemwithout
inverters

+ Minimumelectricalcurrent requirements
â€˜whennot indicatinga fire

+ Actuatesa cockpitlightindicatingthe
locationof thefireandan audiblealarm
system

*A separatedetectionsystemforeachengine

â€˜Commontypes.Severaldetectorsor sens-

ingdevicesareavailable,andtheAMT should
be familiarwith thosemost commonlyseen.

Manyoldermodelaircraftare equippedwith
some typeofthermalswitchsystemor thermo-

couplesystem.

â€˜Thermalswitch system.Thermalswitch,or

spotdetector,systemsare madeup of one or

more lightsand an audiblewarningdevice.
â€˜Theyare poweredbythe aircraftelectrical
powersystem.Thermalswitchestriggerthe
warningdevice.Theseunit overheatdetec-
tors are heatsensitivedevicesthatuse contacts,
â€˜mountedon a bimetallicstripto completethe
circuit at a certain temperature.Nonadjustable
units are availablewith factoryfixedsettings
from100Â°Fto 1,000Â°F.Adjustableunitsarealso.availablefor temperaturesthroughoutthis
range.
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Thethermalswitchsystemuses a bimetallic
thermostatswitch,of spotdetector,similar
to thatshownin Figure8-2 and8-22. Each
detectorunit consistsof a bimetallicthermo-
switch.Mostspotdetectorsare dual-terminal
thermoswitches.

Thenumberof thermalswitchesin thesystem
is determinedbythemanufacturerandis nor-

mallycoveredbysize of thearea to becovered.
In some installations,onlyone switchis used
in thesystem.

Figure8-2-3showsthattheswitchesare wired
in parallelwitheachother,but in series withthe
warningdevice.Whenthetemperaturerises to

      vail

Veg
ge
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Figure8-2-1.Fenwalspotdetector.

Figure8-2-2.Adjustabletypespotdetector.
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Figure8-2-3.Thermalswitchfiredetectioncircuit.

thepresetlevel,theswitchclosescausingthe
Circuit to becomplete,andthewarningdevice
to activate.Thesedetectorscanbeconnectedin

single-wiregroundedcircuits or double-wire
circuits. In eithersystem,eachdetectoroper
atedindependentlyso thatan openin a system.
conductordoesnotdisablethedetectionsystem,
Double-wiresystemsadd protectionagainst
falsealarmsdueto wire grounding.
â€˜Adouble-wiresystemis illustratedin Figure
8.2.4.Asshownherethesystemcan withstand
one fault,eitheran electricalopencircuit or a

shortto ground,withoutsoundinga falsefire
â€˜warning,A doublefaultmustexistbeforeafalse
firewarning can occur. In case of a fireof over-

heatcondition,thespotdetectorswitchcloses
andcompletesa circuit to soundan alarm,

â€˜Alarm,
â€˜and

 

Somewarninglightsare thepush-to-esttype.
(Figure82.5)Thebulbis testedbypushingi t
in to completean auxiliarytestcircuit. Thecie-

cuit shownin Figure82-3includesatestrelay.
With therelaycontactin thepostonshove,
thereare two possiblepathsfor current flow
fromtheswitchesto thelight.Thisis an addi-
tionalsafetyfeature.Energizingthe test relay
completesa series circuit andchecksall the
Wiringandthelightbulb.

â€˜Alsoincludedin the circuit shownin Figure
8.2.3is a dimmingrelay.Byenergizingthe

dimmingrelay,thecircuit is alteredto include
a resistor in series with the light.In some

installationsseveralcircuits arewiredthrough
thedimmingrelay,andall thewarninglights
can bedimmedat thesame time.

eetÂ®D 

Individual
spotdetectors

J=
â€˜wgae 

 

   
 

LoopA    
 
  

   
 

Figure 8-2-4.Double-wirespotdetectorcircu.

 



Thermocouplesystem.The thermocouple,or

rate-ofrise,firewarningsystemoperateson an

entirelydifferentprinciplefromthe thermal
switchsystem.A thermocoupledependson

the rate of temperaturerise anddoesnot give
warning whenan engineslowlyoverheatsor

a shortcircuit develops.Thesystemconsistsof
a relaybox,warninglights,andthermocouples.â€˜Thewiringsystemoftheseunitscanbedivided
into thefollowingcircuits (Figure8-2-6)

â€˜=Thedetectorcircuit
= Thealarmcircuit

â€˜=Thetestcircuit
â€˜Therelaybox contains two relays,the sensi-

tive relayandtheslaverelay,andthethermal
test unit, Sucha boxcan contain fromone to

eightidenticalcircuits,dependingon thenum-

berof potentialfire zones. Therelayscontrol
thewarninglights.In turn,thethermocouples
controltheoperationof therelays.Thecircuit
consistsofseveralthermocouplesin serieswith
eachotherandwith thesensitiverelay.
â€˜Thethermocoupleis constructedof two dissim-
ilar metalssuchas chrome!andconstantan.The
pointwherethesemetalsare joinedandwillbeâ€˜exposedto theheatof a fire is calleda hotjunc-
ton. Thereis alsoareferencejunctionenclosedin
1 deadair spacebetweentwo insulationblocks.
â€˜Ametalcagesurroundsthe thermocoupleto

givemechanicalprotectionwithouthindering
thefreemovementof air to thehotjunction.

If the temperaturerises rapidly,the thermo-

coupleproducesa voltagebecauseof the tem-

peraturedifferencebetweenthereferencejunc-
tion andthehot junction.If bothjunctionsare

heatedat thesame rate,no voltageresultsand
ro warningsignalis given.

    
â€˜Thermocouples

  ia 
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@
Figure8-2-5.Warninglight.

If there safire,however,thehotjunctionheats
more rapidlythan the referencejunction.The
ensuingvoltagecauses a current to flow in the
detectorcircuit.Anytime thecurrent is greater
than4 milliamperes(0.004ampere),the sensi-

tive relaycloses.Thiscompletesa circuit from
theaircraftpowersystemto thecoil oftheslave
relay,whichclosesandcompletesthecircuit to
thefire-warninglight.

 

â€˜Thetotalnumberofthermocouplesusedin indi-
vidualdetectorcircuitsdependson thesize of,
thefirezone andthetotalcircuit resistance.The
totalresistanceusuallydoesnot exceed5ohms.
As shownin Figure82-6,the circuit hastwo
resistors.Theresistorconnectedacross the ter-
â€˜inalsof theslaverelayabsorbsthecoilâ€™sself
inducedvoltage.Thisis to preventarcingacross

the pointsof the sensitive relay;becausethe
contactsofthesensitive relayare so fragilethey
wouldburnor weldif arcingwere permitted,

 

Sistalay

    

Figure8-2-6.Thermocouplefirewarningcircuit,
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Figure8-27. KiddeAerospacesensingelement.

Whenthesensitive relayopens,thecircuit to
the slaverelayis interruptedand the mag:
netic field arolundits coilcollapses.Whenthis,

happens,the coilgetsa voltagethroughself
induction,but with theresistoracross thecoil
terminals,thereis a pathfor anycurrent flow
as a resultof thisvoltage.Thus,arcingat the
sensitiverelaycontacts is eliminated,

 

Continuous-loopsystem.Greater,more com-

pletecoverageof a firehazardcan beachieved

byusinga continuousoverheatdetectionsystem.
â€˜Thecontinuous-loopsensingelementworks
â€˜muchlikea thermalswitch,in thati t completes
circuit atacertaintemperature.Thesystemis,

heatsensitiveandprovidesno rateoftempera-
ture rise protection.Thetwo commonlyused
typesofcontinuous-loopsystemsare theKidde
andFenwalsystems.

A continuous-loopdetectoror sensingsystem,
permitsmore completecoverageof a fire haz-
ard area thananytypeof spot-typetempera-
ture detectors,Theyare overheatdetectionsys-
tems whereheat-sensitiveunits completean

electricalcircuit ata certaintemperature.There
is no rate-of-heat-risesensitivityin a continu-

â€˜ous-loopsystem,

  

ar

aI=

  

Figure8-2-9,Fenwalsensingelement.

Kiddesystem.In theKiddeAerospacecontin-

uuous-loopsystem(Figure8-2-7),two wires are

imbeddedin a specialthermistorcore within
an Inconeltube.Figure82-8 showsa Kidde
controlbox.

(Oneof thetwo wires in theKiddesensingsys-
tem is weldedto thecase at eachendandacts
as an internalground.Thesecondwire isahot
lead(abovegroundpotential)thatprovidesa

current signalwhenthecore materialchanges
its resistancewith a changein temperature.
Whena fire or overheatconditionexists and
the resistance of the thermistor material
decreases,a current flowsbetweenthe two
wires. Thecontrolboxreceives thissignaland
activates the alarmsystemand fire warning
lights.
Fenwalsystem.Anothercontinuous-loopsys-
tem,manufacturedbyFenwalSafetySystems
(Figure8-2.)consistsof asmall,lightweight,
flexibleInconeltubewith a singlewire center
conductor.Thetubeis packedwith insulation,
famineral-basedsaltcompound,andhermeti-

callysealed,

â€˜Thesaltpossessesthe characteristicof sud-

denlyloweringits electricalresistanceas the
sensingelementreachesits alarmtemperature.
In boththeKiddeandtheFenwalsystems,the
resistanceof the ceramic or eutecticsaltcore

â€˜materialpreventselectricalcurrent fromflow-
ingat normaltemperatures.In case of a fire or

â€˜overheatcondition,the core resistancedrops
andcurrent flowsbetweenthesignalwire and

ground,energizingthealarmsystem.

Bothsystemscontinuouslymonitor tempera-
tures in theaffectedcompartments,andboth

automaticallyreset after a fire or overheat
alarmwhentheoverheatconditionis removed
or thefireextinguished,
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Firetestswitch

Figure8-2-10.Earlypneumaticfiredetectionsystemschematic.

Pneumaticdetectionsystems.Manufactured
under several names (Lindberg,Systron
Donner,Meggitt)over theyears,this system
(Figure82-10)is a continuous-clementtype
detectorconsistingofa stainlesssteeltubecon-

taininga discreteclement.Thiselementhas
bbeenprocessedto absorbgasin proportionto
the operatingtemperatureset point.Whenthe

temperaturerisesbecauseoffireoroverheat
condition)to the operatingtemperatureset

point,theheatgeneratedcauses thegasto be
releasedfromthe element.Releaseof thegas
causes thepressurein thestainlesssteeltubeto
increase. Thispressurerise mechanicallyactu-
ates the diaphragmswitchin the responder
unit, activatingthe warninglightsand an

alarmbell.Thepressurediaphragmistheonly
â€˜movingpartin thesystem.
[Afire testswitchis usedto heatthe sensors,

expandingthetrappedgas.Thepressuregen-
eratedclosesthediaphragmswitch,activating
thewarningsystem,

Falsealarmsare a majorconcern with any
fire detectionsystem.Thecurrent generation
of pneumaticsystemsare designedso that
â€˜mechanicaldamageto thesensor tubecannot
resultin a falsealarm.Anysevere damageto
theunit providesanoest indication,notafalse
alarm,

â€˜Thistypeof sensor is capableof two operating
modes.It respondsto an overallaveragehigh
temperaturein thecompartment,or to a local-
izeddiscretetemperaturecausedbyflameor hot
â€˜gasses.Boththeaverageanddiscretetempera-
tures are factorysetandcannot bechangedin

thefield,

â€˜Theaveragingfunction is activatedbythe
expansionof a fixed volumeof heliumgas
insidethe detector.Thepressureinsidethe

detectorincreases in proportionto theabsolute
temperatureandactivatesthealarmswitchat
a presetaveragetemperature.Thisis typically
between200Â°Fand700Â°F.

Discretesensingi doneusinga hydrogen
filled core materialinthe sensor tube.Large
uantitiesof hydrogengasare releasedfrom

the detectorcorewhenevera smallsection of
the tube is heatedto the presetdiscretefem

peratureor higher,Thisoutgassinginthe core

Increases thepressureinsidethe detectorand
activates thealarmswitch,

Boththeaveraginganddiscretefunctionsare

reversible.Whenthe sensor tube cools,the
averagegaspressureis reduced,andthedis-
cretehydrogengasreturns to thecore material.
â€˜Thereductionin pressureallowsthe alarm
switchto return to its normalposition,open-
ingthealarmcircuit.

In addition to the pressure-activatedalarm
switch,a secondswitchis in thesystem.This

 â€”_â€”
Figure8-2-11.Infrareddetector.
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 Figure8-2-12,Infraredamplifier.

switch is held closedbythe averaginggas,
pressureat all temperaturesdown to -65Â°F.
If thedetectordevelopsa leak,thelossof gas
pressureallowsthe integrityswitchto open.
â€˜Thesystemthendoesnot operateduringa
test.

Infrared detection systems.Infrared (IR)
detectionsystemsworkon theprinciplethat a

firegivesoff a largeamount of infraredradia~
tion, Detectorsrequirea controlamplifiercon-

nectedto systemvoltageandto a cockpitwarn-

ingalarm(Figure82-11)

Classicexamplesof infrared detectorsare

foundin KingAir enginenacelles.Thewarn-

ingsystemconsistsof threeunits,eachwith its
â€˜owncontrolamplifieras shownin Figure8-2-
12.Oneunit covers the forwardnacelle,one

unit theupperaccessoryarea,andone unit the
loweraccessoryarea. Radiationexposureacti-
vates therelaycircuit of the controlamplifier
andsendspowerto thecockpitfire warning

  
 

Figure8-2-13.Sensingelementdefects.

alarm.Oncethefireisextinguished,thesystem
returns to itsstandbystate.

â€˜Thesystemsare testedbyclosinga switchin

the cockpit,and thisshouldthen triggerthe
warning.It shouldstopwhenthetestswitchis,

â€˜opened.
Falsealarms.BecausetheIRsystemis sensi-

tive to IR,thesystemcan givea falseindica-
tion if testedon thegroundand thecowling
is ot closedproperty.It can alsoproducean

error if verystronglight(sunshineor strong
â€˜worklights)is shiningdirectlyon thenose of
theairplane.
â€˜Asidefromexposureto incidentalIR,thesys-
temsare simple,dependable,andeasyto main-

tain.

Overheatwarningsystem.Overheatwarn-

ingsystemsare usedon some aircraftto indi-
catehigharea temperaturesthatcan leadto a

fire. Thenumberof overheatwarningsystems,
varies withtheaircraft.Onsome aircrait,they
are providedfor eachengineturbineandeach
nacelle;on otherstheyare providedfor wheel
well areas and for the pneumaticmanifold.
Whenan overheatconditionoccurs in the
detectorarea, thesystemcauses a lighton the
firecontrolpanelsto flash,

â€˜Mostsystemsuse some typeof unit overheat
detector.Eachdetectoris operatedwhenthe
heatrises toaspecifiedtemperature.Thistem-

peraturedependson thesystemandthetype
andmodelof theaircraft.Theswitchcontacts,
ofthedetectorareonspringstruts,whichclose
whenthemeter case is expandedbyheat.One
contact of eachdetectoris groundedthrough
thedetector-mountingbracket.Theothercon-

tactsof all detectorsconnect in parallelto the
closedloopof thewarninglightcircuit. Thus,

 â€˜Heatsensingelement

Figure8-2-14.Connectorjointfittingattachedto
thestructure.



the closedcontactsof anyone detectorcan

cause thewarninglightsto activate.

â€˜Whenthedetectorcontactsclose,agroundis pro-
vvidedforthewarninglightcircuit.Currentthen
flowsfroman electricalbusthroughthewarning
lightsanda flasheror keyerto ground.Because
oftheflasherin thecircuit,thelightsflashon and
off to indicatean overheatcondition.

Control/InterfaceElectronics.Controlunits
for thesesystemsevolvedover severalgenera-
tions.Theearliestsystemsuse magneticampli-fiersandrelaysto controlcockpitindications.
Laterelectroniccontrolunits providethenec-

essaryoutputto indicatefireoroverheatcondi
tions.Thenewestdesignsincludemicroproces-sor controls.

Digitalelectroniccontrolunits can now moni-

tor theoverheatandfire detectionsystemsfor
overheats,fire,andfaultconditionsandreport
themover theaircraft'scommunicationbusto
the maintenancecomputer.ExtensiveBuilt-In-
â€˜Testfeatureswith componentfault/eventloca-
tion featuresare on some installations.

FireDetectionSystemInspection
andMaintenance

Fire detectorsensingelementsare in many
high-activityareas around aircraftengines.
â€˜Theirlocation,togetherwith their smallsize,
increases thechancesof damageto thesens-

ing elementsduringmaintenance. Because
thesensingelementsare in the aircraftcowl

panels,theyhavesome measure of protection
not affordedelementsattacheddirectlyto the
engine.Ontheotherhand,removingandrein-

stallingthecowlpanelscan easilycause abra-
sion of structuraldefectsto theelements.

â€˜Awell-roundedinspectionand maintenance

programfor all typesof continuous loopsys-
tems should include the followingvisual
checks.Theseproceduresare providedas

examplesandshouldnot be usedto replace
approvedlocalmaintenancedirectivesor the

applicablemanufacturer'sinstructions. Fire
detectionsystemmaintenanceare in manuals,
usingthe ATASystemunderSystem26,sub-
code10,

Sensingelementsshouldbe inspectedfor the

following:
= Crackedor brokensectionscausedby
crushingor squeezingbetweeninspection
plates,cowlpanels,or enginecomponents.

â€˜+Abrasioncausedbyrubbingof elementon

â€˜cowling,accessories,or structuralmembers.
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 Figure8-2-15.Rubbinginterference.

+ Piecesof safetywire or othermetalpar-
ticlesthatcan shortthespotdetectorter-
minals,

* Conditionof rubbergrommetsin mount-

ingclamps,whichcan besoftenedfrom
exposureto oils,or hardenedfromexces-

sive heat.

â€˜+Dentsandkinks in sensingelementsec-

tions. Limits on the elementdiameter,
acceptabledentsor kinks,and degree
fof smoothnessof tubingâ€™contour are

specifiedbymanufacturers.No attempt
shouldbemadeto straightenanyaccept-
abledentor kink becausestressescan be
set up that couldcause tubingfailure.
â€˜Anexampleof kinked tubingis shown
in Figure8-213,

â€˜Loosenuts or brokensafetywire at the
endof thesensingelements(Figure82-
1).Loosenuts shouldbe re-torquedto
the valuespecifiedin the manufacturer's
instructions.Sometypesofsensingelement

connectionsrequiretheuseofcoppercrushgaskets.Thesegasketsshouldbereplaced
anytime a connectionis separated,

â€˜=Brokenor frayedflexibleleads,if used.
â€˜Theflexibleleadis madeupof manyfine
metalstrandswoven into a protective
coveringsurroundingtheinner insulated
wite. Continuousbendingof the cable
or roughtreatmentcan breakthesefine
wites, especiallythosenear the connec-

tors. Brokenstrandscan alsoprotrude
into the insulatedgasketand shortthe

centerelectrode.
+ Rubbingbetweena cowlbraceanda sens-

ingelement(Figure82-15),Thisinterfer-
ence, in combinationwith looserivets

holdingthe clampsto skin,can cause

â€˜wearandshortthesensingelement.
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Grommet

Heatsensingelement4
16.Typicalfiredetectorloopclamp.

â€•

* Propersensingclementroutingand

clamping(Figure82-16),Longunsup-
portedsections can permitexcessive

vibration that can cause breakage.The
distancebetweenclamps.on straight
runs is usuallyabout8 to 10inchesand
is specifiedbyeachmanufacturer.At
endconnectors,the first supportclamp
is usuallyabout4 to 6 inchesfromthe
tendconnector fittings.In most cases,a

straightrun of 1 inchis maintainedfrom
all connectorsbeforea bendis started,
landan optimumbendradiusof 3 inches
is normallyused.

* Correctgrommetinstallation.Thegrom-
â€˜metsare installedonthesensingelement
to preventthe elementfromchafingon

theclamp.Theslit endof thegrommet
shouldfacethe outsideof the nearest
bend.Clampsandgrommets(Figure8-2-
16)shouldfit theelementsnugly.

â€˜Thermocoupledetectormountingbrackets
shouldberepairedor replacedwhencracked,
corroded,or damaged.Whenreplacinga ther~

â€˜mocoupledetector,note whichwire is con-

nectedto theidentifiedpositiveterminalof the
defectiveunit andconnect thereplacementin

thesame way.
â€˜Testthefire detectionsystemforproperoper-
ation byturningon the powersupplyand

placingthe fire detectiontest switchin the
TESTposition.Theredwarninglightshould
flashon within the time establishedfor the
system.On some aircraft,an audiblealarm
alsosounds.

In addition,the fire detectioncircuits are

checkedfor specifiedresistanceand for an

â€˜openor groundedcondition.After repairing
â€˜orreplacingunits in a fire detectionsystemof

whenthesystemis inoperative,performthe

followingrequiredtests:

 

Clampscrew

    
 Bracket

* Checkingthepolarity,ground,resistance,
andcontinuityof systemsthatuse ther-

â€˜mocoupledetectorunits

â€˜Performingresistance and continuity
testsperformedon systemswith sensing
elementsor cabledetectorunits. Always
followthemanufacturer'sinstructionsfor
thesystemon whichyouare working,

FireDetectionSystemTroubleshooting
Fire detectionsystemsare generallyreliable
andhaveminimalmaintenancerequirements.
â€˜Theydo,occasionally,sufferdamagethatren-

derstheminoperable.Thefollowingtrouble-

shootingproceduresrepresentthe mostcom-

â€˜mondifficultiesencounteredin enginefire
detectionsystems.
Intermittentalarmsare mostoftencausedbyan

intermittentshortin thedetectorsystemwiring.
Suchshortscan becausedbya loosewire that

â€˜occasionallytouchesa nearbyterminal,a frayed
wire brushingagainsta structure,or a sensing
clementrubbinglongenoughagainsta struc:
tural memberto wear throughtheinsulation.
Intermittentfaultscan oftenbestbelocatedby
â€˜movingwires to recreatetheshort.

Firealarmsandwarninglightscan occur when
no enginefire or overheatconditionexists.Such
falsealarmscan mosteasilybelocatedbydis-
connectingtheenginesensingloopfromthe
aircraftwiring.Ifthe falsealarmcontinues,a

shortmustexist betweentheloopconnections,
andthecontrolunit.

1f,however,the falsealarmceases whenthe
enginesensingloopis disconnected,thefaultis,

in thedisconnectedsensingloop,whichshould
beexaminedfor areas thathavebeenbentinto
contactwith hotpartsof theengine.If no bent
elementcan befound,theshortedsectioncanbelocatedbyisolatinganddisconnectingelements,

consecutivelyaroundtheentire loop.
Kinksandsharpbendsin thesensingelement
can cause an internalwire to shortintermit

tentlyto the outer tubing.The fault can be
locatedbycheckingthesensingelementwith
â€˜ameggerwhiletappingtheelementin thesus-

ppectedareas to producetheshort.

Moisture in the detectionsystemseldom
causes a falsefirealarm.If,however,moisture
doescause an alarm,thewarningwill persist
until the contamination is removedor boils
awayandtheresistanceof theloopreturns to
its normalvalue.

Failureto obtainan alarmsignalwhenthetest
switchis actuatedcan becausedbya defective
test switchor controlunit, the lackof electri-
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 Figure8-2-17,Photoelectricsmokedetectorschematic.

cal power,inoperativeindicatorlight,or an

â€˜openingin thesensingelementor connecting
wiring,Whenthe testswitchfails to provide
an alarm,thecontinuityofatwo-wire sensing
loopcan be determinedbyopeningthe loop
andmeasuringtheresistance.In a single-wire,
continuous-loopsystem,the centerconductor
shouldbegrounded.

SmokeDetectionSystems
Smokedetectionisthe primarymeans offre
detectionusedin cargocompartments,These
are areas wherelargeamounts of smokemay
ie presentbeforeasubstantialamountof heat
can bedetected

â€˜Smokedetectioninstrumentsare classifiedby
â€˜methodofdetectionas follows:

â€˜+TypeI - Measuringcarbonmonoxidegas
(COdetectors)

â€˜+TypeII - Measuringlighttransmissibility
in air (photoelectricdevices)

â€˜+TypeIll - Visuallydetectingthepresence
of smokebydirectlyviewingair samples
(wisualdevices)

Whilesolid stateelectronics,new optics,and
new processing algorithmshaveeon intro-duced"thebasicmechanismusedbythese
detectorshaschangedlitle in thepast50years.

Visual smokedetectors.On a fewolderait-

craft,visualsmokedetectorsprovidetheonly
means of smokedetection.Indicationis pro-
vvidedbydrawingsmokethrougha lineinto the
indicator,usingeithera suitablesuctiondevice
or cabinpressurization,

Whensmokeis present,alampin the indica-
tor is illuminatedautomaticallybythesmoke
detector.The l ightis scatteredsothatthesmokeis renderedvisiblein theappropriatewindow
of the indicator.If no smokeis present,the

lampis not illuminated.A switchis provided
to illuminatethe lampfor test purposes.A
deviceis alsoprovidedin theindicatorto show
that thenecessaryairflow is passingthrough
theindicator.

Ionization typedetector.Ionizationsmoke
detectorswere usedin theearlyyearsbut are

muchlesscommon today.The typicalunit
used is a radioactiveisotopeas the source

to chargethe combustionproducts(smoke)
However,thissource alsochargeseverything
elseâ€”includingdustandfinewater droplets
â€˜Thisresultedin frequentfalsealarms.Thesen~

sitivityofthesedetectorschangewith pressure
(altitude)andage.As the units getolder,they
are more proneto falsealarms.

â€˜Thistechnologyhasnotbeencompletelyaban-
donedandcan befoundin lavatoriesandsome

cargobays.Generally,theseare more accessible
areas wherea falsealarmcan beverified.
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 Figure8-2-18,Photoelectricsmokedetector.

Photoelectrictypedetectors.Earlyversions

of thistypeofdetectorconsistedofaphotoelec-
tric cell,a beaconlamp,a test lamp,anda light
trap,allmountedon a labyrinth,An accumula-
tion of 10percentsmokein theair causes the
photoelectriccell to conductelectriccurrent.

Figure8.2.17showsthe detailsof the smoke

detectorandindicateshowthesmokeparticles
refractthelightto thephotoelectriccell.Figure
8.218 showsa photoelectricsmokedetector
froma BeechcraftKingAir. Whenactivated
bysmoke,thedetectorsuppliesa signalto the
smokedetectoramplifier.Theamplifiersignal
activates a cockpitwarninglight.
A test switch(Figure8-2-19)permitschecking
theoperationof the smokedetector.Closing
theswitchconnects 28voltsof directcurrent

(VDC)to the test relay.Whenthe test relay
energizes,voltageis appliedthroughthebea-

    

con lampandtest lampin series to ground.A
fire indicationis observedonlyif thebeacon
andtest lamp,thephotoelectriccell,thesmoke
detectoramplifies,andassociatedcircuits are

â€˜operable.Theamplifiercontact relaytakesthe
lowvoltagesignalfromthesmokedetectorand
amplifiesit I thenactivates the fire warning
system(Figure8.2.20)

Newer generationsof photoelectricsmoke
detectorsuse a pulsed,infrared,LED light
sourcewitha synchronizedsiliconphotodiode
receiver. Theseunits featuresolidstateoptics
andcircuitryandprovidelongservice lifewith
highreliability.Modernelectronicsalsomean

lowerpowerrequirementsin thisequipment.

