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FOREffORD

Hall-Soott engines are designed and built with
the idea of obtaining long life and low mainte
nance cost. Necessary adjustments have been
minimized by increasing strength and wearing
qusLlity of parts throu^ the careful selection
of materials.

No piece of machinery, however, can perfom well
without proper care, and the operator must do
his share in maintaining the equipment in the
best possible manner. lubrication of .the proper
type, and properly applied, will add greatly to
the life of the engine. Periodic and systematic
inspections will do much to insure unliiterrupted
service.

The "Unit" principle of design as used in Hall-
Scott engines, with inter-changeable sub-
assemblies, permits making convenient routine
servicing operations on any unit. The engine
meanwhile, fitted with a spare luiit, is kept in
service. This includes such items as cylinder
heads, water puiqps, oil filters, oil pumps, etc.

It is hoped that all service personnel will
acquaint themselves with this handbook and use
it at every opportunity.

r

Any desired information relative to maintenance
' not contained in this book may be had on request
to our service department.

WARRANTZ

Seller warrants every new engine manufactured
and every engine rebuilt by it to be fi>ee from
defects in material and worknanshlp under normal
use and service. Seller's obligation under this
warranty is limited to making good at its factory
any part or parts thereof which shall within
ninety (90) days after delivery of such engine
to the original purchaser, or prior to the time
when such engine has been operated one hundred
(100) hours, whicdiever event shall first occur,
be returned to it with transportation charges
prepaid and which at Seller's examination shall
disclose to its satisfaction to have been thus
defective; this warranty being expressly in
lieu of all other warranties e]q>res3ed or implied

and of all other obligations or liabilities on
Seller's part, and Seller neither assumes nor
authorizes any other person to assume for it any
such liability in connection with the sale of
its engines or spare parts therefore.

This warranty shall not apply to any engine
which shall have been repaired or altered outside
of Seller's factory, in any way so as, in
Seller's Judgement, to affect its stability or
reliability or which has been subject to misuse,
negligence, or accident. Seller makes no
warranty whatever in respect to trade accessories
inasmuch as they are usuklly warranted separately
by their respective manufacturers.

INSTRUCTIONS FOR ORDERING PARTS INSTRUCTIONS FOR RETURNING PARTS

In ordering parts for engines, always give the
following information!
1. The model number and serial number of the

engine.
2. The correct part number and name as listed

in the parts catsdog.
3. The exact quantity of eadi part required.
4. The exact shipping instructions.
5. If in doubt as to parts needed send in old

parts, transportation charges prepaid,
for duplication.

Parts will be shipped out C.O.D. by express or
parcel post, and si^t draft against bill of
lading, if by frei^t, unless other terms have
been previoiisly established. Tezms and discount
status forspare parts are fixed by the credit
department. Prices, terms and discount status
are subject to change without notice.

Parts returned to the factoi^ for credit or
replacement must be clearly Identified by a tag
bearing the following information!
1. Name and address of the operator.
2. The date of failure and total hours the

particular part has run.
3. The model and serial number of the engine.
4. Reference to any correspondence regarding

failure.
5. Always confirm telegrams or telephone

messages with a letter giving full details.
6. Adjustments can only be considered upon

parts purchased throuj^ this organization;
therefore, always give our invoice number
and your order number on parts in question.

Parts arriving.at the factory upon which the
carrying charges havS'not been prepaid will not
be received.
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UATBRIAL SPECIFICATIONS

Most of the Ivihrloants and gasket cements called
fop In this handbook are Identified 67 Govemnent
Specification nrabers. For the benefit of those
who do not have ready access to Qovernment
publications I the following list has been
prepared to aid In the selection of proper
materials.

nhere a commercial trade name Is mentioned it Is
not Intended as a recommendatloni but only as a
typical exes^le of the material under consider
ation. For specific recommendations It is
suggested that this list along with your request
be submitted to your supplier's specification '
expert,

QOVERNHEOT
SPECIFICATION

NO.

Army Specifi
cation 62-5

Amy Stock
052-C-685-2PX

Amy Stook
052-C-67S-1PX

JAN-A-669

Navy Specifi
cation 52-C-18

Amy Specifi
cation 2-104B

Navy Specifi
cation 14-0-13

Series 9000

AN-4062-1

JAN-D-169
and

AN-0-6

W-L-761

AN-0-6

AN-0-2S

AN-C-14

SYMBOL PRODUCT

Cement - Oasket liquid for automotive
explication. Similar to '^Pemateid'
No. 3

Cement - Oasket viscous non-hardening.
Similar to "Pematex" No. 2

Cement - Oasket viscous hardening.
Similar to "Pematex" No. 1

CAS Confound - Antl-selse. Contains white
lead, graphite, petrolatum, lubri
cating oil and asphalt

Cosxounl - Rxmt preventive thin film polar
type. To be removable from metal
surfaces with a kerosene saturated
wiping cloth. Shall be spreyable In
a household spray gun at tesxer-
atures of 40°F and above, flesh
point not less than lOO^F. Shall
contain no abrasive substances

OE Oil - Engine. For general characteristics
see paragraph 3-35 In the Service
Handbook or paragraph 10-16 In the
Oveihaul Handbook

Oil - Engine. Kr general characteristics
see paragrai^ 3-35 In the Service
Handbook or paragraph 10-16 In the
Overhaul Handbook

Capsule - Moisture absorbing

Bag - Moisture absorbing silica gel

GO Lubrdcant - Gear universal. Viscosity to
confom to paragraphs 6-11 and 6-16
In the Service Handbook or para
graphs 11-41 and 11-44 In the
Overhaul Handbook

OOP Oil - General purpose low temperature
lubricating. A low viscosity
petroleum fraction containing
oxidation and rust inhibitors
Intended for general squirt can use

CLT Grease - Low temperature containing a
special synthetic oil having extreme
low volatility. Generally suited
ibr ball bearings and lightly loaded
gear drives

GRC Grease - Gasoline and oil resistant

USB

Seal for gaskets and threaded fittings

Seal for gaskets and tubing fittings

Cement for rope type packing between
reverse gear upper housing and
adapter

General purpose lubricant for studs and
press fit parts. Do not tise on
spark plugs or oil circulation
fittings

Grade I - For use on the exterior of the
engine

Grade H - For use on the Interior of the
engine

Lubrication of the Interior of the engine
and reverse gear. Viscosity to
confom to paragraph 3-36 In the
Service Handbook or paragraph 10-17
In the Oveihaul Handbook

Lubrication o^t^ Interior of the engine
and re^llme gear. Viscosity to
confom'to paragraph 3-36 In the
Service Handbook or paragraph 10-17
In the Oveihaul Handbook

Use In spark plug holea of stored engine
to control humidity In engine
cylinders

Use In exhaust manifolds, intake manifolds
and engine shipping csse to control
humidity around a stored engine

Use on the water pump pilot gears and
starter drive gears

Use In the bilge punx, starter, throttle
controls, generator drive bearings
and Bendlx drive helix

Use for distributor and generator ball
bearing lubrication as well as the
distributor drive gears

Use as a gasket paste to make a tight
Joint and facilitate separation of
the Joint at disassembly

1

11
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Section I
Paragraph 1-1 to 1-2
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Figure 1-1. Model 2268 Right Side View
INTRODDCTION

1-1 SCOPE.

1-2 This publication comprises the Overhaul
Instructions for RH Engine No. 2268 Stock List
No. 1906AAF200 000 (henceforth referred to as
Model 2268), for LH Engine No. 2269 Stock List

r RIGHT hand BANK
CYLINDERS

No, 1906AAF200 100 (henceforth referred to as
Model 2269) and associated models. If any,
manufactux>ed by the HAIi-SCOrT MOTOR DIVISION of
A CP-BRILL MOTORS CO., 2850 7th Street, Berkeley
10, California, U.S.A.

CYLINDERS

Figure 1-2. Cylinder Numbers
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Paragraph 1-3 to 1-6
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Figure 1-3. Exploded Side View of the Engine

Ref Ho. Name

1  Intake Manifold
2  Thermostat
3  Carburetor
4  Fuel Pump, Mechanical
5  Exhaust Manifold
6  Starter
7  Distributor
8  Flywheel

1-3 TABLE OF LIMnS. Frequent reference is
made to the Table of Limits, section XII. Use
this table for all operations Involving measure-
menta or use of gages.

1-4 UNIT CONSTRUCTION. The Hall-Scott principle
of "unit" coimtructlon makes for easy and rapid
servicing operations. Major units can be pulled
off the engine quickly, and serviced conveniently
at the bench. The manner of removal of parts
such as the rockerarm cover, are obvious.
There are other more complex parts where a few
"pointers" will simplify the job considerably.
In this section of the service manual every
effort Is made to be helpful without dwelling
on obvious points.

Ref No. Name

9  Lower Crankcase
10 Oil Cooler
11 Crankshaft
12 Water Pump
13 Oil Filters
14 Reverse Gear
15 Bilge Pump
16 Generator

1-5 CLEANLINESS. Cleanliness must be practiced
In all work on the engine. This applies to
tear-down as well as assembly. A very small
quantity of dirt can quickly ruin a fine piece
of equipment. Tools, benches, working space
and clothing must be kept clean at all times.

1-6 SEQUENCE OF OPERATIONS. The order of
operations to remove any one particular unit
should be very closely followed. However, the
order In which the various units are removed
from the engine la somewhat flexible and can
be varied to best meet the problem at hand.
For example. It Is not necessary to remove
the bilge pump before the oil pressure reg
ulating valve Is removed althouf^ the details
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Seclsion 'I
Paragraph 1-7 to 1-19

for removing the bilge pump may be' explained
before the removal of the oil pressure reg
ulating valve.

Figure 1-4

S v^" iff
iH-HW:;

Ref Mo,

17
18
19

20

21

22

23

Exploded Front View

Mame

Elbow, Intake
Spark Plugs
Cylinder Block
Cylinder Bead
Fuel Pressure Regulating Valve
Oil Gage and Hand Scavenge Pump
Timing Inspection Cover

1-7 DEPINITIOHS.

1-8 In this publication the following defi
nitions will be used.

1-9 FRONT END. The front or bow end of the
engine is at the flywheel end. That Is, the
end opposite the propeller drive flange.

1-10 REAR END, The rear end or stern end of
the engine Is at the propeller drive flange end.
That la, the end opposite the flywheel end.

1-11 RIGHT SIDE. The rl^t or starboard side
of the engine Is on the right hand side as one
stands at the propeller drive flange and faces
forward.

1-12 LEFT SIDE. The left or port side of .the
engine Is on the left hand side as one stands
at the propeller didve flange and faces forward. .

1-13 rrvr.Twrsm DESIGNATION. The engine cylinders
are numbered starting with number one cylinder .
at the rear of the cylinder block and terminat
ing with number six at the front of the cylinder
block. The two cylinder blocks are designated
as right hand and left hand. For example,
cylinder number "SL" Is the fifth cylinder from
the rear of the cylinder block In the left hand
bank of cylinders.

1-14 SIDES OF THE CXLINDER. The cylinders are
designed according to their two sides. The
"exhaust side" refers to the side of the cjsrllrtder
on which the exhaust valve occurs. The '.Intake.'^
side", of course, refers to the side on-whlch *
the Intake valve occurs. For example! "4R EX*
Is the exhaust side of the fourth cylinder from '
the rear In the rl^t hand -bank of cylinders.

1-15 DIRECTION OF ROTATION. The rotation of
the engine Is determined by standing at the
propeller drive flange and facing forward,
nhen running In a noimal manner, the propeller
drive flange of a right hand engine rotates
clockwise. (Model 2268 Is a right hand engine.)
iShen running In a normal manner, -the propeller ■
drive flange of a left hand engine rotates
counterclockwise. (Model 2269 Is a left band
engine.) In a direct drive engine, such as
these are, the crankshaft rotation Is the same
as the propeller drive flange rotation.

1-16 ACCBSSORy ROTATION. Direction of .rotation
of all accessories Is understood to mean their
rotation as viewed from the rear of the engine
facing forward. The Ignition distributors,
which are mounted In a vertical plane, rotate
In a counterclockwise direction when viewed from
the drive end of the distributor.

1-17 TOP CENTER. "Top Center" la the angular
position of the crankshaft when the piston Is
at the top of Its stroke In the cylinder. For
ex8iin)le: "T.C. 1 & 6 R.H. Bank?* Is the angular
position of the crankshaft when number one and
number six In the right hand bank are at the
top of their stroke. Refer to markings on the
flywheel rim. This definition Is not to be
confused with the piston position when Its crank
Is on the vertical centerllne of the engine,

1-18 BOTTOM CENTER. "Bottom Center", (BC) Is
the angular position of the crankshaft when the
piston Is at the bottom of Its stroke In the
cylinder. This Is a position 180 degrees from
the "top center" position explained In para
graph 1-17.

1-19 INTAKE OPENS. "Intake Opens" Is the
angular position of the crankshaft at which the
Intake valve Just begins to open. Refer to
marks on the rim of the flywheel as seen thru
the timing Inspection hole In the flywheel
housing. These flywheel marks pertain to the
number one cylinders, no others. On the right
hand engine (Model 2268) the "INT, OPENS mark
for number one cylinder In the left hand bank
comes Into view first as the engine Is rotated.
On the left hand engine (Model 2269) the INT.
OPENS" mark for number one cylinder In the rl^t
hand bank comes Into view first as the engine
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1-20 EXHAUST CLOSES. "Exhaust Closes" Is the
angular position of the crankshaft at which the
exhaust valve Is Just closed. Refer to marks on
the rlra of the flywheel as seen thru the timing
inspection hole in the flywheel housing. These
flywheel marks pertain to the number one cylin
ders. no others. On the right hand engine
(Hodel 2268) the "EXH. CLOSES" nark for number
one cylinder In the left hand bank comes Into
view first as the engine Is rotated. On the
left hand engine (Model 2269) the "EXH. CLOSES"
mark for number one cylinder In the rl^t bank
comes Into view first as the engine Is rotated.

1-21 ROTATIOK DEFINITIOIIS. "C.W." means olock-
w;lse rotation. "C.C.W," means counterclockwise
TOtatlon. "rpm" means revolutions per minute.

1-22 LEADINS AND TRAIIiIHO BANKS. The direction
of rotation of the crankshaft determines the
leading and trailing cyl. banks. The leading
cylinder bank la the bank approached first by
the engine cranks In the upper half their nomal
rotation. The trailing cylinder bank Is the
baxdc approached last by the engine cranks In the
upper half of their normal rotation. For
example, on a right hand engine the left hand
bank Is the leading bank and the rl^t hand bank
Is the trailing bank. On a left hand engine
the opposite Is true, that is. the ri^t hand
bank is the leading bank and the left hand bank
Is the trailing bank.

1-23 LIQUID MEASURE DEFINITIONS. "U.S. gal"
meaim United States standard gallon of 231 cubic
inches. "Imp. gal" means British Imperial
gallon of 277.42 cubic inches.

1-24 STANDARDS DEFINITION. "AN OOOO" means
Army-Navy standard. "SAE" means Society of
Automotive Engineers. "JAN 00000" means Joint
Army-Navy standard. "AGMA" means American Gear
Man^acturers Association standard. "AWCF means
Standard American Wire Gage. "ASA" means
American Standards Association.

1t25 TBERMIL DBFINiriOMS. "F" means Fahrenheit
thermometer scale. "C" means Centigrade ther
mometer scale. "BTU" means British Thermal
Units of heat.

1-26 WIRING DIAGRAM DEFINITIONS.
"Arm." means armature.
"Adj." means adjustable.
"Bat." means battery.
"Dist." means distributor.
"Fix." means fixed.
"Grd." means grounded.
"Loc." means locating.
"S." means radio shielded wire. .
"Start." means starter.

