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Section |
Paragraphs 11 to 1-7

SECTION 1|

"INTRODUCTION

1—1. This publication comprises the overhaul instruc-
tions for the model R-985-AN-1 engines and associated
models R-985-AN-3, -AN-6, -AN-12 and -AN-14B en-
gines designed by Pratt &. Whltney Alrcraft, East Hart-
ford 8, Connecticut.

1-2. Frequent reference is made to the Tables of lelts,

VIEWED FROM REAR OF ENGINE

FIRING ORDER
123-5-7-9-2-4-6.8 .

MsMASTER CYLINDER

Figure 1-=1

Revised 1 December 1952

section XIL These tables shall be regarded as the indis-
pensable guide throughout the operations which in-
volve measurement or the use of gages.

1-3. Right and left, clockwise and counterclockwise,
upper and lower, and similar directional phrases apply to
the engine as viewed from the rear with the crankshaft
in the horizontal position and with No. 1 cylinder at the
top of the engine. The normal direction of rotation of
accessory drives is specified as it appears to an observer
facing the accessory mounting pad.

1—4. The cylinders are numbered consecutively in the

direction of crankshaft rotation beginning with the top’

cylinder. Cylinder numbering and firing order, as well as
the position of the masterod, are illustrated (Figure
1-1).

1-5. Specification numbers as lissed in this Handbook
are basic numbers and will be interpreted to include all
revisions and amendments thereto.

1—6. In cases in which portions of such AN and Nav-
Aer Publications and Air Force Technical Orders are in
conflict with, or are superseded by BuAer Bulletins,
Changes, Technical Notes, Technical Orders, or other
BuAer directives, instructions contained in the latser
shall be applicable. -

1~7. The text throughout this handbook refers . fre-
quently to the use of specialized tools. In each instance
the tool number is listed in the text and also listed under
Overhaul Tools in Section III. Subsequent revisions
to this handbook which involve tool changes will be
made in Section III only, with the procedural text
referring to the old tools. Consequently, the tool num-
bers in the text and those in Section III may not
necessarily agree. Therefore, each tool number appearing
in the procedural text should be checked for the latest
change against the tools listed in Section IIL
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Section Il
Paragraphs 2—1 to 2—15

SECTION 1

GENERAL DESCRIPTION

2-17. GENERAL.

2—2. The model R-985-AN-1 engines. and associated
models are direct drive, nine cylinder, supercharged,
single row, radial, air cooled engines. The engines are
basically similar; however, the chart at the end of this
section lists the minor differences between the models.
The R-985-AN-1 engine is used as the basic model for
descriptive purposes.

2-.3. FRONT SECTION.

2—4. The front case supports in its bore.a ball bearing
which transmits part of the propeller thrust from the
crankshaft to the engine mounting via the main crank-
case (Figure 2—1).

2—5. Bosses in the front case provide support for the
valve tappet guides which contain the valve tappets,
rollers, and pins. A rocker oil manifold ring in the front
case is part of the automatic rocker lubricating system.

2—6. This case also houses tubing for the operation of a

hydro-controllable propeller and either a control valve

(for the two position propeller) or a plug with an oil

transfer hole (for the constant speed or hydromatic pro-
peller).

2-7. CRANKCASE SECTION.
(Figures 2—1 and 2-2.)

2—8. CRANKCASE. The crankcase is comprised of the
front and rear crankcases which are held together by the
nine crankcase bolts. The crankcases are machined to-
gether and are not interchangeable. The front and rear
main bearings, located in the front and rear crankcases,
respectively, support the crankshaft- assembly in the
- crankcase. A bronze bearing is pinned in the front crank-
case to support the cam reduction gear. The cam oil feed
bracket is secured to the front ctankcase and provides for
the transfer of pressure oil to the front section, the cam,
and the crankshaft.

2—9. VALVE TIMING GEARS. The cam actuates the
valves through two four-lobed tracks (Figure 2—1). It is
rotated opposite to crankshaft diréction at 15 crankshaft
speed by means of the cam drive gear, the cam reduction
gear, and internal teeth on the cam. The cam drive gear
is keyed to the crankshaft.

2—10. CRANKSHAFT. The crankshaft is a single
throw, two piece, split pin shaft, and is supported by the
thrust bearing and the two main bearings which are con-
tained in the liners located in the front case and the front
and rear crankcases. The reciprocating and rotating

'2—12. OIL SUMP. An oil sump containing two cham-

parts connected to the crankpins are counterbalanced by
weights riveted to the crankshaft cheeks. Two flyweights
in the rear counterweight supress the torsional vibrations
developed by power impulses. Attached to the rear of
the crankshaft are the crankshaft rear gear and.the im-
peller spring drive coupling which transmit the power
for the drives in the supercharger and rear sections.

2—11. MASTEROD AND LINKRODS. The masterod
is_ of one-piece construction, and incorporates a pressed-
in, steel-backed, leaded silver bearing whichis silver
plated on ‘the O.D. Exght I section linkrods, havingZ
bronze linkpin and pistonpin and bushings, are connected
to the masterod by linkpins and to the pistons by piston. %
pins.

bers is located between cylinders Nos. 5 and 6 and is
fastened to the front and supercharger cases.

2-13. CYLINDERS.

2—14. CYLINDER HEADS AND BARRELS. The cyl-
inders are of steel and aluminum construction. The bar- ©
rels are machined from steel forgings and have. mtegtal g
coolmg fins. The heads are made from aluminuni cast-<
ings and have deep coolmg fins and rockerboxes castc
integrally, The head is screwed and shrunk onto the cyl-'}_s
inder barrel; thus forming a semi-permanent assembly. 5
Each cylinder has one inlet valve and one exhaust valve. =
The inlet valve seats on a bronze seat and the exhaust
valve on a steel seat, both of which are shrunk into the

Academy For Traming

-head. The cylinder also incorporates bronze inlet and ex-

haust valve guides, bronze bushings for two sparkplugs,
and four steel bushings for supporting the two rocker
shafts. Fins of extreme depth are concentrated on the top
and exhaust side of the head and around the exhaust
port where the greatest heat dissipation is required. Shal-
low fins are incorporated on the inlet side. Oil drain tubes
are installed in the exhaust and inlet rockerboxes and
are connected by a rubber sleeve. Pressure type deflectors
force a high velocity flow of cooling air between and over
the cylinder fins,

2—15. VALVE MECHANISM. All valve operating .
parts are enclosed. The rockers are supported on double
row ball bearings. A valve clearance adjusting screw and
locknut are incorporated in each rocker. A steel insert
in the adjusting screw is used as a contact between the
adjusting screw and valve stem. The tappets actu-
ate the rockers through tubular pushrods having hard-

3
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ened steel ballends which mate -with hardened . steel.. .

sockets in the tappets and the rockers. These rods are
enclosed by removable covers which are held in place by
a nut at each end. A cover is secured to each rockerbox.

2—16. Two concentric valve springs are secured to the
valve stem by a washer and split cone. The inlet and ex-
baust valve springs are not interchangeable. Each inlet
and exhaust valve has a safety circlet to prevent the valve
from dropping into the cylinder. The exhaust valve is
bollow and is sodium filled for cooling. A stellite face
prolongs the life of the seating surface of the valve.

2-17. PISTONS. The pistons are machined from alum-
inum alloy forgings and are of the flat-head, full skirt
type. Each piston has five ring grooves and is fitted with
wedge type compression riings in the first three grooves,
dual oil control rings in the fourth groove, and an oil
scraper ring in the bottom groove. The top compression
ring is chromium plated on the face which bears azainst
the cylinder wall. Steel pistonpins connect the pistons to
the master and linkrods.

2-18. SUPERCHARGER SECTION.

2—19. SUPERCHARGER CASE. The supercharger case
is attached to the rear of the crankcase and is provided
with special bolt bosses for securing the engine in the
aircraft (Figures 2—2 and 2—3). The front end of each
magneto drive gear shaft is supported by a bronze bear-

Section 1l
Paragraphs 2—15 to 2-22

ing set into the front of this case, and the front end of
the starter gear is supported by a ball bearing mounted
in the front of the case. A breather tube assembly is lo-
cated between the number 2 and 3 intake pipe bosses on

‘the supercharger case.

2-20. IMPELLER AND GEARS. The impeller shaft
is supported in the supercharger case by three ball bear-
ings. The impeller is splined to the rear of the impeller
shaft with its flat face next to the face of the case. The
impeller is driven through the impeller spring drive cou-
pling, a floating gear, and the impeller intermediate drive
gear at 10 times crankshaft speed. The impeller interme-
diate drive gear is supported in the case by two ball bear-
ings and is secured in position by a special nut. The im-
peller delivers the fuel and air mixture to nine ports in
the outside circumference of the supercharger case. At-
tached to each port is an intake pipe which carries the
mixture to its respective cylinder.

2-21. REAR SECTION.
(Figures 2—3 and 2—4.)

2—22, REAR CASE. The rear case attaches to the rear
of the supercharger case and supports the accessories and
accessoty drives. The front face incorporates a vaned
diffuser and the rear face an intake duct containing three
vanes in its elbow. The case also incorporates an oil pres-
sure chamber containing an oil screen and check valve, a

REAR SUPERCHARGER
BEARNG GOVER

Figure 2-3. Supercharger Case and Rear Case
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Section Il
Paragraphs 2—-22 to 2-29

three section oil pump, and an oil pressure relief valve.
Mounting pads are provided for the carburetor adapter,
two magnetos, a fuel pump, startér, generator, vacuum
‘pump adapter, and two tachometers. Three bronze bear-
ings, extending from the rear into the superchiarger case,
support the rear ends of the two magneto drive gear
shafts and the starter gear shaft.

~.2—23. STARTER GEAR. The starter gear is supported
at its forward end by the ball bearing in the supercharger
case and at the rear end by a bronze bearing in the rear
case. The starter gear meshes with the crankshaft rear
gear. A three tooth or a twelve tooth starter jaw is splined
on the rear end -of the starter gear shaft.

2—24. MAGNETO DRIVE GEARS. The two magneto
drive gears are driven by the crankshaft rear gear. Each
gear and its shaft is riveted into a semi-permanent assem-
bly. An accessory intermediate drive gear is keyed to each
magneto drive gear shaft. The magneto is driven by a
rubber coupling which is driven by the magneto drive
coupling. The magneto drive coupling is keyed to the
rear end of the magneto drive gear shaft.

AN 02A-10AB-3

2-25. ACCESSORY DRIVEGEARS. An accessory
drive gear is driven by each accessory intermediate drive
gear. The accessory drive gears are supported at their
inner ends by bronze bearings and at their outer ends by
ball bearings.

2—26. FUEL PUMP DRIVE GEAR. The fuel pump
drive gear is supported in a detachable adapter in the
left side of the rear case. This gear is driven by the left
accessory intermediate drive gear.

2—27. TACHOMETER DRIVE GEARS. The tachome-
ter drive gears are located -on the left and right sides of
the rear case and are driven by the spiral gears which are
integral with the accessory drive gear shafts.

2--28. VACUUM PUMP DRIVE GEAR. The vacuum
pump drive gear is supported by a bronze bearing in the

" vacuum pump adapter and is driven by the fuel pump

drive gear.

2--29. OIL PUMP GEARS:. The oil pump is located in
the right side of the rear case. The oil pump drive gear
is driven by the right accessory intermediate drive gear.
Three spur-type drive gears are secured to the drive gear
shaft by keys and mesh with three spur-type idler gears.

Ol SCREEN
CHAMD

ER COVER-

Figure 2—4. Rear Case - _
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2—30. GENERATOR DRIVE: GEAR. The generator ..
" pressure tube bracket supports a tube assembly which

drive gear is supported in the top center of the réar case
by a ball bearing and is driven by the starter gear.

2-31. ENGINE LUBRICATION SECTION.
(Figures 12—1 and 12-2.)

2—32. GENERAL. Oil is circulated through the engine
by the three section gear pump which consists of one
pressure and two scavenge sections. The pump is located
in the right side of the rear case.

2—33. Oil from the tank enters the oil pump through a
port in the pump cover. The oil is then directed to the
pressure stage of the pump and from there flows under
pressure to the oil screen chamber, via a cored passage in
the rear case. After entering the oil screen chamber, the
oil passes through the screen assembly and then through
the spnng loaded check valve. When the engme is not
running the check valve prevents oil from seeping into
or out of the engine.

2—34. When the oil emerges from the check valve in the
oil screen assembly, it is diverted into two main branches.
The flow of oil through each branch is described sepa-
rately under paragraphs 2—35 and 2—37.

2—35. FIRST BRANCH. The oil is directed through a
passage to an annulus around the right magneto drive
gear shaft rear bearing. Part of the oil from this annulus
is carried by drilled passages to the right accessory drive
gear bearing. Here the oil enters the hollow accessory
drive gear shaft and flows upward to the starter shaft
bearing. Part of the oil from this annulus flows upward
through a drilled passage to lubricate the accessory and
another part enters the magneto drive gear shaft and
flows forward to lubricate the front bearing. -

2—36. Another passage carries the oil from the annulus
encircling the right magneto drive gear shaft rear bear-
ing to the oil pressure relief valve, which regulates the
engine oil pressure. By-passed oil is returned to the inlet
side of the oil pump pressure section.

2—37. SECOND BRANCH. The oil in this branch is
directed to the left side of the rear case where the oil
flow divides. Part of the oil enters the annulus which en-
circles the left magneto drive gear shaft rear bearing.
Drilled passages from this annulus carry oil to the left
accessory drive gear bearing. Here the oil enters the hol-
low accessory drive gear shaft and flows upward to the
starter shaft bearing. Other drilled passages and tubes
carry the oil to the vacuum pump, tachometer, and starter
gears, Oil from the annulus around the left magneto
drive gear shaft rear bearing flows upward through a
drilled passage to lubricate the accessory; oil also enters
the shaft and flows forward to an annulus around the
front bearing where it is directed by a drilled passage to
the front of the supercharger case. Here the oil provides
lubrication for the impeller shaft bearings.

2—38, Oil for the crankcase and front sections is carried
from the left side of the rear case through the rear and

Section Il
Paragraphs 2—30 to 2—43

superchargericases by a tube. The supercharger case oil

transfers the oil to the crankcase and also provides spray
lubrication for the floating gear and impeller intermedi-
ate drive gear. The oil passes from the pressure tube
bracket through a series of tubes and drilled passages in
the crankcase, to the cam oil feed bracket on the front
face of the crankcase.

2—39. At the cam oil feed bracket the oil is directed into

two channels. In the fitst channel the oil flows to the
front case where it enters the rocker oil manifold. Hol-
low screws ttansfer the oil to the tappess. From there oil
is forced through the pushrods to the rockers. In the sec-
ond channel the oil is forced through the cam oil feed
bracket into the crankshaft. Holes in the crankpin, the
masterod bearing, and masterod provide passage for the
oil to the linkpins and linkpin bushings. Additional holes
in the crankshaft provide for the splash lubrication of
the pistonpins, pistonpin bushings, and flyweights.

2—40. On models equipped for a hydro-controllable pro-
peller, oil from the main oil transfer bracket is tubed to
a two-position valve in the front section, from whence it
is introduced into the propeller shaft through an oil
transfer. In the event a constant speed governor is
mounted on the rear section, a plug is installed in the
front section in place of the two-position valve, and an
external oil line from the rear section is connected to this
plug to furnish oil for the operation of the constant speed
propeller. In this case, oil from the main transfer bracket
is not utilized.

2—41. SCAVENGE OIL. The surplus oil in the engine
proper drains into the main sump from where it is
pumped back through the scavenge pump. Oil from the
rockerboxes drains through the pushrod cover tubes to
the front case, or through a system of inter-cylinder
drains to an additional compartment in the sump from
where it is returned to the oil tank. The rear ‘case oil
drains through a tube into the supercharger case, then
into the sump.

2-42. CARBURETOR. These engines are equipped
with float type carburetors. The carburetor meters fuel
in proportion to the mass air flow to the engine. The mass

" air flow to the engine is determined by the throttle open-

ing. After being metered by the carburetor, the fuel is
discharged into the air stream to the impeller where it
is thoroughly mixed with the air, vaporized, and thed de-
livered to the cylinders through the intake pipes. and
inlet valves.

2—43. IGNITION. Ignition is furnished either by two
Bosch or two Scintilla magnetos located at the rear of
the ehgine, The right magneto fires the front sparkplug
and the left magneto fires the rear sparkplug in each cyl-
inder, thus giving two independent sources of ignition.
The ignition manifold and sparkplugs are of the shielded
type to prevent radio interference.

7
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‘Section Il AN 02A-10AB-3
. COMPARA‘I'IVE FEATURES OF ENGINE MODELS COVERED IN THIS HANDBOOK
ITEM * -AN-1  .AN-3 ' -AN-6  .AN-12
Starter 3 3 12 ~ 12
Jaw tooth tooth . tooth -.tooth
Carburetor NA-R9B  NAR9B NA-R9C2 NA-ROC2
Setting 18 - 18 6 6
Maguetos SBORU-3 SBORU-3 SBORU-3  SBYRU-3
Propeller . - - Constant speed or Constant speed ot Constant speed or Constant speed or
‘ - two position . two position " two position ‘two position
Total Dry v 674.0 682.0  680.0 688.0
Weight of Engine Ib. Ib, ‘ Ib. 1b.
Crankcase - Aluminum Aluminum " Aluminum * Aluminum

Models Having Magnesium Front, .

Supercharger and Rear Cases

R-985-AN-1
R-985-AN-6

Models Having Aluminum Front, and/or '
Supercharger, and/or Rear Cases

R-985-AN-3
R-985-AN-12

Revised 1 December 1951
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AN 02A-10AB-3 Section NI
' Paragraphs 3—1 to 3—4

SECTION il
OVERHAUL TOOLS

3—1. GENERAL.

3—2. This section is a listing of tools necessary for the overhaul work described in this Handbook. In this list, the last
word of each tool name is placed first and arranged in numerical order according to sections,

3—3. Revisions to this handbook which involve only tool cixanges will be made in this tool list only, with the pro-
cedural text referring to the superseded tool. The superseded tool will continue to be listed in the tool list but will be
described as superseded. The new tool will also be listed in its proper order in the tool list.

3—4. DISASSEMBLY AND REASSEMBLY.

Fig.
No. Tool No. Name Application
PWA.-37 Sling Engine lifting =
4-45 PWA-51 Puller Impeller ©
PWA-55 Facer Magneto drive shaft bushing g
PWA-62 Facer Cam reduction gear bushing 2
PWA-64 Drift Supercharger shaft bearing cage assembly 8
4-10 PWA-67 Puller i Front .case =
PWA-79 Sleeve Crankshaft front main bearing 2
9-6 PWA-85 Pointer Engine timing z
PWA-112 Bar Crankshaft turning 2
PWA-165 Puller Floating gear inner race g
PWA-174 Wrench Generator drive gear nut 5
PWA-228 Wrench Oil screen cover nut g
PWA-237 Wrench Intake pipe nut 2
4-24 PWA-248 Holder Cam reduction gear - T
PWA-249 Clamp Pistonring g
8-32 PWA-268 Pusher Crankshaft rear main bearing =
8-24 PWA-296 Fixture Linkpin assembly and disassembly £
PWA-338 Holder Impeller intermediate drive gear
447 PWA-345 Wrench Floating gear retaining nut
4-46 PWA-346 Puller Intermediate gear bushing liner
426 PWA-448 Puller Impeller spring drive gear fixed plate
PWA-455 Depressor Rocker
PWA-459 " Depressor Valve spring
425 PWA-470 Puller Crankshaft front main bearing
PWA-520 Eye Engine lifting
421 PWA-614 Drift and Base Rocker ball bearing assembly and disassembly
PWA-616 Adapter Supercharger bearing cover locating
PWA-620 Guide Supercharger ball bearing cage assembly
PWA-621 Puller Magneto driven gear disassembly
PWA-671 Wrench Oil pressure relief valve body
PWA-789 Wrench Magneto drive shaft screw
8-24 PWA-992 Wedge Masterod flange supporting
PWA-1067 Puller Crankshaft flyweight assembly
4-32 PWA-1068 Pusher - Crankshaft flyweight disassembly
PWA-1093 Wrench Thrust bearing nut
PWA-1195 Wrench Impeller spring drive coupling bolt
4-44 PWA-1269 Wrench Impeller nut
301242 0 -54—2 4




Section i
Paregraph 3—4

Fig.

4-28

8-17
4-8

4-22
4.7

8-40

8-24

8-24

Tool No.
PWA-1285

‘PWA-1327

PWA-1415
PWA-1443
PWA-1462
PWA-1558
PWA-1647
PWA-1742
PWA-1787
PWA-1791
PWA-1836
PWA-1882
PWA-1886
PWA-1914
PWA-1919-2
PWA-1998
PWA-2002

‘PWA-2003

PWA-2005
PWA-2006
PWA-2044
PWA-2127
PWA-2151-1
PWA-2239
PWA-2240
PWA-2274
PWA-2285
PWA-2289
PWA-2318
PWA-2366
PWA-2367
PWA-2373
PWA-2374
PWA-2388
PWA-2397
PWA-2398
PWA-2399
PWA-2411
PWA-2417
PWA-2422-100
PWA-2423-100
PWA-2488
PWA-2537
PWA-2557
PWA-2569
PWA-2674
PWA-2712
PWA-2754
PWA-2792

‘PWA-2826

PWA-3012
PWA-3094
PWA-3145
PWA-3164
PWA-3168

Puller
Puller
Drift
Arbor
Drift

‘Riveter

Wrench
Puller
Wrench
Pliers
Puller
Pusher
Wrench
Wrench
Adapter
Pusher
Arbor
Arbor
Stop
Wrench
Puller
Arbor
Drift
Wrench
Adapter
Wrench
Drift
Puller

' Wrench

Wrench
Drift
Wrench

Puller

Hook
Wrench
Wrench
Wrench
Handle
Indicator
Pusher
Puller
Holder

‘Indicator

Fixture
Puller
Drift
Puller
Wrench
Compressor
Holder
Holder
Guide
Puller
Cutter
Wrench

AN 02A-10AB-3

Application

Crankcase holt

Oil pump

Vacuum pump oil seal assembly
Vacuum pump drive gear backlash
Tachometer shaft oil seal assembly
Impeller nut pin assembly
Crankshaft rear plug

Crankshaft rear bearing

Oil sump drain plug

Pistonring

Tachometer coupling oil seal
Impeller assembly

Ignition manifold

Crankshaft bolt

Crankshaft holding

Vacuum pump housing dlsassembly
Tachometer drive gear backlash
Generator drive geai: backlash
Vertical accessory drive shaft assembly
Cylinder flange nut

Starter shaft bearing

Fuel pump drive gear backlash
Pushrod ballend disassembly

0-600 Ib. in. torque

Torque indicating wrench

Oil plug

Fuel pump drive gear oil seal assembly
Cam drive gear disassembly

- Swivel fitting support

Crankshaft oil plug

Pushrod packing gland assembly
Breather plug

Fuel pump drive gear bracket
Engine lifting :
Cylinder flange nut

Cylinder flange nut

Cylinder flange nut.

Cylinder flange nut wrench

Magneto synchronizer (battery type)
Crankshaft assembly (Air Force personnel use PWA-2422- 101)
Crankshaft disassembly (Air Force personnel use PWA-2423-101)
Master and linkrod

Top center (battery type)

Linkpin assembly -

Oil pump gear

Linkpin assembly

Rear case. disassembly

Propeller oil control valve nut
Impeller spring drive coupling spring
Masterod

Impeller shaft bushing facing
Vacuum pump oil seal

Intake pipe

Impeller shaft small bushing facing
Sparkplug

Revised 1 June 1932
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Fig.
No.

4-29

4-34

4-8

4-24
4-32
412

Tool No.

PWA-3215
PWA-3252
PWA-3360
PWA-3482
PWA-3755
PWA-3762
PWA-3762
PWA-3800
PWA-3926
PWA-4142
PWA-4152
PWA-4153
PWA-4238
PWA-4251-10
PW A-4478
PWA-4497-10
PWA-4510-10
PWA-4512-10
PWA-4531
PWA-4635
PWA-4636
PWA-4637
PWA-4638
PWA-4638
PWA-4639
PWA-4640
PWA-4675
PWA-4877
PWA.4885
PWA-5124
PWA-5187-30
PWA-5630
TAM-255
TAM-1773

TAM-3146

3-5. INSPECTION.

Fig.
No.

6-28
6-29

6-22

6-28

Tool No.

PWA-311
PWA-312-11
PWA-737
PWA-1451-13
PWA-1451-31
PWA-1451-34
PWA-1451-41
PWA-1451-61
PWA-1451-61
PWA-1451-104
PWA-1451-109
PWA-1451-110
PWA-1451-111

PWA-1781-61A

PWA-2630-20
PWA-4327
3474-T-3

Drift and Base
Plug
Lock
Wrench
Pump
Puller
Puller
Protector
Remover
Indicator
Driver
Drift and Base
Puller
Pusher
Drift
Drift
Pusher
Drift
Wrench
Fixture
Drift
Drift
Fixture

~ Fixture

Drift
Collar
Gage
Fixture
Protector
Valve
Wrench
Wrench
Wrench
Wrench
Stand

Name

Gage
Indicator
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Fixture
Gage
Gage
Gage

Revised 1 Desember 1952

Section Il
Paragraphs 3—4 to 3-5
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Application
Cam reduction gear ring
Sparkplug bushing
Magneto shaft
Breather body connection
Hydraulic
Fuel pump drive gear oil seal (Navy personnel use R85-PAT-PM-1000)
Magneto drive coupling oil seal (Navy personnel use R85-PAT-PM-1000)
Intake port
Exhaust port cover
Time rite
Valve adjusting screw
Magneto drive coupling oil seal
Crankshaft standpipe
Pistonpin
Magneto drive lower packing spring assembly
Linkpin
Crankshaft rear oil tube support
Crankshaft front oil tube assembly and disassembly
Pushrod tube gland nut (Superseded by PWA-5630)
Generator drive shaftgear holding
Generator drive shaftgear inner bearing assembly
Generator drive shaftgear inner bearing assembly
Generator drive shaftgear inner bearing assembly and disassembly
Generator drive shaftgear outer bearing disassembly
Generator drive shaftgear outer bearing disassembly
Generator drive shaftgear inner bearing disassembly
Valve clearance
Pushrod ballend
Tappet guide threads
Depreservation
Thrust bearing nut (hydraulic)
Pushrod Tube Gland Nut (Torque)
Cam reduction gear nut
Flyweight bolt
Cylinder assembly

International Aerotech Academy For Training use Only

Application

Inlet valve guide maximum wear

Cylinder bore

Exhaust valve radius

Pistonpin bushing maximum wear

Magneto shaft bushing maximum wear

Rocker shaft large bushing maximum wear
Tachometer coupling bushing maximum wear
Cam reduction gear bushing maximum wear-
Vertical accessory drive shaft bushing maximum wear
Vacuum pump drive gear bushing maximum wear
Valve tappet guide maximum wear

Rocker shaft small bushing maximum wear
Starter shaft bushing maximum wear

Masterod aligning

Cylinder barrel flange

Exhaust valve guide maximum wear

Cylinder bore



Section lli
Paragraph 3—6

3-6. RECONDITIONING.

Fig.
No.
7-44
7-53
7-53

7-40

7-44
7-38

7-14

7-64

7-17
7-17
7-59

7-57 .

12

Tool No.
PWA-6
PWA-10
PWA-11
PWA-55
PWA-74
PWA-94
PWA-95
PWA-220
PWA-226-23
PWA-301
PWA-302
PWA-311
PWA-318
PWA-334
PWA-346
PWA-491
PWA-538
PWA-625-2 .
PWA-757
PWA-758
PWA-760
PWA-761
PWA-762
PWA-815
PWA-816
PWA-817
PWA-819
PW A-820
PWA-827
PWA-828-3
PWA-849
PW A-860
PWA-861
PWA-862-3
PW A-980
PWA-981-1
PWA-1352
PWA-1369
PWA-1450
PW A-1460
PW A-1466
PWA-1493
PWA-1526
PWA-1572
PWA-1641
PWA-1648
PWA-1682
PWA-1746
PWA-1747
PWA-1748
PWA-1749
PWA-1776

" Name
Holder
Holder
Holder
Facer
Riveter
Drift
Drift
Puller
Facer

" Reamer

Reamer
Gage
Reamer
Tap
Puller
Driver
Facer
Adapter -
Drift
Drift
Puller
Drift
Drift
Adapter
Adapter
Adapter
Adapter
‘Adapter
Gage
Bar
Driver
Holder
Cutter -
Bushing
Holder
Lap
Pusher
Clamp
Gage
Drift
Drift
Drift
Tap
Driver
Drift

_Drift

Reamer
Drift
Drift
Drift
Drift
Drift

AN 02A-10AB-3

Application

Valve seat refacing arbor -
Inlet valve lapping

Exhaust valve lapping
Magneto drive bushing
Magneto drive cover

Exhaust valve guide assembly
Inlet valve guide assembly
Cam drive gear bushing
Inlet valve seat

Inlet valve guide hole
Exhaust valve guidé hole
Inlet valve guide maximum wear
Supercharger bearing cover
Sparkplug bushing

Impeller intermediate drive gear bushing liner - -

Pushrod tube packing gland

Starter shaft bushing

Supercharger bearing cover reaming
Rocker shaft small bushing assembly
Rocker shaft large bushing assembly
Oil pressure tube ‘
Oil pressure tube

Starter shaft bushing

Starter shaft bushing reaming

Starter shaft bushing reaming
Starter shaft bushing reaming
Starter shaft bushing hole reaming
Magneto shaft:bushing reaming
Valve tappet guide positioning
Valve tappet guide aligning
Pushrod cover nut coupling
Linkpin bushing facing

Linkpin bushing facing

Linkpin bushing facing

Crankpin lap

Crankpin

Rocker ball socket. disassembly
Valve tappet guide reaming

Valve tappet guide reaming
Vacuum pump bushing assembly
Rocker shaft large bushing assembly
Linkpin' bushing assembly
Sparkplug bushing

Oil sump insert

Pistonpin bushing disassembly

Vacuum pump drive gear bushing assembly

Step rocker shaft bushing
_Magneto driveshaft bushing assembly
“*Magnetodrive shaft bushing disassembly

Magneto drive shaft bushing disassembly

Starter shaft bushing disassembly
Rocker shaft small bushing disassembly
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Fig.
No.

7-28

7-30

7-10

7-63

7-31
7-33

7-41

7-33
7-45

7-70

7-50
7-37

7-54
7-48

7-42
7-14
7-69

7-49

Tool No.

PWA-1777
PWA-1799
PWA-1800
PWA-1805-1
PW A-1805-3
PW A-1805-4
PW A-1805-6
PWA-1805-9
PWA-1805-12

PWA-1805-16

PWA-1805-36
PW A-1805-36
PWA-1805-110
PWA-1944
PWA-1969
PWA-1974
PWA-1981
PWA-2284
PWA-2362
PWA-2450
PWA-2466-35
PWA-2551-4
PWA-2630-20
PWA-2747 .
PWA-2766-8
PWA-2782-10
PW A-2869
PWA-2881
PWA-2883
PWA-2884
PWA-2898
PWA-3064
PWA-3149-24
PWA-3164
PWA-3201-1
PWA-3277-13
PWA-3372
PWA-3633
PWA-3931
PWA-4000-30
PWA-4002-100
PWA-4002-101
PWA-4005
PWA-4107-30
PW A-4189-12
PWA-4189-16
PWA-4234-30
PWA-4272-30
PWA-4548
PWA-4597-50
PWA-4699-1
PW A-4699-2

Name

Arbor
Counterbore
Drift
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Gage
Drift
Drift
Holder
Bar
Fixture
Drift
Fixture
Fixture
Drift
Plate
Driver
Reamer
Drift
Reamer
Fixture -
Jig
Drift
Lap
Drill
Fixture
Cutter
Gage
Scraper
Coinpressor
Drift
Fixture
Remover
Puller
Puller
Remover
Remover
Gage
Gage
Drift
Fixture
Drift
Holder
Reamer
Reamer

.Inlet valve guide

AN 02A-10AB-3 Section Il

Paragraph 3-6

Application
Pistonpin bushing expanding
Sparkplug bushing disassembly
Vertical accessory drive shaft bushing assembly and disassembly
Pistonpin bushing reaming
Rocker shaft small bushing reaming
Rocker shaft large bushing reaming
Magneto drive shaft bushing reaming
Starter shaft bushing reaming
Vacuum pump drive gear bushing reaming
Tachometer coupling bushing reaming
Cam reduction gear bushing reaming
Vertical accessory drive shaft bushing drive
ILinkpin bushing reaming
Impeller intermediate cage disassembly
Impeller intermediate cage assembly
Valve tappet ball socket
Magneto drive gear shaft bushing alignment
Vacuum pump drive gear bushing reaming
Valve tappet guide disassembly
Rocker ball socket assembly
Cylinder holding
Linkpin bushing assembly
Surface ‘
Thermocouple
Exhaust valve guide
Exhaust valve seat

Tachometer coupling reaming
Tachometer coupling bushing drill
Tachometer coupling bushing assembly
Cylinder barrel flange

Thermocouple hole

Exhaust valve guide facing

Impeller shaft small bushing facing

International Aerotech Academy For Training use Only

‘Pistonring gap

Valve exhaust

Hose clamp

Tachometer coupling bushing disassembly
Pushrod cover ferrule staking
Exhaust valve seat

Intake valve guide disassembly
Exhaust valve guide disassembly
Sparkplug bushing

Intake valve seat

Exhaust valve guide reaming
Inlet valve guide reaming
Valve tappet guide assembly
Piston regrooving

. Pistonpin bushing

Inlet valve seat assembly
Intake valve guide hole 43
Intake valve guide hole 4-5

13



Section Iil
Paragraph 3-6

7-15
7-56
7-56

7-55

14

Tool No.

PWA-4699-3
PWA-4699-4
PWA-4699-5
PWA-4699-6
PWA-4699-7
PWA-4699-8
PWA-4699-9
PWA-4699-43
PWA-4700-505
PWA-4701-1
PWA-4701-6
PWA-4766
PWA-4783
PWA-5160-100
PWA-5353-100
TAM-206
TAM-315
TAM-1113
TAM-1161
TAM-3146
TAM-3574-7
TAM-3574-51
TAM-3574-51
TAM-3574-95
TAM-3574-96
TAM-3575-5
TAM-3575-6
TAM-3575-7
TAM-3575-8
TAM-3575-22
TAM-3575-23
TAM-3575-26
TAM-3575-29
TAM-3575-30
TAM-3575-31
TAM-3575-32
TAM-3575-33
TAM-3575-34
TAM-3575-35
TAM-3575-36
TAM-3575-37
TAM-3575-38
TAM-3575-39
TAM-3575-40
TAM-3575-45
TAM-20932
TAM-20933
1068-T-3
1068-T-5
1171-T-1
1320-T-120
1621-T-17
3510-T-16

‘TC-51259

Name -

Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Fixture
Reamer
Reamer
Remover
Cutter -
Puller
Remover
Fixture
Arbor
Gage
Stand
Stand
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer

. Reamer

Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer

‘Reamer

Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Reamer
Facer
Facer
Fixture
Gage
Fixture
Tap
Plate

AN 02A-10AB-3

Application

Intake valve guide hole 410
Intake valve guide hole 415
Intake valve guide hole {20
Exhaust valve guide hole {3
Exhaust valve guide hole 45
Exhaust valve guide hole 410
Exhaust valve guide hole {20
Exhaust valve guide hole 430
Valve guide reaming power
Exhaust valve guide

Intake valve guide

Stud .

Piston regrooving 8°

Valve tappet ball socket (Air Force personnel use PWA-5160-101)
Masterod Bearing (Air Force personnel use PWA-5353-101)

Crankshaft holding

Masterod bearing assembly

Starter shaft bushing flush pin
Engine mounting

Cylinder assembly

Vacuum pump drive gear bushing
Tachometer coupling bushing

Oil pressure tube hole

Oil pressure tube hole 410

Oil pressure tube hole 20
Magneto shaft bushing

Starter shaft bushing hole

Magneto shaft bushing hole

Starter shaft bushing

Oil pressure tube hole {10

Oil pressure tube hole {20

Vertical accessory drive shaft bushing
Starter shaft bushing hole 5

Starter shaft bushing hole 4-10
Starter shaft bushing hole 4-15
Starter shaft bushing hole 420
Starter shaft bushing hole |25
Starter shaft bushing hole 30
Magneto shaft bushing hole -5
Magneto shaft bushing hole -10
Magneto shaft bushing hole 415
Magneto shaft bushing hole 420
Magneto shaft bushing hole 4-25
Magneto shaft bushing hole 430
Cam drive gear rear bushing

Valve tappet guide ‘

Valve tappet guide

Sparkplug bushing

Sparkplug bushing

Accessory drive shaft bushing reaming
Magneto drive shaft bushing clearance
Cam drive gear rear bushing reaming
Sparkplug hole A

Engine stand mounting

Revised 1 Desember 1952
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Section IV
Paragraphs 4—1 to 4—17

SECTION IV

DISMANTLING AND DISASSEMBLY

4-1. GENERAL.

4—2. DISPOSITION OF ENGINE PARTS. Each en-
gine part, upon dlsassembly, should be placed on a parts
rack or a suitable container to prevent possible damage.
Ball and roller bearings should be wired together, as
removed, to prevent scrambling, and should be forwarded
to Bearing Maintenance Department for inspection and
repair. No part should be cleaned until .reference has
been made to Section V.

4—3. LOCKWIRE, PALNUTS, COTTERPINS, AND
GASKETS. The following -instructions are written
with the understanding that all lockwire, palnuts, cotter-
pins, lockwashers, and gaskets will be removed where
necessary.

4—4. PRELIMINARY INSPECTION. During the dis-
assembly procedure examine the parts carefully for signs
of defects or other unsatisfactory conditions in the en-
gine. Many valuable indications, which might not be
apparent after the parts have been cleaned, may be ob-
served at this time.

4—5. CRANKSHAFT ROLLER BEARINGS. Observe
extreme care to prevent the interchanging of crankshaft
roller bearing parts, whether they be new or used. Cer-
tain bearings of different makes have parts which are
nearly alike dimensionally, and interchanged parts can
be readily assembled, but improper internal clearance
would result. The inner and outer races bear identifying
marks as to the manufacturer, but the rollers are not so
marked. Tag bearing parts to prevent the interchanging
of parts in subsequent assembly.

4—6. POOLING OF PARTS.

4~7. If the volume of overhaul work is great enough
it may be found advantageous to pool certain of the
parts during the overhaul process. The following parts
can be pooled and therefore need not be tagged to
identify them with the engine from which they are re-
moved: complete cylinder assemblies (exception: en-
gines subject to sudden stoppage before one hundred
(100) hours of total time or operating time since last
overhaul are to have the cylinders, pistons and piston-
pins kept together throughout overhaul and sub]ected
to as little rework as possible), pistons and pistonpins,
deflectors, pushrod covers and gland nuts, intake pipes,
all ignition parts (assemblies only), all exterior nuts and

bolts, priming systems, all exterior oil lines, all accesso-
ries (except oil pumps), exhaust pipes and clamps, and
vent systems.

4—8. The foregoing does not prescribe the pooling of
parts within subassemblies, such as carburetors, mag-
netos, distributor pressurizing pumps, etc. All parts of
the engine not listed above should not only be kept with
the engine but also should be so handled as to insure
return to the original position in the engine. .

4-—9. PRELIMINARY OPERATIONS.
4—10. REMOVYAL OF ENGINE FROM PACKIN@
CASE. Refer to AN 02A-10AB-2.

4—11. INSTALLATION OF ENGINE IN ENGIN&
STAND. If the engine has just been removed from the
airplane, remove the carburetor and gaskets Remove
all accessories except the magneto and i 1gmuon manifolds®

Only

. before the engine is mounted in the engine stand. Instal%

PWA-520 Eye on the crankshaft, and using a chaig
hoist in con]unctlon with PWA-2388 Hook, carefully
lower the engine into TAM-1161 Stand equipped witl
Part No. TC-51259 Mountmg Plate. Secure the supera;
charger case to the mounting plate with four bolts<E
washers and nuts.

4—12. EXTERNAL CLEANING. Remove all traces OE
dirt and grease from the external surfaces of the enginé
by spraying with kerosene conforming to Federal Speci-
fication No. VV.K-211. The spraying should be done in
a wash house which has positive ventilation to the out-
side and care should be taken to keep the cleaning fluid
away from the ignition manifolds and magnetos.

4—13. DISMANTLING.

4—14. OIL DRAIN PLUGS AND OIL SCREENS.
4~15. Turn the engine to a horizontal position in the
stand and provide screened receptacles under the engine
to collect the drain oil. Unscrew the oil drain plug located
next' to the left accessory drive mounting pad. Use
PWA-228 Wrench to unfasten the oil screen cover nut;
then remove the cover, spring, oil screen and check
valve assembly.

4—16. Use PWA-1887 Wrench to remove the drain
plugs from the sump.

4—17. Examine the plugs and the oil 'screep and the
screen covering the receptacles for the presence of metal
chips or foreign matter which would indicate a failure
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or some other unsatisfactory condition in the engine
(Figure 4—1). After draining the engine, screw the
plugs back into the sump so that they will not become
lost.

4—18. IGNITION LEADS. Being careful not to bend
or damage the elbows on the ignition cable, unfasten all

_ignition leads from the sparkplugs; then unfasten the

ignition lead clips from the cylinders. Protect the lead
connéctors with suitable caps (Figure 4—2).

. 4—19. SPARKPLUGS. Remove the sparkplugs, using

PWA-3168 Wrench; then install PWA-3252 Plugs in
the sparkplug holes.

4—20. MAGNETOS.
4-21. Loosen the knurled coupling which secures each

" flexible manifold conduit to its distributor block cover

elbow. Remove the two screws which secure each elbow

-to its distributor block cover.

4—22. If the engine is equipped with Bosch magnetos,
remove the three screws which join the halves of each
distributor block cover; then remove the four screws hold-

. ing.each cover to its coil cover and distributor block hous-

ing, Withdraw the cover halves from the distributor
block. Remove the two distributor block fastening screws
and lift out the distributor block. Wrap each distributor
block in moisture proof paper to keep it clean and dry.
Remove the three cap screws which secure each magneto
in place and lift off each magneto and its rubber coupling.
Reinstall the distributor block cover halves on the hous-
ing and secure them in place. :

4—23. If the engine is equipped with Scintilla magnetos,

remove the screw which joins the halves of each distrib--

utor block cover (Figure 4—3). Remove the two safety

pins, disengage the two spring locks on each distributor.

block cover, and remove the cover halves. Lift out the
distzibutor block (Figure 4—4) and wrap each distrib-
utor block in moisture proof paper to keep it clean and
dry. Remove the three screws which secure each magneto
in place and lift off each magneto and its rubber coupling
(Figure 4—5). Insert a suitable dummy wooden block in
place of each. distributor block. ..

.4—24. MAGNETO COUPLING GEAR SCREWS.—
. Loosen but do not remove the screws which fasten the

magneto coupling gears to the rear ends of the magneto

“drive gear shafts. ~

4—25. STARTER JAW NUT. Loosen, but do not re-
move, the starter jaw nut.

4—26. PRIMER LINES AND PRIMER DISTRIBUTOR.
Disconnect all primer lines at the primer distributor and
at Nos. 1, 2, 3, 8, and 9 cylinders to which they are
attached. Unfasten the clamps securing the lines the to
intake pipes; then withdraw each primer line from the
cylinder deflector through which it extends. Remove the
primer distributor from No. 1 intake pipe.

4—27. PROPELLER SHAFT RUNOUT. (Navy per-
sonnel only.) Mount a dial indicator on a thrust bearing
cover stud with the plunger resting on the propeller shaft
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Figure 4—4

(Figure 4—G). The runout should not exceed .005 in.
and .015 in. full indicator reading on the rear and front
cone seats respectively. In the event that these limits are
exceeded, particular note should be made for further
investigation after the engine has been completely dis-
assembled. : ’ ‘

4—28. SWIVEL BREATHERS. Remove the nuts from
the swivel breathers near the top of the right and left
auxilizry drive shaft housings. Remove the swivels. Un-
screw and remove the breather supports, using PWA-2318
YWrench. « : :

4—29. ACCESSORY DRIVE GEAR NUTS. Loosen,
but do not remove, the accessory drive gear nuts.

4—30. THRUST BEARING NUT. To facilitate later
removal, loosen the thrust bearing nut one turn, using
PWA-1093 Wrench and PWA-2318 Turning Bar (Fig-
ure 4—7). ) «

4—31. CYLINDER DEFLECTORS. Remove the nuts
which secure the cylinder head deflectors to the cyl-
inders. Release the spring loaded clamp on the rear side
of the inter-cylinder deflectors, and remove the cylinder
head deflectors. Remove the wing nuts which secure the
inter-cylinder deflectors to the retaining clamps and re-
move the clamps and deflectors. Each deflector should be
tagged according to i#% location. o

4—32. ROCKERBOX COVERS. Remove the nuts
which secure the covers to the rockerboxes; then remove
the covers. Loosen the rocker adjusting screw nuts, but
do not remove them at this time.

4—33. PUSHRODS AND COVERS.

4—34. Install PWA-112 Bar on the crankshaft. Unscrew
the pushrod cover packing nuts at the cylinder end first,
* then unscrew the nuts at the crankcase end, using PWA.-
3639 Wrench. , :
4—35. Turn the crankshaft until the valve actuated by
the -pushrod to be removed is closed; then depress each
rocker with PW A-455 Depressor and remove the corres-
ponding pushrod and cover.

. Figure 4-7

Section IV
Paragraphs 4—27 to 4—35
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Paragraphs 4-36 to 4—4

Figure 410

AN 02A-10AB-3

4—36. Withdraw the pushrods from the covers and drift
the ballends from the pushrods, using PWA-2152-1 Drift
or PW A-4877 Puller (Figure 4—8). Tie each ballend and
spacer to the corresponding pushrod for correct locasion
at assembly.

4—37. Remove the packing nuts from the pﬁshtod covers
and remove the packing from the nuts.

4—38. OIL SCAVENGE TUBES. Unfasten the nuts
which secure the main oil sump to the oil pump and
rocker oil sump to the oil pump scavenge tubes and re-
move these tubes.

4-39. OIL SUMP. Remove the nuts which fasten the
sump to the front and supercharger cases, and pull the
sump straight out to remtove it (Figure 4—9).

‘4—40. IGNITION MANIFOLD. ' Remove the nuts
which secure the ignision manifold to the front and
supercharger cases, uncouple the union on the rear mani-
fold using PWA-1886 Wrench, and withdraw the mani-
folds from the engine.

4—41. FRONT SECTION.

4—42. FRONT CASE.

4—43. If necessary, use PWA-1093 Wrench to loosen
the thrust nut. Lift off the nut and the oil slinger. Un-
fasten the nuts attaching the thrust bearing cover to the
case and remove the cover. -

4—44. Mount PWA-67 Puller on the front case and
attach the puller to the thrust bearing cover studs. Re-
move all the nuts which attach the front case to the
crankcase front section. Make certain that all the valve
tappets are in their full outward position. Tighten the
screw of the puller until the front case breaks loose and
can be lifted off by hand (Figure 4—10).

CAUTION

Do not attempt to remove the front case by
hammering on the valve tappet guides or by
prying between the parting faces of the front
case and crankcase front section.

4—45. TAPPET ROLLERS AND PINS. Withdraw the
valve tappet assemblies from the guides and remove the
pins and rollers from the tappets. Install PWA-4885
Protectors over the threads of each tappet guide.

4—46. ROCKER OIL MANIFOLD. Remove the screws
attaching the rocker oil manifold to the bosses in the
front case and lift off the ends of the manifold from the
case.

4—47. BREATHER PLUG. Remove the plug from the
breather assembly aperture.

4—48. THRUST BEARING AND RING CARRIER.
Use a fiber drift and mallet to drive the bearing and
crankshaft front oil seal ring carrier from the front case.
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, Section IV
Paragraphs 4—48 fo 4—59

Figure 4—-11

~ Remove the rings from the ring carrier, with PWA-1791 .

Pliers. Press the ring carrier from the bearing.
4—49. GOVERNOR ENGINE VALVE PLUG. Remove

the pressure type governor engine valve cover and plug

and the oil feed tube leading from the control valve
boss to the thrust bearing liner.