Carbon monoxidedetectors.CO is a by-
productof incompletecombustionand is a

very deadlygas.CO is a colorless,odorless,
andtastelessgas.It is verydangerousandmay
â€˜causementaldullness,physicalweariness,and
headacheswithina fewhours,even at concen-

trations of 0.02percent(2partsper10,000).The
â€˜maximumallowableconcentration,underfed-
erallay,forcontinuingexposureis 50partsper
million(ppm)whichis equalto 0.005percent
of CO(Table8-24)

Severaltypesofportabletesters(sniffers)are in

tuse. Onetypehasa replaceableindicatortube
that contains a yellowsilicagel,impregnated
with a complexsilico-molybdatecompound
andis catalyzedusingpalladiumsulfate.

In use,a sampleof air is drawnthroughthe
detectortube,Whenthe air samplecontains

CO,theyellowsilicagelturns to a shadeof
green.Theintensityof thegreencoloris pro-

    
Figure8-2-19,Smokedetectortestcircuit.
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portionalto theconcentrationof COin theair

sampleatthetime andlocationofthetests.

â€œAnothertypeindicatorcan beworn as a badge
or installedon theinstrumentpanelor cockpit
wall(Figure8-220).Itis a buttonusinga tablet
thatchangesfroma normaltan colorto pro-
gressivelydarkershadesof grayto black.The
transition time requiredis relativeto thecon-

centrationofCO.Ata concentrationof50p.p.m.
CO(0.005percent),theindicationwill beappar-
entwithin 15to30minutes.A concentrationof100ppam.CO(001percent)changesthecolor
of thetabletfromtan to grayin two to fivemin-

utes,fromtan to darkgrayin 15to 20minutes,

Opticalflame detection.A relativelynew

developmentis the opticalflamedetection
unit. Thesesensors use theinfraredlightband
to sense a fire. Infraredenergygeneratedby Figure8-2-20.Photoelectricsmokecontrolamplifier.
theexcitation ofCO,moleculesin a hydrocar-
bonfire impingeson thesensor,which,in turn,
[producesasmallelectricalsignal.Thissignalis

thenamplifiedanddigitallyprocessed.Signal
processingcircuits are able to discriminate
betweenthe flickerof a fire andbackground
sources suchasa hotengine,or non-firesources Maximumallowableconcentrationunder
suchas naturalorman-madelight. 50_| 0.005%|federallaw jo 0.019%.Tiredness,milddizziness

Headaches,tiredness,dizziness,nausea
200 0.02% after2or3hours

i Unconsciousnessin houranddeathinSection3 800 0.08% 210 3hours
FireExtinguishingSystems| 3000 0.20%. Deathafter1hour

Oncea fire hasbeendetected,i t is important Deathwithin30 minutes

 
that i t beextinguishedas quicklyas possible.| 3,000 0.30%
â€˜Thisis as true in flightas it is on thegroundFireextinguishingsystemscan beinstalledon | 10,000 1.00% !stantaneousdeath

 theaircraftto dealwith in-flightfires,Boththe
selectionof the extinguishingagentand the
â€˜methodofdeliveryare criticalto theoperation
of thesystem.

Not: Themaximumallowableconcentrationunderfederalawforcontinuingexposurei
â€˜SOpartsperlon (ppm.whchsequalto0.008%ofCO. 

â€˜Table8-2-1.Humanreactionto carbonmonoxidepoisoning

ExtinguishingAgents  

 
 â€˜Aiveratfre extinguishingagentshavesome

Smmon tharaterstis tat sake tem com | CARBONMONOXIDEputblefo aitcraftfre extinguishingsystema
Rilagentscanbestoredorlengpesodewas [=== DETECTOR==

out avernalyalfectingthesystecomponents
or agentquali,Agentsin garren une do nt
freezeat normallyexpectedatmospherictem- | Date DarkSpot
peratures.The nature of the devicesinside |Opened Indicates
@ powerplantcompartmentrequireagents DANGER
that are usefulagainstflammablefluid fires
andalsoeffectiveon electricallycausedfires.
â€œAgentsare classifiedinto two generalcatego-
ries accordingto themechanicsofextinguish- Llctlebinebeiians
ingaction: the inert coldgasagentsand the

halogenatedhydrocarbonagents. Figure8-2-21.Carbonmonoxidedetector.   
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Inert ColdGasAgents
BothCO,andnitrogen(N2)are effectiveextin-

guishingagents.Bothare readilyavailablein

â€˜gaseousandliquidforms;theirmain difference
is in thetemperaturesandpressuresrequired
to storethemin theircompactliquidphase.
Carbondioxide.CO;hasbeenusedformany
yearsto extinguishflammablefluid firesand
firesinvolvingelectricalequipment.It is not
combustibleand doesnot react with most
substances.It providesits own pressurefor

dischargefrom the storagevesselexceptin

extremelycoldclimateswherea boosterchargeâ€˜ofnitrogenmaybeaddedto winterize thesys-
tem.

Normally,COisa gas,butt is easilyliquefied
bycompressionandcooling.Afterliquefaction,
CO,remains ina closedcontaineras bothlige
uid andgas.WhenCO>is thendischargedto
theatmosphere,mostofthe liquidexpandsto

gas.Heatabsorbedbythegasduringvaporiza-
tion coolstheremaininglguidto â€œ10%,and
i t becomesa finelydivided whitesolid,dry
ice snow. COsis aboutone and a half times
as heavyas ait, which gives it the ability to

replaceairaboveburningsurfacesandmaltytalnasmotheringatmosphere.
(COsis effectiveas an extinguishingagentpri-
marilybecausei t dilutesthe air andreduces
theoxygencontent so that the air no longer
supportscombustion.Under certain condi-
tions some coolingeffectis alsorealized.CO,
is consideredonlymildlytoxic,but it can

cause unconsciousness anddeathbysuffoca-
tion if thevictim is allowedto breatheCO>in
fireextinguishingconcentrations for 20 to 30
minutes.COsis not effectiveon firesinvolving
chemicalscontainingtheirown oxygensupply,
suchas cellulosenitrate (someaircraftpaints).
â€˜Alsofiresinvolvingmagnesiumandtitanium
(usedin aircraftstructures and assemblies)
cannotbeextinguishedbyCO

Nitrogen.Nzis an even more effectiveextin-

aguishingagent.LikeCOÂ»,Npis an inert gasof
Towtoxicity.Noextinguishesbyoxygendilu-
tion andsmothering.Itis hazardousto humans
in the same wayas COÂ»,Butmore coolingis

providedbyNoandpoundforpound,Nppro-
â€˜videsalmosttwice thevolume(ofinert gas)to
thefireas CO>resultingin greaterdilution of
oxygen.Themain disadvantageof Nzis that
i t mustbestoredas a cryogenic,liquidwhich
requiresa Dewarbottleandassociatedplumb-
ingto maintain the-320Â°Ftemperatureof liq-
uidnitrogen(L.N2).

Somelargemilitaryaircraftuse L Noin sev-

eralways.L Nzsystemsare primarilyusedto
maletheatmospherein the fuel tank inert by

replacingmostof theair withdrygaseousNo,
therebydilutingtheoxygenconient. Withthe

largequantitiesof L Nzthusavailable,Nois,

alsobeingusedfor aircraftfire controland is,

feasibleas a practicalpowerplantfire-extin-

guishingagent.A long-durationL Nosystem
dischargecan providegreatersafetythan a

conventionalshort-durationsystembycool-
ingpotentialre-ignitionsources andreducing
thevaporizationrate of anyflammablefluids

remainingafterextinguishment,

HalogenatedHydrocarbonAgents
â€˜Themosteffectivefireextinguishingagentsarecompoundsformedbyreplacingone or more

of thehydrogenatoms in thesimplehydrocar-
bonsmethaneandethanebyhalogenatoms.
â€˜Theprobableextinguishingmechanismof
halonis achemicalinterferencein thecombus-
tion processbetweenfuelandoxidizer.

Experimentalevidenceindicatesthatthemost

likelymethodof transferringenergyin the
combustionprocessis bymoleculefragments
resultingfrom the chemicalreaction of the
constituents.If thesefragmentsare blocked
fromtransferringtheirenergyto theunburned
fuelmolecules,the combustionprocesscan be
slowedor stoppedcompletely(extinguished).
It is believedthatthehalogenatedagentsreact
with themolecularfragments,thuspreventing
theenergytransfer.Thiscan betermedchemi-
calcoolingor energytransferblocking.This

extinguishingmechanismis muchmore effec-
tive thanoxygendilutionandcooling,
Halon. Theseagentsare classifiedthrough
a systemof halonnumbersthatdescribesthe
severalchemicalcompoundsmakingup this
familyof agents.Thefirstdigitrepresentsthe
numberofcarbonatomsin thecompoundmol-
ecule;theseconddigit,thenumberoffluorine
atoms;thethird digit,thenumberof chlorine
atoms;the fourth digit,the numberof bro-
â€˜mineatoms;andthefifth digit,thenumberof
iodineatoms,if any.Terminalzeroes are not

expressed.Forexample,bromotrifluorometh-
ane (CBrF;)is referredto as Halon1301

While halon is very popularand an excel-
lentperformer,productionof halonhasbeen
bannedbyinternationalagreement.This is

becauseof theozone depletingcharacteristics
of thesechemicals.However,theuseofhalons
is still permittedfor essentialapplications,
suchas aircraft,until a suitablereplacement
agentcan bedeveloped,approved,andcerti-
fiedforaircraftuse.
Until then,existingstocksof halon,includ-
ing thatwhichis recoveredfromdecommis-
sionedindustrialandconsumer fireprotection



systemsmaybe used.Thesestocksshouldbe
sufficientformanyyearsofaircraftproduction
anduse. It is necessary,however,to restorethe
halonto its originalpuritybeforereusingi t in

aircraftsystems.

Halon recyclingmachineshavebeendevel-
â€˜opedto performthis function.Usedhalon is,

recycled,reconditioned,and thenstoredin a

halonbankforfutureuse.

Whilethis mightsolvethe immediateprob-
lem,it doesnot mean thatthereis no needto

developa replacementforhalon.Researchalso.needsto be pursuedto developalternative
â€˜methodsofextinguishingin-flightfires.

PhostrExâ„¢,After severalyearsof research
anddevelopment,a new extinguishingagent
hasbeenproduced.PhostrEx,developedby
EclipseAviation,is an alternativeto Halon
BOL.After extensivetesting,Eclipsewas able
to meet all therequirementsof theregulations
at 14 CERpart23 for extinguishingagents,
therebygainingFAAacceptanceof theagent.
Accordingto thetestingandanalysis,PhostrEx
hasno OzoneDepletionPotential(ODP)or

GlobalWarmingPotential(GWP)as definedby
the MontrealProtocoland can be usedwith-
outanyof theassociatedclimateandecological
consequencesofthehalonagents.
Becauseof thechemicalmakeupof theagent
andhow it reactsduringthecombustionpro-
cess,it is more effectivethanHalon 1301in

extinguishingonboardenginefires,Thestor-

agerequirementsare considerablyless,result
ingin a substantialweightandspacesavings.
â€˜Theprojectedreplacementlife for thecontain-
ers is 10years,at whichtime theyare replacedbya technician,

[As is the case with all systems,the mainte-
nance requirementsfor the systemand the
componentsare stipulatedbythemanufactur-
ers in theirmaintenancemanuals(MM).

TypesofExtinguishing
Systems
(Onboardfireextinguishingsystemshavetub-
ing runs that carrythe extinguishingagent.
â€˜Theidentificationtapemarkingfor thetubing
isbrown,

â€˜Conventionalsystems.Thisterm is applied
to thosefire-extinguishinginstallationsfirst
usedin aircraft.Still usedin some olderair-

craft,the systemsare satisfactoryfor their
intendeduse but are not as efficientas newer

designs.Typicallythesesystemsuse theper-
foratedringandtheso-calleddistributor-noz-
aledischargearrangement.Oneapplicationis,
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thatof a perforatedringin theaccessorysec-

tion of a reciprocatingenginewherethe air-

flow is lowanddistributionrequirementsare

not severe,

The distributor- nozzlearrangementsare

used in the powersection of reciprocating
engineinstallations with nozzlesplaced
behindeachcylinderand in otherareas nec-

essaryto provideadequatedistribution.This
systemusuallyuses CO2as theextinguish-
ingagent,but it can use anyotheradequate
agent.

High-rate-of-dischargesystems.Thisterm,
abbreviatedHRD,is appliedto the highly
effectivesystemsin most commonly.used
today.SuchHRDsystemsprovidehighdis-

chargeratesthroughhighpressurization,short
feedlineslargedischargevalvesandoutlets.
Theextinguishingagentis usuallyone of the

halogenatedhydrocarbons(halons)sometimes
boostedbyhigh-pressuredryNo.Becausethe
agentandpressurizinggasof an HRDsystem
are releasedinto thezone in one secondor less,
thezone is temporarilypressurizedand inter-

ruptsthe ventilatingairflow. Thefew large
outletsare carefullylocatedto producehigh-
velocityswirlefectsforbestdistribution,

ConventionalSystemInstallations

(COzis one of the earliesttypesof fire extin-

guishersystemsfor transportaircraftand is

still usedon manyolderaircraft.

Fireextinguishing,
â€˜operatingvalve

    
 

    
   oytinderSem

Figure8-3-1.Carbondioxidecylinderinstallation.



E.Cargocompartmentfire extinguishercontainer(2)
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â€˜AHalonfire extinguisherâ‚¬B,Waterfire extingulsher

Figure8-3-2.Transportcategoryaircraftfireextinguisherlocations.

â€˜Thisfire extinguishersystemis designed
arounda cylinderFigure8:31)thatstoresthe
flame-smotheringCO,underpressureand a

remotecontrolvalveassemblyin thecockpit
to distributethe extinguishingagentto the
engines.Thegasis distributedthroughtub-
ingfromtheCO,cylindervalveto thecontrol
valveassemblyin thecockpit,andthento the
enginesvia tubinginstalledin thefuselageand
â€˜wingtunnels.Thetubingterminatesin perfo-
ratedloopsthatencircletheengines.

â€˜Tooperatethis typeof enginefire extin-

guishersystem,theselectorvalvemust beset
for theenginethat is on fire.An upwardpull
contheT-shapedcontrolhandleadjacentto the
engineselectorvalveactuatesthereleaselever
in the CO>cylindervalve. Thecompressed
liquidin theCO,cylinderflowsin one rapid
â€˜burstto theoutletsin the distributionline of
theaffectedengine.Contactwith theair con-

  

C.Lavatorytrash
contalnerfire
extingulsher(3)

 Rightengine 

â€”

D.Fireextingulshercontainer(2)

verts theliquidinto gasandsnow thatsmoth-
ers theflame.

High-Rate-of-DischargeInstallations

TheHRDsystemsuse Freonor Halon1301as

the extinguishingagent.Theagentis stored
in cylindricalor sphericalcontainers thatare

pressuretestedto 1,500psi. In addition to

holdingtheextinguishingagent,thecontain-
ers are pressurizedto 300p.si.with No.This
Nzchargeis addedto thecontainer to ensure

quickexpulsionof the extinguishingagent.
Thebottlesare activatedbyan explosivecar~

tridge(squib)anddischargethroughtubing
designedto allowrapidreleaseof theagent.
Thisreleasefloodstheprotectedcompartmentandextinguishesthefire.Theadvantageofthis
typeof systemis thespeedat whichthe agent
is delivered



TypicalTransportCategory
AircraftFireExtinguishing
System
â€˜Transportcategoryaircraftmust beequipped
to dealwith a varietyof firehazardsandcarry
the equipmentnecessaryto extinguishfires,
if theyoccur. Thisgenerallymeans a combi
nation of onboardextinguishingsystemsand

portablefire extinguishersto be usedbythe
crew, Figure8-3-2providesa generalideaof,
thefireextinguishersfoundon thiscategoryofaircraft

â€˜Theengineand auxiliarypowerunit (APU)

fireextinguisherscan beactivatedbytheflight
crew. Thesecontainersare in theaft accessory
compartmentand can bedischargedinto the
leftengine,rightengine,or APUenclosure.

â€˜Thecargocompartmentfireextinguishersys-
tem allowstheflightcrew to releasetheextin-

guishingagentinto eitherthe forwardof aft
cargocompartment.Thissystemalsouses two
containers.

Eachof thethreelavatorytrashcontainersare

equippedwith a self-contained,automatic fire
extinguishingsystem,Whenatrashfireoccurs,andthetemperatureexceedstheset limit,the
fireextinguisherautomaticallydischargesthe

extinguishingagentinto the trashcontainer.
â€˜Thereare no flightcompartmentor cabinatten-
dantalertsforthissystem.

Fourportablefireextinguishersare on theait-

craft.Threeare of thehalontypeandare in the

flightcompartmentand cabin.Additionally,
the cabinhasone water-typeextinguisherfor
ClassA fires,

TurbineEngine
GroundFireProtection
â€˜Theproblemof groundfireshasincreased
in seriousness with theincreasedsize of tur-
bineengineaircraft.Forthis reason, means

are usuallyprovidedfor rapidaccess to the
compressor,tailpipe,or burner compart-
â€˜mentsor anyof thethree.Thus,manyaircraft
systemsare equippedwith spring-loaded
access doorsin the skin of the various com-

partments,Suchdoorsare usuallyin acces-

sibleareas,buttheyarenot in a regionwhere
â€˜openinga doormightspillburningliquids
conthefire fighter.

 

Internalenginetailpipefiresthat takeplace
duringengineshutdownor falsestarts can

beblownout bymotoringtheenginewith the
starter. If theengineis running,i t canbeaccel-
eratedto a higherrpm. to achievethesame
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Figure8.3.3.Fireextinguishercontainerpressure/temperaturecurve.

result.If sucha firepersists,a fire-extinguish-
ingagentcan bedirectedinto the tailpipe.It
shouldbe rememberedthat excessive use of
On or otheragentsthathavea coolingeffect
can shrinkthe turbinehousingonto thetur-
bineandcan damagetheengine.

FireExtinguishingSystem
InspectionandMaintenance
Regularmaintenance of fire extinguisher
systemstypicallyincludessuchpracticesas

inspectingandservicingthefireextinguisher
bottles(containers),removingand reinstall-
ing cartridgeand dischargevalves,testing
thedischargetubingfor leakage,and testing
theelectricalwiringfor continuity.Themost

typicalmaintenanceproceduresare explained
next.

Fire extinguishersystemmaintenance pro-
ceduresvarywidelyaccordingto thedesign
and construction of the unit beingserviced.
Thedetailedproceduresoutlinedbythe air-

frameor systemmanufacturershouldalways
be followedwhenperformingmaintenance.
ManualsusingtheATAcodesshowfire extin-

guishingsysteminformationunderSystem26,
subcode20.

Container pressure check. A pressure
checkof fireextinguishercontainers is made

periodicallyto determinethatthepressureis
betweenthe minimum and maximum lim-
its prescribedbythe manufacturer.Changes
of pressurewith ambient pressuremust
alsofall within prescribedlimits.Thegraph
shownin Figure8-3-3is typicalof the pres-
sure/temperaturecurve graphsthatprovide

  To 20304050 60708090100
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     Figure8-3-4,Singlebonnetsphereassembly
cross section,

â€˜maximumand minimum gaugereadings.If
the pressuredoesnot fall within the graph
limits,theextinguishercontainer shouldbe

replaced.
Freondischargecartridges.Theservice life
of fireextinguisherdischargecartridgesis cal-
culatedfromthe manufacturer'sdatestamp,

 

whichis usuallyon thefaceof thecartridge.
â€˜Themanufacturer'sservice life is usuallyrec-

â€˜ommendedin termsof hoursbelowa prede-
terminedtemperaturelimit. Manycartridges
are availablewith a service life of approxi-
â€˜mately5,000hours.To determinethe unex-

pitedservice life of a dischargecartridge,i t

isnecessaryto remove theelectricalleadsand

dischargehosefromtheplugbody,whichcan

thenbe removedfromtheextinguishercon-

tainer,

When replacingcartridgeand discharge
valves,youmustbecareful.Mostnew extin-

guishercontainers are suppliedwith their

cartridgeand dischargevalvedisassembled.
Beforeinstallingthecartridgeon theaircraft,
youmust properlyassembleit into the dis-

â€˜chargevalveandconnect thevalveto thecon-

tainer. Thisis usuallydonebyusinga swivel
rut that tightensagainsta packingringgas-
ket.

 

Ifa cartridgeis removedfromadischargevalve
foranyreason,it shouldnotbeusedin another

dischargevalveassembly,becausethedistance
thecontactpointprotrudescan varywith each
unit. Thus,continuitymightnot exist if a used

pplugthathadbeenindentedwith a longcon-

tactpointis installedin a dischargevalvewith
a shortercontactpoint.
â€˜Whenperformingmaintenance,alwaysreferto
theapplicableMMsandotherrelatedpublica-
tionspertainingto theaircraft

Freon/haloncontainers.Freon/halonextin-

guishingagentsare storedin sphericalsteel
containers. Four sizes are commonlyused

today,rangingfrom224cu. in. (small)to915cu

in. (large).Thelargecontainersweighabout33
Ibs.Thesmallsphereshavetwo openings,one

for thebonnetassembly(sometimescalledan

operatinghead),andtheotherfor thefusible
safety plug(Figure8-3-4). Thelargercontainers
Bre usuallyequippedwith two fringbonnets
anda two-waycheckvalveas shownin Figure
83-6.

â€˜Thecontainers are chargedwithdrynitrogen,
in additionto a specifiedweightof theextin-

guishingagent.Thenitrogenchargeprovides
Sufficientpressureforcompletedischargeof
the agent.Thebonnetassemblycontains an

electricallyignitedpowercartridgewhich
breaksthe disk,allowingtheextinguishing
agentto be forcedout of the spherebythe
nitrogencharge.
â€˜Asinglebonnetsphereassemblyis illus-
trated in Figure8-3-4andshownin Figure
8-3-5.Thefunctionof thepartsshown,other
thanthosedescribedin the preceding para-

graph,are as follows:
, spe

 



 
Two-waycheckvalve

Figure8-3-6, Doublebonnetsphereassembly.

â€˜+Thestrainerpreventspiecesofthebrokendiskfromenteringthesystem,
â€˜=Thefusiblesafetyplugmeltsandreleases

the liquidwhen the temperatureis

between208and220Â°F.

â€˜+Thegaugeshowsthepressurein thecon-

tainer. In thistypeof design,thereis no

needforsiphontubes.

(Onsome installations,thesafetyplugis con-

nectedtoadischargeindicatormountedin the

fuselageskin,whileotherssimplydischarge
the fluid into the fire extinguishercontainer

storagecompartment.
â€˜Thegaugeon thecontainer shouldbechecked
for an indicationof thespecifiedpressureas

givenin theapplicableaircraftMM. In addi-
tion,makecertain that the indicatorglass
is unbrokenand that the bottle is securely
â€˜mounted,

Sometypesofextinguishingagentsrapilycor-

rodealuminumalloyandothermetals,espe-
Gillyunderhumidconditions,Whena system
thatusesacorrosiveagenthasbeendischarged,
the system must be purged thoroughlyâ€•withianâ€™drycompressedfassoonaeposable

FireProtectionSystems
Almostall typesof fire extinguishercontain-
ers requirere-weighingat frequentintervals
to determinethe stateof charge.In addition
to theweightcheck,the containers must be

hhydrostaticallytested,usuallyat 5-yearinter-
vals.

â€˜Thecircuit wiringof allelectricallydischarged
containers shouldbe inspectedvisuallyfor
condition.Thecontinuityof theentire circuit
shouldbecheckedfollowingtheproceduresin

theapplicableMM. In general,thisconsistsof
checkingthewiringand thecartridgebyusing
a resistor in the testcircuit that limitsthecit-

cuit current to lessthan35milliamperesto pre-
vent detonatingthecartridge.
CO,cylinders.Thesecylinderscome in vari-

ous sizes,are madeof stainlesssteel,andare

wrappedwith steelwire to makethemshat-

terproof.Thenormalstoragepressureof the
gasrangesfrom700to 1,000p.si.However,the
stateof thecylinderchargeis determinedby
theweightof theCO.In thecontainer,about
two-thirdsto three-fourthsof theCOris lige
ucfied.WhentheCOis released,i t expands
about500timesasit convertsto gas

â€˜Thecylinderdoesnot have to be protected
againstcoldweather,for thefreezingpointof,
carbondioxideis minus 110Â°F.However,i t can

dischargeprematurelyin hotclimates.Topre-
vent this,manufacturersputin a chargeofdry
No,at about200p.si.beforetheyfill thecyl-
inderwith CO..Whentreatedin thismannes,
mostCO.cylindersare protectedagainstpre-
mature dischargeupto 160Â°F.Witha tempera-
ture increase,thepressureof theNpdoesnot
rise as muchas thatof theCO2becauseof its

stabilitywith regardto temperaturechanges.
â€˜TheN2alsoprovidesadditionalpressuredur-
ingnormalreleaseof theCO>at lowtempera-
ture in coldweather.

Or cylindersare equippedinternallywith
ne ofthreetypesoFsiphontues ashow
in Figure837 Aircraftfireextinguishershave
eitherthe straightrigidor the shortflexible

siphontubeinstalled.Thetubeis usedto make
Certainthat theCO,is transmittedto thedis-

chargenozzlein theliquidstate

CO,cylindersare equippedwith metalsafety
disksdesignedto ruptureat 2,200to 2,800
psi. This disk is attachedto the cylinder
releasevalvebodybya threadedplug.A line
leadsfromthe fittingto a dischargeindicator
installedin the fuselageskin.Ruptureof the
reddiskmeans thatthecontainersafetyplug
hasrupturedbecauseof an overheatcondition.
A yellowdisk is alsoinstalledin thefuselage
skin,Ruptureofthisdiskindicatesthatthesys-
temhasbeendischargednormally.

| 849



8:20 | FireProtectionSystems

Â©â€˜Typeof tube in cylinderIs
Indicated byone of the

folllowingmethod:

LHthread  

   
 

1.Stampingon bushing
'SF"denotesshortflexibletube

Â°S'denotesstraighttube Siphontube
Integralwith

oo bodybushing

2.Stenciingon bodyof onder:StraightHaidsiphonâ€™â€œShortlexblesiphonâ€™â€œcurvedsiphon"
 Shor,lexblesiphontube

torhorzantal â€”initens

\NNstraightsubeforall
vorticl installations

 

Curvedsiphon
tubefor raft
Installations

Figure8-3-7.TypicalCO,cylinderconstruction.