1-27 mSCELLANBOUS DEFINITIONS.
"In." means United States standard Inch,
"ft" means United States standard foot,
"lb" means United States pound, commercial or
avolr^pois.
"oz" means United States ouiwe, commercial or
avoirdupois.
"CL" means the oenterllne of an object.
"cg^ means the center of gravity.
"In. of means Inches of mercury as measured
In a manometer filled with mercury.
"In. of water" means Inches of water as measured
In a manometer filled with water.
"rms" means root mean square.

rn
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GENERAL DESCRIPTION

Section II
Fapagraph 2-1 to 2-4

2-1 MODEL 2268 DEFENDER. The Model 2268
Defender Is a direct drive gasoline marine
engine turning a right hand propeller. The
engine propeller shaft flaxige, on this model«
retates clocbwise as one views it from a position
at the rear of the engine and faces forward.
Refer to name plate on front of cylinder block
for model identification.

' ;'y

2-3 CRANKSHAFT. The crankshafts in these
engines are forged molybdenuci steel heat tireated
to desired physical properties. They are
oounterweighted for good running balance. Crank
journals and webs are drilled for full pressure
lubrication to connecting rod bearings. Shafts
are rigidly supported in seven main baarings.
The accessory drive is taken from the reverse

m

Figure 2-1. Cutaway View, Rear End Figure 2-3. Cutaway View, Front Ena

2-2 MODEL 2269 DEFENDER. The Model 2269
Defender is a direct drive gasoline marine
engine turning a left hand propeller. The
engine propeller shaft flange, on this model,
rotates counterclockwise as one views it from
a position at the rear of the engine and faces
forward. Refer to name plate on front of
cylinder block for model identification.

Tiwe CAMSHAFT to tio. 6 £>;musT
VALV£ CLOSlfJr. .V1TH 07 1 TA?P£7

Cl.E>PAr;C£ TH£N SET All tXMAllST
VALVE TAPPETS TO .030 CiEAPA^JCE
J.'i'.ET tappets fi EMAi.'i ,021

ID TIME IGNITION iriOE.x clyv.heeC
'.•ARK ■'T.C." AND SET OlSTPlQUTOfi-
POINTS JUST BREAM.NC-

KEEP CHAINS PROPERLY ADJUSTED. '
FOR DIRECTIONS SEE INSTRUCTION,;
WOOr.

FOR CORRECT LUBRICATION f
IN SUMMER USE S. A. E. 4 0 AND !*.
IN WINUn USE S. A, E. 2 0. ■
OILS MUST MEET THE CLASS ■■D":
fS9 SPECIEICMIONS.

FOR WORE SPECIFIC RECGMWEnDA-,-.
tions on oil to Suit tour climatic.-
AND OPERATING CONDITIONS, CON-V
SUUT YOUR OIL COMPANY'S LUBRICA-V
TiON EXPERT. .ly

STROKE WM
^O.t&LrCAP-'X'T^ o.' -j II.-I AOViNCE
'.KuTb'''T<AT IC • SPARK F-lUC GAP u2D

manufactured by

HALL-SCOTT MOTOR CAR CO.
OW. OF A.CF.-0(lia ROTORS CO.

.  BERKELEY. CALIF. U.S.A. /

gear end of the crankshaft where torsional
vibration is negligible.

2-4 MAIN HEyVRINGS, The main Journals in this
engine are carried in precision typo "snap-in'
shells. The shells are copper-lead on a steel
backing. A surface coating of indium over lead
is used to provide a "break-in" surface on the
sheila. The shells are grooved to distribute
the pressui-e "lubricating oil. The center shells
are flanged to take the crankshaJ't end thrust.

ENGINE

MC PLATE

-OIL CAGE AND OIL

FILLER

Figure 2-2. Engine Nameplate Figure 2-4. Front View of Engine
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Paragraph 2-5 to 2-7

HALL^SCOTT DEFENDER
MODEL 2268 & 2269

The replacement main bearing shells, because of
the precision finish, may be snapped into their
saddles and run without being "line-reamed".

2-5 FCntHESL ADD VIBRATION DAUFER. The flywheel
is mounted on the front end of the crankshaft.
The starter ring gear is mounted on the fly^el.
The Tcdve timing marks are carried on the front
face of the flywheel where they can be viewed
through the timing Inspection hole in the
flywheel housing. A vibration damper is in
corporated into the rim of the flywheel. This
damper is simply an inertia rim surrounded by
a quite viscotis fluid. Its purpose is to absorb
toraional vibrations.

2-6 GEAR CARRIER. The accessory drive is

driven from the crankshaft by gears mounted
in a carrier. By selectively positioning
the gear carrier on the orankcase, at assembly,
a luiiform direction of rotation can be obtained
for all accessories on both aides of the engine
regardless of the direction of crankshaft
rotation thereby simplifying the engine con
siderably.

2-7 CONNECTINO RODS. The connecting rods are
"I" section forgings of nickel chromium steel.
They are of "yoke^' and "blade" design for
symmetrical location on the crank Journal.
Finished wei^ts are held to close tolerance
for smoothness of engine operation. A wide
bearing shell is used in the "yoke" rod and
it rld^ directly on the crankshaft. The "blade"

Figure 2-5. Crankshaft, Flywheel and Clutch Drum

coMPtrrt ASSEMBiy
aH EwaxE Boa-noM ishovwS

BCNOtNOOrCLAWP

TO LOCK CAP SCREW

SECTION A-A

INEMERCENCT 0NL1CA GEAR CARRIER v

MAT BE REVERSED TOR OPPOSITE ROTATIQW.

THISREQUIRESREMOI/AL BP EVERY RAPT FROU

THE CARRIER CASTING A RPAAAPmu lui-.

ENOre«ENQTHEea.PIPgTOBE INSTALLED
POINRWe TPWARn UfSH wnw 01AHK«iHAf T

CEAR.

Figure 2-6, Gear Carrier
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Seotloji II
Paragraph 2-8 to 2-13

rod uaea a narrow bearing shell and it bears
on the outside diameter of the "yoke" rod shell.
Shells are precision "snap-in" type copper-lead
on the inside diameter and with a steel back on
the outside diameter, A surface coating of
Indium over lead la used to provide a break-in
surface on the shells. Alloy steel bolts are
used to secure the connecting rod caps to the
connecting rods.

-,'1!

Figure 2-9. Connecting Rods, Escploded

2-8 PISTON PINS. The piston pins are made
of nickel chromium molybdenum steel. The
3Ui»faoe is case hardened for maximum wear
quality. The piston pin floats in both the
piston and the bronze bushing in the connecting
rod. It is retained in the piston throu^ the
use of soft metal plugs fitted to each side
of the piston. Magnetic inspection is employed
on the piston pins to assure their being free
of cracks.

2-9 PISTONS. The pistons used in these engines
are of cast aluminum alloy. They are generously
ribbed for greater strength and are designed
to distribute the mechanical and heat load in
the best manner. They are cam ground to permit
close fitting to the cylinder bores. Piston
ring grooves are located in the piston to provide
maximum compression and a minimum of oil con
sumption. The compression ratio is such that
high octane fuel can be used to advantage.

2-10 PISTON RINGS. Piston rings are held to
close tolerances on radial tension so that
compression pressures can be maintained and oil

consumption controlled. The surface finish of
the rings are selected to give rapid seating and
long wearing qualities after seating.

2-11 UPPER CRANKCASB. The upper crankcase;! is
made of alloy cast iron. It is provided with
ribbed webs to rigidly support the crankshaft.
Internally drilled oil passages supply oil to
the main and connecting rod bearings. Ac
cessories are fastened to the upper cre^case
so the cylinder blocks may bo removed without
distuibing the accessories. For maximum rigidity
the cylinder head hold down studs pass throu^
the cylinder block and screw directly into the
upper orankcase webs over the main journal
bearings. In this manner the driving force of
the combustion is transmitted directly to the
crankshaft.

i

'  - "if--

Figure 2-10, Connecting Rods, Assembled

2-12 CYLINDER BLOCKS. Cylinder blocks are cast
of high alloy cast iron, six cylinders enbloc.
The cylinders are oompletelyi water Jacketed for
uniform cooling. Large cover plates are used
to permit cleaning the jacket space, ,The
cylinder wall hardness is such that very good
wearing qualities are obtained.

2-13 CYLINDER HEAD. The cylinder heads are
cast of alloy iron with six heads in a castii^.
The entire valve mechanism is self-containSd" in
the head. This includes valves, rockerar^ and
camshafts. This type construction permits
replacement of cylinder heads and valves as a
unit. One exhaust valve and one intake valve
are vised per cj^inder. The eAaust valve has a
hard metal fao©and closes against a hard mietal
replaceable sen. Intake passages are short, and
direct. Lubricating oil is directed against
the camshaft and rockerann contact. Two spark
plugs are used per cylinder. Water jacket
space is provided arovmd the entire combustion

9
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Paragrapb 2-14 to 2-24

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

chamber, valve seats, valve guides and spark
plugs. A zinc plug is used in the water Jacket
space in the head to reduce the electrolytic
action of salt water on the structural elements
of the engine.

2-14 VALVE UBGHAIHSM. The valves are operated
frcm the cams thru rockerama. No push rods eire
used. The cans are proportioned to give maximum
engine performance and long valve life. Two
springs per valve are used to prevent damage
due to spring breakage.

2-lS SPROCKET H0DSIN6. The sprocket housing
is fastened to the rear of the upper crankcase.
It is an aluminum casting designed to suppress
mechanical noise to a minimum. Its primary
purpose, as its name isplies, is to support and
protect the accessory dxdve chains and sprockets.
Triple width roller chain running within the
housing carry the drive from the gear carrier
to the various accessories such as oil pump,
water punp, distributor, generator, bilge pu2ip,
tachometer drive, and fuel pump. Two manual
type chain take-ups are also provided in this
housing.

2-16 INTAKE MANIFOLD. The intake manifold is
a gallery type fed by three carburetors. The
mixture, in turn, is distributed to the indi
vidual cylinders through six pairs of intake
elbows. All of this! intake manifold assembly
is water Jacketed in-order to condition the
mixture. Priming nozzles are placed in the
intake manifold to aid Mid starting. A by-pass
thennostat is provided' to control the water
outlet tenperatura. Ventilation for the dis
tributor and multiple shield box is made thru
the intake manifold.

2-17 EXHAUST MANIF0U3. Water Jacketed exhaust
manifolds are used with individual ports to each
cylinder. The outlets may be changed from the
rear of the engine to the front merely by
changing the ri^t exhaust manifold for the left,
etc. Two e]q)ansion Joints are provided in the
outer Jacket wall.

2-18 LOWER CRANKCASE. The lower case is an
aluminum casting. It is of a deep section with
internal baffles and channels in order to reduce
the engine oil oonsumption. The front section
of the case provides an integral oil sump tank
as this engine uses a dry sump type of lubri
cation. A large hand bole is provided to aid
in cleaning the sump tank. The lower crankoase
is constructed witii mounting flanges, each side,
upon which the engine rests. A band sump pump
and oil gauge are provided at the front end of
the lower crankcase'.

2-19 on. POMPS. Two oil punps, which are identi-

different sections. The rear seotiontis.the
scavenging side and it picks up any surplus, oil
from the rear end of the lower crankcase and
delivers it to the oil suap. The front section
of the two pumps are the pressure sides.

2-20 OIL PRESSURE REOULATINO VALVE. The oil
pressure regulating valve is located between
the cylinder banks at the front of the engine.
The oil pressure supplied to the engine is
controlled by adjusting this valVe. When the

oil pressure becomes exoeasive, oil is by-pckssed
back to the oil a\imp tank thru passages drilled
in the upper crankcase. Refer to figure 12-10.

1^-
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m

Figure 2-11. Oil Pump

2-21 OIL COOLERS. Two oil coolers are used on
these engines, one is mounted on the outside of
each cylinder block. Oil is punped thru small
tubes which are surro\inded by cold water. Heat
is thereby transferred from the oil to the water.
The coolers are identical, each receiving its
oil and water from independent oil and water
pumps. A by-pass valve is provided in the oil
cooler cover to insure oil reaching the engine
should the cooler become stopped up for any
reason. Themometer bxilb adapters are provided
in the oil lines suitable for receiving ther
mometers. Refer to figure 12-10.

2-22 OIL FILTERS. Two pairs of absorption type
replaceable element oil filters are used to
condition the lubricating oil. Each pair of
filters operates independently from the other
pair and is in the oil circuit with the oil pump
and oil cooler on its particular side of the
engine. The oil filter body is provided with
two by-pass valves. One by-pass valve protects
the engine in the event that the filters become
stopped up. The other valve is put in to
protect the oil system in the event of extreme
high pressure as mi^t be encountered when the
oil is cold. Refer to figure 12-10.

2-23 WATER PUMPS. Two gear type water pumps
are used, one on either aide of the engine.
The pumps operate independently of one another
and supply water to the oil cooler, exhaust
manifold, cylinder block and cylinder head on
its particular side of the engine. The pumps
are of the pilot gear type wbi^ design permits
them to handle considerable sand in the sea'
water without damage to the pump gears.

2-24 FDEL PUMPS, Two mechanical vans type fuel
pumps are aised per engine. The fuel pua^s are
part of a continuous circuit that assures
adequate fuel supply to the carburetors while
reduoing the chances of vapor lock to a minimum.
The circuit is so arranged that a hand or
electric fuel pump may be used,to fill the
system before the engine is cranked. A pressure
regulating valve is part of the circuit which
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Section II

Paragraph 2-25 to 2-36

make it all quite dependable as well aa adaptable
to accessory equipment. Refer to figure 9-54,

2-25 CARBURETORS. Three marine type 2-1/2 in.
multiple venturi updraft carburetors are fitted
to the Intake manifold. The carburetors are
located In the "V" between the cylinder blocks.
These carburetors are of balanced design so that
any exterior restrictions in the air inlet will
not alter the mixture ratio. A drain pickup
tube is fitted to each carburetor to draw off
any gasoline that might run down into the
carburetor air intake. These carburetors are
not fitted with a choke valve. Cold starting is
made thru the use of a hand priming pun?). Wire
mesh air filters and back fire traps are fitted
to the carburetor air intakes. The three
carburetor throttle valves are connected to a
conmon control shaft. Crankcase ventilation
is provided through shrouds fitted to the
carburetor air intakes.

2-26 HbiVKBSE ffiAR. The reverse gear is designed
to give direct drive in reverse as well as
ahead. The gear is equipped with anti-friction
bearings for long trouble free life. Large
thrust bearings are provided within the engine
assembly to take the full thrust load from the
propeller in both forward and reverse. A
convenient cover is provided over the reverse
gear to permit adjustment when necessary. A
36 in. long hand lever is provided as well as
a I6-1/2 in. lever for remote control. Levers
may be mounted on either side of the engine.
Lubrication is supplied from the engine crank-
case system.

2-27 IQHITIOH DISTRIBUTOR. The two ignition
distributors are heavy duty units designed
especially for this type of service. These
distributors are radio shielded and vacuum
ventilated. Two sets of breaker points are
fitted to each distributor, thus each dis
tributor fires twelve spark plugs. For maximum
dependability the distributors are wired so that
each distributor fires six spark plugs in each
bank of cylinders. In this way, should there be
a failure in either distributor, the engine will
continue to develop almost full power as all
cylinders will still have one spark plug in
operation. The two distributors are identical
and thus interchangeable, one with the other.
The only difference in application being the
sequence of attaching the secondary wires to
the distributor cap. The distributors are
provided with numerous adjustable featiires to
make accurate ignition timing a simple operation.