4—50. CRANKSHAFT PLUG. Cut off the flared end
of the standpipe securing the plug in the shaft and drift
out the standpipe. Use PWA-2366 Wrench to remove
the threaded plug and withdraw the inner plug with
PWA-3060 Drift.

4-51. INTAKE PIPES. Using PWA-237 Wirench,
loosen the packing nuts at the supercharger case. Remove
the screws and nuts at the cylinder ends of the pipes;
then remove the pipes. If a pipe sticks in place, use
PWA-3145 Puller to remove it. Install PWA-3800 Pro-
tectors in the intake pipe ports in the supercharger case.

4—52. CYLINDERS AND PISTONS.

4—53. Install PWA-112 Bar on the crankshaft. Rotate
the crankshaft until the piston of the cylinder to be re-
moved is at the top of its stroke. Remove the palauts
and remove the cylinder flange nuts with PWA-2397,
PWA-2006 or PWA-2399 Wrench in conjunction with
PWA-2398 or PWA-2411 Handle.

4-54. Do not remove the top flange nut until just prior
to the cylinder removal.

CAUTION

If one or two cylinder flange nuts on any one
pad are found to be loose to the extent that
there is a clearance between the nut and the
flange and if this looseness is known to have’
existed during previous engine operation, re-
place the studs engaged by, and on each side of
the loose nuts. If more than two nuts are loose,

Revised 15 May 1951

Figure 4—-13

check the cylinder flange for flatness and lap-
ping, if necessary, as described in paragraph
6—108.

eMy For Training use Only
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4—55. Remove the cylinders in the following sequence: ©
N06N07N08N09,NolN02N03No4<
and No. 5. In any case, remove the masterod cylinder last. ©
4—56. Support the cylinder with both hands while the}%
top flange nut is being removed; then withdraw the S
cylinder straight out from the engine (Figure 4-11).5
Place each cylinder in an appropriate carrier to prevent
damage to the cooling fins and barrel.

4—57. Directly after removal of a cylinder, push the
pistonpin from the piston, using PWA-4251-10 Pusher
if necessary. Lift the piston from the linkrod and remove
the rings from the piston with PWA-1791 Pliers. Tag
the rings to indicate the piston from which they were
removed. Record any stuck, broken or sluggish rings
on the Inspection Report.

4—58. Remove the plugs from the pistonpins. If diffi-
culty is experienced in taking out the plugs, drill a hole
in one plug large enough to accommodate a small brass
drift. Insert the drift through the hole and drive out
the opposite plug; then drive out the remaining plug.
4—49. INLET AND EXHAUST VALVES. Mount and
secure the cylinder on TAM-3146 Stand. Compress the
valve springs with the swivel arm of the stand and take
out the split locks (Figure 4—12). Withdraw the upper
washer and the inner and outer valve springs from each
rockerbox (Figure 4—13). Remove the safety circlets
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Figure 4-14

@ 1
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Figure 4-16
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_Figure 18

from the valve stems, then lift out the valve springs
lower washer with long nosed pliers (Figure 4—14).
Remove the cylinder from the stand, holding the valve
stems with the fingers (Figure 4—15) so that the valves
will not drop into and damage the cylinder barrel. With
the cylinder in a horizontal position on a bench, with-
draw the valves (Figure 4—16) and.place them in a rack
provided with numbered positions.

4—60. ROCKER SHAFTS. Unfasten and remove  the
inner and outer rocker shaft nuts (Figure 4—17). Drift
out the shaft by driving on the smaller end of the shaft
with a fiber drift (Figure 4—18). Lift out the rocker

- (Figure 4—19). Unscrew the valve adjusting screw and

locknut from the rocker (Figure 4—20).

4—61. ROCKER SHAFT BEARINGS, Use PWA-614
Drift and Base in conjunction with an arbor press to re-

- move the bearing from the rocker (Figure 4—21).

4-62. CRANKCASE SECTION.

4—63. CAM. Lift off the cam.

4—64. CAM OIL FEED BRACKET. Remove the screws
which attach the cam oil feed bracket to the crankcase
front section. Detach the oil feed tube at the crankcase
front section. Lift the bracket and oil feed tube off the
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Section IV
Paragraphs 4—64 to 4—69

ngure 4;20

engine as a unit. Remove the floating rings from the
inner side of the bracket.

4—65. CAM DRIVE GEAR. Stone out any burrs on the
crankshaft which might hinder the removal of the cam
drive gear. Pull the gear and the cam drive gear ring off
the crankshaft, using PWA-2289 Puller (Figure 4—22).
Use PWA-3215 Drift and Base in conjunction with an

arbor press to separate the gear and the ring. Remove the -

key from the crankshaft.

4—66. CRANKCASE FRONT SECTION.

4~67. Unscrew the long crankcase bolt located between
the No. 5 and No. 6 cylinder pads and lift the spacer from
the bolt hole, Remove the nuts from the other eight crank-

Figure 4—-22

case bolts and drift the bolts downward until they bottom
on the supercharger case.

4—-68. Remove the washers from the bolt bosses on the
crankcase front section,

4—69. Remove the crankcase front section from the rest
of the engine by lifsing evenly on both sides of the crank-

21
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Paragraphs 4—69 to 4-76

Figure 4—25

AN 02A-10AB-3

case to prevent cramping the front main bearing (Fig- '

ure 4—23). Remove the front main bearing outer race
and the front section of the inner race from the crank-
shaft. ‘

4—70. CAM REDUCTION DRIVE GEAR. Place the

crankcase front section on a bench. Unfasten the cam re-

duction drive gear retaining nut, using TAM-255 Wrench
in conjunction with P\WWA-248 Holder (Figure 4—24).
‘Withdraw the gear from the crankcase. :

4-71. CRANKSHAFT AND MASTEROD ASSEMBLY.

4-72. FRONT MAIN BEARING INNER RACE. Use
PWA-470 Puller to remove the front main bearing inner
race from the craqkshaft (Figure 4-—25). ‘

4~73. CRANKSHAFT. Attach PWA-520 Eye on the
crankshaft and in conjunction with P\WA-2388 Hook and
a chain hoist, lift the crankshaft assembly from the crank-
case rear section. :

4-74, IMPELLER SPRING DRIVE COUPLING.

4—75. Mount the splined end of the crankshaft in TAM-
206 Fixture equipped with PWA-1919-2 Adapter. Fasten
one end of a rubber band to the masterod and the other
end to the fixture in order to hold the master and link-
rod assembly in position, thus preventing damage to any
part of the assembly.

4—76. Remove the cotterpin, nut and washer which at-
tach the fixed spider of the spring coupling assembly to
the crankshaft rear gear. Use PWA-448 Puller to pull the
spring drive coupling from the crankshaft rear gear (Fig-
ure 4—26). Disassemble the fixed spider, floating spider,
floating spider friction band, springs and buttons (Fig-
ure 4—27). _ i

« N
et

Figure 4-26
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4—77. CRANKSHAFT REAR GEAR. Unfasten the

four retaining screws attaching the crankshaft rear gear
to the rear of the crankshaft. Remove the gear.

4—78. IMPELLER SPRING DRIVE BOLT. Use PWA-
1195 Wrench to remove the impeller spring drive bolt
from the crankshaft rear section. :

4—79. REAR -MAIN BEARING. Remove the outer
race, rollers and rear section of the inner race of the rear
main bearing. Use PWA-1742 Puller to pull the remain-
der of the inner race from the crankshaft (Figure 4—28).

4—80. CRANKSHAFT FRONT AND REAR
SECTIONS. ,

4—81. Remove the cotterpin located near the head of
the crankshaft bolt, Use PWA-1914 Wrench to unscrew
the crankshaft bolt. Coat the threads of PWA-2423 Puller
with white lead and oil to prevent “picking up” of the
threads. Screw the short stud of the puller securely into
the bolt hole in the crankshaft rear secsion, and screw the
puller body securely into the bolt hole in the crankshaft
front section. Pump the two sections of the crankshaft
apart using PWA-3755 Pump (Figure 4—29). '

CAUTION

To prevent damage to the crankshaft splines,
support the rear section of the crankshaft when
the crankshaft is separated.

Section IV
Paragraphs 4-77 to 481

Figure 4-20
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Section IV AN 02A-10A8-3
Paragraphs 4—82 to 4—89

4—82. Install a suitable protector on the spline of the
crankshaft front section to avoid damage to the masterod

- bearing. Remove the master and linkrod assembly (Fig-
ure 4—30); then remove the crankshaft front section
from the fixture. '

4—83. FLYWEIGHTS. Use along handle allen wrench
to loosen the allen plug in the flyweight bolts (Figure
4—31); then unscrew the flyweight bolt, using TAM-
1773 Wrench. Jack the flyweight sections apart, using
PWA-1068 Pusher (Figures 4—32 and 4—33).

4—84. OIL PLUGS. Remove the crankshéft rear plug
from the crankshaft, using PWA-1647 Wrench. Remove
the crankshaft front oil plug, using PWA-2366 Wrench.

4—85. LINKPINS. -

4—86. Remove the two screws which hold the locking
bar at the front end of each pair of linkpins; then drift

“Figure 4-30 off the locking bars. _ ‘
\: ' o 4—87. Rest the masterod assembly on top of PW A-296
N : Fixture with the forward side of the masterod facing up-

ward and with the pilot of the fixture fitted through the
masterod bearing. Insert PWA-992 Wedge between the

" masterod flanges to prevent their distortion when pres-
sure is applied to the linkpin, ‘

CAUTION

Be extremely careful to avoid damage to the
surface of the lead silver masterod bearing
when fitting the masterod.over the pilot of the
fixture. ’ '

4—88. Turn the masterod so that the linkpin to be re-
moved is located directly over one of the slots in the
base of the fixture. Locate the L head plunger over the
linkpin; then- place PWA-4497-10 Drift between the’
plunger and the linkpin and press the linkpin out by
bringing the plunger down (Figure 4—34). If necessary,
tap the plunger with a copper hammer until the linkpin
starts to move, :

CAUTION

Care should be taken to insure that the pin to
be removed is directly over the slot in the fixture
provided to receive it. '

. 4—89.CRANKCASE REAR SECTION. Unfasten and
remove the nuts which attach the crankcase rear section
to the supercharger case and lift off the crankcase. It
may be necessary to tap the crankcase with a fiber drift
to release it from the supercharger case. Use PWA-1285
Puller to remove the crankcase bolts from the crankcase
Figure 4-32 rear section. ‘
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Figure 4-33

4-90. REAR SECTION. v B -

4—91. STARTER JAW AND GEAR. o
4—92, Crank the bed of the engine stand until the super-
charger and rear sections are in a horizontal posision.
4—93. Remove the starter jaw nut and starter jaw. Drift
the starter gear forward in the supercharger case, using
a fiber drift and hammer; then lift the gear free of the
case (Figure 4—35). . — :

Section IV
Paragraphs 4—90 fo 4—99

4—94. Use PWA-2044 Puller to remove the bearing

from the gear shaft. Remove the spacer from the gear
shaft, : : :

4—95. CARBURETOR ADAPTER. Remove the nuts
attaching the carburetor adapter to the rear case and lift
off thie adapter.

4—96. TACHOMETER DRIVES. Unscrew the cap on
each' tachometer drive shaft. Use a 1 inch box wrench.
Remove the screw attaching the. tachometer drive cou-
plings to the rear case and remove the couplings and gears.
Pull the outer and inner couplings from the tachometer
drive gear shaft and pull the oil seals out of the couplings

“with PWA-1836 Puller.

4-97. FUEL PUMP DRIVE GEAR.

4—98. Remove the nuts attaching the fuel pump drive
gear adapter to the rear case; then withdraw the adapter
and gear from the case. Use PWA-2374 Puller to facili-
tate removal of the adapter and gear.

4—99. Pull the fuel pump drive gear from its adapter.
Remove the fuel pump drive gear oil seal, using PWA-
3762 Puller. ‘ : o

Figure 3—34

301242 0—b54——3
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Figure 4-35

~ Figure 4—38

26
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Figure 4—40

4—100. OIL PUMP.

4—101. Remove the nuts attaching the oil pump to the -

rear case. Attach PWA-1327 Puller to the oil inlet port
studs and pull the pump from the rear case.

4—102. »Loosen and remove the four nuts on the four
through bolts' which hold the pump together. Two of
these- bolts -can be pulled out with the fingers but the
other two must be drifted out (Figure 4—36). Lift off the

cover, or pressure section (Figure 4—37), and the gears

(Figure 4—38); then remove the key from the drive shaft
(Figure 4—39). Lift off the first scavenge section and oil
seal ring (Figure 4—40). Remove the gears; then, remove

_the key from the drive shaft. Remove the oil seals from

the shaft holes in this section. Lift off the second scavenge
section and remove the idler shaft and gear (Figure 4~
41). Remove the drive gear and key and withdraw the
drive shaft from the pump end plate (Figure 4—42). If
difficulty is experienced in removing the gears, they may
be removed with - PWA-2569 100 or PWA-2569-101
Puller. -

4—103. INTAKE DUCT VIEW PORT. Remove the

* intake duct view port plug and cover.

4—104. PLUGS. Remove the connection constant speed
donwmol plug, the. oil thermometer connection plug, and
all allen-plugs from the rear case.

4—105. MAGNETO DRIVE GEARS.

~4—106. Remove the magneto coupling screws. Pull the

coupling gear from each magneto drive gear shaft with
PWA-621 Puller. Unfasten the bolts attaching the seal

Revised I December 1951
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Section IV
Paragraphs 4—106 to 4-120

Figure 4—42

housing to the rear case and pull out the oil seal, using

‘PWA-3762 Puller.

4—107. Pull the magneto drive gears forward. (Flgure
4—43), being careful not to let the accessory intermedi-
ate drive gears drop and damage the teeth. Remove the
magneto drive oil shields from the rear case. Remove the
accessory intermediate drive gear keys from their slots,
and wire them to the magneto drive gear shafts to prevent
their loss during cleaning and inspection.

4—108. VACUUM PUMP DRIVE GEAR.

4—109. Attach the adapter of PWA-1998 Pusher to the
fuel pump drive pad; then insert the bar through the

adapter of the pusher so that the polished end rests on

the vacuum pump drive gear adapter.

4—110. Use a fiber drift to drive the vacuum pump drive
gear from the adapter. Remove the spacer from the shaft.
Use PW A-3762 Puller to remove the oil seal.

4—111. GENERATOR DRIVE GEAR ASSEMBLY.

4—112. Unfasten the four nuts that hold the generator
drive assembly to the top of the rear section and remove
the assembly.

4—113. On the single bearing drive assembly, remove
the screws from the bearing retainer plate Hold the
assembly in a vise having lead padded jaws and remove
the spanner nut, which has a LEFT HAND thread, with
PWA-174 Wrench. Withdraw the gear from ho'using and
drift the bearing from the gear.

Revised 1 December 1951

Figure -4—43

4—114. On the double bearing drive assembly, remove
the screws from the retainer plate and drift the cork from
the generator drive gear shaft bore.

4—115. Install the drive gear in PWA-4635. Fixture and
remove the spanner nut with PWA-174 Wrench. Lift out
the washer. Install the: assembly in PWA-4638 Fixture
and drift the gear and inner bearing from the housing,
using PWA-4639 Drift. Remove the spacer from the gear
shaft. Install the drive gear in PWA-4638 Fixture and
use PWA-4639 Drift and PWA-4640 Collar to remove
the inner bearing from the gear shaft. Use PWA-4636
Drift and PWA-4638 Fixture to remove the outer bearmg
from the housing.

4—116. GUN SYNCHRONIZER (AN -6 Engines only).

Unscrew the cam follower cap and lock plunger or plug
from the gun synchromzer cover, using suitable wrenches.
Remove the four screws which fasten the gun synchronizer

" cover; then remove the cover and. shim. Withdraw the

cam follower, cam and gear shafss, and bearings and
b&rmg retainer as a ugit from the housing. Remove the =
cotterpin, nut, and bolt from the cam and gear shaft by
tapping on the end of the shaft with a dural drift and
hammer; then remove the cam follower. After both of
these parts have been removed from the shaft, push the
bearing out of the retainer with the fingers; then remove
the lower bearing.

4—-117. VERTICAL ACCESSORY DRIVE GEARS.
4—118. Remove the nut; washer, and spacer or gear from
each vertical accessory drive gear.shaft. Using a fiber drift
and hammer, tap the drive gears downward, being care-
ful not to let them fall. Remove the drive gear adapters
from the rear case.

4—119. Remove the drive gear ball bearings, using a
fiber drift. Press the bearings out of the liners with an
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arbor press. Install the bearings, spacers, washers, and

nuss on the respective gears to insure proper relationship
at assembly.

4—120. OIL PRESSURE RELIEF VALVE. Remove the
acorn shaped cap from the oil pressure reliéf valve. Re-
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. Figure 4—48

move the oil pfessure‘relief valve body; then withdraw
the spring and plunger. Use PWA-671 Wrench to remove
the valve seat from the rear case.

4-121. REAR CASE Unfasten and remove the nuts
attaching the rear case to the supercharger section. Pull
the. rear case free ‘with PWA-2712 Puller and llft off the

~ case.

CAUTION

Do not pry the cases apart by inserting an ob-
ject between the parting faces.

Place the case on a bench so that the parting face is up,
thus avoiding possible damage to the oil pressure tube or
the magneto drive shaft bushings.

4-122. SUPERCHARGER SEC’I’ION.

4-123. BREATHER ASSEMBLY. Remove the screws
from the breather exhaust connection; then lift off the
washer, exhaust connection, and gasket. Use PWA-3482
Wrench to disassemble the breather connection body.

Use PWA-2373 Wrench to remove the left breather hole -
Sttt ikl : ;

4~124. REMOVAL OF IMPELLER. Lock the floasing
gear and the impeller intermediate drive gear with PWA-
338 Holder. Insert a small steel drift in the flared end
of ‘the impeller nut locking pin and drive out the pm.
Use PWA-1269 Wrench to remove the impeller nut
which has a LEFT HAND thread (Figure 4—~44). Re-
move the cotterpin from the impeller shaft locknut at the
forward end of the impeller shaft and loosen, but do not
remove, the locknut, using a 3/4 inch box wrench. Use

PWA.-51 Puller to pull the unpeller from the shaft (Fig-

ure 4—45).

4—125. REAR SUPERCHARGER BEARING COVER
Remove the eight screws attaching the rear supercharger
bearing cover to the supercharger case. Use a fibre drift
at the forward end of the impeller shaft to drift the
shaft out unnl the cover, which will come out with the
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shaft, is far enough out to be lifted off with the fingers.
Lift out the gasket, oil slinger, baffle, and spacer. With
the gears still locked, remove the impeller intermediate
drive gear rear bearing and inner liner, using PWA-346
Puller (Figure 4—4G). Press the liner from the bearing
using an arbor press and a drift.

4—126. FLOATING GEAR. Bend down the tablock
- and unscrew the floating gear retaining nut, which has a
LEFT HAND thread, using PWA-345 Wrench (Figure
4—47). Remove the front spacer. Remove the floasing
-gear and needle bearings, being careful not to drop the
needles into the supercharger section. Remove the rear
thrust spacer and floating gear inner race.

4—127. IMPELLER SHAFT. Make sure the nut and
the locking pin are removed from the front end of the
impeller shaft. Use a fibre drift to tap the impeller shaft
from the rear to the front and withdraw the shaft from
the supercharger case. Tap the two front ball bearin
from the shaft. Withdraw the impeller shaft rear ball
bearing from its liner in the case.

SECTION V
CLEANING

5~1. GENERAL.

5—2. AIR FORCE AND NAVY INSTRUCTIONS. Air
Force and Navy personnel should refer to the latest ap-
plicable technical publications for cleaning instructions.

5—3. PRELIMINARY INSTRUCTIONS. Following
-dmssembly, all engine parts should be thoroughly
cleaned. It is very mportant that all parts for. which
spedific cleaning instructions are given in paragraphs
5—12 through 5—28 be cleaned in accordance with those
instructions. All other parts should be cleaned in accord-
ance with the instructions in paragraphs 5—4 through
5—11. After steel parts have been cleaned, they should
be covered with a thin coat of light oil to protect them
against rusting and corrosion.

5—4. DEGREASING. Oil, sludge, grease, and soft car-
'bon deposits may be removed from engine parts by one
of the following methods.

5—5..SPRAY METHOD. Spray the parts in a cleaning
booth which has positive ventilation to the outside. The

cleaning fluid should be kerosene conforming to Speci- .

fication No. VV-K:211 or a cleaning solvent conforming
“to Specification P-S-661.

5—6. BATH METHOD. Immerse the parts in a clean-
ing agent such as kerosene or a cleaning solvent con-
forming to Specification P-S-G61. A soft brush may be
used to facilitate removal of soft carbon deposits. Blow
off any excess cleaning agent with compressed air.

5—7. VAPOR CONDENSATE METHOD. Place the
partsin a steam heated tank which contains the cleaning
fluid vapor. The vapor will condense on the parts and
thoroughly degrease them. Parts cleaned by this method
will be absolutely dry and free from oil and grease when
they are removed from the tank and, therefore, should be
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Sections IV and V

4—128. IMPELLER INTERMEDIATE DRIVE GEAR.
Unscrew the front supercharger cover retaining screws
and jack the cover from the supercharger case by insest-
ing four 1/4 inch-28 screws in the holes provided. Be
careful not to tilt the cover and cramp the impetier
intermediate drive gear front bearing. Remove the gear;
then tap the bwnng from the gear shaft by inserting a
drift through the holes in the gear web and dnvmg
on the inner race of the ball bearing. Remove the inner
race of the bearing in the same manner (Figure 4—48).

4—129. SUPERCHARGER SECTION PLATES. Remove
the lockwire and screws from the two supercharger sec-
tion plates and remove the plates.

4—130. REMOVAL OF SUPERCHARGER CASE.
Crank the bed of the engine stand until the front face of
the supercharger case is up; Remove the nuts and bolts

which fasten the supercharger case to the stand and lift.

off the case.

sprayed with a light oil immediately after removal from
the tank to protect them against rusting and cotro-
sion. The cleaning fluid should be stabilized trichlore-
thylene conforming to Specification MIL-T-7003.

Note

If any aluminum alloy tubing or other ala- -
minum alloy components are cleaned by this
method, these parts should immediately be sub- -
merged in a hot bath of five percent chromic
acid solution at 140°F for 20 minutes, then
rinsed in 180°F water or anodized to prevent
possible corrosion.

5—8. DECARBONIZING.

5—9. CARBON SOLVENTS. Hard carbon deposits
which cannot be removed by degreasing may be removéd
by a carbon solvent.

5—10. Some carbon solvents will .attack aluminum and

magnesium parts if the parts are allowed to stand too

long in the solution. Whenever a carbon solvent is used,
the instructions of the manufacturer of the. solvent
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should be carefully observed. Immerse the parts to be

decarbonized in a solvent conforming to AAF Specifica-
tion No. 20025. (Navy personnel should use carbon
relhoval compound, Spedification C-86C. An alkaline
carbon solvent is not specified as it will remove preserva-
tive varnish from steel parts.) After removing the parts
from the solvent, wash them thoroughly in hot water to
remove all the cleaning agent. If any of the cleaning
agent is allowed to remain on the parts it may.combine
with the moisture in the engine lubricating oil and, when

the engine is next run, may cause violent foaming of the .

oil with resultant discharge of oil from the breather
tubes.
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Section V
Paragraphs 5—11 to 5-28

5—11. Blasting should not be used for cleaning except

. as directed in paragraphs 5—12 through 5—28. Any part
to be blasted should first be thoroughly degreased, and
all threaded areas, bearing surfaces, and highly polished
machined surfaces of the part should be fully protected
with : suitable plugs, rubber sleeves, or masking tape.
Blastmg should be done umformly, and the nozzle should
not be allowed to dwell in'one place.

Note
Cellulose acetate pellets, clover seed, or cracked
wheat may be used for removing hard carbon
deposits. Sandblasting may be used on exhaust
valves.

o

{ cautioN

Make sure that all blast material as well as loose
carbon is completely removed from grooves, re-
cesses or oil passages. The use of a mirror will .
permit a more thorough examination of such
obscure locations.

5~12. SPECIFIC CLEANING INSTRUCTIONS.

5—13. PARTS WITH LEADED BEARING SUR- :
FACES. The masterod bearing has a leaded bearing sur-

face and requires special care to prevent damage to this
surface. It should be cleaned only by flowing kerosene
conforming to Federal Specification No. VV-K-211, or a
cleaning solvent conforming to Federal Specification

P-S-661, over the bearing surfaces and wiping the bear- .

ing surfaces with a soft, smooth cloth.

5—14. BALL BEARINGS.

5—15. Ball bearings are at all times susceptible to mag-
. netism which causes small foreign particles to adhere to-
the balls or races. In some cases these particles are so
strongly attracted that they are not removable during
the soaking and washing operations. To prevent the pos-
sibility of foreign particles remaining, completely de-
magnetize each ball bearing before cleaning.

5—16. Demagnetize non-demountable ball bearings as
an assembly, but demagnetize the component parts of
demountable bearings separately, being extremely care-
ful not to mix the parts of one bearing with those of
another. Rotate large bearings slowly while passing them
through the demagnetizer. Pass the bearings or parts
through the demagnetizer at a rate not to exceed 12 feet
per minute and remove them from the demagnetizing
field before shutting off the switch.

5—17. After the demagneisizing, test the bearings or com-
ponent parts for residual magnetism, using a magnetic
compass. Deviation of the compass needle when the bear-
ing is placed at the east or west points will indicate in-
complete demagnetization. After demagnetlzatxon reas-
semble all demounseble bearings.

5—18. Soak bearings that do not have hard carbon de-
posits in clean hot oil for 4 hours. The bath should
consist of Ne. 10 viscosity lubricating oil heated to a
temperature of 77°C to 88°C (170°F to 190°F). If
equipment for heating the oil is not available, soak the

30

AN 02A-10AB-3

bearings in a cold solvent conforming to Federal Specifi-
cation No. P-8-661,
5—19. Bearings having hard carbon deposits should be
decarbonized according to instructions given in para-
graph 5—8.
5--20. After decarbonizing, thoroughly pressure-flush the
bearings with hot oil to remove all foreign particles or
residue. If oil heating equipment is not.available, flush
the bearings with a spray of solvent conforming to Fed-
eral Specification No. P-S-661. Turn one of the races
slowly while flushing to help dislodge any dirt.
| caution |

Never allow a hm.d.n.g_tupm_freely under the

impetus of air or spray pressure, as injury to the

bearing will result,

5—21. If neither a spray or pressure-flushing device is
available, hold bearings below the surface of a bath of
solvent and rotate them by hand.

'5—22. If the bearing is not to be used immediately', it

should be well oiled, wrapped in greaseproof wrapping
paper conformmg to Spectﬁcatlon No. JAN-B-121, and
placed in a box or covered container.

5—23. CYLINDERS. Clean the cylinders in accord-
ance with instructions in paragraphs 5—5 and 5—6.
5—24. PISTONS.

5—25. Clean the pistons according to the instructions in
paragraphs 5—5 and 5—8 through 5—11. Using a soft
metal or wood scraper, scrape any remaining carbon from
the ring grooves. Be careful not to remove any metal
from the small radii between the lands and the bottoms
of the ring grooves and be careful not to damage the
lands.

5~26. Carbon lodged in oil holes may be removed by
reaming out the holes with an undersize drill. If neces-
sary, the piston may be polished with crocus cloth and
kerosene; however, if this is done, the piston should
again be cleaned as directed in paragraph 5—S5.

5—27. VALVES. Clean the valves according to the in-
structions in paragraph 5—5. Any carbon remaining on
the heads of the valves-may be removed with a fine wire
brush. Exhaust- valves may be sandblasted as directed in

- paragraph 5-11, provided grade 120 round sand, pro-

pelled by air pressure not exceeding 30 pounds per square
inch is used, and provided the valve stem is protected
from the sandblasting. Use a cloth wheel free of any
abrasive compound to clean valve stems, as scratches will
invite cracks and subsequent failure of the valve. Do not
remove the glaze and discoloration on the valve stem.

5—28. INTERNAL OIL PASSAGES. The internal pas-
sages of all parts should be cleaned thoroughly and
blown out with compressed air. Remove the oil passage
plugs where necessary. Particular attention should be
paid to the supercharger intake insert assembly. Hold the
assembly on a wash stand so that the fuel inlet passage
is at the bottom. Direct a strong spray of cleaning fluid
through the fuel holes around the front of the liner.

- Revised 1 December 1951
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Section VI
Paragraphs 6—1 to 6-15

SECTION VI
INSPECTION

6—1. GENERAL.

6—2. AIR FORCE AND NAVY INSTRUCTIONS. Air
Force and Navy personnel shopld refer to the latest ap-
plicable tecbnical publications for inspection insetuctions.

6—3. PRELIMINARY INSTRUCTIONS.

6—4. Thorough and inteligent inspection of all engine
parts is the controlling factor in efficient and dependable
overhaul, and teo much emphasis cannot be placed on
the importance of careful inspection and the decisions it
invokves. In most cases, the main purpose of the instruc-
tions contained in this Section is to supplement the
judgoent and experience that a qualified inspector has
gained after years of this work. However, less experi-
enced personnel should carefully follow the instructions
in this Section.

6—5. All parts of the engine should be arranged on ose
inspection table se that the inspector can judge the con-
diton of the engine as a whole and can readily make
reference to other engine parts which may have been
affected by a wosn part. In this way, it will often be
possible for the inspector to determine at once the cause
of agy abnormal wear.

6—6. When. inspecting the surface condition of parts, it
should be soted that some surfaces are given a metallic
or chemical treatment to eliminate chafing at steel-io-
sseel conmact locations. In some cases, these surfaces have
been mistaken for used or unfinished parts and instruc-
tions kave been: given to polish them. The following two
methods are used. to eliminate chafing.

a. Plasing the part with either silver, copper, tin,
chromium or lead. This treatment results in a surface
discoloration. that resembles the color of the metal used
in the plating.

b. Treating the surface of the part with chemicals. This
treatment. results:.in the surface having a dull black satin-
like appearance. No attempt should be made to polish
surfaces having these treatments unless such polishing is
sequired at points necessary to assure a good contact for

passing elactrical current during the magnetic inspecsion. -

6—7. Use care in checking the condition of splines and
threaded areas. See that oil jets are unobstructed and
make sure that oil passages have been thoroughly cleaned.

6—8. FITS, CLEARANCES, AND SPRING PRES-
SURES. When the inspection procedure involves the
measurement of fits, clearances, or spring pressures, refer
to the tables in Section XII for the proper limits. Details
regarding the use of these tables are given in paragraphs
12—1 through 12—7 of Section XII.

6—9. PHYSICAL, MAGNETIC, AND FLUORES-
CENT PENETRANT INSPECTION.

6—10. All engine parts should be subjected to physical
inspection. General physical inspection instructions cov-
ering groups of similar parts are given in paragraph 6—1
through 6—55, and specific physical inspection instruc-
tions covering parts which require special procedure and
parts which cannot be readily grouped are given in para-
graphs 6—56 through 6—169.

6—11. Most steel parts should be subjected to magnetic
inspection in accordance with the instructions in para-
graph 6—170, and non-ferrous parts should be subjected
to fluorescent penetrant inspection in accordance with
the instructions in paragraph 6—192.

6—12. After inspection, whenever it is deemed that suffi-
ciznt time will elapse before re-assembly to allow damage
to parts from corrosion, observe the following procedure.
Cover all unprotected surfaces of magnesium and steel
parts or any other parts with which corrosion difficulties

are experienced, with a light coat of one part of aircraft

engine corrosion preventive compound, Specification No.
AN-VV-C-576, to three (3) parts of aircraft engine lubri-
cating oil, grade 1065.

6—13. If the volume of overhaul work is great enough,
it may be found advantageous to pool certain of the parts
during the overhaul process. The following parts can be
pooled and therefore need not be tagged to identify them

" with the engine from which they are removed: complete

cylinder assemblies (exception: engines subject to sudden
stoppage before one hundred (100) hours of total time
or operating time sifce last overhaul are to have the cyl-
inders, pistons and pistonpins kept together throughout
overhaul and subjected to as little rework as possible),
pistons and pistonpins, deflectors, pushrods, pushrod cov-
ers and gland nuts, intake pipes, all ignition parts (as-
semblies only), all exterior nuts and bolts, priming sys-
tems, all exterior oil lines, all accessories, (except oil
pumps) exhaust pipes and clamps, and vent systems. The
foregoing does not prescribe the pooling of parts within
subassemblies, such as carburetors, magnetos, etc. All
parts of the engine not listed above should not only be

- kept with the engine but also should be so handled as to

insure return to the original 'position in the engine.

6—14. INSPECTION RECORDS.

6—15. During inspection, keep a record of the condition
of all parts and a record of all fits, clearances, and spring
pressures. Refer to Section XII for proper limits. At-
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Section VI - , AN 02A-10AB-3
Purugrup’h's 6-15 to 6--16

mch atag, mdlcatmg that replacement is necessary, to any
part which is found to’ be unfit for further service. At-
tach a tag descrlbmg the necessary reconditioning to any
part which requires repair (Figure 6—1). If the recondi-
tioning will affect a fit or clearance, the tag should re-
main attached to the part until final assembly to serve as-
a warning to check the fit or clearance.

6—16. When making out inspection fecords or reports,
use only descriptive words which accurately qualify ex-
1stmg conditions. In order to. eliminate confusion and to
maintain consistent terminology, various physical condi-
. tions. which might be encountered are defined in the
following table: : Figure 6—1

PHYSICAL CONDITIONS

Term : Discussion S - Usual Cquses
Abrasion A roughetied area. Varying degroes of abrasion can be de- |Presence of fine fOrei'gn ma-
° . scribed as light or heavy, depending upon the extent of recon- |terial between moving  sur-

‘ ditioning which will be neccesary to restore the surface. .| faces.
Blistering Raised areas indicating separation of the surface from the base. Imperfect bond with the base,

' ' Usually found on plated or painted surfaces. Associated with' jusually aggravated by the

flaking and peellng ' : _ presence of moisture, gas,

‘| heat, or pressure.

Blow-by | The passage of combustion products, under pressure, past pis- Improper seating of piston-
tonrings, valves, etc. Severe cases indicated by characteristic {rings or valves.
discoloration and frequently by erosion or guttering.

Note -

There is usually slight blow-by at the plstonrmgs dur-

~ ing operation. One indication of this is that lead from
the fuel is always found in some quantity through the '

- engine, particularly in rotating oil cavities which act
as centrifuges. Weak or poorly seated pistonrings can
permit sufficient. blow-by to build up considerable
crankcase pressure with possible resultant “heavy

- breathing” and without the rings showing strong in-
dications of such a condition.

Break ‘ . Complete separation by force into two or more pieces. Fatigue; shock; overload.

Brinellfng V Indentatlons sometimes found on the surfaces of ball or roller | Improper assembly or disas-

International Aerotech Academy For Training use Only

bearing parls.
‘ Note
Bearings which do not have full, constant rotation
and are subjected to shock loading, have brinelling
tenidencies. Crankshaft thrust bearings have been
known to -become brinelled when the engine was
partially supported at the crankshaft during transit in
a railroad car or truck.

sembly technique, such as re-
moving or installing a roller
or ball bearing by the applica-

tion of force on the free race.

Burning -

Injury to the surfaces by excessive heat. Evidenced by charac-
teristic discoloration or, in severe cases, by loss or flow of
materlal

Excessive heat due to lack of
lubrication, improper clear-

ance, blow-by, detonation, etc.
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Section VI

Paragraph 6—16 .

PHYSICAL CONDITIONS

Term Discussion Usual Causes
'Bgrnishirig Mechanical smoothing of a metal surface by rubbing, not ac- | Normal operation of parts.'
companied by removal of material but sometimes by discolora-
tion around the outer edges of the area. Usually found on plain
bearing surfaces. Operational burnishing is not detrimental if-
it covers approximately the area carrying the load, and pro-
vided there is no evidence of pile-up or burning.
Burr A sharp pfojectipn Qr' rough edge. Machining operations; exces-
‘ sive wear; peening. '
Chafing - .A rubbing action between two parts having limited relative
. motion. To be integpreted as an action which produces a surface
condition rather than as a description of the injury.
Chipping. Breaking out of small pieces | Concentration of stress due to

of metal. Not to be confused
with flaking.

(Figure 6—2)

shock, nicks, scratches, inclu-
sions, peening, etc.; careless
handling of parts, etc.

Corrosion

Breakdown of the surface by
(Figure 6--3) .

chemical action.

Presence of corrosive agenis.

Crack A partial fracture.

Excessive stress due to shock,
overloading, or faulty process-
ing; extension of a nick or

scratch; defective material,
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Section VI
Paragraph 6—16
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PHYSICAL TONDITIONS

Term

Discussion

VYsual Cmas )

Cupping
(Figure 6—4)

Hollowed out areas result-
ing from repeated 'contact
of two operating parts.

{Improper ‘hardness; excessive

shdmg motion; 1mpact.

Dent

Small, smoothly rounded hollow in the surface.

Concentrated -overload result-»
ing from peening or the; ;pzrm-.
sure of chips between loaded’
surfaces; striking of part with
dull object through caretess:
handling.

Electrolytic Action

Breakdown of the surface by electrical action between parts

composed of dissimilar metals.

Galvanic action between' dis-.
similar metals, |

Erosion
(Figure 6-—5)

Carrying away of “material
by the flow of hot gases,
grit or chemicals. (See also
guttering).

Blow-by;. flow of corrodmg
liquids, hot gas, or grit laden’
oil.

Fatigue Failure
(Figures 6—6 and
6-7)

I Aluminum

Progressive yielding of one or more Jocal areas of weakness
such as tool marks, sharp indentations, minute cracks, inclu-
siops, etc., under repeated stress. As the working stress on the
piece is repeated, cracks develop, at the ends of which there are
high concentration of stress. The cracks spread, usually from
the surface or near the surface, of the section. After a time,
there is so little sound metal left that the normal stress on the
piece is higher than the strength of the remaining material, and

it snaps. Failure is not due to crystallization of metal as many

mechanics believe.

‘Tool marks; sharp corners;
nicks; cracks; inclusions; gall--
ing; corrosion; insufficient
tightening of studs or bolts
‘to obtain proper stretch,
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Section VI
Paragraph 6--16

PHYSICAL CONDITIONS

Term

Discussion

Uswval Causes

Fatigue Fail;:re
(continued)

The appearance of a typical fatigue failure is easily explained.
As failure proceeds, the severed surfaces rub and batter each
other, crushing the grains of the material and producing the
dull or smooth appearance; the remaining unfractured portion
preserves the normal grain structure up to the mortnent of fail-
ure. The progressive nature of the failure is usually indicated
by several more or less concentric lines, the center, or *“focus,”
of which discloses the original peint or line of she failure.

Feathering

A rough, featherlike edge, sometimes fdund on pistonrings
or oil seals.

‘cient lubrication, or excessive

Excess pressure resulting from
insufficient end gap, insuffi-

temperature; failure to remove.
all abrasive after lapping.

Flaking
(Figure 6—8)

Breaking away of pieces of
a plated or painted surface:

Incomplete bond; excessive
load; blistering.

Fracture

See Break.

Fretting

See Chafing.

Fretting Corrosion
(Figure 6-—9)

Discoloration. May occur on surfaces which are pressed or
' bolted together under high
pressure. On steel parts the
color is reddish brown and
is sometimes called “cocoa’™
or “blood.” On aluminum
or magnesium, she oxide is

black. -

Rubbing off of fine particles
of metal by slight movement
between parts and oxidizing
of these particles.

Galling
(Figure 6—10)

A transfer of metal from one
surface to another.
Note
Do not confuse
with pick-up, scor-
ing, gouging, or
scuffing.

tion caused during engine op-

Severe chafing or fretting ac-

eration by a slight relative
movement of two surfaces
under high contact pressure.

Development of a hard, gloséy surface on plaig bearing sur-

Combination of pressure, oil,

Glazing
faces or pistons. An often beneficial condition. and heat.
Gouging Displacement of material from a surface; a cutting, tearing, | Presence of a comparatively

or displacement effect.

large foreign body between
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moving parts.
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PHYSICAL CONDITIONS

indicated by dark spots or lines.
Note
Both surface inclusions and those near the surface
' may be detected during magnetic inspection by the
grouping of magnetic particles. Examination of a
fatigue fracture may reveal an inclusion at the focal
point.

Term Discussion Usual Causes

Grooving Smooth rounded furrows, such as score marks whose sharp Concentrated wear as by an
edges have been polished oﬁ oil seal ting; abnormal rela-
/| tive motion of parts; parts out

of alignment.
Guttering Deep, concentrated erosion. Enlargement of a crack or de-
C fect by burning of an exhaust
flame, as on a valve head or

seat.

Forelgn material enclosed in the metal. Surface mclusxons are | Lack of proper control in

"preparation of metal.

Lead Sw"eaﬁng
(Figure 6-11)

Patches of lead on the surface of a bearing or bushmg, the alloy
of which contains a rela-
tively high percentage of
free lead.

Heat or pressure producing
separation of free lead.

A sharp jndention caused by striking of part against another

-(Figure 6-12)

Nick Carelessness in handling  of
metal object. parss or tools prior to, or dur-
: ing, assembly; sand or fine
foreign particles in engine
during operation.
Peening : ‘ Deformawion of the surface. | Impact of foreign object, such

as occurs in repeated blows of
a hammer on part.-
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PHYSICAL CONDITIONS

. Term Discussion Usual Causes

Pick-up
{Figure 6—13)

Rolling up of metal, ,or
transfer of metal from one
surface to another.

Rubbing of two surfaces with-
out sufficient lubrication; pres-
ence of grit between surfaces
.during assembly under pres-
sure; unbroken edges of press
fitted parts; incipient seizure
of rotating parts during op-
eration,

Pile-up Displacement of particles of a surfice from one point to
another. Distinguished from pick-up by the presence of
depressions at the point from which the material has been
displaced. A
Pitting Small, irregularly shaped | Corrosive pitting—breakdown

(Figure 6—14) :

cavities in a surface from
which material has been re-
moved by corrosion or chip-
ping. Corrosive pitting is
usually accompanied by a
deposit formed by the ac-
tion of a corrosive agent on
the base material.

-of the surface by oxidation or

some other chemical or elec-
trolytic action. . “
Mechanical pitting—chipping
of loaded surfaces because. of
overloading, improper clear-
ances, or the presence of for-
eign particles.

Scoring
{Figure 6—15)

Deep scratches made during

engine operation by sharp
edges or foreign particles;
elongated gouges.

_tive motion.

Presence of chifys between
loaded surfaces having rela-

Scratches Narrow, shallow marks caused by the movement of a sharp | Carelessness '_ in- handling of
object or particle across a surface. parts or tools prior to, or dur-

‘ing, assembly; sand or fine

foreign particles in engine

during operation. '

Scuffing Surface injury resulting from | Iasufficient clearance or lubri-

‘(Figure 6—-16)

the incipient seizure of re-

~ ciprocating parts. Evidenced |

by pick-up and pile-up.

cation, -
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Paragraphs 6~16 to 6-25

PHYSICAL CONDITIONS

Tértﬁ

Discussion

Usual Causes

'Spa."ing/
(Figure 6—~17)

Sharply roughened area
characteristic of the progres-
sive chipping or peeling of
surface material. Not to be
confused with flaking.

Surface crack, inclusion, or
similar surface injury causing
a progressive breaking away
of the surface under load.

Stresses

When used in describing the cause of failure of machiae parts,
stresses are generally divided into five groups—compression,

tension, shear, torsion, and shiock, These are msed to describe |

the forces as follows:

Compression—action of two directly opposed forces which
tend to squeeze a part together.

Tension—action of two directly opposed forces wlnch tend

“to pull apart,

Shear—actlon between two opposed parallel forces,
Torsion—action of two opposed forces around a common axis.

Shock—instantaneous application of stress.

6—17. GAGES. When an inspection procedure requires
a very accurate measurement, a- micrometer or a dial in-
dicator must be used. If 2 micrometer is to be used, check
it for accuracy before taking a measurement. Make sure

that the contacting surfaces of the micrometer are clean,
and that the contacting surfaces of the part to be meas-
ured are clean and free from burrs.-When using a depth
micrometer, be sure to hold the anvil tlghtly and squarely
against the contacting surface. If a dial indicator is used,
make sure that the indicator support is firmly anchored
and any swivel connections tightened securely.

6—18. When taking a measurement with a feeler gage, -

the final size of the feeler must be a reasonably snug fit.
Both the plag type and the flat type gages are used for
measuring the amount of wedr of bushings and similar
parts. Except when otherwise stated, if the “No-Go”
end of a plug gage enters, the part is worn beyond the
allowable limit. Because certain parts do not always wear

evenly, the flat type gage must be tried at several differ- -

ent diameters. If the gage enters at any point, the part
is worn beyond the allowable limit.

6—19. PRESERVATIVE VARNISH.

6—20. Various interior steel parts are coated with a

baked phenolic resin or varnish coating to provide resist-
- ance to corrosion. The shiny transparent coating, which

is of a bluish-green or golden-brown appearance depend.

ing on the dye used, need not be replaced at overhaul.
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6—21. Parts which require magnetic inspéction should"

be stripped of this coating at overhaul. Parts that do not
require magnetic inspection may be continued in service
with the resin coating intact. However, any signs of
flaking or peeling of the coaung is cause for stripping the
affected part.

6~22. To strip an engine part of resin coating, refer

to paragraphs 7—33 through 7—36.

é—23. PHOSPHATE COMPOUND COATING. Other
steel parts have a phosphate compound coating to reduce
galling. This coating accomplished its purpose when the
parts were new and need not be replaced where it is worn
off. The phosphate coating is datk gray in color and
somewhat granular in texture,

6—24. SURFACE OXIDATION PROCESS. This proc-
ess imparts a very thin oxide finish which aids in hold-
ing an oil film and helps prevent galling and corrosion.
Smooth surfaced parts with this treatment are shiny
black. Where there has been contact with moving parts,
the finish will be partly or entirely rubbed\off. In other
places the finish will remain intact. It is neither neces-
sary nor desirable to reprocess parts. ‘

6—25. SHOT PEENING. ~ Various-steel ‘and aluminum
parts ‘are shot-peened to put their surfaces under com-
_ pressios. to make them more resistant to fatigue cracks.
It is important that shot-peened’ surfaces should not be
marred, as a nick, gouge, or other such injury, breaking
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through the tension layer below the surface compression
layer, will set up stresses. Dents which do net break
through the surfaces are not serious. If an area on a
shot-peened surface is smoothed or blended to remove
an injury, the area should be shot-peened to restore the
surface compression. The character of a shot-peened sur-

Revised 15 June 1953

Saction VI

face varies with the hardness of the material and size and
material of the metal or glass peilets used to peen it.
Shot-peened sutfaces will alf feel more or less pebbled
to the fingers even if shot-peening has no greater visible
effect than to provide a matte rather than a- polished
surface. Where -only certain portions of a part are

38A
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shot-peened (as in the case of crankshafts), nicks, and
scratches on. the portions which are not shot-peened may
be cleaned up in the ordinary way.
6—26. ALUMINUM AND MAGNESIUM PARTS.
Inspect for cracks, nicks, breaks, and galling. Make sure
that drilled and cored passages are not obstructed, and
check all plugs for tightness. Check mounting flanges
and parting surfaces for smoothness and flatness. Check
all painted areas for condition of the paint. Inspect all
magnesium parts for corrosion or defective chrome
pickling. If such defects are found, they may be repaired
as described in paragraphs 7—23 through 7-27.
6—27. BALL AND ROLLER BEARING VISUAL
INSPECTION,
6—28. Make certain that the parts of one bearing are
not mixed with those of another. Visually inspect each
bearing or component part and reject for the following
causes:
6—29. BALLS AND ROLLERS.
1. Pits.
a. Larger than .006 inch diameter.
b. Cluster or chain.
2. Dents, nicks, or indentations.
a. .010 long and .002 wide maximum for diameters
15 inch or less.
b. .012 long and .002 wide maxunum for diam-
eters 1/ inch or more,
3. Scratches,
a. Single scratch more than half-way around diam-
-eter.
. b. Multiple scratches one-quarter around diameter.

c. Scratches that cross each other, if any of them
can readily be felt with a .020 inch radius scriber.