Section4

FirePreventionand
Protection
Leakingfuel andhydraulic,deicing,or lubri-
catingfluids,can be sources of fire in an air-

craft.Thisconditionshouldbenoted,andcor-

rective action taken,wheninspectingaircraft
systems.Minutepressureleaksof thesefluids
are especiallydangerousbecausetheyquickly
producean explosiveatmosphericcondition,

Carefullyinspectfuel tank installationsfor
signsofexternalleaks.Withintegralfueltanks
theexternalevidencecan occur at some dis-
tancefromwherethefuel is actuallyescaping.

Manyhydraulicfluids are flammableand
shouldnot bepermittedto accumulatein the
structure. Soundproofingand laggingmate-
rialscan becomehighlyflammableif soaked
with oil of anykind,

Anyleaksor spillsof flammablefluid in the
vicinityof combustionheatersis a serious fire
risk,especiallyif anyvaporis drawninto the
heaterand passesover the hot combustion
chamber.

â€˜Oxygensystemequipmentmust bekeptabso-
lutelyfreefromtracesof oil or grease,because
thesesubstancesspontaneouslyignitein contact
with oxygenunderpressure.Oxygenservicing
cylindersshouldbeclearlymarkedso thatthey
cannot bemistakenforcylinderscontainingair

â€˜or
Nz

becauseexplosionshaveresultedfrom

thiserror duringmaintenanceoperations.
 

Firepreventionis muchmore rewardingthan
fireextinguishing.

CabinandCockpitArea

All wool,cotton,andsyntheticfabricsusedin

interior trimare treatedto renderthemflame
resistant. Testshaveshownfoamandsponge
rubberto be highlyflammable.However,if
theyare coveredwith a flame-resistantfab-
ric thatdoesnot supportcombustion,thereis,

little dangerfromfire as a resultof ignition
producedbyaccidentalcontact with a lighted
Cigaretteor burningpaper.

   

Fireprotectionfor theaircraftinterior is usu-

allyprovidedbyhand-heldextinguishers,Four
typesof fire extinguishersare availablefor

extinguishinginterior fires:

= Water

= Carbondioxide
= Drychemical

â€˜+Halogenatedhydrocarbons

Hand-HeldExtinguishers
â€˜TheNationalFireProtectionAssociationhas
classifiedfiresinto fourbasictypes:

+ ClassA fires,definedas firesin ordinary
combustiblematerialssuch as wood,
cloth,paper,upholsterymaterials,and
such,

â€˜+ClassBfires,definedas firesin flammable

petroleumproductsor other flammable
â€˜orcombustibleliquids,greases,solvents,
paints,andso on.

+ ClassC fires,definedas firesinvolving
energizedelectricalequipmentwhere
the electricalnon-conductivityof the

extinguishingmediais of importance.In
â€˜mostcases whereelectricalequipmentis,

de-energized,extinguisherssuitablefor



use onClassA or Bfirescan beemployed
effectively.

Class D fires,definedas any fire that
involvesa flammablemetal,suchas mag-
nesium,or magnesiumalloy.Dychemi-
calextinguishersshouldbeusedon class.
Dfires.

Aircraft fires,in flightor on the ground,
â€˜canencompassanyor all of thesetypefires.
â€˜Therefore,detectionsystems,extinguishing
systems,andextinguishingagentsas applied
to eachtypefiremustbeconsidered.Eachtype
firehascharacteristicsthatrequirespecialhan-
dling.Agentsusableon ClassA firesare not

acceptableon ClassBot C fires.Agentseffec-
tive on ClassBor C fireshavesome effecton

ClassAfires,buttheyarenotthemostefficient.

Waterextinguishersare for use primarilyon

nonelectricalfiressuchas smolderingfabric,cig-
arettes,or trashcontainers.Waterextinguishers
shouldnotbeusedon electricalfiresbecauseof
thedangerof electrocution.Turningthehandle
ofa waterextinguisherclockwisepuncturesthe
sealof aCO>cartridgethatpressurizesthecon-

tainer.Thewater sprayfromthenozzleis con-

trolledbya triggeron topof thehandle.

Carbondioxidefireextinguishersare provided
to extinguishelectricalfires.A long,hinged
tube with a nonmetallic,megaphone-shaped
nozzlepermitsdischargeoftheCO2gascloseto
thefiresourcetosmotherthefire.Atriggertype
releaseis normallylock-wired,andthewire can

bebrokenbya pullon thetrigger(Figure8-4).

Adrychemicalfireextinguishercan beusedto

extinguishanytypeof fire.However,thedry
chemicalfireextinguishershouldnot be used
in thecockpitbecatiseof possibleinterference
withvisibilityandthecollectionofnonconduc-
tive powderonelectricalcontactsof surround-
ingequipment.Theextinguisheris equipped
with a fixednozzlethat is directedtowardthe
fire source to smotherthe fire. Thetriggeris,

alsolock-wiredbut can bebrokenbya sharp
squeezeof thetrigger.

â€˜Thedevelopmentofhalogenatedhydrocarbons
(Freons)as fireextinguishingagentswith low
toxicityfor airbornefireextinguishingprotec-
tion systemslogicallydirectedattention to its
use in handtypefireextinguishers.
â€˜ThisqualityallowsHalon1301to be usedin

occupiedpersonnelcompartmentswithout

deprivingpeopleof theoxygentheyrequire.
â€œAnotheradvantageis thatno residueor deposit
remains afteruse. Halon1301is theidealagent
to use in airbornehand-heldfireextinguishers
becauseof thefollowing:

â€˜=Itslowconcentration is veryeffective,

FireProtectionSystems
It can be used in occupiedpersonnel

compartments.
* Itis effectiveon all fourtypesoffires.
â€˜=Noresidueremains afterits use.

ExtinguishersUnsuitableas

Cabinor CockpitEquipment
Thecommon,aerosol-cantypeofextinguisher
is definitelynot acceptableas airbornehand
typeextinguishers.In one instance,an aero-

soltypefoamextinguisherin thepilot'sseat
backpocketexplodedandtore theupholstery
fromtheseat.Theinterior of theaircraftwas

damagedbythefoam.Thisoccurredwhenthe
aircraftwas on thegroundandtheoutsideair

temperaturewas 90Â°F.In additionto thedan-
get fromexplosion,the size is inadequateto
combateven thesmallestfire,

A dry-chemicalextinguisherwas mounted

â€˜nearaheaterventon thefloor.Foranunknown
reason,thepositionof theunit was reversed.
Thisplacedtheextinguisherdirectlyin front
of the heatervent. Duringflight,with the
heaterin operation,theextinguisherbecame
overheatedandexploded,filling thecompart-
ment with dry-chemicalpowder.The prox-
imityof heatervents shouldbe considered
whenselectingalocationforahandfireextin-guisher.
Additional informationrelative to airborne
handfireextinguisherscan beobtainedfrom
your localFAA DistrictOfficeand fromthe
NationalFireProtectionAssociation,

 Figure8-4-1. Atypicalhand-heldCO,fireextin-

guisher.
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sure refuelingwith digital readouts,and all andtypicalgoinginto,or out of,severaldifferenttanksat problemsof

thesame time.Despitetheapparentcomplexity,_lreraftfuel

modernfuelsystemsare extremelydependable.paige

â€˜ABoeing747-400at averagetakeoffweight,â€œfuelsystemtypes,
Durned0t8llonsothelperhourThatredeces telcomponets

â€˜operation06697gallonsperminute,of 11gallonspersec-ond.Thefuelsystemcanhandleaboutivetimes*Fuelsystemthatmuchfuel,oF55gallonspersecond, Ea

EXPLAIN
Requirementsfor
fuel systemdesign

Section1 Sreereeea
AircraftFuelBasics Se

fuel systemsâ€˜Twotypesof aviation fuel are in generaluse

todayfor civilian aircraft.Aviation gasoline,
alsoknownas AVGAS,is usedin virtuallyall
reciprocatingengines.A Kerosenetypefuel
usuallyreferredto as jetfuelis usedin tur-
bineengines.Withthe reappearanceof diese!
enginesforaircraftjetfuelcan alsobeusedon

theseaircraft.Foradditionalinformationon the
typesof aviation fuels,theiridentification,safe Left.Modemaircraft

handling,andfuelingprocedures,see Chapterdependon cleanfuel
3oofAircraftStructuralMaintenancein thisseries. forsafeoperation.

  

ThisCanadairregional
. a jetisrefueledusing

PropertiesofAviation thucmountedpres

Gasoline sure fuelingsystem.
Multiplefitersand

AVGASconsistsalmostentirelyof hydrocar-valvesensure that
bons,namely,compoundsconsistingofhydro-cleanfuelis loaded
igenandcazbon.Someimpurities,in theformof intothepropertanks.  
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   Figure9-1-1.Likeat manysmallairportstoday,thisfuelfarmhasonlytwo typesoffuel:AVGASL100
andJetA.

sulphuranddissolvedwater,will alsobepres-
ent. A smallamount of sulphur,alwayspresent
in crudepetroleum,is left afterthe processof
turningcrudeoil into gasoline.Thewater also
cannotbeavoidedbecausethegasolineis nearly
alwaysexposedto moisture in theatmosphere.
Eachfuel farm,largeor small,hasa series of
{qualitycontrolproceduresto reducefuel con-

tamination. Figure9-11 showsa typicalsmall
fuelfarmata generalaviationairport.
â€˜Traditionally,tetraethyllead(TEL)has been
addedto AVGASto improveits performance
in theengine.Organicbromidesandchlorides
are mixedwith TELso thatduringcombustion
volatileleadhalidesate formed.Thesehalides
are thenexhaustedwith the combustionby-
products.TEL,if addedalone,wouldburnto a

solidleadoxideandremain in theenginecylin-
der.Inhibitorsareaddedto gasolineto suppress,
theformationof substancesthatwouldbe left
1s solidswhenthegasolineevaporates.Because
â€˜ofenvironmentalconcerns over TELuse,a low-
leadversion of 100octane AVGASwas formu-
lated.I00LLis beingusedin virtuallyallpiston
engineaircraft,andit is oftentheonlygasoline
availableatairports.

Certainpropertiesof gasolineaffectengine
performance.Thesepropertiesincludevolatil-
ity,themanner in whichthefuelburnsduring
thecombustionprocess,andtheheatingvalue
of thefuel.Alsoimportantis howcorrosive the
â€˜gasolineis and its tendencyto formdeposits
in theengineduringoperation.Thesefactors
are importantbecauseof theireffecton general
cleanliness,whichwill havean effecton the
time betweenengineoverhauls.

Volatilityisa measureofthetendencyofaliquid
substanceto vaporizeundergivenconditions.
Gasolineis a complexblendof volatilehydro-
carboncompoundsthathavea widerangeof

boilingpointsandvaporpressures.It is blended
in sucha waythat a straightchainof boiling
pointsis obtained.Thisis necessaryto obtain
therequiredstarting,acceleration,power,and
fuelmixture characteristicsfortheengine.

If the gasolinevaporizestoo readily,fuel
linescan becomefilled with vaporand cause

decreasedfuel flow.Takento its extreme,this,
causes vaporlockand can resultin failureof
theengine.Fuelthatdoesnot vaporizereadily
enoughcan resultin hardstarting,slowwarm

up,pooracceleration,anduneven fueldistribu-
tion to thecylinders.

TurbineFuel
Theaircraftgasturbineengineis designedto

operateon a distillatefuel,commonlycalled
jet fuel,Jetfuels,like gasoline,are alsocom-

posedof hydrocarbons.Thecomponentsof jet
fuel contain a litle more carbonandusually
havea highersulphurcontent thangasoline.
Inhibitorscan be addedto reducecorrosion

andoxidation,Additivesare alsoblendedwith
thefuelto prevent icing

Threetypesof turbinefuelare usedin civilian
aviation: JetA andJetA-1,whichare kerosene
typefuels,andjetB,whichis a blendof kero-
sene andgasolinetypefuels.Jetfuelnumbers,
are typenumbersandhaveno relationto the
fuelâ€™sperformancein theaircraftengine.

â€˜Aswith gasoline,one of the most important
characteristicsof jt fuel is its volatility.It must
bbeacompromisebetweenseveralopposingfac-
tors. A highlyvolatilefuel is desirableto aid
in startingin coldweatherandto makeaerial
restartseasierandsurer. Lowvolatilityis desie-
ableto reducethepossibilityof vaporlockand
to reducefuellossesbyevaporation.



Atnormaltemperatures,gasolineina closecon-

tainer of tankcan giveoff so manyvaporsthat
the fuclair mixture couldbe too richto burn.
Underthesame conditions,thevaporgivenoff

byJetBfuelcan be in theflammableor explo-
sive range.JetA fuel,however,hassucha low

volatilitythat,at normaltemperatures,it gives
offverylittlevaporanddoesnot formflammable

orexplosivefuelair mixtures.Figure9-12showstherangesofaviationfuelvaporizationat atmo-

sphericpressure.Themaximum vaporpressureallowedforAVGASis 7psi.at100Â°F.
AutomotiveGasoline
Automotivegasolineis not normallya sub-
stitute for AVGAS.Neither is commercial
dieselfuel. Whilea fewSupplementalType
Certificates(STCs)havebeenissuedallow-
inguse of automotive gasolineundercertain

parameters,itis not somethingthat is in gen-
eraluse. Also,thevaporpressureof AVGASis

lowerthanthevaporpressureof automotive

gasoline.Itis bestnot to use i t in certifiedair-

planes,

VaporLock

Normally,the fuel remains in a liquidstate
until itis dischargedinto theair stream,when
it theninstantlychangesto a vapor.Undercer-

tain conditions,however,thefuelcan vaporize
in thelines,pumps,or otherunits. Thevapor
pocketsformedbythis prematurevaporiza-
tion restrictthefuel flowthroughcomponents,
designedto handleliquidsratherthangases.
â€˜Theresultingpartialor completeinterruption
of the fuel flow is calledoaporlock.Thethree

jgeneralcauses of vaporlockare thelowering
Ofthepressureon thefuel,highfueltempera-
tures,andexcessive fuelturbulence.

Athighaltitudes,theatmosphericpressureonthefuelin thetankis low.Thislowerstheboil-
ingpointof thefuelandcauses vaporbubbles
to form.Thisvaportrappedin the fuel can

â€˜causevaporlockin thefuelsystem,

â€˜Transferof heatfromtheenginetendsto cause

boilingof the fuel in the linesand thepump.
â€˜Thistendencyis increasedifthefuelin thetankis warm. Highfueltemperaturesoftencombine
with lowpressureto increase vaporformation.
â€˜Thisismostaptto occur duringarapidclimbon

a hotday.Astheaircraftclimbs,theoutsidetem-

peraturedrops,butthefueldoesnotcoolrapidly.
Ifthe fuelis warm enoughattakeoff,it can retain

enoughheatto boileasilyathighaltitude.

â€˜Thechiefcausesoffuelturbulenceare sloshing
of thefuel in thetanks,themechanicalaction
of theengine-drivenpump,andsharpbendsor
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rises in thefuellines,Sloshingin thetanktends
to mix air with thefuel.Asthismixture passes

throughthelines,thetrappedairseparatesfrom
thefuelandformsvaporpocketsat anypoint
wherethereare abruptchangesin directionor

steeprises. Turbulencein thefuelpumpoften
combineswith the low pressureat thepump
inlet to formavaporlockatthispoint.

Vaporlockcan becomeseriousenoughtoblockthe fuel low completelyandstoptheengine.
Evensmallamountsof vaporinthe inet line
restrict the flow to the engine-driven pum

dndreducets outputpressure,me

â€˜Toreducethepossibilityofvaporlock,fuellines
are keptawayfromsources ofheat;also,sharp
bendsandsteeprises are avoided.In addition,
thevolatilityof thefuel is controlledin manu:

factureso that i t doesnot vaporizetoo readily.
â€˜Themajorimprovementin reducingvaporlock,
however,is incorporatingboosterpumpsin the
fuelsystem.Thesepumpskeepthefuel in the
linestotheengine-drivenpumpunderpressure.
â€˜Theslightpressureon the fuel reducesvapor
formationandhelpsmove a vaporpocketalong.
â€˜Theboosterpumpalsoreleasesvaporfromthe
fuel as i t passesthroughthepump.Thevapor
â€˜movesupwardthroughthefuel in thetankand
out thetankvents,

â€˜Topreventthe smallamount of vaporthat
remains in thefuelfromupsettingitsmetering
action,vaporeliminatorsare installedin some

fuelsystemsaheadof themeteringdeviceor

are built into thisunit

FuelSystemIcing
Moisture in the fuel system,in any form,
posesa very realdangeras the temperature
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approachesthe freezingpointof water. Fuel
system icingcan betheresultof eitherfreeor

entrainedwater.
 

Freewater can bepresentin eitherAVGASor

jetfuel.Carefulattentionduringfuelhandling,
refuelingoperations,andpre-flightinspections
â€˜generallyresullin thedetectionandremovalof
freewater. If undetected,thiswater can accu-

mulatein lowspotsnear tankoutlets,in fuel
filters,selectorvalves,and low spotsof fuel
lines.Whenthewater freezes,thisice can pre-
vent fuelflowandcause enginefailure.

Entrainedwater is a dangergenerallyassoci-

atedwith jetfuel.Becausethespecificgravity
â€˜ofjetfuelandwater are nearlythesame,water

mightnot sinktothebottomof thetankas with

â€˜gasoline.Somewater can remain suspended
in thefuel.Whenfuel temperaturesapproach
freezing,this water beginsto changeto ice.

â€˜Thisresultsin ice crystalsflowingalongwith
the fueland can resultin cloggedfiltersand
lines,

â€˜Topreventenginestoppagefromicing,jetair-

craftcan beequippedwith heatexchangersto
â€˜warmthefuel,andanti-icingadditivescan be
mixedwith thefuelbeforeor duringrefueling.
â€˜Morespecificinformationon fuel heatersis,

presentedlaterin thischapter.

FuelSystemContamination
Severalformsof contamination are in avia~

tion fuel.Thehighertheviscosityof thefuel,
thegreateris itsabilityto holdcontaminants
in suspension(Figure9-1-3).Forthis reason,
jet fuelswith a highviscosityare more sus-

ceptibleto contamination thanAVGAS.The

principalcontaminantsthat reducethequal-
ityof bothgasolineandturbinefuelsare other
petroleumproducts,water,rust or scale,and
dirt

 
 

S.mlcron  Figure9-1-3.Comparisonof particlesrateofsettlingin threetypesoffuel.

Water

â€˜Watercanbepresentin thefuel in two forms:

â€˜=Dissolvedinthefuel
â€˜+Entrainedor suspendedin thefuel

Entrainedwater can be detectedwith the
nakedeye.Thefinelydivideddropletsreflect

lightand,in highconcentrations,givethefuel
a dull,hazy,or cloudyappearance.

â€˜Acloudusuallyindicatesa water-in-fuelsus-

pension.Fuel,however,can becloudyfor sev-

eralreasons, If thefuel is cloudyandthecloud
disappearsat thebottom,air is present.If the
clouddisappearsat the top,water is present.
Particlesof entrainedwater can unite to form

dropletsof freewater.

Freewater can cause icingof theaircraftfuel
system,usuallyin the aircraftboos-pump
sereens and low-pressurefilters.Fuelgauge
readingscan becomeerraticbecausethewater
short-circuitsthe aircraft'selectricalfuel cell
quantityprobe.Largeamounts of water can

cause enginestoppage.If the free water is

saline,i t can cause corrosion of thefuelsystem
components.

Contaminationwith OtherTypesor

GradesofFuel

â€˜Theunintentionalmixingof petroleumprod-
ucts can result in fuelsthat giveunaccept-
ableperformancein the aircraft.An aircraft
engineis designedto operatemostefficiently
â€˜onfuelof definitespecifications.Usingfuels
that differ fromthesespecificationsreduces
â€˜operatingefficiencyandcan leadto complete
enginefailure,

Operatorsof turbine-poweredaircraft are

sometimes forcedbycircumstancesto. mix

fuels.Suchmixing,however,hasverydefinite

disadvantages.WhenAVGASis mixedwith jet
fuel,theTELin thegasolineformsdepositsonthe turbinebladesandvanes. Continuoususe

lofmixedfuelscan cause a lossin engineeffi-
ciency.However,in limiteduse,theyhaveno

detrimentaleffectson theengine.Theoperator
â€˜mustconsultthe aircraftoperationsmanual
beforeburninggasoline,or gasolinemixtures,
ina turbineengine.

Aviation gasolinecontaining,byvolume,more

than 0.5 percentof jet fuel can be reduced
belowtheallowablelimits in knockrating.In
reciprocatingengines,this can resultin deto-
nation andfailureoftheengine.Gasolinecon-

taminatedwith turbinefuel is unsafeforuse in

reciprocatingengines.



ForeignParticles

Most foreignparticlesare found as sediment
in thefuel.â€˜Theyare composedof almostany
â€˜materialwith whichthe {uelcomes into con-

tact. Themost common typesare rust,sand,
aluminumandmagnesiumcompounds,brass,

shavings,andrubber.

Rustis foundin two forms:

â€˜+Redrust (nonmagnetic)
+ Blackrust (magnetic)

â€˜Theyappearin thefuelas redor blackpowder
(whichcan resemblea dye),rouge,oF grains.
Sandor dustappearsin the fuel in a crystal-
line,granular,or glass-likeform.

â€˜Aluminumor magnesiumcompoundsappear
in thefuel as a formof whiteor graypowder
or paste.Thispowder,or paste,becomesvery
stickyorgelatinouswhenwater is present.Brass,
is foundin thefuelas brightgold-coloredchips.
â€˜ordust.Rubberappearsinthefuelas fairlylarge
irregularbits.All formsof contaminationcan

cause stickingor malfunctionsof fuelmetering
devices,flowdividers,pumps,andnozzles.

Microbial growth.Microbialgrowthis pro-
ducedbyvarious formsof microorganisms
thatliveandmultiplyin thewater interfacesofjetfuels.Theseorganismscan formslimesimi-

lar in appearanceto thedepositsfoundin stag-
nant water.Thecolorof thisslimegrowthcan

be red,brown,gray,or black.If not properly
controlledbyfrequentlyremovingfreewater,
the growthof theseorganismscan become
extensive.Theorganismsfeedonthehydrocar-
bonsthatare foundin fuels,buttheyneedfree
water to multiply.

Microorganismshavea tendencyto mat,gener-
allyappearingas a brownblanketthatactsas

a blotter to absorbmore moisture. Thismix-

ture,or mat,acceleratesthegrowthof microor-

ganisms.Thebuildupof microorganismscan

interferewith fuel flow andquantityindica-
tion,and,more importantly,itcan startelectro-

lyticcorrosive action,

Manyantibacterialfueladditivesare available

todaytopreventmicrobialformationin Jetfuel.
PRISTis a common additiveusedas a micro-

bialgrowthpreventer.Thisisaddedto thefuel

duringthefuelingprocessoftheaircraft.These
fuel additivesalsoact as an anti- icingagent.
â€˜Theadditivesmix with water thatcondenses
out of the fuel and lowersits freezingpoint
enoughthatit cannot freezeonthefuelfilters

   

â€˜Sediment.Sedimentappearsas dust,powder,
fibrousmaterial,grains,flakes,or stain.Specks,

AircraftFuelSystems
or granulesof sedimentindicateparticlesin

the visiblesize range,ie, approximately40
microns or larger(Figure9-1-4).Thepresence
of any appreciablenumberof suchparticles
indicateseitheramalfunctionof thefilter/sep-
arators,a source ofcontaminationdownstream
oftheflter/separator,or an improperlyleaned

samplecontainer. Evenwith themostefficient

fiter/separatorsand careful fuel handling,
an occasionalvisibleparticleis encountered.
â€˜Thesestraysare usuallydueto particlemigra-
tion throughthefilter mediaandcan present
no particularproblemto theengineor ftelcon-
trol.Thesedintentordinarilyencounteredis an

extremelyfinepowder,rouge,or silt.Thetwo

principalcomponentsof thisfinesedimentare

normallysandandrust.

Seclimentincludesbothorganicandinorganic
matter.Thepresenceof appreciablequantities
of fibrousmaterials(closeto nakedeyevis-

ibility)is usuallyindicativeof fiter element
breakdown,eitherbecauseof a rupturedfilter
elementor mechanicalfailureof a component
in thesystem.Usually,highmetalcontentof
relativelylargeparticlessuggestamechanical
failuresomewherein thesystem.

Ina cleansampleof fuel,sedimentshouldnot
be visibleexceptuponthe most meticulous
inspection.Persistentpresenceof sedimentis

suspectandrequiresthatappropriatesurveil-
lancetests,andcorrectivemeasures beapplied
to thefuelhandlingsystem.

Sedimentor solidcontamination can besepa-
ratedinto two categories:

= Coarsesediment
Â«=Finesediment

Coarsesediment.Sedimentthatcan beseen

and thateasilysettlesout of fuel or can be

   Humanhalr is
about100
mleronsIn
diameter

40-micron 10-mlcron â€”_5-micron
particle particle particle

25,400microns= 1Inch

 izeofsmallparticlescomparedto 
a humanhair.
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removedbyadequatefiltration,is coarse sedi-
ment. Ordinarily,particles10 microns and

largerareregardedas coarsesediment.
Coarseparticlesclogorificesand wedgein

slidingvalveclearancesandshoulders,caus-

ingmalfunctionsand excessive wear of fuel
controlsand meteringequipment.Theyare

alsoeffectivein cloggingnozzlescreens and
otherfinescreens throughouttheaircraftfuel
system.

Fine sediment.Particlessmallerthan 10
microns can becategorizedas finesediment.

Propersettling,filtration,andcentrifugingcan

remove 98percentof thefinesedimentin fuel,
Particlesin thisrangeaccumulatethroughout
fuelcontrols,appearingas a dark,shellac-like
surfaceon slidingvalves,and can be centri-

fugedout in rotatingchambersas sludge-like
matter,causingsluggishoperationof fuel
meteringequipment.Fine particlesare not
visibleto thenakedeyeas distinctor separate
particles;however,theydo scatter lightand
â€˜canappearas pointflashesof lightor a slight
hazein fuel,

Maximumpossiblesettlingtime shouldbe
allowedin fuel tanksafterfilling to allo rea-

Sonablesettlingofwater andsediment,

DetectingContamination

Coarsecontaminationcan bedetectedvisually.
â€˜Themajorcriterion forcontaminationdetectionis,

that the fuelbeclean,bright,andcontain no

perceptiblefreewater.Cleanmeans theabsenceof anyreadilyvisiblesedimentor entrained
â€˜water,Brightrefersto the shinyappearance
of clean,dryfuels.A cloudyappearanceor a

â€˜waterslugcan indicatefree water.Clouding.
mightor mightnot be presentwhenthe fuel
is saturatedwith water. Perfectlyclearfuelcan

contain as muchas threetimes thevolumeof
â€˜waterconsideredtolerable.