2-28 OENERATOR. A single 24 volt belt driven
generator is used on these engines. The same
generator is used on both the Model 2268 and
2269 engine. It is a four pole, four brush
type generator for a positive ground system. It
is regulated for 25 amperes at 1250 generator
rpm at twenty-six volts. It is radio shielded.

2-29 APPARATUS BOX. The generator output is
controlled thiru the use of an apparatus box
which permits the generator output to vary
according to the needs of the battery. It is
radio shielded to match the rest of the electri
cal system of the engine.

2-30 STARTER. The electric starting motor is
mounted on the flywheel housing and engages the
flywheel ring gear thru the use of an inertia

shifting pinion. A gear reduction is provided
between the starter armature and the cranking
pinion. This gives the starter tremendous
torque .to crank this large engine. The starter
is energised thru the use of an instrument panel
push button switch. This push button circuit,
in turn, closes a magnetic switch which im
presses the full battery voltage across the
starter motor. The cranking pinion is shifted
into engagement with the flywheel ring gear by
being mounted on a helical thread. The inertia
of the pinion causes it to shift endwise and
engage the ring gear. A slipping clutch is
provided to absorb the initial shock of engage
ment . After the engine starts the high velocity
of the ring gear kicka the pinion out of engage
ment.

2-31 SPARK PLUGS. Spark plugs are of the
ceramic t^e with a metal Jacket for radio shield
system. The single gap type of plug is tised.
Two spark plugs per cylinder are employed and
they are connected in such a way that each spark
plug in any particular cylinder draws its energy
from separate distributors. This assures maximum
freedom from ignition failure.

2-32 BILGE PUMP. Gear type bilge ptomps are
fitted to Model 2268 engines only. These pumps
are mounted on the sprocket housing and are
driven through;,a cone clutch.. The pumps are.
normally statibhary.^d are only engaged when
it is necessary^ito-drain the bilge.

■  ■

2-33 RADIO SHIElilHG,. The, engines are fitted
with all necessary equipment to suppress dis
turbing impulses that J^erfere ̂ith the sending
or receiving of radio . Ilfhis is primarily
concerned with the eli^b^i-dBl; equipment, but
includes all elements'of "the^"^hglne that might
give rise to electrical disturbances. Electri
cal noise suppression is accomplished by the
use of resistor-suppressors, capacitor, filters,
metallic shielding, electrical bonding or
grouMlng. The suppresaion'is effSbtlve regard
less of the amount of engine equipment in
use

2-34 ELECTRIC FUEL PUMP. " A six unit electric
fuel pump is fitted to the.engine,to aid in
filling the fuel system before starting the
engine and to act as an auxili'ary pump to the
mechanical pumps. The fuel pressure regulating
valve is designed so that either the mechanical
or electrical pumps can work separately or
together. The electrical fuel pump is radio
shielded.

2-35 OVERSPEED GOVERNOR, To prevent damage to
the engine because of excess speed, a govewor
is used. This is a mechanical device that
controls the ignition circuit. When the engine
reaches a predetermined speed the ignition
circuit is internipted. Just as soon as the
engine speed drops to a safe rpm then the
ignition circuit is restored and the engine will
continue to run, hence there is no danger of the
engine stopping. The overspeed governor is
mounted on the front of the engine with a
tachometer dial included so the attendant in the
engine room can tell directly at what speed the
engine is rxmning.

2-36 TACHOMETER SENDING UNIT. An electric
tachometer unit ie used on these engines to
avoid long tachometer cables to the Bridge.
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Paragraph 3-1 to 3-2
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Figure 3-1. Tools

OVERHAUL TOOLS

3-1 GENERAL, Listed and Illustrated In this
section will be found all the Government approved
overhaul tools used on the subject engines. The
tools listed are of a general purpose nature
hence they are used for both rl^t and left hand
engines as well as for dismantling, disassembly,
repair and replacement. For this reason no
segregation Is made in the following list to
Indicate special applications. General appll-

PIG. AND
INDEX NO.

3-1-1
-2

TOOL
NO. NOMENCLATURE

161002 Wrench - Allen 3/32 In.
305551 Wrench - Cylinder head and

manifold nut double hexagon

-3 308587 Wrench - Double hex nut 5/8
and 3/4 In. openings

cations are noted below and inference Is made to
appropriate Illustrations of the tools In uss.

3-2 TYPICAL TOOLS. Tools that ̂  shown In use,
elsewhere In this handbook, but not found listed
here are not necessarily Govemnent approved and
are thus designated as "typical" to distinguish
them from the tools listed In this section.

APPLICATION

Distributor rotor set screw refer to figure 9-45.
Nuts and cap screws on rookerarm cover, water
punp, distributor drive housing, flywheel
housing, oil cooler, sprocket housing. Intake
manifold, yoke connecting rod and reverse gear
cover.

Nuts and cap screws on exhaust manifold; Intake
manifold elbows; flywheel housing^,upper and
lower crankcase flange; valve tappst lock;
reverse gear thrust bearing container,retainer,
packing gland and adapter.

13
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FIO. AND
INDEX HO.

-4
-5

•6

-7

-9

-10

-11

-18

TOOL
NO,

309526

S17805

318288
318283

318284

318285
318286

318287

318288

-13 318289

-14 318290

-15 318442

-16 326894

-17 326978

NOUBNCLATURE

Tool - Valve spring compressor
Flexocket - 5/8 in. double

hexagon

Screw driver
Wrench - 10 in. single end

superadjuatablo 1-1/8 in.
capacity

Extension - 10 in.

Handle - Flexible 17 in.
Bar - Cross

Socket - Double hex 1 hex
1/2 in. square drive

Socket - Double hex 9/I6
hex 1/2 in. square drive

Socket - Double hex 15/16
hex 1/2 in. square drive

Socket - Double hex I-I/I6
hex 1/2 in. square drive

Socket - Double hex 3/4
hex 1/2 in, square drive

Wrench - Chain adjustment
sprocket

Wrench - Hater pump packing
nut

APPLICATION

Used to install and remove valve springs.
Nuts and cap screws on the exhaust manifold:
intake manifold elbows; flywheel housing; i^er
and lower crankcase flange and reverse gear
thrust bearing container.

Distributor cam locking screw.
Adjustable for general purpose application.

Dse with socket to reach cap screws in rear
interior wall of reverse gear housing.

Use with sockets and extension.
Use with flexible handle and with chain take-up
socket wrench.

Use on spark plugs.

Nuts and cap screws on rockerarm cover, water
punp, distributor drive housing, intake mani
fold, oil cooler, sprocket housing, carburetor
flange and reverse gear 'cover.

Nuts and cap screws on the reverse gear thrust
bearing retainer and generator bracket.

Nuts and cap screws on the cylinder head, aM
main bearing studs; generator and bilge pung>
drive sprocket shafts and camshaft drive
sprocket.

Nuts on the valve tappets, reverse gear housing
adapter and reverse gear packing nuts.

Hex on chain take-up support. Refer to figure
9-36.

Hater pinnp packing nuts.

14
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'  Section IV-
Paragraph 4-1 to 4-7

DISMANTLINO AND DISASSEMBLY

pq

4-1 PREPARATION PGR DISMANTLING. When the
engine to be overhauled la contained in a re-
uaeable shipping case It must be removed as
follows . Place the shipping case under a
one ton hoist capable of lifting to 12 foot
height from the floor. Remove 38 - 1/2 in. cap
screws, nuts and washers from the lower flange
of the shipping case. Carefully lift t^
from the shipping case by the use of lifting
hooks provided. Set the cover aside. Reirove the
bag from over the engine if one is used.

two &/l6 nuts and washers from the lower end
of the mxiltiple shield supporting leg and then
remove the entire bracket from the engine.

4-5 DISTBIBOTOR CAP AND SPARK PLUG HIRE REMOVAL.
These units may be removed as an assembly without
taking the wires out of the distributor cap.
Unscrew the elbow connectors from all the spark
plugs. Release all the ignition wire clamps .
Remove the distributor caps as followa. Unscrew
the four high hex hd cap screws that project

.  1

j

n

^ i •
!

i ;
■  I

I

- --- " •

Figure Engine Shipping Case

4-2 DISMANTLING INTO MAJOR ASSEMBLIES. This
operation can beat be performed while the en^ne
.is still sitting in the base of the shipping
case.

4-3 DISASSEMBLY EXAMINATION. During each stage
of disassembly, examine all parts and Msamblies
fbr scoring or burning. Look for indications
of work irxjorrectly performed during any previous
overhauls: Report any such indications in
accordance with current practice.

4-4 MULTIPLE SHIELD REMOVAL. Remove and
barefully mark each wire from the multiple
shield, electric fuel pump filter and starting
motor filter to make sure the wire oau be
returned to its proper place. Remove th^e
ventilating pipes. Remove three 1/4 in. nuts
and lockwashers from the back of the multiple
shield box and take it from the engine along
with the radio shield filter assembly located
directly beneath it. This operation is repeated
for the opposite assembly* The multiple shield
assembly supporting bracket may now be removed.
This is done by removing four 3/8 in. cap screws
and washers from the multiple shield supports
at the front of each cylinder head. Also remove

down from the base of the distributor.,. Do
not disturb the two fillister head soM^rs
that are oonspicuovis on the top flange of the
cap. Now pull the distributor cap and wire
assembly from the engine. See figure 4-3.

4-6 INTAKE MANIFOLD REMOVAL. Remove all water
connections from the intake raanlfo|d. Remove
the fuel line connections from the-Jiarburetors
and the priming pump connection tfte-ma^foid. ,
Remove the distributor and multiple ̂ hleld
ventilating pipes from the intake
well as the vacuum gage connection. Kemoye.
the crankcase ventilating pipes ffoni
filter shrouds. Remove the throttle control
linkage from the front end of
control shaft. Now remove 24 - 7/16 !«• P®P
screws from the top of the intake manifold.
Slide the intalra manifold and carburetor
off the engine until it can be lifted straight
up. Be careful so as not to damage.any spark
plugs, wires, pipes or controls. It is best to
drain all the gasoline from the carburetor bowls
into a closed container. See figure 4-5.

4-7 CYLINDER HEAD REMOVAL. Remove both rocker-,
arm covers. Loosen up the 3/4 in. cap screws

15
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Figure 4-2. Lifting Cover from Engine Shipping Case

that hold the camshaft sprocket in place. With
a soft brass drift carefully knock the camshaft
sprockets from the driving taper. Now remove 14
3/4 in, hex nuts from the cylinder head. Also
remove two l/2 in. hex nuts from the rear of the
cylinder head. Remove oil drain pipe from front

liiSllMjait.'.,; .?•;.•/ '2

end of cylinder head. Remove oil supply pipes
from rear of cylinder head. Remove water
connection to the oil cooler body. With a rope
sling under the rocker arm shaft carefully lift
the cylinder heads from the engine and set them
aside. Now fit spacers in place on the center
cylinder head studs with nut to retain the
cylinder blocks when the engine is turned over.

CADTION

It is most important that these spacers
be installed as otherwise someone will
quite likely be hurt when the engine is
turned over.

mm:

V-?5
' T" * 12 mmmk

JW'V

I;

Figure 4-3. Removing Distributor Cap Figure 4-4. Removing Camshaft Sprocket
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Paragraph 4-8 to 4-11

Figure 4-5. Removing Intake Manifold

4.9 Place 8\q>port under camshaft sprockets as
shown in figure 4-7.

4-9 OENERATOR REMOVAL. Carefully tag and mark
all wire conneotiona to the generator so they can
be returned to their proper places, Remove the
shielding connections and wires. Loosen the two
6/8 in. clanq) bolts on the generator mounting
bracket and swing the generator around to loosen
up the two V-belts. Now remove the fo*ir 3/8 in,
cap screws from the generator mounting bracket
and after removing the V-belts from the generator
pulleyi lift the generator from the engine.

Figure 4-6. Lifting Cylinder Head

Figure 4-7. Cylinder Block Spacers an^
Camshaft Sprocket Supports

4-10 OENERATOR AND IDLER SCPPOHP, RING REMOVAL. ̂
Remove six 3/8 in. hex nuts and washers.

4-11 REVERSE GEAR REMOVAL. Remove the flat
cover from over the reverse gear. See that the
reverse gear lever is in the "Ahead" position
so that all the clutch plates will be locked
together. This makes reassemble to the engine
easier. See that the engine is rotated so that
the three levers are in the position shown. -
Remove oil pressure pipe to rear thrust bea^ng.
Remove any remote control linkage A'bta<^i^^to. tfao
short reverse gear lever. Remoye'^^^gi^^^^^^ and
anchor strap "16". RemDve lock,*lw^i]^'^8w-oap'
screws "l"/' from anchor strap. PuSi.ii^'pln
"18" out of the assembly. Remove eigjit-l/B^Iin.
cap screws from the/outside flange.of the
reverse gear housingi* Also remove two.cap
screws from the Inside rear w^l of the reyeMe
gear housing. Remove seven 7/l6 in. cap
from the rear flange of the thrhst
container. .Now carefully lift the reverse.^&iw^,\,
housing from "the engine. Be sure tha\C^ife*
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Figure 4-^8, Top view of Reverse Gear
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Figure 4-9. Sectional View of Reverse Gear
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Figure 4-10. Reverae Oear Operating Lever In
Various Positions
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v-V Figure 4-12. Lifting Reverse Gear from Engine

fastenings have been removed as mentioned above.
The gaskets may stick together so some force may
be required to break the housing loose. Be
careful In prying that none of the gasket flanges
is damaged. Loosen lock nut "19" while still In

. pbe engine. Replace nut "14" and tl^ten so the
. reverse band grips the drum "4". Now place a
'took or sling under the brake toggle adjusting

'^d as . shown In figure 4-12 and take a light
'  strain on the hoist. Reach In under the reverse

■ gear shai^ and pull the lock wires frcrni the four
7/16 In. studs. Remove the four nuts. The whole
reverse gear assembly is now free to be moved
back. The toothed olutch driving discs will come
out of the clutch driving drum. Adjust the hoist
so the reverse gear assembly can be moved back
and lifted clear of the engine. Set the assembly
aside on a clean work surface. Refer to para
graph 4-56 for disassembly of the reverse gear.

4-12 THROWOOT CAU PLATE REMOVAL. Remove eight
3/8 In. hex nuts from the front of the engine and
then rmnove the hand stealing lever hole plug and
the hand starting lever throwout cam.

4-13 OIL PIPE REMOVAL. Remove the oil circu
lation pipes that connect the oil pump to the
lower crankcase. One pipe Is on either side of
the engine. Lift the oil level gage and hand
scavenge punp from the flywheel housing and set
the gage aside.

4-14 UPPER CRANKCASE REMOVAL. Remove 20 - l/2
In. nuts and washers from the upper crankcase
flange. Remove six l/S In. cap screws from the
upper crankcase flange. T^ upper crankoase Is
now free from the lower crankcase and may be
lifted. Place suitable sling In the lifting "D"
bolts provided In the upper crankcase between

\
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Figure 4-13. Lower Fastenings of Reverse Gear
Thrust Bearing Container
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Section IV

Paragraph 4-15 to 4-16

the oyllnder hlocVo and Uft the upper crankoase
and place it on a clean work surface or on a roll
over flacture. Both the upper crankcase aM lower
crankoase must be marked so they can be re
assembled properly to assure aligrment of the
dowel holes.

NOTE

Before rotating the engine crankshaft be'
sure the camshaft sprockets are both sup
ported as shown in figure 4-7 so as not to
bind and break the chains.