4. Scuffs.

a. Any that can be felt with a .020 inch radius
scriber.

5. Discoloration.
a. Discoloration due to heat.
6—30. RACES.
1. Pits.
a. Larger than .010 inch diameter and readily felt
with a .020 inch radius scriber.
b. Cluster or chain.
2. Dents, nicks, and indentations.
a. More than .010 inch across and readily felt
with a .020 inch radius scriber.
3. Scratches,
a. Long singie scratches,
b. Scratches that cross each other and can be read-
ily felt with a .020 inch radius scriber.
c. Any scratch that crosses the race.
4. Cracks.
a. Any cracked race unacceptable.
5. Discoloration.

Revised 15 June 1953
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Section VI
Paragraphs 6—25 to 6—-34C

a. Discoloration due to heat.
6—31. ASSEMBLIES. .
1. Damaged or excessively loose retainers.

2. Stains that are not readily removed with light
polishing.

3. Spalled load carrying surfaces
4. Loose or missing rivets.
5. Badly dented or otherwise damaged race shields.

6. Excessive corrosion or rust in raceways or in rolling
elements.
) Note

Clean minor pitting or corrosion from the race-
ways by dry buffing, using Sea Compound No.
305A or No. 5 Moco Buffing Compound on a
cloth wheel. Be very careful not to burn or
heat the' race surface by excessive buffing.
Never attempt to polish the raceways with abra-
sive paper or cloth.

6—32. GENERAL.

6—33. Circumferential scratches, frequently noted on
raceways, are due to the passage of minute foreign par-=
ticles through the bearing and are cause for rejection”)
only when they exceed the condition established above.%
6—34. Quite frequently a bearing will show evidence of £’
wear-on the bore, outside cn'cumference, or lateral faces«:
due to spinning. External wear, appearmg on bnghtlyL
polished surfaces, is not cause for rejection, provided the
external dimensions of the bearings are within their spec-£
ified I:mis. Scuffed or abraded surfaces should be pol-C
ished with No. 5 Moco Compound to remove loose<
material and reduce high ‘spots. After polishing, check£
the external dimensions of the bearings. When the con-H
tact pressure between the bearing outer race and its seat®
is not uniform, slight relative motion between the racem
and its seat often produces corrosion frettmg Generally, 5
this condition is not cause for rejection of the bearing®
and may be cleaned up with No. 5 Moco Buffing Com-
pound.

6—34A. BALL BEARING FEEL TEST.

6—34B. The feel test is used to judge the condition of
the internal bearing surfaces both as to wear and smooth-
ness. All ball bearings, except some double row bear-

.ings, have some initial clearance. In installations where

the bearings are well protected from dirt, the internal
clearance will not change perceptibly during the life of
the bearings. The presence of dirt will cause rapid
wear which will alter the end play and/or the radial
play, and will also affect the separator fit to a marked
degree. Rough running of the bearing may result from
failure of the bearing elements or separator, from btinel-
ling, chips, dirt, or corrosion within the bearing.

6—34C. Make sure the bearings are oiled; then- spin
them by hand, holding them so that the axis of rotation
is in a vertical plane to insure contact between the race-
way and each rolling element. Reverse the bearing and
repeat the spinning. Thrust bearings should be assem-
bled and given the spin test under a five pound thrust
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fead. Any rough-rumning bearings should be thoroughly
cleaned and flushed as described in the Cleaning Chap-
ter. M, after the recleaning, the bearing continwes to
run rough, reject the bearing.

6—35. BOLTS. Insp_ecE for cracks, especially under the
bolt head and at the base of the threads. Check the
condition of the threads.

6—36. BUSHINGS AND PLAIN JOURNAL BEAR-
INGS. Examine for cracks, scoring, looseness, and indi-
cations of overheating and lead sweating. Check for
concentricity and excessive wear, using the proper Max-
imum Wear Gage. (See paragraph 3--5.)

6—37. COUPLINGS. Examine for burrs and check the
fit with mating parts. Inspect splined areas for pitting,
pick-up, galling, and roughness.

6—38. DOWELS. Inspect for chipped edges and loose-
ness. Check projection length.

6—39. GEARS. Examine for evidence of improper tooth
bearing, pitting, spalling, excessive wear, and burrs.
Examine any splined areas for burrs, galling, and fit with
mating parts. Inspect journal surfaces on gear shafts for
scoring, roughness, and indications of overheating.

6—40. LEADED BEARINGS.

6—41. In most instances, the deciding factor in deter-
mining whether a leaded bearing surface is fit for fur-
ther service is the condition of the lead coating. If the
lead coating is in good condition, the bearings will
automatically be within the prescribed limits, unless
extreme out of roundness or distortion of the bearing
shell exists, or unless the bearing is to be used with a
part_having dimensions other than those of the one
with which it was originally used.

&

6—42. The lead coating is attacked occasionally by acid
in the lubricating oil. The attack may be indicated by
pits, areas of corrosion, or lead washing. Small isolated
pits or small areas of incipient corrosion are not con-
sidered detrimental. In most cases it will be safe to con-
tinue the bearing in service if no part of the lead
coating has disappeared to the extent that the silver or
bronze underneath can come in contact with the mating
surface. Usually, a polished lead surface and an exposed
and polished silver surface are readily distinguishable;
however, if there is any doubt run a fingernail lightly
over the surface. A lead surface will scratch readily, but
a silver surface will be hard and glossy. Do not scratch
the surface of a bearing unnecessarily. Serious pitting,
corrosion, or lead washing necessitates replacement of
the bearing.

6—43. Hen tracking, which is-a form of incipient cor-
rosion, is a closely knit group of interconnected furrows.

Where this condition is found and is confined to small-

well defined areas, the bearing may be continued in serv-
ice. Where the hen tracking is extensive or shows signs
of spreading all over the surface, the bearing should be
replaced.
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6—44. Foreign matter accumulating in the oil system
may result in particles becoming embedded in the lead
surface of a bearing. Where a few isolated particles
have become embedded in the lead surface and the lead
has formed a protective coating over and around the
particles in sach 2 manner that thej cannot damage the

mating surface, the bearing may be continued in secvice.’

If there is any doubt as to the serviceability of a leaded
bearing, it should be replaced or returned to stock and
held for return to the manufacturer for reprocessing.

6—45. LINERS. Examine for pitting and galling. If
the liner accommodates a bearing, check the fit of the
bearing in the liner. If the liner accommodates oil seal
rings, check the liner for excessive grooving. If the I.D.
of the liner has been worn .003 inch or if a groove of
.0015 inch or more has been worn at any one point,
the liner should be replaced or reground to accommo-
date oversize rings.

6—46. NUTS. Inspect any wrench slots for cracks and
burrs. Check the condition of the threads and check the
faces of the nut for galling and pick-up.

6—47. OIL SEAL RINGS. Replace all bronze oil seal
rings with new rings at every overhaul. Check the old
rings for excessive wear and loss of tension. If the rings
have been worn excessively or have lost their tension
appreciably, carefully inspect their carriers or liners for
wear, roughness, and indications of overheating.

6—48. OIL SEAL RING CARRIERS. Check the condi-
tion of the ring grooves, and examine splined areas for
galling and burrs. Check the fit of each carrier with its
mating parts,

6—49. RIVETS. Check for secure anchorage.

6—50. SCREW BUSHINGS. Check for looseness. Inspect
the threads for nicks, cracks, and burrs,

6—51. SHAFTS. Check shafts. for straightness by roll-
ing them on a plane surface, or by rotating them on
V-Blocks or lathe centers and checking the runout with
a dial indicator. Inspect for fatigue cracks. Check the
condition of. threaded areas, and examine splines for
burrs and galling. Inspect bearing journals for scoring,
roughness, and indications of overheating. Make sure
any oil passage is clean.

6—52. SPACERS. Inspect for nicks and cracks. Check
mating surfaces for smoothness. Examine any splines for
galling and burrs.

' 6—53. SPRINGS. Inspect for piiting, cracks, and burrs.

Check the spring pressure (Figure 6—18).

6—54. STUDS. Check for looseness, cocking, possible
fracture at the base of the threads, and projection length.
Inspect the threads for nicks, cracks, and burrs.

6—55. TUBES. Inspect for dents, cracks, and obstruc-
tions. Check the condition of any flanges. Check tubes
that fit into mating holes for looseness which might
result in loss of oil pressure.
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6-56. FRONT ’SEFTITON.

6—57. OIL SLINGER. Inspect for galling and dissor-
tion.

6—58. THRUST BEARING NUT. Iaspect the front
and rear faces for galling. Examine the wrench: slats: for
cracks, burrs, and other damage. Check the condition of
the threads.

6—59. VALVE TAPPETS. Examune for cracks and
scoring. Check the fit of each tappet in its guide. Inspect
the socket in the pushrod end of each tappet for gatling,
scoring and excessive wear. Replace the socket if an area
more than 1/32 inch wide has been worn on the surface
of the socket or if the surface is rough or uneves.

6—60. VALVE TAPPET GUIDES. Examine for eracks,

especially at the slotted ends. Inspect for scoring. Cheek~
the tightness of each guide in the front case by spping

the end of the guide with a leather mallet. Check for ex-

cessive wear with PWA-1451-109 Gage. Check the align-

ment of each guide.

6—G1. VALVE TAPPET ROLLERS. Check the fit he-
tween the rollers and piss. The rollers when oiled should
turn freely on the pins. Tse a magmfymg glass to ex-
amine the rims of the rollers for pitting, roughaess, and
cracks, particularly ar the edges. Mild pitting is not neces-
sacily cause for rejection, but breaks in the rim suzface
necessitate replacement. Iaspeet the roller pins for scor-.
ing, pitting, czacks and signs of overheating.

é—62. GOVERNOR ENGINE VALVE FLANGE.
Chedk the condition of the pressure type governor engine
valve flange and plug.

6~63. THRUST BEARING OIL FEED TUBES. Check
the condition and the fits of the ol feed tubes. Replace a
tube if it is mutilated, eracked, or is a loose fit.

Figure 6—-18

Section VE
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6—64. CRANKCASE SECTION,

€—65. CAM. Inspect the gear seeth for wear, piting
and signs of #mproper contact. Examine the LE. for
smoothaess. Inspect the cam lobes for pitting and uneven
wear.

6—66. CAM OIL FEED BRACKET. Check the fit of
the hracket on the cam bub. Examiee the steel bushings
for smaothness.

6—67. CYLINDER FLANGE STUDS. If one or two
cylinder flange studs on any one pad have failed, replace
the failed studs and replace the stads on each side of the
faikires. If mare than two studs have failed, or are
found to be loose, replace the cylinder aud all of the
flange studs for thet cylinder.

6—68. ENGINE LIFTENG LINKS. Inspect for cracks
and general condition.

6—69. CRANKSHAFT ASSEMBLY.
6—70. CRANKSHAFT. =

G6—71. To check the cfankshaft for runout, assemble thco
shaft, except for the flyweights, as described in Section’,
VIL Place the shaft on roller blocks oo a plane?
table so that the rollers support the shaft at the front;
and rear main bearing journals. As the diameter of the-
front main bearing journal is smaller than that of the reaﬁ
main bearing journal, the front half of the crankshaf
must be raised so the center line of the crankshaft will be
parallel to the plane table. This is accomplished byo;
placing shim stock under the front block.
6—72. Check the runout at the front and rear cone seats;=
using a dial indicator (Figure 6—19). A maximum Tunout®
of .008 inch at the front cone seat and of .004 inch at thes
rear cone seat is permissible.

®

6~73. While the crankshaft is still on the roller blocks,;
measure the diameter of the crankpin in four places on-
the circumference and in each case at three points along

the length (Figure 6—20). The diameter should be con-.
sidered the average of the measurements taken and

should be recorded as it will be used in determining the

clearance between the masterod bearing and the crankpin.

If the measurements show the crankpm is more than .001

inch out of round, or if the crankpin is severely scored,

lap the crankpin. In extreme cases, return the crankshaft

to stock and hold for return to the manufacturer for

repair. Slight scoring or roughness may be cleaned up

with crocus cloth and oil.

6—74. Check for wear on the load side of the crankshaft
splines. The worn area is usually defined by a sharp step
along the inner and rear edges and the surface may be
lightly galled. If such wear exists, measure the thickness
of the worn portion of each spline. The minimum per-
missible width of each spline is .2532 inch. It is permis-
sible to use the shaft if three or less splines, which are
not adjacent, are below the minimum measurement, but
if four or more splines are below the minimum measure-

ech

tion
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Figure 6-!9A ‘

ment, return the shaft to stock and hold for return to
. the manufacturer. If the shaft is to be. reused, blend the .
sharp edges at the bottem and rear of the worn areas to
form a. fillet of .025 inch radius. (Figure 6—21).

6—75. Disassemble the crankshaft as described in Sec-
tion IV, , .

'6~76. Check the conditions of all - threaded areas.
Threaded portion for propeller thrust bearing nut will
be inspected to insure that threads are smooth, also
that no cracks or corrosion are present. See that the oil
jets are unobstructed, and make sure that all oil passages
have been thoroughly cleaned. Inspect the flyweight
liners for scoring, pitting, and-galling. Refer. to para-
graph 7—82 for instructions on cleaning up galled liners.
6—77. Check the front and rear main bearing journals
for gailing and wear. If either journal is excessively
galled or worn, return the shaft to stock and hold for
return to the manufacturer for repair. Slight scoring or ‘ -
roughness may be cleaned up with crocus cloth and oil. g ' Figure 6-20 .
6—78. Clean and polish any galled surface before the

crankshaft is magnetically inspected. ' - ‘ 'i';A.?:EES%GEg&ﬁ-?SQE
6—79. CRANKSHAFT BOLT. Inspect the tin plating ~
on the crankshaft bolt. - , , ' S :
'6—80. FLYWEIGHTS. Inspect the flyweights for gall-
ing, scoring and excessive pitting. Slight pitting is not
cause for rejection of the ﬂyweigﬁt for it can be cleaned
up by polishing with crocus.cloth and oil. :
6—81. FRONT AND REAR MAIN BEARINGS, Ian-
spect the inner and outer races for excessive wear,

BLEND SHARP EDGES
TO FORM. FILLETS OF
AT LEAST 025 iN. R.

pitting, and flaking. Examination of the inner race will . /
usually show that the load, indicated by a bright line, has ==
been concentrated on a ‘small section of the race. View- . Figure 6-21
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ing the shaft from the rear with the crankpin uppermost,
this section is located at about the “five o’clock” posi-
tion. At reassembly, turn the bearing inner race about
120 degrees from the original position on the shaft,
which will allow another turning at the succeeding over-
haul.

6—82. Discard the inner race of the front or rear main.

bearing if any pitting or flaking of the raceway is visible
to the naked eye. Ordinarily the outer race and rollers
. will be in good condition and may be reused when
assembled with a new inner race of the same manufac-
ture. However, replace the entire assembly if the bearing
feels rough when assembled with a new inner race or if
the rollers appear pitted or damaged in any way.

6—83. Use the following table ‘'when ordering replace-

ment inner races. The manufacturer of the bearing can

be determined from his mark on the bearing.

. Section Vi
Paragraphs 681 to 6-96

the diameters of each end of the linkpin and compare
these diameters with the diameters of the:correspond-
ing holes in the masterod. If this comparison shows that
the fit is not within the proper limits, select a linkpin
which will give the proper fit.

6—89. Linkpins are available in the following sizes, the
pin diameters increasing in increments of approximately
.0003 inch.

Classification Size Range
A,BandC Standard Size
D41, E41,F41. .001 inch oversize
A+45,B45,C4+5 .005 inch oversize
D46, E46,F-+6 .006 inch oversize
A+4-10, B-+-10, C-}-10 .010 inch oversize
D411, E411,F+11 -.011.inch oversize

Part No. Part Mfg. Mark

71139 Bearing SKF or MRC
12117 Inner Race SKF
47481 Inner Race ~ MRC

32835 Bearing SKF, MRC or Bower
37019 }Inner Race MRC '
45058 |Inner Race SKF
106521 |Inner Race- Bower

6—84. IMPELLER SPRING DRIVE COUPLING.
Examine the splines and spring retaining webs on the
fixed splder for burrs and wear. Examine the spring
* retaining webs and teeth on the floating spider for wear,
burrs and cracks. Check the pressure of each spring.
Replace a.spring if it is worn more than 1/32 inch on the
ends. Inspect the buttons for galling on the ends and
stone smooth any galled areas.

~ 6~85. MASTEROD ASSEMBLY.

6—86. LINKPINS. ‘

' 6—87. Clean up any galled areas, using crocus cloth and
oil; then inspect the linkpins for cracks. Check the con-
dition of the plating on all silver plated linkpins. If the
silver plating is worn to the extent that the surface
underneath is exposed at any point, return the lmkpm
to stock for return to the manufacturer for replanng
When linkpins are returned, specify the letter size to
which they are to be ground. Air Force Personnel can
accomplish this work at the Depot after referring to
T.O. No. 02A-10-36. Renew at every overhaul the cop-
per flash plating on non-intersected linkpins, first swip-
ping any old copper flash plating from the linkpins.
~ (Refer to paragraph 7—38.) The new plating should be

0001 inch thick.

6—88. Polish the linkpin holes in the masterod with a
fine stone or fine abrasive such as crocus cloth, or equiv-
alent, and oil until they are smooth; then check the fit

of each linkpin in its holes. Carefully measure the diame- -

ter of each linkpin hole with an indicating plug gage.
The diameter of the hole should be considered the aver-
age of the maximum and minimum diameters. Measure

Revised 1 December 1951

6—90. Masterod linkpin holes are classxﬁed in the same
way.

6-91. Be sure that each linkpin is marked with the
proper positioning nusber so that it will be mated with
the proper holes at assembly.

6—92. The two holes for a linkpin may ‘have worn =
unevenly, but a careful measurement of the two ends of ©
a number of linkpins will aid in the selection of a pin
whose diameters vary in the same manner as the diame-
ters of the corresponding holes in the masterod. Replace,
a linkpin if it is miore than .0015 inch out of round.
6—93. If difficulty is experienced in selectmg a lmkpm
which will afford the proper fit, the selection of a pin
which affords a slightly tighter fit is preferable to the
selection of a pin which affords a slightly looser fit.
When a complete set. of pms has been selected, check
the clearance of each pin in its bushing i in the linkrod.
6—94.. LINKROD.

6-95. Inspect all surfaces of each linkrod for nicks and
cracks, Inspect the rods for rust pitting. If rust pitting is
present, the linkrod may be reconditioned as described
in paragraph 7—96. Check the fit of each pistonpin bush-
ing with the corresponding pistonpin.

6—96. Check the" ahgnment of the linkrods with the
bushing in place, using PWA-1781-61A Fixture. Secure
the arbor, detail 33 of the fixture, in the bracket of the
fixture so that it is approximately five inches above the

International Aerotech Academy For Training use
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sarfare plate. Indicate #he arbor to make sure that it s
pasmliel with the surface plate {Figure 6—-22)‘ Iasert the;

g sleeve, derail 17, in the pistonpin bashing and
cxpand it with the tapeted sieeve; detail 34. Place the -

Figure 6—25
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expanding sleeve, detail 17, in the pistoapin bushing and
expand it with the tapered arbor, detail 39. Place the
linkrod in position on the fixture, Slidipg the ?ﬁ ered
sleeve, detail 34, onto the arbor, detail 33. Adjuft the
jack, detail 44, until the rod is level. Using the block and
indicator, details 14 and 47, indicate the ground surface
on the underside of the tapered arbor, detail 39, at a dis-
tance of three inches from the center of the linkpin bush-
ing. {Figure 6—23). Note the maximum indicator read-
ing; then. indicate the ground surface on the underside
of the opposite end of the arbor at a distance of three
inches from the center of the bushing (Figure 6—24).
The maximum reading represents any misalignment of
the linkpin and pistonpin bushings at a total distance of
six inches (three inches on each side) from the center of

- the linkpin bushing. Remove the jack' from under the

rod and indicate the tapered arbor at a point at right
angles to the former point of indication.

€—97. Move the rod up and down past the plunger of
the indicator at zero where the maximum reading is ob-
tained. Without moving the indicator, remove the rod
from the fixture and replace it with the sides reversed.
Again move the rod up and down past the plunger of
the indicator and set the indicator at zero where the max-
imum teading is obtained. Without moving the indicator,
remove the rod from the fixture and replace it with the
sides reversed. Again move the rod up and down past the
plunger of the indicator and note the maximum indicator
reading (Figure 6—25). The maximum indicator reading
indicates the amount of bend in the rod at a total dis-
tance of six inches (three inches on .each side) from the
center of the linkpin bushing. The maximum allowable

_misalignment of the bushings, as well as the maximum

allowable bend in the rod is .010 inch a total distance of
six inches (three inches on each side) from the center of
the linkpin bushing. :

6—98. If the bushing misalignment or-bend in the rod
has been found to be excessive, remove the linkpin and
plstonpm bushmgs from the rod in accordance with xg-
structions in paragraphs 7—99 and 7—104, and. check tHe
alignment of the rod without the bushings in piace. The
procedure is the same as when the bushings are in place,
except that the expanding sleeve, detail 19, is placed in
the plstonpm end of the rod and the expanding sleeve,
detail 25, is placed in the linkpin end of the rod and ex-
panded with the tapered arbor, detail 37. If the misalign-
ment or bend is still excessive, replace the rod. However,
if checking the alignment of the rod without the bushings
in place shows that the misalignment or bend was in the
bushings, install new linkpin and pistonpin bushings in
the rod and bore to size according to the instructions in
paragraphs 7—99 and 7-104.

6—99. It is possible that a buckling of the rod, which
would not be indicated by the alignment check, could
occur. This buckling would tend to shorten the rod and
distort the web of the rod. If this condition does exist,
it will usually be found at a point on the flat sides of the
rod immediately adjacent to the linkpin bushing. Check

for this condition by placing a straightedge along the
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sides of the rod {Figure 6—26). Any noticeable buckling
or dismention is canse for rejection of the rod.
6—100. MASTEROD.
%101 Inspect the masterod for nichs, cracks and buors,
Check the masterod for sust pitting. Ifmpxmng;w
present the rods may be reconditioned as descnbed in
patagraph 7-96.
€—102. Theck the nﬁgnmem af the mastemd with the
pistonpin bushing in place, using PWA-1781-61A Fix-
ture. Secure the masterod arbor, detail 45 of the fixture,
mﬂnebmdketsfd:eﬁxt\ue-thmmd&cmethebemng
sarface of the fixture; then indicate the b g surfaces
of the arbor to make sure that they are parailei with
the surface plate. Insert she expanding sleeve, detail 17,
in the pistonpin bushing and expand it with the tapered
arbor, detail 41. Place the masterod -in position on the
. -arbor, -detail 45, and support it with the jack, detail 44,
so that it is approximarely horizontal. Be extremely care-
ful not to damage the surface of the mmasterod bearing,
.Using the block and indicator, mdicate the nedetside of
the tapered arbor, detail 41, at a distance of three aches

from the center of the pistonpin bushing (Figmte 6—27).

Mote the maximum indicator reading; then indicate the
- uaderside of the yppestte end of the :arbor at a distance
of three inches from the center of the busking and again

nete the maximum indicater reading. The difference be-

tween the two maximum readings represents aay mis-
" alignment of the pistonpin bushing and the bore of the
:masterod bearing at a total distance of six inches {three
inches on each 'side) from the cenrer of ‘the pistonpin
bushing. Remove the jack from under the rod and indi-
cate ‘the .tapered arbor at a point at right angles to the
former point of indication (see insert, figure $—27).
Move the rod up and down past the plunger of the indi-
.cator :and set the indicator at zero where the maximum
reading is -obtzined. Without moving the indicator, re-
move the rod from the fixture and replace it with the
sides reversed..Again move the rod up and .dowa past the
plunger of the indicator. The maximum indicator read-
ing represents the amount of bend in the rod at a total
distance of six inches (three ‘inches on each side) from

Section ¥l
Pumgtaphs 699 to 6108

the center of the pistonpin .bmihmg ‘The maximum al-
towable mialigement, as well as the maximum allow-
able bend, is 010 inch at a total distance of sk inches

- {three inches from each side) from the center of the

pistonpin bushing.

6—103. If the bushing mxsahg:ment or the bend in the
rod has been found te be excessive, remove the pistonpin
boshing from the sod in aceordance with the dnstructions
in paragraph 7—99, then check the aligoment of the tod
without the bushing in place. The procedure is the same
as when the bushing is in place except that the expanding
sleeve, detail 19, is placed in the piston end of the rod
and expanded with the tapered arbor, derail 41. If the
misalignment or bend is stll excessive, replace the rod.
Mowever, if checking the alignment of the fod withaut
the bushing in place shows that the misalignment was in
the bushing, install a new bashing in the od and bore 10
size according 1o the instructions in paragraph 7—99,

6-104. It % possible that buckling of the rod, which

would not he irndicated by the above check could occur.
This would tend to shorten the rod and distort its web.
Check for this condition by placing a straightedge along
the sides of the rod. Any noticeable buckling or distor- =
tion is camse for rejection of the rod.

6—105. MASTEROD BEARING. Refer to paragraph
7—20. .

6—-106. TYLINDERS.

6—108. Using PWA-2630-20 Gage and pencil carbon
paper, check the cylinder hold down flange for flatness
and squareness. If the flange is uneven or distorted and
providing the distortion does not exceed .005 inch, lap
the flange as described in paragraph 7—187, uader
Cylinder Flange Repair. If the distcrtion exceeds D05
jach, replace the gylinder. Inspect the spotfaced areas
aronnd the stud holes in the cylinder flanges. These
areas should be smooth and free from metal spray surface
finish or other foreign material. Refer to paragraph
7—107 ender Cylinder Flange Repair for instructions on
ze-spotfacing chese areas.
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Figure 6-28

. 6—i09.1 If a cylinder barrel ﬁénge has been subjected

; to flexing due to a failure of more than two of its hold
| down studs or looseness of more than two hold down
studs, subject the cylinder ﬂange to a flatness check and
lap the flange, if necessary. It is also recommended that
~ on cylinder pads where more than two studs have failed
or were loose during engine operation, that all studs on
that pad ke replaced.

6-110. The greatest wear in a cylinder barrel usually
occurs at the rear, slightly toward the thrust side, where
the upper pistonring reaches the top of its travel. This
wear extends only a short way down the barrel, and the
main part of the barrel’s choke is not appreciably affected
unless the condition is extreme. As wear increases at the
top of the barrel, a step is formed. If this step exceeds
.006 inch at any part of the circumference, remove it as
described in paragraph 7—109.

6—111 Check the bore of the barrel for out-of-round-
ness. The bore should not be more than .006.inch out-of-
round. It is permissible to let the diameter of the barrel
~ at the step location reach .006 inch over the diameter of
a standard bore, as measured at the bottom of the bar-
rel, providing .00¢ inch out-of-roundness is not exceeded.
If the diameter of the barrel at the step location or the
out-of-roundness of the barrel is found to be excessive
before 3000 hours of setvice, and providing the cylinder
head is still in good condition, return the cylinder to
the manufacturer for rebarreling. )

6—112. Use 3472-T-3 Gage and PWA-312-11 Indicator
to measure the wear and out-of-roundness of the barrel
( Figure 6~—28). Set the needle of 'the indicator at the zero
mark in the Gage, which represents the basic diameter
of the cylinder barrel. The presence or extent of wear
and distortion may be determined by moving the indica-
tor along the length of the barrel while looking for any
fluctuations in positive or negative directions on the indi-
cator in various radial positions. A positive reading at
the top of the barrel indicates the amount of choke left
in the tapered (pre-ground) type of barrel. By observing
any difference in the diameters of the cylinders at a given
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distance from the end of the barrel, the out of roundness
of the cylinder at that location may be determined. A
step at the top may be calculated by subtracting the indi-
cator reading obtained above the top of the upper ring

- travel from that obtained at the exact top of the upper

ring travel.

6—113. Examine the cylmder barrel for cracks, scoring,
damaged fins, and other irregularities. Check the condi-
tion of metallized surfaces. If a cylinder is to be resur-
faced, refer to paragraph 7—161.

6—114. CYLINDER HEADS.

6—115. Examine the head. fins for cracks and breaks.
Small cracks in the head fins are not cause for rejection.
If more than 8 inches of any one fin is completely broken
off or if the total: area of fin breakage:on one head ex-
ceeds 20 square inches, replace the cylinder. Where adja-
cent fins are broken in the same area, the total permis-
sible length of breakage is 6 inches on any two adjacent
fins and 4 inches on any three or more adjacent fins.
Carefully blend any roughness or shaip corners into the
adjacent surface to eliminate a p0551ble source of new
cracks.

- 6—116. Examine the areas ad]acent to the sparkplug

bushings for cracks. Inspect the outside surfaces of the
cylinder heads. If a cylinder is to be resurfaced, refer to
paragraph 7—161.

6—117. Inspect the inside surface of the cylinder head
and the inlet and exhaust ports for cracks. Examine the
heavy strengthening rib on the front of the valve hous-

.ing for cracks, and inspect the flange at the base of the

cylinder head for cracks. Inspect the inside of the rocker-
box walls for cracks and indications of valve spring
chafing.

6—118. DEFLECTORS. Inspect for cracks and dents.
Check the condition of the paint. See that the blast tubes
are tight,

6—119. EXHAUST VALVES.

6—120. Inspect for burning and pitting. Check the valve-
lock grooves for galling, scoring and burrs. Use PWA-
737 Gage to check each exhaust valve for stretch (Fig-
ure 6—29). A clearance of 1/32 inch or more between the
gage and the radius of the valve head is cause for replace-
ment of the valve,

6—121. If an exhaust valve is ¢reased or shows signs of
swelling or drawing where the head joins the stem, re-
place the valve regardless of what the radius gage shows.
Inspect the tip of the valve for cupping and wear and
stone it flat, if necessary, to avoid possible chipping
around the edge. Check the fit of the valve in its guide,
and check the valve stem for taper and out-of-roundness
(Figure 6—30). Replace a valve if the stem is tapered or
out-of-round .006 inch or more.

6-122. Erosion which starts at the edge of the valve
head and extends down under the stellite seating surface
is not necessarily cause for rejection of the valve. It is
permissible to grind away the eroded portion at the edge
of the valve head, restore the radius, and reface the valve
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seating surface. This reoperation is discussed in para-
graph 7—142.

6—123. INLET VALVES. Check the valve lock grooves
for galling, scoring and burrs. Inspect the valve heads
for excessive pitting and check the fit of each valve in its
guide.

'6—124. INTAKE PIPES. Inspect for dents and cracks.
If a pipe is questionable, subject it to a pressure test.
Check the condition of the paint. )

6—125. INTAKE PIPE COUPLINGS. Inspect for -

cracks, and check the condition of the threads and ano-
dized surfaces.

for straightness by rolling them on a plane surface.

dents. Check the condition of the paint.

Figure 6§—31

6—126. PRIMER LINES AND PRIMER DISTRIBU-
TOR. Inspect for dents, cracks, obstructions and breaks.
Check the condition of the threads on the elbows, unions,
and couplings. ‘ :

6—127. PUSHRODS. InsPect for cracks. Check the rods

Check the fit of the ballends on the rod. Replace ball-
ends which are loose or worn.

6—i28. PUSHROD "'COVERS. Inspect for cracks or

6—129. PUSHROD COVER NUTS. Inspect for cracks
and check ;he condition of the threads. -

6—130. ROCKERS, BEARINGS AND
ADJUSTING SCREWS.

6—131. Inspect the rockers for cracks and turning of
the bearing on the rockers. See that all oil passages are
free from obstructions. If the bearing has been turning
enough to impair its fit in the rocker, a replacement is
necessary.

6—132. To check the side play of the rocker, assemble
the shaft, bearing, and rocker and secure one end of the
shaft in a vise between lead plates or wooden blocks
(Figure 6—31). Indicating where shown in the illustra-
tion, measure the play of the arm on the shaft (see
dotted lines). The side play of rockers having Timken
roller bearings should be .025 inch, while the side play
of rockers having ball bearings should be .015 inch.
Replace the bearing if the limit is exceeded.
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Figure 632

6—133. Exhaust rocker bearings are subject to heavier
loading and greater heat than those on the inlet side, and
consequently are of shorter life. To obtain the maximum
bearing life, it is feasible to shift exhaust rocker bearings
over to the inlet rockers after one or two overhauls, as-
suming, of course, that the bearings are still in a serv-
iceable condition. The inlet rocker bearings may, in turn,
be transferred to the exhaust rockers.

6—134.. One side of each bearing is always subjected to
a greater thrust load and becomes worn and rough first,
particularly at exhaust locations. Reversing a bearing,
end for end, is often practical for prolonging its life.
When installing part of a set of new bearings, always
assemble the new ones in the exhaust rocker.

6—135. Examine the ball socket in each rocker for loose-
ness and wear. Replace a socket if it has a flat of more
than 1/32 inch. Check the valve adjussing serew assem-
blies. Give particular attention to the half ball for unus-
ual wear, looseness in socket, nicks os a pitted condition.
Inspect the screws for cracks. Replace any damaged lock-
fnuts.

6—136. ROCKERBOX COVERS. Inspect for cracks
" anil check the condition of the paint. Check the condi-
tion of the parting sucface.

6—137. SPARKPLUG BUSHENGS. Inspect for burn-
ing and check the condifion of the threads.

6—138. VALVE GUIBES. Check for excessive wear,
using PWA-311 Gage for the inlet valve guides and
P\WA-4327 Gage for the exhaust valve guides. Since
valve guides wear unevenly and become out of round,
check them for excessive wear at both ends. If the gage
enters either end of the guide more than 1/ inch, replace
the guide.

6—139. VALVELOCKS. Inspect for burrs and galling.
Check the fit of each pair of locks with its valve. A lock
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~ should have no perceptible movement when it is in place

on the valve, and the radii of the lock and valve should
coincide.

6—140. VALVE SEATS. Examine for signs of warping,
pitting, burning and loosencss. Replace a seat if it is
warped or pitted to such an extent that a reasonable
amount of cutting or grinding will not restore the round-
ness or remove the pits, Replace a valve seat when the
wall at the lower extremity.has been reduced in thickness
to a point where farther cutting or gnndmg would cut
into the cylinder head.

“6—141. VALVE SPRING WASHEKS. Inspect for

cracks, pitting and galling.

6—142. PISTONS, PISTONPINS AND
PISTONRINGS.

6—143. PISTONS.

6—144. Inspect the skirts and ring lands for cracks and

examine pistonpin holes for scoring. Inspect the inside
surfaces for cracks, paying particular attention to the
underside of the head, the fins, and the pistonpin bosses.
If the piston is heated slnghtly, resideal oil will seep
from any cracks, and the inspection for cracks will be
facilitated.

6—145. Make sure that al} carbon has been removed
from the ring grooves; them check the width of the
grooves by measuring the side cf -of standard size
rings at several peoint around the piston, making sure
that the outer face of wedge type rings is flash with the
piston at the point of measurement (Figure 6—32). If
the side clearance is excessive, it will be necessary to use
oversize pistonrings.

6—146. Examine the top of the pisson fer flatness. Place
the piston on a surface plate; then set up a dial indicator
so that the plunger rests on the top of the piston at a
point 34 inch ia fram the edge. Set the dial at zero; then
move the indicater back and forth across the ceter of
the piston and note the readings. A depression of .006
inch ‘or more withia 3; inch of the O.D. is canse. for re-
jection of the piston.

6—147. PISTONPINS. Inspect for seoring, cracks and

rust pitting. Polish the I.D. of each pin and carefully in-
spect for cracks. Check the fit of each pin in its bushing

.in the corresponding linkrod and im its bosses in the cot-

responding piston.

6—148. PISTONPIN PLUGS. Check for damage and
fit im the pistonpins.

6—149. PISTONRINGS.

6—150. Replace alf phain compression rings at every
overhaul. If these rings have feathered edges or show
signs of blow-by, check the corresponding cylinder bar-
rels cacefully for damage to the bese.

6—151. Dual oil control rings and stepped scraper
rings may be continued in secvice if there is ne evidence
of apprediable wear or loss of tension.

6—152. To deterinine whether the phating is stil pres-
ent ox the O\D. of the chromium plated compression
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ring, thoroughly clean and dry the ring; then, using 4
cloth or sponge, apply to the ring a solution composed
by weight of 2 per cent copper sulphate, 14 per cent sul-
phuric acid, and 971/ per cent water. The sulphuric acid
is not essential to the test but it will speed up the reac-
tion time. After the solution has been applied, any un-
plated surface of the ring will almost immediately take
on a copper brown tint, but the areas protected by the
chromium plating will remain unchanged. After the test,
dip the ring in oil to renew the protective film.

6--153. SUPERCHARGER SECTION.

6—154. FLOATING GEAR BEARING AND INNER
RACE. Examine the floating gear inner race for rough-
ness or pitting. Check the needles for pit marks or exces-
sive wear, particularly at their extremities.

6—155. FRONT SUPERCHARGER BEARING
COVER. Check the front supercharger cover for condi-
tion of the bearing race bores and for tightness in the
case.

6—156. IMPELLER AND IMPELLER SHAFT. Inspect
the impeller for nicks, scratches, cracks, or other dam-
age. Inspect the fillets at the base of the blades near the
outside diameter of the impeller for fine fatigue cracks.
Check for galling on the hub and hub splines. Examine
the splines on the impeller shaft for galling and exces-
sive wear. Inspect the impeller shaft gear teeth for pitting
and uneven contact pattern.
6—157. Use local etching to assist in detecting defects.
Apply an etching solution consisting of 1 ounce of com-
mercial technical grade caustic soda in 14 pint of water
to any questionable areas. Using a brush or swab, apply
the solution and allow it to stand until the surface is well
darkened. Thoroughly wipe off the surface, using a clean
cloth dampened with water. Any crack will appear as a
dark line.
6-—158. Remove all traces of the caustic solution, using
_a solution of 1 part of concentrated technical grade nitric
acid to 5 parts of water; then thoroughly wash the im-
peller in clean water. Dry the impeller; then dip it in
kerosene conforming to Federal Specification No.
VV-K-211.

CAUTION

As both caustic soda and nitric asid are highly
corrosive, take extreme care to avoid their con-
tact with other metal parts or with the skin or
clothing. Personnel should wear rubber gloves
and a rubber apron.

6—159. Examine the splines on the impeller shaft for
galling and excessive wear, Tin flash plate the impeller
shaft at each overhaul. The process of stripping the old
tin plate from the shaft in preparation for replating will
neutralize any corrosion and clean the surface for mag-
netic inspection. A moderate amount of corrosive pitting
of the bottom areas of the shaft spline is not injurious
and no attempt should be made to remove it.

Section VI
Paragraphs 6—152 to 6—169

6—160. Check the spline fit between the impeller and the
impeller shaft. There should be no perceptible radial
looseness when the impeller is seated in place. If the fit
of the impeller on the shaft is slightly loose, the tin plat-
ing of the impeller shaft may be increased to a maxi-
mum thickness of .0005 inch.

6—161. REAR SECTION.

6—162. FUEL PUMP DRIVE ADAPTER. The face of
the fuel pump drive adapter which forms a seat for the
gear should be smooth and parallel to the face of the
flange. '

6—163. GUN SYNCHRONIZER. (AN-6 Engines
only.) Examine the cam follower, cam, and gear teeth for
evidence of wear. Check the ball bearing retainer for a
free fit in the housing and the dowel pin for proper depth.
Inspect the lock plunger and be sure it is of such a width
that it will fit in the notch of the cam follower to the de-
sired clearance. This plunger must not be rounded at
the end. Be sure that the cam follower slides freely in
its respective holes in the housing.

6—164. OIL PRESSURE RELIEF VALVE. Check theZ
tension of the relief valve spring. Note the éondition%
of the valve in the valve seat. Lap these parts together &
with a very fine grade of lapping compound to form a2
perfect seat. The gmde surfaces of the valve should have S
a free sliding fit in the seat. Polish the guide surfaces»—

with crocus cloth and oil.

6—165. OIL PUMP. Check all gear teeth for pitting £
and uneven contact. See that the gears turn freely andv
show no indication of interference with the .pump body. £
Inspect the drive and idler shafts for scoring and rough-5
ness. Examine all keys and keyways for burrs and nicks,%
and check the fit of the keys in the keyways. See that all ©

my For

_oil passages are clean. Inspect the sections of the body 5

for cracks, scoring, and condition of the parting surface: 5
Check the oil seal rmgs for scoring and loss of tension.
Replace the packing in the center section of the pump 2
body.

6—166. OIL SCREEN AND CHECK VALVE ASSEM-
BLY. Examine the oil screen for distortion: or splits at
the soldered joints. Check the fit of the screen in its
chamber in the rear case. Examine the oil check valve to
see that it is free and seats properly. Check the spring
pressure and examine the cover for cracks and condition
of paint.

6—167. OIL SUMP. Check the sump for chafing. If it
is chafed more than 1/16 in., the sump should be re-
jected. If it is chafed less than 1/16 in., blend the chafed
areas and treat with zinc chromate primer and paint.

6—168. REAR CASE. Inspect the vanes in the intake
duct for nicks and cracks, with particular attention to
the welded joints. Inspect the carburetor mounting pad
for smoothness. Check the tightness of magneto locating
dowels.

6—169. STARTER JAW. Check for cracks and burrs,
and inspect the splines for galling and pickup.

Inte rnatio
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Figure 6—-33

CENTRAL CONDUCTOR

Figure 6—34

MAGNETIC. FLUX

Figure 6-35

6—-170. MAGNETIC PARTICLE INSPECTIQN.

6—171. DESCRIPTION.

6—172. Magnetic particle.inspection is a non-destructive
method of testing most steel parts for “discontinuities”

at or near the surface of the part. The term dlsconfinuity
refers to a dissimilar substance interrupting the continu-

ity of the magnetic material. A discontinuity. is not nec-
" essarily a defect. A defect is a discontinuity that is severe

enough to cause rejection. That a discontinuity exists is
made evident by a pattern of indicating medium, called
an “Indication,” which conforms generally to the con-
tour or shape of the discontinuity projected on the sur-
face of the part. A discontinuity may be a non-metallic
inclusion, an abrupt-and local change in surface hard-
ness or an actual opening or void at, or under, the sur-
face. Non-metallic inclusions are not ordinarily cause
for rejection’ unless located in a highly stressed area.
Local areas of variation in hardness of the surface such
as are often caused by rough handling, nicks, etc. are
not detrimental, as a rule. Openings or voids such as
forging laps, - fotgmg bursts, quench cracks, or fatigue
cracks are cause for rejection unless removal of ‘the de-
fective area can be accomplished without detrimental

effect on the part, Cracks developed in grinding or plat-

ing may be cause for rejection depending on the part,
location and severity. The books *Principles of Magna-

- flux Inspection” ‘and *“Magnaflux Aircraft Inspection
. Manual” are recommended for study.

6—173. Magnetxc partxcle inspection should be a regu-
lar part of the inspection procedure for overhaul shops.
The inspection should include the testing of parts using
the procedure established for the parts, a tabulation of
the nature and extent of the discontinuities indicated
and the final decision as to the suitability of the parts
for further service, as indicated above. Inspectors in this
field, particularly those in charge of the disposition of
questionable indications, should be speécialists who have
been thoroughly trained to evaluate correctly the vari-
ous indications which may be encountered.

6—174. The process consists of magnetxzmg the part to
be inspected and applymg the indicating medium, an
especially prepared magnetic iron oxide powder, to the
part. Magnetization of a part may be accomplished ‘in
any one of several ways and that used will depend on
the shape of the part and location or type of discontinuity

to be found. When an electric current flows through

a conductor, a magnetic field, whose lines of force take
the form of concentric rings is created around the con-
ductor at right angles to the direction of current flow
(Figure 6—33). The strength of the magnetic field or
flux density depends on the current strength used. That

~is why low voltage high amperage currents are used for -
magnetizing parts to be inspected. The current used may

be alternating or direct current, although direct current
has been generally accepted as a standard in the aircraft
mdustry These are, further, two classes of magnetic par-
ticle inspection methods; the residual and the continuous
method. The residual method makes use of the mag-
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netism remaining in a part after the source of magnetiz-
ing current has been removed. The continuous method
makes use of the magnetizing force present while the
magnetizing current is applied. The continuous method
is more sensitive and will indicate discontinuities further
under the surface than will the residual method.

6—175. When a part such as a shaft, bolt, or any simi-
latly shaped part is magnetized by passing a current di-
rectly through the part, it is said to be circularly mag-
netized and the flux lines of the magnetic field formed
are similar to those shown (Figure 6—34).

6—176. Ring gears, sleeves, and other similarly shaped
parts are magnetized by placing a brass or copper rod
through the part and passing a current through the rod.
In this method the part is circularly magnesized by in-
duction (Figure 6—35).

6—177. The third method of magnetizing consists of
placing the part in an insulating sleeve inside a solenoid

Section VI
Paragraphs 6—174 to 6—183

and passing a current thrdugh the coils of the solenoid.

- This method is known as longitudinal or bi-polar mag-

netization and the field produced is parallel to the cen-

‘tetline of the solenoid (Figure 6—36).

6—178. Simple parts are sometimes magnetized in only
one direction; more complex or highly. stressed parts are
often magnetized in more than one direction and per-
haps by using each of the three methods.

6—179. The two edges of any crack or the two sides of
any discontinuity, such as a non-metallic inclusion, at or
near the surface, which extends at approximately right
angles to the magnetic field of the magnetized part, will
assume a north and south polarity and there will be a
leakage or external field between them (Figure 6—37).
When the indicating medium (powder) is applied to the
part the particles of the powder will be attracted by the
external magnetic flux field forming an indicasion. Such

. indications are strongest when the discontinuity is at 90

degrees to the magnetic field and gradually decrease in

*. strength as the angle approaches zero.

6-180. The indicating medium consists of finely divided
iron oxide particles. It is available in the form of a dry
powder or in the form of a paste which is then mixed
with a suspensory liquid. This is referred to as the wet
method. The indicating medium may be applied by one
of four methods. In the dry residual method the powder
is applied in dry form by dusting it on the part which
has been magnetized. In the dry continuous method the
powder is dusted on the part during the application of
the magnetizing current. In the wet residual method, the
suspension consists of a low viscosity, high flash point
petroleum distillate containing iron oxide particles. This

- is applied through a hose or by immersing the part in a

tank after magnetizing. The oxide is kept in suspension
by means of a circulating pump or by forcing air through
small holes in air pipes located in the bottom of the tank.
Sometimes both methods are combined, especially in the
case of integral tanks of older magnetizing units. In the
wet continuous method, the suspension is applied while
the part is being magnetized, usually by flowing from a
hose unless special machines are available.

6—181. PROCEDURE.

6—182. The parts to be inspected by the magnetic method
are listed in the table in paragraph 6—191. Any parts
which are not included in the table, with the exception
of non-demountable ball or roller bearings, may be in-
spected in the same manner as that described for similar
parts which are included. Exhaust valves are non-mag-
netic and cannot be inspected by this method. All parts
must be completely disassembled, cleaned, degreased,
and decarbonized before magnetic inspection. All areas
that are scratched, scored, or galled, must be stoned
and polished with crocus cloth and oil. Plug all oil
passages which are not easily cleaned with heavy grease
or conspicuous fiber or wooden plugs.

6—183. The horizontal Direct Current type of magnetic
machine equipped with 4 inch and 8 inch solenoids and
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the wet residual method of testing are recommended for.

overhaul bases. Magnetize the parts in accordance with
the instructions in the sable in paragraph 6—191.

6—184. To prevent burning of the part at the points of
contact, make sure that the machine contact plates are
clean and that the part is held tightly. Do not release
the pressure on the part until the ammeter needle has
returned to zero.

CAUTION

Parts treated with preservative varnish, phos-

phate compound coating, or the surface oxida-

tion process must be polished to a clean bright

finish at the points of contact or serious burn-

ing will result. Red oxide or fluorescent mag-

netic powder should be used on parts which-
have dark grey phosphate compound coating

and on parts which have been treated with the

black surface oxidation process. Indications on -
varnished parts are not so strong as those on

bare steel and are easily distorted or removed

if not handled carefully.