Severalfield methodsforcheckingwater con-

tent havebeendevised,Oneis to addfoodcol
oringthat is solublein water but notin fuel
Colorlessfuelsamplesacquirea definitetint if
Wateris present.Anothermethoduses a gray
chemicalpowderthatchangescolo frompink
to purple,if 30 partspermillion (ppm)or

more of water are presentin a fuelsample.In
a third method,a hypodermicneedleis used
to drawa fuel samplethrougha chemically
treatedfilter.Ifthe samplechangesthecolorof
thefilter fromyellowto blue,thefuelcontains

atleast30ppan.ofwater.

Becausefuel drainedfromtanksumpscould
havebeencold-soaked,youshouldrealizethat
no methodof water detectioncan beaccurate

whilethefuelentrainedwaterisfrozeninto ice

crystals,
There is a goodchancethat water is not
drainedor detectedif thesumpsare drained
whilethefuel is below32Â°F,afterbeingcooled
in flight.This is becausethe sumpdrains

mightnot be at the lowestpointin the fuel
tankwhile theairplaneis in a fightattitude,
andwater can accumulateandfreezeonother
areas of thetankwherei t remains undetected
until it thaws.

Drainingis more effectiveif i t is doneafterthe
fuelhasbeenundisturbedfora periodin which
the freewater can precipitateandsettleto the
drainpoint.Thebenefitsof a settlingperiodis
lost,however,unlesstheaccumulatedwater is

removedfromthedrainsbeforethefuel is dis-
turbedbyinternalpumps.

Section2

FuelSystemTypesand
Components
FuelSystemDesign
Designandperformanceimprovementsin ait-

craftandengineshaveincreasedthedemands
â€˜onthefuelsystem.Fuelsystemsin todayâ€™sair-craftare more complicated,anda correspond-
ingincrease hasoccuredin installation,adjust-
â€˜ment,andmaintenancechallenges.Toensure

safeoperation,certificatedaircraftmust meet
the stringentrequirementsestablishedin M4
CERpart23.951to 23.1001.

Airframe fuel system.Theairframefuelsys-
tembeginswith thefuel tankandendsat the
enginefuel system.Accordingto the regula-
tions,the fuelsystemmustsupplyfuel to the
carburetor,or othermeteringdevice,underall
conditionsofgroundandair operation.It must
functionproperlyat constantlychangingalti-
tudesand in anyclimate.Thesystemshould
alsobe freeof tendencyto vaporlock,which
â€˜canresultfromchangesin groundandin-flight
climaticconditions.

â€˜Thebasiccomponentsof thissysteminclude
the fueltanks,lines,selectorvalves,strainers,
pumps,andpressuregauges.Next,we discuss,
teachcomponentandsee howthe typeof ait-

crafti t is installedonaffectsits design.
On smallaircraft,a simplegravity-feedfuel
systemconsistingof a tank to supplyfuel to



theengine,a shutoffvalve,anda fuelstrainer is

ofteninstalled.Onmultiengineaircraft,com-

plexsystemsare necessaryso thatfuel can be
pumpedfromanycombinationoftanksto any
combinationof engines.Provisions for trans-

{erringfuel fromone tankto anothercan also
beincludedon largeaircraft
Normallyan aircraft,regardlessof its size,has
â€˜morethanone fueltank.Thetypeandlocation
of thesefueltanksvaries withdesignandcon-

struction of theaircraft,as well as thedesign
of thefuelsystem.Eachfueltankis connected
toa selectorvalvewith a fuelline. Theselector
valveallowstheflightcrew to controltheflow
of fuel fromthe flightdeck.Thefuel system
â€˜mustcontain at leastone main strainer. This,
strainer is at thelowestpointof thefuelsystem
andserves as a collectionpointfor themois-

tureinthe system.

Figure9-2-1showsan electronicfuel system
displayin a glasscockpit.Thedisplaygives
â€˜moreinformationthan was possiblewith a

steamgaugesystem.Thedisplayshowsthefol-
lowinginformation:

+ Fuelusedin lastflightbyengine
+ Fuelonboardingallons(orpounds)
+ Positionofall fuelsystemvalves
+ Fuelineachtankbygallons(orpounds)
+ â€˜Temperatureof fuel in eachtank

Withthe informationavailable,it is a simple
â€˜matterto checktheremotefuelvalvepositions.

â€˜Aboosterpumpcouldbeinstalledto ensure

{apositivepressureto theengine-drivenpump
duringstartingand in emergencies.When
startingtheengine,fuel pressuresuppliedby
the boostpumpforcesfuel througha bypass.
in the engine-drivenpump to the metering
device.Oncetheengine-drivenpumpis rotat

ing at sufficientspeed,it takesover anddeliv-
ers fuelto themeteringdeviceat thespecified
pressure.Someinstallationsallow the boost
pumpto be turnedoff duringnormalopera-
tions

Enginefuel system.Theenginefuelsystem
beginswherethefuel is deliveredto theengine
drivenpump(ifinstalled)andincludesall the
fuel controlandmeteringdevicesup to the
pointof discharge.In aircraftpoweredwith

2reciprocatingengine,the fuelmeteringsys-
temconsistsoftheair- andfuel-controldevices,
fromthepointwherethe fuelenters thefirst
controlunit until the fuel is injectedinto the
superchargersection,intakepipe,or cylinder.
For example,the fuelmeteringsystemof the
Teledyne-Continental10-470engineconsists
of thefuel/aircontrolunit, the injectorpump,
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thefuelmanifoldvalve,andthefueldischarge
nozzles.

Thefuel meteringsystemof the gasturbine
engineconsistsof an enginefuel controlunit

(FCU)andcan extendto,andinclude,thefuel
nozzlesinstalledin thecombustionsection.On
some turbopropengines,a temperaturedatum
valveis a partof theenginefuelsystem.The
rate of fuel deliveryis a functionof air mass

flow,compressorinlet temperature,compres-
sor dischargepressure,rp.m,andcombustion
chamberpressure.

Thefuel meteringsystemmust operatesatis-
factorilyto ensure efficientengineoperation
as measuredbypoweroutput,operatingtem-

peratures,andrangeof theaircraft.Becauseof,
variations in designof differentfuelmetering
systems,theexpectedperformanceof anyone

pieceofequipment,as wellas thedifficultiesit

RequirementsforFuelSystem
Design
Thetypeof fuelsystemusedon anyaircraftis
a functionof thephysicallocationof compo-
nents,typeandnumberof enginesinstalled,
and theanticipatedoperatingaltitudes.Fuel
systemdesignsrangefromthesimplegravity
feedsystemusedbylightaircraftto pressure-
feedsystemsusedâ€™on sophisticatedturbine-
poweredaircraft
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Figure9-2-2.A PiperSuperCubwitha classic,gravity-flowfuelsystem.

Gravityfeed.Gravitysystemscan beusedon

aircraftswherethe fueltanksare highenough
abovethecarburetorso thatgravityprovides
enoughfuelpressureto supply150percentof
the fuel flow requiredfor takeoffoperation
This generallyis limitedto high-wingaircraft,
andcertainsmalaircraftusinga singletank
â€˜mountedabovethe fuselageor in the nose of
the aitcraft,Figure922 showsa PiperSuper
Cubwith a classicgravitylowfuelsystem,

â€˜Thesesystemsshouldnot be ableto supply
fuel to any one enginefrom more than one

tank,unlessthe fuel tankairspacesare inter-
connectedto ensure an equalfeedfromboth

Fillercap.

\

Overboard
drain line =â€”Dralnvalve

Figure9-23.Atypicalmetalfueltank.

tanks.Thisinterconnectionis commonlyfound
fon Cessnasingle-engineaircraftthat are nor-

â€˜mallyoperatedwith thefuelselectorvalvein

theBOTHposition.
Pressurefeed. Pressuresystemsuse a fuel
pumpto ensure that at least125 percentof
theactualtakeofffuel flow is available.These
installationsincludebothhigh-wingandlow-
wingaircraft,andcan bedesignedto supply
anynumberof engines.

â€˜Multiengineaircraftfuelsystemsaredesigned
so thateachengineis suppliedfrom its own

tank,pump,andfuellines.Afuelcross-feedsys-
tomprovidesthe means to transferfuel from
fone tank to anotherand,in an emergency,to

â€˜operatetwo enginesfromone tank.

FuelSystemComponents
â€˜Thebasiccomponentsof an aircraftfuel sys-
tem includetanks,lines,valves,pumps,fil
ters,indicatingsystems,warning.signals,
andprimer.Somesystemscan includecentral

refuelingprovisions,a fuel jettison(dump)
system,and a means for transferring,fuel
â€˜Theseunits are discussedin the paragraphs

thatfollow. parsgespl

FuelTanks

â€˜Thelocation,size,shape,andconstruction of,
fuel tanksvarywith the typeand intended
use of theaircraft.Sometanksare removable,
andsome are integralwith theconstructionof
thewingor otherstructuralcomponentsof the
aircraft.Fueltanksare madeof materialsthat
donot reactchemicallywith anyaviation fuel
Internalbafflespreventthe fuelfromsloshing
aroundin thetank.

Metal fuel tanks.Aluminumalloy is widely
usedand is constructedusingeither riveted
or weldedconstruction. Usuallya sumpanda

drainare providedat the lowestpointin the
tank,as shownin Figure9-2-3.Whena sump
or lowpointdrainis providedin thetank,the
â€˜mainfuelsupplyis not drawnfromthebottom
of thetank,butfroma higherpoint.
â€˜Thespaceat thetopof eachtank is ventedto
theoutsideair to maintain atmosphericpres-
sure in thetank.Air vents are designedto min-

imize thepossibilityof theirbeingblockedby
dirt or ice formations.Topermitrapidchanges,
in internalair pressure,thesize of thevent is,

proportionalto thesize of the tank.Thisacts
to preventacollapseofthetankduringa steep
dive or glide.All exceptthe verysmallest
tanksare fitted with internalbafflesto resist
fuelsurgingcausedbychangesin theattitude



of theaircraft.Usuallyan expansionspaceis,

providedin fuel tanksto allowforan increase

in fuelvolumedueto expansion.

The filler neck and cap are usuallyin a

recessedwell,equippedwith a scupperand
drain. Thescupperis designedto prevent
overflowingfuel fromenteringthe wing or

fuselagestructure. Fuel capshave provi-
sions for lockingdevicesto preventacci-

dentallossduringflight.Filleropeningsare

clearlymarkedwith thewordAVGAS(onait-

craftequippedwith reciprocatingengines),
(Figure9-2-4)the tank capacity,and the
gradeof fuel to be used.Informationabout
the capacityof eachtank is usuallyposted
near the fuel selectorvalve and the filler
caps.Turbinefuel systems,even pressure
fillingsystems,prominentlylist the fuel for
whichtheenigineor enginesarecertified,as

shownin Figure9-2-5.
  

FuelCells

Bladderfuel cells.Thebladdertypefuelcell
is a non-self-sealingcellthat is usedto reduce
â€˜weight.Tosupporttheweightof thefuel in it,
thetankdependson thestructureofthecavity
in whichit is installed.Thesecellsare remov-

ableandemployavarietyofretainingsystems.
Removingand installingbladdertypecells
â€˜mustbedonein strict accordancewith theait-

craftmanufacturer'sinstructions(Figure9-26). 

Whiledesignedto givemanyyearsofsafeuse,
the bladdertypefuel cellcan developleaks
over time. Generallythe cellcan beremoved
andrepairedbyan appropriatelyratedrepair
station. While the cell is out for repair, the
cavityin which the cell residesshouldbe
carefullyinspectedandrepairsmadeto the
â€˜materialsinstalledto protectthebladderfrom
chafing,
(Olderrubberbladdertankswere oftencovered
with engineoil insidewhenstored.Modern
bladdertanksare madeof polyethyleneand
requireno inner protection.

Integralfuel cells.Becauseintegralfuelcells
are usuallybuilt into thewingsoftheaircraft
structure, theyare not removable.An integral
cell is constructedinsidethe aircraftstruc-
ture so that after the seams,structuralfas-
teners, andaccess doorshavebeenproperly
sealed,the cell holds fuel without leaking.
Thistypeof construction if oftenreferredto
as a wetwing.Repairsto thesetypesof tanks
normallyconsistof patchesanddoublersriv-

ted in andsealed.Repairsto sealersusedin

this typeof fuel cellmust be madein strict
accordancewith the manufacturer'sinstruc-
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   Figure9-2-4,Fuelcellson aircraftpoweredbyreciprocatingenginesshould
beclearlymarkedwiththewordAVGASandtheminimum octanerating
required.

PRESSUREREFUELING
FUEL:JETA,JETA1,JETB

JP~4JP-5,JP-8OREQUIV
MAXFUELINGPRESS55PSI

MAXDEFUELINGPRESS-8 PSI

Figure9-2-5.Thisplacardis an oddity.Thsair

planeâ€™senginesare certifiedforseven kindsof jet
fuel

 Figure9-2-6.Bladdertypefuelcell.
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Surgetank

Maintank2

 Maintank1 8,630
Maintank2 8,630
Centertank 28,803

Total46,063
Note:Fuelent os.perUSgallon

Surgetank

Figure9-2-7.Transportairplanewingscontainseveralintegralfueltanks.

 Figure9-2-8,Mainfuelstrainerfora lightaircraft.

tions,usingonlythesealersspecified(Figure
9-2-7),

FuelLines

Fuelcan besuppliedthrougha combination
of rigidand flexiblelines.Fuellinesmustbe
sizedso thattheyare capableof handlingthe

requiredfuel flow underall operatingcondi-
tions. Theinstallationmust alsobedesigned
so thatthereare no sharpbends,rapidrises or

otherfeaturesthatmightcause vaporaccumu-

lation.Thiscouldleadto vaporlock.Flexible
fuel linesandrubberpartsin fuelsystemsare

madefrom specialaromatic-resistantrubber
to helpwith deteriorationcausedbyaromatic
aviation fuels.Thesefuelshavea strongsolvent
andswellingactionon some typesof hoseand
rubberparts.
Fuellines shouldbe routedbelowelectrical
conduitsandshouldbekeptas far awayfrom
hot engineareas as possible.Whenrouting
fuel linesbetweentwo rigidlymountedfit
tings,alwaysincorporateat leastone bendin

the tubingto absorbstrain causedbyvibra-
tion andtemperaturechanges.Introductiont0
AircraftMaintenance,anothetbookin thisseries

containsextensive coverageof fuel linesand

fittingsin thechaptertitled â€œFluidLinesand

Fittings.â€•

 

FuelStrainersandFilters

Devicesto trapor remove dit particlesfrom
the fuel are usedin severalplaces.Thispro-
videsmultipleopportunitiestostopdirt before
it causes a problem.A combinationof wire

meshstrainersandfuelfiltersare oftenused.

Fuelstrainersare usedin theoutletofeachfuel
tank or integratedwith the fuelboostpump
assembly.Theseare madeof relativelycoarse

mesh(a largeas 8 mesh/inch).An additional
strainer is installedat the low pointbetween
the fuel tanksand the engine-drivenpump.
â€˜Thisstrainer incorporatesa muchfinermesh

(usually40.mesh/inchor higher).A third
strainer is placedin theinlet of thecarburetor
or fuelmeteringdevice

â€˜Mainfuel strainer.A typicalunit usedas the
â€˜mainfuel strainer on lightaircraftis shown
in Figure9-2-8,It consistsof a castmetaltop,
a screen,anda glassor metalbowl.Thebow!
is attachedto thecoverbya clampandthumb
nut. Fuelenterstheunit throughtheinlet port,
filtersthroughthe screen,and exits through
the outletport.At regularintervalstheglass
bowlmustbedrainedandthescreen removed
for inspectionandcleaning.It mustalwaysbe
safetiedafterinspection,



Filtersare usedto providea finer degreeof
separationthanprovidedbymeshstrainers.
â€˜Alow-pressurefilter can beinstalledbetween
thesupplytanksand theenginefuel system
to protecttheengine-drivenfuel pumpand
various controldevices.An additionalhigh-
pressurefuelfilterisinstalledbetweenthefuel
pumpandthe fuelcontrolto protectthe fuel
controlfromcontaminants,

â€˜Thethreemostcommon typesoffilters in use

are themicron filter,thewaferscreenfilter,and
theplainscreen meshfilter.Theindividual use

of eachof thesefiltersis dictatedbythefilter-
ingtreatment requiredat a location.

Micron filter. Themicron filter (Figure9-2-
9)has the greatestfilteringaction of any
present-dayfilter typeand,as the name

implies,is ratedin microns. (Amicron is the
thousandthpartof 1millimeter)Theporous
cellulosematerialfrequentlyused in con-

struction of the filter cartridgesis capable
of removingforeignmatter measuringfrom
10to 25microns. Theminute openingsmake
this typeof filler susceptibleto clogging:
therefore,abypassvalveisa necessarysafely
factor

Becausethe micron filter doessucha thor-

oughjobof removingforeignmatter,it is

especiallyvaluablebetweenthefueltankand
engine.Thecellulosematerialalso absorbs
water,preventingi t from passingthrough
the pumps.If water doesseepthroughthe
filter,whichhappensoccasionallywhenfil-
ter elementsbecomesaturatedwith water,
the water can quicklydamagetheworking
elementsof thefuel pumpandcontrolunits.
â€˜Thisdamageoccurs becausetheseelements,
dependsolelyon the fuel for their lubrica-
tion, Toreducewater damageto pumpsand
controlunits,periodicservicingandreplace-
â€˜mentof filter elementsis imperative.Daily
drainingof fuel tank sumpsand low-pres-
sure filterseliminatesmuchfilter troubleand
preventsunduemaintenance of pumpsand
fuelcontrolunits.

â€˜Themostwidelyusedfiltersare the200-mesh
andthe350-meshmicron filters.Theyareused
in fuelpumps,fuelcontrols,andbetweenthe
fuelpumpandfuelcontrol,whereremovalof
micro-size particlesis needed.Thesefilters,
usuallymadeof fine-meshsteelwire, are a

series of layersofwire.

Wafer screen filter. Thewaferscreen type
of filler (Figure92-10)hasa replaceableele-
rent, whichis madeof layersof screen disks
of bronze,bras,steel,or similarmaterial.This
typeof filteris capableof removingmicro-size

particles.It alsohasthestrengthto withstand

highpressure.
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Screenmeshstrainerfilter. Thescreen mesh
strainer-typefilter is still in common use. It
haslongbeenfound in internal-combustion
enginesofall typesforfuelandoil strainers.In
present-dayturbojetenginesitis usedin units
here filteringaction is not so critical,suchas

in fuellinesbeforethehigh-pressurepumpfil-
ters.Themeshsize of this typeof filtervaries

greatlyaccordingto the purposefor whichi t
isused,

FuelSystemValves

Fuelsystemsmust beequippedwith valvesor

valvecontrolsthat are accessibleto thepilot

Filterelement

DNRollevalve
CO,  

 
Figure9-2-9.Micronfuelfilter.
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a6Figure9-2-10.Waferscreen fuelfilter.
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Figure9-2-11.Poppet-typefuelselectorvalve,

{andon largeaircraft,thefightengineer)that
are capableofshuttingoff thefuel flow to any
â€˜engine.Thevalvesmustaccommodatethefull
flow capacityof the fuel line,must not leak,
andmustoperatefreelywith a definitefeelor

clickwhenitis in theoperatingposition.Small
aircraftmighthavevalvesthatare in thecabin
andare directlyoperatedbythepilot.Larger
aircraftgenerallyemployelectricallyoperated
valves.

Fueltankshutoffvalveshavetwo positions,
â€˜openand closed.Theyare installed in the
systemto preventfuel losswhena fuel sys-
tem componentis beingremovedor when
fa partof the systemis damaged.In some

installations,theyare usedto controlthefuel
flowduringfuel transfer.Theycan be oper-
atedmanuallyor electrically.An electrically
â€˜operatedfuelshutoffvalveincludesa revers-

ibleelectricmotor linked to a slidingvalve
assembly.The motor moves the valve gate
in andout of thepassagethroughwhichthe
fuelflows,thusshuttingoff or turningon the
fuel flow.

Fuel selectorvalves are used on systems
with multipletanks to selectthe tank that
fuel is drawn fromduringeachsegmentof
the flight.Thethreemain typesof selector
valvesare thepoppet,cone,anddisk.

Poppetselector valves. The poppet-type
selectorvalve has an individual poppet
valve at eachinlet port.A cam andyokeon

the same shaftact to openthe selectedpop-
petvalveas theyokeis turned.Figure9-2-11
Showshow the cam lifts the upperpoppet
valve from its seat when the control han-

 â€œTheIndexmechanism

die is set to the number2 tank. Thisopens
the passagefromthe number2 tank to the
engine,At thesame time,a raisedportionof
the indexplatedropsinto a notchin the side
of the cam. Thisprovidesthe feel that indi-
catesthe valve is in the fullyopenposition.
â€˜Thecontrolhandleshouldalwaysbe setby
feelratherthanbythemarkingson theindi-

catordial,Theindex mechanismalsokeeps.
the valve in the desiredpositionand pre-
vents creepingcausedbyvibration,

Coneselectorvalves.Thecone-typeselec-
tor valve haseither an all-metal or cork:
facedaluminumhousing.The cone, which
fits into thehousing,is rotatedbymeans of,
a flightdeckconteol.Tosupplyfuel fromthe
desiredtank,thecontrol is turned until the
passagesin the cone alignwith the correct

portsin the housing.An indexing mecha-
nism aids in obtainingthe desiredsetting,
andalsoholdsthe cone in the selectedposi-
tion. Somecone-typevalveshavea friction
releasemechanismthat reducesthe amount
of turningtorquerequiredto makea tank
selectionandthatcan beadjustedto prevent
leakage.

 

Disk selectorvalves.Therotor of the disk:
typeselectorvalvefitsinto a cylindricalholein

thevalvebody.A disk-typevalveis shownin

Figure9-2-12,Notethattherotor hasone open
portandseveralsealingdisksâ€”onefor each
portin thehousing.
Toselecta tank,the rotor is turneduntil the
open portalignswiththeportfromwhichfuelflowisdesired,At thistimeall ther portsareclosedbythesealingdisks.In this position,



fuelflowsfromthedesiredtanktotheselector
valveandout throughtheengine-feedportat
the bottomof the valve.To ensure positive
portalignmentfor full fuel flow,theindexing
â€˜mechanismforcesa spring-loadedball into a

ratchetring.Whentheselectorvalveis in the
closedposition,theopenportin the rotor is,

â€˜oppositea blankinthevalvebody,whicheach

sealingdiskcovers a tankport.

FuelPumps
Pumpsassociatedwith aircraftfuel systems
generallyfall into one of two categories:
boostpumpsor engine-drivenpumps.The

highrotationalspeedof theimpelleron these
pumpsswirlsthefuelandproducesa centri-

ugeaction thatseparatesair andvaporfrom
thefuel,

Boostpumps.Boostpumpsprovidea posi
tive pressureto the inlet sideof theengine
drive pumpand must be availablefor start

ing,takeoff,landing,andhigh-altitudeopera-
tions.Centrifugaltypepumpsare oftenused
as boostpumps(Figure9-2-13).Theseunits

pressurizethefuelbydrawingit into thecen-

ter of acentrifugalimpellerandexpellingi t at
theouter edge.Thisarrangementallowsfuelto
flow throughthepumpwhenthepumpis not
in operation,andi t eliminatestheneedfor any
bypassmechanism,

â€˜Theyare generallyinsideor adjacentto the
fuel tankand must haveenoughcapacityto
substitutefor the engine-drivenpump if i t
fails.Pumpscan bedesignedso that theelec-
tric motor is on theoutsideof thefuel tankor

with the entire pumpand motor insidethe
tank.Whentheentire unit is insidethetank,
it is referredto as a submergedpump.

Engine-drivenpumps.Thepurposeof the

tengine-drivenfuel pumpis to delivera con-

tinuous supplyof fuel at theproperpressure
at all timesduringengineoperation.Onetype
â€˜ofwidelyusedpumpis thepositive-displace-
â€˜ment,rotary-vane-typepump.Smallaircraft
with reciprocatingenginesfrequentlyuse an

automotive typediaphragmpump.

Vane pumps.A schematicdiagramof this,
typeof pump is shown in Figure92-14

Regardlessof the variations in design,the
â€˜operatingprinciplesof all vane-typefuel
pumpsare thesame.

â€˜Theengine-drivenpumpis usuallymounted
on the accessorysectionof the engine.The
rotor,with its slidingvanes, is drivenbythe
engine through the accessory gearing. NoteRowthevanescarry fuel fromthe inletto
the outlet asthe rotor turns in the direction
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 Figure92-12, Disk-typeselectorvalve.

indicated.A sealpreventsleakageat thepoint
wherethe drive shaftenters the pumpbody,
anda drain carries awayany fuel thatmight
leak pastthe seal.Becausethe fuel provides
enoughlubricationfor the pump,no special
lubricationis necessary.

Becausetheengine-drivenfuelpumpnormally
dischargesmore fuelthantheenginerequires,
theremust be some way of relievingexcess

fuel to preventexcessive fuelpressuresat the
fuelinletofthemeteringdevice.Thisis accom-

plishedbyusinga spring-loadedreliefvalve
thatcan beadjustedto deliverfuelat the rec-

 Figure9-2-13.Centrifugalfuelboosterpump.
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Engine-driven
pumppressure

 

â€˜ommendedpressureforan installation.Figure
9-2-14showsthepressurereliefvalvein opera-
tion bypassingexcess fuelbackto theinletside
of thepump.Adjustmentsare madebyincreas-

ingor decreasingthetensionof thespring.

â€˜Thereliefvalveof theengine-drivenpumpis,

designedto openat thesetpressureregardless
of thepressureof thefuelenteringthepump.
â€˜Tomaintain the properrelationshipbetween
fuelpressureandair inlet pressure,thecham-
berabovethefuelpumpis ventedeitherto the

    
Figure9-2-1.Engine-drivenfuelpump(bypassflow).

atmosphereor throughthebalanceline to the

fuel-meteringdevice.Thecombinedpressure
of springtensionandatmosphericor inlet air

pressuredeterminethe absolutepressureat
whichthereliefvalveopens.

â€˜Thisbalanced-typerelief valve has certain

objectionablefeaturesthat must be investi-

gatedwhenencounteringfuelsystemtroubles.
Failureof thediaphragmallowsair to enter the
fuelpumpontheinletsideofthepumpif inlet
pressureis lessthanatmospheric.Conversely,
if theinlet pressureis higherthanatmospheric
pressure,fuel is dischargedfromthevent. For
properaltitudecompensation,the vent must
beopen.If it becomescloggedbyice or other

foreignmatter at altitude,the fuel pressure
decreasesduringdescent.If thevent becomes

cloggedduringclimb-out,the fuel pressure
increases as thealtitudeincreases.