Figure Lifting Upper Crankcase from Lower Crankcase

4-15 TURN ENGINE UPSIDE DOWN. At this point
in the disassembly operation it is necessary to
turn the engine over so the crankshaft is on
the top side,

CAUTION

Spacers must be in place on top of each
cylinder block to keep the blocks from
falling off when the en^ne is turned over.
Refer to figure 4-7,

This may be done with a block and taciae and
the engine placed on a sawhorse in the v
between the cylinder banks. This arrangement
will permit the piston and connecting rods to
be withdrawn from the engine. If a roll over
fixture is available the engine is readily
turned over. If the engine is t^ned over
with a block and tackle l)e careful not to damage
any studs, oil pipes or other parts of the
engine.

4-16 PISTON AND CONNECTING ROD REMOVAL, With
the engine upside down, as noted above, turn the
crankshaft until the number one crank is in a
convenient position such as at the bottom of
its stroke.

It 'is

Pull- all the cotter pins from the co
rod bolts , Loosen and remove the nw
one blade connecting rod at a time,
necting rod bolts are a snug fit in
so the oap cannot be merely lifted off,
necessary to force the. rod loose from the cap,,-
This is safely done thru the use of a forked
bar, as shown in figure 4-15, with the fork of
the tool against the piston pin bosses of the
connecting rod, never against the piston,
A typical tool is illustrated in figure 4-16,
After the connecting rod cap has been pulled
off the bolts place a protecting tube over the
bolt threads. This is most important so the
threads do not scratch the yoke rod bearing
shells as the blade rod is pushed out of the
engine. Now push the blade rod and its piston-
out of the engine. Be careful not to mar,
scratch or otherwise damage the cylinder bore.
It is necessary to catch th6 piston so it does
not drop to the floor and get damaged. As soon
as the piston and connecting rod are out of; the
engine replace the cap and shell' to the rod.^^
along with its nuts. This is important^sh.thtf^
parts will not become mixed as -they must-be^^
returned to their proper place on reas3embl;p> rS
Do not pull down tight as this only causes,:^
difficulty in removal. Now proceed to remove

21

■'.Vi



Section IV
Paragraph 4-17 to 4-18 HALL-SCOTT DEFENDER

MODCL 2268 & 2269
ranfir»:»

• ClfrTL* i b< ti. %..,

yw5i?-=

Figure 4-15. Driving Piston and Connecting
Rod A3sembl7 from Connecting Rod Cap

the yoked rod in the same manner being careful
not to damage the caps, shells, rods or pistons.
Continue this work until all the connecting
rods and pistons are out of the engine. It is
a good idea to mark the rods with a solvent
proof tag to show the engine number from which
they were removed.

■  ■

Figure 4-16. Typical Tool for Driving
Connecting Rod Assembly from Connecting

Rod Cap

4-17 CRANKSHAFT REMOVAL. With the engine still
in the v^side down position, out the lock wires
from all the main bearing nuts and remove the
14 hex nuts. With a light bar under each end
of the main bearing cap, carefully lift the cap
from the engine. All the caps are marked on the
aide to agree with the number stan^ed on the main
bearing web. They are also stanped with a common
identifying number to agree witdi a number stamped
on the top of the upper crankcase near the oil
pressure regulating valve pad. Remove the gear
carrier oil tray. Place protecting tubing over
the four main bearing studs at the extreme ends
of the crankcase as shown. This is moat im
portant to avoid damaging the finely finished
main Journals as the crankshaft is lifted from

the upper crankcase. Place a rope sling around
the center cranks and with a hoist CEU^fully lift
the shaft from the craxikcase. It is necessary to
place the lifting device in such a way that the
crankshaft is balanced fore and aft. If the
shaft is teetered carefully as it is lifted it
will not bind in the center thrust bearing.
Mark the crankshaft with a durable tag showing
the engine number so it can be reassembled to
the proper engine. The finely finished Journals
should all be wrapped with cloth or heavy paper

PROTECTORS

Figure 4-17. Typical Protectors on
Blade Connecting Rod Bolts

to protect them against damage while the crank
shaft is out of the engine.

4-18 CYLINDER BLOCK REMOVAL. Turn the upper
crankcase so that one of the cylinder blocks
is in a horizontal position. See that all

Figure 4-18. Typical Protectors on
Yoke Connecting Rod Bolts
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Figure 4-19. Lifting Main Bearing Caps

Figure 4-20. Lifting Crankshaft from Engine
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Figure 4-21, Sliding Cylinder Block from Upper Crankcase

trater and oil connections to the oil cooler are
unfas^^'iied. Now remove the nut and spacer
previously Installed on top of the cylinder
block to keep It In place. Slide the cylinder
block off Its studs onto a suitable support.
If the above procedure Is impractical for one

reason or another then the block may be lifted
from the engine by hoisting it temporarily
until a rope sling can be passed completely
around It, In lifting the cylinder block from
the studs It la necessary to teeter it from
end to end to prevent Its binding on the long
studs,

iirooRaauTs

Figure 4-22, Oil Pump Removal
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4-19 STARTER REMOVAL. Remove eight 5/l6 in.
hex nuts and washers from the starter flange
that holds the assembly to the flywheel housing.
Pull the starter assembly from the engine.

4-20 FLYWHEEL HOUSING REMOVAL. Remove eight
3/8 in. cap screws from the vertical flange of
the flywheel housing. Pour of these cap so^rews
are on the outside and four are on the inside
of the flywheel housing. Lift the housing from
the engine and set it aside.

4-21 OIL PUMP REMOVAL. The first step in
removal of the oil pump is to disconnect all
the oil line connections to the pump housing.
Then remove four nuts and washers from the
back of the pump as indicated in figure 4-22.
The pump may bo pulled straight back away from
the sprocket housing. It may be necessary to
break the body loose from the gasket. This
should be done carefully so as not to damage
either the pump or its mounting face.

B"

FL ATE

Figure 4-23. Removing Distributor

4-22 REVERSE GEAR UPPER HOIBING ADAPTER REMOVAL.
Remove seven l/2 in. hex nuts and look washers
from the vertical flange face and pull the
reverse gear upper housing adapter from the
engine.

4-23 OIL FILTER REMOVAL. Remove the oil
circulation pipes from the filter. Remove four
3/8 in. hex nuts and washers from the oil filter
base and pull the oil filter assembly from
the engine.

4-24 BILOE PUMP REMOVAL. The bilge pump is
removed by first removing the inlet and outlet
flange connections. Then remove the four 3/8
in. nuts and lockwashers from the pump mounting
flange. Pull the pump straight back off its
mounting studs. If it becomes necessary to pry
on the pump in order to separate it from the
sprocket housing be careful not to mar the
mounting flange so an oil leak will develop.

4-25 CHAIN TAKEUP REMOVAL. Remove six 3/8 in.
hex nuts and washers from the chain takeup
clamp ring. Remove the clamp ring from the
engine. Then reach in thru the top of the
sprocket housing with a long slsnder bar and

hold the timing chain away from the idler
sprocket so the chain takeup assembly may be
removed.

4-26 DISTRIBUTOR REMOVAL. The distributor is
removed from the engine as follows ■ Remove two
1/4 in. cap screws from each end of the dis
tributor hold down plate and then pull the
distributor from its drive housing.

4-27 DISTRIBUTOR DRIVE HOUSING REMOVAL. The
first step in this procedure is to remove the
distributor as explained in paragraph 4-26.
Then loosen and remove two 3/s in. cap screws
that hold the flexible coupling to the drive
flange on the distributor drive shaft. How
remove the four nuts and washers that fasten
the distributor drive housing to the upper
crankcase and lift the housing off the studs
at the same time flexing the two flexible
couplings. With a screw driver carefully pry
the flexible coupling spools from the drive dog.

-

Figure 4-24. Removing Flexible Coupling

4-28 OIL COOLER REMOVAL. Remove 16 - 3/8 in.
hex nuts and copper washers. Remove the oil
cooler assembly as a unit from the engine. Be
careful not to damage the studs or mounting
flanges.

4-29 WATER PUMP REMOVAL. Remove two of -the
3/8 in. bolts from the flexible.coupling and
pry the spools loose from the water pun^ driving
dog similar to the idea shown in figure 4-24.
Remove the water connections^Trom the water
pump. Next remove the four .5/6 in. cap screws
from the water pump base whsfi^e it fastens onto
the upper crankcase. One olf these cap screws
has to be removed by working in back of the
water pump pilot gear housing with an open end
wrench. After these four screws are loose pull
the water pump straight forward. It is not
necessary to remove the bearing retainer plate
from the side of the sprocket housing in order

25
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to remove the water pump.

4-30 ACCESSORY DRIVE CHAIN REMOVAL. Plug the
openings around the chain with cloth as shown
In figure 4-25 and grind two pin ends off the
chain. Select two pin ends that pass thru a
conmon side bar. Then carefully push the chain
pins out of the chain. See that the camshaft
sprocket la supported securely in the bracket
shown and lift the parted chain from the sprocket.
Allow the chain to feed out through the bottom of
the sprocket housing. Do not drop the chain
abruptly as It may get Jammed In the sprockets
and be hard to get out. Remove both chains In
this manner.

Figure 4-25. Removing Accessory Drive Chain

4-31 GEAR CARRIER REMOVAL. Carefully note the
position of the gear carrier housing on the \q)per
crankcase. Punch mark the geeu* carrier housing
and crankcase so they can be reassembled exactly
as they came apart. The same side of the gear
carrier hous Ing must be In contact with the upper
crankcase as It was originally assembled,
otherwise the rotation of the accessories will be
wrong. Remove the lock wires from the four gear
carrier studs and then remove the four 5/8 In.
hex nuts. Carefully lift the gear carrier
housing from the upper crankcase. The gear
carrier bousing is located by dowels in the upper
crankcase so do not cock the housing so these
dowels are damaged. It is wise to mark the gear
carrier assembly with the engine serial number
so It can be returned to the proper engine on
reassembly.

4-32 SPROCKET HOUSING REMOVAL. Remove eight
1/2 in. hex head cap screws from the front
vertical face of the sprocket housing. These
cap screws are located inside the housing. Now
pull the housing off the upper crankcase and
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set It aside for complete disassembly as dis
cussed later.

4-33 MAJOR ASSEMBLIES. After all the fore
mentioned items have been removed, the engine
Is separated in a number of major assemblies.
These, In turn, are now further taken apart
Into their component parts as described below.

Figure 4-26. Gear Carrier

4-34 CRANKSHAFT DISASSEMBLY. Carefully tag
and mark, with durable Ink, the flywheel and
hand starting ratchet with the engine model
number and serial number so they can be re
assembled to the proper engine. Now remove
the drive flange, reverse gear drum and the
flywheel from the crankshaft. Do not remove
the crankshaft coonterwei^ts vmleas necessary
for regrindlng the crankshaft or replacement
of the counteiTweights. The running balance of
the engine is dependent on the matched counter
weights. If they are disturbed It la necessary
to rebalance the crankshaft. Push the crank
pin hole seals cut of the crankshaft. This
must be done with a typical tool as shown in
figure 4-27. It is necessary to push the seals

Figure 4-27. Typical Drift used to
Remove Crankshaft Pin Seals
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Paragraph 4-35 to 4-38

out of number three and four throws as shown
otherwise they will not clear the adjacent crank
webs. Nonnally It Is unnecessary to remove the
reverse gear drive flange* This part is con
sidered as a semi-permanent assembly to the
crankshaft. It may, however, be removed if
necessary to replace the gear. Care must be
used to prevent damage to the crankshaft. As
this disassembly must be made with tremendous
pressure it is best to locally heat the flange
to from 177 to 232°C (350 to 450°P) before
attempting to remove it. The lockwasher and
nut may be removed from the flange after it is
taken from the crankshaft assembly.

- : r. ■ Mm

Figure 4-28. Pulling Shaft from Gear Carrier

4-35 GEAR CARRIER DISASSEMBLY.
a. Remove the individual parts from the gear

carrier as follows. Remove the 1/4 in. copper
tubing frean the gear carrier. Cut the lock wire
from the two 7/16 in. cap screws and remove the
screws from the asaei^ly. Now screw.,a 1/2 - 20
cap screw into the shaft end and thus pull the
shaft out while holding the accessory drive gear
and sprocket by hand to keep it from falling out.
After the shaft is r^tmoved then lift the gear
and sprocket from^he gear carrier housing.
Remove both gears 'in this manner. Remove all
pipe plugs from the gear carrier housing.
b. The anti-friction bearings may be pulled

from the accessory drive gear and sprocket
assembly. This is done by using a slender drift
against the bearing. Place .the gear end of the
unit on a couple of one dh. high spacers and
then place a drift thru the bore of the top
bearing and allow the drift to rest against the
lower bearing. Push the interior spacer aside.
Strike the drift li^tly and work all around the
bearing while knocking it out to keep it from
binding in the bore. Be sure the spacers are
far enou^ apart so the bo8u?ing will clear them
as it comes out. After the first bearing has
been removed, turn the accessory drive gear and
sprocket over and knock out the remaining
bearing. This removal operation will quite
likely damage the anti-friction bearings beyond
further use. Be careful so as not to mar the

counterbore in the accessory drive gear and
sprocket.

4-36 FLYWHEEL HOUSING DISASSEMBLY. This is
rather a simple assembly and the primary dis
assembly operation is to press the starter drive
bushing out of the flywheel housing.

i

Figure 4-29,
... JS!

Lifting Piston Pin Ret^^r

4-37 CYLINDER BLOCK DISASSEMBLY. The cylinder
block has been intentionally kept simple to
make it easy to change. No special instruction
of any sort are necessary for its disassembly.

4-38 PISTON AND CONNECTING ROD DISASSEMBLY.
The first step in disassembly is to lift the
piston pin retainers from the piston. Place
the piston on a clean surface and with a couple
of screw drivers lift one of the retainers out.
Turn the piston and connecting rod assembly over
and push the remaining piston pin retainer out.
Now push the piston pin carefully from the
assembly. This may be done using a special^
soft drift. Handle the piston, piston pin attd-w
connecting rod carefully as they are mpa^.
important parts of the engine and must not."^^'
damaged by careless handling.

Figure 4-30. Piston and Connecting Rod
Assemblies in a Protective Box
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4-39 C0HnECTj.N6 ROD DISASSRMBLY. Remove the
nuts from the oonneetlng rod cap. Pull the cap
from the rod as well as the bearing ahells. The
caps and bearing shells must be placed in racks
so they can be kept In order and protected until
such time as they can be reassembled to the
engine. Press the piston pin bushing from all
the connecting rods.

4-40 PiarON DISASSEMBLY. In an overhaul, such
as outlined in this handbook, the pistons and
piston rings are always discarded so there is
no purpose served in disassembling them.

Figure 4-Sl, Sprocket Ho\islng

4-41 SPROCKET HOUSINO AHD GENERATOR DRIVE
DISASSEMBLY.

.4-42 OBMEHATOR DRIVE DISASSEMBLY. After the
generator has been removed, as outlined in
paragraph 4-9, then the generator drive may be
removed as follows: Disconnect the tachometer
drive and set it aside. Remove four S/S in.
cap screws and lockwashers from both the gener
ator belt guard and tachometer adapter plate
assembly and the engine. Remove the two V-belta,
Now remove ei^t l/4 in. cap screws from the
tachometer drive flange. Remove the drive
flange from the engine, being careful not to
bend or otherwise damage the tachometer drive
spindle. Remove the cotter pin from the end
of the generator drive shaft and than unscrew
the 3/4 in, nut. Remove the eenerator drive
pulley. Now remove four 3/8 in. nuts and
lockwashers from the generator drive shaft
bearing retainer and pull the retainer from the
engine. Out the lookwire and remove four s/s
in. cap screws from the generator drive shaft
flange and pull the shaft free. The generator
wad. idler sprocket s\q>port clamp ring assembly
nuts and washers are then removed from the

assembljrji':'.'