6—185. A “shot” or current flow of 1/5 to 1/2 second
duration is sufficient to magnetize a part. Longer dura-
tion of flow wastes power and incurs greater danger of
burning.

s
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6—186. The suspension used for the wet fesidual method
should conmin 2 ounces of black or red magnetic iron
oxide to 100 ounces of suspensory liquid in which the
parts should be immersed for 3-5 minutes. The suspen-
sion used for the wet residual method using fluorescent
magnetic oxide should contain 0.3-.0-5 ounces of fluores-
cent magnetic oxide to 100 ounces of fluid in which parts
should be immersed about 30 seconds. The parts should
then be carefully rinsed in clear liquid to remove any
residue of fluorescent particles before examination under
“black light.”
6—187. Remove the parts from the testing bath and sub-
ject each one to a thorough visual inspection. (For flu-
orescent penetrant inspection use the light described in
paragraph 6-197.) Attention should be given to the
following general areas where discontinuities are most
likely to occur. Inspect gear teeth at the roots and at the
pitch line of the thrust side. Inspect splines and mating
lugs at the roots. Fillets and sharp angles on stressed
parts should be given particular attention. Note galled
or roughened area carefully for indications of fatigue
cracks. Fatigue cracks of this source are usually very
small and difficult to detect unless preparation of the
part is done well. Inspect bolt and shaft threads at the
roots. Oil holes and shaft holes in stressed areas should
be examined for radial cracks emanating from the holes.
In addition to these areas, areas on specific parts where
special attention is necessary, are also listed.
G—188. Indications at corners, steps, or radii of any
part which, after magnetic inspection and removal of the
magnetic powder, can still be seen with the naked eye or
a magnifying glass are usually cause for rejection of the
part.
) Note )

If a part showing some indications is passed for

further service, a complete record showing loca-

tion and extent of the indications should be

kept so that the part may receive special atten-

tion at the next inspection. This may be done

by applying a piece of transparent scotch tape

to the indication; then applying it to a card,

with applicable data. The pattern is thus trans-

ferred from the specimen to the card (Figure

6-38). :

6—189. After final magnetization and inspection, each
part should be passed completely through an alternating
current. demagnetizer at a rate not to exceed 12 feet per
minute (Figure 6—39). The part should be removed from
the demagnetization field before shutting off the demag-
netizer switch. After demagnetizing, test each part for
magnetization with a compass. A maximum compass
needle deflection of 3 degrees at a distance of 6 inches
from the part is allowed.

6—190. Unplug all previously plugged oil passagés and
thoroughly wash and oil each part.

6—191. TABLE OF MAGNETIC INSPECTION DATA.
This table should be used in conjunction with the instruc-
tions in paragraph 6—170 through 6-190. The methods
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of magnetization and the recommended amperages.are in-
dicated by a code number listed after the part name. The
code number which follows a part name contains a letter
plus one or two numerals. The code letter is a key to the
method of magnetization, and the numerals are the key to
the amperages required. If the code letter réfers to two
methods of magnetization, the first digit of the code
number indicates the amperage required for the first

Section VI
Paragraph 6—191

-method of magnetization and the second digit indicates
the amperage required for the second method. For ex-
ample, if a part had a code number of E-6-5, according
to the following chart the part is to be magnetized circu-
larly, contacting on the ends, using 2500 amperes. After
inspection, the part is to be magnetized longitudinally in
a solenoid, using 2000 amperes. The amperages given
apply only when the wet residual method is used.

Letter Method of Magnetic lhspection
A Magnetize cif'cularly, contacting on ‘ends
B Magnetic circularly, rotating eccentrically on a copper rod
C Magnetize longitudinally in a solenoid
D {Magnetize circularly, contacting on ends
|Magnetize circularly, contacting on O.D.
E {Magnetize circularly, contacting on ends
|Magnetize longitudinally in a solenoid
‘ Magnetize circularly, rotating eccentrically on a copper rod
agnetize circularly, contacting on O.D.
G Magnetize circulatly, rotatmg eccentrically on a ‘copper rod
Magnetize longitudinally in a solenoid
1 2 3 4 5 6 7 8
Amps. 200 500 1000 1500 2000 2500 3000 3500
Nomenclature Method Item for Special Attention
Ballend — Pushrod A-2
Bolt — Crankcase - E4
Bolt — Crankshaft E-4-2
Bolt — Impeller Spring Drive A4
Button — Impeller Sprmg Drive Gear Spnng Retainer A-1
Cam F-7-5 Magnetize and inspect eachv lobe separately.
Any defect on cam follower tracks is
: cause for rejection (Figure 6—40).
Cage — Impeller Intermediate Drive Gear Shaft Ball Bearmg B-5 . '
Cage — Impeller Shaft Bearing , F-5-4
Cage — Reduction Drive Gear Pinion F-7-6
Carrier — Crankshaft Oil Seal Ring - B-5
Crankshaft — Fromt See ‘Specific Procedure
Crankshaft — Rear See Specific Procedure
Cylinder See Specific Procedure
Flange — Magneto F-4
Flyweight — Outer - G-54
Flyweight — Inner _ G-5-4
_Gear and Shaft Assembly — Impeller Intermediate Drive D-¢-5
Gear — Impeller Spring Drive . F-7-6
Gear — Cam Drive D-54
Gear — Cam Reduction Drive -D-6-5
Gear — Crankshaft Rear F-6-5
Gear — Fuel Pump Drive -E-4-3
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Figure 6—40 ‘ Figure 6—41

Nomenclature : B Method | - Item for Special Attention
Gear — Vertical Accessory Drive Gear o ‘ B-4
Gear — Oil Pump Drive - ‘ | E-5.3 | Be careful not to burn sharp edges of teeth
Gear — Magneto Drive , : F-7-6 (Flgure 1)

. Gear — Starter Drive ' : D-5-4.
Gear — Tachometer Drive . A-4
Gear — Vacuum Pump Drive F-4-3

- Jaw - Starter - - B-6
Liner — Front Main Bearing B-6
Liner — Rear Main Bearing - : ' B-6
Link — Engine Lifting N A-5
Nut — Pushrod Tube Packing : : B-5
Nut — Thrust Bearing ‘ F-53 | :
Pin — Link A . See Specific Procedure
Pin — Piston : ' : A-5 Any defect in L.D. is cause for rejection.
Pin — Valve Tappet Roller = ' A-2 ‘ - '
Race — Inner Floating Gear o F-5.5 ~ '
Rod — Link See Specific Procedure -
Rod — Master : See Specific Procedure
Rocker — Inlet- Valve Large : See Specific Procedure
Rocker — Exhaust Valve Large ’ | See Specific Procedure
Roller — Valve Tappet ' : See Specific Procedure
Shaft — Imnpeller , A 1 E-s5-4 | ' o
Shaft — Valve Rocker : A-3
Socket — Pushrod Ball , : A-2
Screw — Flyweight ' - A4

Figure 6—42 o ~ Figure 643
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Figure 6—44 - ‘ S © Figure 6—45"

Nomenclature ' . Method ‘ Specific Proeedure
Spacer — Crankshaft Thrust Bearing ~ B-5
Spider — Driving Spring Drive Supercharger F-6-5
- Spring — Outside — Inmke and Exhaust Valve . A1
Spring — Inner — Intake and Exhaust Valve ) ' A-1 | }Use a non-metallic wédge in end of coil to
Spring — Impeller Spring Drive ’ A-1 magnetize and demagnetize.
| Stud — Cylinder Hold-down A2
Tappet — Valve - ‘ A-3
Washer — Upper Valve Spnng B ' - B4
Nomenciature ' o S Specific Proeedure
Crankshaft, Front . | 3000 amps., circularly, using bronze balls to make contact (Figure 6—42).

Examine splines, crankpin shoulder, and fillets carefully for defects.

3000 amps., cu'cularly, between plates, contacting crankpin cheek and counterweight
radius,

500 amps., longxtudmally, by wrapping two turns of No. 0000 insulated copper cable
around the crankpin and eight turns around the crankshaft (Figure 6—43).

Crankshaft, Rear 3000 amps., circularly, by contactmg rear bearing bore and face of crankpm ‘bore,
' ‘ using bronze balls. :
3000 amps., cnrcularly, between plates, contacting crankpm cheek and counterweight
. radius,
~ | 2000 amps., longitudinally, by wrapping two turns of No. 0000 insulated copper
cable around the crankpin and one turn around the rear main bearing.

Figure 6—46 Figure 6—47
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Flgure 6—-48 ~’ ' ' ’ ' v Figure 6—49

Nomencluture ‘Specific Procedure

Cylinder 1000 amps., longltudmally, by wrapping five turns of No. 0000 insulated cable around

: barrel (Figure 6—44). Examine bore of cylinder for transverse defects.
2500 to 3500 amps., circularly, by placing length of No. 0000 insulated cable through
bore and out the inlet port (Figure 6—45). '
Examine bore of cylinder for lengthwise defects.
Examine cylinder hold-down flanges particularly around stud. holes.

Note
‘This check is not necessary, unless it is known that the cylinder was in-
. ‘volved in an accident of any. kind.
|Linkpin 1500 amps.,. circularly, by contactmg on ends.
' 1000 amps., longltudma!ly in 4 in. solenoid (Fxgure 6—-46)
Linkrod’ 2500 amps., circularly, by contacting on the ends.
' ~ Examine area where flange meets web of rod.

2000 amps., circularly, by inserting rubber covered copper bar through pistonpin
bushing (Figure 6—47)
Check for crosswise defects in I’ section.
2000 amps., mrcularly, by inserting rubber covered copper bar through linkpin
bushing.
1000 amps., 1ong1tudmally, in an 8 in. solenord

Masterod 2500 amps., circularly, by contacting on ends (Figure 6—48).

Check for cracks in or around linkpin holes.

3000 amps., cnrcularly, on a copper rod through plstonpm hole (Figure 6—49).
Check for defects in *I” section. ‘ ,

3000 amps., circularly, by contacting on the faces of the hub (Figure 6—50).

1500 amps., longitudinally by placing “I”" section in 8 in. solenoid (Figure 6—51).

A X
;’v\ \% YRR
a

Figure 650 ' | Figure 651
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Nomenclature

Specific Procedure

Rocker, Inlet and
Exhaust Valve
S (Figure 6—52)

Rollers, Tappet Check faces and bores.

1700 amps., circularly, by contacting on ends.
1500 amps., circularly, by magnetizing 15 to 18 at a time on a 19/64 in. copper rod

1000 amps., longitudinally, by placmg in solenond (Figure 6—53).

Figure 6—52

6-192. FLUORESCENT PENETRANT METHOD
OF INSPECTION.

6—193. DESCRIPTION.

6—194. The fluorescent penetrant method of inspection
is a non-destructive means of testing non-magnetic parts
for cracks and other discontinuities which have an open-
ing to the surface. It should be used to supplement the
regular inspection procedures described in this section.
This inspection should include the testing of the parts,
.the tabulation of the nature and extent of the discontinui-
ties found, and the final decision as to the suitability of
the parts for further service. Inspectors in this field
should be specialists who have been thoroughly trained
to evaluate correctly the various indications which may
be encountered.

6—195. The process consists of thoroughly cleaning,

then immersing the part to be inspected in an oil pene-
trant that will fluoresce when exposed to black light
(ultra-violet) rays (Figure 6—54). After immersion, the
part is drzined; then it is washed with warm water to
remove the penetrant from the surface. When a part is
dried 4nd time allowed for development of fluorescent
penetrant indications at room temperature, a dry devel-
oper (ZP-2) should be used to verify questionable indi-
cations. As an alternate means of developing fluorescent
indications, a part may be dipped into a collodal suspen-
sion of wet developer (@P-3) and dried with recirculat-
ing hot air. The development interval is followed by a
visual inspection for fluorescent indications under the
black light. When the wet developer is used acceptable
parts must be thoroughly washed again after visual in-
spection.

Figure 6—53

6—196. EQUIPMENT.

6—197. The recommended black light (ultra-violet)
units are a Westinghouse or General Electric mercury
projector lamp No. CH-4 (spot) or EH-4 (flood), using
a Corning SCVX.RDL filter or its equivalent. The lamp
cannot be operated directly from 110 volt lighting cur-
rent. A suitable reactor-transformer must be used between
the lamp and the 110 volt current source.

6—198. A recommended oil penetrant is ZL-1, and rec-
ommended blotting agents are dry developing powder
ZP-2 or wet developing powder ZP-3. The penetrant is
compounded to operate best and maintain its properties
correctly when used at room temperature.

Figure 6—54 .
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6—199. When a recirculating hot air dryer is used it
should have a thermostatic control to keep the air in the
dryer at a constant temperature of 116°C (240°F).

6—200. SURFACE PREPARATION.

6—-201. Thoroughly clean each part to be inspected. Sur-
faces should be free of foreign material, which might
prevent adequate penetration of discontinuities or might
hold penetrant and cause nonrelevant indications. Paint
removal by volatile paint removers is not recommended,
as paint remover and dissolved paint may enter discon-
tinuities, thus preventing adequate penetration of fluo-
rescent penetrant.

6—202. Heavy oils should be removed by degreasing:
inert dirt and scale by cleaning or sandblasting. Any
blasting used for cleaning must be of the type that would
not smear over and close up surface openings of discon-
tinuities. Shot blasting and polishing operations cause
poor fluorescent indications. Sand or grit blasting on un-
finished surfaces is satisfactory if nozzle preSaure does not
. exceed 75 psi.

" 6—203. Discontinuities must be free of strong caustic
* and acid materials. Parts must be dry before applymg
penetrant. Pre-heatmg lmmedlately before immersion in
the penetrant increases’ sensitivity and may be readily ac-
complished by a hot vapor degreasing.

6—204. PENETRATION. Immerse the parts in the
tank containing the fluorescent penetrant and allow pene-
tration for the amount of time shown in the table below.
Penetrant is drawn into the discontinuity by capillary
action. The part may be put on a drain rack to permit
the excess penetrant to drain back into the tank, and the
time on the drain rack may be included in the penetra-
tion time. If the part is on the drain rack for more than
20 minutes, redip it in penetrant just prior to washing.

" CAUTION

As the oil penetrant is a skin irritant, the op-
erator should wear neoprene gloves.

6—205. WASHING.

6—206. The surface film of penetrant must be cleaned
from the part after the penetration time has elapsed.
Wash the parts with a spray of warm water (90°F). Use
of the spray nozzle is essential since the penetrant is
readily emulsified by the physical action of the water
droplets. Washing may be carried out under black light
to assure complete cleaning of surfaces.

6—207. Steel components should be wiped thoroughly
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dry of water and coated with a corrosion preventive im-
mediately after immersion in wet developer or immedi-
ately after washing if dry developer is to be used.

6—208. DEVELOPING.

6—209. Discontinuities will be shown by the fluorescence
of the penetrant where it has developed out of the flaws.
Development may be hastened by either of two methods.
6—210. ZP-2 Dry Developer is a powder preparasion,
which may be dusted or brushed over the entire part or
only on suspected areas to fix the indications or verify
questionable fluorescence.

6—211. ZP-3 Wet Developer is a powder preparation,
which must be mixed with warm water to make a
colloidal suspension. Parts are dipped into this suspen-
sion immediately after washing. In order to maintain
the proper consistency it -is- necessary'to replace water
lost by evaporation. Tocheck the consistency, pour a
streak of well mixed bath down'a glossy black surface.
Compare this with a standard sample obtained at the
time the original bath was prepared and kept in a corked
bottle. Stir the developer lightly before each use: ZP-3
developer is corrosive and steel components must be pro-
tected as noted in the paragraph on “Washing.”

6--212. After washing the parts, allow a suitable time
interval for drying and for development of fluorescent
indications at room temperature.

6—213. Rapid drying is necessary when parts are dipped
into wet developer. Drying time in a recirculating hot
air dryer at a temperature of 116°C (240°F) varies from
5 to 10 minutes depending on size and shape of the part.
Remove the parts from the dryer as soon as they are dried
and allow them to cool to handling temperature before
inspection.

6—214. INSPECTION. Parts are inspected with black
light in a darkened area or booth. Small parts may be
held under a fixed light. Use a portable hand light over
the surface of large parts. Discontinuities will be shown
by the fluorescence of the pentrant where it has devel-
oped out of the flaw.

6—-215. TABLE OF FLUORESCENT
PENETRANT DATA.

Part Immersion Drain Develooment

Cylinder (Cast Type) Heads' 10 min. s min. | . 10 min.

Magnesium or Aluminum Cast- _ R
ings 10 min.’ |10 min. [* 15 min.

*Crankcase Section, and similar .
Forged Aluminum Parts 45 min. |15 min. | 30 min,

¥Heat in degreaser before immersion in penetrant.
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Paragraphs 7—1 to 7—16

SECTION Vil
REPAIR AND REPLACEMENT

7—1. GENERAL.

7—2. Air Force and Navy personnel should refer to the
latest applicable technical publications for repair instruc-
tions.

7—3. The instructions in this Section have been written
with the understanding that all parts requiring repair
or replacement have been thoroughly inspected and have
been tagged to indicate what repairs or replacements are
necessary. Subject reworked parts to a second magnetic
inspection as described in paragraph 6—170.

7—4. When a new part is to be installed and it is im-
' portant that it be identified as to engine number or posi-
tion in the engine, it should be marked in the same man-
ner and in the same location as the part it replaces. Any
new part should be tagged, so that any involved fits or
clearances will be checked at assembly.

'7—5. The tables in Section XII should be used as a guide
in all repair and replacement operations involving fits,
clearances, backlashes, spring pressures, and torques.

7—6. Repair and replacement instructions covering

groups of similar parts and covering general repair pro-
cedures are given in paragraphs 7—7 through 7—48.
Repair instructions covering parts which require special
procedures and parts which cannot be readily grouped
are given in paragraphs 7—49 through 7—-223,

7—-7. GENERAL REPAIR AND REPLACEMENT
INSTRUCTIONS.
7—8. ALUMINUM AND MAGNESIUM PARTS.

7—9. Smooth over or remove butrrs or scratches which do
not impair the serviceability of a part. If the paint on a

part is excessively flaked, chipped, or scratched, the part

should be completely repainted (see paragraph 7—29).
. Clean up galling, scratches, burrs, or unevenness of mat-
ing or parting surfaces, using crocus cloth and oil. Re-
move corrosion from magnesium parts as described in
paragraph 7—23.

7—10. Whenever magnesium parts are reworked, care
must be taken to remove dust, filings, turnings, and shav-
ings as they are formed. Magnesium, when in these
forms, burns very rapidly and under certain conditions
when mixed with air becomes explosive.

7—11, Finely divided scrap magnesium, when mixed
with water or water soluble cutting oils, also presents a
very serious fire hazard. When ignited, such mixtures
burn with' extreme violence and, if confined in a deep
melnng pot or drum will develop enough pressure to
spray the burning material over a large area.

7—12. To prevent these dangers, use a liquid coolant of
a straight neutral oil type with a high enough flash point
so that its ignition does not become a problem. Mineral
seal oil or kerosene are satisfactory coolants. Unsatis-
factory types are water soluble oils, acid oils or oils that
become rancid on exposure to air, Magnesium, when once
ignited, burns much more rapidly in the presence of
water than in the presence of air or a straight or a neutral
oil. As a further safeguard, accomplish magnesinm finish-
ing or rework operations away from the vicinity of
sparks, open flames and other possible means of ignition.

7—13. Magnesium, unlike aluminium which is harmless, >
is approxlmately 2/3 as heavy as aluminum, Magnesnumo
castings also may be identified by dark brown to black &
surface color produced by the chemical finishing treat- c)
ment. However, this characteristic must not be consid- = c
ered alone for identification purposes inasmuch as other,(_“
methods of treatment may be used which impart an 5
entu'ely different appearance to the surface. Magnesium -,
castings may be identified by the material specnﬁcatxon%
number with which they are usually marked. P & W
specification numbers are 221-A, 199, 859. AMS speci- <

fication numbers are 4420-B, 4422-A, 4424-B, 4434-A, 3 5
and 4490-A.

7—14. BUSHINGS AND PLAIN JOURNAL
BEARINGS REPLACEMENT.

7—15. Using crocus cloth and oil, clean up bushings

nternational Aerote

- or plain journal bearings which are slightly scratched or =

scored. Do not disturb the glazed surface of a bushing
or bearing which is not scratched or scored.

CAUTION

Never touch a leaded bééting with an abrasive
of any kind.

7—16. When replacing a bushing, use the tools which
are listed in the picture index covering each specific
bushing or bearing (Figure 7—1 through 7—7). If the
bushing is pinned in place, remove the lockpins.before
attempting to pull or drift out the bushing. When a bush-
ing is pinned in such a way that it is necessary to drill
out the lockpin, a drill jig, which should be used as a
guide in drilling out the pin, is included in the list of tools
given ip the picture index or paragraph covering the spe-
cific bushing. If. a drill jig is not included, the lockpin
should be driven out with a suitable punch. When driv-
ing out a pin, be careful not to damage the bushing boss
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adjacent to the pin If damage is likely to occur, mark
the center of the pin with a prick punch and drill out
the pin with a drill being careful not to drill through the
bushing boss. After the lockpin has been removed, pull
or drift out the. bushing, using the proper puller. or
drift. Before installing a new bushing, check the condi-
tion of the bushing hole and, if necessary, clean up the
hole, using crocus cloth and oil.

7-17. When mstalllng a new bushing, make sure that
oil'holes or grooves in the bushmg are lined up properly
with oil holes or grooves in the corresponding boss. If
the bushing has a flange, check the flange with a .001
inch feeler gage to make sure it is properly seated. If a
drill jig was used in drilling out the lockpin, it should
also be used in drilling a new pin hole at least 30 degrees
from any existing pin holes. When drilling a new pin
hole, be careful not to allow the drill to break into any
oil passages, or break through the wall of the bushing
boss. If the old lockpin was driven out with a punch,
transfer-drill the new pin hole, using the existing pin
hole in the boss as a guide. Install all new lockpins with
a punch.

7—18. Ream new bushings to size, polish them with
crocus cloth and oil, and check them for size with the
proper reaming gages. Thoroughly clean bushings and
oil passages after reaming operations.

7—19. Figure 7—1 illustrates the application of the
-various tools used in bushing replacement.

7—-20. LEAD-INDIUM PLATED BEARING SUR-
FACES. New or reprocessed lead-indium plated bear-
ings which have been in storage may acquire 20 oxide
film or stained appearance which is sometimes in the
form of hard and black spotted areas on the bearing
surfaces. It is not considered necessary to remove these
stains unless inspection indicates that the staining is
unusually severe. If desired, staining may be removed
- from lead-indium plated surfaces in accordance with the
following procedure:

7—21. Remove the oil, grease, or corrosion preventive -

from the bearing by degreasing or by some ‘other appro-
priate’ method. Clean the bearing electrolytically by
immersing it in an alkaline cleaner heated to 82°C to
93°C (180°F to 200°F) with the bearing as the cathode,
and’a line voltage of approximately 6 volts supplying
the current. Alkaline cleaners recommended are Pennsalt
K7, Anodex, or any similar electrolytic cleaner at 9 to
14 ounces per gallon of water." Approximately 4 to 6
seconds is required for the cleaning, except where the
bearings have been in long time storage, in which case
cleaning time should not exceed 10 seconds.

7--22. Rinse the bearing first in cold water and then

in hot water. Wipe the bearing dry with a clean soft
cloth or a cotton swab; then oil it immediately with a
corrosion preventive conforming to Federal Specification
AN-C-52.
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Note
Avoid contacting the bearing surface with the

hands between the wiping and oiling proce-
dure..

7—23. CHROMIC ACID TREATMENT.
7—24. Treat magnesium parts on which there are 51gns
of corrosion or on which the original chrome pickling is

" no longer effective as described in_the following para-

graphs to protect them against corrosion.

7—25. Thoroughly clean the part to be treated as
described in paragraph 5—10; then remove any paint as
described in paragraph 7—29. Where close tolerances are
not required, remove the corrosion with a wire brush or
abrasive paper. Where close tolerances are required, swab

. or brush the surface with a hot 82°C to 93°C (180°F-

200°F) chromic acid solution containing 114 pounds
of chromix oxide (CrO3) with enough water to make a
gallon of solution. If tap water is used, 0.1 percent silver
nitrate (AgINO;) should be used to precipitate any solu-
ble chlorides. Dissolve the silver nitrate in distilled water
and add it to the chromic acid solution. After treating,
rinse the part thoroughly first in cold, then in hot 82°C
(180°F Min. ) water. Drain the part and dry it with
compressed air,

7—26. Spot treat areas cleaned of corrosion or the origi-
nal chrome pickling by swabbing or brushing the area
with a chrome. pickling solution containing 114 pounds
of sodium dichromate (Na,Cr,O7—2H;0) and 114 pin%
of nitric acid (HNOg—Sp. Gr. 1.42), with enough water
to make one gallon of solution. Using an acid resistant
container, pour in approximately 3 quarts of cold water,
completely dissolve thé sodium dichromate, and then
slowly add the nitric acid. Add sufficient water to make
one gallon of solution, stirring the solution until it is
thoroughly mxxed

Note .

The operator. should wear rubber gloves dur-
ing this operasion..

7—27. Maintain the chrome pickling solution at a tem-
perature of 12°C to 29°C (55°F—85°F), but do not

apply it for more than 15 seconds. Immedlately follow-

ing the application of the solution, rinse the part in cold
and then in hot 82°C (180°F Min.) water and dry the
part with compressed air. If the part was painted before
treatment, apply new primer and paint as described in
paragraph 7--29.

7-28. EXPANSION OF PARTS BY HEAT. With a
tight fitting part that requires replacement, it may be
necessary to apply heat to the metal surrounding the
part in order to facilitate removal of the old part and
installation of the new part. The method of heating
which is least likely to cause warping is to place the part
in an oven and gradually bring the entire part up to the
required temperature. However, it is usually more con-
venient to heat a part with a torch, and this method is
satisfactory, provided sufficient care is exercised in its

Revised 1 December 1951
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use. When applying heat wnth a torch, use a soft flame -

gas torch and play the flame over the entire area sur-
rounding the part to be removed. Do not hold the flame
too long in otie spot. Never heat a magnesium part with

a torch. Immersing magnesium parts in actively boiling '

- water will expand them sufficiently for the removal of

liners without the attendant fire hazard or danger of
warping occasioned by the use of a torch. Except where
otherwise specified, keep-magnesium parts below 120°C
(248°F) and aluminum parts below 150°C (302°F).

ING WITH DRIFY,

Figure 7—1. Replacing a Bushing

Revised I December 195]
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7—29. PAINTING.

7—30. Before parts are repainted at overhaul, their sur-
faces must be properly prepared to receive the paint. If
the original finish is to be removed any one of three
methods of stripping may be used. The most effective
method is to dip .the painted parts in a heated strip-
ping solution. The Gerlach No. 70 Stripper is satisfac-
tory for use in this method. A second method is to brush
a heavy coat of paint remover conforming to Federal
Speciﬂcation No. TT-R-251 on the paint, and then wipe
the old paint from the metal. A third method is to re-
move the paint with a stiff wire brush. If paint is re-
moved from a magnesium part with. a2 wire brush, treat
the part to prevent corrosion as described in paragraph
7-23.

7—31. If the old paint is not to be removed, smooth the
surface with emery or crocus cloth before the part is
repainted. Thoroughly clean and dry the surfaces to be
painted. Plug all holes and mask all areas not to be
- painted. First apply one coat of ainc chromate primer
conforming to Specification No. AN-TT-P-656; then
bake the part for 1/ hour at 120°C_{248°F). Next apply
two coats of grey enamel conforming to Specification No.
AN-E-3 or black enamel conforming to Specification No.
AN-TT-E-501, baking each coat for 13 hours 135°C
(275°F). Paints may be applied with a spray gun or.a
brush..

Note
If baking equipment is not available, -a type
of enamel which may be air dried must be used.
Be sure that each coat of primer or paint is
completely dry before applying the next coat.

7—32. Magnesium alloy mating surfaces which contact
flat gaskets are to be given a chromic acid treatment as
described in paragraph 7-23; then apply one coat each
of permanent resin coating, conforming to Specification
No. AN-C-148 and enamel, conforming to Specification
No. AN-E-3 or Specification No. AN-TT-E-501. Mag-
nesium alloy mating surfaces which do not contact flat
. gaskets are to be given a chromic acid treatment plus one
" coat of permanent resin coating, conforming to Specifi-
. cation No. AN-C-148. D0 not treat or paint the magneto
mounting pad surfaces. If facilities are not available for
applying the permanent resin coating, two coats of zinc
chromate primer, conforming to Specification No.
AN-TT-P-656, may be substituted.

7—33. PRESERVATIVE VARNISH STRIPPING.

7~34." To strip an engine part of resin coating, prepare
a solution in a clean steel tank in the following propor-
tions. Mix 4 to 6 ounces of Metex No. 5 to a gallon of
tap water. If Metex No. 5 is not avallable, an alternate
cleaning solution, or its equivalent in performance may
‘be prepared for commercial grades of materials. Dis-
solve 8 ounces of the following mixture per gallon of
tap water.
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- Material ‘ : Paris by Weight

Sodium Resinate _— : 1
Sodium Metasilicate : ‘
Trisodium Phosphate
Sodium Carbonate
Sodium Hydroxide

vk‘Nt-lUJ’

Note
It is believed that this type of resin coating can
have no contaminating effects whatsoever on
costly cleaning solutions used in mechanized
cleaning systems, however, it would be well
to check vendors of cleaning solutions for any
possible deleterious effects as noted herein.

7—35. Mask off any lead or silver surfaces with rubber
stoppers. Heat the solution to 200°F to a boiling point
and immerse the engine part until the old varnish or
resin has been removed. Removal may be facilitated by
scrubbing with a fiber brush.

CAUTION

As the stripping solution is a strong alkali, -
avoid spilling or spattering it. The hands and
clothing of personnel should be protected with
rubber gloves and an apron..

7—36. Rinse the parts thoroughly in a tank of cold, air
agitated water to remove all traces of alkali. Then rinse
thoroughly in clean water heated to 180°-200°F. Dry
the parts with-an air hose then cover the parts with a
light preservative oil to protect the surfaces.

7—37. PERMANENT RESIN COATING APPLICA-
TION. If desired, apply permanent resin coating con-
forming to Specification AN-C-158, to the masterod,
linkrods, the crankshaft, springs, the cam, and cam tracks,
gears (including gear teeth), and all other surfaces of

_internal steel parts which have not been previously coated.

Do not coat plain bearing surfaces in general, tight fit-
ting spline surfaces, bearing contact surfaces of ball and

roller bearings, cylinder barrels, pistonrings and pushtod

balls and sockets. The coating, which is intended pri-
marily for steel parts, may also be applied to non-ferrous
parts. No attempt need be made to mask off non-ferrous
inserts unless they are bearing surfaces.

7—38. PLATING.
7—39. Plating of engine parts should be done only by

- personnel experienced in this work. Certain engine parts

require platmg at overhaul to prevent galling, corrosion,
or pick-up. It is extremely important that the plating be

"well bonded, and that each engine part be treated as an
individual problem in plating.

7—40. It is very important that any engine parts which
are replated at overhaul be heat treated. Stresses are set
up in the metal during the plating operation which, if
not relieved, are apt to causé embrittlement which may
result in cracks and subsequent failure of the plated part.
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Section Vil

Units
index’ Part Per : . .
No. Part Nome No. Ass’y _Tools Required Notes and References
1 Regulator Valve Stud 12088 4 %-28 Stud Driver See “Studs,” paragraph 7—46.
2 Regulator Valve Stud 12089 2 3s-24 Stud Driver See “Studs,” paragraph 7—46.
3  Oil Sump Fastening Stud 12055 2 %-24 Stud Driver See “Studs,” paragraph 7—46.
4  Thrust Cover Stud 42419 7 %-24 Stud Driver See “Studs,” paragraph 7—46.
5 Thrust Cover Dowel 62 1 Drive in until dowel bottoms. . I

Figure 7—2. Front Case Stud Replacement
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Units
index Part Per . ) )
No. Part Name No. Ass'y Tools Required Notes and References
1 | Crankcase Front Section .
Fastening Stud 38300 6 %-24 Stud Driver See “Studs,” paragraph 7—46.
2 | Front Case Fastening Stud 42422 1 %-24 Stud Driver See “Studs,” paragraph 7—46.
'3 | Crankcase Front Section : ‘ S
Fastening Stud 54610 11 %-24 Stud Driver See “Studs,” paragraph 7—46.
4 | Cylinder Flange Stud 12081 90 %-24 Stud Driver See “Studs,” paragraphs 7—46 and 6-109..
5 | Cam Drive Gear ) } : .
Rear Bushing 5670 1 -PWA-220 Puller and Pusher | Drill .125 inch for pin.
Bushing Pin 15 1 TAM-3575-45 Reamer :
’ 1621-T-17 Reaming Fixture
. PWA-1805-6 Reaming Gage
6 | Oil Sump Fastening Stud 12085 1 * %-24 Stud Driver See “Studs,” paragraph 7—46.
Supercharger Case Fastening . ‘
Stud 12057 17 %-24 Stud Driver See “Studs,” paragraph 7—46.

Figure 7—3.. Crankcase Bushiﬁg qnd Stud Replacement
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Section VI
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Units.
Indé Part Per o ,

No. Part Name No. Ass'y Tools Required Notes and References
1 [ Oil Drain Tube Std’ 12054 2" | 324 Stad Driver See “Studs,” paragraph 7—46.
2 | Supercharger to Rear Case o '

Stud 9085 - 1 #s-24 Stud Driver See “Studs,” paragraph 7—46.
3 | Supercharger to Rear Case T o

Stud 9385 1 %24 Stud Driver. See “'Studs,” pavragr’aph‘7—46.
4 | Cover Attaching Stud 9252 2 %524 Stud Driver See “Studs,” paragraph 7—4G.
5 | Supercharger to Rear Case . : ‘

Stud 7959 3 524 Stud Driver See “Studs,” paragraph 7—46.
6 | Supercharger to Rear Case : R

Stud 11345 2 %s-24 Stud Driver See “Studs,” paragraph 7—46.
7 | Supercharger to Rear Case

Stud ) 625 9 %24 Stud Driver See “Studs,” paragraph 7—46.
8 | Magneto Drive Shaft ’ ) :

Short Bushing 1172 2 PW A-1748 Disassembly Drift

TAM-3575-7 Hole Reamer
PWA-1746 Assembly Drift
PWA-1981 Aligning Bar
TAM-3575-5 Reamer
PWA-1805-6 Gage
1320-T-120 Clearance Gage

Figure

7—4. Supercharger Case Bushing and Stud Replacement -
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Figure 7—5. Rear Case Bushing, Stud and Dowel Replacement (Sheet 1 of 4 Sheeﬁ)
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Section VIl
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. Unlts
Index Part ~ Per
Na. Part Name No. Ass'y Toals Required ) Notes and Refe )
1 Starter Shaft Bushing 1191 1 PWA-1749 Disassembly Drift] Temporarily assemble ,superycharger and rear
i . -PWA-762 Assembly Drift cases and line ream bushing hote if an over-
PWA-819 Hole Reaming size bushing is installed. ’
1 Adapter . S .
TAM-3575-6 Hole Reamer Cus on bushing flange should be on. verti-
. TAM-3575-8 Reamer " cal. Slot from oil hole on bushing stem
PWA-815 Reaming Adapter should be on right as viewed from rear.
PWA-816 Reaming Adapter ‘
PWA-817 Reaming Adapter
PWA-1805-9 Gage
TAM-113 Flush Pin Gage
) A - PWA-538 Facer ]
- 2 | Carburetor Adapter Stud | 11345 3 _ 84g-24 Stud Driver See "Studs,” paragraph 7—46.
2A| Carburesor Adapter Stud | 1859186 1 %e-24 Stud Driver See “Studs,” paragraph 7—46.
3 | Carburetor Adapter Stud 626 2 G4q-24 Stud Driver  See “Studs,” paragraph 7—46.
4 { Oil Pump Stud 23299 2 8¢-24 Stud Driver See “Studs,” paragraph 7—46.
5 Oil Pump Stud - 19868 | 4 84¢-24 Stud Driver - 'See “Studs,” paragraph 7—46.
6 | Oil Pump Locating Dowel 62. 1 ' ' ' Drive in until dowel bottoms.
7 Oil Scavenge Tube Stud 12317 2 . 84¢-24 Stud Driver See “Studs,” paragraph 7—46.
8 | Accessory Wrive Shaft _
Bushing : 1171 2 PWA-1800 Assembly and Drill No. 20 (.161 inch) for pin.
) Disassembly Drift
TAM-3575-26 Reamer
Bushing Pin 25 | 2 Drill No, 20 (.161 inch) after asembly |
1171-T-1 Reaming Fixture through both sides of bushing for oil pass-
PWA-1805-36 Gage ages. ; .
9 Vertical Accessory Drive . . o
Stud (Right Hand) 5206 4 1/-28 Stud Driver - See “Stpds," paragraph 7—46.

Figure 7—5. Rear Case Bushing, Stud and Dowel Replacement (Sheet 2 of 4 Sheets)

Revised 15 May 1951
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Figure 7—6. Rear Case Bushing, Stud and Dowel Replatement (Sheet 8 of 4 Sheets)

International Aerotech Academy For Training use Only



AN 02A-10AB-3 -

- Section VIt

L ‘ _ Units
ndex| . : Part | Per
No. Part Name No. Ass'y | Tools Required N and Refe
10 | Vertical Accessory . : %4-28 Stud Driver )
Drive Stud (Left Hand) 43613 4 k ) See “Studs,” paragraph 7—46.
11 | Magneto Drive Shaft . PWA-1747 Disassembly Dx;ift
Long Bushing 1174 2 TAM-3575-7 Hole Reamer
. PWA-1746 Assembly Drift
PWA-1981 Aligning Bar
TAM-3575-5 Reamer
P\ A-1805-6 Gage
1320-T-120 Clearance Gage
PWA-820 Adapter V
]_12 Vacuum Pump Pad Stud 35142 4 %-28 Stud Driver See “Studs,” paragraph 7-—46.
] 13 | Oil Scavenge Tube Stud 12317 2 %524 Stud Driver See “Studs,” paragraph 7—46.
] 14 | Fuel Pump Pad Stud 656 | 4 ¥s24 Stud Driver. See "Studs,” paragraph 7--46.
l 15 | Oil Scavenge Tube Stud 12317 2 %:-24 Stud Driver See “Studs,” paragraph 746,
I 16 [ Magneto Locating Dowel 11051 4 Drive in until dowel bottoms.
17 | Vacuum Pump Adapter Drive in until dowel bottoms,
Locating Dowel 28834 i :
! 18 | Starter Pad Stud - I 12091 4 3%-24 Stud Driver See “Studs,” paragraph 7—46.
I 19 l Starter Pad Stud I 12082 2 34-24 Stud Driver See “Studs,” paragraph 7—46.
26264 4 $:-24 Stud Driver See “Studs,” paragraph 7-—46.

I Generator Pad Stud

Figure 7—6. Rear Case Bushing, Stud and Dowel Rep!acemenf (Sheet 4 of 4 Sheets)
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1. Units
" |index . Part Per : c-
No. Part. Name No. Ass'y Tools gequird Notes and R_ofonms
1 | Rocker Cover Stud 15072 8 Yi-28 Stud Driver See “Studs,” paragraph 7—46.
2 | Deflector Fastening Stud 12054 2 3%¢24 Stud Driver See “Studs,” ‘paragraph 7—46.
3 |Inwake and Exhaust o ‘ L
Flange Stud 625 S . %¢-24 Stud Driver See “Studs,” paragraph 7—§6.
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Figure 7—7. Cylinder ‘Stud Replacement
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To relieve these stresses, bake all plated parts for three
hours at a temperature of 135°C to 150°C (275°F to
302°F) immediately after they have been plated. If facili-
ties for baking are not available, place the parts in ac-
tively boiling water for approximately 4 hours. If parts
are sent to a commercial plating concern, these precau-
- tions should be emphasized in the instructions which ac-
company the parts. - .

7—41. Parts which have been chromium plated may re-
quire other plating during normal overhaul and since the
electrolytic cleamng or stripping process preceding any
plating operation would be injurious to the chromijum
plated surface, it is important that areas which have been
chromium plated be masked off before the parts are
placed in an electrolytic bath. If the presence of chromium
plating is questionable as-on a polished journal surface,
thoroughly clean and dry the area in question; then with
a cloth of sponge, apply a solution composed by weight
of 2 percent copper sulphate crystals, 15 percent sul-
phuric acid, and 971/, percent water.

Note

The sulphuric acid is not essential to the test,
but it will speed up the reaction time.

7—42. When the solution is applied, any area, which has
not been plated will take on a copper brown tint, while
the color of an area protected by chromium plating will
remain unchanged. This test and the resultant copper
tint on the unplated surface of the part will in.no way
affect the subsequent use of the part. However, if the part
is not to be placed in the stripping bath immediately, dip
it in oil to renew the protective oil film,

7—43. RIVETS. Tighten any loose rivet if possible;
otherwise replace it.

7—44. RUBBER PARTS AND PACKINGS. Replace
all rubber parts and packings at every overhaul. -

7—45. STEEL PARTS. Clean up and blend in any burrs
and minor galling, pitting, or scratches with crocus cloth
and oil or with a fine stone. Be sure that all bearing jour-
nals are smooth. It is usually advisable to use'a fine flat
stone when cleaning up gear teeth :

7—46. STUDS.

7—47. Replace any studs Wthh are stretched loose, or
have damaged threads by oversize studs. Refer to the

picture index, (Figures 7—2 through 7—7). Whenevera.

stud which is already oversize requires replacement, re-
place it with the next oversize. Where the threads of a
stud hole have become damaged or stripped, it is possible,
if there is sufficient material around the hole, to drill and
retap the hole for a special stepped stud. Navy personnel
refer to General Engine Bulletin No. 55 for further ‘de-
tails concerning the replacement of studs. The table
which follows illustrates the various methods of marking
oversize studs for identification. The identifying mark or
dye is on the anchor end of the stud, the conical projec-
tion or green dye for .004 inch oversize studs, the conical
recess or red dye for .008 inch oversize studs, and the

301242 0—54——=6

STAMPED OR | @ - @
" SCRIBED LINE -

Section VII
Paragraphs 7—40 to 7—55

OVERSIZE - +.004 i, +.008 in. . +01%in.

PAW.A ”%W
)

STANDARD

STAMPED NO.
WITH PREFiIX +

STAMPED - NO.
WITHOUT PREFIX

STAMPED OR
SCRIBED L{NE

@
®
)

drilled hole or purple dye for .012 inch oversize studs are
the Pratt & Whitney standard identifying marks. The
other marking methods are illustrated because they are
used by various vendors and may be encountered in the
field. Whean installing an oversize stud in a stud hole,
make sure the anchor end of the stud does not project be-
yond the hole sufficiently to cause interference with other
parts. If necessary, file off the anchor end enough to in-
sure against such interference; reidentify the stud with
the proper oversize mark. When installing a stud which
incorporates a cotterpin or a lockwire hole, the projec-_
tion length should be measured from the bottom of the5
hole. 3

7-48. SCREW BUSHINGS. If a scrtew bushing re-c,
quires replacement, drill out any lockpins; then removeg
the bushing, using the proper dtiver. Install the new'f_“
bushing with the driver; then, if necessary, drill new;
lockpin holes and install new lockpins. Refer to the picJrL

>

ture index (Figures 7—2 through 7-7). £
7—49. THRUST BEARING LINER 3

‘ REPLACEMENT. <
7—50. See "Expansxon of Parts by Heat,” paragraph(j

7—28. Heat the portion of the case adjacent to the liner;
to a temperature of 93°C to 121°C (200°F to 250°]?)<E
Shrink the liner with dsy ice and drift the liner from theC
case. Check the bore of the case for galling, roughness,m
and out of roundness, and clean up any roughness or
galling.
7-51. Chill the néw liner with dry ice; reheat the case
to the same temperature as above and insert the liner in
the case. Make certain, while the case is still hot, that
the oil holes in the-liner coincide with those in the case,
and that the liner is properly bottomed. Check the seat-
ing of the liner with a .001 inch feeler gage.

7—52. Mount the case in a lathe, and true it up to within
.001 inch full indicator reading, taken on both the face
and the bore of the liner (Figure 7—8). ‘

7—53. Using a portable grinder mounted on the tool
rest, grind the bore of the liner to size. Use the wet
grinding method, if possible. After grinding, break all
sharp edges with a fine file and polish the bore of the
liner with crocus cloth and oil.

7—54. CAM -REPAIR. ’
7-55. If a cam track has become pitted, remove the plt '

Inte

-marks with an oil stone when the removal of the pxt

marks can be accomplished without taking more than
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.005 inch of material from the cam track. Blend the re-
sulting depression into the contour of the surrounding
surface. If the damaged area cannot be removed within

the above working limits, and it is believed that the

original cam track form can be restored by the removal
of not more than .015 inch of material from the entire
cam track, return the cam to the manufacturer for re-
grinding. - . .

7—56. To replace the cam hub, start the rivets with a
rourid nose punch; then ‘remove them with a rivet puller.

Separate the hub and the cam, using a leather mallet. .

Clean up the rivet holes and their countersunk areas.

- 7—57. Install the new hub on the cam and transfer drill

the rivet holes with a No. 22 (.157 inch) drill; then
countersink the drill holes and clean up with crocus cloth

and oil. Install the rivets-and upset the -ends, using a
riveting machine or a round nose punch. Grind the rivet -

ends flush with the rear surface of the cam, using a sur-
face grinder. : '

7-58. CAM OIL FEED TUBE AND BRACKET. If
the oil feed tube is loose in the bracket, tighten it by
coatiing the end of the tube with solder, ,

7—59. VALVE TAPPET BALL SOCKET
REPLACEMENT. I
7—G0. Place the tappet between the clamp and holder of
PWA-5160 Pusher (Figure 7—=9) so that the oil hole can
be engaged by the cone pointed set screw; then secure the
clamp with the handknobs, and plug the oil hole in the

soc_ket with a steel pin. . ~ S ;
7—61. Close the cover; then, using PWA-3755 Pump,

connected to the coupler, hydraulically eject the socket.

from the tappet. :

7—62. Install a new socket in the tappet, using an arbor
" - press and PWA-1974 Holder (Figure 7—10). Check the

tappet diameter for distortion. If necessary, lap the tap-
pet down to its original diameter.(Figure 7—11).

AR R B
g{\;‘%.a\ e

Figure 7—11
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7—63. VALVE TAPPET GUIDE
REPLACEMENT.

7—64. Refer to “Expansion of Parts by Heat,” paragraph
7—28, and heat the case adjacent to the guide to 120°C
(248°F); then remove the old guide, using PWA-2362
Drift. Clean up the guide hole with crocus cloth and
oil. '

7—G65. If a standard size guide will not give the desired
-fit, :010 inch oversize guides are available. When an
oversize gulde is' to be installed, ream the hole only
enough to insure roundness (Figure 7—12), then turn
down the outside diameter of the oversize guide to give
the desired fit (Figure 7—13). See reference 25, Section
XII. Prior to installation, coat the guide and the case
hole with a suitable lubricant. Heat the case again to
120°C (248°F), chill the guide if necessary- -and install
it in the case.
7—66. To insure the proper posisioning of the guides,
the following table glves the part number and type of
guide to be installed in each position.

Part No.  Cylinder No. Position Type ‘
39493 8,9,1,2,3 Inlet o Drain
39494 4,5,6,7 Inlet No Drain
39495 8,9,1,2,3 "~ Exhaust Drain
39496 4,5,6,7 Exhaust No Drain

7—67. If two adjacent valve tappet guides are to be in-
stalled, insert PWA-828-3 Aligning Plug in one guide
hole; then place,PWA -827 Aligning Bar in the slotted
end of the plug to align the adjacent inlet or exhaust
: gulde while it is being installed. Drive the guide into
position, using PWA-4234-30 Drift (Figure 7—14). If
only one guide is to be installed, place PWA-827 Align-
ing Bar in the slotted end of the installed guide and drive
the new guide into position, using PWA-4234-30 Drift.

7—G8. After all the guides have been installed and be-

fore the case has cooled, drive each guide solidly into
position, using PWA-4234-30 Drift and a mallet; then
check the alignment of all guides, using PWA-827 Allgn-
ing Bar. If the aligning bar does not slide freely in the
guide slots, the guides are not parallel and must be re-
positioned. .