In additiontothe reliefvalve,the fuelpump
hasa bypassvalve thatpermitsfuel to flow
aroundthe pumprotor wheneverthepump
is inoperative.Thisvalve,shownin Figure
9-245consistsof a disk that is ightyspring
loadedagainsta series of portsin the relief
valve head,Whenfuel is neededfor start
ing the engine, or in the event of an engine-drivepumpfailure,fuel at boosterpump
pressureis deliveredto the fuel pumpinlet
Whenthepressureis greatenoughto move

thebypassdisk from its sea,fuel is allowed
to enter the fuel meteringsystem.Whenthe

engine-drivenpumpisinoperation,thepres-
Sure built upon theoutlet sideofthe pump,
togetherwith the pressureof the Bypass
spring,holdsthediskon its seatandprevents
fel flowthroughtheports,

Automotive-typediaphragmpump.Many
four andsix eylindercarburetedenginesstil
use an automotive-typediaphragmfuelpump,
shownin Figure9216. Thesepumpsoperate
by leveraction developedfroma speciallobeththe camshaftThe'mosthequettproblemtheydevelopis debris in the checkvalves,

Unfortunatelythe checkvalvesare not fld

reparable,nor is thepump.

FuelEjectors
â€˜Afuelejector,or ejectorpump,canbeusedto scav-

lengefuelfromremoteareas of fueltanksandto

providefuelpressuretoan operatingenginefuel
Controlunit (FCU).Fuelejectorsuse Bernoulli's

Principleto draw fuel into the unit and the
â€˜motiveforceof excess fuelbeingreturnedfrom
theFCUto move fuelbacktotheinletsideof the

engine-drivenpump(Figure92-17)

Fuelejectorshaveno movingpartsbutare capa-
bleof operatingonlywhile theengineis run-



ring.Centrifugalpumpsare usedin conjune-
tion with thefuelejectorsto start theengine.
Withtheenginerunning,thecentrifugalpumps
can beturnedoff,andtheejectorsare capableofâ€˜maintainingtherequiredfuelflow.

Heaters

â€˜Asdiscussedearlier,turbineenginefuelsys-
tems are verysusceptibleto the formationof
ice in thefuel filters.Whenthefuel in theait-

craftfueltankscoolsto32Â°Forbelow,entrained
â€˜waterin the fuel tendsto freezewheni t con-

tactsthefilterscreen,

â€˜Afuelheateroperatesas a heatexchangerto
â€˜warmthefuel.Theheatercan use enginebleed
air or enginelubricatingoil as a source of
heat.Theformertypeis calledan air-to-liquid
exchanger,andthe lattertypeis knownas a

liquid-to-liquidexchanger.
â€˜Theprimaryfunctionof a fuelheateris to pro-
tecttheenginefuelsystemfromice formation.
However,if ice forms,the heatercan alsobe
usedto thawice on thefuelscreen.

Insomeinstallations,thefue!filteris fittedwith
fa pressure-dropwarningswitch,which illu-
â€˜minatesa warninglighton thecockpitinstru-
â€˜mentpanel.If ice beginsto collecton thefilter
surface,the pressureacross the filter slowly
decreases.Whenthepressurereachesa prede-
terminedvalue,thewarninglightflashes.

Fueldeicingsystemsare designedto be used
intermittently.Thecontrolof the systemcan

bbemanual,bya switchin thecockpit,or auto-

â€˜atic,usinga thermostaticsensingelementin
the fuelheaterto openor closethe air or oil
shutoffvalve.An automaticfuelheateris illus-
tratedin Figure9-218,

FuelSystemInstrumentation
Fora single-engineaircraftwith one gravity-
feedfueltank,theonlyinstrumentationthat is,

neededis a wayto tellhowmuchfuel is in the
tank.Thiscan bedoneusinga cleartubesight
â€˜gaugeor a wire attachedto a corkfloatingin

the tank. Modern aircrafthowever,require
muchmore sophisticatedinstrumentation to
aid in fuelsystemmanagementandensure safe
â€˜operation.

In additionto monitoringhowmuchfuel is in

the tanks,we can alsomonitor temperature,
pressure,andflowat severallocationsbetweenthetankandthefueldischargeinto theengine.
Toaidtheflightcrew in monitoringfuesystemparameters,warningsystemsare installedin

conjunctionwith theinstrumentation,

AircraftFuelSystems| 945

Figure9-2-16.An automotivetypediaphragmfuelpumpoperatedbythe
camshaft.

FuelQuantityIndicator

â€˜Thefourgeneraltypesof fuelquantityindica-
torsarethefollowing:

Â«Sightglass
â€˜=Mechanical

= Electrical
+ Electronic(capacitance)

â€˜Thetypeof systemusedwith an aircraft

dependson the size of the aircraftand the

â€˜numberandlocationof thefueltanks.Because
thesightglassandmechanicalfuelgaugesare

rot suitablefor aircraftwherefuel tanksare

an appreciabledistancefromthe flightdeck,

Outletport

Inletport4x4
â€˜meshscreen,
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Figure9-2-17,Fuelejector.
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Figure9-2-18,Anautomaticfuelheaterusingan air-to-fuelheatexchanger.

largeraircraftuse eitherelectricalor electronic
fuelquantityindicatingsystems,

Sightglass.Thesightglassis the simplest
formof fuelquantitygauge.Theindicatoris,

1aglassor plastictubeplacedon thesame level
as thetank.Itoperatesontheprinciplethatliq-
uuidsseektheir own level.Thetubeis calibrated
in gallonsor hasa metalscalenear it. Thesight
{glassmighthaveashutoffvalvesothatthefuel,
an beshutoff to cleanthe gaugeorto prevent
lossifthe tubeis broken,

   

   

<= heel

â€˜Compressor> chargeair

Mechanical-type.Themechanical-typefuel
quantitysystemis usuallyin the tankand is,

knownas a directreadinggauge.Ithasan indi-
cator connectedtoa floatrestingon thesurface
of thefuel.As thefuellevelchanges,thefloat

mechanicallyoperatesthe indicator,show
ingthe levelof fuel in the tank.Onetypeof
â€˜mechanicalfuelquantityindicatoris shawnin

Figure9-2-1.

Electrical-type.Theelectrical-typefuelquan-
tityindicatingsystemconsistsof an indica-
tor mountedon the instrument paneland a

float-operatedtransmitter installedin thefuel
tank (Figure9-220),As thefuel levelchanges,
the transmitter sendsan electricsignalto the
indicator,whichshowsthechangingfuellevel
Withthissystem,theindicatorcan be at any
distancefromthe tank,andthefuel levelsin
more than one tank can be readon a single
indicator.

Electronic-type.Theelectronic-type(capaci-
tance)fuelquantityindicatordiffersfromthe
other typesin that i t hasno movableparts
installedin thetank.Insteadoffloatsandtheir
attendantmechanicalunits,thedielectricprop-
ertiesoffuelandair furnishameasurementoffuelquantity.Essentially,thetank transmitter
isa simplecapacitorwherefuelandair are the
dielectricFigure9-220)Thecapacitanceofthe
tankunit at anytime dependson theexisting
proportionsof fuel and air in the tank. The



capacitanceof the transmitter is comparedto
a referencecapacitorin a rebalance-typebridge
circuit. Therelatedcircuitryprovidesa signal
to thepanelmountedfuelindicator.

â€˜Theelectronictypesystemis more accuratein

â€˜measuringfuel quantitybecauseit measures

thefuelbyweightinsteadof volume.Fuelvol-
ume varies with temperatureand can cause

errors in systemsbasedon floatposition.

Dripgauges.Dripgauges,alsocalledmeasur-

ingsticks,are providedon all airplanesthat
are under14CFRpart25andon some corpo-
rate classairplanes.Theirpurposeis to allow
thegroundcrew tocheckfuellevelswhenelec-
tricityis notavailableontheairplane.
â€˜Mostinstallationsconsistof severaldip tubes.
in eachwing.As an example,a BoeingB727
hassix in eachwing.Driptubescan becali-
bratedin inches,gallons,or kilograms.These

readingscan becomparedwith the on-board
fuel indicatorsto determinetheweightof the
fuelload.Thedripgaugereadingmustbecom-

paredto thetablesofcapacitiesof theairplane,
andcorrectedforaltitude.

â€˜Touse the gaugeitis unlockedandslowlylow-
ereduntil fueldripsout of a holein thelower
end.Thereadingis thentakenfromthesideof,
thegaugetube.Dripgaugescan be replaced
withoutde-fuelingthetank.

FuelFlowIndicator

Fuelflow readingstell the flightcrew therate
at whichfuel is beingused.Readingscan be
eitherin poundsperhouror gallonsperhour.
Somefuelinjectedreciprocatingenginesys-
temsincorporatea fuelpressureindicatorthat
is markedin gallonsperhour.Whilenot truly
a flowmeter,thissystemprovidesinformation
thatis accurateenoughforthesafeoperationof,

theseaircraft
â€˜Atrue fuel flow systemconsistsof a transmit-
terandan indicator.Thetransmitter is installed
in the fuel inlet line to theenginewherei t
â€˜measuresthe rate of fuel flow.The transmit
ter is electricallyconnectedto theindicatorin
thecockpit.Informationregardingthe rateat
whichfuel is beingburned,totalfuelused,fuel
quantityremaining,or flighttime remaining
can be obtainedfroma fuel counter or total:
izer. Moresophisticatedinstallationsincludea

â€˜microprocessorto interpretthe datacollected
andcalculatethedesiredtime or quantities.

â€˜Totalizer.Thesimplefuel counter,or total-
izer, is similar in appearanceto an automo-
bile odometer.Whenthe aircraft is serviced
with fuel,the counter is manuallyset to the

AircraftFuelSystems
totalnumberof poundsof fuel in all tanks.As
fuelpassesthroughthemeasuringelementof
the flowmeter,it sendselectricalimpulsesto
the fuel counter. Theseimpulsesactuate the
fuel counter mechanismso that the number
of poundspassingto theengineis subtracted
fromtheoriginalreading.Thus,thefuelcoun-

ter continuallyshowsthetotalquantityof fuel,
in pounds,remainingin theaircraft.Howeves,

Figure92-20. Resistance-typefuelquantity
transmitter.

Figure9-2-21.Thetransmitterunitfora capaci-
tancetypefuelquantityindicator.
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 Figure9-2-2. AFueltronvane-typefueltotalizer.

some conditionscause the fuel counter indi-
cation to be inaccurate. Anyjettisonedfuel is,

indicatedon thefuelcounterasfuelstill avail-
ablefor use. Anyfuel that leaksfroma tank
for a fuel line upstreamof the flow meter is,

not countedandrendersthe time or gallons
remainingreadinginaccurate.

  CalibratedFluld Decoupling

 

Theflow meter signalcan bedevelopedbya

movablevane mountedin the fuel flow path.
Theimpactoffuelcauses thevane to swingand
â€˜moveagainsttherestrainingforceofacalibrated
spring.Thefinalpositionof thevane represents,
â€˜ameasure of therate at whichfuel is passing
throughtheflowmeter andthecorresponding
signalto besent to theindicator.A vane-type
flowmeter is illustratedin Figure9-2-22.

Fuelflow transmitter.Thefuelflow transmit.
terusedwithturbineenginesmust becapableof
measuringflowsfrom500 to 2,500poundsper
hour.Onetypeof flow meter usedon turbine

enginesis shownin Figure9.2.23,Thisransmit-
ter consistsof two cylindersplacedin thefuel
streamso thatthedirectionof fuelflow is par-
allel to theaxes of thecylinders.Thecylinders
havesmallvanes in the outer periphery.The
upstreamcylinder,calledtheimpeller,is driven
ata constantangularvelocitybythepowersup-
ply.Thisvelocityimpartsan angularmomen-

tum to the fuel. Thefuel then transmits this
angularvelocityto the downstreamcylinder
(theturbine),causingtheturbineto rotate until
a restrainingspringforcebalancestheforceof
rotation. Thedegreeof deflectionimpartedon

theturbineis measuredandtransmittedto the
fightdeckindicatorbymeans ofasesynsystem:

Fuel Impeller
flow Motor

   
 

 

        

PowerSupply |! nen;

1m te

Y Bey ;

LI RKP,

pi        

Figure92-23. Schematicofa turbineenginefuelflowindicatingsystem,



FuelTemperature
â€˜Ameans for checkingthe temperatureof
the fuel in the tanks and at the engine is

providedon some turbine-poweredaircraft,
Duringextreme cold,especiallyat altitude,
thegaugecan becheckedto determinewhen
fuel temperaturesare approachingthepoint
at which ice crystalscould beginforming
in the fuel. Thisinformationcan be usedto
determinewhen it is time to activate fuel
heaters,if installed,

FuelPressure

Thefuelpressuregaugeusuallyindicatesthe
pressureof thefuelenteringthemeteringunit
andcan useanyofseveralmeasuringtechnolo-
gies.Thesimplestsystemsuseameans ofdirect
â€˜measurementandamechanicalindicatingsys-
tem. TheBourdontubecan beusedto convert

changesin pressureto mechanicalmovement.
â€˜Ananeroidandbellowstypeinstrument with
fapressureline leadingdirectlyfromthe car-

buretorto theindicatormightalsobefound.A
simpletypeof fuel pressuregaugeis seen in

Figure9-224,

Some installations,however,use electri-
cal transmitters to registerfuel pressureon

the gauge.In thisarrangement,the pressure
indicatingmechanismis in the transmitter.
Fuelpressureacting on the aneroidandbel-
lowscauses motion of a synchrotransmitter.AS
the transmitter unit moves, it causes a similar
â€˜movementin thesynchromotor that moves

the indicatoron the instrument panel.This
arrangementmakesit unnecessaryfor fuel to
enter theflightdeck,reducingfirerisks.

 

Warningight 5,
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FUELPRESS.
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Deecherahe
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ile)â€œei Figure9-2-24.Fuelpressuregauge.

FuelPressureWarningSystem
In an aircraftequippedwith severaltanks,
thereis alwaysthepossibledangerof allow:
ing thefuelsupplyin one tankto beexhausted

beforetheselectorvalveisswitchedto another.
Topreventthis,pressure-warningsystemsare

installedin some aircraft.Theinstallationcon-

sistsof a pressuresensitive mechanismanda

warninglight.Thewarningsystemhasboth
a fueland an air connection. Theseare illus-
tratedin Figure9.2.25,

Theconnection markedfuel is connectedto
the fuel pressureline of the fuel metering
device.Theair connection is eitherventedto

atmosphereor to the air inlet sideof thefuel
â€˜meteringunit. Thisarrangementpreventsthe
warningmechanismfromactingin response
to changesin theabsolutepressureof thefuel.

Adjustment
 
 
  

 [wom
Warnin:
mechanism   _-

tâ€”â€”5
Carburetor

 

Inlet from
fuel pump  LocationofUnits In the System

Figure9-2.25.Fuelpressu â€˜indicatingsystem,
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Electrical
connections
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PressureWarningMechanism
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â€˜Toprimingconnection
770priming

Dat Figure9.2.26.Small,single-enginefuelsystem.

If, for example,the absolutepressureof the
fuel decreasesbecauseof a changein atmo-

sphericor air inlet pressure,thechangeis also
reflectedat thewarningmechanism,Thiscan-

celstheeffectofthechange,andthefuelpres-
sure warningsystemis not activated.

Normalfuelpressureactingagainstthepower
surfaceofa diaphragmholdstheelectricalcon-

tactsapart.Whenfuelpressuredropsbelow
the presetminimum, the contactscloseand
a warninglightis illuminated.Thisalertsthe
flightcrew to takewhateveraction is necessary
to restorethefuelpressure.

Valve-in-transit indicator lights.On large
multi-engineaircraft,eachof thefuelcrossfeed
andlinevalvescan beprovidedwith a valve-

re)
RightFuselagelag engine

inctransit indicatorlight.Thislightis on only
whenthevalve is in motion,and is off when
movement is complete.

TypicalAircraftFuelSystems
Aircraft fuelsystemsare designedto meet the
needsofeachaircraft,Wecan,however,take
2 look at a few representativesystemsand
developan ideaof howthetaskof providinga

reliablesupplyof fuelto theengine or engines
iSaccomplished*

Single-Engine
â€˜Thesimplesttypeof fuelsystemis thegrav-
ityfeed,whichis usedon manylow-powered
airplanes.A gravityfeedsystemfor a single-
engineaircraftis shownin Figure9-2-6.

Gravityflow.A fuelsystemthatreliesongrav-
ityto feedfuelto theengineis common onlight
airplanes.Ofcourse,thefirstrequirementis that
thefueltanksmustbemountedhighenoughto
createtherequiredpressureheadat thecarbu-
retor. Thenext requirementsthatthelinesmust
besizedto allowa fuelflowof150percentof the
â€˜maximumrequirementfor takeot

All inesmust run downhillandhaveno bends
thatcouldformavaporlock.If fuel can beused
frommore thanone tankat a time,bothtanks
â€˜mustbeventedtogether,as wellas separately.
Withoutproperventing,theenginecan starve
for fuelat a criticalmoment.

Engine-drivenpump

 
 

â€˜Tankselectorvalve

AuxYank
Crossfeed 

Autanka
â€˜Maintank J

Boostpump
=r

 
 valve

Aux.

Main0%,076,~0%e~
â€˜Aux.tanksto engines

Figure92-27.Multiengine

Rightmaintankto bothengines

aircraftfuelsystem,

Fuselagetankto left engine Fuselagetankto both



â€˜Thefuel tanksare abovethecarburetor(ust
allyin the wings),with gravitycausingthe
fuel to low fromthetanksto thecarburetor,
A selectorvalve is providedto stoptheflow
orto selecta tank inthe systemfromwhich
to draw the fuel, A strainer filters the fuel
before i t reachesthe carburetor.This unit,
oftencalleda gascolatoyprovidesa location
for sedimentto gatherand a drain through
whichsedimentand water can be removed
beforefight.A primeris installedto furnish
theadditionalfuel requiredfor starting, This
typeof primeris simplya hand-operated
pistonpumpusuallymountedon the instru-
ment panelforpilotconvenience

Multi-Engine
â€˜Thedesignof the fuelsystemfor an aircraft
with two or more enginespresentsproblems
not normallyencounteredin single-engine
fuelsystems.Manytanksare oftenrequiredto

carrythenecessaryfuel.Thesetanksmaybe
in widelyseparatedpartsof theaircraft,such
as thefuselage,theinboardandoutboardsec-

tions of the wings,and theenginenacelles.
â€˜Theindividual enginefuel systemsmust be
interconnectedso thatfuelcanbefedfromthe
various tanksto anyengine.In case of engine
failure,thefuelnormallysuppliedto the inop-
erative enginemust be madeavailableto the
others.

 

AircraftFuelSystems
â€˜Thetwin-enginefuel systemillustratedin

Figure9-227 is thesimplecross-feedtype.As
shown,thetankselectorvalvesare settosupply
fuelfromthemain tanksto theengines,These
valvescan alsobe positionedto supplyfuel
fromtheauxiliarytanks.Thecross-feedvalve
is shownin theoffposition.It can alsobesetto

supplyfuel fromthefuselagetankto eitheror

bothengines,andto thecross-feed.A fewofthe
manycombinationsthancan beachievedwith
thethreevalvesare alsoillustrated.

Integralfuel tankshavea flappertypecheck
valvein thelowermostfueltank.Itspurposeis
to ensure thatfueldoesnot sloshoutboardand
starve theboostpump.

TransportCategoryTurbineAircraft
â€˜Transportcategoryaircraftgenerallyuse sev-

eralenginesandmanyfuel tanks.Theycan

alsoincludesingle-pointpressurefuelingand
a fueldumpsystem.Toaccommodatethemany
functionsrequiredbytheaircraft,thesimple
cross-feedsystemseen on smalleraircraftcan

growintoafuelmanifoldsystem.

â€˜Themain featureof the four-enginesystem,
seen in Figure9-2-28,is thefuelmanifold.As
illustrated,fuel is beingsuppliedfrom the
main tanksdirectlyto theengines.Themani-

foldvalvescanalsobesetsothatall tanksfeed

EngineNo.1 EngineNo.2

i

EngineNo.3 EngineNo. 4

ai
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into themanifold,andeachenginereceives its
fuel fromthis line.Theauxiliaryfuel supply
can bedeliveredto theenginesthroughonly
themanifold.Themain advantageof thissys-
temists flexibility.If an enginefailsits fuel is
immediatelyavailableto theotherengines.Ifa
tankis damagedor theflowblocked,thecor-

respondingenginecan besuppliedwith fuel
fromthemanifold,

â€œAnotheradvantageofthissystemis thatall fuel
tankscanbeservicedat thesame time through
â€˜onemanifoldconnection(single-pointfueling)
â€˜Thismethodof fuelinggreatlyreducestheser-

vicingtime on largeaircraft,and minimizes

theopportunityforcontamination.Somefuel-
ingstationsprovidemanifoldvalvecontrolsso
thattherefuelercan controltheamountof fuel
andwhichtanksare filled.Thesesystemshave
detailed fuelingand defuelinginstructions
andproceduresplacardedon thefuelingcon-

trol panelaccess door.Alwaysmakesure the
pumppressureof thefuel truck is correct for
theaircrat.

Fuel jettisonsystem.A fuel jettison(dump)
systemis requiredfor transportcategoryand

â€˜generalaviation aircraftif themaximum take-
â€˜ffweightis greaterthanthemaximum land-
ingweight.Themaximum takeoffandlanding
â€˜weightsare partof thedesignspecificationsin

theAircraftTypeCertificateDataSheets.

â€˜Afueljettisonsystemmust beableto jettison,
â€˜enoughfuelwithin10minutesforgeneralavia-

tion and15minutesfor transportcategoryair-

craft to reachthe maximum landingweight
â€˜Thismustbeaccomplishedundertheconditions
encounteredduringalloperationsoftheaircraft.

â€˜Additionalspecificationsrequirethat the fuel
jettisonmustbestoppedwith a minimum of
fuelfor45 minutesof cruise at maximum con-

tinuous powerforreciprocating-engineaircraft,
andenoughfuelfortakeoffandlandingand45,
minutesofcruisingforje-poweredaircraft

â€˜Thefueljettisonsystemis usuallydivided into
two,independentsystems,one for eachwing.
â€˜Thisallowsthepilotto maintain lateralstabil-
itybyjettisoningfuel fromtheâ€œheavyâ€•wing,
if tis necessarytodoso. Normally,ifan unbal-
ancedfuel loadexists,fuelwill beusedfrom
theheavywingbysupplyingfueltoengineson

theoppositewing,

â€˜Thesystemconsistsof lines,pumps,valves,
dumpchutes,andchute-operatingmechanisms.
Eachwingcontainseitherafixedor extendable

dumpchute,dependingon thesystemdesign.
In eithercase,thefuelmust dischargeclearof
theairplane.Fueljettisonrequirementsare cov-

credin theregulationsat 14CFRpart23.1001.

Section3

Jaspection,Maintenance,
andRepairofFuelSystems
Inspectionsperformedin accordancewith
Part43 of the FederalAviation Regulations
includingthe 100-hourand annual must
include an examination of the fuel system
that meetsat leastthe criteria establishedin
â€˜AppendixDof thatregulation.Theinspection
ff a fuelsysteminstallationconsistsof exam-

ining the systemfor conformityto design
requirementsand functionaltests to prove
correctoperation.

Becausethefuelsystemsusedtodayhavecon-

siderablevariations,no attempthasbeenmade
hereto describeanyone system.It is important
to followthe manufacturer'sinstructions for
youraircraftwhenperforminganyinspection
â€˜ormaintenancefunction.

CompleteSystemInspections
Inspectthe entire systemfor wear, damage,
or leaks.Makesure thatall units are securely
attachedandproperlysafetied.

â€˜Thedrain plugsor valvesin the fuel system
shouldbe openedto checkfor sedimentor

water. The filter and sumpshouldalsobe
checkedfor sediment,water,or slime.Thefil
ters of screens,includingthoseprovidedfor
flow meters and auxiliarypumps,must be

cleanandfreefromcorrosion.

Fuelvalvescan be checkedfor internalleak-
agebydrainingthestrainerbowls,placingthe
valvesin theoff position,andturningon the
fuelboostpump.Ifthe valveleaks,fuel flows,
into thestrainer bow.

All controlsand controllinkageshouldbe
checkedfor freedomof movement,securityof

locking,andnot damagedfromchafing.
â€˜Thefuel vents shouldbe checkedfor correct

positioningandthat theyare not obstructed;
otherwise,fuel flow or pressurefuelingcan

beaffected.Checkfuel filler neckdrainsand
ensure theyare notobstructed.

If boosterpumpsare installed,the system
shouldbe checkedfor leaksbyoperatingthe
pumps.Duringthischeck,theammeteror load
meter shouldbe observedand the readings
of all thepumps,whereapplicable,shouldbe
approximatelythesame. All fuelsystemcompo-



rents must becheckedfor properbondingand

groundingtoproperlydrainoffallstaticcharges.
Fueltanks.All applicablepanelsin theaircraft
skin of structure shouldbe removedand the
tanksinspectedfor corrosion on the external
surfaces,forsecurityofattachment,andforcor-

rect adjustmentof strapsandstings.Checkthe

fittingsandconnectionsforleaksor failures.

Somefuel tanksmanufacturedof lightalloy
â€˜materialsare providedwith inhibitor car-

tridgesto reducethecorrosive effectsof com-

binedleadedfuelandwater. Whereapplicable,
thecartridgeshouldbeinspectedandrenewed
at thespecifiedperiods,
Linesand fillings.Besure thatthefuel lines
are properlysupportedand thatthenuts and
clampsare securelytightened.Totightenhose
clampsto thepropertorque,use a hose-clamp
torquewrench.If thiswrenchis not available,
tightentheclampfinger-tightplusthenumber
of turns specifiedfor the hoseandclamp.If
theclampsdo not sealat thespecifiedtorque,
replacethe clamps,the hose,or both.After

installinga new hose,checktheclampsdaily
andtightenif necessary.Whenthisdailycheck
indicatesthatcoldflowhasceased,inspectthe
clampsat lessfrequentintervals.

Replacethe hoseif theplieshaveseparated,
if thereis excessive coldflow,or if thehoseis,

hard and inflexible.Permanentimpressions
fromtheclampandcracksin thetubeor cover,

stockindicateexcessive coldflow.Replacehose
thathascollapsedat thebendsor as a resultof,â€˜misalignedfittingso:lines, Sometypesofhosetend to flareat the endsbeyondtheclamps.
â€˜Thisis not an unsatisfactoryconditionunless,

leakageis present.

Blisterscan formon theouter syntheticrubber
cover of hose.Theseblistersdo not necessar-

ilyaffecttheserviceabilityof thehose.When
a blisteris discoveredon a hose,remove the
hosefromtheaircraftandpuncturetheblister
with a pin,Theblistershouldthencollapse.If
fluid (ol,fuel,oF hydraulic)emergesfromthe

pinholeinthe blister,rejectthehose.onlyair

emerges,pressure-testthehoseat 1.5times the

â€˜workingpressure.If no fluid leakageoccurs,
thehoseis serviceable.

Puncturingtheouter cover of thehosepermits
theentryof corrosive elements,suchas water,
whichcouldattackthewire braidingandulti-

â€˜matelyresultin failure.Forthisreason,punc-
turingtheouter coveringof hosesexposedto
theelementsshouldbeavoided.