4-43^- SphoCKEI HOUSING DISASSEMBLY. Remove the
cotter pins and hex nuts from the bilge pmp
and generator drive sprocket shafts. Full the
drive sprockets from the shafts. Press the
bilge pump and generator drive sprocket shafts
from the sprocket housing. Carefully support
the housing directly beneath the shaft bosses
so it will not be over-streased or cracked
when the shafts are pressed out. Remove the
accessory drive sprocket bearing retainers
from both sides of the sprocket housing. Remove

the idler sprocket support assembly from both
sides of the sprocket housing.

4-44 IDLER SPROCKET SUPPORT DISASSEMBLY.
Release the locking tang from the retainer nut
and unscrew the nut with a spanner wrench.
Press the idler sprocket assembly from the
shaft. Knock the anti-friction bearings out
of the idler sprocket. The bearings are held
in place by retainer rings so the interior
spacer must be pushed aside and a soft brass
drift used to knock the bearings out by working
thru the center hole of the bearing bore. Press
the shaft from the idler sprocket support.

m

i

Figure 4-32. Removing Ball Bearings

4-45 CYLINDER HEAD AND MANIFOLD DISASSEMBLY.
Remove all the 7/l6 in. hex nuts and washers
from the intake manifold elbows and remove the
elbows from the cylinder head. Then remove
all the 7/I6 in. hex nuts and washers from the
exhaust manifold. Frequently the manifold is
difficult to remove from the cylinder head and
care must be used so the manifold is not damaged.
It may be struck with a soft lead hammer or
wooden mallet. The manifold has tmsupported
walls in some areas and these points must not be
struck as the wall will give way. Strike
alternately from end to end and top aide then
bottom side to carefully work the manifold loose.
Some of the brass dowels may be left sticking in
the cylinder head. These must be removed by
twisting with pliers. This will probaUy damage
them beyond repair.

4-46 CYLINDER HEAD DISASSEMBLY. Remove 14 - l/s
in. nuts and washers that hold the rockerarm
shaft caps in place. Now lift the rockerarm
shaft assemblies, one at a time, from the
engine. Slide the rockerarms and spacing
springs off one end of the rockerarm shaft.
Now place an auxiliary bar I-I/8 in. in diameter
in the rockerarm shaft brackets and secure in
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several places Tltb caps and nuts. Install a
valve support piece in the combustion chambers
to hold the valves closed.

HOTE

Do not fit this valve support piece until
after the rookeranns have been removed
otherwise the valves may be bent.

If a valve support piece is not available a S/s
diameter soft brass bar or wooden dowel may be
poked thru the spark plug hole to support the
valve while its keys are being removed. With a

special tool 309526 depress the valve collar and
remove the valve keys. A small screw driyer is■
handy in this operation. After all the valve
keys are removed lift all the collars out
as well as the valve springs, Remove the
auxiliary l-l/s in, die bar and then lift
all the camshaft brackets fnan the cylinder head.
How lift the camshaft from the engine and
carefully tag it with the engine model and
serial nu^er as well as to whether it was taken

Figure 4-33. Striking Exhaust Blanifold Figure 4-55. Removing Valve Springs

j#s«

VALVE SUPPORT PIECE

Figure 4-34. Cylinder Head in Typical Stand
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from the ri^t hand head or the left h^d~head.
Full the sm^Ll oil supply pipe from the;i.ey^tidei>""
head being careful not to bend it. Tjirn^^he
cylinder bead over and remove the valvbf au]i>;^i'.t '
piece. Lift all the valves froin the 'hdad. '^
Remove the 1 in. square head pipe plug 'froMthe
front of the cylinder head. Remove the roclwr-.
arm cover base. Remove all dowels from- tlt^e
e;^B\ist side of the cylinder head, llriyei^l
the valve guides cut of the head frpm.Itliev
combustion chamber end as shown in fi©ii>o''4-4^'.

Use a brass or plastic hammer and gently hit
: ?'~;'the pump all around the body. Co not use a steel

haipmer or the alianinum housing may be damaged.
U^er no circumstances must a wedge be driven

'' into the joint of the pump sis this will damage
V it and result in an oil leak. Also separate
" the pump diaphram from the body by carefully

striking its edge. Do not mar the ground face.
The Oil pump gears may now be lifted out. Press

zzzzzzzzzzzzzm

Figure Cylinder Head Section

4-47 LOWER CRANKCASE DISASSEMBLY. Remove the
lower cover plate from the front end of the
oil sump. Remove all pipe plugs.

4-48 OIL PIMER DISASSEMBLY. Remove two l/2
in. cap screws from the top of the oil filter
bracket and then remove the two oil filter
shells and elements. Discard the oil filter
elements. Remove all pipe plugs and tubing
fittings from-the assembly. Pull the by-pass
valve and'valve spring from the back of. the
bracket . ; With a wide blade screw driver reach '
thru the~'^bttom hole in the filter bracket
and unscrew'the oil pressure relief valve plug.
Full the valve and spring from the bracket.

4-49 OIL POMP DISASSEMBLY. Pull the oil pitop
drive shaft from the pump. This should slide
out easily. Remove three S/S in. hex nuts'dnd
washers from the rear face of the pump. .j'H.ow
carefully knock the pump apart at the.center.'

30 , . V

the idler shaft from the oil pun4> scavenge body.
Pull the roller bearing cup from the oil pump
pressure body with a typical tool such as
illustrated.

4-50 WATER FDMP DISASSEMBLY. Clsn^ the splined
end of die punp drive shaft in a soft Jawed vise.
If a soft jawed vise is not available an ac
cessory drive sprocket may be placed over the
splined shaft so it can be held from rotating
.while the 5/8 in. nut is removed from the end
of the drive shaft. Pull the flexible coupling
flange from the pump drive shaft. If it is
necessary to use a gear piiUer it must be hooked
behlhd the ears of the coupling flange. Remove
the key from the pump shaft. Remove six 5/l6
in, nuts i>om the water pull^) pilot gear cover and
loosen the cover by tapping it ll^tly with a
rawhide hammer. Remove the pilot gear cover
from the pump and wash all the oil off the pilot
gears with solvent. Pull the pilot drive gear

A'V.'
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Figure 4-37. Removing Slotted Plug from
Oil Filter Base

WiMmM
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Figure 4-38. Typical Tool used to Full
Bearing Cup from Oil Pump

and the sleeve off the pump drive shaft. It
may be necessary to place a couple of wedges
under the pilot drive gear and then hit the
drive shaft end sharply with a soft nosed
hammer to start the gear off the shaft. The
sleeve is 'hardened and may be split with a
chisel If necessary to remove it. Support the
shaft,before striking the sleeve. Again hold
the pmp drive shaft from rotating and remove
the 1/2 in. hex nut from the water pump driven
shaft. Use a 2 in. long piece of mild steel
3/4 in. wide X s/s in. thick drill a couple of
9/32 in. diameter holes in it on 1-1/2 in.
centers so they register with the tapped holes
in the pilot' driven gear. Fit a couple of
1/4 - 28 cap screws to the steel piece and then
screw them into the pilot driven gear thereby
pulling the gear off the pilot driven gear hub.
Pull the hub off the shaft and remove all the
keys from both the water pump drive and driven
shafts. Remove the spring looks from the packing
nuts both ends of the pump. Back off all

Figure 4-39. Removing Hut from
Pump Drive Shaft

Figure 4-40. Fulling Coupling
Flange from Pump Shaft

packing nuts. They are all ri^t hand threads.
How remove six &/i.6 in. hex nuts from the water
pump cover and carefully remove the cover from
the pump. Use no wedge or screw driver to open
i^p the gasket Joint as this will spoil the gasket
faces and thus cause the Joint to leak on
reassembly. Pull both the water pump drive
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and driven shafts from the pump body. The
gears may now be pressed off the shafts if they
are to be replaced. With a screw driver care
fully work the bearing retainer rings from
their recesses over the anti-friction bearings.
In some case it may be best to drill two small
holes in the ring ends and then use a typical
tool as shown in the figure 4-43. After the
retainer rings are removed knock the bearings
out using a soft brass drift. Tap the bearing
all around its oiroumferenoe to avoid binding
in the bore. Now pull the oil retainer from
the water pump body.

iiiiiii

SfH. ^ f"

Removing Water Pump
Driven Gear

Figure 4-41.
Pilot

4-51 DISTRIBUTOR DRIVE HOUSING DISASSEMBLY.
Remove two 3/8 in. hex nuts from the distributor
drive housing cover. Pull the cover from the
assembly and then wi&draw the distributor drive
shaft assembly. Clamp the distributor drive
gear in a soft Jawed vise and then remove the
1/2 in. hex nut. Press the gear and both
bearings from the shaft. Press the oil retainer
from the distributor drive housing cover.

4-52 INTAKE MANIFOLD DISASSEMBLY. Remove the
throttle control shaft from the carburetor
extension pieces. This is done by loosening
all the four control levers and then pulling
the.shaft out. Remove the fuel pipes and
priming pipes. Remove the three carburetors
and carburetor extensions. Remove the throttle
shaft bracket and thermostat. Remove both end
covers from the manifold.

4-53 EXHAUST MANIFOLD DISASSEMBLY. Remove the
bands fz^mt the two expansion Joints And pull the
mibber rings from tto Joint. Examine the flange
faces and remove any ̂ llow brass dowels that
may have s.tuck to the manifold.

4-54 OIL COOLER DISASSEMBLY. Remove the hex
nuts from the oil cooler cover and then carefully
pull the cover and the core from the cooler.
Use care so as not to damage the cover, or the
gasket faces of the cover and core. Do not
drive a wedge into the gasket Joint. Tap the
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Figure 4 Removing Ball Bearing
Retainer Ring with a Screw Driver

Joint from side to side with a soft nosed
hammer until the parts can be separated. . Set
the core aside where the small tubes will not
be damaged. Remove the tubing fittings from
the cover and pull the by-pass valve and spring
from the cover.

4-55 STARTER DISASSEMBLY. Remove six l/4 in.
cap screws and five l/4 in. bolts from the
starter drive housing cover flange. Pull the
cover from the assembly. Lift the starter gear
idler from the idler gear shaft. Pull the
starter drive gear from the starting motor
shaft. Remove the key from the motor shaft.
With a screw driver, take out the two counter
sunk head screws that are on either side of the

Figure 4-43. Removing Ball Bearing
Retainer Ring with Typical Pliers
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idler gear shaft. This will pemit the starter
drive housing to be removed from the starting
motor. On the Bendix drive there are six coil
pressure springs arranged parallel to the shaft.
Between a couple of these springs there is a
slotted head screw of 3/8 in. diameter. With
a screw driver, slide the look wire out of the
screw head and remove this screw. This will
permit the Bend"x drive shaft and starter
driven gear to L<( separated from the starter
drive bousing. Press the gear from the shaft.
Press the idler gear shaft from the starter
drive housing. Press the needle bearings
from the idler gear and from the starter drive
housing. Press the bushing from the starter
drive housing.

REMOVE; SCRE\W

Figure 4-44. Bendix Drive

»  * i. t" «• « r ■^
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Figure 4-45. Removing Reverse Gear
Thrust Bearing Container
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Figure 4-46, Removing Reverse Gear
Shaft Lock Ring

4-56 REVERSE GEAR DISASSEMBLY.
a. The reverse gear shaft is removed from the

Bssmiiblv by unscrewing reverse gear bevel driven
gear lock nut "19" and then opej^ng reverse
gear bevel driven gear lock ring thus releasing
the reverse gear shaft so it can be pulled from
the SLSsembly. The reverse gear thrush bearing
retainer assembly will come out along' with the
shaft. Refer to figures 4-8 and 4-9. The
reverse gear thrust bearing container is removed
from the thrust bearing by removii^ six 5/8 in.
cap screws from the reverse gear.thrUst bearing
container. Kow if the assembly is raised up and
dropped on the end of the revepss gear shaft the
container will slide off the ■baariiags as it is
not very tight on the outsida'^diameter of the
ball thrust bearings. Drop the shaft onto a
wooden block never on a concrete floor or other
hard surf ace. Release the lock'washer from the
ball bearing look nuts and unscrew them from the
reverse gear shaft with a spanner wrench. Press
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the ball thrust bearings from the shaft. The
retainer assembly must be pushed back against
the propeller flange so that bars can be fitted
each side of the shaft to bear against the thrust
bearing inner race. After the ball bearings are
removed the retainer assembly will slide off the
shaft.
b. For disassembly of the remainder of the-

reverse gear refer to applicable Air Force and
Navy handbooks.

4-57 CARBORBTOR DISASSEMBLY. Refer to War
Department Technical Ifenual TM^1826C Ordnance
Maintenance Carburetors (Zenith).

4-58 ACCESSORY DISASSEMBLY. The details for
disassembly of the following enumerated ac
cessories refer to applicable Air Force and
Navy handbooks.
a. Ignition Timing Distributor

' b. Generator
c. ApparatTia Box
d. Radio Shielding
e. Starting Motor
f. Bendix Drive (Starter)
g. Fuel Pump (Mechanical)
h. Fuel Pump (Electrical)
J. Tachometer Sending Unit

Figure 4-47. Removing Valve Guides from Cylinder Head
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Section V

Paragraph 5-1 to 5-11

5-1 GEHSRAL. After all the engine parta have
been disassembled as described in section ZV
they , must be prepared for degreasing and clean
ing.

5-2 GASKET FACES. All gasket faces must be
scraped to clear them of gasket cement and old
gasket material. Do not scrape in such a
manner as to cut any metal from these faces,
A fiiia mire brush may be used around the studs
to clean up the gasket face.

5-3 ZDEITFIPYZNG HARKS. See that all tags and
other identifying marks are secure and are of
suoh a nature that they will not be destTOyed
by the cleaning solution.

5-4 OIL PASSAGES. Remove plugs from all oil
and water passages so they may be cleaned and
blown out with cleaning solution.

5-5 ELECTRICAL EQUIPMENT. Be careful in
cleaning electrical paz>ts so as to avoid destroy
ing the insulation. Follow the appropriate
instruction publication for cleaning the various
accessories.

5-6 ARRANGEMENT OF PARTS. Ley all the parts
out so that all surfaces can be reached with
the cleaning solution. Finely finished parts
must not be stacked in such a way that any of
the finished surfaces will be damaged. Stacking
of any sort should be avoided otherwise dirt
and grit from the top parts will run down
onto the lower parts. Allow sufficient apace
between parts so they can be turned over during
the cleaning operation without striking adjacent
parts. Do not subject rubber parts to prolonged
inmersion in cleaidng solutions. This pertains
to the riexible couplings that drive the water
pump and distributor.

5-7 CLEANING AND DEGREASING PROCESSES. Two
methods of degreasing are in general use for
preparing the parts of a disassembled engine
for inspection.

5-8 WASHING. The removal of grease and soft
carbon compounds may be accongilished by spraying
the parta with a petroleum solvent such as
kerosene, cleaner's naphtha or a white furnace
oil. Gasoline containing tetraethyl lead should
never be used.

CAUTION

When using any inflammable cleaning
Solution take all possible precautions
against eicploaion or fire. Keep a service
able fire extinguisher near by and do the
work out of door or in a well ventilated
building. Do not allow appreciable' quanti
ties of the vapor or solution to collect in
open containers.

It is advissble to use a hig^ grade white furnace
oil of 38 to 40 specific gravity. The parts may
be Immersed in the oil or be sprayed in a
protected hood with the oil and clean dry
oompressed air. In case perspiration is to be
removed a second solvent cleaning with methyl
alcohol will be effective.