7—69. Tap the screw holes in each newly installed guide
with a 5/16-24 NF-3 tap.

7—70. Install PWA-1369 Clamp on the slotted end of
the guide to prevent expansion; then finish ream the
guide, using TAM-20933 Spiral Reamer (Figure 7—15).
See reference 26, Section XII.

7—71. FRONT BREATHER PLUG Replace the froet
breather plug if any defects were found at inspection.

7-72. PROPELLER OIL FEED TUBES. Clean up any
minor defects on the tubes. If serious defects exist, re-
place the tubes.

7—-73. THRUST BEARNG COVER. Stone out any
minor defects and replace any loose rives.

Figure 7—14

~ Section VIl
Paragraphs 7—63 to 7—73
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Figure 7~-15

" 7—74. THRUST BEARING OIL SLINGER. Minor
. mutilations may be stoned with a smooth stone.

7-75. FRONT CRANKSHAFT OIL SEAL RING
CARRIER. Replace all front crankshaft oil seal nngs
at every overhaul.

.7—76. CRANKSHAFT FRONT AND REAR -
BEARING LINERS.

7=77. If either of these liners requires replacement
mount the crankcase front or rear section, parting face
down, on a suitable fixture so that it is at an angle of 60
degrees to the bed of a drill press; then spot drill the
four lockpins 14 inch deep, using a No. 52 (.062 inch)
drill. Drill out the pins with a No. 15 (.180 inch) drill,
making sure that all of the pin is removed from the
hole before attempting to drift out the liner. After re-
ferring to “Expansion of Parts by Heat,” heat the crank-
case to 120°C to 150°C (248°F to 302°F); then drive
out the liner. Clean up the bore of the case.

7—78. Reheat the crankcase to 120°C to 150°C (248°F
to 302°F), and chill the new liner; then drift the liner

into position, placing the lockpin holes approximately -

45 degrees from their former location. When the crank-
case has cooled, place it in.the fixture used for drilling
out the old lockpins and transfer-drill the four lockpin
holes 7/16 inch deep, using a No. 13 (.185 inch) drill.

Drive the four lockpins in place, upset the pins, and file

them off flush with the surface of the liner.

'7—79. Bolt the crankcase front and rear sections to-
gether and mount them on the adapter, locating on the
rear case; then true them up to. within .001 inch full
indicator reading, taken on both the front parting face
and the O.D. of the crankcase front section. Grind the
liners to the prescribed diameter (Figure 7—16).

7—80. The following grinding procedure and equipment
is satisfactory for grinding crankcase liners:
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Figure 7—16

Meéthod : Wet Grinding
Surface Speed 5859 ft. /min.
Wheel Speed ‘ 5500 rpm.
Work Speed 100 rpm.
Type of Wheel 3880 18BE

7—81. MAIN ROLLER BEARINGS. All components
of the main roller bearings may be tin flashed if desired,
to prevent corrosion and to restore sinall pits and irregu-
larities on the bearing races. The tin flash must be kept
to a maximum thickness of .0001 inch.

7-82. OUTER FLYWEIGHTS AND LINERS.
7—83, If the outside diameter of an outer flyweight is

- galled, grind down the galled surface. Remove only

enough material to clean up the galling,

7—84. After grinding, the outside diameter of the outer
ﬂywenght must not be less than the dimensions shown
in the following table. The ground surfaces must be
treated with Parco-Lubricate.

Quter
Flyweight Minimum
Part No. | Dimension
34462 ‘ 1.814 inches
34463 2.163 inches

7—85. If the inside diameter of a ﬂyweight liner is

_galled, grind down the . galled surface to a 20-40. RMS

finish. Remove only enough material to clean up the
galling. After grinding, the inside diameter of the liner
must not exceed the dimensions shown in the following

table. .
Flyweight ,
Liner : Maximum
Part No. Dimension
34461 o 2.310 inches

7—86. CRANKPIN LAPPING. Plug the holes in the
crankpin with heavy grease or soft wax; then lap the
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Figure 7-17

crankpin with PWA-981-1 Lap, .and PWA-980 Lap
Holder (Figure 7—17). After lapping, polish the crank-
pin with crocus cloth and oil, and wash the crankshaft
thoroughly. If the crankpin is too badly scored or too
much out-of-round to be reconditioned by lapping, re-
turn the crankshaft to the manufacturer for recondition-
ing. -

7—87. MASTEROD BEARING REPLACEMENT.
7—88. The prefitted type of lead silver masterod beart-
ing, with which these engines are equipped, requires no
boring or fitting to the masterod. The tolerances of pre-
fitted masterod bearings are held to extremely close limits
and when they are assembled in the masterod they should
not be altered in any way.

7—89. When ordering bearings, standard sizes will be
supplied unless otherwise specified. When standard size
bearings no longer give the desired fit a .002 inch under-
size bearing is available. In exceptional cases, when the
crankpin has been ground to a size where the .002 inch
undersize bearings give excessive crankpin clearances,
special undersize bearings are available, In ordering the
special undersize bearings, specify the: diameter of the
crankpin rather than the size of the bearing.

7—90. To remove the masterod bearing, heat the
masterod in an oil bath to 218°C. to 232°C (425°F to
450°F). Place the masterod, bearing flange side down,
on a wooden block incorporating a hole large enough to
receive the bearing.

7—91. Install PWA-5353 Drift in the bearing, apply
water, and drift out the bearing with a heavy hammer.
7—92. After the bearing is removed, measure the bore of
the masterod. Reinstall the linkpins in their holes as the
press fit is apt to affect the rod bore measurement. If the
bore is enlarged so that a standard size bearing will not
give the proper fit, return the masterod to the manufac-
turer for reoperation.,

7~93. Magnetically inspect the bore of the masterod

Section VII
Paragraphs 7--86 to 7—96

Figure 7—18

whenever a bearing is removed, It is recommended that
the bearing be removed and the rod bore magnafluxed
at about 2500 hours whether or not the bearing requires
replacement. See “Magnetic Inspection,” paragraph
6—170. '

7—94. To install a bearing, heat the masterod in an
oil bath to 218°C to 232°C (425°F to 450°F.) Place the
bearing in position on TAM-315 Assembly Arbor. Insert
a piece of paper between the. arbor and the bearing to
protect the bearing surface. Tighten the arbor handle
lightly to avoid difficulty in removing the arbor after the
heat expands the bearing. Chill both the bearing and
arbor with dry ice.

. 7—95. After heating the masterod for 20 minutes remove

it from the tank and allow the surplus oil to drain
from the rod. Quickly press in_the bearing by hand
(Figure 7—18). Because of the length of the bear-
ing and its tightness in the rod, it is important that the

. bearing be pressed in as rapidly as possible. The bearing

must be started straight with the slot in the ﬂange aligned
with the lug on the masterod, and pressed in so that the
flange of the bearing seats firmly against the rear face of
the masterod. After the masterod has cooled to room
temperature, place the rod and bearing under an arbor
press and, using TAM-315 Arbor, press the flange of the
bearing against the face of the rod.

7—96. REMOV AL OF RUST PITTING ON MASTER
AND LINKRODS. In order to salvage rust pitted
master and linkrods, the rods must first be cleaned in an
alkali bath; then polished and buffed. Check the polished
rods for weight, dimensions, and amount of pitting. The
minimum acceptable weight of the masterod (including
pistonpin bushing and standard size masterod bearing)
after polishing and buffing, is 9.045 pounds, and the
minimum acceptable weight of a linkrod (and bushings)
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is 1.675 pounds. Minimum accepsable weights for mas-
terods may be reduced .005 pound for each linkpin hole
which is .005 inch oversize or .016 pound for each link-
pin hole which is .010.inch oversize. For undersize mas-
.terod bearings, add .004 pound for each .001 inch under-
size.

7—97. Do not deviate from the blueprint tolerances
listed, when polishing master and linkrods.

7—98. The location and extent of the pitfing which still .

remains on sample reworked rods is illustrated in (Fig-
ures 7—19 through 7—24). Four of the illustrations,
(figures 7—19 through 7—22), show the maximum ac-

Figure 7—19. Maximum Acceptable Rust Pitting
in Channel Section of Linkrod o

76

AN 02A-10A8-3

ceptable pitting on the rods and two illustrations, (fig-
ure 7—23 and figure 7—24), show unacceptable pitting.
A rust pitted condition is least acceptable in that area of
the fod where the channel section merges into the pis-
tonpin or linkpin strap. The acceptance or rejection of
the reworked rods must necessarily depend to a certain
extent on the inspector’s judgement and discretion so far
as rust pitting is concerned; however, no reworked rod
should be accepted on which pitting exeeeds that shown
in the last two illustrations; {figures 7—23 and 7—24).

7—99. PISTONPIN BUSHING REPLACEMENT.
7—100. Press out the old bushing, either solid or split

‘Figure 7-20. Maximum Acceptable Rust Pitting
in Channel. of Linkrod
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Section

Figure 7—23. Unacceptable Rust Piﬁl'ng in Channel Section of Linkrod
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Figure 7—24. Unacceptable Rust Pifting. in Channel Section of Linkrod.

Figure 7—26

type, 'using PWA-1641 Drift and an arbor press (Fig-
ure 7—25), Drift the sheared lockpm out of the rod
(Figure 7--26).

7—101. Press a new bushing into the rod, using PWA-
4548 Drift. See refererice 307, Section XII. In case a split
bushing is used, install the bushing so that its ends are

as nearly flush with the faces of the bushing boss as

possible and so that the split is toward the pistonpin end
of the rod and 60 degrees from the centerline of the rod.
Transfer drill the lockpin hole half way through the wall
of the bushing, using 2 No. 19 (.166 inch) drill with
the end ground flat (Figure 7—27). Drive in the new
lockpin, using PWA-1777 Arbor (Figure 7—28), and
smooth the outer end of the pin to conform to the con-

“tour of the bushing boss. -
7-102. Bore the bushing to size, using a Fulme: Air--

craft Rod Borer, or equivalent, (Figure 7—29). Align

the rod against the plates of the fixture, stoning the edges

of the rod tightly, if necessary.
7—103. Check the size of the bore of the bushing with
PWA-1805-1 Gage (Figure 7—30). See reference 30,

Revised | December 1951
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Figure 7-28 V
Section XII. Recheck the rod alignment as directed in
paragraphs 6—96 to 6—102. ‘

7—104. LINKPIN BUSHING REPLACEMENT. v
. 7—105. Press out the old bushing, using PWA-1493
Drift and an arbor press. Heat the linkrod in an oil bath
to 175°C to 205°C (347°F to 401°F) and install the new
bushing so that its ends are as nearly flush as possible
with the faces of the bushing boss, using PWA-2551-4
Drift and an arbor press (Figure 7—31). See. reference
320, Section XII.
| 7-106. Bore the bushing, using a Fulmer Aircraft Rod
Borer, ‘ot equivalent, (Figure 7—29). Lead flash plate
the inside diameter of the bushing; then check ‘the size
of the bore of the bushing with PWA-1805-110 Gage.
Check the fit of the corresponding linkpin in the new
bushing (Figure-7—32). See reference 321, ‘Section XII.
Recheck the alignment of the rod as directed in para-
graph 6—96. ' : ' '
7—107. CYLINDER FLANGE REPAIR. If necessary,
1ap the cylinder barrel parting surface, using PWA-2898
Lap. Check the flange for flatness using PWA-2630-20
- Surface Plate, and pencil catbon (Figure 7—33).

ez - Szt % FEiLs o
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Paragraphs 7—108 to 7—'Il7

7—108. If it is necessary to re-spotface the areas where
the cylinder hold down nuts contact the cylinder barrel
flange use a back cutter .750 inch in diameter having a
corner radius of .046 to .056 inch. The spindle should

be .406 inch in diameter. Remove a minimum of material

ngure 7-35

80

to provxde a smooth, even surface, but in no case exceed
.015 inch below the surface of the flange.

7—109. CYLINDER BARREL REPAIR.

7—110. When a step of .006 inch or mare has been

worn at-the upper extremlty of the top pistonring travel

and the barrel is within the limits in other respects, re-
move the step by one of the following methods.

7—111. Use a small portable grinder equipped with a

small grinding wheel, and grind only the part of the cyl-
inder wall about the top ring travel. Blend the reground
surface into the adjacent part of the cylinder barrel.

7—112. Mount the cylinder enough off center in a grind-
ing machine such as the Heald No. 73 or Heald No. 50
to permit the stepped portion to be ground without the

‘removal of much material from the rest of the top of

the barrel bore (Figure 7—34). Use a standard grmdmg
wheel which has been undercut for a patt of its width
-and whose remaining standard diameter is approximately
equal in width to the part of the cylinder barrel above
the step. Use a'Norton 3860-18BE grinding wheel, a
wheel-speed of 4600 to 5200 rpm, and a grinding fluid
such as ¥nternational Chemical Compound No. 141 (Fig-
ure 7—35). If the cylinder is mounted in a Heald No.
50 Grinder, the arm of the grinder should turn at ap-
proximately 75 rpm, if the cylinder is mounted in a
_Heald No. 73 Grinder, the chuck speed should be 280
'to 360 rpm. Blend the reground surfacé into the adjacent
part of the cylinder barrel.

7—113. Use a tapered- grinding wheel whlch conforms

-to the angle of barrel choke and remove the same amount

of material all around the top of the barrel bore (Figure
7—-36). Blend the reground surface into- the adjacent
part of the cylinder barrel.

7—114.  When scofing or other irregularities make it
necessary to hone or grind a cylinder barrel and it is
desired to recondition rather than to rebarrel the cylin-

der, it is important that the normal choke contour of the .

barrel be retained. The curve (Figure 7—36) shows the
desired contour for the cylinder wall, and every effort
should be made to hold as closely as possible to this
contour. '
7—115. Where honing is to be used for recondmomng,
special equipment, such as that furnished by the Micro-
matic Hone Corporation, Detroit; Michigan, is required.
Operators should be specially trained for this work since
closely controlled manipulation of the hone is very im-
portant in retaining the desired cylinder wall contour.
Cylinder wall finish is dependent on the grade of stone
as well as the technique of the operator. A surface finish

‘of 15 to 20 micro-inches root mean square is ‘desirable.

. 7—116. For .detdils regarding the grinding or honing

of cylinder barrels Air Force personnel should refer to

-T.O. No. 02-1-16 and Navy personnel should refer to

General Engine Bulletin No. 24.
7—117. Profile grinding through the use of a cam type

grinder is preferable to honing since, with profile grind-.

ing, greater consistency and accuracy are generally pos-
sible.
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_ Section VII
Paragraphs 7—118 to 7—121
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Figure 7—-36

7—118. As the heat resulting from grinding or honing
causes expansion of the cylinder barrel, any measure-
ment of the bore should be taken after the barrel has
cooled to room temperature.

7—-119. Arrange and fit the rings as described in para-
graph 7—176; then lap the rings as described in para-
graph 7—179,

7—120. INLET VALVE GUIDE REPLACEMENT.

7--121. Heat the cylinder head to 95°C (203°F) as di-
rected in “Expansion of Parts by Heat,” paragraph 7—28.

. Install PWA-4002-100 Puller, apply water, and remove

the old guide (Figure 7—37).

Note
If an inlet valve seat is to be replaced, do not
remove the corresponding valve guide uatil
after the seat has been removed.

Figure 737

81
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7—122, Check the guide hole in the cylinder' head for
damage and out-of-roundaess, particularly at the bottom.

If necessary, ream the hole oversize only enough to make.

it round, using PWA-301 Reamer (Figure 7—38). Turn
down the pext oversize guide to give the desired fit (Fig-
-ure 7-39). See reference 40, Section XII Inlet guides
are available in .003 inch, .005 inch, and .010 inch over-
7—123. Heat the cylinder to about 95°C (203°F) as
directed in “Expansion of Parts by Heat,” paragraph
7-28, smear the new guide with a mixture of oil and
graphite grease, conforming to Specification No. AN-
G-6, and insmll the new guide, nsing PWA-95 Drift
{Figure 7—40). See reference 40, Section XII.

7~124. Ream she new guide, using PWA-2869 Reamer
(Figure 7-41) and check the guide for size. with PWA-
4189-16 Gage (Figure 7—42). See reference 39, Section
XL T T
7—125. OPTIONAL METHOD OF REAMING
VALVE GUIDE HOLES AND VALVE GUIDES. Re-
fer to Figure 7—43 and to Overhaul Tools in Section
111 for a list of fixtures and teamers required to powder

s
N

s iy
Sd
3
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ream the cylinder inlet and exhaust valve guide holes
and valve guides.
7—126. INLET VALVE SEAT FACING.

7—127. Face off the seating surface of all inlet valve
seats at every overhaul, removing only enough material

Revised 15 June 1953

Paragraphs 7—125 to 7—127

to obtain a smooth seating surface of the proper width.
Replace valve guides requiring replacement, as directed
in paragraph 7—120 before facing off the corresponding
valve seat. To face the valve seat, take a light cut, using
PWA-6 Holder and PWA-22G-23 Facer (Figure 7—44).

82A
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Figure 7—43

CAUTION |-

Remove only énough material to clean up the
seating surface of the valve seat; otherwise the
life of the seat will be seriously affected.

7-128. If further cutting of the seat would damage the
cylinder head, replace the seat as described in para-
graph 7—137. '

7—129. EXHAUST VALVE GUIDE REPLACEMENT.
Clean up the.end of the exhaust valve guide, using
PWA-3277-13 Scraper. Follow the procedure outlined
for the removal of the inlet valve guide, paragraph
7-120, using the below-listed tools and referring to

references 46 and 47, Section XIY. Ream the new exhaust.
valve guides to .5590 == .0005 diameter after being

installed in the cylinder.

PW A-4002-101 Puller
PWA-4699-6 ‘Hole Reamer 4-.003
PWA-4€99-7 Hole Reamer -}-.005
PWA-4699-8 Hole Reamer -}-.010
PWA-4699-9 Hole Reamer -}-.020.
PWA-4699-43 Hole Reamer -}-.030
PWA-4700-505 - Reaming Fixture (Power) -
PWA-94 Assy. Drift
PWA-4701-1 Guide Reamer =~ . '
PWA-4327 Max, Wear Gage (guide)
PWA-41989-12 Reaming Gage (guide)

a . Note '

If an exhaust valve seat.is to be removed, do
not remove the valve guide until after the re-
moval of the seat. '

Revised 15 June 1953

Section VI
Paragraphs 7—127 to 7134

7—-130. EXHAUST VALVE GUIDES AND BOSSES.
7—131. Face off all exhaust valve guides and bosses only
enough to bring the lower end of each guide flush with
the lower end of its boss and to remove any burned
portions. Use PWA-3149-24 Fixture.

7—132. Place the base of the fixture on the table of a

drill press on which the head has been inverted; insert
the spindle through the base and engage it with the
chuck of the drill press (Figure 7—45). Invert: the cylin-
der and place it on the base -with the spindle inserted
through the valve guide. Attach the cutter to the pro-
jecting end of the spindle with its bayonet lock (Figure
7—46). Face off the guide and boss, being careful not
to exceed the minimum length of 2.312 inches.
7—-133. EXHAUST VALVE SEAT FACING.

7--134. Face off the seating surface of all exhaust valve

seats at every overhaul, removing only enough material
to obtaini a smooth seating surface of the proper width,

Figure 7—45

83
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Paragraphs 7—134 te 7-139

- 84

Figure 748

AN 02A-10AB-3

It is not necessary to remove small isolated dark spots

entirely, particulatly if they are not at the edge of the -

valve seating surface. To insure proper relationship be-
tween the seating surface of an exbaust valve seat and the
axis of the corresponding valve guide, replace any ex-
haust valve guide which requires replacement before
facing off the corresponding valve seat. See “Exhaust
Valve Guide Replacement,” paragraph 7—129.

7—135. Face off the valve seats, using a grinding wheel
which has- been dressed to exactly 45 degrees (Figure

7-47). |
3y CAUTION !

Remove only enough material to clean up the
seating surface of the valve seat; otherwise. the
life of the seat will‘be seriously affected.

7—136. When the‘wéll thickness at the lower extremity

" of an exhaust valve seat has beeén reduced to a point

where further grinding would damage the cylinder head,
replace the seat as described in “Exhaust Valve Seat Re-
placement,” paragraph 7—140.

7—137. INLET VALVE SEAT REPLACEMENT.

7—138. Heat the cylinder head to 205°C (401°F) as di-

rected in “Expansion of Parts by Heat,” paragraph 7—-28;

then install PWA-4107-30 Remover in the valve seat -

(Figure 7—48). Apply water and withdraw tool and

valve seat. Clean up the bore in the cylinder head, using a -

scraping tool.

CAUTION

Do not attempt to remove .an inlet valve seat.
by driving or pulling, as aluminum tends to
adhere to bronze and the cylinder head might
“be damaged. : :

7~139, Again heat the cylinder to 205°C (401°F); then
install a new seat in the cylinder head, uwsing PWA-
4597-50 Holder (Figure 7—49). See reference 41, Section
XII. Be careful not to turn the head on the barrel.

Figure 7-49
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Figure 7—50

7—-140.. EXHAUST VALVE SEAT REPLACEMENT.
To replace a valve seat heat the cylinder in an oven to
232°C to 260°C (450°F to 500°F), depress the plunger
of PWA-4000-30 Remover. and install the tool in the
valve seat (Figure 7—50).. Insert the drift (a detail of
PWA-4000-30 Remover) through the valve guide, apply
water, and drift out the valve seat (Figure 7—51). Clean
up the valve seat bore in the cylinder head with crocus
cloth and oil. Again heat the cylinder to 232°C to 260°C
(450°F to0*500°F) and install a new seat, using PWA-
2782-10 Drift. While the cylinder is still hot, install and
ream a new guide as described in- “Exhaust Valve Guide
Replacement,” paragraph 7—129. Face off the seat as de-
scribed in *“Exhaust Valve Seat Facing,” paragraph
7—133, R

7—141. INLET VALVE REPAIR. Dress the seating
_surface of the inlet valves at each overhaul. Set the facing
" machine for an angle cut of exactly 45 degrees. Remove
only enough material to clean up the surface. Replace an
inlet valve when further facing will cause a sharp edgé
to be formed at the outer rim of the head.

7—142. EXHAUST VALVE REPAIR. To remove ero-
sion from an exhaust valve, mount the valve in a Brown
and Sharp No. 2 grinder, or equivalent, using a stand-
ard collet in the headstock to hold the valve. Grind the
eroded portion at the edge of the valve head where it
extends: down into the stellite seat (Figure 7—52). Do
not remove any more material than is necessary to re-
move the erosion, and make certain that the removal
of material does not cause the valve head diameter to
decrease to less than the minimum O.D. (Figure 7—52).
With the valve still turning in the grinder, blend the
ground edge of the valve into the rounded portion of.
the head; then buff the blended surface to a smooth fin-
ish. Reface the seating surface on the valve according to
the instructions in paragraph 7—141 and acid etch the
O.D. of the valve head lightly to make certain that the
valve seating surface is entirely protected by stellite.

7—143. VALVE LAPPING. Place a little Clover 2A

- 301242 0—64—7

Section VI
Paragraphs 7—140 to 7—-143
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Figure 7—52

Figure 7-53
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Paragraphs 7—-143 to 7-149
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ngure 756

AN 02A-10AB-3

1apping compound or its equivalent on the seating sur-
face of the valve, and insert the stem of the valve in its
guide. Keep the compound away from the valve stem.
Lap the valve with an oscillating motion, using PWA-10
Holder for inlet valves or PWA-11. Holder for exhaust
valves (Figure 7—53). Clean the valve and valve seat.
Check the ‘valves for proper seating by partially filling
the cylinder with fuel and checking for leaks.-

7—144. SPARKPLUG BUSHING REPLACEMENT.

7—145. Heat the cylirider head to 250°C (401°F) as di-
rected in “Expansion of Parts by Heat,” paragraph 7—28.

Install PWA-4005 Remover in the bushmg, apply ‘water, -

and unscrew the bushing by turning it in a clockwise
direction (Figure 7—54). If necessary, the threads in the
cylinder head should be cleaned up with PWA-334 Hole

Tap and cutting oil. Insert the tap only enough to clean

up the threads.

7—146.- Again heat the cylinder head to 205°C (401°F),
as directed in “Expansion of Parts by Heat,” paragraph
7—28. Cover the threads with a suitable lubricant and
install the bushing, which has a LEFT HAND thread on
the O.D. using 3510-T-16 Driver (Figure 7—55). ’

CAUTION

thle the cylmder head is hot, take care that
it does not turn on the barrel.

7—147 If the engme is equlpped with bronze bushings,
PWA-1799 Counterbore may be used to bore the bush-
ing to a thin shell which ‘may be easxly collapsed and
removed.

7—148. 1f a bronze bushmg is not flush with the recess in
 the cylinder head, face it off with 1068-T-5 Facer for the

front bushing and 1068-T-3 Facer for the rear bushing
(Figure - 7—56). After the cylinder has cooled to room

‘temperature, clean up the threads in the bushing with

PWA-1526 Tap o

7-149. ROCKER SHAFT BUSH]NG REPLACEMENT.
If it is necessary to replace one of the bushings for a

rocker shaft, both bushings must be replaced. After re-

ferring to “Expansion of Parts by Heat,” paragraph
7—28, heat the section of the cylinder adjacent to the
bushmgs to 120°C (248°F). Remove the old bushings
using PW A-1776 Puller for the small bushing and PWA-
1466 Drift for the large bushing. Remove the small
bushing before the latge bushing. Clean up the bushing
holes in the cylinder head, using crocus cloth and -oil.
Reheat the part of the cylinder head adjacent to the
rocker shaft bushing holes to 120°C (248°F); then in-
stall the new bushings using PWA-757 Drift for the
small bushing and PWA-758 Drift for the large bush-
ing. Do not install the large bushing until the small
bushing has been installed in the thicker wall section of
the rockerbox. Line ream the bushings, using PWA-1682
Reamer (Figure 7—57), then check the bushings for size,
using PWA-1805-4 Gage. 'See references 52 and 54, Sec-
tion XIL
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Figure 7—57 : " Figure 7-58

7—150. ROCKER BALL ‘SOCKET REPLACEMENT.

-7—151. Insert a tapered pin in the oil hole in the ball
socket (Figure 7—58). With the rocker bearing removed,
place the rocker on the pilot of PWA-1352 Fixture (Fig-
ure 7—59). Fill the plunger guide about half full of
heavy oil and insert the plunger (Figure 7—60). Using a
hammer or an arbor press, drive or-press.the plunger so
as to drive the socket from the rocker (Figures 7—61 and
7—62).

7—-152. Install a new socket, using PWA-2450 Fixture
and an arbor press (Figure 7—63). See reference 35,
Section XII.

7—153. COWL MOUNTING LUG REPAIR.

7—154. Thoroughly clean the surface of the break and
the area immediately surroundmg the lug. Using a weld-
ing torch adjusted to give a soft neutral flame and an
Oxweld Linite welding rod (5 percent silicon) with No.
4 flux, build up the lug with the aid of a sheet iron tem-
plate approximating finished dimensions. Use of a tem-
plate will help to avoid considerable hand filing.

-Figure 7—61 . Figure 7—62 : ’ ' Figure 7—63
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7—155 Finish the lug by hand filing or ‘with a hand
burring tool. Locating on a normal cylinder from the
rocker ‘shaft bushing holes, the valve guide bushing
holes, or both, make a simple drill jig. Using a hand drill

and this jig, drill the holes in the rebuilt lug. It is unnec- -

essary to bake or reheat the head after the repair has been
made.

7—-156. PUSHROD COVER NUT COUPLING RE-
PLACEMENT. To replace a pushrod cover nut cou-
pling, first remove the old coupling, using PWA-849
Driver (Figure 7—64). If a standard size replacement
coupling will not give a suﬂiciently tight fit to prevent
oil leakage, use a .004 inch oversize coupling. Install the
new coupling, using PWA-491 Driver.

7—157. ROCKERBOX COVERS AND INTER-CYL-
INDER DRAIN TUBES. Remove the rubber hoses
which join the rockerbox covers. These hoses must be
replaced at every overhaul. Face off the rockerbox covers
on a lapping plate, using a small amount of lapping com-
pound (Figure 7—G65). Wash the covers thoroughly to

remove all of the lapping’ compound. Install new hoses -

AN 02A-10AB-3

Figure 767
an‘ the rockerbox -cover inter{ylinder .tine connections;

then tighten the hose clamps.

7—158. _INTER-EAR DRAIN TUBES.
7—159. All inter-ear drain tube hose connections must

‘be replaced at every overhaul. Loosen the clamps on the

rubber hose and slip the hose to one side. Turn the.tube
and remove the hose; then install a new hose and sighten’
the clamps. A
7<160. If an mter-ear drain tube requu:es replacement,
remove the rubber hose connection; then back out the
damaged tube. Coat the new tube threads with a thread
lubricant; then install the tube. Metallize the new tube

as descrlbed in “Cylinder Metallizing,” paragraph.
"7—161; then install a new rubber hose connection and

secure it with clamps, -
7—161. CYLINDER METALLIZING

7—162. Thoroughly clean and sandblast all surfaces to
be metallized (Figures 7—66 and 7—67). To insure a
good bond, new metallize finish should be applied with-
in 20 minutes after the sandblasting operation, and no
part of the cleaned and sandblasted surface should be
touched prior to metallizing.

7—163. Protect all areas not to be metallized with suit-
able masks. Mask the entire cylinder head except for the
inter-ear drain tube. Mask the spot faced areas on the
cylinder flange. Support the cylinder in a stand so that

- the lower face of the cylinder flarige and the entire cylin-

der skirt will be protected from the metal spray. The
booth in which the cylinders are.to be sprayed should be
equipped with an exhaustfan and a turntable. The oper-
ator should wear an ashestos mitten, a respirator, and
goggles.

7—164. Hold the spray gun approximately six inches
from the cylinder barrel and at an angle of from 15 to
20 degrees to the fin surfaces in both directions, so that
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Figure 7—68

both sides of the fins will be effectively coated. Apply a
‘final coat, holding the gun at right angles to the surface
to insure a good coating on the edges of the fins (Figure
. 7—68). The desired thickness of the finish is .003 inch

and should nowhere exceed .005 inch. Excessively thick
coating will have a rough finish and a tendency to ﬂake

- off.

7—165. When cylinders are to be stored after metalliz-
ing, completely coat them with corrosion preventive
conforming to Specification No. AN-VV-C-576.

7—166. REPAIRING INTAKE PIPES, PUSHROD
COVERS, AND DEFLECTORS.

7—167. Smooth out any dents. Repair cracks in deflec-
tors by welding. Repaint scratched, chipped or flaked
parts as directed in *‘Painting,” paragraph 7-—29.

7—168. PRIMER LINE SPAGHETTI REPAIR. If the
spaghetu on the primer lines is worn through or cut by
the primer line clamps, repair it by wrapping it in fric-
tion tape. Coat the tape with shellac to make it oil and
moisture resistant.

7—169. PISTON COMPRESSION RING

GROOVE REWORKING.
7—170. If the lands' between the compression ring
grooves are found to be warped from .0005 to .002 inch,
the adjacent grooves should be cleaned up to remove
the warpage. If a land is found to be warped more than
.002 inch, the piston should be replaced.

Note
Do not confuse warpage with wear. If a groove
is worn evenly, reoperation may not be re-
quired. When necessary, the grooves may be
cleaned up by the procedure described below.

7—171. Mount the piston to be rewotked on PWA-
4272-30 Fixture (Figure 7—69), which has been bolted
to the face plate of a lathe. Mount the Detail 19 Adapter
on the fixture, place the Detail 4 Plug in the pistonpin
hole in the piston and through the hole in the Detail 2
Shaft. Tighten the Detail 9 Wedge Screw and secure the
pistonpin securely in place by tightening the Detail 3

Ring. Check the piston for runout within .001 inch FIR .

at both ends.

Section Vil
Paragraphs 7--164 to 7175

Figure 769

7—172. Place PWA-4783 Cutter in a tool holder at right
angles to the pxston, at zero rake,. and on the horizontal
‘centerline of the piston.

Note
The cutter may be held in any standard lathe
tool holder which permits the regrooving cut
to be made on the piston centerline. Fabricate a
special holder which will support the shank of
the cutter for at least three inches and within
one inch of the cutting point.

7—173. Align the cutter with the pistonring groove.
With a spindle speed of approximately 375 RPM, and
with a coolant of seventy-five percent kerosene and
twenty-five percent lard oil flowing on the cutter, feed
the cutter slowly by hand until it reaches the bottom of
the groove. Feed the cutter against one side of the groove
until the groove is cleaned up, then move the cutter to
the other side of the groove and clean up that side.

CAUTION

When moving the cutter from one side of the
groove to the other side, do not back off the
cutter. This precaution avoids cutting a step in
the bottom of the groove.

7—174. Cut an equal amount from each side of the ring
groove until the groove will accommodate the nearest
oversize ring with the proper side clearance. Refer to
AN 02A-10AB-4 Parts Catalog and reference 302, Sec-

_tion XII.

7—175. PISTON DUAL OIL CONTROL RING
GROOVE REWORKING. To oversize dual oil control
ring grooves, mount the piston on PWA-4272-30 Fixture
as directed in the preceding paragraph. Inasmuch as
these grooves are not wedge shape, any cutter of suitable
width, sharpness, and strength may be used to rework

89

International Aerotech Academy For Training use Only



Section Vil : E
Paragraphs 7—175 to 7—-178
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the grooves. Using the same spindle speed and coolant
as directed for compression ring groove until it will
accommodate the next oversize ring with proper side
clearance. Refer to AN 02A-10AB-4 Parts Catalog and

 reference. 302, Section XII :

7-176. PISTONRING FITTING.

7-177. 'Check_:ihe end clearance or gap of the rings.
Insert the "pistonring in PWA-3201-1 Gage. Measure

" the gap with a feeler gage (Figure 7—70). See reference
1301, Section XII. Increase the gap, if necessary, with a

fine file. Oversize rings should have the same gaps as
standard. rings. R :

7—178. Install the pistOnting assemblies in “accordance

OR LATER
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side clearance of each ring with a feeler gage. See refer-
ence 302, Section XII. Nitralloy, chromium plated and
chrome-molybdenum cylinder ‘barrels and ‘pistons are
involved. The recommended arrangement for particular
combination of piston and cylinder barrel will be used.
Where two different pistons are shown for 9 cylinder
engines, the two units are for cylinders Nos. 5 and 6
and the seven units are for the other cylinders. Nitrolay
barrels may be identified by “139” stamped on the base
flange. Current chrome-molybdenum barrels have no
-identification mark. Early chrome-molybdenum barrels
were identified by “185” stamped on the base flange. All
cylinders with chrome plated barrels may be identified by
an international orange band, covering the attaching -
flange and extending up to the lower fin. In addition,
the words “Chrome Plated” are etched on the skirts of

chromium plated cylinders.

Paragraphs 7—179 through 7—186 DELETED.

Figures 7-—72, 7—73, 7—74 DELETED.

7—187. IMPELLER SHAFT BEARING CAGE RE-
PLACEMENT. Bend back the lugs of the retaining
screw and remove the screw, using PWA-4008 Screw

Revised 15 June 1953
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Paragraphs 7—187 to 7—200

Driver. After referring to “Expansion of Parts by Heat,”
paragraph 7—28, heat the case, chill the bearing cage and
drift out the cage, using a suisable drift. Reheat the case,
chill the bearing cage, and install the new cage, using
PWA-64 Drift and PWA-620 Guide. Transfer drill a
new holé in the cage and tap it with a 14-28 N. S. tap.
Install a new retaining screw and bend,back» the lugs to
lock it in place

7—188. IMPELLER AND SHAFT..

7—189. The impeller and shaft are originally installed
in the engine as a matched and balanced set. It is desir-
able, although not imperative, that these parts be re-
tained as a'matched assembly once they have been used
together.

7—190. If it is necessary to remove nicks, scratches, .

cracks, damaged corners, or-other minor defects from the
impeller, the feasibility of their removal should be ap-

praised by reference to the minimum permissible dimen-
sions shown (Figure 7—75).

7—191. Nicks, scratches, cracks, or damaged corners.
should be carefully blended so as to round any sharp
corners or high spots. Blending must be kept within the
limits shown (figure 7—75), and no attempt should be
made to relocate metal by cold working. After blending,
the depression of the blended defect should not exceed
.025 inch in depth, .250 inch in width, or .500 inch in
length. If several injuries are grouped in such a way as
to impair the strength of the remaining material, re-
place the impeller.

Note
To assist in determining the extent of the de-
fects while blending, use an etching solution as
described in paragraph 6—157.

7—192, To remove the nicks from the impeller blade
edges, mount the impeller on an expanding arbor of a
lathe and true it up to within .001 inch full indicator
'reading; then machine off the edges of the blades. Do
not machine below the limits shown (Figure 7—75). If
material is machined from the leading edges, restore the
contour ‘of the 'blades to approx1mately the original
form.

7—193. Impeller bushing faces which have become
galled may be cleaned up by grinding within the limits
shown (Figure 7—75). The bushing faces must be kept
square with the axis of the impeller within .001 inch full
indicator reading.

7—194. Tin flash plate the impeller shaft at each over-
haul. If the fit of the impeller on the shaft is slightly
loose, tin plating of the shaft is permissible to a maxi-

mum thickness of .0005 inch. If the spline fit is still too -

loose, return the assembly to stock and hold for return
to the manufacturer for reoperation.

7—195. IMPELLER INTERMEDIATE DRIVE GEAR
REAR BEARING OUTER LINER REPLACEMENT.
Drift the liner from the supercharger case, using PWA-
1944 Drift. Clean up the bore of the hole then line up
the notch in the edge of the new liner with the staking

922
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pm in the case. Drift in the lmer, usmg PWA 1969

- Drift,.

7-196. BALANCING IMPELLER AND SHAFT
ASSEMBLY.

" 7—197. The original balance of an impeller and shaft

assembly may be affected by replacement reposmonmg
of parts or by the removal of surface injuries. If any re-
work other than tin platmg the shaft has been done on
the impeller, or shaft, inspect the assembly for static
balance before using it.

7—198. A satisfactory balance check requires special

equipment for the accurate measurement of unbalance
and an understanding by personnel of the principles of
balancing. The following balancing procedures and lim-
its of unbalance are based on the use of Gisholt Type S
Dynetric Balancing Machine. This equipment may be
adjusted to measure either static or dynamic unbalance
in terms of ounce-inches and to indicate the angle of un-
balance.

7—199. Install the impeller and shaft assembly in the
balancing machine, using cradle detail 81058-T-1 and
ilg inch diameter pulley. It is important that the im-
peller shaft bearings be properly lubricated ‘throughout
the test. A single coat of grease is sufficient for the aver-
age test. It is suggested that spare impeller shaft ball
bearinigs be used. Enclose the xmpeller with an 8 inch
shroud. Adjust the balancing machine in accordance with
the instructions of the machine manufacturer to measure
ounce-inches of static unbalance.

7—200. Set the impeller in motion and observe any static
unbalance. If unbalanee exceeds .020 ounce-inches,
change the spline relationship of the impeller to the im-
peller shaft and again check for unbalance. When the
most favorable position has been found, mark the splines
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to indicate the final arrangement. If the unbalance still
exceeds .020 ounce-inches, indicate the .location and
amount of unbalance by applying sufficient modeling
clay to-the impeller to correct the unbalance, or by
indicating the heaviest point on the outside diameter

and expressing the amount of unbalance in ounce-inches*

at that point.

-7—201. If clay is used, the amount of material to be re-
moved from the impeller, at approximately 180 degrees
from the location of the clay, can be readily estimated
from the weight of the clay. Remove the material by
grindinig or filing (Figure 7—76).

1 CAUTION i
Take care nth to remove more inatéria,l than is
necessary when grinding or filing the impeller.

7—202. Place the impeller and shaft assembly in the
balancing machine and again check the static unbalance.
If the assembly is still unbalanced, remove more mate-
rial from the outer edge of the impeller until the bal-
ance is restored or until it is evident that the impeller
cannot be repaired.

7—203. OIL SUMP. If the sump is chafed where it
comes in contact with the bafile, blend the chafed areas
and treat them with zinc chromate primer. Paint the
blended areas as described in paragraph 7—29.

7-204. OIL PRESSURE TUBE. Remove the oil pres-
sure tube, if necessary, using PWA-760 Puller. Using
PWA-761 Drift, install the new tube. If an oversize tube
is required, temporarily assemble the supercharger and
rear cases; then using the proper oversize of TAM-3574-
51 Reamer, line ream the cases. Do not enter the reamer
beyond a depth of 4744 inches. 4

7-205. INSTALLATION OF A NEW SUPER-
CHARGER CASE.ON AN OLD REAR
CASE.

7—206. Refer to Figures 7—5 and 7—6 and remove the

magneto drive shaft bushings, starter shaft bushing, and

oil pressure tube from the rear case. If any of these

bushings. or the oil pressure tube were previously in- -

stalled oversize, the corresponding holes in the super-
charger case must be line reamed with the rear case to
accommodate the oversize.

7—207. To accomplish the reaming operations, install an
oiled gasket on. the supercharger case parting surface
and assemble the supercharger and rear cases loosely.
_Install PWA-1981 Aligning Bars in the magneto drive
gear shaft bushing holes and tighten the nuts attaching
the cases together. Remove the aligning bars and line
ream the magneto drive gear shaft holes from the front
face of the supercharger case, using TAM-3575-7 Reamer
and PWA-820 Adapter. Line ream the oil pressure tube
hole, using TAM-3574-51 Reamer and line ream the
starter shaft hole from the rear face of the rear case,
using TAM-3575-6 Reamer and PWA-815, and PWA-
819 Adapters.

Section VIl
Paragraphs 7—200 to 7—219

7—208. Disassemble the cases; remove all oil passage
plugs from the rear case and wash both cases thoroughly.
Do not reinstall the plugs at this time.

7—209. Refer to “Bushing and Bearing Repfacement
in paragraph 7—14. Line up the oil holes in the starter
shaft bushing with the oil holes in the rear case and
install the bushing, using PWA-762 Drift. Line up the
oil holes in the magneto drive gear shaft bushings, with

the oil holes in the rear case, and install the bushings.

in the case, using PWA-1746 Drift.,

"7—210. Reassemble the supercharger and rear cases. Line

up the oil holes in the [magneto drive gear shaft bush-
ings with the oil holes in the supercharger case and in-
stall the bushings in the case, using PWA-1746 Drift.
Line ream the magneto drive gear shaft bushings from
the front face of the supercharger case, using TAM-
3575-5 Reamer and PWA-820 Adapter and check the in-
stallation with PWA-1805-6 Gage. Line ream the starter
shaft bushing from the rear face of the rear case, using
TAM-3575-8 Reamer, PWA-815, PWA-816, and PWA-

817 ‘Adapters and check the bushing with PWA-1805-9

Gage.

7—211. Face off the starter shaft bushings using PWA-
538 Facer and PWA-817 Adapter. Check the height of
the bushing with TAM-1113 Flush Pin Gage. Face off
the magneto drive gear shaft bushings; using PWA-55

_-Facer and check with 1320-T-120 Gage,

7—212. Break all sharp edges of bushings which have
been faced. )

7—213. Disassemble the cases and wash both cases thor-
oughly to remove all chips.

7—214. INSTALLATION OF A NEW REAR CASE
ON AN OLD SUPERCHARGER CASE.

7—215. Bushings and the pressure oil tube are not in-
stalled in the new rear case as received from the factory.
In order to insure alignment of the supercharger and
rear cases to permit line reaming of the bushing holes
in the rear case, remove the magneto drive gear shaft
bushings from the. supercharger case. Refer to para-
graph 7—14, “Bushing and Bearing Replacement,” and
to Index No. 8, Figure 7—4, for instructions on the re-
moval of these bushings. ‘

7—216. Install an oiled gasket on the supercharger case
rear parting surface and assemble the supercharger and
rear cases loosely. Install PWA-1981 aligning bars in
the magneto drive gear shaft bushing holes and tighten
the nuts attaching the cases together. Remove the align-
ing bars.

7—217. Refer to “Installation of a New Supercharger
Case on an Old Rear Case” in paragraph 7~205 for in-
structions on line reaming bushing holes, installing bush-
ings, and line reaming the bushings in the supercharger
and rear cases.

7-218. OIL PUMP.
7—219. If, on inspection, any one of the oil pump hous-

ing sections is rejected, replace the entire housing assem- -

bly. Small scratches and burrs in any section of the hous-
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ing, not serious enough to cause rejection of the hous-
ing, should be removed with a small #riangular scraper.

Do not use emery. Where insufficient clearance between -

the gears and the housing has caused the gear to rub on
the housing and the rubbing is not the result of some ab-
normal condition, scrape enough material from the hous-
ing to give the proper clearance at this point. Remove

scratchies and burrs on the shafts by polishing with em- -

ery. After polishing, check the fit of the shaft in the
_ housing,

~ 7-220: To replace the idler shaft, shear the pin from
the inside of the shaft, using a solid steel drift which
fits snugly into the hollow idler gear shaft. Drift out
the part of the pin that extends through one side of the
gear. Mount the gear and shaft in a drill press, and using
a No. 31 (.120 inch) drill, drill the remaining part -of
the pin, in the opposite side of the gear, to a depth of
approximately 3/16 inch. The hole through the gear and
shaft is used as a guide for the drilling operation. Re-
move the gear and clean up the pin holes. Install the
_ idler gear on the new shaft. Allgn the pin holes in the

_gear and shaft and install the pin.

7—221. TACHOMETER DRIVE INNER COUPLING
-BUSHING. If it is necessary to replace this bushing,
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drill out the lockpin to a depth of .100 inch, using a

No. 51 (.067 inch) drill, Press out the old bushing, using
PWA-3633 Drift and an arbor press. Install 2 new bush-
ing, using PWA-2884 Drift and an arbor press. - Drill
the lockpin hole 90 degrees from any existing hole, using
PWA-2883 Drill. ]lg, and install the lockpin. Transfer
drill the oil holes in the bushing, using a No.42 (0.935
inch) drill. Using PWA-2881 Fixture and TAM-3574
Reamer, ream the bushing. Check the bushing for size,
using PWA-1805-16 Gage.

7—222. VACUUM PUMP DRIVE GEAR BUSHING
REPLACEMENT. Drift the bushing from the housing,
using PWA-1460 Drift. Install a new bushing, using
PWA-1648 Drift, then réam the bushing, using TAM-
3574-7 Reamer, PWWA-2284 Fixture, and PWA 1805-12
Gage: See "'Bushings and Plain: Journal Bearings;” para-
graph 7—14,

7—223. GUN SYNCHRONIZER (AN-6 Engmes only.)
If the lock plunger is damaged, replace it with a new
plunger. Make no attempt to file smooth a plunger, as
filing may reduce the plunger diameter so it will be a
loose fit in the notch. A loose fit will seriously affect the

- clearance between the cam and the roller on the cam

follower.
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Section VIII
Paragraphs 8—1 to 8—12

SECTION VIl
ASSEMBLY OF SUBASSEMBLIES

8-1. GENERAL.

8—2. To avoid unnecessary repetmon in the detailed
assembly instructions, certain general assembly methods
and procedures are described in the paragraphs which
follow. These items play an important part in efficient
engine overhaul, and the ultimate life and performance

of the engine can be seriously affected, if they are slighted -

through carelessness. or neglect.

8—3. Care should be taken to prevent dirt, dust, cotter-
pins, lockwire, nuts, washers, or other foreign material
from entering the engine. Before assembling any part,
be sure that all chlps and other foreign matter resulting
from repair operations have been cleaned from the part.
Use suitable plugs and coverings to fit all openings.
8—4. If any parts were coated with corrosion preventive
compound.in accordance with paragraph 612, all traces

of this compound and accumulated foreign matter must

be removed.. While assembling with engine or sub-
assemblies, heavlly coat these parts with a mixture of
one part Specification No. AN-VV-C-576 compound to
three (3) parts aircraft engine lubricating oil, grade
1120. Use this mixture during assembly on all internal
parts on which corrosion may occur, which includes all
bearing surfaces, cylinder bores, and plstonrmgs

8—5. A.F. personnel will use high compression and tem-
perature resisting grease conforming to Specification No.
AN-G-5, Stock No. 7500-326250 for all fiber-asbestos
gaskets subject to high compression and temperature.
8—G. When splines of any kind are to be mated they
should be pronerly lubricated. Norm Paste No. 30, or its
equivalent, is recommended for tight press fit splines,
and a lubricant conforming to Specification No. AN-G-5
or its equivalent, is-recommended for loose fit splines
such as those on accessory drives. In blind spllne cavities
not lubricated by internal oxlmg from the engine, pack
the cavity with lubricant to insure continuous lubrication
and prevent moisture pockets After splined parts have
been assembled, wipe-off any surplus lubricant.