â€˜Theexternalsurfaceof hosecan developfine
cracks,usuallyshort,whichare causedbysur-
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faceaging.Thehoseassemblyis serviceableif,
thecracksdonotpenetrateto thefirstbraid.

Selectorvalves. Selectorvalvesshouldbe
checkedto determineif theyrotatefreelyand
withoutexcessive backlash.Thevalveshould
havean obviousdetentwhenit is in position
andshouldbemarkedclearly.Checkthevalve
for loosenuts or pins.Checkworn control
cablesor pulleysor faultybearings.
Pumps.Duringan inspectionof a booster
pump,checkforthefollowingconditions:

â€˜=Properoperation
â€˜+Leaksandconditionof fuelandelectrical

connections.

â€˜+Wearofmotorbrushes

Besure thedrainlinesare freeof traps,bends,
or restrictions.

Checktheengine-drivenpumpfor leaksand
thatit is securelymounted.Checkthevent anddrainlinesforobstructions.

Main line strainers.All fuelstrainersshould
be removed,checkedfor contamination,and
cleanedatregularintervals.Theseintervalsare

listedin the aircraftMM. Checkthestrainers
for contamination thatmightindicatea prob-
lemelsewhereinthefuelsystem.Piecesof rub-
berare oftenindicationsof faultyhoses.

Fuelquantitygauges.Fuelgaugesandtrans-
mitters shouldbecalibratedto indicateempty
whenthesystemhasno more usablefuel in it.
Ifa sightgaugeis used,besure thattheglassis

clearandthattherearenoleaksat theconnec-

tions.Checkthelinesleadingto it forleaksand
thattheyare securelyattached.

Checkthemechanical_gaugesfor freemove-

ment ofthe floatarm andforpropersynchro-
nization of thepointerwith thepositionof the
float

On the electricalandelectronicgauges,be
sure thatboththeindicatorandthetankunitsare securelymountedand that the electrical
connections are tight.
Fuelpressuregauge.Thefuelpressuregauge
shouldbecheckedfor leaksaroundthefittings,
oscillationof theneedleandpropermarkings.
It is alsoimportantto makecertain that nee-

dle indicateszero whentheengineandboost
pumpsare shutoff

Pressurewarningsignal.Makesuretheentire
installationis securelymountedandcheckthe



9.24 | AircraftFuelSystems
conditionof the electrical,fuel,and air con-

nections. Checkthelampbypressingthe test
switchto see thatit lights.Checktheoperation
byturningthebatteryswitchon, buildingupStowseep pressurewiththeboosterpump,andobserving
thepressureatwhichtheightoesout Itneces

Â¢ Sary.adjustthecontactmechanism

11/2" Withproperinspectionandmaintenance,the
i aircrlt fue systemiscapableofdeliveringfuel

to theenginereliablyduringnormallightcon-

Seep ditions.

y FuelTankRepairs
Nofuelsystemis airworthyif i t doesnot con-

x tain fuel.Inspectionof the fuel tankbaysor

aircraftstructure forevidenceof fuelleaksis averyimportantpartofthepreflightinspection.

Defueling
Heavyseep

Aircraftdefuelingmustnaturallyocur before
Shyrepairsfo a fuel tank.Dependingon the
Birplane,defueling.canbe anything.from

drainingthegasoutofa]3CubintotwoSg
Toncans,to drainingseveralthousandgallons
froma transportaieait Inthe processsome

proceduresmustbefollowed:

* Neverdefuelan airplaneinthehangar.The
fumesare an explosionandfirehazard.

* Readthe service manualfor theproper
procedures,Someaircraftwith pressure
refuelingcan also be defueledbythe
same system.Somecannot.Sweptwing.
aircraft must have the outboardwing
tanks defueledfirst to minimize the
twistingeffecton thewingcausedbythe
fuelbeingbehindthewingattachpoints
â€˜onthefuselage. â€˜Areawherefuea

{0 flow or run following
contourof skinwhen
{thisarea lswipeddry

* Alwaysgroundtheairplaneandanycon-

tainers,barrels,and trucksusedfor the
process,Figure9-3-1.Fuelleak

poeta
* Findout all of therequirementsfromthe

following:
1.Theaircraftmanufacturer

2. Theshopwhereyouwork

3.Theairportat whichyouwork

4. Theairportfirestation(ifat theairport)
Containers.All facilitieshavea processof

handlingdrainedfuel.Someselli t backto fuel
distributors,while otherspumpit backinto
the fuel farmtanksto be refiltered.Still oth-
cers reuse gasolineif i t is firststrainedthrough
1 chamoisskin (gasolinepassesthrough,but
â€˜waterdoesnot).Still othershavea hardand

fastrule thatsays,â€œNofueldrainedwill ever

beusedin an airplaneagain.â€•
â€˜Thereason for not usingdrainedfuel in an

airplaneagainis that thereis a considerable

dangerof contamination fromstoringfuel in

barrelsandcans. Thepossibilityof water con-

tamination from condensationis extremeâ€”

â€˜manytimes more thanwhenstoredin under-

groundtanksor airplanefuel tanks,plusi t
doesnot havethefilteringandinspectionpro-
cesses as originalfuel.Thepriceof an airplane
reallyis notworththepriceofthefuelsaved.

Procedures.Ifthe manufacturer'sMM doesnot

givea specificsequenceofeventsfordefueling,
Startwith theoutboardtanksfirst,switching
as necessaryto maintainbalance.Thiscouldbeimportantif theairplaneis on jacks.Because
â€˜manyairplaneshavejackpointscloseto the

fuselage,severe lateralimbalancecouldcause

an upsetthatcouldbecatastrophic.
Weldedsteeltanks.Weldedtanksare most
common in smallersingleandtwin-engineair-

craft.Ifthe access platesto thefuel tankcom-

partmentare discolored,the tank shouldbe
inspectedfor leaks.Whenleaksare found,the
tankmustbedrainedandinerted.

Fuelmustbedrainedin accordancewith local

ppoliciesand proceduresand the manufac-
turer's recommendations.Thedraining,stor-

age,anddisposalor reuse of drainedfuelare

strictlyregulatedin some locations.Makecer-

tain thatyoucomplywith all applicablesafety
lawsandprocedures,

Inertingthe tank can bedonebyslowlydis-

charginga carbondioxidefireextinguisher(6
1b.minimum size)into thetank.Drynitrogen
can beusedifitis available.Ifthe tankis tobe
welded,removalis necessary.

Beforewelding,thetankmust besteamedfor
a minimum of 8 hours.Thisis to remove all
tracesoffuel.Airpressurenotover 0.5psi. can

beusedto detecttheleakingarea, Brushliquid
soapor bubblesolutionover thesuspectedarea

to helpidentifytheleak.Aluminumtanksare

{fabricatedfromweldablealloys.After riveting
patchesin place,the rivets can be weldedto
ensure no leaksfromthatarea, Pressurechecks,
shouldbeperformedafterrepairsarecomplete
to ensure thatall leakshavebeencorrected.

WARNING:Failureto properlyinert a

fueltankbeforemakinga weldedrepair
can becatastrophic.Theensuingexpl
sion can seriouslyinjureor kill you.Doi t

correctly,or not ata

 

Fuelcells.Fuelcellleaksusuallyappearon the
lowerskinof theaircraft.A fuel stain in any



area shouldbe investigatedimmediately.Fuel
cellssuspectedof leakingshouldbe drained,
removedfromtheaircraftandpressurechecked.Whenperforminga pressurecheck,0.25to 0.5
ppsicairpressureis adequate.All fuelcellmain-

tenancemustbeperformedin accordancewith
themanufacturer'sspecifications.

Integralfuel tanks, Theintegraltank is a

nonremovablepartof the aircraft.Becauseof
thenatureofanintegaltank,some leaksallow
fuel to escape directlytotheatmosphere.This
makesstcompletelyfeasibleto distepardoer

tain minute leaksthatdo not representafire
hazardor too greata lossof fuel.Tostandard-
ize theproceduresfor integraltankfuelstorageandmaintenance,thevariousratesoffueleake
ageareclassified

â€˜Thesize of the surfacearea that a fuel leak
moistens in a 30-minuteperiodis usedas

the classificationstandard.Wipethe leak
area completelydrywith cleancottoncloths.

â€˜Compressedaircan alsobeusedtodrytheleak
area. Dusttheleakarea withdyedredtalcum

powder.Thetalcumpowderturns redas the
fuelwets it,makingthewet area easier to see,

â€˜Attheendof 30minutes,eachleakis classified
intooneoffourclassesof leaks:slowseep,seep,
heavyseep,or runningleak.Thefourclassesof
leaksare shownin Figure9-3-1.Aslowseepis
a leak in whichthefuelwets an area around
theleaksource not over 0.75inchin diameter.
â€˜Aseepis a leakthatwetsan area from0.75inch
to 1.5inchesin diameter.Aheavyseepisa fuel
leakthatwets an area aroundtheleaksource

fom L5 inchesto 3inchesin diameter.In none

of thesethreeleakclassificationsdoesthefuel
â€˜run,flow,drip,or resembleanyof thesecondi-
tionsat theendof the30-minuteperiod.
â€˜Thelastclassification,a runningleak,is the
â€˜mostsevere andthemostdangerous.It could

dripfrom the aircraftsurface,i t could run

down verticalsurfaces,or i t couldeven run

down your fingerwhenyoutouchthe wet
area. Theaircraftis unsafefor fightandmust
begroundedforrepair.Whenpossible,thefuel
fromtheleakingtankshouldberemovedafter
youmarktheleaklocation.If i t is impossible
to defuel the tank immediately,the aircraft
shouldbe isolatedin an approvedarea. Place
appropriatewarningsignsaroundtheaircraft
until qualifiedpersonnelcan defuelthe leak-
ingtank,

Groundingthe aircraftfor slowseeps,seeps,
andheavyseepsis determinedbytheaircrattâ€™s,
handbook.Thisdeterminationcoulddepend
â€˜onthelocationof the fuel tank.Forexample,
can the leakageprogressto a potentialfire
source?Thenumberof fuel leaksin an area is

alsoa contributingfactor.Thereis no ruleof
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, i
Figure9-3-2.Integralfueltankaccess holeson a

Boeing757wing,

 

    
thumbfordeterminingif theaircraftis to be

grounded.Runningleaksgroundtheaircraft

regardlessof location.

If the aircraft is airworthyand no repairis
required,makeappropriateentries on theait-

craftformsandperiodicallyobservetheprog-
ress of thefuel leak.Whenrepairis required,
find the cause of the fuel leak andmakean

effectiverepair.

Integralfueltankson largetransportcategory
airplanesrequirefuel tank entryto repair
some typesof leaks.Entryis a complicated
processof defueling,ventingand drying,
andtestingthe fuel tank to makesure it can

besafelyentered.Mostoperationsrequirea
breathingapparatusto ensure the workersâ€™

safety.All requirespecificsafetyprocedures,
includinga safetyobserver.Smallerintegral
tankshaveaccess holesthatallowfor repairs
after defueling(Figure9-3-2).Thoughless

complicated,eachmanufacturer'sMM hasa

setof safetyproceduresfor thisprocessalso.

Whethera simplegravityfeedsystem,or a

sophisticatedmanifold systemon a trans-

portcategoryturbinejet,properoperationof,
thefuelsystemis essentialto safeflight.With
properinspectionand maintenance the air-

craftfuelsystemshouldprovidemanyhours
of trouble-freeoperation,



 

 
 

 



 

IceandRain
ControlSystems

Allweatherflyingbecamepossibleonlywith
theadventofdependabledeicingsystems.all beamingtransportcategory,mostcorpo, andmany ObJeetves_
TFeapableprivateaieplanessreequippedwith REVIEWdeiceapne Dekeystemsareas importants ypesofke anyothersystemon theairplanebecausethey protectionsystems
allowtrue all-weatheroperations. Misualand

â€˜automaticmethods
of leedetection

DESCRIBE

ic saci:Becton? Endanthicesystems
i

CharacteristicsIceProtection aa operona
Icinghazardsare not limitedto winter opera- pneumaticsurface

tion. Aircraft operatingat highaltitudesin __â€˜Seicesystems
moistair masses arejustaslikelytoaccumulate Â«Rainremoval
ice in Augustas theyarein January.Therefore, _systemsincluding
year-roundinspectionandrepairofice projec- Propertiesof wiper

systemsandliquidtion systemsis essentialto the safeoperation Yeungof high-performanceaircraft.Eventhoughice

protectionsystemson smaller,low-altitudeair-craftare typicallyconsideredoptionalequip-
â€˜ment,properoperationis nolessimportant.All
ice protectionsystemsare designedto maintain
thestabilityandcontrolof theaircraftin icing
conditions.Whenneededtheymust operateLeft.Deiceandanti-

properly;otherwise,theaircraftand its occu- ice systemscan make
pantswill bein severe danger. airplanesintotrue

magiccarpets.Within
â€˜Typesoficeprotectionsystems.Threetypesofthelimitationsof
ice protectionsystemsexist:detection,antiice,and takeoffrestrictions
deice,Detectionsystemsrangefromspotlightsandairportcapabithatshineon surfacesmostlikelyto accumulate ties,theycan goany-
ice,to vibration-sensitiveprobesthatalertflight where,anytime.This
crews of icingin areas not visiblefromthe flightHawkerbusinessjetis
deck.Antiice systemsare designedto prevent equippedwitha TKS
ice fromforming,whereasdeicesystemsremove wingdeicesystem
ice thathasalreadyformed.Thissection pro- anduses hotbleedair

vvidesexamplesof thesesystemsanddiscusses as an anti-iceagent
some basicmaintenanceproceduresfor each. for itsenginenacelles.
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Antl-celightingpanel

oooARINC629systembuses

Rightfuselage

   
 

Leftfuselage

Figure10-1-2.Anotherexampleofan ice dectec-
tion deviceis thisprobeon a GlobalExpress.

| Sit
Figure10-1-1.Icedetectionsystemon a Boeing777.

 
Remember,however,thatspecificmaintenance

proceduresare to be obtainedonlyfromcur

zentmanufacturersinstructions or otherFAA-

approveddata

IceDetection
Visual icedetection,Onsmalleraircraft,the
wingleadingedgeis usuallyin clearview of
thepilot,so ice is easilyseen. Somesmallair-

crafthavelightsinstalledto increase visibility
of ice accumulationat night.Forexample,the

PiperChieftainhasan ice spotlighton theleft

enginenacellethatshinesalongthewing'slead-
ingedge.Thepilotdecideswhenenoughicehasaccumulatedto activatethedeicesystem,

Automaticicedetection.Onlargeraircraft,
the airframe is lessvisible from the flight
deck.These aircraftrequirean automaticsys-
tem to detectice. Theice detectionsystemon

theBoeing777 (Figure10-1 isa goodexam-

le fromatransportjet.This systemincorpo

Fatesanicedetectionprobeoneachsideofthe
fuselagenose. Theprobeextendsinto theair

 



stream andvibratesat a particularfrequency.
Whenice accumulateson the probe,the fre-
quencyof thatvibrationchanges,causingthe
computerto activate the anti-ice systemand
alerttheflightcrew. An exampleon a corporate
airplaneis thisfuselage-mountedice detector.
It is on a GlobalExpress(Figure10-2)

DeiceandAnti-iceSystems
 Bleedair anti-ice. Locationson the airframe

that requireant-ice protectionare illustrated
in Figure10-1-3,Wingand tail surfacesare

heatedbyhot compressorbleedair ducted

alongthe insideof the leadedgesbefore i t
exhaustedoverboard.Similarly,bleedair is

extractedfromtheengineanti-ice (EAl)valve
and routedaroundthe insideof eachinlet

(Figure10-14,

 

Bleedair anti-ice systemsare designedto

preventice in the most extreme conditions,
of onrushingfrigidand moist air. Theheat

requiredto do this tendsto overheatthe ait-

frameand is dangerousif thesystemis oper-
atedwhiletheaircraftis on thegroundor the
enginesarenotoperating.Therefore,operation
of the airframesurfaceanti-ice is prevented
fon thegroundbya weighton wheelsor squat
switch.Similarly,theEAIsystemincorporates
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Windshield
rain

 â€˜Wingantl-ice

|
aN Engineantlice

heat

Air dataprobeheat
co detection

Figure10-1-3.Areasthatrequireanti-iceprotection.

â€˜Antl-Icelightingpane!

   
 
Pressuresensors |

Highstageâ€”-!

Ductleak
detector

EAIvalvecontroller

Figure10-1-4,Bleedair extractedfromtheengineis routedaroundeachinlet.
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Figure10-1-5.Heateddualpitottubesandangleofattackindicatoron a Lear45.   
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LSubpanel
Figure10-1-6.Typicalelectricanti

systems,
 -ediagramforpitotsystems,staticports,windshields,andother



an oil pressureswitch,auto throttlesensor,or

â€˜othermeans to preventEALoperationwhen
theengineis not running.It is importantthat
suchswitchesand controldevicesbe taken
into accountduringtroubleshooting.
Bleedair lines and connections shouldbe

carefullyinspectedfor evidenceof failed
sealsand other leaks,Hot air leakinginto
some compartmentsposesa fire hazard.
Exercisecaution whenperformingmainte-
nance on bleedair systemssoon after they
havebeenturnedon becausetheycouldstill
be hot enoughto cause burns to the skin.
â€˜Also,besure to sealoff,or otherwiseisolate,
bleed air ductsduringsuchoperationsas

enginecompressorwashes.Otherwise,soap
or other contaminants can enter the ducts
causingcorrosion or inhibitingoperationof
controlvalves.

Electricalanti-ice. Imbeddedelectricalheat-
ers are usedto anti-ice air dataprobes,suchas

pitotandstaticports,fuelvents,windshields,
andsimilarcomponents(Figure10-1-5).Most
electricalanti-ice systemsinclude a circuit
breakeror fuse,heatingelement,wires, anda

controlswitch,

â€˜Thewiringdiagramin Figure10-1-6showsa
typicalanti-ice systemusingdualpitotheads.
â€˜Thetwo systemsare completelyindependent
of eachother.If one systemfails,for any rea-

son, theother is still operable.All IERcerti-
fiedairplanesmust havemore thanone static
source thatis alsoanti-iced.

Usecaution when testingelectricalanti-ice

systemsbecausetheycan becomedanger-
ouslyhot whenoperatedwithout the cool-
ingeffectof ram air. Therefore,keepopera-
tional tests as shortas possible.Foraircraft

equippedwith an ammeter,thepreferredtest
â€˜methodis simplyto activate thesystemand
observea changein current draw.Otherwise
the heatermust beoperatedlongenoughfor
a changein temperatureto besensed.Donot
touchtheheatedcomponentdirectly(Figure
10-1-7).Movingyourhandscloseto theheater
is sufficientto sense a changein surrounding
air temperatureand to confirmoperation.To
reducetheriskof burns,alwaysadviseothers

workingaroundtheaircraftofanyheatertest
in progress.

Pneumaticsurfacedeice.As statedabove,
deicesystemsare designedto remove ice

rather than preventit. A pneumaticdeice
systemis composedof deicerboots,which
are inflatablerubbertubesthat are attached

byglueor specialrivets to theleadingedges
of wingsandstabilizers.As shownin Figure
10-18,the bootsare periodicallyinflatedby
compressorbleedair fromturbineenginesor

IceandRainControlSystems

bypneumaticpumpson reciprocatingengine-
poweredaircraft.Iceis brokenbythemechan-
{calforceof theexpandingtubesandthencar-

riedawayin theair stream,

NOHANDGRIP

Figure10-1-7,Becarefulnot to touchheated
probesdirectly,

  deiceboot.
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<

LOâ€˜tubesnate

Figure10-1-8,Anexampleoftheinflation/deflationcycleof a pneumatic
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1.Delcerboots
2.Inlet filter
3.Pump
4, Dualregulator
5.Filter
6. Checkvalve
7.Delcercontrolvalve
8 Ejector
9. Delcerdumpvalve

10,Pneumaticrelayshutoffvalve
        

   

      11.Mantfotdcheckvalve
12 instrument pressure gauge

and source|Indicator13.Deter timer
4. Pressuresiteh

15.Plot drectionalgyro
16 Pilotatttude gyro
17.Coplotdirectionalgyro
18.Coplotattitudegyro

 

V
Figure10-1-9,Atwin-enginepneumaticdeicesystemusingdryair pumps.

â€˜Anegativepressurevacuum, froman ejector,
is appliedto the insideof the tubesbetween
inflationcyclesandwhenthe systemis not
in operation.Thevacuum ensures complete
deflationto preventthebots frominterfering
with theaerodynamicqualitiesofthe airfoil
Inflation is alternatedBetweensetsof boots

ratherthanhappeningallatonce Forexample
thewingbootsmightinflatealternatelywith
thetail surfaceboots,Mostsystemsallowfor

 

an automaticmodewith continuouslyrepeat-
ingcyclescontrolledbya timer and a man-

ual,single-cyclemodecontrolledbythepilot.
Fluctuationson the pressuregaugeindicate
thatthesystemis operating,

Figure10-1-9is an exampleof a pneumatic
deicesystem.Pressureis suppliedbytwo

tengine-drivenpneumaticpumps(Item3).
â€˜Theseare dryair pumps,whichmeans they



use carbondustemittedfrominternalsliding
vanes ratherthanengineoil for lubrication.In
suchan application,thepumpsprovidepres-
sure to thesystembecausetheyare installed
near theinlet andpushtheair throughit. In
differentapplications,the same pumpscan

be used to providevacuum when theyare

installednear the exhaustendandpullthe
air throughthesystem.In some applications,
the pumpsdrawvacuum on theinlet sideto

powercertain instruments and thenuse the
outletexhaustto providepressurefor pneu-â€˜maticdeice.
Eachpumpin Figure10-19hasits own inlet
filter,), two-stageregulator,(4)andin-linefilter
(6).Theinlet filtersare foambandsinstalled
aroundtheopeningof thesystemandare eas-

ilyreplacedduringanyscheduledinspection.
â€˜Thetwo-stageregulatorsmaintain a nominal
pressureof 5-6 psi. for instrument opera-
tion and then increase to 19-20psi. for boot
inflation. Thein-linefiltersprotectthesystem
and instruments fromcarbondustanddebris
fromthepumpsor regulatorswhentheyfail
As with most filters,theseshouldalwaysbe
replacedalongwith pumps.

Inboardfrom the in-line filtersthe pressure
linesfromeachengineconnectat themanifold
checkvalve(1D.If @ leakdevelops,the pump
fails,or whenonlyone engineis operating,the
â€˜manifoldcheckValvemaintains systempres-
sure bypreventingleakagethroughthe inop-
erative side.

Whenthesystemis not in operation,all boots
are subjectedto vacuum fromtheejectorvalve
(Â®),whichprovidesa low pressurefrom air

exhaustedthrougha venturi. Duringopera-
tion,a timer controlssolenoidvalvesin the
distributorthatalternatelycyclethewingand
tail bootsbetweenpumppressureandejector
vacuum (Figure10-10).

Dryregulatedshopair can be substituted
for the engine-drivenpumpsor compres-
sor bleedair duringgroundtest operation
(Figure10-1-11)Itis extremelyimportantthatonlydryair beusedfor suchtests.Excessive
moisture from compressedair can freeze
insidethebootsandpreventthemfromoper-
ating.

Kits are availablethat includeappropriate
regulators,dryers,andconnectorssuitablefor
severaltypesof aircraft.Theuse of testequip-
â€˜mentenablesthe systemto be test operated
insidethehangar.Cyclingthesystemin the

hangarallowsfor troubleshootingto confirm
â€˜operationof systemcomponentsandfor boot
inflation to checkfor minor leaks.Smallleaks

canbepatchedin asimilarfashiontotire inner

tubes,
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 Figure10-1-10.A timerandsolenoidvalvethatcontrolstheinflation/defla-
tioncycles.

 Figure10-1-11.AnAirbornepneumaticdeicetestkit.It simulatestheair

supplyforbothengine-drivenpumpandbleedair systems.
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Figure10-1-12.Thispictorialschematicdiagramshowsthebasicsystemlayoutofa HawkerTKSdeice
system.

Deiceboot maintenance.Pneumaticboots
are normallygluedover leadingedgesthat
havebeenstrippedto baremetalandcleaned

thoroughly.The adhesiveused is a contact

typeand is spreadon the leadingedgeand
thebootandallowedto dry.Thecenterof the

leadingedgeand the cenier of the boot are

markedwith a line. Theboot is thenrolled
up,andwhileone personkeepsthe two lines
together,otherscan pullthe bootdown taut
andpressi t into place.
â€˜Oncecementedin place,its entire surfacemust
be rolled down for goodcontact.Eachboot
â€˜manufacturerhasits approvedmaterials.Ice
Shieldsâ„¢productsuse either 3M ECI300L.

Scotch-GripRubberAdhesiveor Bostik1096M_
â€˜with1007Mprimer.

All bootinstallationsshouldbefinishedwith
fa conductiveedgesealer.The area should
be tapedoff and the sealerapplied,then
the taperemovedpromptly.Alwaysuse the

approvededgesealerso that electrostatic

chargesthatbuild upcanbebledofftotheair-

frame.Otherwise,thechargecoulddischarge
betweenthebootandtheleadingedge,leavin
a pinholein theboot.aad

Bootsalwayssustain some damageover time.

â€˜Theycan be repairedin accordancewith the
aircraft'smaintenance manual.Do not use

automotivesiliconeproductsto dressupa used
boot.It doesnotdissipatestatic as i tshouldand
can bedamaged.Keepall petroleumproducts
awayfromall deiceboots,andcleanthemwith
â€˜warm(nothot)soapywater and clearwater

â€˜TKSdeiceandanti-ice.7KSisaglycol-based,
weepingmembranesystempopularizedbymore

than26yearsof service on theBAe-125series

Hawkerbusinessjets.Theheartofthesystemis
â€˜ametalmembranethatcovers theleadingedges
â€˜ofthewingsandempennage,wheredeiceboots,
â€˜wouldbeinstalledon a pneumaticsystem,

â€˜Themembranesare stainlesssteeland have
severalhundredperforationspersquareinch
WhenTKSfluid fs pumpedinto thedistiba-
tion linesandfills aporousplasticsheetunder
thedecepanel,it weeps fromthemembrane

throughthealmostinvisibleholesand covers

the surfacewith glycol,Becauseice doesnot
formonaglycolwettedsurface,and glycolcan

tclunlyremovetee TRSaid Rowingback
cross thewingactullykeepsthewingvirtue

 
 



allycleanof ice. Becauseglycoldoesnotdamage
anyfinishes,ithasnoilleffects.

Fromthepilot'sstandpoint,TKSsystemsare

extremelysimpletooperate.Simplyturn on the
pumpswitchwhendeiceor antiice is needed,
â€˜Thefluid tankin theHS-125holdsenoughTKS.
for a maximum of one hourand 52 minutes,
with an 18-minutereserve. Toservice it,simply
fill thetank.