5-9 VAPOR CONDENSATE. For bearing shells and
other parts where a more thorou^ cleaning is
desired, the vapor condensate method is pre
ferred. ^uipment for this procedure consists
of a closed vessel containing the solvent with
heating coils in the bottom, a space directly
above this for suspending the parts being
cleaned in the vapor and condensing equipment
for reliquefying the solvent. Because of the
fire hazeird involved in this process, non-
inflammable solvents containing chlorine are
frequently used. Triohloretfaylene is a wholly
satisfactory solvent to use. Care should be
observed that corrosion does not occur, due
to the action of these solvents particularly
when contaminated with water. Carbon tetr-
chloride is particularly \insultable due to this
possibility. In all cases where a chlorinated
solvent is used it should be checked frequently
for presence of free acid. If acid is found it
should either be neutralized before proceeding
or the solvent discarded.

5-10 CLEANING PROCEDURE. After the external
surfaces of the parts are cleaned, a particular
effort should be made to insure all the internal
passages of the engine being thoroughly cleaned
and blown out with compressed air. Particular
attention should be paid to the oil passages
of the crankshaft, crankcase. reverse gear., and
oil manifold. A sufficient number of oil
passage plugs should be removed to facilitate
the cleaning and inspection of the oil passages.
Then the degreasing fluid should be forced,
under pressure, throu^ each of the passages,
and the system blown out with compressed air.
The crankshaft is to be cleaned prior to inspec
tion and again after, wiping crankshaft diy with
clean lintless cloth Just before installing
into crankcase. The inside of the cylinder
head should be thoroughly cleaned to remove
the carbon and pennit thorou{^ inspection of
this surface. Carbon may be removed with hand
scrapers, or with special carbon cleaning
brushes driven by an electric motor. Any hard
carbon remaining on the heads of the valve
after removal from cleaning solution may be
removed with a fine wire brush.

5-11 CLEANING ANTI-FRICTION BEARINGS. Ball
and roller bearings, except sealed types,
should be cleaned with a neutral cleaning
solution. Most bearing trouble is caused
by the entry of dirt into the bearings. The
cleaning of a bearing is particular, painstaking
work, and should be done with thoroughness
and caution. The bearings should be washed
and blown out with compressed air. While doing
this, hold both races to prevent turning of the
bearing.

CAUTION

Do not allow bearing to spin. Spinning
in a dry condition will cause scoring of
the races.

The cleanlDg of the bearing should be continued
until bearing runs smoothly when well oiled.
A dry bearing will often appear loose and
defective. When it has been cleaned, it should
be oiled, wrapped in wax paper, and put in a
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box to prevent entry of dirt. A clean bearing
should never be exposed on the work bench.

5-12 OIL PIIS3. All oil pipes must be thorou^-
ly washed and blown out before inspection.

5-13 CLBANINO OIL COOLER CORE. The oil cooler
core passages must be cleaned by blowing hi^
pressure air thru each individui^ tube. Pres
sures as high as 2000 pounds per square inch
may be used to blow the sludge and dirt from
the tubes. A small nozzle with a rubber sealing
tip on it will do the Job. It aids in the
cleaning operation if the core is soaked in
solvent for some time prior to cleaning it.
The outside of the oore must be cleaned in an
inhibited solution of muriatic acid. Cover
the top of the core to keep the acid out of
the cooler-tubes. After cleaning in acid«
flush thoroughly with si neutralizing solution
of baking soda or sodium carbonate. Flush with
clean water and blow dry. Care should be taken
in handling the core to prevent dropping,
bumping or sorsping which' will result in closing
certain tubes or removing the protective tin
coating.

5-14 WATER PIPES. All water pipes and small
water lines are to be examined carefully for
any deposits, then thoroughly cleaned. If the
lines show an excessive amount of sediment,
it may be necessary to replace them.'

5-15 DRYING. Regardless of what cleaning
procedure is used, all paits should be thoroug^y
dried either by clean, dry conq>ressed air or by
careful wiping with clean dry lintless cloths.
They should be kept at temperatwes above the
dew point of the atmosphere' until protected
with a rust preservative. They should not be
touched by t^ hands after cleaning-but should
be handled with tongs or gloves since rusting
is liable to occur even after coating with
rust preventive material at spots where finger
prints of perspiration are left.

5-16 RDST PREVENTION. Any effective cleaning
process will leave the bare metal ej^osed to
oxidation and protective steps must be taken
immediately after cleaning in order to prevent
rust foiraation on the steel parts. All steel
parts must be sprayed, all over or otherwise
completely covered, with Type A Compound,
Rust Preventive, Thick Film per Navy Department
specification 52017 dated October IS, 1945.

36



HALL-SCOTT DEFENDER
MODEL 2268 & 2269

Section VI
Paragraph 6-1 to 6-6

INSPECTION

6-1 DEFINITIONS. Various types of failures
will be mentioned In this section. So that there
will be no misunderstanding, the more common
types of surface failures are described and
Illustrated. These are all in accordance with a
standard "AGMA 110.01" established by the
American Gear Manufacturers Association. The
illustrations show gear tooth surfaces, but
whether the failure occurs in a tooth surface or
a shaft Journal the general characteristics are
the same.

6-2 NORMAL WEAR. This condition refers to the
gradual smoothing and polishing of the working
surfaces resulting from the sliding and rolling
action of the teeth. It Is frequently spoken
of as "running In". With proper design, manu
facture and operation, a condition is reached
after which wear practically ceases.

Figure 6-1, Homal Wear

'j- 'v..

- w

6-4 PROGRESSIVE PITTING. This type of failure
is indicated when the formation of pits continues
at an increasing rate, both as to number and
size, A point may be reached when the unpitted
areas of the tooth surfaces are Insufficient to
carry the load, and complete destruction of the
tooth shape may occur, especially after con
tinued operation at relatively high load, and
over loading.

6-5 ABRASION. This condition may be described
as a general wearing away of the tooth surface
at a comparatively rapid rate. It generally
results from the presence of foreign matter
such as dirt, grit, or metallic particles in
the lubricant. It may also be caused by a
breaking down of the material on the wearing
surface. Abrasion appears as fine scratch
marks parallel to the direction of rubbing.

Figure 6-3. Progressive Pitting

Figure 6-2. Initial Pitting Figure Abrasion

6-3 INITIAL PITTING. This term applies to the
formation of small pits in the tooth surfaces
as large as the head of a pin or smaller,
usually starting in the vicinity of the pitch
line, and frequently occurring during the
initial period of gear operation. Pitting
should not be considered as detrimental, unless
it advances beyond the initial stage. If pits
occur gradually, and do not increase rapidly,
they indicate a temporary condition and may
disappear entirely in the course of normal
wear.

This type of failure is encountered in gear
teeth, bearing shells and camshaft bearings.

6-6 SCORING. This condition results from
excessive loading or inadequate lubrication.
Scoring may occur in parts which are piroperly
designed, manufactured and installed, when
conditions of operation are such as to cause
metal-to-metal contact. The tooth surfaces may
be roughened only on small areas and on the same
position on all teeth. This may be followed by
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a general disintegration of the surfaces, if
abnonnal conditions of operation aiTe continued.
Scoring in its initial stages may sometimes be
eliminated by applying more effective lubri
cation,

6-7 GALUNS, Galling is an aggravated condition
of scoring caused by particles of metal torn
out of the surface of the mating parts in a
manner that is sometimes referred to as seizing
and welding.

6-8 BURNING. This condition is indicated by
discoloration of the type associated with hi^
temperatures. Such discoloration indicates
that excessively high temperature has actually
occurred, and may be caused by overspeed,
overload or faulty lubrication. Burning may
result in a reduction in the hardness of harden
ed steel gear teeth and worn threads, making
them unsuited for carrying the specified load.

Figure 6-5. Scoring

Figure 6-6, Galling

6-9 ROLLING AND PEBNING. These terms refer to
plastic flow of the mating surface or surfaces,
which may occur when the material is ductile in
compression. Scoring may not be present. One
effect of rolling is the formation of slight
"fins" at the top edges and ends of the teeth.
Rolling refers to that condition where plastic
flow takes place due to heavy continuo\is loading,
Peening where the load is intermittent resulting
in a plastic flow of the material due to "hanmer
blows",

6-10 CRACKING AND CHECKINO. Cracking refers to
the occurrence of single or scattered cracks in

the tooth surface which do not necessarily
result in failure, Checking refers to the
formation of numerous and closely grouped cracks
in the surface. Cracking may result from load
ing and lubrication conditions causing excessive
temperature fluctuations; and also from excessive
hardness. Checking may result from several
causes. The direction and arrangement of the
cracks and checks usually indicate the probable
causes. Frequently, cracks and checks can only
be detected by etching or by the magnetic
iiupection.

Figure 6-7, Burning

Figure 6-8. Rolling and Peening

Figure 6-9. Cracking and Checking

6-11 CHIPPING OR SPALLING. These terms refer
to the breaking off of portions of material at
the edges or boundaries of the teeth.
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6-12 GOUGING. This may occur in unhardened
gears vhen there is interference between the
flank of the driving pinion and the tip of the
driven gear. The top edges of the gear teeth
may gouge the material near the roots of the
pinion teeth.

6-13 GEM5RAL. This section shall outline all
inspection procedures that are peculiar to this
engine. The methods of inspection shall be de
scribed and illustrated where necessary for
clarity. Too much Importance cannot be placed
on the need for careful examination of parts and
the use of sound Judgment, based upon operating
conditioiB and past perfomiance of similar units,
when rendering decisions as to the further
usability of parts. No instructions could
possibly cover all conditions that may be found
in engines disassembled or overhauled. The
section of the building devoted to inspection
should have the best possible illumination.
Sufficient space should bo provided to permit
laying out of all engine parts for inspection at
one time. Then the relative wear on component
parts may be readily compared, and it is often
possible to determine at once the cause of
abnonnal wear, as well as to compare the con
dition of the engine as a whole with other
engines . Unacceptable parts must be conspicu
ously marked and the details listed.

inspection for cracks, scratches, scoring or
other signs of non-standard condition. Certain
engine parts should, in addition, be subjected
to magnetic inspection for detection of fatigue
crack which cannot be seen in the usual cotirse
of inspection. Inspection details for each
subassembly euid its component parts are given
under the appropriate heading. A number of
inspection methods or procedures are common to
a number of similar parts used throughout the
engine. In order not to coiig>licate the detailed
inspection instructions, these inspection
operations will be covered in the adjacent
paragraphs and will not be repeated. These
operations should be perfoimed where indicated in
conjunction with' the other detailed Inspection,
whether or not they are specifically mentioned.

6-16 GEAR BACK LASH. Back lash of all gears
should be checked against the specification.
The indicator should be located so that the
button will contact the gear tooth. At points
where end play may affect the back lash, end
play should always be taken up by holding the
gear up in driving position while readings are
being taken.

6-17 STUDS. Check all studs for looseness,
cross-threading, nicks or other damage to
threads.

Figure 6-10. Chipping Figure 6-11. Gouging

6-14 INSPECTION TOOLS. It is assumed that the
inspector will be skilled in the use of mi
crometers, feelers, dial indicator gages, plug
gages and other measuring devices generally
used to determine dimensions, fits and clear
ances, and no detailed instruction for their
use will be given here. Where unusual appli
cation of standard measuring devices is required
it will be described and illustrated.

6-15 INSPECTION PROCEDURE. The Initial step
in the Inspection process is to see that the
parts are thoroughly clean so that no grease,
oil or rust preventive compound hides a defect
or interferes with the inspection process. Bust
preventive coating must be reapplied at the
completion of the inspection. Refer to paragraph
5-16. All parts should first be given a visual
inspection as an obviously damaged part need
not have any more time spent on it. All the
remaining parts should be given a physical
check which includes determining dimensions,
clesiranoes and checking them against the stand
ards given in the Table of Limits, figure 12-1.
Also, parts should be given a close visual

6-18 SHAFTS. Check for wear and fatigue cracks.
Inspect bearing Journals for dimensions and
smoothness . Splines and threads should be
checked for wear, nicks, scores, or other
mutilation.

6-19 GEARS. Inspect for signs of improper
tooth contact, corrosion, pitting, scoring,
burrs, sharp edges, and excessive wear.

6-20 FIFES. Inspect pipes for dents, cracks,
corrosion, nicks and condition of flanks. Oil
pipes that fit in a mating bracket, or hole, in
another piece, should be ccurefully checked for
abrasion that might result in an oil lesdc.

6-21 BALL AND ROLLER BEARINGS. With those
types of ball and roller bearings which can be
separated they shovild be carefully Inspected for
pitting, scoring, flaking, corrosion and wear.
Bearings which cannot be separated should be
visually inspected so far as possible. Tborou^-
ly clean bearings, except sealed types,prior to
inspection as outlined in paragraph 5-11. Never
spin an unlubricated bearing by hand or com-
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pressed air. Relubricate with light oil and-
try for smoothness. Check mounting diameters,
both inside and out, for signs of excessive
working. Excess movement at either of these
points will destroy the fit of the' bearing in
its mounting.

6-22 TABLE OF LIMITS. Refer to paragraphs
12-5 to 12-9 inclusive for an e^lanation of
the Table of Uidts found in section XII. This
Table must be used for the proper evaluation
of the inspection data.

6-23 HAGMETIC INSFECTIOK. Some of the more
highly stressed parts must be magnetically
inspected in order to detect possible cracks
that are otherwise difficult to see. This type
inspection must be done on a device especially
made to do this type of work. It is beat done
by an experienced operator. The pai^ in question
is magnetized in one of two patterns or both as
indicated in figure 6-19. Also the current to be
used is specified in this table. The wet method
of inspection is used. The part to be inspected
is first cleaned thoroughly as explained in
section V. Then it is wet with a magnetic
material such as ir'on or steel ground to a
fineness such that the particles will pass thru
a .0002 in. mesh. The magnetic material is
suspended in a fluid such as kerosene in the
ratio of from 0.8 to 1.0 part solids to 100
parts liquid by volume. A red colored solid
is used as it is conspicuous. The inspection
is made placing the part in question on the
machine and wetting it all over with the inspec
tion fluid. Bnploy a rate of fliiid flow such
that the Jet can be projected vertically from

1-1/2 to 2 inches high. Excessive rates of
flow will destroy feeble indications. After
the part is fully wet, turn on the current and
flow the inspection fluid over the entire part.
Where ever there is a break in the surface, the
magnetic material will collect, thus revealing
a break in the surface. Of course, because of
the nature of the process, all Junctions will
show. For example, if a connecting rod and
cap assembly is being tested a strong indication
will form around the Joint between the rod and
cap. If a possible defect is found in the
body of the part, wipe off the indication and
give it a second "shot" to confirm the first
indication. The seriousness of cracks is
dependent on their location and size. This is
fvurther discvtssed under each it«n so inspected.
Parts must be demagnetized after this inspection.
This is done by giving the part successive
"shots" of diminishing current until the minimum
current is used.

6-24 FLOORESCEtiT INSPECTION. The fluorescent
penetrant method of inspection is useful in
detecting flaws in aluminum pistons. Since
new aluminum pistons are always inspected by
this process after manufacture since pistons
are always replaced with new ones in the overhaul
of this engine it is not necessary to dwell on
this inspection process as it is not used in the
overhaul of the engine.

6-25 DECAILED INSPECTION.

6-26 UPPER CRANKCASE INSPECTION.
a. Check all the walls for cracks, rust or

thin spots.