8—7. A thin even coat'of sealing compound conforming

to Specification No. AAF-2-86-A or No. AN-G-14 should
be applied to tube plugs and threaded fittings, such as
primer fittings and oil and vent tube fittings, and to
metal-to-metal or gasketed mating surfaces. Do not use
sealing compounds on carburetor or carburetor mount-
ing surfaces, on splined areas, on parts which have
shrink or pinch fits, on metallic seal rings or oil seal
ring grooves, on crankcase mating surfaces, or on any
parts which have relative motion to each other during
engine operation. In no case should a heavy application
of a sealing compound or heavier compounds be used.
8—8. Replace all gaskets, packings, rubber parts, and
bronze oil seal rings having gaps, at every overhaul.

Revised 15 June 1953

the corrosion resisting wire and cotterpins used internally.

8—8A. When a copper-asbestos gasket i is to be mstalled
on an engine, install the gasket with the crimped or
asbestos-exposed side toward the engine.’ “This _procedure
keeps the gasket from turning-and wearing a pattern
into its sealing part while the plug is being tightened.
8-—9. The tables in Section XII should be used as a guide .
inall assembly operations involving fits, clearances, back-

lashes, spring pressures, and torques. The assembly of
tight fitting parts may be facilitated by heating the outer
part in an oil bath. If a part has been heated or cooled
prior to assembly, make sure that sufficient time has
elapsed for the temperature of the part to reach that of
the surrounding area before attempting a torque oper-
ation intended to secure the retention of the heated or
cooled part, either directly or indirectly.

8—10. When a nut is to be lockwired or cotterpmned 5
it should first be brought to its low torque limit; then the o
next castellation of the nut should be lined up with the g)
hole in the stud or bolt. If this cannot be done without =
exceeding the high torque limit, a new nut which willé
line up properly should be selected. Never reinstall used
lockwire, tablocks, cotterpins, or palnuts. Lockwire and -
cotterpins should fit snugly in their holes. Install a cot- £

" terpin so that the head fits into the castellation of the nut 3
.. and, unless otherwise specified, bend one end of the pin < <

back over the stud or bolt and the other end down flat ¢
against the nut. Only lockwire and cotterpins made of © o
corrosion resisting steel should be used. Zinc coated or <
brass wire and cotterpins may be used externally in the E
event corrosion resisting steel wire and cotterpins are not 2

1mmedlately available. No substitute is permissible for © £
=

8—11. LOCKWIRING. (Figure 8-1.)
8—12. BASIC RULES.

a. Lockwire Must Always Tend To Tighten. The wire
must be installed in such a way that it will always coun-
teract any tendency of the part to loosen. It must always
tend to tighten and keep the part locked in place.

b. Lockwire Must Never .Be Overstressed. Extreme
care must be exercised when twisting the wires together
to insure that wires are securely tightened but not stressed
to the point where they will break under a slight load.

c. Lockwire Must Be Tight When Installed: This is
most important to -prevent vibration with resultant
fatigue and failure, and also ‘to prevent the wire from
rubbing against some adjacent part, causing wear.

d. Lockwire End Must Always Be Bent Toward The
Engine. This is primarily a safety precaution to guard
against possible injury to the hands of the mechanics
working on the engine. It is also imperative that the part
or parts to be lockwires are torqued to specifications and

95



AN 02A-10AB-3

Section VIl -~

STEP 4

STEP 3

STEP 2

STEP 1

AluQ esn Bulures] Jo4 Awapeoy Yyosjolsy [euolieulaiu)

STEP 8

STEP 7

STEP 6 -

STEP 5

STEP- 10

STEP 9

EXAMPLES

Figure 8—1 -



AN 02A-10AB-3 -

the holes properly aligned before any attempt 1smade o

proceed with the lockwiring.

8—13, HOLE ALIGNMENT. Check the units to be
locked to make sure -that they have been correctly
torqued and that the wiring holes are properly positioned
in relation to each other. When there are two units, the
hole in the first unit should be between the three and the
six o’clock position and the hole in the second unit be-
“tween the nine and twelve o’clock positions (Step 1).
Positioning the holes in this manner insures that the
wiring will have a positive locking effect on the two units,
since the braid will always exert a tightening pull on both
units. Never overtorque or loosen units to obtain proper
alignment of the holes. It should be possible to align the

" wiring holes when the units are torqued within the speci.
fied limits. However, if it is impossible to obtain a proper
alignment of the holes without either over- or under-
torquing, another unit should be selected which will per-
mit proper alignment within the specified torque limits.

8—14. PROCEDURE. Hex head bolts will be used for

the purpose of describing the following general wiring
procedure:

a. Insert wire of the proper gage through the hole
which lies between the three and the six o’clock positions
on the bolt head (Step 2).

Note ;
To determine the proper wire to be used in
conjunction with a particular tightening opera-
tion, refer to the Engine Parts Catalog. The
part number of the wire is located with the
number of the part which it locks.

b. Grasp the left end of the wire with the fingers and
bend it clockwise around the head of the bolt and under
the other end of the wire (Step 3).

c. Pull the loop very tight around the head of the
bolt with the pliers. Grasp the wire only at the end in
order not to mutilaté any portion which is to be twisted.
Holding the wire ends apart and keepmg the loop tight
around the head of the first bolt, twist the wires around
each other in a clockwise direction to form the braid.
Continue twisting -the wires by hand toward the second
bolt until the end of the braid is just short of the hole
which lies between the nine and the twelve o’clock posi-
tions (Step 4).

d. Make sure that the loop around: the head of the
first bolt is still tight and in place; then grasp the wires
in the jaws of the pliers just beyond the end of the braid
and, with the braid held taut, twist in a clockwise direc-
tion until the braid is stiff (Step 5).

Note
Twisting the braid in a . clockwise direction
has the effect of secaring the loop dowa around
the head of the first bolt. The rigidity of the
stif f brair reduces vibration and resultant wear.
Do not overstress the wires by attempting to
twist the braid too tightly. )

e. After making sure that the braid is not so long that
it cannot be pulled taut between the bolts, insert the end
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of the wire which is on top through the hole between the

nine and the twelve o’clock positions on the second bolt
head. Grasp the end of this wire with the pliers and pull
the braid taut (Step 6.)

f. Bring the other end of the wire counterclockwise
around the head of the second bolt and under the wire
¢nd which protrudes from the bolt hole (Step 7).

g. Pull the. resultmg loop tight with the pliers; then,
to keep the wire in place down around the head of the
second bolt, twist the wire ends together in a counter-
clockwise direction (Step 8).

h. Grasping the ends of the wire beyond the twist with
the pliers and keeping the wires under tension, twist them
tlght in a counterclockwise direction. With the final
twisting motion of the pliers, bend the twisted wire ends
in counterclockwise around the head of the second bolt
(Step 9).

i. Cut off the excess wire at the ends with diagonal
cutters, leaving at least three full twists and avoiding
shatp or projecting ends (Step 10).

" CAUTION

Do not twist off the ends of the wires with pliers.

8—15. BASIC EXAMPLES. Many separate wiring
operations are required, most of which are covered by the
seven basic examples illustrated:

a. Examples 1 and 5 illustrate the proper method of
wiring bolts, screws, square head plugs, and similar parts
which are wired in_pairs.

b. Example 2 illustrates the proper method of wiring
a bolt or similar part to a castle or slotted nut.

¢. Example 3 shows how to wire three or more units
together.

d. Example 4 illustrates the proper method of wiring
studs and castle nuts together.

e. Examples 6 and 7 illustrate the proper method of . S
wiring a screw, bolt, or plug to a fixed point, such as a
lug.

#—16. SUPERCHARGER SECTION.

8—17. SUPERCHARGER CASE. Crank the bed of
TAM-1161 Engine Stand to a horizontal position and
place the supercharger case, front face up, on Part No.
TC-51259 Mounting Plate. Attach the case to the mount-
ing plate with four bolts, washers, and nuts,

8—18. IMPELLER INTERMEDIATE DRIVE GEAR.
Install the large ball bearing on the intermediate drive
gear, thrust side facing outward. Insert the intermediate
drive gear shaft through the bore in the supercharger
case from the front side of the case. Using a suitable drift
and a mallet, install the impeller intermediate drive gear
rear bearing inner liner into the rear bearing, with the
thrust side of the bearing opposite the flange end of the
liner. Drift the rear bearing and liner onto the shaft,
thrust side up, and screw the retaining nut finger tight on
the shaft.

8-19. FLOATING GEAR.

8—20. Install the floating gear inner race on the super-
charger front bearing cover, making sure the dowel on
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Figore 8—42

Figure 8-3 -

the cover engages the notch in the inner race. Install and
attach the cover in the supercharger case. Insert the
needles in posmon in the floating gear, using heavy oil
- to keep them in place. There are 79 of these needles and,
when ' installed, there should still be a space equal to
slightly less than an additional needle.

8—21. Place the rear thrust cover, bevel slde down, over

. the front of the cover. Install the floating gear. Next -

install the front thrust spacer with the bevel side up, the
tablock, and the foating gear retaining nut which has
a LEFT HAND thread. Lock the impeller intermediate
drive and floating gears with PWA-338 Holder. Tighten
the floating gear retaining nut, using PW A-345 Wrench.
8—22. Check ‘the end clearance between the floating
- gear and the rear thrust spacer. See reference 619, Sec-
‘tion XII. If the clearance is excessive, the use of selective
thrust spacers should bring the clearance within the
_ specified limits. If the clearance is insufficient, grind the
necessary amount from ‘the rear face of the gear.

98.

AN 02A-10AB-3

ngure 84

. 8~23, Turn the supercharger case over and tap the in-
termediate drive gear rear bearing with a fiber. drift to

insure that it is seating properly; then'tighten the in-
termediate drive gear nut, and lock it with a cotterpm.

8—24. IMPELLER SHAFT

8—25. Install the front bearmg on’ the 1mpeller shaft
with the thrust side in position . (Flgure 8—2). Install
the nut, and secure it with a locking pin. Remove the

‘floating gear locknut and lock and place the impeller

shaft in the bearing cage from the front of the super-
charger case. Install the two rear bearings on the bearing

'shaft (Figure 8—2).

- Note

Navy Personnel should. replace. the: three im-
peller shaft bearings at every overhaul, using
new bearings. - Inspect all bearings removed
and if satisfactory, hold in stock for use in the
impeller mtermedxate drive gear location.

8—26. Assemble the baffle and closure over the rear
bearing. Determine the pinch fit of the supercharger
bearing by placing a straightedge on the rear surface of
the ‘closure and measuring the clearance between the
straightedge and the surface of the supercharger. section
where’ the supercharger bearing cover rests. This clear-
arice should be .002 inch to .003 inch: Adjustment may
be made by grinding the closure, or by selecting a new

. thicker closure.

8—27. Temporanly assemble the supercharger bearmg
cover gasket, impeller shaft spacer and supercharger
bearing cover. In. the event the impeller and shaft

assembly was rebalanced in overhaul install the impeller.

on the shaft mating the “X” marked spline on the shaft
with the two “X” marked splines on the impeller. New
or unreworked assemblies are not “X” marked. If nec-
essary, use PWA-1882 Pusher to install the impeller on
the shaft. Install and tighten the 1mpeller locknut which
has a 'LEFT HAND thread, using PWA-338 Holder

‘and PWA 1269 Wrench: - :
8—28. Measure the clearance between the front face of

the impeller and the rear face of the supercharger case

(Figure 8—3). See reference 640, Section XII. Adjust-
‘ment ‘may be made by grmdmg the - unpeller shaft

spacer or by selecting a new spacer.

Revised 15 May 1951
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" Note
If a spacer has been ground, reinstall it on the
shaft and check it with a dial indicator to
ascertain if it is running true within .001 inch
FIR. Try the spacer at various.positions on
the shaft until this condition is obtained.

8—29 Check the end clearance of the impeller shaft and
hearing assembly (Figure 8—4). An end play of .010
inch with new bearings is permissible; if the play ex-
ceeds this limit, select different hearings.
8—30. Remove the impeller locknut and pull the im-
peller from the shaft with PWA-51 Puller.
8—31. Tighten the screws in the supercharger bearing
‘cover. Use a feeler gage to check the clearance between
‘the supercharger bearing cover-and the impeller shaft
spacer. Lockwire the supercharger bearing cover screws
(Figure 8—5).

8—32. Install the inipeller, usmg PWA-1882 Pusher In-
stall the locknut and tighten it with PWA-1269 Wrench
and lock it with a lockpin, using PWA-1558 Riveter.

8—33. SUPERCHARGER SECTION PLATES. Attach

the supercharger section plates to the supercharger case.
Lockwire the screws in the plates.

8—34, OIL PRESSURE TUBE. Insert one end of the
tube in its aperture in the supercharger case. Attach the

bracket on the end of the tube to the case with two»

- screws. Lockwire the screws (Figure 8—G).

8—35. BREATHER. Place a rubber seal under the
breather body in the supercharger case. Tighten the body
in the case with PWA-3482 Wrench. Place a gasket on
the breather body and install the breather tube. Secure
the breather tube with a screw and lockwire the screw.
8—36. Coat the left breather plug with thread compound
conforming to Specification No. '3500-A. Place a rubber

seal on the plug Install and nghten the plug, using PWAV :

2373 Wrench.
—37 INTAKE PORT PROTECTORS. Install PWA-

3800 Protectors in the mtake pipe ports in the super-

cha.rger case.

8-38. REAR SECTION.

8—39. ASSEMBLY OF REAR CASE TO SUPER-
CHARGER CASE.

8—40. Apply a thin coating of Fairpreeri Neoprene Ce-

ment No. 5128 to the O.D. of the starter and magneto

drive bushings. Apply this coating from the base of the

bushing to approximately 1/2 inch from the end.

8—41, Fit a new gasket on the parting surface of the
supercharger case, and assemble the rear case to the
supercharger case. Be careful to -align the cases to pre-
vent damage to the oil pressure tube and the drive shaft
bushings. It may be necessary to tap the rear case with a
fiber drift at the magneto and starter shaft bushings. Se-
cure the cases with washers and nuts, Tlghten the nuts to
the required torque.

Section VI
Paragraphs 8-—-28 to 8—46

Figuré 86

8—42. PLUGS.

8—43. Install the connection constant speed control plug
and gasket. Install the allen plugs in the rear case, using
a 1/8 inch allen wrench and tighten with an allen socket
and ratchet.

8—44. Install the small squarehead oil plugs, using a
1/8 inch-box wrench, Install a wooden cover over the
carburetor mounting flange and secure it with two
washers and two nuts, Install the plugs beneath the
magneto drives. Install any other plugs which may
have been removed from the rear section during dis-
assembly.

8—45. STARTER SHAFT AND GEAR.

8—46. Assemble the starter shaft spacer, bevel side

against the radius on the shaft. Press the bearing into

position on the shaft.

99
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- Figure 8-7

8—47. Insert the starter, gear through i% bushings from
the forward face of the supercharger case (Figure 8—7).
If necessary, tap the gear with a fiber drift to drive the

will not push ‘out of the supercharger case. Install the
starter jaw washer and nut and tlghten the out with a
3/4 inch socket wrench.

848, Use a feeler gage to check the clearance between
the starter jaw and the face of the starter gear bushing.
See reference 611, Section XIL Ordinarily this clearance
will not be excessive unless all new parts have been in-
stalled or unless a gasket of abnormal thickness has been
used between the supercharger and rear. cases. If less
than the minimum clearance is found with the ongmal
* parts installed, check to see that the bushmg is prop-
erly seated in the rear case.

8—49. If the desired clearance is not obtained, install a
thlcker starter gear spacer or geind the original spacer.

. 8—50. GENERATOR DRIVE GEAR ASSEMBLY.

8—51: Use a depth micrometer to measure the depth of
the ball bearing boss in the -housing of single bearing
assemblies or the bosses in double bearing assemblies.

Use an outside micrometer to measure the width of the
bearings. If the width of the bearing is less than the ~

depth of the boss, lap the inner face of the support
housmg to obtain the proper fit.

8-52. On single bearing assemblies, use an arbor press
‘to install the bearing on the gear shaft. Install the gear
and bearing assembly in the housing. Install the washer
and spanner nut, which has a LEFT HAND thread,
using PWA-174 Wrench. Cotterpin the nut.
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Figure 8—8

8—53. On double bearing assemblies (Figure 8—8),
hold the drive gear with PWA-4635 Fixture and drift the
inner bearing in the shaft, using PWA-4636 Drift. In-
stall the spacer on the gear shaft and install the gear and
inner bearing in the housing, using PWA-4637 Drift.
With the assembly held with PW.A-4635 Fixture, install
the outer bearing in the housing, using PWA-4636 Drift.
Install the washer and spanner nut, which has a LEFT
HAND thread, using PWA-174 Wrench. Cotterpin the
nut. Shellac a new Part No. 50681 cork and install it in
the gear shaft, using an arbor press and a drift. Install

the cork from the anti-spline end-of the shaft 1.750 to -

2.250 inch from the rear face of the cork to the end of
the spline.

' 8—54. Place the Suppbn' and gear assembly, top side
down, over the four generator assembly studs on the top

of the rear case. Install the drive gear retainer plate and
secure it in place with four screws. Lockwire the screws.

8—55. Install the generator drive assembly in position
in the rear section. A rubber oil seal is required between

. the flange of the generator bearing housing and the

mounting pad of the rear section.

8—56. Check the backlash between the generator drive
gear and the starter jaw gear using a dial indicator and
PWA-2003 Arbor. See reference 605, Section XII First
check the backlash with the searter jaw pushed as far
forward as possible and again with the starter jaw con-
tacting the flange of the starter shaft rear case bushing.
In the forward position the backlash should not be less
than the minimum specified, while in the rear position,
the backlash should not exceed the replacement limit.
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Figure 8-9

8—57. Tighten the four nuts on the generator drive
cover and lockwire the nuts.

8—58. Install the starter drive cover and gasket and
secure it in place with six 3/8 inch self-locking nuts.

8—59. VERTICAL ACCESSORY DRIVE GEARS. ‘

8—60. To assemble the right vertical accessory drive
gear and shaft, install the adapter on top of the shaft
housing with the flanged side down. Temporarily secure
the adapter with two washers'and a nut.

8—G1. Press the shaft bearing into the cover liner with
the manufacturer’s number on the bearing upward. Push
the drive shaft and gear upward through the oil pump
housing. Hold the shaft in place with PWA-2005 Stop
through the magneto drive shaft housing. Press the cover
liner and bearing over the end of the shaft (Figure 8—9).
Install the bevel gear on the end of the shaft and secure
it in place with a washer and nut. Tighten the nut finger
tight.

8—G62. Install the left vertical accessory drive gear and
shaft upward through the fuel pump housing. Mount the
cover liner, with the bearing installed, over the shaft.
Install the spacer; washer and nut on the shaft. Tighten
the nut finger tight. '

8—63. If an accessory is to be installed, substitute a gear
for the spacer on the upper end of the shaft.

8—64. TACHOMETER DRIVES.

8—65. Install new oil seals in the outer couplings of the
left and right tachometer drive gears, using PWA-1462
Drift. Place the inner and outer couplings on the shaft
of the tachometer drive gears. Place a gasket on the face
of each inner coupling and install the tachometer drive
assemblies in the right and left sides of the rear case.
Mesh the tachometer drive gears with the worm gears on
the vertical accessory drive shafts.

301242 0—54——3S8

Figure 8-10

Note

It is important to install each tachometer drive
coupling on its. particular side of the engine.
Each coupling has a spiral oil groove in its bore
to provide a return for the oil which leaks past
the bushing. If a coupling is installed on the
wrong side, this groove will assist oil leakage
rather than prevent it.

g use Only

8—66. Use a dial indicator to check the end clearance
of each tachometer drive gear. See reference 659, Section®
XII. If the end clearance is insufficient, lap the inner fac'e;
of the inner coupling. If the end clearance is excessive,
replace the inner coupling.

emy*

8—67. Lockwire the tachometer drive assembly retainingg?

screws (Figure 8—10). Install a gasket in each outer
coupling cap and screw the caps onto the couplingsg

8—G8. MAGNETO DRIVE GEARS AND SHAFTS
AND ACCESSORY INTERMEDIATE =<
DRIVE GEARS. _

8—69. Hold the right accessory intermediate drive gear
against the face of the corresponding magneto drive geas’
shaft rear bushing. Insert the right magneto drive gear
from the front face of the supercharger section, through
the bushings and through the accessory intermediate
drive gear. Align the keyways in the accessory inter-
mediate drive gear and the magneto drive shaft and in-
stall the keys with a brass drift and a hammer. Assemble
the left magneto drive gear and shaft and the left
accessory "intermediate drive gear in the same manner.

tiona

8—70. Tighten the nut on the upper end of both vertical
accessory drive gears. Use a dial indicator to check the
end clearance of each magneto drive gear. See reference
664, Section XII, If the clearance is insufficient, face off
the flange of the magneto drive gear shaft front bushing,
using PWA-55 Facer. If the end clearance is excessive,
replace the magneto drive gear shaft bushing according
to the instructions in Figure 7—4.

8—71. Use a dial indicator having a right angle attach-
ment to check the backlash between the right and left
accessory intermediate drive gear and the corresponding

°

101



. Section VIl
Puragraphs 871 10 8-79

V Figure 811

—vertical accessory drive gear (Figure 8—11). See ref-
erence 672, Section XII. If the backlash is insufficient,
face off the flange of the magneto drive gear shaft front
bushing, using PWA-55 Facer. If the backlash is excessive,
replace the magneto drive gear shaft bushmg according
to the instructions in Figure 7—6.

8—72. Cotterpin the nuts on the vertical drive gear and

" AN 02A-10AB-3

shafes. Install a cap on each vertical drive gear and shaft

housing. Secure the caps with washers and nuts. Lockwire

_the nuts.

8—73. GUN SYNCHRONIZER (AN-G Engines Only).

8—74. Press the lower ball bearing on the cam and gear
shaft; then fit the upper ball beanng in the bearing re-

tainer and insert the cam follower in the hole of the .

retainer. Press the upper ball bearing onto the cam and
gear shaft. Secure the ball bearings and retainer on the
shaft; then install the cam follower, cam and gear shaft,
and bearings and beanng retamer in the housing as a
unit.

8—75. Place laminated shims over the gun synchronizer
cover. mounting flange and housing and fasten the cover

in posmon with. four screws. Screw the lock plunger in’
“the covet, insuring that it seats properly in the notch of
- the cam follower.

8—76. Coat the gun synchronizer mounting pad with
shellac; then fasten the gun synchronizer to its mounting
pad with washers dnd nuts. Lockwire the nuts.
8—77. Make certain that the bevel gear in the syn-
chronizer is properly meshed with the gun control gear.
Check the backlash with the gun control gear. See refer-

- ence 729, Section XII.

8—78. OIL PUMP. (Figure 8—12).

8—79. Insert the drive gear shaft through the end plate
of the oil pump (Figure 8-13). Fit the key in the keyway
of the drive shaft and assemble the large gear on the
shaft. Place the idler gear and shaft in the end plate.
Install the large scavenge section over the drive and idler

PRESSURE
GEARS

SMALL SCAVENGE ~
SECTION SECTION VENGE  GeaRS

OIL SEAL RING

SMALL SCAVENG
GEARS €

shafts and fit it fo the end plate.

LARGE SCAVENGE
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Section VIII
Paragraphs 8—80 to 8—89

e
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8—84. Fit a new gasket over the mounting flange on theo
- (]

Figure 8—15

8—80. Insert new leather packings in the shaft holes of
the small scavenge section, and install the section over
the shaft, making sure the shafts do not bind in the
packings. Fit the key in the keyways of the drive gear
shaft and assemble the drive and idler gears on their
respective shafts (Figure 8—14). Install the cover or
pressure section of the pump over the drive and idler
shafts and fit it to the scavenge section (Figure 8—15).

Figure 8—16

8—81. Insert the two loose fitting bolts and install and
tighten the nuts finger tight. Insert the two tight fitting
bolts; then tighten all four nuts securely. Lockwire -the
nuts (Figure 8—16). '

8—82. Do not tighten the through bolts excessively as=
the pump sections will be distorted and bind on the%
gears. The gears will turn freely by hand if the pump is 3
correctly assembled. : ' _
8—83. Install the oil seal rings in position on the O.D.:
of the pump body and check the side clearance of the
rings. See reference.750, Section XII. If the side clearance
is insufficient, grind the rings on a surface grinder.

raining

emy For T

oil pump housing. Install the oil pump in the rear case, 2
engaging the drive gear with the accessory intermediate 5
drive gear. Attach the pump to the rear case with washers £
and nuts. : _ 3
8—85. Use a dial indicator to check the backlash between
the oil pump drive gear and the accessory intermediate 2
drive gear. See reference 697, Section XII. Adjustment &
of the backlash may be made by installing a thicker or
thinner gasket under the pump housing. If a new gasket
does not bring the backlash within the specified limits,
adjustment may be made by facing off the magneto drive
gear shaft front bushing, using PWA-55 Facer or by re-
placing the same bushing according to the instructions
in figure 7—6.

8—86. The backlash of the accessory drive gear will be
affected by a change in the magnetc drive gear shaft
bushing; therefore, recheck the accessory drive gear
backlash.

8—87. FUEL PUMP DRIVE.

8—88. Install a new oil seal in the fuel pump drive
adapter, using PWA-2285 Drift. Install the fuel pump
drive gear in the adapter.

8—89. Place a gasket on the face of the adapter and
install the adapter on the rear case, engaging the fuel
pump drive gear with the left accessory intermediate
drive gear. Attach the adapter to the rear case with
washers and nuts.

nal Ae
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. Figure 8~17

'8—90. Use a dial indicator and PWA-2127 Arbor to
-check the backlash between the fuel pump drive gear and
the left accessory intermediate drive gear ( Flgure 8—17).
See reference 674, Section XII. As described in the pre-
. ceding paragraph for the oil pump, adjustment may be

made by facing the magneto drive gear shaft front bush-

ing or by replacing the same bushing. Install the cover on
the adapter with washers and nuts. Lockwire the nuts
(Figure 8—18).

8—91. VACUUM PUMP DRIVE GEAR.

AN 02A-10AB-3

Flgure 8=18 -

8-92. Install a new oil seal in the vacuum pump drive

- housing, using PWA-1415 Drift. Place the spacer on the

drive gear shaft and, using PWA-3094 Guide, install the

gear in the housing. Place the proper gasket (Figure 8—

19) over the mounting flange of the vacuum pump drive
adapter, and install the housing in the rear case. Use a
dial indicator and PWA-1443 Arbor to check the back-
lash between the vacuum pump drive gear and the fuel
pump drive gear. See reference 741, Section XII.

8—93. Adjustment to the backlash may be made by in-
stalling a thicker or thinner gasket between. the vacuum

pump drive housing and the rear case. If changing the

gasket does not bring the backlash within the specified
limits, the drive shaft spacer may be ground or a thicker

"spacer may be installed. Install the proper gasket and the

vacuum pump or cover and secure it with washers and
nuts. Lockwire the nuts in pairs,

1A
8 HOLES

INSTALL ONLY BETWEEN REAR
SECTION AND VACUUM PUMP DRIVE
HOUSING.

3
/ig 8 HOLES
an

(4

—od-0i5% 005

O

- O
Q°
INSTALL ONLY BETWEEN: VACUUM

_PUMP DRIVE HOUSING AND VACUUM
' PUMP (OR COVER).

Figure 8—19
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» Section VIl
Paragraphs -8—94 to 8—106

Figure 8—20

8-94. MAGNETO COUPLING DRIVE GEARS.

8—95. Assemble a new seal in the seal housing. using
" PWA-4153 Drift and Base. Install the seal housing in
the magneto drive location in the rear case and secure

with 3 bolts and washers, leaving out the fourth bolt.

8—96. Install the magneto drive coupling and secure
with a coupling screw using PWA-789 Wrench.

- 8=97. Insert a cotterpin through the flange and the
coupling screw. Install the fourth washer and bolt. Lock-
wire the bolts.

8—98. OIL PRESSURE RELIEF VALVE. Install the
valve seat in the rear case, using PWA-671 Wrench. In-
sert the plunger and spring into. the oil pressure relief
valve body. Fit a new gasket under the flange on the oil
pressure relief valve body and screw the body into the
rear case. Install a gasket and screw the acorn shaped cap
on the outer end of the relief valve body. Lockwire the
cap to the adjacent squarehead plug (Figure 8—20). Do
not disturb the setting of the adjustment screw. .

~ 8—99.CARBURETOR ADAPTER. Attach the carbu-

_retor adapter to the rear case with washers, nuts and
lockwire. '

8—100. BREATHER. Install the swivel breather sup-
ports on the rear case. Tighten the supports with
PWA-2318 Wrench. Push the swivels onto the supports
with the bulge surface out. Install the gaskets and nuts.
Tighten and lockwire the nuts (Figure 8—21).

8—101. INTAKE DUCT VIEW PORT. Install the m

take duct view port plug and cover in position in the
rear case. Lockwire the plug.

8—102. OIL SCREEN AND CHECK VALVE. Insert
the check valve assembly, oil seal and oil screen into the
chamber in the rear case. Install the cover and gasket.
Tighten the cover with PWA-228 Wrench. Lockwire the
cover (Figure 8—22).

8—103. OIL OUTLET TEMPERATURE BULB CON-
NECTION. Install the connection and gasket on the

Revised 1 December 1951
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Figure 8—23

lower right side of the rear case. Lockwire the connec-

tion (Figure 8—23). ’

8-104. CRANKSHAFT AND MASTEROD
ASSEMBLIES.

8—105. MASTEROD AND LINKRODS.

8—106. Check the engine mating numbers of the maste-
rod assembly. Check the size marking of each linkpin as
compared with the size marking of the corresponding

105
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Figure 8—26

106

linkpin hole. Set the linkrods on a bench with the rear
side up, left to right, in the following sequence: 4, 3,2, 1,
9, 8, 7, and 6. Wipe the masterod, linkrods and linkpins
dry with a clean, lint-free cloth.. :

8—107. Place the masterod, front face down in PWA-
296 Fixture equipped with PWA-2557 Fixture. Place the

linkrods in position in the masterod. Install PWA-992 .

Wedge between the flanges of the masterod to prevent
their distortion during the pressing operation. Apply a
generous coating of oil to the linkpins and set each pin
in the proper position in the masterod. Align the slot in
the linkpin with the projecting tongue of PW A-2557 Fix-
ture. Plsce the “L” head plunger of PWA-296 Fixture
through the center guide holes of both fixtures and, in
conjunction with PWA-2674 Drift, bring the plunger

down to press in the linkpin. (Figure 8—24). Rotate the .

plunger to the next linkpin, and change the position of
PWA-992 Wedge until all the pins are assembled;

" 8—108.. LINKPIN LOCKING BARS.

8—109. Remove the masterod assembly from the fixture
and install the locking bars on the rear of the linkpins.
The locking bars are marked with the position numbers

" of the two.adjacent linkpins. Secure the locking bars with

the two fillister-head screws and lockwire the screws
(Figure 8-25). ‘ :

8—110. If the locking bar does not fit properly, replace
it with a°new bar. New bars are furnished oversized and
must be filed down to a sap fit between the flat shoulders
of the adjacent linkpins. Use a small square frequently
during the filing operation to insure that the.filed sur-
face is square. After filing to the desired fit, bevel the
lower corners of the bar to make clearance for the fillets

*. on the linkpins. Remove any filings which may be cling-

ing-to the bar and etch the bar with the numbers of the
two pins it holds in place.

8—111. CRANKSHAFT PLUG. Install the plug in the
crankshaft, using PWA-3061 Drift. Install the ssandpipe
in the crankshaft and through the plug, then flare over
the end of the standpipe. Install the threaded plug and

gasket, using PWA-2366 Wrench to tighten the plug.

8—112. CRANKSHAFT FRONT SECTION.

8—113. Mount the splined end of the crankshaft front
section in TAM-206 Fixture equipped with PWA-1919-2

~ Adapter. : ,
8—114. Screw the crankshaft front plug in place on the

rear face of the crankshaft front throw. Use PW A-1647
Wrench to tighten.the plug. If the plug has been previ-
ously used in.the same opening, tighten. it beyond the
previous staking point. Use a punch and a light hammer
to stake the plug in the crankshaft.

8—115. Leave the crankshaft front section in the fixture
until the crankshaft rear $ection has been assembled.

8—116. SUPERCHARGER SPRING DRIVE BOLT.. In-

‘stall the supercharger spring drive bolt from the front

side of the crankshaft rear section. Use PWA-1195
Wrench to tighten the bolt in the crankshaft.

. 8—117. FLYWEIGHTS.
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8—118. Place the counterweight on a bench with the

rear side up. Coat the flyweight mating surfaces with

white lead and oil. Match the mating numbers of the

flyweight outer and inner sections. Install the outer fly-

weights from the rear of the counterweight.

8—119. Turn the counterweight on its edge and press

. the inner halves of the flyweights on by hand (Figure 8—
26). If the flyweight does not fit together easily, rest
the outer cage of the counterweight on a-bench and tap

- the flyweight lightly with a rawhide mallet. Screw the
shaft of PWA-1067 Puller through the outer flyweight ]
into the internal threads of the inner flyweight. Hold ~N
the end of the shaft with 2 suitable. wrench, and press
the flyweights together by turning the knurled handle.
8—120.. Apply a coating-of ‘white lead and oil to the
flyweight: bolt expanding plugs. Use an allen wrench to

" screw the expander plugs into the flyweight bolts several
times to make sure they turn freely; then leave the plugs
loose in the bolts. Install the bolts on the bevel side of -
the flyweights and screw the flyweight bolts in snugly by
hand (Figure 8—27). Install TAM-1773 Wrench over
one flyweight. Use a 1/2 inch bar to turn the wrench and
screw the flyweight bolt all the way in. Repeat the pro-
cedure to install the second flyweight. :
8—121. Tighten the expander plugs in the flyweight
bolts with a 1/4 inch allen plug wrench while holding the
head of the flyweight bolt with a 1-1/4 inch hex wrench.
The expander plug is sufficiently tight when it is even
with the flyweight (Figure 8—28). :
8—122. Measure and record the length of the flyweight
bolt, using an outside micrometer. Use TAM-1773
Wrench with PWA-2238 Torque Wrench to torque the
flyweight bolt to approximately 1300 inch pounds. Meas-
ure the flyweight bolt stretch. The recommended fly-
weigl:t bolt stretch is .001 to .0015 inch. ,
8—123. Torque the expander plugs to 220 to 225 inch
pounds, using an allen wrench with a long handle and
PWA-2239 Wrench. The expander plug should in no.
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case project more than 1-1/2 threads.

nternationa

8~124. Check the end clearance of the assembled fly-

weights with a feeler ‘gage. See reference 333, Section -
XIL S

8—125. ASSEMBLY OF CRANKSHAFT REAR ;,;::«:\\\\\\Q\\\\
SECTION TO FRONT SECTION. = AN

8—126. With the crankshaft front section secured in the
holdisig fixture, apply a coating of oil to the crankpin '
and masterod bearing. Install the masterod assembly in
lace on the crankpin with the linkpin locking bars fac-
ing the operator. ‘
8—127. Screw the. rod of PWA-2422 Pusher in the
crankshaft bolt hole in the crankshaft front section.
8—128. Apply white lead sparingly on the inside of the
crankshaft rear section and on the crankshaft front sec-
tion splines. Do not apply so much white lead that it
will be forced out onto the crankpin and masterod bear-
ing when the crankshaft rear section is installed. '
8—129, Thread the crankshaft rear section over the
pusher bar (Figure 8—29) and engage the ends of -the Figure 8—29

S TN
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Figure 8-30

 crankshaft splines so that the two sections of the crank-"

shaft are properly aligned. Tap the crankshaft rear sec-
tion with a mallet to engage the two splines. -

8—130. Push the fam unit up against the crankshaft
rear section with the butt in.the bolt hole recess, and
- tighten the pusher bar nut shugly against the ram sup-
port. Apply pressure with. PWA-3755 Pump and force

Figure 831

the two sections of the crankshaft together (Flgure 8—.

30). Remove the pusher from the crankshaft.
8—131 Apply oil or white lead and oil to the crank-

shaft through bolt and screw the bolt iato the shaft.

Measure and record the length of the bolt, usmg ball-
ends and a 7 inch ouwide micrometer (Figure 8-31).

Alternately tighten and gage the bolt, using the microm-.

eter, ball ends, and PWA-1914 Wrench until the bolt is
stretched .009 inch to 011 inch. While tightening the
through bolt, line up the cotterpin hole. Fit the cotter pin
through the holes in the bolt and the crankshaft rear
cheek and anchor the cotterpin in place.

'8—132. In the event the cotterpin holes cannot be lined

up within the prescribed through bolt stretch, it may be
necessary to drill a new hole in the bolt to accommodate

the pin, but not more than three holes should be drilled:
_in a crankshaft through bolt head and these holes should
be logically spaced.

8—133. Use a feeler gage to check the end clearance of
the masterod bearing. See reference 314, Section XII. If
the clearance is insufficient, disassemble and grind the

_ flanged end of the bearing. If the clwance is excessive,

replace the bearing.

8—134. REAR MAIN BEARING.

8—135. Apply oil to the inside surface of the rear main
bearing inner race and to the seatmg surface on the
crankshaft.

8—136. Install the front half of the rear main bearing
inner race, using PWA-268 Pusher (Figure 8—32); then
install the rear section of the inner race. Install the roll.

- ers and  the bearing outer race.

8—137. In‘the event the inner race pusher is not avail-

‘able, heat the inner race in an oil bath to l75° to 204°C

(347° to 400°F) for 3 minutes. Allow the race to drain
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and install it on the crankshaft, using lint-free asbestos
gloves.

8—138. CRANKSHAFT REAR GEAR.

8—139. Use a depth micrometer to measure the distance
from the rear face of the rear main bearing inner race
_to the bottom of the lug slots in the crankshaft. Measure
the height of the lugs on the crankshaft rear gear. The
depth of the slots should be .002 inch to .004 inch
greater than the height of the lugs. If the distance is
not within the limits, grind the lugs to obtain the proper
-dimensions.

' 8—140. Align the “O" markmgs on the gear and crank-
shaft and install the gear on the crankshaft. It may be
neée-ssary to tap the gear with a fiber drift in order to

install it. Recheck the clearance between the gear and the:

crankshaft, using a feeler gage. If the clearance is insuf-
y ficient, grind the lugs on the gear. Secure the gear to
the crankshaft with four screws.

8—141. IMPELLER SPRING DRIVE COUPLING.
Place the buttons arid springs in place in the fixed spider
of the impeller spring drive coupling, using PWA-2792

Compressor. Install the friction band on the floating:

spider and insert the floating spider in the crankshaft
rear gear. Drift the fixed spider into place. Make certain
that the fixed and floating splders are properly aligned
so as not to damage the springs in the fixed spider.
Secure the spiders in position with the washer and nut.
Cotterpin the nut.

8—142. FRONT MAIN BEARING.

8~143. Withdraw the .crankshaft assembly from the
holding fixture and place it on a bench. Apply oil to the
front main bearing inner race and to the seating surface
on the crankshaft.

8—144. Install the rear section of the front main bear-
ing inner race on the crankshaft, using PWA-79 Sleeve;
then install the front section of the inner race. Install the
rollers and the outer race.

8—145. In the event an assembly sleeve is not available,
heat the inner race in an oil bath 175° to 204°C (347°
to 400°F) for 3 minutes. Allow the race to drain; then
install it on the crankshaft, using lint-free asbestos gloves.

8-146. CRANKCASE SECTION.

8—147. CRANKCASE REAR SECTION.

8—148. Crank the bed of the engine stand until the
front face of the supercharger case is up. Fit a rubber
oil seal in the groove in the parting surface of the super-
charger case. Apply a coating of oil to the gears in the

- supercharger section.

8—149. Place washers and lifting links on the two
longer crankcase through bolts, and install the bolts in
the crankcase rear section on either side of the No. 1
cylinder pad.

8—150. Place washers on the remaining crankcase
through bolts and install the bolts in the crankcase.
Place a ribber band around the protruding bolts in the
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‘between Nos. 5 and 6 cylinder pads:

Section VIII
Paragraphs 8—137 to 8-152

Figure 8—32 :
crankcase to prevent their dropping from the case.l
Install a rubber oil seal around the oil transfer ferrulec
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8—151. Mount the crankcase rear section on the super<
charger section, being careful not to damage the oil:
transfer tube. Attach the crankcase rear section to theS
supercharger section with washers and nuts. Install each;
washer with the radius adjacent to the counterbore 1m

“the crankcase. Do not install washers and nuts on studs-

No. 1 and 5 clockwise and 4 and 7 counterclockwise

‘from the sump mounting pad. The ignition manifold

will .be attached to these studs during final assembly
before the -nuts are installed. Install palnuts on the
crankcase rear section studs.

8—152. ASSEMBLY OF CRANKSHAFT AND MAS-
TEROD ASSEMBLY TO ENGINE. Oil the impeller
spring drive coupling and the crankshaft rear gear.
Attach PWA-520 Eye to the front end of the crankshaft,
and in conjunction with PWA-2388 Hook and a chain
hoist, lower the crankshaft and masterod assembly into
the crankcase rear section. Fit the crankshaft rear main
bearing through the crankcase bore, engaging the crank-
shaft rear gear with the starter gear and theé magneto
drive gears and the impeller spring drive coupling with
the floating gear. Be certain that the masterod fits in the
opening. for the No. 5 cylinder and the 8 linkrods fit
into the openings for their respective cylinders. Install
PW A-2488 Supports over the masterod and each link-
rod. Pull the No. 1 linkrod to its full outward position.
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Section VIII :
Paragraphs 8—153 to 8-167

8—153. CRANKCASE FRONT SECTION.

8—154. Temporarily install the cam reduction gear lock-
. nut on the cam reduction gear to make sure that the nut
seats properly on the gear. Remove the nut and install
the gear in is bushing. Reinstall the nut on the gear and
tighten it with TAM-255 Wrench in conjunction with
" PWA-248 Holder (Figure 8—33). Check the clearance
between the nut and the bushing. See reference 310, Sec-

tion XII. If the clearance is-insufficient, face off the bush-.

ing with PWA-62 Facer. When the: clearance is satis-
factory, tighten and cotterpin the nut in the gear.
8—155. Remove the lifting eye from the front end of
the crankshaft. Lower the crankcase front section, in a
. level position, over the crankshaft to the parsing surface
" of the crankcase rear section.

8—156. It may be necessary ,-to'tap the‘ crankcase front
section downward with a fiber drift.

8—157. Being careful not to piy against the supercharger‘

case, force the crankcase bolts up through their respective
holes in'the crankcase. Secure the bolts in position with
washers and nuts, making sure that each washer is in-
stalled with i% radius next to the counterbore in the
crankcase. Install the special crankcase bolt and washer

in thé recess between Nos, 5 and 6 cylinder mounting"

pad. Tighten the bolt nuts to the recommended torque;
then cotterpin the nuts.

' 8-158. CAM DRIVE GEAR. :

. 8—159. Check the fit of the cam drive gear key in the
keyway in the crankshaft. See reference 3, Section XII.
If the clearance is insufficient, grind down the key in a
-surface grinder, or select a new key.

8—160. Insert the key in the keyway, using a brass dnft
and a hammer.

8—161. Install the cam drive gear ring on the cam drive
gear, using an arbor press and PWA-3215 Drift and

Base. Place the cam drive gear over the crankshaft, align-

ing the key and keyway. Mesb the cam drive gear and the
cam reduction' gear so that the marked tooth of the cam

reduction gear falls between the two marked teeth of the -

cam drive gear.
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CAUTION

The No. 1 linkrod should still be in its full out-
ward position. Do not turn the crankshaft until
after the cam is installed. :

8—-162. CAM OIL FEED BRACKET. Center the float-

ing rings in the cam oil feed bracket. Place the cam oil
feed bracket over the crankshaft, and install a gasket
under the oil feed tube bracket. Attach the oil feed tube
and the cam oil feed bracket to the crankecase front sec-
tion with fillister head screws. Lockwne the screws (Flg-

_ure 8—34).

8—163. CAM AND CRANKSHAFT FRONT

OIL SEAL RING' CARRIER.. -
8—164. Make sure that the floating rings in the cam oil
feed bracket are properly centered. Oil the bore of the
cam, and place the cam over the end of the crankshaft and
seat it on the sleeve of the cam drive gear.

8—165. The two marked teeth on the cam rim must en-

gage with the marked tooth on the pinion of the cam
reduction gear while No. 1 linkrod is at top dead center
position (Figure 8—35).

8—166. Install the.two oil seal rings on the front oil

seal ring carrier. Use a feeler gage to check the side

clearance and gap clearance of each ring. See references
13 and 14, Section XII. Adjust the clearances 1o conform
to the specified limits. -

8—167. Oil the bore of the ring carsier and install the
ring carrier over the crankshaft so that it seats on top of
the cam drive gear sleeve. Temporarily install .the oil
slinger and the thrust bearing nut on the crankshaft.
Check the clearance between the bottom of the oil seal
ring carrier and the top of the cam drum, using. a feeler
gage (Figure 8—36). See reference 9, Section XII. Ad-

justment of the clearance may be made by grinding the’

cam drive gear ring or by installing a thicker ring. Re-
move the oil slinger and the thrust bearing nut.

e
Figure 8-34
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8—168. FRONT SECTION.

8—169. FRONT BREATHER PLUG. Install the plug

in the breather aperture in the front case.

8—170. ROCKER OIL MANIFOLD. Insert the ends
of the manifold in the front case. Attach the manifold to
the case with screws. Lockwire the screws (Figure 8—37).
8—171. THRUST BEARING COVER PINCH FIT.
8—172. Install the thrust bearing cover on the front
case and secure it with nuts. Use a feeler gage to measure

the distance between the shoulder of the thrust bearing

liner, where the outer race of the thrust bearing seats,
and the shoulder of the cover at several points. The dis-
tance should be considered the average of the measure-
ments taken. ) )

8—173. Measure the combined thickness of the thrust
bearing outer race and the thrust bearing cover spacer
ring at several points, using an outside micrometer. The
thickness should be considered the average of the meas-
urements taken. ; :

8—174. The pinch fit is the difference between the aver-
age distance and the average thickness measured. See

reference 7, Section XIL. If the pinch fit is not within the

specified limits, adjust it by grinding or replacing the
thrust bearing cover spacer ring. :
8—175. TAPPETS, ROLLERS, AND PINS.

8—176. Coat the tappets, rollers and pins with oil and
install the tappets in their guides.

8—177. Push the tappets inward until the roller pin
holes clear the end of the tappet guide. Insert the roller

in the tappet and slide the roller pin into position. Make '
sure the ends of the roller pin are inside the tappet guide .

when the sappet is allowed to return to its normal posi
tion.

8—178. ASSEMBLY OF FRONT CASE TO ENGINE.

8—179. PROPELLER OIL FEED TUBE AND PLUG.
Install the oil feed tube leading from the control valve
bess to the thrust bearing liner, and the pressure type
governor engine valve cover, gasket and plug.

8—180. Stagger the front crankshaft oil seal rings and
oil the ring carrier rings and the cam lobes. Install a
rubber oil seal on the parting surface of the front case.
Place a single strand cotton thread gasket on the parting
surface of the crankcase front section with the ends of
the thread overlapping.

8—181. Push the valve tappets to their outermost posi-
tion, and being careful not to damage the oil tube extend-
ing from the cam oil feed bracket, install the front case in
position over the crankshaft. It may be necessary to seat
the front case by driving alternately on opposite sides of
the case, using a fibre drift and a hammer. '
8—182. Coat the threads of the studs and the washer
seats at the front case with a small amount of Permatex
No. 2 or its equivalent. Secure the case in position with
washers and nuts. '
8—183. THRUST BEARING.