 

â€˜Althoughlater modelHawkersuse 115-volt
electricwindshieldheat,some havea methyl
alcoholstandbysystemfor the left half. All
â€˜modelsuse conventionalbleedair systemsfor
EALFigure10-1-12showsthebasiclayoutof a

HawkerTKSsystem,

In addition to the HawkerH$-125systems,
aftermarketTKS systemsare startingto
appear.Thesystemhasbeenin service on the
BeechBonanzasince 1987.It is alsoavailable
forCessna210sandBeechcraftBarons.

In theseaftermarketTKSsystems,laser-drilled
titanium panelsareinstalledontheleadingedgesofthewingsandhorizontalandverticalstabiliz-
ers. A typicalalcoholtypeslingerringis installed
gn thepropellerand a spay bar, mounted
belowon the windshield.A glycolbasedfluid
is exudedthroughthepanelsandflowsover the
surfaces,justas in theHawkersystem.

â€˜Theglycol-basedfluid is meteredfroma tank

bya small,electricallydrivenpumpthrougha
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micro-filterto proportioningunits. Thepropor-
tioningunitscontain calibratedcapillarytubes
that apportionfluid to the individual panels
andthepropellerslingerring.Thewindshield
is protectedwith an on-demandpumpand
spraybar.

A pilotneedsto makeonlyone decisionwhile
operatingthe ice protectionsystem:using
the anti-ice or deicemode.With the anti-ice

mode,a protectivefilm of glycolpreventsice

fromforming.Withthedeicemode,theglycol
chemicallybreaksthe ice bond.A significant
featureof both modesis that run-backice is

climinated,

Theouter skinof theweepingpanelsis manu-

facturedfromtitanium,0.9mmthick.Titanium
is lightweight,hasexcellentstrength,durabil-
ity,andcorrosion resistance.Thepanelskin is

perforatedbylaser-drilledholes,0.0025inch
in diameter,800 persquareinch(Figure10-1-
13).Thebackplateof a panelis manufactured
fromstainlesssteeland is formedto create a

reservoir for the TKSfluid. A porousmem-

branebetweentheouter skinandthereservoir

ensures even flowanddistributionthroughthe
entire area of thepanel.Theporouspanelsare

bondedas acuffavertheleadingedges,using
â€˜atwo-part,flexibleadhesive.Fluid is supplied
to the panelsand propellersbyindividually
selectablemeteringpumps.The porousarea

of the titanium panelsis designedto cover the
stagnationpointtravelon theappropriatelead-
ingedgeover a normaloperatingenvironment,

 

â€œI

   Figure10-1-13.Aweepingdeicepanelshownon a BeechcraftBonanza.
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ensuringfluid flowover theupperandlower
surfacesof theprotectedarea,

WindshieldIcingControl
Systems
â€˜Thecommon methodforcontrollingice forma-
tion and fogon aircraftwindowsis usingan

electricalheatingelementbuilt into the win-

dow.After heating,windowshavea higher
abilityto withstandbird strikesbecausecold
plasticor glassbreakseasier thanwhen i t is

â€˜warm.It is common practiceto placethecon-

ductivecoatingtowardtheoutsideof a wind-
shieldfor anti-icing,andtowardtheinsideof
sidewindowsfordefogging,

 

â€˜Alayerof transparent,conductivematerialis
theheatingelement,and a layerof transpar-
ent vinylplasticaddsa no-shatterqualityto
thewindow.Thevinylandglassplies(Figure
101-14)are bondedbyapplyingpressureand
heat.Theconductivecoatingdissipatesstatic

electricityfromthe windshieldin additionto

providingtheheatingelement

â€˜Onsome aircraft,electricswitchesautomati

callyturn the systemon whenthe air tem-

peratureis lowenoughfor icingor frostingto
â€˜occur.Thesystemcan operatecontinuously,oF

Vinyllaminate

si
structure

Windshield
â€˜outer
retainer

Figure10-1-14.In thiscross sectionallthelayersofglassandvinyllaminate

arevisible,a is theconductivecoating.

it can operatewith a pulsatingpattern.Large
airplanesnormallysupplyACelectricityto the
windowfilm,

Heatingto 10Â°Fis normalfor most glassor

pplastic-laminatedmaterials.Normallyan over-

tempcontrollershutsthesystemdownat 145Â°E
â€˜Topreventa windowfromoverheatingwhen
heatis first turnedon, a ramp-upcontrolleris,

used.It slowstheheatingprocessto keepthe
windowfromcrackingbeforethermalexpan-
sion stressescan normalize.

â€˜Anelectricallyheatedwindshieldsystemcon-

sistsof

â€˜+Windshieldautotransformersand heat
controlrelays

â€˜+Heatcontroltoggleswitches

Indicatinglights
Windshieldcontrolunits

+ Temperature-sensingelements(thermis-
tors)laminatedin thepanel

Maintenance.Severalproblemsare associated
with electricallyheatedwindshieldsâ€”delami-
nation,scratches,arcing,and discoloration.
Delamination(eparationoftheplies),although
undesirable,is not harmfulstructurallyi tis
Within the limitsestablishedbythe aircraft
â€˜manufacturerand is not in an area wherei t
affectstheopticalqualitiesofthe panel.
â€˜Arcingin a windshieldpanelusuallyindicates
that there is a breakdownin the conductive
coating.Wherechipsor minute surfacecracks
are formedin the glassplies,simultaneous
releaseof surfacecompressionand internal
tension stressesin thehighlytemperedglass
can resultintheedgesof thecrackandthecon-

ductivecoatingpartingslightly.
â€˜Arcingis producedwherethe current jumps
thisgop,particularlywherethesecracksare

pparallelto the window busbars.Wherearc-

ingexists,thereis invariablya certain amount
of localoverheating,which,dependingon its

severityandlocation,can cause furtherdam-
ageto thepanel.Arcingnear a temperature-
sensingelementis a serious problembecausei t
can upsettheheatcontrolsystem.

Electricallyheatedwindshieldsare transpar-
ent to directlytransmittedlight,but theyhave
a distinctivecolorwhenviewedbyreflected

light
+ This color varies from lightblue,yel-

low tints,and lightpinkdependingon

the manufacturerof the windowpanel.
Normally,discolorationis not a problem
unlessi t affectstheopticalqualities.



Windshieldscratchesare more prevalent
â€˜onthe outer glassplywherethe windshield
wipersare indirectlythe cause of thisprob-
lem.Anygrittrappedbya wiperbladecan

convert it into an extremelyeffectivegrinder
whenthe wiper is in motion. Thebestsolu-
tion to scratcheson the windshieldis to pre-
vent them;cleanthewindshieldwiperblades
as frequentlyas possible.Windshieldwip-
ers shouldnever beoperatedon a drypanel,
becausethis increases thechancesof damag.
ingthesurface.

If visibilityis not adverselyaffected,scratches
â€˜ornicksin theglasspliesare allowedwithin
thelimitationsset forth in theappropriateser-

vice or maintenance manuals,Attemptingto

improvevisibilitybypolishingout nicksand
setatchesis not recommended.Thisis because
of the unpredictablenature of the residual
stressconcentrationssetupduringthemanu-

factureof temperedglass.
â€˜Temperedglassis strongerthan ordinary
annealedglassbecauseof the compression
stressesin theglasssurface,whichhaveto be

â€˜overcomebeforefailurecan occur fromtension
stressesin thecore. Polishingawayanyappre-
ciablesurfacelayercan destroythisbalanceofinternalstressesandcan even resultin imme-

diatefailureof theglass.
Windowdefrostsystem.Thewindowdefrost
systemdirectsheatedairfromtheabinheating
system(orfroman auxiliaryheater,depending
on theaircraft)to theplot'sandcopilotswind~
shieldandsidewindowsbymeans of a series

of ductsandoutlets.In warm weatherwhen
heatedair is not neededfordefrosting,thesys-
tem can beusedto defogthewindows.Thisis

donebyblowingambientair on thewindows
usingtheblowers.

WindshieldAlcoholDeicing
Systems
An alcoholdeicingsystemis providedon some

aircraftto remove ice fromthewindshieldand
â€˜eanbea backupto theprimarydeicesystem.
Alcoholflowsfromthesolenoidvalveand is,

filteredanddirectedto thealcoholpumpsand
distributedthroughasystemofplumbinglines
to sprayon thewindshield.

 
â€œAneffectivewindshieldanti-icesystemfor tur-
bineandturbojetairplanesis a bleedair sys-
tem. Blowinghotenginebleedair across the
outsideofa windshieldcan protecti t fromice,
rain, andsnow. Thepressureair formsa pro-
tective layerover thewindshieldandprevents,

IceandRainControlSystems| 10-11

water fromcontactingit, and thus ice from

forming,If ice or frosthasformedduringramp
time,thesystemeliminatesi t quickly.

Section2

RainProtection
Rain removalsystemsare a formof protec-
tion fromadverseweatherthat significantly
improvesthesafetyandpracticalityofaircraft.
â€˜Theabilityto takeoff,fly,andlandsafelyin

rain ratherthandetourseveralmilesaround
â€˜weathersystemsor cancelflightsis criticalto
thesuccess of almosteveryaircraftoperator.

â€˜Typesof systems.Theprimarytypesof rain

removalsystemsare wipersandliquidrepel-
lent.Most rain removalsystemscontain few
â€˜componentsandare basicin operation.Prudent
routine inspection,service, and maintenance
shouldensure theirreliability

Wipersystems.Aircraft windshieldwiper
systemscan bepoweredeitherelectricallyor

hydraulically.A typicalelectricalwipersystem
is shownin Figure10-21.Noticethatit hasonly
fone motor,but two eachof the flexibledrive
assembliesandconverters.Themotor provides
torquethat is transmittedbytheflexibledrive
assembliesto the converters,The converters

changetherotarymotion ofthemotor toa cycli-
calleft andrightwipingaction of thearm and
blade.Controlfor thesystemallowsfor differ-
tentspeedsanda parkmodethathidesthearm

assemblywhenthesystemis not in use. Some
aircraftadd a secondmotor for redundancy

Windshieldwiperblade

  
 

     
  

 

nad oS,â€˜wiperarm S

Flexible
drive
assembly

   
Windshield

J meanetor

Figure10-2-1.Anelectricallyoperatedwindshieldwipersystem,
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â€˜Wiperassembly
Figure10-2-2.Anexampleofa redundantelectricalwipersystem.

(Figure10.22)Thsallowsat leastonewindowto remain clearifthemotor fails.

Duringinspectionsthewipersystemshould
be test-operatedin all modes.Neveroperate
windshieldwiperson a drywindshield.Using,
a hoseor othersuitablewater source for lubr
cationpreventsdamageto thebladesandwin-

dows.Thewiperbladesshouldbethoroughly
inspectedfordamageorcracking.Ratherthan

spendingthetime to inspectblades,some man-

ualscallforreplacingthemat routine intervals.
â€˜Thesestepsshouldensure safereliableopera-
tion andgoodvisibilityin the rain.

 

Liquidrepellent.In additionto wipersystems,
some aircrafthavethecapabilityof sprayinga
chemicalonthewindshieldthatcauses thewaterto collectinto largerbeadsthatare more easily
dispersedbythewipers andairflow.Rainrepel-itnfaytencincialeareser pompae spay
znozzleormanifold.Theelectricalcontrolfor the
pumpincludesa circuit breakeror fuse,wires,
connectors,and a normallyopenmomentary
switchsothatthepumponlyoperateswhilethe
switchis depressed(Figure10-23).

â€˜Theliquidrepellent,if not removedimmedi:
ately,can hardenon thewindshieldandreduce

visibility.Sprayingrepellentonto a drywind-
shieldandwithoutthewipersoperatingcould
requirethewindshieldto bereplaced.Handle

liquidrepellentscarefullybecausetheyare

corrosive and environmentallyunfriendly.
â€˜AlwaysconsulttheappropriateMaterialSafety
DataSheet(MSDS)andreadcontainer labels,

carefullywhenusingmaterialsor chemicals,
you are not completelyfamiliarwith. Inspect

 

  
 

Clamprelease

Pressurizedcanâ€™

Reservoir

Figure10-2-3.Anexampleofa rain repellentsys-
tem usedon a Boeing727,

the reservoirs regularlyfor leaksand clean
upanyspillsimmediatelyto preventdamage
to surroundingareas of the aircraft.Thehaz-

ardsandadditionalequipmentassociatedwith

liquidrain repellentsystemsare eliminated
fn state-of-the-artaircraftbyinstallingwind-
shieldsthat are precoatedwith a permanent
repellentchemical.

Air pressure,Someairplanesuse bleedair to

providea layerof compressedair that covers

the outsideof the windshield.Thepressure
preventsmostrain frompenetratingthelayer
andcontactingtheglass

â€˜Theairpressuresimplyblowstherain overthe
top.



Section3

GroundDeicingofAircraft
â€˜Anydepositsof ce,snow or froston theexter
tal auifacesof an airplanecan drastically
affectits performance.Reducedaerodynamic
lift andincreasedaerodynamicdragresulting
fromthedisturbedairflowover theairfll sur

facesothe extraweightofthe depositover thetrol aera enoughto maket mposale
Toran airplaneto fly.An airplanecan iso be

seriouslyaffectedbythefreezingof moisture
in controls,hinges,valves,mictowwitches,or

byice beingingesedinto theengine

Whenaircraftare hangaredto meltsnow or

frost,anymeltedsnow or ice can freezeagain
if theaircraftis thenmovedinto subzerotem-

peratures.Anymeasures takento remove fro-
zen depositswhiletheaircraftis on theground
â€˜mustalsopreventthepossiblere-freezingof
theliquid.

FrostRemoval
Frostdepositscan beremovedbyplacingthe
aircraftin a warm hangaror byusinga frost
remover or deicingfluid.Thesefluidsnormally
contain ethyleneglycolandisopropylalcohol
andcan beappliedeitherbysprayor byhand.
It shouldbeappliedwithin two hoursof flight.

Deicingfluids can adverselyaffectwindows
or theexterior finishof theaircraft.Therefore,
onlythetypeof fluid recommendedbytheair-

craftmanufacturershouldbeused.

RemovingIceandSnow
Deposits
Probablythemostdifficultdepositto dealwith
is deep,wet snow whenambienttemperatures

areslightlyabovethefreezingpoint.Thistype
â€˜ofdepositshouldberemovedwith a brushor

squeegee.Usecare to avoiddamaginganten-

rnas,vents,stallwarningdevices,vortex gen-
erators,andsuch,whichcouldbeconcealedby
thesnow.

Light,drysnow in subzerotemperatures
shouldbeblownoff wheneverpossible;using
hotair is not recommendedbecausethiswould
melt the snow, which would then freeze,

requiringdeicing,
Moderateor heavyice and residualsnow

depositsshouldbe removedwith a deicing
fluid.Noattemptshouldbemadeto remove ice

depositsorbreakan icebondbyforce.

IceandRainControlSystems
After deicingoperations,inspectthe aircraft
to ensure that its conditionis satisfactoryfor

light.All externalsurfacesshouldbeexam-

ined for signsof residualsnow or ice,espe-
ciallynear thecontrolgapsandhinges.Check
the drain and pressuresensingportsfor
obstructions.Whenit becomesnecessaryto

physicallyremove a layerof snow,all protru-
sions andvents shouldbeexaminedfor signs
ofdamage.
Controlsurfacesshouldbemovedto ascertain
that theyhavefull and free movement.The

landinggearmechanism,doors,andbay,and
wheelBrakesshouldbeinspectedfor snow or

ice depositsandtheoperationof uplocksand
microswitcheschecked,

Snowor ice can enter turbineengineintakes
andfreezein thecompressor.If thecompressor
cannot beturnedbyhandfor thisreason,hot
air shouldbeblownthroughtheengineuntil
therotatingpartsare free.

PitotTubeAnti-icing
â€˜Topreventice fromformingover theopening
in the pitottube,a built-inelectricheatingele-
ment is provided.A switch,in thecockpit,con-

trolsthepowerto theheater.Usecautionwhen

groundcheckingthe pitottubebecausethe
heatermust not beoperatedfor longperiods
unlesstheaircraftis in flight.Additionalinfor-
â€˜mationconcerningpitottubesis in thechapter
â€œAirportInsteumentSystems.â€•

AircraftInstrument Systems
Heatingelementsshouldbecheckedfor fune-
tioningbyensuringthatthepitotheadbegins
to warm upwhenpowersapplied.fanamme-

ter or loadmeteris installedin thecircuit,the
heateroperationcan beverifiedbynotingthe
current consumptionwhentheheateris turned

WaterandToiletDrainHeaters

Heatersare providedfor toilet drain lines,
water lines,drain masts,and waste water
drainswhentheyare in an area that is sub-
jectedto freezingtemperaturesin flight.The
typesof heatersusedare integrallyheated
hoses,ribbon,blanket,or patchâ€™heatersthat
wrap aroundthe lines,and gasketheaters.
â€˜Thermostatsare providedin heatercircuits
whereexcessive heatingis undesirableor to
reducepowerconsumption.Theheatershave
a lowvoltageoutputandcontinuousoperation
doesnot cause overheating,
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  Inspections,and inspectionsystems,are the
foundationof aircraftmaintenance.Theyare

alsothe mostcommonlyperformedtasksin

aviation maintenance.Fromthisfirm founda-
tion hasemergedthesafestmethodof trans-

portationin theworld.

AircraftInspection
Howan inspectionisperformed.Performingan inspectionon an aircraftin service for the
first time can beoverwhelming.This is nor-

mal and it is a goodthingto be cautious.

Overconfidence,cockiness,or attemptingto

displaya levelof skill thetechniciandoesnot

possessleadsto disaster.The propercombi-
nation of skill,insight,andconfidencecan be

achievedonlythrough,diligenteffortover time.
Title14of theCodeofFaderalRegulations(CFR)
part65(6581is worthhighlighting:

Generalprivilegesandlimitations.

{@)A certificatedmechanicmayperform
â€˜orsupervisethemaintenance,preventive
maintenanceoralteration of an aircraft
â€˜orappliance,ora partthereof,forwhich
he is rated(butexcludingmajorrepairs
to,andmajoralterationsof,propellers,
andanyrepairto,or alterationof,instru-
ments),andmayperformadditional
dutiesin accordancewith$$65.85,65.87,
and65.95,However,hemaynot supervise
themaintenance,preventivemaintenance,
oralterationof,or approveandreturn
to service,anyaircraftor appliance,oF

partthereof,forwhichhe is ratedunless
hehassatisfactorilyperformedthework
concernedat an earlierdate.If hehasnotsoperformedthatworkat an earlier
date,hemayshowhisabilityto do i t by

+ Stepsto performan

annualinspection,
fromtheworkorder,
to theinspection,to
signoff

Componentsof and
howto perform
a progressive
Inspection

Purposeand
â€˜occasionfor
â€˜conformity
inspections

Purposefor and
processof records
review

â€˜Howto complete
logbooksignaffs

Left.Froman annual
inspectionon a four
placeCessnain this
photo,toa Dcheck
fn a passengerair-

liner,theinspection
processis thesame;
onlytheapplication
is different.One tech-
nician can inspectaCessnain a day,but i t
takesa full crew sev-

eralweeksto perform
aD check.
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performingit to thesatisfactionofthe
Administratoror underthedirectsuper-
vision of a certificatedandappropriately
ratedmechanic,or a certificatedrepair-
â€˜man,whohashadpreviousexperiencein
thespecificoperationconcerned.

Thischapterprovidesinsightinto what to

expectwhen performinginspectionsin the
field.Seasonedinspectorsearn theirreputations
throughdiligenteffort,constantapplicationof
thehighestlevelofskill,andpersonalintegrity.

Thischaptercovers anannnual/100-hourinspection
ona lightaircratt,aCcheckperformedon a large
transportaircraft,anda conformityinspection

Section1

TheAnnualInspection
Lightaircraft. Thefollowingare theinspec-
tion requirementsfor a lightaircraft,such
as a PiperCherokee:Title14CERpart91.409)
states thatno personmayoperatean aircraft
unless,within the preceding12 calendar
months,it hashad an annualinspectionin
accordancewith 14CFRPart 43,andhasbeen,
approvedfor return to service bya person
authorizedbypart43.7.

[fom
Figure11-1-1.Searchesare easier if theAMTis familiarwiththeshopâ€™srecordsystem.

CourtesyofDuncanAviation If the aircraftis usedfor hire,suchas flight
instruction,91.409(b)says theaircraftmust be
inspectedevery100hoursofservice,thescope
ff the inspectionbeingthesame as an annual
inspectionfor the typeof aircraft.The100-
hourlimit may beexceededbyup to 10hours,
toallowtheaircraftto flyto theplacewherethe
inspectionis to beperformed,but theexcess,

time must bedeductedfromthenext 100-hour
period.In otherwords,a privatelyownedlight
aircraftneedsan annualinspectionevery12
â€˜months.Ifthe aircraftis usedfor hire,it must
be inspectedevery 100 hoursand havean

annualinspectionevery12months.

How to proceed.An owner can have an

â€˜AviationMaintenance Technician(AMT)per-
forman annualinspectionin severalways. The
annualis equalto a 100-hourinspection,with
some additionalrepairspossible,andwith a

bit more paperwork.Beloware threebasicsce-

* TheAMT performsthe 100-hourinspec-
tion/service work,and the shop's.in-

houseInspectionAuthorization(IA)does
theinspection.ThentheAMT,theIA, and
theowner discussrepairsbeyondthe100-
hourinspection,allowingtheIA or AMT

todotherepairs.
TheAMT,doesthe 100-hourinspection,
theannualinspection,andanyassociated



repairs,with thefindingsapprovedand

signedoffbythein-houseLA.

â€˜+TheAMT doesthe 100-hourinspection,
allowingan outsideIA to do the annual
inspectionandassociatedrepairs.

In general,thesecondmethod,whilepreferred,
is not legallycorrect.Theannualinspection
can beperformedonlybyan LA.However,the
technicianandtheowner mustdecideon how
to proceedbeforestartingtheworkorder.

â€˜Thework order.An annualinspectionbegins
and endswith paperwork.Beforetouching
theaircraft,thetechniciancreatesa workorder
that outlinesthe work to be performed.The
â€˜workordershouldbesignedbytheAMT and
theowner. Theworkorderis thecontractthat
describeswhatwill becarriedout andthefee
theowner will pay.Itis crucialtogettheorder
in writing. 

Maintenance researchmaterial. The fol-

lowingare materialsthat mustbe researched
andverifiedto see if theyare applicableto the
inspectionof a PiperCherokee:

â€˜=AirworthinessDirectives(AD)~316each
â€˜+Manufacturersâ€™ServiceBulletins(SB)~

157each
â€˜+Manufacturersâ€™ServiceLetters(SL)~ 145

each
'* VendorServicePublications(VP)~56each

Researchingmaterialfor the 100-hourannual
inspectioncan mean handling1,000or more

piecesof paper(FigureIL-1)not including
theactualaircraftrecords.Thisis maintenance
informationonly.
WhileitistruethatonlytheADnotesaremanda-
tory,manyinsurance companiesinsistthattheir
clientskeepupwith all manufacturersâ€™service

requests.Customersthatare part135operators,
â€˜mayhavelistedallmanufacturersâ€™maintenance
informationas MandatoryComplianceitems in

theirOperatingSpecification.Ibiseasier for them
to do i t thiswayandtakesawayanychoice.

Prudentcustomers trackmanufacturer'sser-

vice requestsas theygo.Previoustechnicians
shouldhavebeenkeepingadditionallistings,
similarto the requiredAD note list. If they
have,therewill be manyentries listedas NA
bySN(notapplicablebyserialnumber)or NA
byModel(notapplicablebyaircraftmodel),or

both.Forexample,an AMT had79AD notes
to lookup,butonly10actuallyappliedto the

PiperPA28-180,Al but two of thosewere pre-
viouslycompliedwith,andwere listedin the
AD natecompliancecardin the logbook.The
same thingheldtrue for the remainderof the
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items.However,if itemshadnot beentracked
andloggedcorrectly,theAMT wouldhaveto
discussi t with theowner, to avoidaddingcon-

siderableexpense.

RecordsReview
â€˜Therecordsreview is sometimesthemost dif-
ficultpartof an inspection,but i t is essential.
Anaircraftâ€™srecordstel its lifestoryâ€”howold
itis, its accidentanddamagehistory,andany
persistentmaintenanceproblemsthat require
attention.

Regulations.A recordsreview is required
byregulations.14CFRpart91.417lists the
recordsthat must be kept,and how they
mustbemaintained.Amongtherecordsthat
mustbetrackedare thefollowing:

â€˜*Recordsof maintenanceandinspections.
Thisincludesthelastannualor 100-hour
inspection,andanyroutine maintenance
suchas lubrication,

+ Total times in service of the airframe,
engineandpropeller.

+ Thetime since overhaulofallitemson the
aircraftthatrequireoverhaulson a speci-
fiedtime basis.

â€˜+Thecurrent status of life-limitedparts,if
any.

+ Atist of ll applicableADsandtheircur-
rent status. If theyare one-time occur.

Fences,they musthavebeonsignedoff as

Suchithe ADis epettive,mustalso
be signedoff as repetitiveand must be

compliedwith as statedin theAD isl

NOTE:An AD note usuallyhasmore

thanone methodof compliance.Whenit
is compliedwith andsignedoff on, the
actualmethodof compliancemust be
stated,ie, CWbyParageaph(Ia),and
thelike,

Safety.Anotherreason fora recordsreview is

safety.Part91.417statesthattheaircraftrecords
â€˜mustshowthecurrent statusofapplicableAD
notes. If a repetitiveAD is not accomplished
fon schedule,it jeopardizesthe safeoperation
of the aircraft.Scheduledmaintenanceand
inspectionthathasnot beenperformedor is

performedlatecan leadto increasedwear and
prematurefailureofaircraftcomponents.

Economy.A third reason fora review is econ-

omy.Ifmaintenanceisnotdocumented,or docu-
â€˜mentedincorrectlyi t sas iftheworkwas never

done.Forexample,a corrosion inspectionof a

â€˜wingsparcarry-throughstructure thatrequires
removalofthewings.Ifthe AMTdoesnotprop-
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Figure11-1-2.Microfiche,CD-ROM,or computer-basedsystems,makethe
AD researchprocessfasterbutmustbeusedefficiently.

erlyrecordin thelogbookthattheinspection
â€˜wasaccomplished,theinspectionmustbedone
againat considerableexpense.Thisis alsotrue
if thelogbookis lostor destroyed.As a result,
missing,incomplete,or incorrect aircraftlogs
dramaticallyreducean aircraft'sresalevalue.

Recordsreviewprocedure.First,assembleall
availablelogbooksandrecordsandmakesure

the recordsare completein accordancewith
part91.417(a).Then,groupthe logbooksand
recordsfor theairframe,engine,andpropel-
ler.Notethepartandserialnumbersfor these
items,andcomparethemtothenumbersonthedataplateson theaircraft.

Next,verifythetotaltimes in service for each
component,payingattention to properarith-
â€˜meticandwatchingforanygapsin therecords.