-SPACERS

Figure 6-12. Strai^t Edge on Bottom Surface of Upper Crankcase
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b. Check the bottom and tvo top faces with
a straight edge to see that there is no dis
tortion in the upper crankcase. The upper faces
are cocked along each edge. Use a 43 in. long
strai^t edge and place a piece of tissue under
each end (.0015 thick). Kow try a .003 in.
thiok feeler gage under the straight edge in
three or four places along the length of the
surface. Check the lower surface in much the
same manner. Refer to items 24, 25 and 26,
Table of Limits, figure 12-1.
o. Cheek all the main bearing shells for

general condition. Examine them for signs of
errosion, corrosion and abrasion. See that
there are no indications of broken bond between
the copper lead coating and the steel backing.
Check shells for "crush". Crush is readily
checked by installing a perfectly flat plate
in the Joint between the upper crankcase and
the main bearing cap with both shells in place.
Draw the nuts down to from 10 to 15 lb feet
torque and try a feeler gage between the case
and the plate. Also between the cap and the
plate. Refer to item 3, Table of Limits,
figure 12-1. If .the shells are otherwise
acceptable install them in the upper crank
case paying attention to the numbers stamped
on the upper case webs, the caps and the shells.
The numbers are to assemble on a common side
of the engine. Refer to figure 7-4. • After
the shells are installed, fit the cap- nuts
and draw them down to the specified torque as
shown in figure 12-9. In order to duplicate the
stress of an assembled engine it is necessary to
fit both cylinder blocks and spacers on all
studs . Draw down with hex nuts to the torque
mentioned in figure 12-9. Place a rigid straight

edge thru the bores and try a .0015 feeler under
the stralfpit edge at each bearing. See figure
6-31. Check the diameter of each main bearing.
Be careful not to measui>e at a point of relief
in the shells. If inside micrometers are used
be careful that the soft metal in the shell does
not lead to an inaccurate reading. See reference
number 1 , figure 12-1. Check the length over
the flange of the center main bearing shells.

Figure 6-14. Checld.ng Crush of
lialn Bearing Shell

^ f

STRAIGHT-EDGE
^  .r- *5

Figure 6-13. Straight Edge on Top Pace of Upper Crankcase
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Figure 6-15. Defective Bearing Sheila

d. Check the condition of the machined faces
on the front and rear of the case as well as
the pads on the sides where the water pumps and
distributors mount. These faces must be flat
and true.

e. Examine the bushings pressed Into either
side of the upper crankcase where the oil lines
attach. These brass bushings must be tight and
smooth so an oil tl^t contact can be made with
the flared end of the tubing.
f. Check the condition of all studs, dowels

and pipe threads.
g. The detailed Inspection of the gear

carrier Is described In paragraph 6-33.
h. See that all drill oil passages are clear,

5-27 CRANKSHAFT AND FLYWHEEL INSPECTION,
a. Support the crankshaft on "V" blocks under

each end main bearing journal. With a dial gage
check the run out of each main bearing Journal,
Straighten the shaft If necessary. Refer to
Item 4 , Table of Limits, figvme 12-1.
b. Check the condition of the crankshaft gear

and reverse gear drive flange. The back lash
of the crankshaft gear Is checked after the
cranksha^ Is set back In the upper crankcase

with the accessory drive gear.
Measure the diameter of all the main

bearing journals. Each journal must be measured
at several points In order to get the minimum
reading. Refer to Item 8 » Table of Limits,
figure 12-1, Check the distance between the
thrust faces of the center main journal,
d. Measure the diameter of all the crank

journals, Each journal must be measured at
several points In order to get the minimum
reading.
e. Magnetically Inspect the crankshaft as

outlined In paragraph 6-23, figure 6-18 and the
Magnetic Inspection Table. For convenience
of Identifying angular positions on the crank
shaft main lournala the following "o'clock"
positions shall be established , by placing
the shaft In a horizontal position with the
number one and six crank Journals at their
top most position. Then the top point of each
main journal shall.be considered 12 o'clock and
the bottom point six o'clock as the shaft la
viewed from the front or flywheel end. For the
p\u>pose of Identifying the angular positions
of the crank loumals the following "o'clock"
positions shall be established , by placing the
crankshaft In a horizontal position with the
crank under consideration at Its top most
position. The top point of this crank journal
shall then be considered as 12 o'clock and Its
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Figure 6-16. Checking Crankshaft for "Runout"

Figure 6-17. Magnetic Inapootlon of Crankshaft

I  ■

bottom point as six o'clock as the shaft Is
viewed from the front or flywheel end. When
considering the fillets where the webs join
the Journals the same o'clock positions shall
be used as outlined above for the crank journals.
The following standards of rejection are to be
used in judging magnetic inspection of the
crankshaft!
All circumferential or diagonal Indications
are cause for rejection.
All Indications in or around oil holes are
cause for rejection.
All open Indications in the main journal over
5/8 In. long are cause for rejection.
All open Indications in the crank journals over

5/4 in. long are cause for rejection.
Any open Indication longer than 3/8 In. falling
between 10 and 2 o'clock in the crank journal
nilet or between 4 and 0 o'clock In the adjacent
main journal fillets Is cause for rejection.
Any open Indication in the crank journal fillet
between 2 and 10 o'clock or between 8 and 4
o'clock in the adjacent main journal fillet Is
cause for rejection.
Any Indication that Is perceptibly open is cause
for rejection.
Any indication that extends to the edge of the
cheek shall be cause for rejection.
Any indication about which there is doubt shall
be cause for rejection.
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be arranged so as to allow the starter pinion
to engage easily.

J. Examine the crankshaft hand starting
ratchet.

Magnetic Indication, although acceptable, may
require protective measures as mentioned In
paragraph 7-6e.
f. See that all drilled oil passages are

clear of sludge and dirt.
g. All the main and crank Journals are to be

lapped as explained In paragraph 7-6f.
h. Irmpect the condition of the starter ring

gear. The ring gear must be tight on the
flywheel. None of the gear teeth must be
chipped or broken. The ring gear chamfer must
INDICATIONS NOT EXCEEDING FILLET INDICATIONS OF^qOR SMALLER IN

DEPTH ON THIS SURFACE / LENGTH ARE ACCEPTABLE IF THEY FALL
MAY BE REMOVE BY

FILING OR GRINDING

6-28 FLiraHEBI. HODS IMG IHSPBOTION.
a. Inspect the flywheel housing for gener

WITHIN THE 60" LIMITS SHOWN

al
condition such as distortion or cracks.
b. Check the Internal diameter of the Bendlx

drive housing bushing. Refer to Item 68', Table
of Limits, figure 12-1.

FILLET INDICATIONS

HERE ARE NOT

ACCEPTABLE

rINDICATIONS IN

OIL HOLES ARE

NOT ACCEPTABLE

\ '7/y /
1  ;

•  J'

^9^ n

OPEN INDICATIONS WHICH DO NOT ENTER

fclRCUMFERENTIAL INDICATIONS \OIL HOLE RADII OR FILLET ARE ACCEPTABLE
ARE NOT ACCEPTABLE -AS SHOWN EDGES MUST BE BROKEN

Figure 6-18, Crankshaft Magnetic Inspection Diagram

MAGRSTIC IHSFBCTION TABLE
WET METHOD

PART

Crankshaft

Connecting rod
with cap bolted on

(blade)

Connecting rod
with caps bolted on

(yoke)

METHOD OF
HAGNETIZATIOK
AND RECOMMEND
AMPERAGE

SOOO Amperes length
wise (End contacts
only).

1500 Amperes length
wise (End contacts)
Inspect. 1500 Amperes
crosswise (Encircling
coll) Inspect,

1500 Amperes length
wise (End contacts)
Inspect. 1500 Amperes
crosswise (Encircling
coll) Inspect.

POINTS OF

SPECIAL CONCERN

Crack In the web between the rear main bearing
and the No. 1 pin. Refer to figure 6-17 and
6-18 and paragraph 6-27e.

Any transverse cracks refer to figure 6-24 and
6-26 and paragraph 6-30c.

Watch Inside of crotch at Junction of yoke to
main body. Refer to figure 6-24 and 6-26 and
paragraph 6-30c.

Figure 6-19. Magnetic Inspection Table
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6-29 CYLINDER BLOCK INSPECTION.
a. Check block for cracks in aziy of the walls

or flanges. Check for distortion of top and
bottom faces similar to the idea mentioned in
paragraph 6-26b.
b. Check the diameter of eaon cylinder bore

in several places in crder to determine the
maximum diameter. Refer to item 27, Table of
Limits, figure 12-1.
c. Inspect cover plate for rust penetration.

Inspect top face around water passage holes for
corrosion. Examine flange face of water Jacket
opening for corrosion.
d. Inspect all studs and dowels.
e. Bolt on auxiliary cover plates and subject

the water Jacket space to 20 lb per square in.
water pressure and examine for leaks.

Figure 6-20. Checking Bearing Shell Crush
in Blade Connecting Rod

A •''

Figure 6-21. Blade Connecting Rod
Showing Stamped Numbers

6-30 CONNECTING ROD INSPECTION.
a. Check general condition of connecting rod

for nicks or dents. Examine the big end and
small end for defects of any sort. Examine the
bearing shell locating dowels.
b. Check all the connecting rod bearing

shells for general condition. Examine them
for signs of abrasion, errosion and corrosion.
See that there are no signs of broken bond
between the copper lead coat and the steel
backing. Check shells for "crush". Refer to
figure 6-15. The crush is readily checked by
installing a flat plate in the Joint between the
connecting rod and cap. Draw the nuts down to
about 10 lb ft torque to seat the shells securely
without crushing them down. Now try a feeler
gage between the test plate and cap. Also
between the test plate and connecting rod. If

the shells are otherwise acceptable assemble them
to the connecting rods and caps. Paying par
ticular attention to the number markings on
the rods, caps and shells. Also see that the
3/8 in. nuts on the forked rods are assembled
to the bolts so all the stamped numbers are In
agreement. Pull the nuts down to the correct
torque rating as mentioned in figure 12-9. Check
the diameter of each large end bearing at
several points. Be careful not to measure at
a point where there is a relief in the shell.
If inside micrometers are used be careful that
the soft metal in the shell does not lead to an
Inaccurate reading. Refer to items 11, 14 and
18, Table of Limits, figure 12-1. Check the
width thru the large end connecting rod bores
and eonpare it with its mating part to determine

Figure 6-22. Checking Bearing Shell Crush
in Yoke Connecting Rod

Figure 6-23. Yoke Connecting Rod
Showing Stamped Numbers

the end clearance. Refer to items 12 and 15»
Table of Limits, figure 12-1. Pull the bearing
caps off the connecting rods carefully so as not
to damage either the bearing shells or the
connecting rods. Do not hit the connecting rod,
connecting rod cap or shells so as to damage
or mar them in any respect. It is best to use
a typical separator as shown. See flgore 6-25.
c. Uagnetically Inspect the connecting rod as

outlined in paragraph 6-23, figure 6-24 and the
Magnetic Inspection Table. The following
standards of rejection are to be used in Judging
magnetic inspection of both blade and yoke
connecting rods.
Any transverse or diagonal indication in the
connecting rod Is cause for rejection.
Any indication in the connecting rod that
extends to the edge of the flange is cause for

45



Section VI HALL-SCOTT DEFENDER
MODEL 2268 & 2269

INDICATIONS OF ANY SORT ON ANY

CAP NOT ACCEPTABLE

ANY TRANSVERSE OR DIAGONAL

INDICATION NOT ACCEPTABLE

ON EITHER ROD

FORKED CON

ROD & CAPS

-E®
LESS THAN %

LONGITUDINAL INDICATIONS CLOSER

THAN 2 IN. TO BORE AT EITHER

LONGITUDINAL INDICATIONS LESS

THAN ^/a in. in LENGTH AND

WITHIN THESE LIMITS ARE

ACCEPTABLE

END OR TO BASE OF FORK NOT

ACCEPTABLE

k-MORE THAN ̂ /a

LONGITUDINAL INDICAT-

ONS OVER

LENGTH NOT ACCEPT

ABLE ON EITHER RODBLADE CON

ROD & CAP

ANY INDICATION THAT IS PERCEPTIBLY

OPEN NOT ACCEPTABLE ON EITHER

ROD

ANY INDICATION EXTENDING TO

EDGE OF FLANGE NOT

ACCEPTABLE ON EITHER ROD

Figure 6-24. Connecting Rod Uagnetic Inspection Diagran
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rejection.
Any longitudinal indication in the connecting
rod that is over S/S in. in length is cause
for rejection.
Any indication id the connecting rod that is
perceptibly open is cause for rejection.
Any longitudinal indication in the connecting
rod that is closer than 2 in. to the bore at
either end is cause for rejection.
Any indication of any sort in the caps are
cavise for rejection.
A^ indication about which there is doubt shall
be cause for rejection.
d. The connecting rods are to be inspected

for alignment and twist after installation of
the piston pin bushings as explained in para
graph 7-9d.

Section VI
Paragraph 6-51 to 6-34

See reference number 21, figure

Figure 6-25. Separating Connecting Rod
from Cap with Typical Tool

6-31 PISTON AND PISTON RING INSPECTION. The
pistons, piston pins and piston idngs are always
replaced with new parts at the oveihaul period
so no inspection of these parts is required.

6-32 SPROCKEI AND SPROCKET HOUSING INSPECTION.
a. Make a general overall visual inspection

watching for cracks or distortion. Lay a
strai^t edge across machined faces to check
for distortion.
b. Examine sprocket for wear in the teeth and

in the bores. One method of checking a sprocket
for wear is to roll it along a new piece of
chain. If it binds in the chain the sprocket is
worn excessively and must be discarded. See
that the. toothless idler sprocket is not burred
over on the edges where the chain runs.
c. Inspect all ball and roller bearings as

explained in paragraph 6-21.

6-33 GEAR CARRIER INSPECTION.
a. Qseckthe accessory drive gear and sprocket

for wear. It is necessary to assemble the gear
and sprocket into the carrier housing in order
to (dieck the back lash with the crankshaft gear.
Roll the sprockets on a new piece of roller
chain. If they do not roll freely they must be
replaced with new accessory drive gears and

sprockets,
12-1.
b. Inspect the gear carrier housing to see

that it is not cracked or otherwise damaged.
c. Qieck the accessory drive gear and sprocket

drive shaft. Also examine the ball beeodngs. It
is quite likely the ball bearings were damaged
in removing them from the accessory drive gear
and sprocket.

6-34 CYLINDER HEAD INSPECTION.
a. Visually inspect the main cylinder head

casting for cracks, thin walls and gasket faces
damaged by rust or dents. Watch for thin walls
and scored camshaft bearings. There are counter-
bored water holes in the exhaust side face of
the head. See that the shoulder in these water

Figure 6-26. Magnetic Inspection of
Connecting Rod

boles is intact and has not been destroyed by
rust. Examine the area around all water holes
to make certain the gasket face has not been
destroyed by rust so that a water leak will be
encountered on reassembly. Qieck all the e:diaust
valve seat rings to determine their general
condition and to see if they are tight in the
head. Loose seats may be detected by signs of
working at the boundary between the seat rings
and the cylinder head. Loose seats may also be
detected by striking them lightly. A loose seat
will give out a dull hollow sound whereas a
ti^t seat will give forth a sharp metallic ring
or tone. Seats that are deeply pitted or burnt
must be replaced with new seats. Refer to
paragraph 7-12 for details on cylinder head
repairs. See that all drilled oil passages are
clean.
b. Examine the camshaft for wear on the cams

or at the bearing Journals. Any signs of wear
on the.cams are cause for rejection of the
shaft. Do not mistake the high polish on the
cams for wear. See reference numbers 37 and 38,
figure 12-1. Examine the condition of the
driving taper on the camshaft. Inspect the fuel
pump driving dog at the front end of the cam
shaft. It must be ti^t in the camshaft. Check
the crush of the bearing shell at phe rear of the
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head.
c. Inepect all the camshaft besirliig brackets

and caps . See that they are not scored or
otherwise damaged.
d. Examine all the rockerarms and rockerarm

shafts for wear. Any rockeram shoe that Is
worn must be discarded. Do not mistake a high
polish for wear. Wear will be evident If the
area where the cam rubs Is depressed below the
rest of the shoe surface. See reference number
41, figure 12-1 for allowable wear of rockerarm
bushings and rockeraimi shafts . See that oil
holes In rockerarm shafts are open.