8—184. Place the crankshaft adjusting spacer in posi-

O

©
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Figure 8-38

Figure §—39

‘Figure 8—40

tion on the crankshaft front oil seal ring carrier. Install
the thrust bearing in its liner in the front case.

8—185. Screw PWA-520 Eye on the front end of the

crankshaft and in con;uncnon with PWA-2388 Hook-

and a chain hoist, raise the crankshaft slightly and insert
a piece of fibre between the crankshaft rear counter-
weight and the front face of the crankcase rear section.

112

Fr‘gure 3—4f

'8—186. Remove the eye and chain honst then drnve the

thrust bearing into its liner, usmg PWA-79 Sleeve.
Install the oil slinger, making sure it is centered over
the shoulder on the crankshaft.

'8—187. THRUST BEARING NUT. Screw the thrust
- bearing nut on the crankshaft and torque to 250 ft.-lbs.;

then tighten an additional 25° to 30°. PWA-1093
Wrench and PWA-112 Bar will be used to keep crank-

" shaft from turning.

A A <l et st nll

CAUTION i '

Remove the fiber that was inserted under the
crankshaft rear counterweight.

-4, 8-188. CYLINDERS AND PISTONS.

8—189. Deleted.

' 8—190. ROCKER, ROCKER BEARINGS, AND

ADJUSTING SCREWS.

8—191. Screw the valve adjusting screw into the rocker
(Figure 8-38) and install the locknut on the adjusting
screw.

8—192. Press the rocker bearing into the rocker, usmg
an arbor press and PWA-614 Drift and Base.

8—193. Place the rocker in position in the rockerbox on
the cylinder (Figure 8~—39) and install the shafts, small

- end first, through the bushings and the bearing, from

the inside outward. Install the rubber oil seal, washer,
and nut on the small (outer) end of the rocker shaft.
Tighten the nut to the recommended torque, usmg
PWA-2399 Wrench.

8—194. Install the rubber oil seal, copper covered gas-
ket with the smooth side ad;acent to the nut, and the
nut. Tighten the nut to the recommended torque, using
PWA-2399 Wrench (Figure 8—40).

8—195. Insert a cotterpin through each nut and bend the
upper end of the cotterpm back through the hollow
shaft.

8—196. VALVES AND VALVE SPRINGS.
8—197. Prior to assembling the valves in the cylinders,
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Figure 8—42

clean and oil the valve stems and valve guides.

8—198. Set the cylinder on its side.on a clean bench.
~ Install the inlet and exhaust valves in their respective
guides (Figure 8—41). Hold the valves in place with the
forefingers while setting -the cylinder on TAM-3146
Stand (Figure 8—42). ' '
'8—199. Install a safety circlet on each valve stem. Using
a pair of long-nose pliers, install the valve spring lower
washers in position .(Figure 8—43). Install the valve
outer -springs and the inner springs (Figure 8—44).
Place the valve spring upper washers in positiof. .
8—200. The inlet and exhaust valve springs are not
interchangeable because of a difference in spring pres-
sures. They may be distinguished by their wire diameters -
which are: . A : ‘

' Inner Spring Outer Spring .
Inlet - .153-.155 = .182-.184
Exhaust - : .161-.163 .191-.193

International Aerotech Academy For Training use Only

Compress the valve springs with the arm of the assembly
stand and install the valve stem split locks which lock the
valves, spring, and washers in place (Figure 8—45).

" 8—201. Fit a rubber oil seal around the radius under the
hold down flange of each cylinder and apply a generous
coating of oil to the cylinder wall, ‘ :
8—202. Install a PWA-3252 Plug in each sparkplug bole.

8—203. PISTONS AND. PISTONRINGS. Refer to fig-

ure 7—71 and, using PWA-1791 Pliers, install each set of

- piston rings in their proper groove on the piston (Figure
8—46). Expard the piston rings just enough to clear
the piston O.D.—no more. Check the side clearance of

" each ring with a feeler gage. When measuring the side
clearance of a wedge-shaped ring, hold the outer face of
the ring flush‘with the piston.

8—204. PISTONPINS AND PLUGS. If the plugs
which were removed at disassembly are undamaged, they
may be reinstalled in the pistonpin. If new plugs are to Figure 8—45_

Revised 15 June 1953 ; : , 113




Section VIII
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Figure 846

be installed, turn down the plug to the desired fit. Install
. the plugs in the pistonpin, using an arbor press and a

drift shaped to fit the contour of the plug dome. Stamp

the cylinder number next to the O.D. of the dome of one
.of the plugs in each pin. : '

AN 02A-10A8-3

8—205. ASSEMBLY OF PISTONS AND CYLINDERS
TO THE ENGINE. -

8—206. Install PWA-112 Bar on thé crankshaft and turn

‘the crankshaft until the masterod, No. 5, is at the top

dead center position. Remove the rubber rod protector.
8—207. Hold the piston stamped *5” in placeé over the
masterod with the number up. Insert the pistonpin with
the number up, through the piston and pistonpin bush-
ing. Stagger the gaps of the pistonrings and apply a gen-
erous coating of oil to the rings.

8—208. Lock PWA-249 Clamp over the pistonrings.
Hold the cylinder with two hands in a level position and
slide the cylinder over the piston and first four rings;
then relocate the clamp over the fifth or scraper ring and.
push the cylinder into position against the mounting pad
(Figure 8—47). L

8—209. Center the cylinder with two locating nuts and
install washers and nuts on the other studs. Tighten the
nuts uniformly with. PWA-2397, PWA-2006, or PYWA-
2399 Wrench in conjunction with PWA-2398 OR PWA-
2411 Handle. Torque the nuts to the recommended

torque, using PWA-2399 Wrench. Install palnuts over .
the hold down nuts, running them down finger tight. .

Tighten the palnuts 1/4 turn with PWA-1608 Wrench,

8—210. INTERCYLINDER .OIL TUBE HOSE. Install
new rubber hoses on the intercylinder drain tubes of
cylinder numbers 3, 4, and 5 and 6, 7, and 8..Secure each

hose with two clamps. Tighten the clamp bolts.

Figure 8—47
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Section IX
Paragraphs 9—1 to 9—15

SECTION IX

9—1. GENERAL.

9—2. The directions 'in paragraphs 8—1 through 8—15
are to be followed wherever applicable in performing
the final operations described by paragraphs 9-—3
through 9—58.

9-3. FINAL OPERATIONS.

9—4. IGNITION MANIFOLDS.

9—5. Mount the front ignition manifold over the crank-
shaft and front case. Attach the manifold to the crank-
case front section with five screws. Lockwire the screws.
9—6. Uncouple thé union on the rear ignition manifold
and install the manifold on the supercharger section,
Tighten the union on the manifold with PWA- 1886
Wrench. Fasten the manifold to the supercharger section
with five screws. Lockwire the screws. Install the washers
and nuts on the supercharger case studs supporting the
ignition manifold.

9-7. OIL SUMP.
9—8. Place the intercylinder sump deflector on the sump
while the sump is still on the bench.

9—9. Check the clearance between the sump and the
deflector. If necessary, bend the deflector to provide

approximately a 3/16 inch clearance between the sump :

and the deflector.

Figure 9—1
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9—10. Install the strainer and retainer in the sump,
using PWA-1572 Driver to make sure they are in as far
as possible.

'9—11. Screw the oil drain plugs into the sump.

9—12. Place a gasket on each sump mounting flange.
Install the sump on.its mounting pads (Figure 9—1).
Install a fibre insert nut on each stud and tighten the nuts.

9—13. OIL SCAVENGE TUBES. Insert gaskets under
the connecting brackets and install the main oil sump
to the oil pump and ‘rocker oil sump to oil sump scav-
enge tubes on the engine.

9—14. CYLINDER DEFLECTORS. Unless a shroud is
used for cooling purposes during the post-overhaul run-
ing of an engine, it is recommended that the cylinder>
deflectors be left off until after the run-in has been com-C
pleted. If deflectors are installed, first install the head &
deflectors; then install the intercylinder. deflectors andc»
secure them with retaining clamps and nuts.

9—15. PRIMER DISTRIBUTOR. Clamp the primer dis-"_
tributor to the No. 1 intake pipe. Lockwire the clampLL
screws.

Trainin
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Figure 9-2
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Figute‘ -3

9—_16'.<‘IN"I'AKE ‘PIPES. Remove the port protectors

from the supercharger case. Install the flange gland nut

and rubber packing on each intake pipe, after first coat-
ing the rubber packing with insulating compound, speci-
fication AN-C-128, and place the pipe in position. Screw
the gland nut finger tight in the supercharger case. Coat
a copper gasket with insulating compound, specification
AN-C-128; then install it split side forward at the cylin-
der intake port. Secure  the pipe flange to the cylinder
with two self-locking nuts and one cap screw. Safety
wire the cap screw to.the deflector assembly inter-ear
bracket with a figure eight sie (Figure 9—2), Tighten

the packing nut, using PWA-237 Wrench. Use care in

tightening the nuts to avoid damaging the pipes.

9—17. PRIMER TUBES. Attach the primer tubes to the
primer distributor and inSert the tubes through the
deflectors and attach them to cylmders No. 8, No. 9,
No. 1, No. 2, and No. 3. Clamp the tubes to the corre-
spondmg intake pipes with two clamps on each pipe.
Secure each clamp with a bolt, washer, and nut. Lockwire
the primer distributor (Figure 9—3).

9—18. VALVE TIMING CHECK.:

9-—19. Refer to paragraph 9—24 and mstall the inlet
and exhaust valve pushrods for the No. 1 cylinder.

9—20. Mount PWA-85 Pointer ‘over the crankshaft.
Install PWA-112 Bar on the crankshaft and turn the
_“crankshaft counterclockwise until the piston of No. 1
cylinder is at the top dead center position of the com-
‘pression stroke; both valves should be closed.

9—21. Set the clearance of the intake and exhaust valve
at .060 inch. Continue to turn the crankshaft counter-
clockwise nearly one complete revolution until the
pomter is near the inlet open (1.0.) mark on the front
case. Insert a .0015 inch feeler gage between the valve
adjusting screw and the stem of No. 1 inlet valve, and
tap the handle of the turning bar in a counterclockwise
direction until a sllght pressure is exerted on the feeler
gage. At this point the inlet valve is just opening and
- the timing pointer should align approximately with the
I.O. mark.
9—22, Continue turning the bar. counterclockwise until
the pointer passes the exhaust valve closing (E.C.) mark
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on the front case. Insert a.0015 mch feeler gage between
the valve ad)usnng screw and the stem of No. 1 exhaust
valve and turn the crankshaft clockwise until the pointer
is in a vertical position. Tap the handle of the turning
bar in a counterclockwise direction until the pressure on
the feelef gage begins to release. The exhaust valve is
now just closing and the pointer should align approxi-

" mately with the E.C. mark.

9-23, If the pointer ahgns properly (the 1mportant fac-
tar being that the. pointer should fall on or equidistant
in opposite directions from:the marks) with the 1.O.
and E.C. marks, the cam and valves are properly timed.
If the inlet open and exhaust close positions of the
pointer are not on or equidistant in ‘opposite directions
from the L.O. and E.C. marks, remove the front case

and check the lmmg marks on the cam and cam drive
© gears,

9—24. PUSHRODS. ‘ '
9—25.0ne of the ballends on each pushrod bears the
number of the cylinder into which it fits. The exhaust

_ rods are marked with an “Ex” after the cylinder number
~and the intake rods are marked “In.”

9—26. Coat the ballends of each pushrod with 011 and
insert the rod into its cover.

9—27. Depress the rocker, using PWA-455 Depressor

-and fit the pushrod and cover into position. If a valve

tappet is out too far to allow installation of the pushrod,

- turn the crankshaft until the tappet can be pushed far

enough into'its gulde to permit installation of the. push-
rod. :

' 9-28. VALVE CLEARANCE ADJUSTMENT The
valve clearances are adjusted in a sequence- which con-

forms to the firing order of the cylmders 1, 3,5, 7,9,
2, 4,6, 8. .

- 9—29, Back off all the valve clearance ad)ustmg Screws

until at least six threads are visible above the rocker.

" Turn the crankshaft counterclockwnse until No. 1 piston
- isat T.D.C. (top dead center) of the compression stroke.

Insert a .010 inch leaf of PWA-4675 Gage between the
valve adjusting screw and valve stems on No. 1 cylinder,
and tighten the adjusting screw until a .010 inch clear-
ance is obtained. Tighten the valve adjusting screw lock-
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nut to a torque of 300 to 350 inch pounds.

9—30. After the valves in No. 1 cylinder have been
- adjusted, rotate the crankshaft until No. 3 piston is at
T.D.C. of the compression stroke. Adjust the valves in
the same manner as described for No. 1 cylinder.

9-—31. Adjust the clearances of the valves in the remain-
ing cylinders, always turning the piston to exact T.D.C.
before making the adjustment.

9—32. After the valves in all nine cylinders have been
adjusted, rotate the crankshaft two complete revolutions
and recheck the clearances. Reset any valve clearance
found below .010 inch. Do not disturb a greater clear-
ance unless it is in excess of .025 inch.

9—33. ADJUST LENGTH OF PUSHRODS.

. 9—34. If more than six threads of the valve adjusting
screw can be seen above the locknut, the pushrod is too

long. If the adjusting screw shows fewer than three !

threads, the pushrod is too short. In either case adjust
the pushrod to the proper length. This adjustment is
accomplished by removing the pushrod ballend and
washer and replacing the washer with a thicker or thin-
ner washer to establish the proper length.

Revised 15 June 1953
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‘ Section IX
"Paragraphs 9-29 to 935

Figure 9—5

9—35. Tighten the pushrod cover gland nuts at the
crankcase end first; then tighten the gland nut at the cyl-
inder end, using PWA-4531 Wrench for both nuts.
Tighten the nuts to the recommended torque and lock-
wire the nuts (Figures 9—4 and 9-5).

116A
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Section IX

. STOS PACKING OR
Y31k E QOOR 161701 SEAL

Figure' 96

9—35A. On enginés incorporating pushrod cover assem-.

blies having shallow niits, the packing or seal is confined
between the fiber washer and the tappet guide at the
crankcase end and between the fiber washer and con-
‘nector at the cylinder end (Figure 9—5A).

9—36. ROCKERBOX COVERS. Place a new gasket
on each rockerbox. Place the covers on the rockerboxes
and install the fiber nuts or screws. Tighten the nuts or
- screws to the recommended torque.

9—37. INSTALLATION AND TIMING OF
MAGNETOS.

9—38. Crank the bed of the stand until the engine as-
sumes a horizontal position. Turn the crankshaft until
No. 1 piston is on the compression stroke and the Timing

Pointer aligns with the spark advance mark on the front

case (Figure 9—G).
9—39. If Bosch magnetos are to be installed, rotate the
maganeto shaft until the step in the cam shield is in a

Revised 1 June 1952

1S ] .
Red Dot on Cam \ ~
Tndicates No. 1 Lobe

‘ with Timing Marks “T*"
when Contact Pomtl
etart to open on No.

n_either mide of L. L3
'ﬁnu:g Marks "'l“" °

Figure 9-7 '

posmon 50 that a stralghtedge placed across the step will

‘coincide with a line between the marks on the breaker

housing (Figure 9—7).

9—40. If Scintilla magnetos are to be installed, rotate
the magneto shaft until the two marks on the distributor
gear align with the two marks on the right side of the
housing. In this position a straightedge placed across the
marks on the breaker housing (Figure 9—8). If the in-
ternal timing of the magneto is correct, a white dot will
be visible through the hole under the cap in the top of
the breaker housing.

9—41. Mount the magneto on the engine without instal-
ling the magneto rubber coupling. Measure the distance
between the magneto drive shaft and the magpeto shaft
couplings, making certain that the two ‘shafts are at

Paragraphs 9-35A 1o 9-41
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their maximum distance apart. Magneto rubber couplings

are provided 1/32 in. oversize, identified by “B-}-1/32”
molded on the face. The rubber coupling used should be
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F:gure 2~10
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.020 in. to .030 in. less in thickness than the distance be-
tween the two. metal couplmgs Remove the magneto
from the engine.

9—42. Turn the magneto "drive rubber coupling until it
can be engaged with its mating flanges without causing
the magneto  shaft to turn (Figure 9-9). Engage the
rubber coupling and fit the magneto over the dowel pins
in the mounting pad (Figure 9—10). Secure the mag-

" neto to the mountmg pad with screws.

9—43. When both' magnetos have been mstalled attach'

- PWA-2417 Timing Indicator to the ground lead of each

magneto, and attach the ground.lead of the indicator to
the engine. Turn the crankshaft 90 degrees in a clock-
wise direction ; then reverse the rotation and slowly bring
the timing pointer to the spark advance mark. The indi-
cator lights should light simultanéously when the pointer
aligns with the spark advarice mark.

9—44." If the indicator light shows that the contact points

-are breaking before the pointer aligns with the spark

advance mark, remove the magneto and rubber coupling,

" and turn the rubber coupling clockwise one or two notch-

es on the magneto coupling. Reinstall the magneto and
coupling and recheck the magneto. If the contact points
are breaking after the pointer aligns with the spark ad-
vance mark, the correct procedure is the same except
that the rubber coupling is turned counterclockwise one

.or two notches. Remove the Timing Indicator, Crank-
- shaft Turning Bar, and Timing Pointer.

9—45. If Bosch magnetos have been mounted on the en-
gine, install the distributor blocks in their correct posi-
tions and secure with screws. Install the cover halves on
the magnetos and secire' with' screws; then fasten the
cover halves together with the necessary screws.

9—46. If Scintilla. magnetos have been mounted on the
engme, install the distributor blochs in their correct posi-
tions. Instal! the distributor block cover halves, and en-

- gage the two spring locks on each cover. Install the fock-

pins in the locks.

'9—47. As an alternate method for positioning the No. 1

piston 25 degrees befote top ‘center, turn the crankshaft
in the normal direction of rotation to brmg the No. 1

piston at the begmnmg of the ccempresseon stroke, then

install PWA-4142 Indicator (Time-Rite) in the front
sparkplug hole of No. 1 cylinder (Figure 9—11). Align
the cap of the indicator so that the slide slot lines up
with the vertical axis of the cylinder and the pivot arm
is at the tep of the slot. Push the slide pointer up close
to the pivot arm {Figure 9—-12). Turn the crankshaft in

the direction of rotation until the pivot arm pushes the '
slide pointer to its furthest point (Figure 9—13). Turn

the crankshaft about 90 degrees in the opposite direc-
tion. This will return the pivot arm to the top of the slot.

'9—48. Adjust the proper engine scale( the scale marked

R~985) so that the zero degree mark on the scale aligns
with the feference mark on the slide pointer (Figure
9—14). Move the slide pointer up to slign with the 25

: degree toark on the scale {Figure 9-15) ‘Tufn the crank-
shaft in the normal direction of rotation- untii the pivot

International Aerotech Academy For Training use Only «
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Section IX
Paragraphs 9—48 io 9-58

Figure 9—19
arm just contacts the slide (Figure 9—16). At this point
the lower light on the indicator should flash on. The No.
1 piston is now positioned 25 degrees before top center.
9—49. THRUST BEARING COVER. Install the thrust
bearing cover so that-the oil drain holes in the cover
align with the oil drain holes in the front case. Tighten
the cover nuts to the proper torque. Make sure that a .004

120
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r;g,..u 9-20

inch feeler gage W:ll pass” between the thrust out- and
the cover at all points (Figure 9—17)
9—50. SPARKPLUGS.

9-51. Remove the breather plug from each sparkplug
hole just prior to installing the sparkplug. -

9—52. Examine the sparkplugs to be certam they are of
the approved type.

9~53. Install a serviceable solid copper gasket (Figure
9—18). Lightly: lubricate the first two threads of the

sparkplug with Champion No. 119 graphite anti-seize -

compound or a 50-50 graphlte and petrolatum compound
(Figure 9—19).
9—54. Insert the sparkplug in its’ bushmg and screw it

‘down with the fingers until the gasket is seated. If this

cannot be doné, use an 18 by 1.5 millimeter tap to clean
the bushing threads. .

9—55 Using PWA-2254 Wrench nghten the sparkplug
to a torque of 300 to 360 inch-pounds.

9--56. Make certain that the -inside -of each -sparkplug
barrel is clean and dry. Wipe the connector clean; then
apply a thin coating of Dow Corning No. 4 Compound

‘with a clean cloth, to the connector. Do not place any
- compound in the sparkplug barrel.

CAUTION

Do pot apply the compound wnth the ﬁngers
because moisture from the hands tends to make
the compound mefﬁcxent. _

9—57. Remove any compomd from the threads of the
spatkplug to insure an electrical bond between the spark-
plug and its lead and to prevent radio interference from
this source. Install the sparkplug lead (Figure 9-—-20).
Tighten the lead nut ﬁnger tight and then a half turn
using PWA-1683 Wrench. :

9—58. INSPECTION OF ASSEMBLED ENGINE. Make

a thorough' visual inspection of the assembled engine.

See that all external nuts and fittings are tight, and that
no gaskets or lockwire have beert omitted.
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Section X
Purugraphs 10—-1 to 1011

SECTION X
TEST AFTER OVERHAUL

10--1. GENERAL.

10—2. AIR FORCE AND NAVY ENGINES. Before
testing an- engine after overhaul, Air Force personnel
should refer to A.T.O. Nos. 02-1-4 and 02-1-4a and Navy

personnel should refer to NavAer 02-1-508, section 2,

Engine Test Manual for Aircraft Engines.

10—-3. PURPOSE OF TEST AFTER OVERHAUL. Run-

in of an engine after overhaul is essential as a means of
seating the pistonrings, burnishing certain other new
engine parts which may have been installed, and gerier-
ally checking the performance of the engine.

10—4. HORSEPOWER CHECK. There are many vari-
ables which affect horsepower and it is not feasible for
the average overhaul base to maintain the complete
equipment and personnel necessary for close horsepower
measurement. When an engine has been overhauled as
recommended in the preceding sections of this Hand-
book, it should develop essentially the same horsepower
as when new, provided the carburetor and magneto have
also been overhauled and tested correctly. A check -on

manifold pressure and rpm, using a calibrated test pro- -

peller and correcting for carburetor air inlet tempera-
ture, will provide a sufficiently close check on horse-
power for most purposes.

10-5. INSTALLATION OF ENGINE IN TEST
STAND. With the engine in a horizontal position, sus-
pend PWA-37 Lifting Sling from a chain hoist in the en-
gine comparsment of the test cell and attach the hooks

of the sling to the two lifting links on the top of the:

engine. Draw up the hoist just enough to relieve TAM-
1161 Engine Stand of the weight of the engine, then
" unfasten TC-51259 Mouating Plate from the stand and
withdraw the engine and plate from the stand. Hoist
the engine to the proper level; then back the engine and
mounting plate into the test stand and secure the plate
to the stand.

10—6. INSTALLATION OF STARTER AND FUEL
PUMP. Put a new gasket on the starter pad; them
" mount the starter in position and secure it with the nuts.
Mount the fuel pump on the fuel pump mount pad,
using a new gasket, and install the fittings needed for
connecting the fuel lines.

'10—7. INSTALLATION OF CARBURETOR. After
the carburetor has been overhauled and tested, .install

the carburetor on the engme and secure the screws. Lock-
wire the screws in posmon

gAUﬂON'

Before installiﬁg the carburetor, check for, and
remove any dirt; shellac, or other foreign ma-
terial on the flange of the .carburetor. Use no
grease or sealing- compounds between the en-
gine carburetor mounting pad, the .carburetor -
adapter, and the carburetor. Grease or sealing
compound so used might stop some of the pass-
ages within the carburetor,

ing use Only

10—8. Service instructions for the carburetors used onc
the engines described in this Handbook are 1dent1ﬁedm
in paragraph 11-30.

10-9. PRE-OILING OF ENGINES. To insure sufﬁ->
cient lubrication of certain bearings .in the engines, im--
medxately after initial starts on the test stand, pre-oil theTJ
engines to force all air from the internal oil passages.<
To accomplish this, connect an electrically driven oil5

"pump to the pressure oil gage takeoff on the left rearo

face of the rear case. The pump should be capable of 8
building up an oil pressure of 45 to 60 pounds per square
inch. Connect a gage for indicating the oil pressure inS
the line between the pump and the engme Incorporatec
a screen (50 mesh) to keep the oil clean in the pre-oiling &
system, Remove the oil sump drain plug; then build up™

“the oil pressure within the engine to 45 to GO pounds

until the oil starts to run out of the sump drain.

10-10. INSTRUMENT AND CONTROL
CONNECTION.

.10—11. Connect the lines, controls, and leads in the fol-

lowing list. The numbers in parentheses in the following
list also appear in- Figure 10—1 to identify the location
of the various connections on the engine and carburetor.
Hose connections at the end of the list which have no
numbers do not appear in the illustrations.

(1) Supercharger rim manifold pressure manometer
line.

(2) Thermocouple lines on at least four cylinders.
Refer to paragraph 10—34,

(3) Breather Line at the breather outlet on the rear
case.

(4) Throttle control.

21
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(5) Mixture. control.
©) Fuel pressure gage lme to the carburetor. ,

(7) Fuel lines to the fuel pump and carburetor, and
_ a fuel ‘pressure relief valve if the: fuel pump does not
incorporate one.

(8) Main oil pressure gage line to the pressure oil
gage take-off on the left fear face of the rear case.-
: (9) Tachometer. ) L
(10) Fuel pump dram lme.
(11) Oil inlet and oil outlet lines.’
(12) Install the exhaust stacks. ‘
(13) Magneto ground wires.

..~10—12, Install the carburetor air intake duct to the air
scoop on the carburetor.

10—13. Air mtnke thermometer line in the axr intake
- duct. .

10—14. Starter control; and any other connectxons which
the particular type of starter used may requlre.

10~15. TEST PROPELLERS.

10—16. GENERAL.

10—17. Four-bladed wooden test propellers (test clubs)
are recommended for use on the average test stand be-
cause of their convenience, economy, and cooling effi-
ciency. Since the desired diameter for a test propeller de-
pends to a considerable extent on the locasion and

122

Flgure lD—l

characterlsucs of the test house in whlch itisto. be used,
test propellers as furnished afe somewhat larger in di-
ameter than will normally be necessary.  They must there-

. fore be calibrated by trimming the blades -for use on the
particular engine model and in a pamcular test stand. .
Before a new propeller is cahbrated it should be checked -
for ‘static balance and, if necessary, the heavy blade or .

 blades should be trimmed to correct the balarice s di-.
rected in paragraph 10--24 under "Rebalancmg ’A -cors -

réctly calibrated _propeller should cause an engine to turn

" out its normal rated rpm at normal ratéd manifold’ pres-.

sure for the altitude at which the test stand is located.
It is permissible for the manifold pressure at the nogmal
rated rpm to exceed the normal rated by 3 percent, and
at normal rated manifold pressure for the altitude. the
rpm may’ vary # 59 from the normal rated pm.

10-18. If a propeller is being calibrated in cold weather,

. the blades should be trimmed so that the engme will

turn out the minimum permlsSlble rpm at the maximum

permissible manifold pressure. If the test stand is located .
‘where there is a wide difference between winter and .

summer temperatures, it is desirable to--have two test
propellers available for use, one correctly calibrated for

- winter temperatures and another for summer. The same

engine model may require a test propeller as much as 2
inches smaller in diameter in winter than in summer in
order to obtain the proper relation of manifold pres-
sure and rpm, If a test propeller becomes tod small to
use, even in winter, because of additional trimming to
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Figure 10—2

remove nicked and splintered stock, it can often be recali-
_brated for use with less powerful engines.

10—-19. When wooden propellers are not in use they

should be protected from the weathet.

10—20. CALIBRATION.

10—21. New propellers should be calibrated on a new
engine, or on one known to be normal in every respect,
under the average atmospheric conditions of the locality.
Install the test propeller on the engine; then run the
engine up to the normal rated manifold pressure for the
altitude and not the rpm. This will indicate the approxi-
mate amount of trimming which will be required. An

increase of 30 to 50 rpm per inch reduction in propeller

diameter can usually be expected; but this will vary
with the temperature, the atmospheric pressure, and the
~shape of the particular test house. It is advisable there-
fore to take off 1 inch (1 inch per blade) in the first
trimming operation and note the resultant increase in
rpm. This figure will then serve as a guide in determin-
ing how much trimming will be needed to complete the
calibration. ' ' o
10—22. To prepare the propeller for trimmiag, rest it
firmly on a bench or stand and mark a point three inches
in from the trailing edge on the end of each blade; then
draw lines connecting the points on opposing blades
- (Figure 10—2). If the points were correctly marked on
the blade ends, these lines will bisect the hub exactly.
Do not use a hard pencil or sharp pointed tool to draw
the lines if the propeller has a fabric covering. Mark off
‘the desired blade length along these lines, measuring
- out from the edge of the hub flange (Figure 10—-3). At
theﬁpoint marked, scribe a line across the width of the
blade. Because of the angle of the blade, a gage 1/16
inch thick and 14 inch wide should be inserted between
the square used to draw this cross line and the trailing
‘edge of the blade between the 4 and 41/ inch marks on

‘the square (Figure 10—4). Saw off the tip of the blade

along the cross line and smooth all sharp edges with a
rasp or draw knife (Figure 10-—5).

10—23. After the diameter of the propeller has been
decreased sufficiently by sawing off the blade tips to

Section X

Fiﬁure 10-5

bring the speed within 100 of the desired rpm, cut off
the corner of the trailing edge of each blade at a sharp
angle. This will increase the engine speed 60-70 rpm
more. From a point on the end of each blade 3 inches in
from the trailing edge, draw a line to a ‘point on the
trailing edge 4 inches from the end of the blade and

123

Paragraphs 10—18 o 10-23
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. Figure 10-7

saw off the comez.'»al’ong this line (Figure 10—6). Smooth
all sharp edges with a rasp or draw knife. .

'10—24. REBALANCING.

10—25. After a test propeller has been trimmed it must
be rebalanced. Make sure the hub and cone are perfectly
clean; then mount the propeller on a regular propeller
static balancing stand located where there is no vibration
or drafts. Use the correct-arbors and centering cone and
make certain they are installed tightly; then rotate the
propeller slowly forward and back to position the roll-

ers on the balancing stand and to make sure that nothing -

is affecting their free movement.

10~26. Set the propeller so that the two blades are hori-
zontal. If one blade drops, bevel the end of that blade

on the curved side with a rasp or draw knife (Figure -

10~-7). Set the other pair of blades in a horizontal posi-
tion and, if one blade drops, bevel the end of that blade

124
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Figure 10-8

on the curved side. After both pairs have been separately
balanced, set the propeller so that the blades are 45 de-
grees from the vertical. If the propeller is in true static
balance, it will remain stationary. If the blades on one
side drop, trim their ends fiurther until the propeller. is

_in perfect static balance. Paint the wood exposed by the
trimming with shellac to prevent the wood from splinter- -

ing and the fabric cover, if any, frdm peeling; Additional
shellac or fillers should never be used to obtain balance.

10—27. If the engine is still below the desired rpm after
the preceding trimming and balancing operations have
been completed, it will be necessary to trim the blades
further at the corners of their trailing edges. The corner
should never be cut back more than 31/, inches from the
trailing edge along the blade end or more than 5 inches
back along the trailing edge. With the corners cut back
to these limits the engine speed.should increase 30-40
rpm. When these final cuts across the corner are made,
remove only a-small amount of stock at a time. The angle
of the cuts should be such that for each 1/ inch of reduc-
tion in the width of the blade at the end, the length of

the remaining portion of the trailing edge will be re--

duced 1 inch (Figure 10--8). Smooth off all sharp edges

with.a rasp or draw knife and shellac newly exposed

wood. Since the trailing edges of the blades are uniform
in thickness only a minimum of rebalancing is necessary
after the final trimming.

10—28. INSTALLATION OF TEST PROPELLER. Be-

fore installing the test propeller on the propeller shaft

of the engine to be tested, make sure the hub splines and
the attaching nut are free from burrs or dirt which might
damage the propeller shaft. Cover the shaft with a light
oil, mount the propeller on the shaft, and screw on. the
attaching nut. Tighten the nut, using a bar 4 feet long
and apply a weight of between 160 and 190 pounds %o
the end of the bar at right angles to.the ground. Do not
strike the bar with a hammer or other heavy instrument
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to tighten the nut. After the nut has been torqued, a 21/
pound hammer may be used to strike the bar near the nut

. in order to check its tightness. Do not exceed a normal
swing of .the hammer.

10-29. TEST PROCEDURE.

10—-30. GENERAL.

10—-31. An experienced test operator should be in charge
of the run-in of an overhaujed engine. The test operator
should keep the engine and instruments under constant
observation, recordmg gage readmgs and other data and
comments at 15 minute intervals in a log of the test run.
File the completed log with the inspection and overhaul
records of the engine. The operator should watch for oil
and fuel leaks and make the necessary corrections during
the run-in when possible.  Oil and fuel pressure relief
valve adjustmen# may also need to be made during the
test run. If the engine is equipped with short exhaust
stacks-so that the exhaust flames from the cylinders are
visible, the operator should note any differences or
changes in the color of the flames. Misfiring sparkplugs,

- mixtures that are too lean or too rich, and other discrep-
ancies can often be diagnosed from flame color.

10—32. AIR TEMPERATURE. It is desirable to main-

-tain the carburetor air inlet temperature between 70°F

and 90°F. Under normal conditions the engine will not

require preheated air during the run-in, However, when

the outside air is at temperatures between 32°F to 68°F
and is full of moisture, sleet, or heavy wet snow, preheat
is necessary to insure against icing. Preheat will fre-

quently be desirable also while measuring fuel consump-.

tion. Refer to paragraph 10—46.

10—-33. FUEL GRADE. Grade 91/96 fuel must be used

throughout the test run.

10—-34. CYLINDER TEMPERATURES.

10—35. A survey of all cylinder head and barrel tem-
peratures should be made on the first engine run in a
new test house, or on the first engine to be run in an old

test house. The head temperatures should be determined

by a bayonet type thermocouple inserted in each thermo-
couple well located near the rear sparkplug of each cyl-
inder, and the barrel temperatures should be determined
- by a rivet type thermocouple embedded in the fillet of
the hold-down flange at. the rear of the barrel.
10—36. Unless cylinder barrel :thermocouples have al-
ready been installed in the cylinders, holes must. be
drilled for them. Using PW A-3064 Dirill, drill two holes
at an angle of 45 degrees to the center line of the cyl-
inder in the middle of the fillet above the cylinder bar-
rel flange. The holes should be between two stud holes
on the rear side of the barfel and should be approxi-
mately 14 inch deep and 14 inch apart. Drive in the rivet
type thermocouples, usmg PWA-2747 Drift, upsetting
them to secure them in place.
10—37. From this temperature survey, the four hottest
cylinder locations can be determined and cylinder head
temperatures can be taken at these locations for all future
tests. Cylinder barrel temperature measurement is un-

_10—41 Start the engine.

sures and temperatures are as fo'lows: 2
OIL PRESSURE LIMITS 3
Range ' 70-90 1bs. §
Desired . 85 lbs. xi
Fluctuation : 5 lbs. 4
Idle (minimum) E 15 lbs. 3
‘ OIL TEMPERATURES 1
Inlet : 9
Range 140-170°F g
Desired 165°F =
Oil Temperature Rise -
(Maximum at rated speed) - 40°F -

. Section X
Paragiaphs 10—28 to 1C—44

necessary after the initial check has shown barrel tem-
peratures to be within the limits," providing the maxi-
mum outside air temperature which is apt to be encoun-
tered has been given due consideration. Cylinder head
temperature should not exceed 500°F.

10-38, STARTING THE ENGINE.
10—39. Remove the front sparkplugs from cylinders

"4, 5, 6, and 7. Check all controls carefully and make

cértain that the magnetos are properly grounded and that
the lgnmon switch is off; then pull the engine through
several times by hand. Make sure no oil has collected in-
side the cylinders from which the sparkplugs were re-
moved; then reinstall the sparkplugs and attach the
sparkplug leads, renewing the Dow Corning No. 4 com-
pound on the connectors if necessary. Refer to paragraph
9—56.

10—40. Operate the wobble pumps in the oil system
until the engine pump is supplied with oil. In extremely
cold weather the oil feed line should be disconnected at
the engine oil pump so that the cold oil may be forced
out of the line with the wobble pump ]llSt before the
engine is started. :

y

use Onl

10—42. OIL PRESSURES AND TEMPERATURES. If2
the oil pressure, after starting, does not register on theg
gage almost lmmedlately, the engine should be stopped-
and an investigation made of the cause. The oil pres-o

10—43. FUEL PRESSURE. If the fuel pressure is not

" within the desired range of 3-6 pounds per square inch

at 1000 rpm and above, adjust the fuel pressure relief
valve.

10—44. ENGINE RUN-IN SCHEDULE. The follow-
ing is the recommended schedule for the run-in of en-
gines after overhaul.

a. Start the engine and warm up.

b. Run for two hours with speed increasing in approx-
imately 100 rpm increments from 1000 rpm' to 897,
notmal rated speed on propeller load. The 709, normal
rated speed point should not be reached in less than one
hour, and the 899, normal rated speed point should not

" be reached in less than one and one-half hours.

¢. Run for one-half hour at 899, rated speed on pro-
peller load.
d. Shut down engine and inspect for 011 leakage
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e. Start engine and warm up.
f. Run for one-half hour at 899, normal rated speed
on propeller load. Include oil consumption measurement.

g- Continue run for one-half hour at normal rated
manifold pressure and normal rated speed.

h. Operate at 509, normal rated speed for not less
- than one minute prior to take-off.

i. Run the engine for one minute at take-off mani-
fold pressure and speed.

Nate _
At the discretion of the overhaul activity, the
engine may be operated at take-off power for
as long as five minutes (no longer) ptovnded
that the test facilities are such that the engine
can be operated at take-off power without ex-
ceeding cylinder head temperature limits.

j» If oil consump#on, taken during the one-half hour

" run at normal rated speed, is not within the limits spéci-

‘fied, run for one-half hour more at 899, normal rated
speed. Include oil consumption measurement.

k. Shut down the engine. .

10—45. SPECIFIC REQUIREMENTS.

1. Take fuel consumption readings in increments of
100 rpm beginning at 1400 rpm. (See paragraph 10—46.)

2, When fuel is to be weighed, take the measurement
at a period of not less than sixty seconds.

3. Take fuel readings at not more than fifteen min-
‘ute intervals.

4, The idling and accélerating characteristics of the
engine should be checked when practicable,

5. When taking oil consumption measurement add no
- oil to the tank and do not permit the oil inlet temperature
" to vary more than 3°C (5°F) from that specified.

*G. Use actual horsepower to calculate specific oil and
fuel consumptions.

7. Fuel and oil pressures, fuel consumption, oil tem-
peratures, cylinder temperatures, and manifold pressure
should be recorded at all speeds.

-8. The barometer reading, corrected for brass scale,
should be used to figure absolute manifold pressure.

-¥Horsepower may be determined by referring to the
proper operating curve. The horsepower used to com-
pute specific fuel and air consumption should be cot-
rected for barometer and carburetor air temperature
existing at time of test.

10—46. CHECKING FUEL CONSUMPTION.

10—47. After the engine has been run-in, check the gross
fuel consumption in pounds or gallons per hour. The
m~tering characteristics of the carburetor should be de-
sermined on a flow bench after the carburetor has been
overhauled. However, it is advisable to make an addi-
tional check on the gross fuel consumption when the car-
“buretor is actually mounted on-and furnishing fuel to
an operating engine. It is recommended that the fuel
consumption be measured at several points within the
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cruising range and also at rated power and speed of the

_ engine.

10—48. Dutmg fuel consumpuon checks it is desirable
to maintain the carburetor air inlet temperature between
70°F and 90°F (21°C—32°C), using preheat if necessary.

10—49. If the test stand is equipped with a fuel flow
meter in the fuel line to the engine, gross fuel consump-
tion in pounds per hour can be read directly on the meter.
The flow meter should be accurately calibrated for the
specific gravity of the fuel used within == 1 percent and
the calibration of the meter should be checked every two
months. If a low meter is not available, it will be neces-
sary to determine the time it takes for the engine to con-
sume a given weight of fuel from a weight tank mounted
on a scale or, if no welght tank is available, of a given
volume of fuel from a volume fuel flow tank. A volume
fuel flow tank should be accurately calibrated for the
specific gravity of the fuel.. When fuel consumption is
being determined by the weight or volume method, the
check should continue for at least 60 seconds. A longer
time will give more accurate results and is therefore pre-
ferable. Gross fuel consumption is computed in pounds
per hour by means of the formula: Flow = Pounds x
3600/Seconds. Thus if it takes 74.5 seconds to consiime 9
pounds of fuel, the fuel flow = 9 x 3600/74.5 =435
pounds per hour.

10—50. CHECKING OIL CONSUMPTION. The gross
oil consumption should be determined at a definite speed
time. During this ‘interval, the oil temperature in the
circulating system should be stabilized and no oil should
be added. The consumption is ascertained by subtracting
the weight of oil, as indicated on the weight tank scales
at the end of the period, from the weight indicated at
the beginning of the period. .

10—51. During the run-in determine the oil consump-
tion during the one hour run at 2050 rpm. If the specific
oil consumption at maximum cruising rpm is .015
pounds of oil per horsepower hour or less and decreas-
ing, the condition of the newly fitted pistonrings should
be considered satisfactory. If the oil consumption is
more than .015 pounds of oil per horsepower hour, the
run-in should be continued to further seat the piston-

. rings, after the run at rated speed is completed. The
specific oil consumption at rated speed or above should
not exceed .025 pounds of oil per horsepower hour. If

the condition is not corrected after this extended run,

remove the cylinders and investigate the condition of .

the rings. The oil flow should not exceed 30 to 60
pounds per minute at normal rated speed.

10—52. FINAL ENGINE CHECK. Since the test pro-

- peller does not have the same fly-wheel effect as a rotor,

it is impractical to make a final idle adjustment of the
carburetor on the test stand. However, at the completion
of the run-in, check the engine for idling, acceleration,
and operation of the magneto. The operation of the
erigine and magneto on each of the breaker assemblies
should be determined by checking the speed of the en-
gine and noting the loss in tpm when operating each
breaker assembly separately. The loss in rpm for either
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magneto should not be over 100, with about 70 rpm as
the customary speed drop. If the engine speed drops
more than 100 rpm when the magneto switch is turned
to either “L”” or “R”, or if the difference between the two
drop-offs exceeds 40 rpm, recheck the timing of the
magneto to the engine. If one of the breaker assemblies
still gives a high drop, check the internal timing of the
magneto.

10—53. ENGINE SHUT-DOWN. If the engine is to

be placed in storage after the test has been completed,

shut down the engine as directed in AN 02A-10AB-2,
- Handbook of Service Instructions.

Sections X and X1

10—54. VALVE CLEARANCE CHECK. After the test
run, remove the engine from the test stand and install
it in TAM-1161 Engine Stand. When the engine is
thoroughly cool, remove the rockerbox covers; then
check the valve clearances as described in paragraph
9—28. Make sure that all valve adjusting screw locknuts
are tight. Reinstall the rockerbox covers, using new
gaskets.

10-55. SERVICE INSTRUCTIONS. Directions for
preparing the engine for installation in an dirplane or
for. completing the preparation of the engine for storage
will be found in AN 02A-10AB-2, Handbook of Service
Instructions.

SECTION XI
ACCESSORIES

11-1. IGNITION MANIFOLDS.

11-2. GENERAL. The ignition manifolds consist of
a front and rear manifold to which are attached the
braided conduits for the distributor blocks and spark-
plug leads. The single piece front manifold is fastened
to the front case. The rear manifold, which is attached
to the supercharger case, is made in two sections, and
joined by a union so that it may be separated to facili-
tate assembly and disassembly operations. The ignition
wire assembly and radio shielding should be completely
disassembled at each overhaul and the ignition wires,
sparkplug connectors, and all sealing gaskets replaced.
11—3. DISASSEMBLY. Remove the connector sleeves,
unscrew the union nuts at the elbows, and remove the
elbows from the ends of the sparkplug leads. Unscrew
the union nuts at the manifolds and remove the braided
sparkplug leads. Remove the grommets from inside the
union nuts. Loosen the screws which fasten the cables
to the distributor blocks, and remove the cables. Remove
the magneto” elbow assembly from the braided conduit
and the braided conduit from the manifold by unscrew-
ing the union nuts. Remove the ignition wires from the
manifolds.

11—4. CLEANING.

11-5. Wash all metal parts thoroughly. It is recom-
mended that the distributor blocks be cleaned at over-
haul in the following manner to remove possible mois-
ture or acid accumulations:

11—6. All dielectric parts should be cleaned entirely free
of oil, grease, and acid deposits. Any varnish, lacquer,
or other coating should be removed. Minute carbon
tracks should be removed by scraping with a knife prior
to solvent treatment. Dielectric parts, with the exception
of magneto coils and condensers, should be immersed
in acetone, Specification No. O-A-51A, and scrubbed with
a stiff bristle brush. Place all parts in an oven at 65.6°C
to 71.1°C (150°F to 160°F) for approximately 2 hours
until all moisture is evaporated.
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11-7. INSPECTION.

11—8. DISTRIBUTOR BLOCKS. Examine the distribu-
tor blocks to see that-they are free from cracks. Check
the carbon brushes for excessive wear or chipping. The
brushes should work freely in their sockets without
bmdmg or sticking when pushed in by hand. Any defec-
tive parts should be replaced.

11—9. MANIFOLDS. Examine the mamfold nng for
cracks, especially around the outlets and at each support-
ing bracket connection. Inspect the ring for dents, and
the threaded connections for damaged threads. Examine
the wire shieldings for abrasions. Any worn conduits or
shieldings should be replaced. fnspect the condition of
the clips that fasten the manifold ring to the engine.

11—10. REPAIR. Repair any cracks in the manifold
ring by brazing or soldering. Remove any dents from the
manifold ring. Clean up any damaged threads on the
connections. Replace any damaged conduits, shielding,
or clips.

11-11. WAX TREATING.

11—12. All repaired and replaced parts should be cleaned
as described in paragraph 11—4 before wax treating.
Place all parts in an oven at 65.6°C to 71.1°C (150°F to
160°F) for approximately 2 hours until all moisture is
evaporated A warm wax solution should be used for
treating parts immediately following their removal from
the oven. Mix a solution of one part by volume of wax
(Air Force Stock No. 7300-983750, Navy Stock No.
R52-C-3107-100), to two parts of carbon tetrachloride
(Air Force Specification No. AN-4-503-110B, Navy Spe-
cification No. L-14a), and heat it to 54.4°C to 60°C
(130°F to 140°F). The solution should be maintained at
this temperature throughout the process of mixing and
application. Since carbon tetrachloride evaporates very
quickly when exposed, the mixture may become thick
when treating a large number of parts. It will then be
necessary to add more carbon tetrachloride to retain the
desired consistency.
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Section XI o
Paragraphs 11-13 to 1118

11—-13. Dielectric parts should be brushed with or

dipped in the wax solution. Surplus wax should be
poured out of holes and recesses after dipping or brush-

-ing. Place wax coatéd part$ in an oven at 65.6°C to.

71.1°C (150°F to 160°F) for approximately 2 hours to
remove solvent from the wax and to impregnate the wax

into the dielectric material. After removal from the

oven, excess wax on parts‘should be removed with a clean
dry cloth. Do not attempt to rub the wax dry.

~ 11—14. Remove all paint and protective coating from
all the mating surfaces of the distributor assembly and

magneto mounting pad. A light film of Dow Corning-

No. 4 compound should be applied as soon as they are
cleaned, as corrosion is likely to set in - 1mmed1ately
11-15. ASSEMBLY :

AN 02A-10AB-3

" 11—~16. Cut the 1gmt10n wires to the lengths specxﬁed in

the above Table of Wire Lengths.

11—17. Install a copper ferrule on one end of each wire;
then stamp the numbered position of the distributor
block in which it is to be installed on the ferrule in three
places so that the fastening screw of the block will not
obliterate all identifications. Install- the ferrules, using
PWA-1937-20 Ferrule Crimper.