Manyolderaircraftin service haveseverallog
books.Placethelogsforeachairframe,engine,
and propellerin chronologicalorder.â€˜Then
ensure that the lastentryin one logmatches
the first entryin the followinglog,with no

errors or gapsin time. An aircraftcan sit for

longperiods,andthe logsshouldreflectthis.
However,gapsfollowedbymanyhoursof use

without correspondingmaintenance entries
are suspicious.

Determineaccurate timesfor components.
â€˜Airframetotal time is determinedbyverify-
ingloghours.Thelastlogbookentryshould
showtheairframetotal time in service. Now,
find theenginetime in service bysubtract.
ing the airframetime at engineinstallation
fromtheenginetime at installation.Add this,
to the current airframetime to getthe cur-

rent enginetotaltime in service. Usethesame

methodto determinethepropellerâ€™stime in

Accuracyis erica whennotingtimes in sex-

vice. Thoughnot mandatoryâ€˜ona. private

responenginesepa,enginesand

redscheduleandthetimesshouldbe cor

rect.Whenan overhaulis budgetedat $90or

$40perflighthour,smallerrors can cost big
money.

â€˜Thenext stepis to determinethe inspection
programusedfortheaircraftbeinginspected.
â€˜Theinspectionprogramtells what sched-
uled inspectionand maintenance must be

performedto maintain airworthiness.These
tasksmust be listed to refer to later.Thena

searchmust be performedfor ADsandSBs
that applyto the aircraft(Figure11-12and

Figure11-13),In thepastpaperlistingshave
beenused,but now informationis compiled
fon Microfiche,compactdiscs,of computer

programsand the searchprocessis much
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Figure11-1-3.A service bulletinlst is normallyavailableon a currentmicroficheorasa computerprintoutontheairplane.

â€˜Comparetherecordsin the logbooksagainst
theexamplesspelledout in theinspectionpro-
gram.Findeachinspectionandmaintenance
tasksignedoff as accomplishedin the last

yearâ€™slogbookentries. Thelogsmust show
anyADsandSBscompliedwith (FigureI1-1-
4. Continuethisprocessuntil all tasksare

accountedforandall hourstallyproperly

Cleaning
â€˜Afterreviewingthe aircraft records,work
â€˜onthe aircraftcan begin.Part43 Appendix
D requiresthe aircraftstructure to be clean
to see defects.First,all fairings,cowlings,
and inspectionpanelsmust be removed.
â€˜Accumulationsof grease,dirt,anddebristrap
â€˜moistureandleadto corrosion or cause wear

betweenmovingparts.Beforecleaning,note

anyaccumulationsthatcouldindicatea leak-
ingcomponentor loosefastener.

InspectingtheAircraft
Checklists. Part 43:15()requiresa check.
list to be usedwhenperformingan annual
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Figure11-1-4,A listofADnotesandtheirstatusis a requireditem,Thelst
is to bekeptwith,andpreferablyattachedto,thelogbooks.Thisexample
aboveis fromtheFAAAl studyguide.
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â€˜or100-hourinspection.Thechecklistcan be
fone designedbythe technician,one used

byanotherinspector,or one providedbythe
equipmentmanufacturer,which is the most

commonchecklist.In anycase,achecklistmust

include,at theveryleast,thescopeanddetail
of the items in Part43,AppendixD.Keepin

â€˜mindthatAppendixDgivesa verybasicand
â€˜genericlistof tems to bechecked.

Factorychecklists.Thechecklistforalightair-

craftis specificto a certain makeandmodeland
â€˜willgointomuchmoredetail.Thefactorycheck-
list(Figure1145)isthepreferredone touse. They
are oftencross-referencedto SBsandSLs,both
for theairplaneandfor allappliances.Mostfac-
torychecklistsalsohavea notessectionasthelast
page.Thispagecancontaininformationnotlisted
â€˜onthechecklist.

â€˜Thechecklistbreakstheinspectioninto sepa-
rate areas suchas landinggear,wingsand
empennage,cabin,cockpitandengine.This,
inspectionexamplelooksat a typicalrecip-
rocatingengine,followingthe guidelinesof

AppendixD.
Spectrometricoilanalysisprogram(SOAP.I
theenginein theairplaneis on an oil analy-
sis program,therewill bea specifictime and

 

     

methodto take the oil sample.Now is the
time to makethatdetermination.If a sample
is required,i t must be takenand sent to the
analysislaboratoryquickly.Most labsdo the
analysisandfaxbacktheresults.If thesamples
are not takenat thepropertime,the inspec-
tion couldbecompletedbeforetheresultsare

returned,thus delayingcompletion.Figure
11-146showsexamplesof two typesof SOAP

samplekits.(A)is thecompletecollectionkit,
and(B)is thesamplecontainerandpaperwork
submitted.

Althoughmanylabsprovideresultsas shown
in FigureI-1-7,i t can be difficult to track
resultsfromthem.A betterwayis to enter the
resultson a computerspreadsheetbecausethis
â€˜makesi t simplerto find trendsandvariations,
anddoesnot requiremuchadditionaltime.

Startingthe inspection.Beforecleaningthe
engine,it shouldbecheckedvisuallyforsigns,
of leakage.Thoroughlyinspecti t for excessive

oil,fuel,or hydraulicleaks.

+ Checkstudsandnuts for obviousdam-
age,looseness,and improper.torque.

eckthongofeenrutrequired,butlooka, fel,push and pyonthevarious componentsintheengine

. Factorychecklistsare more comprehensivethana Part43,AppendixDchecklist.
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Figure11-1-6.SOAPsamplekits:(A)Completecollectionkit,(B)Samplecontainerandpaperwork.

compartment.This helpsto find loose
studsandbacked-offnuts.

â€˜+Inspectthe engineinternally.Performa

cylindercompressioncheck.If weakcyl-
indercompressionis encountered,check
internalconditionandtolerancesto deter-
â€˜minethecause. Thereciprocatingengine
chapterofAircraftPowerplantMaintenance
explainstheprocess.Checkforevidence
fofmetalparticlesand foreignmatter on

screens anddrain plugs.Removetheoil
filter,cut it openandinspectthefilterele-
ment for particlesanddebris.Excessive
amounts of metalparticleswarrant fur-
therinvestigation,

â€˜=Checktheenginemount forcracks,loose-
ress of mountingto the airframe,and
loosenessof the engine in the mount.
Checkflexiblevibrationdampersforpoor
conditionanddeterioration,

â€˜=Inspectthe enginecontrolsfor defects,
correct travel,and impropersafetying.
â€˜Makesure thatcontrolcablesare properly
routedandsecured,andthattheyare not

chafingon adjacentstructures.

â€˜+Checklines,hoses,andclampsfor leak-
age,condition,andlooseness.Gentlypull
and flexthe linesandhoseto helpfind
looseness,deterioration,andkinks.

â€˜+Checkexhauststacksfor cracks,defects,
and improperattachment.The exhaust
systemis exposedto hightemperatures
andcorrosive gases.Checkfor corrosion

andcracks,particularlyat welds.

AVIATION
LABORATORIES
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Figure11-1-7.Aspectrometricoilanalysisprogramreport.
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Figure11-2-1Progressiveinspectionforms.

* Checktheengineaccessories for appar-
ent defectsand securityof mounting.
Checkall systemsfor improperinstal-
lation,poorcondition,defects,and inse-

cure attachment.
* Checktheenginecowlingfor cracksand

defects

â€˜Whentheengineinspectionis completed,start
and run theengine.Part43.15(02statesthat
â€˜youmustdeterminesatisfactoryperformance
in accordancewith themanufacturer'srecom-

â€˜mendationsfor staticand idle rpm, power
output,magnetooperation,fuel andoil pres-
sure,andcylinderandcil temperatures.After
theenginerun, againchecktheengineforfuel,
oil,or hydraulicleaks.

LogbookSignoffs
Whenthe inspectionis completed,makean

entryandsignof in eachairframe,engine,pro-
pelle,andappliancelogbook.First,note the
{tte theinspectionwas performedandtheair

craftotalimeisevice(Alsoenter thetimein

Servicefrtheengine,propellerandappliances
in therespectivelogbooks)Next,enterone of
two diferentsignoisinto thelogbooks.

 Taare Bars Woe

Airworthy.If theaircraft is found to beair-

worthyandapprovedfor return to service,
enter this statement:â€œIcertifythat this air-

crafthasbeeninspectedin accordancewith
â€˜anannual inspectionand was determined
to be in an airworthycondition.â€•Thensign
the log,includingprintedname, signature,
certificatetype,and number.Remember,a

technicianmust hold an IA to performan

annual inspectionand return the aircraft
to service. AMTswithout an IA requirethe
services of a qualified1A to return an air-

planeto service afteran annualinspection.

Unairworthy.Sometimesthe aircraft is not

approvedfor return to service. The owner

mightwant a different technicianto per-
formtherequiredrepairsor, for some other
reason, mightnot be ableto correct defects
discoveredduringthe annual inspection.
In sucha case,enter a statementsimilarto
the following:â€œIcertifythatthisaircrafthas
beeninspectedin accordancewith an annual
inspection,andalist of discrepanciesand

unairworthyitems dated dd/mm/yyhas
beenprovidedto theaircraftowner or opera-
tonâ€•Enteryourname, signature,certificate
type,andnumberto completetheinspection.



Section2

ProgressiveInspections
General aviation. A progressiveinspection
programis an alternativeto an annual or

100-hourinspectionfor lightaircraft.Some
â€˜operatorsmightnot want to groundtheir air-

craft for severaldaysto performa complete
annual inspection.Part 91.409allowsthem
theoptionof usinga progressiveinspection
program,

Theprogressiveinspectionhasthesame scope
anddetail as an annualinspection,but it is,

brokendown into segmentsor phases.First,
a completeannual inspectionmust be per-
formed.Then,dependingon therequirements,
of the progressiveprogram,the first phase
inspectionis performedat a certain number
of flighthours(usually50hours)or calendar
time, suchas two or threemonths.Figure
11-21 showsa set of progressiveinspection
formsfor a BeechcraftKingAir. Theform is,

25pageslong.In additionisa5-pagelistingof
componenttimes in service.

Thenext phaseis inspectedin its orderof rota-
tion. At theendof one year,theentire aircraft

Figure11-2-2.A Boeing757undergoinga Dcheck.

AircraftInspections

will havebeeninspected,andthecyclestarts

again.Unlikean annualinspection,a progres-
sive inspectionmaybeperformedbya techni-
cian whodoesnot holdan IA,as longas heis

beingsupervisedbyan 1A.

â€˜CommercialAircraft. Thesize andcomplex-
ityof largecommercialaircraftmakeitimprac-
tical to conducta single,all-encompassing
inspectiononce a year.Becauseof this,airlines
operatingunder14CFRpart121use a system
of progressiveairframeinspectionsas theback-
boneoftheirmaintenanceprogram.A progres-
sive inspectioncan be thoughtof as a series

of smaller,lessintensive inspectionsthat get
â€˜morein depthin termsofwhichstructuralareaor systemis lookedat,andhowdetailedthe
inspectionofthatareaorsystemis.Thisreducesthe time theaircraftis out of service andstill
meets the inspectionrequirementsspecified
bythemanufacturerandtheFederalAviation
Administration.Thesechecksare calledA,B,
CandD checks,TheD checkis themost time

consumingofall thechecks(Figure11-22).

A. progressiveinspectionprogramaffords
theoperatorgreaterflexibilityin scheduling
maintenance tasks.Someof the lessdetailed
inspectionscan be performedwhenthe ait-

craftovernightsawayfroma majormainte-
nance base.

| 19
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  Figure11-2-3.Inspectionson transportcategoryairplanesstartat theairport-loadinggate.Here,runâ€™

andtaxi-qualifiedAMTsstartthetripto therun-pad.

To accomplishthe heavierinspections,the
â€˜operatormust haveaccess to a facilitywith
enoughspaceto accommodatethe aircraft
and supportfunctions,such as the parts
inventoryandcomponentrepairshops,neces-

saryto carryout the inspection.Typically,an

air carrier maintains its own facilitiesfor this,
purpose,but it is alsocommon to use main-

tenance companiesthatspecializein aircraft
inspections.

 Figure11-2-4,Theprocessofdockinga largeaircraftrequiresclosecoordi-
nationamongmanypeople. 

Whetherthecarrier performstheheavychecks
at its own facility(in-house),oF sendstheair-

craft to a contract maintenance vendor(out-
sourced),the requirementsfor a progressive
airframeinspectionare thesame. Thefollow-
ingparagraphsdescribethe way a typicalC
checkinspectionis conducted.

Enginerun checks.Theinspectionprocess
starts at a maintenancebasewhena group
of technicians(maintenancecrew)goesto

pickup theaircraftat thegate(Figure11-23).
â€˜Techniciansratedforenginerun andtaxi start

theenginesandtaxi theaircrafttoa designated
run area on theairportcalleda run pad.

(Onceat therun pad,theenginesarerunatdif-
ferentoutputlevels,andengineperformance
information is recordedon the inspection
paperwork.Systemsare alsocheckedduring,
thepre-run.Someof thesystemsthatmightbecheckedare thehydraulic,environment con-

trol,pressurization,andavionics.

Whenall preinspectionenginerun checks
havebeencompleted,the aircraft is taxied
to the checkhangarand theenginesare shut
down.Preinspectionengineruns are impor-
tant becausetheyestablisha baselineof engine
and systemsperformanceand exposeany
problemsin theseareas so that theycan be
addressedduringthecheck.

Aircraft docking.Thesecondphaseof the
inspectionprocessisaircraftdocking.Thismight
seem likeasimpleoperation,butitis extremely
importantthat it be performedwith care

becauseitis easyto damagean aircraftwheni t



is movedin closequarters(Figure1-2-4).The
aircraftis attachedto a fugvia a tow bar and
â€˜movedinto thehangar.Thisrequiresobserv-
ers, or spotters,who watchfor obstructions,
andhelpthetugdriverguidetheaircraftinto

position,

Eachtechnicianinvolvedin the processcom-

â€˜municateswith thetugdriverwitheitherhand

signalsor radios.Twotechniciansremain in

thecockpitto use the aircraftbrakesto stop
theaircraftifitcomes loosefromthetug. Most
damageto aircraftmovingintoor out ofahan-
garcan bedirectlytiedto a lackof spottersor

lackof personnelridingthebrakesontheflight
deck(Figure11-25).

Includedin thedockingphaseare tasksthat
preparetheaircraftfor inspection.Workplat-
formsand standsare carefullymovedinto

placeso personnelcan access the inspection
areas. The aircraft structure is grounded
usingwire cablesclampedto the grounding
lugson theaircraft'slandinggearandspecial
â€˜groundingpointsin the floorof thehangar.A

groundpowersource is thenhookedup to

providepowerto theaircraftfor lightingand
systemoperationalchecks.The aircraft is,

thenplacedon jackstandsandraisedandlev-
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eled.Theaircraftremains on thejacksfor the
remainderof the inspectionprocess.Finally,
thewingtanksare drainedof fuelandvented
to remove harmfulvapors.

After theaircraftis docked,it receives a thor-

oughwashing.Pitotandstaticportsmust be
coveredto preventcontamination. Landing
geardoorsandfairingsandenginecowlingare

â€˜openedforcleaningaccess.

InspectionZones. The next phaseof the
inspectionprocessis theopeningof inspection
zones. Eachcrew worksto openthe inspec-
tion panels,floorboards,fairings,and cowls
to performthe inspectionin its area or zone.

Wheneversomethingis removedor opened
to gainaccess to a portionof theaircraft,panel
â€˜open-uppaperworkis generatedstatingexactly
whichpartwas removedand its specificloca-
tion on the aircraft.Accesspanelsare labeled
bythemanufacturerwith a uniquenumberfor
eachpanelto identifythemfor removaland
installation,

Theinspectionpaperworkcallsout onlythe
panelsthatneedto beopenedto do thetasks
neededin that area. Thispreventsunneces-

sary panelremoval,which saves time and

 5, Thisairplaneis waitingitsturn to betowed.
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confinesinspectionto onlythe areas that
requireit. Theopeningof a largeaircraftfor
inspectionis no smalltask.Hundredsof pan-
elsmustbeopenedduringa heavyairframe
inspection,andthisphasecan takefromone

to fourdaysdependingon thesize of theair-

craftand the level of the inspection.Figure
11-2-6is a training-onlymanualproducedby
NorthwestAirlines to note the access panel
locations.The manualcontains 102pages,
givingan exampleof thecomplexityof access

panellocations.

[Nowtheinspectionitselfbegins.In thisphase,
â€˜generalinspectorswith inspectionpaperwork
performvisualchecksof all openareas of the
aircraft,payingspecialattentionto areas/items
calledout in thepaperwork.Theinspectorsare

lookingfor evidenceof in-service wear, cor

rosion, leaks,andstructuraldefectssuchas

cracksor unusualwear,
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CardSystem
Jobcards.Both the inspectionand service

directionsare placedon 3â€•x 6â€•manilacards.

â€˜Theyconsistof the entire inspectionprocess.
brokendownbythe individual job.Thejobs
representedbythe individual cardscontain

anyadditionalinformationnecessaryfor each
separatefunction.Figure11-27illustratesa set
of jobcards,

Nonroutine work cards. As examplesof
thesediscrepanciesare found,theyare docu-
â€˜mentedon nonroutineworkcardsthatare used

bytechniciansto recordthe repair.Thetime

requiredfor a crew of inspectorsto complete
thisphasedependson theextentto whichthe
aircraftis openedupandthe inspectionlevel
the airframerequires.Typically,a heavyait-

frameinitial inspectioncouldlasttwo days,or

as longasa week,beforeit is completed.

  

Figure11-2-6.Thisillustrationshowsonlytwo pagesof an access panelidentificationbook.Thesheernumbersof panelsthat.
â€˜mustbeopenedfor inspectionandmaintenancecan beastounding.
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Figure11-27.A samplejobcard.

â€˜Asthe inspectionphaseis beingperformed,
techniciansbeginroutine service taskson the
aircraft,usingjobcards.Specializedmain-

tenance crews performscheduledmainte-
nance tasksandpreventivemaintenancesuch
as fluid and filter changes,lubrication,and
removaland replacementof lifelimitedcom-

ponents.Theseincludeitems suchas landing
gear,engines,or any other item that must
be replacedwith a new or overhauledunit
becauseoftime in service.

Whentheinspectorshavecompletedtheir in i

tial inspection,technicianscan beginto eval
ateandrepairtheresultingdiscrepancies.To
evaluatea write-up,thetechnicianmust esti-
â€˜matetherepairtime andcheckavailabilityof
parts.If partsare not in stock,theymust be
ordered.Becausesome partsrequirelonglead
timesto obtain,i t is importantthatjobevalua-

tionandpartsorderingbeperformedas soon

as possible.Technicianscontinue with routine
tasksandcorrectthenonroutine itemsas parts
becomeavailable.

  

Okayto close.Whenall routine andnonrou-

tine items havebeencompleted,the heavy
checkenters theclosingphaseof the inspec-
tion. In thisphase,thepanelsthatwere opened
to gainaccess for inspectionare reinstalled,

andtheaircraftis restoredto itsoriginalcon-

figuration.Beforean access panel,floorboard,
oF cowl,can beclosed,i t must receive an okt0
closefroman inspector.Thisis a criticalstep
becausein givingtheokayto close,theinspec-
tor is sayingthatall workcardsfor thatarea,
whetherroutine or nonroutine,havebeencom.

pletedandthatno toolsor otherdebrisare in

thearea. Theokayto closealsomeans thatall
corrosion preventionmeasures havebeendone
in thearea andthepanelcan beinstalled.

Zonefinal. Onceall thepanelsin an area or

zone havebeenreinstalled,thearea receives

a lastlook calleda zone final.Zonefinalsare

inspectionsto ensure that every panelhas
beenclosedin a zone and that all required
equipmentis installedandfunctioningprop-
erly.Whenall zones havereceivedtheir zone

finals,the aircraftis basicallyreadyfor rev-

enue flight.
Undocking.With all the inspectionand
repairscompleteand the aircraftrestoredto
itsoriginalconfiguration,thecrews prepareto
sundocktheaircraft.In thisproceduretheplane
is takenoff thejackstandsandrefueled.Also,
the groundingcablesare removedand the
groundelectricalpoweris disconnectedfrom
theaircraft.Itis alsoat thistime thatall plugs
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Figure11-2-8.Whenthepost-runsarecompletedsuccessfully,theairplanecan returnto revenue service.

landcovers are removedthatwere usedto pro-
tect areas that are sensitive to foreignobject
damage(FOD).

â€˜Anexampleof this is the covers usedto pro-
tectthepitotandstatic portsduringthewash-
ingoperation.Incidentshaveoccurtedinvolv-
ing aircraft that have takenoff with these
covers still in placeresultingin crasheswith
fatalities.

Now a tow bar is connectedto the aircraft
and to a tugto tow the aircraftout of the

hangar.As in thedockingphaseof thecheck,
all crew membersare involved in moving
theaircraftout of thehangar.Thereare wing
â€˜walkersat eachwingtip,a tail spotterwalk-
ingdirectlyunderthetail of theaircraftand

  

technicianson theflightdeckreadyto apply
the aircraft'sbrakesif an emergencystopis,

needed.

Post-InspectionEngineRun

â€˜Thefinal phaseof theheavycheckis thepost-
inspectionenginerun. Withtheaircraftparked
contherampin frontof thehangar,theengine
crew jumpsinto action.Qualifiedrun andtaxi
technicianstaketheirplaceon theflightdeck,
and the aircraft'senginesare startedfor the
firsttime in weeks.Alter carefullymonitoring
the warningsystemsfor any signof trouble

duringtheenginestart sequence,the techni-
cians taxi the aircraftto the run padfor the
post-runs.

  



â€˜Thechecksinvolvedin thepost:inspectionruns,

are essentiallythe same as thosefor thepre-
runs, Engineperformanceis recordedat vari-

ous outputlevels,andthehydraulicsystemand
environmentalcontrolsystemare checkedfor
properoperation.Theaircraftis alsopressur-
izedat this time andcheckedfor leaks.Extra
attention is paidto thecabindoorsbecausethis
isacommon area forpressurizationleakage.
If discrepanciesare notedin anyof theopera-
tionalchecks,theaircraftis taxiedbackto the
hangarfor troubleshootingand repairof the

problem.If all systemsare foundto beoperat-
{ngnormally,theaircraft'slogbookis signed-
offbythetechniciansas okayforreturntoservice

andtheaircraftis taxiedto thegateat thepas-
sengerterminal(Figure1-2-8)Thisendsthe

heavycheckportionof theprogeessiveinspec-
tion program.

Section3

ConformityInspections
â€˜Asits name implies,a conformityinspection
is performedto determineif an aircraftor its
relatedcomponentsandassociatedequipment
conformto a specifiedstandard.Forexample,
supposean AD hasbeenissuedon oxygen
generatorsthat requiresall generatorsmanu-

facturedbeforea certain dateto be removed
from service. An air carrier conductsa fleet
campaignto determinethe manufacturedate
of eachoxygengeneratorin its fleet.In other
words,thecarrierisinspectingitsgeneratorstoensure thattheyconformto therequirements,
of theAD.

 

â€˜Newaircraft. Whenanaircraftoperatorbrings
a new aircraftonto itsoperatingcertificate,the
FAA requiresproofof airworthiness.This is

accomplishedbyan inspectionto showthe
aircraftis in its originaltypedesignor properly
alteredcondition,meetingall additionalopera-
tional regulationsapplicablefor its intended
use,and is in a safeconditionfor flight.The
â€˜operatoruses a checklistto determinethatthe
airworthinesscertificate,radiostation license,
andaircraftregistrationare present,that all
passengeremergencyequipmentis present
andin serviceablecondition,andthatlogbooks
andtheminimum equipmentlist(MEL)are pres-
ent.

Leasedaircraft.Conformityinspectionsare

performedwhenan aircraftis leasedandwhen
itis returnedfrom its lease.In this case,the
conformityinspectionis donetwice.Thefirst
inspectionis implementedwhentheaircraftis, 
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firstreceivedfromthemanufactureror leasing
company.It consistsof a packinglistof critical
componentsinstalledon the airframe.Items
consideredcriticalto thesafetyof flightof the
aircraftincludetheengines,landinggear,con-

trol surfaceactuators,andnavigationalequip-
ment. Also includedare cabinsafetyitems
suchas crew andpassengeroxygensystems,
fireextinguishers,firstaidsupplies,andevacu-

ationsystems.
During this inspection,the packinglist partnumbersandtheircorrespondingserialnum
bers are checkedagainstwhat is actually
installedon theaircraft.All the itemson the
Ist shouldbeverifiedthroughaircraftcords
tobe in new or newlyoverhauledconditionI
all the itemsmatchtheequipmentlistandare

in operableconditiontheatrerafti acceptedbytheoperatorandputinto revenue service

â€˜Thesecondconformityinspectionis performed
whentheaircraftis returnedaftertheleasehas

expired.In thiscase,theleaseagreementoften
statesthatall criticalcomponentsmustbe in

thesame or newer conditionwhentheaircraft
is returned.

Someleaseagreements might also require

theexactcomponent(sameserialnumbe)be
returned.Theoperatorreturningthe aircraft
conductsa thoroughcheck,bothvisuallyand

throughthe aircraft'srecords,to ensure that
all componentsinstalledon theaircraftmeet
thestipulationsin theleaselanguage.Thiscan

involvechangingsome or manycomponents
and is muchmore involvedthantheoriginal
conformityinspection.

Landinggearand enginestypicallyare

replacedwith freshlyoverhauledassembliesat
thistime,as are hydraulicsystemcomponents
criticalto flightsafety.Essentially,if the air-

craftarrivedat theoperatorwith zero time on

its timedcomponents,itis returnedto theleas-
ingcompanyin thesame condition.

Conformityinspectionsare conductedto pro-
tect bothpartiesin an aircraftsaleor lease.
Suchan inspectionensures thattheequipment
installedon the aircraftmatchesits packing
list and that all criticalcomponentsare in a

conditionacceptablefor safeflight.A com-

mercialoperatorwouldnot acceptan aircraft
thatneededan immediateenginechange,nor

woulda leasingcompanytakebackan aircraft
that requiresmillionsof dollars in mainte-
â€˜nanceto puttheplanebackinto service.

Inessence,conformityinspectionsareamethod
ofverifyingthattheequipmentandthecondi-
tion of thecomponentslistedin the aircraft's
recordsare actuallywhatare installedon the
airframe,
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retraction check3-18

rigging2-14

sidebraceadjustment3-17

systemmaintenance3-26
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variable1-62 

retractablelandinggear3-3
actuator 3-11

basicretractablesystem3-9

through3.3,

cockpitcontrols3-10

electricallyoperated3.9

 

emergencyextension 3-11
â€˜maingear3-10

motor 3-11
nose gear3.9

positionindicators3-10

wheelwell 3-4
return steam 1-16

ringlasergyro(RLG)5-46

rool-typeblower27 Seealsopostiveds-

placementcabincompressor(supercharger)rool-typesupercharger1-61.Seealsocabinpressurizationpumprunwayflag6-33
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