11—18. Install the wires in the manifold in the posmons
shown in the wxrmg dlagram (Figure 11-1). Pull each
wire through its respective sparkplug hole with a small
wire hook. An application of soapstone or talc to the

" wires will assist in shppmg the wires through the mani-

fold. Insert a grommet in each sparkplug lead union

nut; then install the braided sparkplug leads and secure

TABLE OF WIRE LENGTHS

Engmes Equxpped With SBQR(U) — 3 Magnetos

. No. of Total Length . Wire Length from Wire Length from
Distributor Front ‘ Rear Rear Manifold - . Front Manifold
Block . Manifold . Manifold to Left Magneto to Right Magneto
No. 1 55 , 37'” ' 201/” : 337
No. 2 - 48%4” V - 53%” 20157 . 33"
No. 3 6314” 6814” 19” : - 31L47
No. 4 7424 4524 18147 317
NO. 5 61]/ ’ . 291/’ ” _17%11 ) - 307
No. 6 474" 4514 18” 3015”
No. 7 557" - ' 597" S 1714”7 ' 30
No. 8 82247 . 5424 - 18147 31~
No. 9 . 697 - 39” 19 : 31,7
Engines Equipped With SBOR(N) —4 Magnetos
No. of . Total Length Wire Length from - Wire Length from
Distributor Front Rear " Rear Manifold Front Manifold
- Block ‘ Manifold  Manifold to Left Magneto to Right Magneto
No.1 . |~ 577 ‘ 39” 18”7 29”
No. 2 60" ‘ . 557 19”7 . 307
No. 3 62" V - 677 175" C 2814”7
No. 4 747 . 45” 187 297
No. 5. 61 ‘ 29” 19” 30”
No. 6 477 o457 1747 B S
N()..7 54" . 58’/' - 18'/ r7 . . 29%;/
No. 8 81”7 53" 20”7 : 31
No. 9 69" 390 19”. o L 30.”'

" DIMENSIONS OF FLEXIBLE CONDUITS -

Magneto to Reat Maiiifold
~ Magneto to Front Manifold

Léngth
10%‘”:}: 1/16”
'211/2"i IAG"

* Inside Dimension

1 %"”i]/lﬁ,’

1 %E"il/l(f”

Qutside Dimension
1.335% — 1.345”
1.335” — 1.345”
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Section XI

WHEN THE SWITCH IS ON R (mcuﬂ
THE RIGHT MAGNETO IS FIRING THE
FRONT SPARK PLUGS.

WHEN THE SWITCH IS ON L (LEFT).
THE LEFT MAGNETO IS nn NG THE
REAR SPARK PLUGS

HIGH
gcnswu
OOSTER '
GROUND OR I
CONNECTION \\O . IN%URCTIOORN O_//
. VIBRAT
RIGHT MAG, '
BLOC_K Nos.'\ RIGHT MAGNETO f "
e e 43 w
[]

GROUND
|~ CONNECTION

__LEFT MAG.
/_ BLOCK NOS.

SOLENOI

HIGH TENSION BOOSTER CABLE GOES TO

() (MAGNETO DISTRIBUTOR)
INDUCTION VIBRATOR CABLE GOES TO
" () (MAGNETO PRIMARY WINDING)

VIEW LOGKING FROM FRONT OF
ENGINE.-[REFERENCE TO loHT

: ANDLEFT- MAGNE TOS.ETC. ALWAYS:
(6F) APPLIES AS VIEWED FROM THE REAR) (§R

CYLINDER NOS.OF FRONT SPARK PLUGS

CYLINDER NOS.OF REAR SPARK PLUGS

(FRONT IGNITION MANIFOLD) ) (REAR IGNITION MANIFOLD)
MAG.BLOCK NO. |1 ]2]3]4als]e]7]|8]9
CVUNCER NG [1]3[5[7[e]2]4]6]e
) @ ©,
09
~ mmm% REAR MANIFOLD
FROM FRONT T OF zncm:
LOCATION OF WIRES IN . muﬂon or wmzs N
RIGHT MAGNETO CONDUIT

Figure 11-1

129

International Aerotech Academy For Training use Only



\

Section Xi
Paragraphs 11-18 to 11--28

them with the union nuts. Install the sparkplug lead
elbows and secure them in place.

11—19. Particular care should be taken when installing
the sparkplug connectors on the sparkplug leads. Cut

sufficient insulation from the wire to permit the central -

wire core to extend through the wire outlet approxi-
mately 14 inch. Do not cut the wire core when remov-

ing the insulation. Treat the ends of the wire insulation

(cotton braiding) with an insulating lacquer and allow
the lacquer to dry. This will prevent the cotton from act-
ing as a wick, thus preventing moisture from finding its
way into the insulation of the wire. After the lacquer
is dry, slide the connectors in position on the ignition
. wires, taking care not to twist or bend the wire during
this procedure. Bend the wire of the central core back
over the wire opening in a radial pattern. Do not solder
the wire in position.

11—20. After the connectors have been installed, they
should be wiped clean. Following this, they should not
be touched with the hands or allowed to become dirty.
Install a protector on each connector. Any dirt, grease,
~'acid, or scratches on this surface greatly increase the pos-
sibility of flashover and is vety apt to result in damage
to the connectors and subsequent faulty operation..
11—21. Install the magneto elbow assembly on the igni-
tion wires. Insert each-ignition wire in its proper loca-
tion in the distributor block, as indicated by the num-
bers stamped on the ferrules.

11—22. ELECTRICAL TEST OF HARNESS.

11-23. GENERAL. After rewiring, the ignition har-
ness should be given a continuity test and a high voltage
test. Air Force personnel should use a low voltage test
light or buzzer circuit, and a Delco Mode! 7244420 igni-
tion tester (stock No. 7800-728800). Navy personnel
should use a BG tester in accordance with G.E.B. No. 47
or TAKK Model 41 high tension.direct current tester.

11-24. CONTINUITY TEST.

11—25. Continuity from each distributor electrode to
the corresponding sparkplug lead should be checked. If
the test indicates an open circuit, the break should be
located by examining the connections or by removal of
the individual wire.

11—26. The following table shows the connections be-
~tween the distributor block electrodes (D.B.E.) and the
‘sparkplug (S.P.) ends of the leads. '

130

AN 02A-10AB:3

‘ID.B.E. 1. 2 3 4 s 6 7 8 9

Right Distributor Block

S.P. 1F. 3F SF 7F 9F 2F -4F G6F 8F

Left bisiribufor Block

DBE. = 1 2 3 4 5 6 7 8 9
S.P. IR 3R SR 7R 9R 2R 4R 6R S8R .
Note

While making tests, insure that there is good
contact at the connector sleeve.

11-27. HIGH VOLTAGE TEST. After all the circuits
are determined to be continuous, the manifold assembly
should be subjected to a high voltage test to determine
electrical leakage. This test should be accomplished with
a direct current tester imposing no more than 10,000
volts DC on the manifold assembly. The electrical resis-
tivity between leads and from any lead to ground should

be not less than 100 megohms and no electrical break-

down should be indicated. Set the ignition tester at
10,000 volts and on high resistance the microammeter
should indicate no more than 50 microamperes leakage
and the breakdown indicator should not flash. If there
is any internal leakage in the tester, it should be elimi-
nated by cleaning the insulating surfaces or by other
means prior to conducting this test. If excessive leakage
is still indicated after cleaning the distributor block sur-
face and the sparkplug terminals, replace the wiring.

11—28. REPLACEMENT OF A DAMAGED IGNI-
TION WIRE. If, by an electrical test, a wire in a mani-
fold should prove to be defective, it may be replaced with
a new wire without disturbing the other wires in the
manifold. Remove the spargplug connector, elbow,
grommet, and conduit. Remove the wire from the dis-
tributor block. Find out in which direction the wire will
pull the easier and splice and solder a new wire to the
opposite end of the wire. Dust the new wire with soap-
stone or talc and pull out the old wire, at the same time
carefully feeding the new wire into the manifold. After
the wire is in place, reinstall the sparkplug conduit,
grommet, elbow, and connector. In making emergency
repairs, no soldering should be attempted on the mani-
fold as heat is apt to damage the insulation on the wires
and cause failure.
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Section XH
Paragraphs 12—1 to 128

SECTION XII

TABLE OF LIMITS

12—-1. GENERAL.

12—2. TABLES. The tables which follow are to be used
in conjunction with figures 12-1 and 12-2.

12—3. REFERENCE NUMBERS. Reference numbers
on the figures indicate the location of fits, clearances,
and parts for which torques and spring pressures are
specified. A description of, and limits for these fits,
clearances, backlashes, torques and spring pressures are
located in the tables by corresponding reference numbers.

12—4. LIMITS. The Minimum and Maximum col-
umns contain the desired fits and clearances between new
parts. The figures in the Replace column indicate the
allowable limit to which parts may-wear before replace-
ment is necessary at overhaul.

12—5. TERMS AND SYMBOLS. The symbol “T” in
the Minimum and Maximum columns indicates a tight
fit. An asterisk (*) in the Replace column indicates that
the parts should be replaced if any looseness is found.
The term “By Selection” indicates that the_ parts must be
matched by choosing units that will provide the correct

12-8.‘ FRONT, POWER, AND ACCESSORY SECTIONS.

fit. The term “Fit To” means that a grinding, filing, or
other fitting operation may be necessary to obtain the
desired fit at assembly. Unless otherwise specified, all
fits are diametrical, except spline fits which are calcu-
lated from chordal dimensions.

12—~6. UNITS. The figures in the Minimum, Maxi-
mum, and Replace columns should be interpreted as
follows: torque in inch-pounds, spring pressures: in
pounds, and all other limits in inches.

12—7. TORQUE APPLICATION. Unless otherwise
specified in Sections VII, VIII, and IX, thread lubricants
should not-be applied to parts which are to be torqued.
After a castle nut or screw. has been tightened to the
proper torque, it should not be loosened to permit the
insertion of lockwire or a cotterpin. If the slos in a nut
or the lockwire holes in a screw are not properly aligned
at the minimum torque limit, the nut or screw should
be further tightened to the next aligning position, but
the maximum torque limit must not be exceeded. If this
alignment cannot be accomplished without exceeding
the maximum torque lim:t, remove the nut or screw and
try ahother one.

Ref. Chart Replace
No. No. Description Min. Max. If Over
1 1 " Hydromatic Control Valve Body — Front Case .................... (Fit To)  .0005 .0015
2 1 Front Case Oil Feed Tube —Front Case ...................ccooeveecceeeeaen.. .001T .0025T ® -

3 1 Key — Crankshaft, Front .............cccocccoeeicnirciineieienn e (Fit To) .000 .0015T *
3 1 Key — Cam Drive Gear ... e e .0015 .0045 006
4 1 Thrust Bearing Liner — Front Case .............c.cccoworioecreeereseceiones oo .002T .006T *
5 1 . Thrust Bearing — Bearing Liner ...........cc. oo .0002 .002 .004
7 1 Thrust Bearing Cover Spacer Ring Pinch — Thrust Bearing

COVEE .. oiiie ettt et ebe e an et senesn e (Fit To) .004T .008T *

8 1 Propeller Control Oil Feed Tube — Thrust Bearing Liner ............... .000 .0015 .003
S 1 Camt Drum End Clearance ..................ccccoeeevieicerenne s (Fit To) .008 .010 .015
11 1 Crankshaft Oil Seal Ring Carrier — Crankshaft ............................. ... .0005 .0025 - .004
12 1 Thrust Bearing — Crankshaft Oil Seal Ring Carrier ............................ .0002T .0014T .0005

13 1 Oil Seal Ring Carrier Ring Side Clearance — Carrier ......................... .0005T .0025T *

13 1 Oil Seal Ring Carrier — Side Clearance ...................ccccooornireiicinnnes .003 .008 .015
14 1 Oil Seal Ring Carrier Gap ...............ccoocoivniineniireee (Mitre Cut) .010 .018 .030
14 1 Oil Seal Ring Carrier Gap (Double Ring — Butt Type) ......... ... .005 .015 .020.
15 1 Cam Drive Gear — Crankshaft ..o .0005 .0025 .004
16 1 Cam Drive Gear —Cam Drum ... .003 0045 .006
17 1 Cam Oil Feed Bracket Ring'— Cam Drum ...l 004 .008 .010
19 1 Cam Drive Gear Backlash — Cam Reduction Gear .................. .......... .004 .012 .020
Revised 1 December 1951 131
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No.

20
21
22
22
23
24
25
26
28
29
30
31
32
33
34
35

" 36

39
40
41
43
46
l 46

47

T 48
49
50
51
52
53
54
55
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) Description Min. Max. Replace
Cam Reduction Pinion Backlash — Cam Rim .......cc.oooovvvvveeeomvnrenreernn, .009 .019 .030
Cam Reduction Pinion —Cam Reduction Gear ..............icooveervrereruens .0005T .0015 .003
Valve Tappet Roller Side Clearance — Tappet .....................c..oc...oeen .008 020 025
Valve Tappet Roller Side Clearance — Guide ..........ccoccrmveirecenreaee. .008 010 .018
Valve Tapper Roller Pin — Tappet ...........cooueeaee. (By Selection) .0005 .002 .003
Valve Tappet Roller Pin —ROIIEr .........ccocomunrermrrcmnrirnsirenesenissseennne. .001 .0025 004
Valve Tappet Guide — Front Case ..........c..ccooerorrmeerueeriesinsioresrasinssonn 0015 004T o *
Valve Tappet — GUide .............c.ooeeerrerreeerrrrerrereerseoene ..(By Selection) .0005 0015 .003
Pushrod Ball Socket — Valve Tappet ..........ccoovcvcmcenincrcancintecesensans .0005T .0025T *
-Pushrod Ballend — SOCKEL .........ccooriirrrunieneseci e caeisersissasrcaneans (See section 1X, paragraph 9—33)
Cam Drum — Cam Rif .......o.coovirmmeieimeccecieccecces e cmmesseesssssesens e 0025T 0005  .0015
Cam Oil Feed Bracket Oil Feed Tube — Feed Bracket .................. .0005T - .0035T  *
Cam Qil Feed Bracket Tube — Tube Bracket ............cccooverrerrerenrncns. 0015T . .0045T *
.Hydromatic Coatrol Valve Oil Feed Tube — Tube Bracket cerereraeeis 4000 .0015 .003
Front Case — Crankcase, Front Section ...........coccoeeeieeeleciiieiceecneeenes .000 004
" Pushrod Ball Socket — Valve ROCKET ............cooereemurmiemresnerrremessninenes 000 0025T *
‘Pushrod Ballend — Pushrod ............... e e 0015T  .0035T  *
Inlet Valve Guide — Valve ...............omeinnrirereniennsinnenecnrenaens JRo 0015 004 .010
Inlet Valvé Guide — Cylinder Head ........ Cuveverssussmsssamassaseons sosessansbesstens .0005T .003T kd
Inlet Valve Seat— Cylinder Head .........cc.comurirerrccurmnicnree (Shrink) 0065T  .010T *
Cold Valve Clearance (Inlet and Exhaust) cenmiststessasentiasenismasasrasasane .010 .010
Exhaust Valve Guide—ValVe .............licoommeeeeioreessesiammssnonns 004 - .0065 .
Exhaust Valve Guide Valve (Navy Personnel) .........cooeceviuernvncuenece 004 .0065
Exhaust Valve Guide — Cylinder Head ... .0005T .003T *
Exhaust Valve Seat — Cylinder Head ........................ breererans (Shrink) .0065T .010T *
Rocker Bearing — Valve Rocker ..., .0005T .0015T *
Rocker Bearing — Rocker Shaft ........ccccoivivniinivincncnslinnne .000 .0008 .0015
Rocker Shaft Small Bushing — Shaft .............ccccoccoiienincnnnne .000 .001 .002
Rocker Shaft Small Bushing — Cylinder Head ............cccooonervveeus. .001T 004T *
Rocker Shaft Large Bushing — Shaft .............ccoooemeriiccriccrovenirrerenn .000 001 002
Rocker Shaft Large-Bushing —Cylinder Head ..........ccco.ococevvrvonenne.... 001T .004T *
Rocker Oil Manifold — Crankcase Front Secuon reet et s e 000 .002 004
Pistonrings — End Clearance ..... et eaen e ettt e sane
[ Top Groove ... ettt sasensaere 0225 0295
Four Groove Piston, 2nd GIOOVE .......cooueeieveereecrerecseeneerenieneenees 0175 .0245
Straight Bore 1 3td Groove ........ccoocorrmnnrccneivecirisnneese 0175 0245
4th Groove .........ccovencincmiineciecenees 0115 .0185
:',’I'op GIOOVE ......covtrcerririctcsnsssnens . 0225 .0295
Five Groove Piston, 2nd Groqve ............. eerreeren et enens e 40225 0295
Straight Bore ° 4 3rd GIOOVE ......ooreeiircntecincneerereceaens 0225 .0295
© 4th Groove ... - 0225 .0295
[ 5th GIOOVE ....ic...cooioiieneececenireincaessnione 0115 0185
‘(Rectangular and Wedge Type ngs)
TOP GIOOVE ......cooovivesarincrniermssrnrasinersrsennees {052 062
20d GIOOVE ..o ieernnerecessteiee 0515 .0585
. 3rd GIoOVe ........ccocoreeeiriieneceenecrec e 0515 .0585
gi:;ef:;ogzﬁehston, J| 4th Groove ............. et e rerns 0515 .0585
: . 5th Groove .........ccccivvivenenrierceereescne. . <0115 0185
(With Chrome-Moly Barrels Using Com-
pression Ring in Place of Scraper Ring) -
5th GIoove ......cccooiinicccnicc i 0515 .0585
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Ref.
No.

.92

303

304
304
305
306
307
308
309
310
311
312
313
314
314

315
315
316

316

317
318
319
320
321
322
323
324
325
326
327
328

Chart
No.

1

b b e ek b et e bk b e b

-t

-

e e N e N e e N

AN -02A-10AB-3

Description Min,
Pistonring Side Clearance
' Top Groove ........ ettt .007
: S 2nd GIoove ..........cocoiicnevvcenerrsenien. 0055
Four Groove Piston 3rd GIOOVE ......ocoocitiimiciiiice e .0025
4th Groove ... .001
" TOp GIOOVE .........covviieiicine i .007
20d GIOOVE ..o .0055
Five Groove Piston | 3rd Groove ................ PRI . 003
" (Straight Type Rings) /| 4th Groove ... SO .0035
5th GIOOVE ........cocooveiviiiiiienieeiie e . 001

(Wedge Type-Top Three Rings)

Top "GIOOVe.............ccoemiierccciencrececis .002 "

20d GIOOVE ........ccccooviiniiinieeceea - .002
3rd Groove .................... ettt .0035

. . . 4th Groove .........coecevvvvernnne, s ... 002
Five Groove Piston - 5th Groove ....... OO ROTRTO .001

(Wedge Type Ring Clearance is Measured
with Outer Face of Ring Flush with-
Piston)

Pistonpin — Piston
(Light Hand Push Fit When Parts Are Oiled and at Room
TEeMPETatuLe) ... ..c..ooiviiiiiii e eeb oo

Pistonpin Plug —Pin ............. SRRSO et .0015T
Pistonpin Plug — ... ... (Service Fit) .000
Piston — Cylinder Barrel ............ccoonninnccccenn S .018
Pistonpin Bushing — Pin ... ... ... .0017
Pistonpin Bushing — Master and Linkrod ..............ccocorcciiciiinnnn. .0045T
Cam Reduction Gear Bushing — Gear ................... e e e e .001
Cam Reduction Gear Bushing — Crankcase, Front Section ................ 001T
Cam Reduction Gear End Clearance .........................ccc..cc...... (Fit To) .006
Front Main Bearing Lineér — Crankcase Front Section ............... .008T
Front Main Bearing — Front Main Bearing Liner ....................... .0002
Front Main Bearing — Crankshaft ... SRR .001T
Masterod Bearing End Clearance — Crankshaft ................... (Fit To) .009
Masterod Bearing End Clearance — Crankshaft (Bronze B

Béaring) ..o, JRTSUTRT (Fit To) .010
Masterod Bearing Pinch — Masterod ..................ccoccconiiiiiccninnnn .001T
Masterod Bearing Pinch — Masterod (Bronze Bearing) ... .0008T
Masterod Bearing Diametrical Clearance — Crankshaft

.............................................................................. ‘(Prefitted Bearing) .003
Masterod Bearing Diametrical Clearance — Crankshaft

(Bronze Bearing) ... .004 -
Crankshaft Front Splines — Crankshaft Rear Splines .......................... .001T
Linkrod Side Clearance ...............ccooviiceiiriiimeninresivcneneeneecseeseeeseaes .008
Linkpin Plug — Pin ... e e e .0005T
Linkrod Bushing — Rod ..................... et e en et ettt et .0015T
Linkrod Bushing — Linkpin ... .0013
Linkpin — Masterod ... ... s S ISR .0004T
Oil Transfer Ferrule — Crankcase Rear Section ........ SESTRRRUPRRN .000
Oil Transfer Ferrule — Crankcase Front Section ...............c.ccccocceenee. .000
Rear Main Bearing Liner — Crankcase Rear Section ...............c.ccooee e .008T
Rear Main Bearing — Rear Main Bearing Liner .............cocccccoo e .0002
‘Rear Main Bearing Pinch — Crankshaft Rear Gear .............. (Fit To) -.002T .
Rear Main Bearing — Crankshaft ... .0012T

Revised 1 December 1951

Section XII

Paragraph 12—8

Replace

Max. - If Over

.009
.0075
.0045
003

.009
.0075
.005 °
.007
0035

004
.004
.007
.004
.0035

.003
.0035T .001
.0015T .001

.022 028
.0033 .005
.006T *
.003 .005
.003T *
.012 016
.012T *
0017 .004
.0003 .001
015 024
014 .024
.002T *
.0022T *
.007 .0095
.0045 .0065
.002T *
014 018
.003T *
.0025T *
.0033 .004
.001T *
.003T *

.003

.012T *
.0017 .004
.004T *
.0001 .001
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Section XII

AN 02A-10AB-3

Paragraph 12-8

Ref.

329
330
331
332
333
601
602
603
604
oS
.606
607
608
G609
610
611
612
613
614
615
G616
618
619
620
621
622
623
624
625
626
627
628
629
630

631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
648
649

650
652

134

s

Chart
. Noe.

e e e T T T N S U

L R R O N Tl T T T ey S e O

Description

Impeller Spring Drive Fixed Spider Splines — Crankshaft Splms ......
Qil Pressure Tube — Crankcase Rear Section .................. e
Flyweight Liner — Crankshaft ..............cccccooovciimmiiimmmercnncercreneene
Inner Flyweight — Outer Flyweight ... et
Flyweight End Clearance .................coccooniiurciininciace SRR
Starter Shaft Ball Bearing — Supercharger Case .............................
Starter Shaft Spacer — Shaft ...

Starter Shaft Ball Bearing — Shaft .............oo.....coooommmrerevcriveeerionsieeiennne .

Generator Drive Pinion Splines — Generator ................ (On Width)
Starter Jaw Gear Backlash — Generator Drive Gear ...............ccccc........
Generator Drive Shaft Beanng Shaft ................ s
Generator Drive Housing — Rear Case.................... DSOS
Generator Drive Shaft Bearing — Housing ................cc.ocoovuennciccnne.
Generator Drive Shaft Bearing Pinch—Retainer ....................(Fit To)
Rear Case — Supercharger Case .................cocoouriieicminiccccnicncce s
Starter Jaw.End Clearance .................ccocoociiiiiiiiii e
Starter Jaw Splines — Starter Drive Shaft ..o
Starter Shaft Bushing — Rear Case .................cccocooiiiiciinnciin.
Starter Shaft Bushing — Shaft ..................c.oooovvnnniin, (Fit To)
Starter Shaft Bushing — Supercharger Case .................. (By Selectlon)
Starter Gear Backlash — Crankshaft Rear Gear ..............cc.c...............

Impeller Spring Drive Coupling Floating Spider — Floatmg Gear...

Floating Gear End Clearance ..o, (Fit To)
Needle Bearings End Clearance ............. JFT e
Floating Gear — Needle Bearings ...... ...,
Floating Gear Inner Race — Front Supercharger Bearing Cover ........
Front Supercharger Bearing Cover — Impeller Shaft Bearing Cage ...
Impeller Shaft Front Bearing — Impeller Shaft Bearing Cage ............

Impeller Shaft Front Bearing — Shaft ... .

Impeller Shaft Oil Jet — Supercharger Case ........................cccocooo...
Impeller Shaft Bearing Cage — Supercharger Case ........................
Impeller Intermediate Drive Gear Backlash — Floating Gear ............
Impeller Intermediate Drive Gear Backlash — Impeller Shaft Gear....
Impeller Intermediate Drive Gear Front Bearing — Front Super-
charger Bearing Cover ...l
Impeller Intermediate Drive Gear Front Bearing — Shaft .................
Impeller Intermediate Drive Gear End Clearance ..............................
Supercharge Case Oil Pressure Tube — Tube Bracket .........................
Oil Pressure Tube — Tube Bracket ...............c.cccococcoiiiiiinnne,

Supercharger Case Oil Pressure Tube Bracket — Supercharger Case ... '

Impeller Shaft Rear Front Bearing — Impeller Shaft Bearing Cage...
Impeller Shaft Rear Bearings — Shaft ...l
Impeller Shaft Rear Gear Bearing — Impeller Shaft Bearing Cage....

Clamp — Impeller Shaft Bearing .................ccccccocveeinnne (Fit To)
Impeller Flat Clearance ............ .......... e (Fit To)
Impeller Throat Clearance ... (Fit To)

Impeller Spacer — Impeller Shaft Bearing Cover ........ (Fit Per Side)
Impeller Shaft Spacer — Impeller Shaft ....... RSSO PR
Impeller Splines — Impeller Shaft ... s
Impeller Intermediate Drive Gear Rear Bearing Inner Liner — Gear
Impeller Intermediate Drive Gear Rear Bearing — Inner Liner..........
Impeller Intermediate Drive Gear Rear Bearing — Outer Liner ........
Impeller Intermediate Drive Gear Rear Bearing Outer Liner —

SUPErcharger Case ...............coevurvureruunrireeises e sesensessons K

Rear Supercharger Bearing Cover — Supercharger Case ................ e

Oil Return Check Valve — Valve Guide ...................ccovevvivieeien,

Max.

.0005
.002
.003T
.001T
012
0014
.004
.001T
.006
030
.0002
.004
.0011
.0077T
.006
.015
.005
.0025T
.003
.001
.012
.019
.008
0225
.0032
.002
.0035
.0011
.0005
.004T
.002T
.015
.013

.0009
.0012T

.0025T
.002
.0015
.014
.0003
.0011
.004T
.035
.035
.0023
.0013
.0005T
.001
.0003
.0021

.002T
.015
.0035

Replace
¥ Over

.001
.018

.006
.001
.030
035 .
.001
.006

.004
*

.020
.007

.004
0015
.020

.012

.005
.005

.003
.001

.020
.020

.002
.0005

.001
.004

.001
.003

.045

.003
.004
.001
.002
.001
.003

.022

o Ré;iised 1 December 1951
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AN 02A-10AB-3

12—-9. REAR. SECTION.

. Ref.
No.

656
657
658
659
66O
661
662
347
348
663
664
665
665
666
667
668
668
669
670
671
672
673
. 674
675
676
679
680
683
684
685
G686,
687
688
689
690
G691
692
693
693
694
695
G696
G697
698
699
700
701
702
704
705
706
707

Chart
No.

Description Min. ..
Tachometer Drive Gear Oil Tube — Rear Case ............c.cccooceucnicninenn- .001T
Tachometer Drive Gear — Rear Case ............ccccccocvcincmininiiinennnncoe .001
Tachometer Drive Gear Backlash — Accessory Drive Gear .................. .008
Tachometer Drive Gear End Clearance ... (Fit To) .008
Tachometer Drive Gear Inner Coupling — Rear Case ..............ccc....... .000
Tachometer Drive Gear Inner Coupling Bushing — Gear ................. 001
Tachometer Drive Shaft Insert — Shaft ..., .0008T
Magneto Drive Oil Seal Housing—Rear Crankcase ............cccoceeeunincne -.000
Magneto Drive Oil Seal Housing — Oil Seal ............c.ccocccnieninenncnnn .001
Magneto Drive Gear Backlash — Crankshaft Rear Gear ...................... .004
Magneto Drive Gear Shaft End Clearance ..............cccco...... (Fit To) .012
Magneto Drive Gear Shaft Front Bushing — Supercharger Case ........ .0005T
Magneto Drive Gear Shaft Rear Bushing — Rear Case .................c...... .0005T
Magneto Drive Gear Shaft Bushings — Gear Shaft .........c....cccccoonne. .001
Magneto Drive Gear Shaft Rear Bushing — Supercharger Case .......... .000
Key — Magneto Drive Gear Shaft ... ...ccccooooiivcininiceiersice e, 001T
Key — Accessory Intermediate Drive Gear .................ccccoeeniicincnnn, . .0005
Accessory Drive Gear Oil Metering Plug — Gear ".................ooenineen. .000
Accessory Drive Shaft Bushing — Shaft ..........cccccooovivenenencinriivienen. .001
Accessory Drive Shaft Bushing — Rear Case ........... ST TR .001T
Accessory Drive Gear Backlash — Accessory Inter. Dr. Gear (Fit To) .004
Accessory Intermediate Drive Gear — Magneto Drive Gear Shaft ...... .000
Accessory Inter. Drive Gear Backlash — Fuel Pump Drive Gear ........ - .004
*Fuel Pump Drive Shaft — Pump Bracket .................... e 002
Fuel Pump Drive Gear Adapter — Rear €ase ..............ccc.oo.cccoomrvvurnis .000
Vertical Accessory Drive Shaft Bearing — Shaft ..., .0005T
Vertical Accessory Drive Shaft Bearing — Accessory Drive Cover ...... .0006
Vacuum Pump Drive Oil Seal Housing — Rear Case .............c..o..cooc.... .000
Vacuum Pump Drive Oil Seal Housing — Oil Seal .............cccccooeeveneee .0015T
Vacuum Pump Drive Bearings — End Cleararnce ..........c.c....ccocovvunenne .002
Vacuum Pump Drive Liner — Rear Case .............cccocooccovniicicinnnininecn .000
Vacuum Purip Drive Liner — Bearings ... .0003
Vacuum Pump Drive Gear Bearings — Gear .............c....ccoocovmrienrennnn .005T
Vacuum Pump Drive Gear Backlash ........ ... .004
Oil Pump Idler Shaft — Gears ..........c.cococivincnnicriicise s .000
Oil Pump Idler Shaft — Bodies ..............cccccoouiriirinniniimiiinicciis .001
Oil Pump Gears Backlash ... .003
Keys — Oil Pump Drive Shaft .........ccooveurrnirrvrerncunnn. e een .0015T
Keys — Oil Pump Gear ..........cc.coorvreimrirnrirerrineenns e .000
Oil Pump Drive Shaft — Bodies .........c.cccoviiiiiiorieccncrennceeecnes .001
Oil Pump Drive Shaft — Gears ............cccoovveeiiiiiiinncis e .000 .
Oil Pump Gears Eind Clarance .................coooouerrmveeminreesimsemssesscssseneosons .003
Oil Pump Drive Gear Backlash — Accessory Intermediate Drive Gear .004
Oil Pump Body End Plate — Body ............cccoocuvniiiiiciiccrne .000
- Oil Pump Gears — Oil Pump Bodies ...............cccooeuvniiimniniiinennnnns .003
Oil Pump Body —Rear Case ................cccocccoiummiiininens SRR .001
Oil Pump Cover — Body ..........ccccooviimiiic .0015
Oil Pressure Relief Valve Piston — Seat .............oococvvcnneciicncne. .002
Supercharger Case Oil Pressure Tube — Tube Bracket ........................ .0005T
Rear Case to Supercharger Oil Pressure Tube — Supercharger Case .... .000
Rear Case to Supercharger Oil Pressure Tube — Rear Case ................ .0005T
Rear Case Oil Pressure Tube — Rear Case ...............c.ccccoccciinnnnicanens .001T

Revised 1 June 1952

Section Xil

' Paiugraph 12-9

: Replace
. Max. - If Over
.003T *
-.003 .005
.016 .020
.016 .030
.004 .006
.003 .005
.0023T *
.012
007T *
.012 .020
.045 .060
.0025T *
.0025T *
.003 .0045
.001 ,0015
.002 - .004
~.0035 .005
.004T *
.003 .005
.003T *
.012 .020
.002 004
.012 .020
.004 .0045
.004
.0003 .001
.002 .004
.004 .007
.0045T *
.002T *
.0018, .003
.0003 .0015
.012 .020:
.0015 . .003
.003 .005
.013 .020
.0015 .0025
.002 .003
.003 .005
.0015 .003
.0055 .0085
. .012 .020
.004
.007 .010
.003 .005
.0045 .006
.006 .010
.0025 ¥
.002 .003
.0025T *
.003T *
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Dia. Wire .0625 at 1-7/16” ...

Section X1i

Paragrophs 12--9 o 12-10

Ref. Chart , : _ Replace
"No. No. Description _ ' Min. Max. If Over

708 2 - Rubber Coupling End Clearance . _(By Selection) .020 .030

716 2 Bearing Retainer Dowel — Gun Synchromzer Housmg ...................... .0025 .0045 .006

717 2 Gun Synchronizer Roller — Cam (Shim-or Adjustable Type) ............ 002 .005

718 2  Gun Control Cam Shaft Bearing — Shaft ...t e © .0005T .0003 .001

719 - 2 . Gun Control Cam Shaft Bearing — Housing ............cccoeoefevrrcnc e 0005 .002 .003

726 2 Gan Synchronizer Roller — Follower ......... e e e 0005 .002 ©.003

721 2. Gun Synchronizer Follower — Housing ... 001 .0025 .004

722 2 Gun Synchronizér, Bearing Bushing — Housmg , .. {0005T .0025,

723 2 ' Gun Synchronizer Follower ~Cover ... <001 - .0025 .004

724 2 Gun Synchronizer Housing — Dowel .................... HESUORRN ©.0005T 0025T  #

725 2 Gun Synchronizer Cover — Dowel . . e 4000002

726 2 Gun Syochronwer Drive Gear — Auxxhaxy Dnve Shaft Splmes . .0005 .0035

727 ° 2 . GunSynchronizer Drive Shaft Bearing Liner — Rear Case .. e 000 - .002 .005

727 2 Accessory Drive Gear Bearing Liner — Rear Case ... - 000 .002 .005

729 .2  Gun Control Cam Shaft Gear — Gun Synchronizer Drive Gear ....... .004 .010 .014

730 2 -Gun Synchronizer Drive Shaft Bearing Liner — Howsing .................... .000 .002 .003

731 2 Accessory Drive Gear Bearing Liner — Bearing .................. e .000 - .0015T - .0015

732 2 Accessory Drive Gear Bearing = Gear ..o oo 0005T 0003 .001
“733. 2 Bearing Retainer Dowel — Gun Synchronizer Bearing Bushmg coeeees. + <001T .003T o
734 2 JImpeller Intermediate Drive Gear Shaft Splines — Gear .................. . 001T .003T *
735 2 Impelier Intermediate Drive Gear Shaft — Bushing ....................... .0005T .001 .002
736 2 . Impeller Intermediate Drive Gear Shaft Bushing — Bearing .............. .000 .0007 . 0015

737 2 Vacuum Pump Drive Gear Oil Seal — Pump Adapter ...................... .0015T  .0065T ®

738 2 Vacoum Pump Drive Adapter —Rear Case ... .000 .003

739 2 Vacuum Pump Drive Gear Bushing — Gear ..o .. .0015 .0035 -.005

. ] "2 - Vacuum Pump Drive Gear Bushing — Pump Adapter .......... e .001T .003T %

741 2 Vacoum Pump Drive Gear Backlash — Fuel Pump Drive Gear . ‘

B . ) (Fit To) .004 .012 .020-
T42 2 - Tachometer Drive Gear Couplmg Ol Seal — Coupling ..........c........... .0015T .0065T *
743 2 Fuel Pump Drive Gear Oil Seal — Pump Adapter ............ccoocoeeneee. ... -0015T .0065T *
749 2 0il Screen By—Pass Valve Plug — Rear Case ............................ SO .000 .0025
750 2 0il Pump Body Oil Seal Ring Side Clearance .............. weeiee(Fit To)  .0005 .0025 -

751 2 Tachometer Drive inner Coupling Bushing — Coupling ................... .0005T .0025T *
:12—10. SPRING PRESSURE.
Ref. Chart , : Replace
No. No. Description Min.  If Under
27 1 Valve Tappet Spring :
. Dia. Wide .051 at 154" .......oooooocceereeens SO 4 24
. 37 1. iniet Valve Spring (Inside) B :
; » Dia. Wire .154 at 1347 ... et etr et a e eees ettt enes parana s ssrene 53# 484
381 Inlet Valve Spring (Oatside)
Dia, Wire .183 at 115" ...ttt 6B.5# G4#
T 44 1 Exhaust Valve Spring (Inside) . , N
Dia. Wire 162 @t 1147 e YL H# 584
45 1 Exhaust Valve Spring (Outside) '
Dia. Wire 3192 at 114" ... oo et eer et aenteaeane e aeeas e raeneens 795 H# 753
617 1 “Impeller Sprmg Drive Spring .
Rectangular WiLe at 75”7 ... e 954 504
653 2 QOil Retura Check Valve Spring , : , '
, Dia. Wire .038 at 13/16" ... SO RSO U OSPURROUUPRRPIUVRPRION UK 14H
654 2 Oil Screen Retaining Spring ' ‘ : ' o
" Dia. Wire L0069 @t 1-3/32” ..ot e e o# S#
703 2 Oil Pressure Relief Valve Spring ' :
............ 19‘# olL#

" Revised 1 December 1951

International Aerotech Academy For Training use Only



AN 02A-10AB-3 Section XIi
Paragraphs 12—11 to 12—12

12-11. TORQUE LIMITS.
12—-12. GENERAL.

PLAIN NECKED PLAIN NECKED
STANDARD STUDS STEPPED STUDS*
_ ‘ Torque Limits . » . Torque Limits
Thread Size Minimum— | . Maximum Thread Size Minimum _T- Maximum
) Plain and Necked Plain | Necked | (Nut End) | Plain and Necked | Plain Necked
8-32-36 10 30 30 - 836 10 30 30
10-24_-32 15 45 - " 40 10-32 - 15 50 45
122428 | 20 75 65 1228 20 | 75 65
1/4-20-28 40 | 105 95 " 1/4-28 40 125 115.
5/16-18-24 85 1230 | 210 5/16-24 | 85 | 260 240 [
3/8-16-24 160 | 425 375 3/8-24 160 500 450 E
7/16-14-20 . 200 | 6715 €00 7/16-20 200 goo | 700 P
1/21320 | - 250 1050 950 . 1/2-20 250 1300 L1150 5
9/16-12-18 - 425 1500 1400 9/16-18 425 1800 1600 E
5/8-11-18 625 2100 1900 | .5/8-18 625 2600 2400 E’
3/4-10-16 1100 3800 . 3500 3/4-16 ' 1100 4600 4200 %
| - NUTS, BOLTS, AND SCREWS e
- Limits o . Limits c
= Thread Size Thread Size — — - E
STEEL PIPE PLUGS IN ALUMINUM AND _ Min, | Max. ' ' Min. | Max. E
MAGNESIUM CASESt - 832 15 | 20 3g-24 . 225 300 é
; . . 8-36 15. 20 7/16-14 - 325 430 P
: Torque Limits ol . =
Thread Size : 10-24 20 30 7/16-20 - 360 480
: Minimum | Maximum | 10-32 20 30. | 113 s00-| 650
1/16 in. AN.P.T. 30 40 ' 1224 | 35 45 144-20 560 | 750
14 in. ANP.T. 30 40 | | 1228| 35| 45 | 92612 | 700 | 950
14 in. AN.P.T. 70 85 - 14-20 | 5o 70 | 9/16-18 800 | 1050
$/16 in. AN.P.T. 70 85 1A1-28 1 65 85 5-11 1000 | 1300
% in. AN.P.T. 95 110 s/1618 [ 110 | 150 | %18 | 1150 | 1500
14 in. AN.P.T. 140 160 - 5/16-24 125. 170 34-10 - 1700 | 2300
34 in. AN.P.T. 210 [ 230 - 3%-16 | 200 | 270 | 3416 | 2000 | 2600
*If the torque required to drive a stud to the correct projection length should not come up to the minimum. or should ed the maximum given
above, ther stud should be selected.
The above general r dations should be followed with the exceptions included in paragraph 12—-13.

t1f a pipe plug is found to leak after it has been tightened to these limits, it should not be tightened further, but should be removed and more
sealing compound (AN-C-53-3) applied to the threads. The plug should be reinstalled and retightened to the desired limits.
When plugs are tightened in a hot engine, the torque recommended above should be reduced about 20%, owing to the different expansion char-
acteristics of steel plugs and the al or ium cases.

Unless otherwise specified, the torque on a nut that is shallower than standard should be reduced in proportion to the reduction in depth of the
nut from standard. A standard nut has a depth equal to the diameter of the bolt. Castellations are additional.
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Section Xl

Paragraphs 12—12 to 12—13
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Tube Size | * Alternate Min, " Max., wrench. In order to arrive at the resultant required
. Method . torque limits, the following formula should be used:
1/8 ' " 90. 25 30 . ' . T =Desired torque on- %the part '
: : ‘ E — Effective length of special extension or adapter
3/16 20 23 : 30. L — Effective length of torque wrench
1/4- 20 235 . 30 R = Reading on scale or dial of torque wrench
5/16 90 30 35 A = Distance thru which force is applied to part
-3/8 90 30 35 R— LT _ LT -
1172 180 55 60 A L+E. . )
" 5/8 180 65 70 Example: A torque of 1440 pounds-inches is desired on
- ‘ a part, using a special extension, having a length of 3
3/4 180. 70 80 inches from center to center of its holes, and a torque
7/8 180 75 85 . wrench, measuring 15 inches from center of handle or
. . handle swivel pin to center of its square adapter.
1 in. 180 80 90 : :
11/8 180 100 110 Then: R= LT a0 om0
/ | T TIgE T
1-1/4 180, 100 110 With the axis of the extension or adapter and the
1172 180 100 110 torque wrench in a straight line, tightening to a wrench
: A ‘reading of 1200 pounds-inches torque will provide the
 #Approximate angle of turn beyond finger tight. desired torque of 1440'pounds-incﬂhes on the part.
12-13. SPECIFIC
V Nomenclature " Recommended Torque
Crankcase Thru Bolt Nuts (7/16 in. Hollow Type Bolt) ..............cccccc.... et rr:350 to 400 in. Ibs.
Crankshaft Bolt ............ ettt ettt et e e e e et ae e e et et ee e eaeaeaneane e e 009-to .011 in. stretch
. Crankshaft Thru Bolt Expanders .................. et et ee et e e e erteetebeateate et s ea e b e aneereeieeets e -...200 to 225 in. lbs.
Cylinder Flange INULS ... s [OOSR 300 to 350 in. Ibs.
et et e et e e . Tighten to 250 pounds-

Propeller Shaft Thrust Bearing Nut

Propeller Shaft Thrust Bearing Cover Nuts
Pushrod Cover Connectors

- | ﬁ&, S

TORQUE WRENCHES AND ADAPTERS

On occasion, it is necessary to use a special extension
or adapter wrench together with a standard torque

 feet; then turn to tighten
thru an' angle of 25° to
30°.

ettt e et 100 to 150 in. Ibs. =~
................................. ettt eee et et e et este e e sreeiseen e OeleCt to obtain 300 Ib.-

inch minimum driving

; ' : : ‘ torque. :
Pushrod Cover INULS ........occcoveeveeereeeeeeeeaieeesirenene et ete et e ettt a b et e are e 125 to 150 in. Ibs.
~ Rocker Shaft Caps and Nuts (Aluminum) ................ vttt et ettt rae s eeeas P 65 to 100 in. Ibs.
Rocker Shaft Nuse (Steel) ..., s 200 to 250 in. Ibs.
Sparkplugs ..o e e s SRR 300 to 360 in. Ibs.
Starter and Starter Cover Nuts (Two Top Nuts Only) ... SRR 175 to 200 in. Ibs.
" Supercharger Intermediate Gear Shaft Nut ................. O PO PRSP 600 to 675 in. lbs.

Valve Adjusting Screw Locknuts
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FIGURES APPEARING ON THIS CHART ARE REFERENCE NUMBERS
ONLY. LIMNMS VALUES WITH THEIR CORRESPONDING REFERENCE
NUMBERS ARE CONTAINED IN THE TABLE OF LIMITS IN AN‘—O_Z-IOJI

COLORS SHCWN ON THIS CHART INDICATE THE ENGINE OIL CiR-
CULATION AS FOLLOWS:

Bl - Fressure OIL

G - revurn oL

301242 0—54

Figure 12—1. Clearance and Lubrication Chart — Front, Power and Accessory Sections
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FIGURES CONTAINED ON THIS CHART ARE REFER.
ENCE NUMBERS ONLY. LIMITS, (FITS, CLEARANCES.
ETC.), CORRESPONDING TO THESE FIGURES WILL BE
FOUND IN SECTION Xii OF AN 02A-10AB-3

@ HIGH PRESSURE OiL R sCAVENGE OfL.

Figure 12—2. Clearance and Lubrication Chart-—Re‘ar Section
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.A~1. GENERAL.

A-2, This appéndix is included for the purpose of list-
ing the specifications of various materials. The table
will be used in servicing engines and in obtaining suit-

GOVERNMENT SPECIFICATIONS

AN 02A-10AB-3

'APPENDIX 1|

able substitutes.

and U.S. Navy.

A—4, TABLE OF GOVERNMENT SPECIFICATIONS.

SPECIFICATION NO.

| MIL-E-5572

[ MaL-0-6082

AN.G-3

AN-G-4
.AN-G.5

AN-G-6

AN-G-14

FED. SS-G-659

AN-O-3 Grade Medium
AN-O-4
AN-O-¢

Revised | December 1951

N §

(Aircraft Fuel

TITLE

— Grade 100/130
Aircraft Fuel — Grade 91

] Aircraft Fuel — Grade 87
| Aircraft Fuel

— Grade 73

[Oil — Lubricating

Grade 1120
Grade 1100
Grade 1080

_Grade 1065

Grease — Low Temperature Lubri-
cating

Grease — Aluminum Soap '

" Grade AA

Grade B

Grease — High Temperature
Water-resistant

Grease — Lubricating Graphite

Grease — Gasoline and Oil
Resistant

Graphite

Oil = Low Temperature Lubri-
cating Gear -

Oil — Gyro Instrument
Lubricating

Oil — General Purpose, Low
Temperature Lubricating

Appendix 1
Paragraphs A—T to A—4

A-3. The specifications listed are those whlch are con-
sidered to be acceptable for use by the US Air Force

APPLICATION (PRIMARY)

Control Bearings General Low
Temperature

Propellers, Rockers »

Magneto, Generator
(Engine Compt.)

Engine Starter

'Fuel System Gasket Paste

Lubrication

Reduction Gears
Instruments
General Purpose “Squirt Can

Lubricants”
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Appendix |
Paragraph A—4

SPECIFICATION NO.

AN-VV.0-366

AN-F-13
: VV-K-ZVII
AN-C-52
- AN-VV-C:576
AN-V\v'-VC-566-

| ] }AN -669

'AN-C-86

142

AN 02A-]10AB-3.

TITLE

Oil — Hydraulic, Petroleum Base

Eluid — Anti-icing

(Isopropyl Alcohol)

Kerosene

Compound — Exterior — Surface
Corrosion Preventive

Compound — Corrosion-Preven-
tive Aircraft Engines

Compound — Antiseize, Mica-base " .

(For Threaded Fittings)

Compbund F'Anfiseize_White v,
Lead Base - - ’

Compound — Antiseize and.Seal-
_ing for Oxygen Systems,

APPLICATION (PRIMARY)

Hydraulic Systems, (Sfrnthetic
Rubber Seals) and Other
" Low Temperature Uses

Cleaning, etc.
" External Preservative
Preservation of Engine Interior

for Storage or Shipment

| Sparkplugs, Head Bolts, Exhaust
* Systems

. Threaded Fittings

Oxygen Systems (High and I;oiv

Pressure)

Revised 1 Décember 1951
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