Figure 6-27. Scored Camshaft Bearing

e. Inspect the valves and valve guides. See
reference numbers 46 and 49,figure 12-1 for
allowable clearance. Examine the general
condition of the valve beads and strans. See what
type of pattern the tappet screw has made on the
end of t^e valve stem. The tappet screw normally
makes a stral^t line rubbing pattern on the tip
of the valve stem. If this rubbing pattern fans
out over the entire tip, It Indicates that the
valve has been rotating and must be discarded.
Experience has shown that a rotating valve Is
quite apt to break, with serious results.

.GOOD

Figure

BAD

Examine the valves for cracks andwarpage.
Discard any valves that show such defects , Do
not be led into false economy by reusing de
fective parts. When In doubt, use new parts.
Watch out for valves that have been ground off
until they become thin on the edges, Such a
valve Is likely to warp, and also develop hot
spots that cause prelgnltlon. All valves that
pass the above mentioned examinations may now be
refaced as outlined in paragraph 7-12f.
f. Check all the valve springs for general

condition and tension. See reference numbers
100 and 101, figure 12-9.
g. Water test head at 20 lb per square in.

6-35 LOWER CRANIOCASE INSFEOTION. Hake a visual
Inspection for cracks, dents, thin walls or
corrosion. See that all gasket faces sire true
and smooth. Dowel holes must be In good con
dition. See that the Interior surface of the
sump tank Is clean. Check the condition of
studs and pipe threads.

6-36 EXHAUST MANIFOLD INSFECTIOM. Inspect the
manifold for cracks, distortion, damage by irust
on the gasket face and enlarged dowel holes.
See that the water passages are clear. Refit
packing strips and subject to 20 lb per square
In. water pressure.

6-37 INTAKE MANIFOLD INSPECTION.
a. Inspect the Intake manifold and Intake

elbows Ibr cracks and distortion. Ley a stral^t
edge across the machined faces to check for
distortion. Examine the gasket faces around
water passages to determine If the faces have
been destroyed by corrosion. See that all
drilled and tapped holes are clear and tin-
damaged. See that all Intake passages are free
and unobstructed. Cover water passages In the
Intake manifold and Intake elbows and subject
to water pressure of 20 lb per square In.
b. Inspect the thermostat housing for craclis

and rust. See that all gasket faces are smooth
and true. Check the condition of all pipe
threads and filler cap threads.
c. Examine the condition of the thermostat.

Check It In hot water to see that It closes and
opens fully. See reference raanber 100, Miscel
laneous Table, figure 12-9.

6-38 RUST PREVENTION. At the completion of
the various Inspection operations all steel parts
must be adequately protected from rust as out
lined In paragraph 5-16.

6-39 ACCESSORY INSPECTION. Refer to section XI
for details of accessory Inspection, repair and
reassembly.

eeaaooED

AREA .

Pattern on Valve Stem Ends Figure 6-29. Intake Manifold Elbow
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Figure 6-30. Intake Manifold Elbow

Figure 6-31. Checking Alignment of Main Bearings
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REPAIR AND REPLACEMENT

Section VII

Paragraph 7-1 to 7-5

7-1 GENERAL, In this section detailed in
structions are given for repair and replacement
of parts found unacceptable in the inspection
procedure. All possibilities of reclaimation
are explained.

7-2 R0ST PREVENTION. At the completion of the
various repair and replacement operations all
steel parts must be adequately protected from
rust as outlined in paragraph 5-16,

7-3 TABLE OF LIMITS. Refer to paragraphs 12-5
to 12-9 inclusive for an explanation of the
Table of Limits found in section XII. This
table must be used frequently in the repair and
replacement of the engine parts.

7-4 INSPECTION AFTER REPAIR OR REPLACEMENT.
Ail parts, before being considered useable, must
be inspected as outlined in section VI and
be acceptable according to these standards.

7-5 UPPER CRANKCASE REPAIR AND REPLACEMENT.
If the upper crankcase has been found unaccept
able as inspected in paragraph 6-26 it must be
repaired or discarded.

a. Loose or damaged studs must be replaced.
Loose or damaged dowels must be replaced provid
ing the dowel holes are not enlarged.
b. The brass oil line bushings in either side

of the case must be pulled out if they are
defective and new ones fitted. The old bushings
can be pulled out by screwing a standard 5/8 -
18 standard tap into them. When the tap is
firmly embedded, draw the tap out along with
the bushing. Install a new bushing using the
typical driving tool shown. Be sure to use a
new gasket behind the new bushing.
c. Main bearing shell "crush" is corrected

either by using new shells or modifying the old
shells. Shells that exhibit too much crush
may be carefully i^ibbed down on abrasive cloth
"backed up" by a perfectly flat surface. All
abrasive particles must be removed from the
shell before it is put into-the engine. When
necessary to install new main bearing shells
always do so in pairs. For example, do hot
replace the case half of the shell without also
replacing the cap half of the corresponding
shell. The bearing metal will frequently become
"smeared" over into the relief at the parting
line of the shells. This smeared metal must

T -p..
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Figure 7-1. Facing Center Main Bearing Shell with Typical Tool
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be scraped off to restore the original shape of
the relief. New center main bearing shells have
excess metal on the flsinge faces and must be
reworked to obtain the proper clearance. These
thrust faces may be faced off with a typical
tool as shown, on a lathe or by careful use
of a fine cut hand file. Use micrometers,
and check to see that wall thickness at thrust
face does not vary between the two flanges.
If a file is used, be careful to see that the
faces are kept flat and parallel to obtain
maximum bearing area.

w&m-

A

Figure 7-2. Installing Oil Line Bushing
with Typical Tool

Figure 7-3. Facing Bearing Shell on
Abrasive Cloth

d. Do not attempt to repair cracks in an
upper crankcase as any welding operation will
result in distortion of the part.

7-6 CRANKSHAFT AND FLifWHEEL REPAIR AND REPLACE-
HENI.
a. Straighten the crankshaft if necessary.

Use suitable pads on the Journals so as not to
dent or mar them In any way. A 75 ton press
must be used in strai^tening the crankshaft
as it is very stiff.
b. The reverse gear drive flange and crank

shaft gear assembly may be removed from the
crankshaft if necessary. This assembly is a
heavy press fit on the crankshaft and it is
neeessaz>y to heat it to from 177® to 232® C
(350® to 450 F) before attempting to remove
it. As common soft solder (SCJi tin, 50^^ lead)
melts at 204®C (40CpF) it is sinple to determine
when the assembly is at the correct temperature
by holding a piece of solder against it. The
heating may be dons by using an oxy-aoetylene
torch. The parts must be heated rapidly to
prevent the crankshaft from expanding also.
In refitting new parts it is necessary to heat
them also to avoid damage to the crankshaft.
Do not heat the parts above the temperatures
mentioned.
c. The counterwel^ts are normally never

removed from the crankshaft, however, should
this ever be necessary it is of upmost l^ortance
that they be returned to exactly the same
location from which they were removed. If one
or more new weights are fitted it is necessary
to statically and dynamically balance the
assenibly to within 1-1/4 oz in.
d. Crankshafts that have Journals damaged,

or worn beyond the allowances shown In the
Table of Lii^ts, figure 12-1 may be reclaimed
by regrindlng. Regrindlng must be done by a
skilled operator on a suitable machine. The
surface must be lapped to eight micro-inches
rms as outlined in paragraph 7-6f. It is
of vital importance that the radius of fillet
between the Journals and webs be maintained from
5/32 to 11/64 in. The main and crank Journals
must be ground to standard undersizes as shells
are available for these standard sizes. The
main bearing Journals are originally ground to
3.24725 - 3.24675 in. diameter. Regrlnd main
Journals to .010, .020 or .080 In. diameter under
the original size. The crank Journals ■ are
originally ground to 2.99725 - 2.99675 in.
diameter. Regrind the crank Journals to .010,
.020, .030, .040, or .060 in. diameter under
the original size. Only remove sufficient
material to remove the Imperfection. If this
can be done at .030 In, undersize, for example,
do not go to .040 in. undersize. All main
Journals must be of the seme size and all crank
Journals must be the same size. After the
crankshaft has been reground, carefully remove
all sharp edges around the oil holes.
e. Minor magnetic Indications that do not call

for rejection of the crankshaft, as mentioned
In paragraph 6-27e, require protective measures
as outlined below. With a fine abrasive hand
stone cut all otherwise acceptable indications
to a maximum depth of .004 in. Any indication
on the cheek in the area adjacent the section
between a pin and main Journal may be removed
by stoning to a depth no greater than I/I6 in.
deep. Indications In this area which cannot be
cleaned up at 1/I6 in. depth are cause for
rejecting the crankshaft.
f. Lap the Journals of the crankshaft to a

surface smoothness of eight micro-inches rms.
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Figure 7-4. Checking Crankshaft End Play

Refer to American Standards Association standard
^6.1. It is best to mount the crankshaft on
centers aid spin it while lapping. This will aid
in preventing flat spots. Use an abrasive cloth.
Fold it over to give it an abrasive edge so the
icurnal fillets may be polished. The abrasive
cloth must not be over 3/4 in. wide. Use
number 240 grit or mesh abrasive cloth. The
crankshaft must be cleaned thorou^y as mention
ed in paragraphs 5-8, 5-9 and 5-10. Hone of
the abrasive material can be left on the crank
shaft or oil holes. In lapping the journals
be careful not to polish more in the center than
on the Sides so the surface becomes concave.

g. When it is necessary to replace the ring
gear the defective ring may be removed from the
flywheel as follows. Lay the flywheel on a
flat surface and with a cold chisel cut the weld
beads loose from the flywheel. Then with a

drift drive the ring gear from the flywheel.
Work the gear off a little at a time working
all around the circwnference, otherwise the gear
may bind. The ring gear may also be removed
after the welding beads are out loose by placing
the assembly on three supports with the weld
bead aide down. The supports must be against
the ring gear, not against the flywheel. Now
quickly and uniformly heat the ring gear to
204®C (400°P) and the flywheel will drop thru
the ring gear with a little help. Do not heat
the parts beyond the temperatures mentioned as
the viscous dampening fluid within the flywheel
may be damaged. After the old ring gear has
been removed, prepare the flywheel to receive
the new gear. With a file, carefully dress off
rou^ spots on the flywheel flange and diameter
so that a new ring gear can be fitted properly.
Be careful that the new ring gear is the correct

• CUT SIX WELD BEADS

Figure 7-5. Flywheel Assembly set up so
Ring Gear can be Knocked off with Drift

Figure 7-6. Flywheel Assembly set up so
Ring Gear can be Removed by Heating
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size. See reference number 22, Table of Limits,
figure 12-1. Hake certain that the proper band
of ring gear Is used. The tooth chamfer on the
ring gear for a rl^t hand engine Is different
than that used for a left hand engine. Com
parison with the old ring gear will assist In
selecting the correct new gear. The new ring
gear will go onto the flywl^el easily If It la
heated to from 204® to 218°C (400° to 425°P).
Be sure that the ring gear Is placed on the
flywheel with the tooth chamfer away from the
flywheel flange. The ring gear can be worked
evenly onto the flywheel by striking the gear
with a soft faced mallet. The ring gear may be
heated In a furnace, or with an oxy-acetylene
torch, but It must be heated uniformly. The
flywheel must be uniformly supported on a flat
surface while this new ring la being fitted.
After the new ring gear Is flmly seated it Is
necessary to weld It In place. The flywheel
and ring gear assemUy must be preheated before
welding to from 204° to 218°C (400° to 425°P).
It Is most Important that the flywheel be
supported on a flat surface during this heating
operation. After the assembly Is heated to the

.proper temperature, electric arc weld the
flywheel on the flange side to the ring gear In
six equally spaced places around the circumfer
ence of the flywheel. The weld metal Is to be
deposited at diametrically opposite spots
consecutively thus equalllzlng the beat stresses.
Weld beads are to be l/8 In, wide by 3/4 In.
long. Use l/8 In. dlsmeter flux coated stainless
welding rod of 18^ chromium and nickel
composition. Use a direct current welding
machine set at 125 amperes for this Job with
a positive electrode. Of course, the work must
be done by a competent operator. After the new
ring gear has been welded Into place, set the
flywheel and ring gear assembly on a close
fitting mandrel and against a true running
flange. Check the run out of the flywheel
and ring gear. See reference number 23, Table
of Limits, figure 12-1.

Figure 7-7. Checking Flywheel and Ring Oear
Ran Out

7-7 FLYWHEEL HOUSING REPAIR AND REPLACEMENT.
a. Replace any damaged or loose studs.
b. Fit a new Bendlx drive housing bushing

If necesssiy. Line ream this bushing to (1.6880-
1.6885) In. diameter with a fixture to make
certain It Is square with the pilot diameter
of the starter drive housing flange.

1*^ -Iv
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Figure 7-8. Reaming Bendlx Drive Housing
Bushing with a Typical Tool

7-8 CYLINDER BLOCK REPAIR AND REPLACEMENT .
a. Replace any damaged or loose studs.

Replace any damaged or loose dowels so long as
the dowel holes are not enlarged.

b. If the cylinder bores are worn or damaged
so they will not pass Inspection as mentioned
In paragraih 6-29 they may be rebored. Cylinder
reborlng Is a particular job and must be done
on a suitable machine by an e]q>erlenced operator.
Rebore to a standard oversize as piston and
piston rings are available to suit these standard
overslzes . The orlglneil cylinder bores are
(5.7492 - 5.7505) In. diameter. Reborlng must
be .010, .020, .030, .040 or .060 In. diameter
over the original size. All ^e bores must be
the same size In both blocks. Bore the cylinder
with the most wear or deepest score end machine
the others to match. Take out just sufficient
material to **clean up" to the minimum oversize.
For example. If .020 in. oversize will do the
job do not go to .080 In. overalze. The surface
finish nust equal 8 to 16 mloro-lnches rms . Refer
to standard B46.1 of The American Standards
Association. This Is a most Is^rtant condition,
as any finish different than this, either
smoother or rougher, may cause piston scuffing.
Care must be exercised to make sure the cylinder
bore centers are held as originally machined.
The bores must be pei^endlcular to the lower
mounting face of the block. If the bores are i»t
sufficiently worn or damaged to require reborlng
then the surface glaze must be removed before
new pistons and rings are fitted. This may be
done with a "Glaze Buster", a cylinder hone
or a piece of sand paper used In the hand.
Any of these three methods must be used care
fully, so as not to remove anything more than the
glaze. Do not remove any metal from the cylinder
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walls. Ose kerosene as a cutting fluid while
removing the glaze. In using sand paper manu
ally) work around the clrcimiferenoe of the bore
not lengthwise. After the glaze Is removed
wash the cylinder bores with warm water and
soap to clear out all the dirt and grit. Dry
thorou^ly and apply rust preventive compound
as mentioned In paragraph 5-16.
c. Clear all water circulation holes In the

top of the cylinder block,

7-9 COHNKCTING ROD REPAIR AND REPLACEMENT.
a. Press the S/S In. diameter connecting

rod bolts out of the yoked connecting rods and
press In new bolts using white le,ad as a lubri
cant per specification JAN-A-669 (Symbol CAS),
b. Correct any connecting rod bearing shells

that show too much "crush". This may bo done
by rubbing the shell on abrasive cloth. The
cloth must be "backed up" with a flat surface
so the edge of the shell Is kept true. Refer to
figure 7-3. If the shells do not have enou^
crush new shells must be used. Do not atteiqpt to
file off the cap or rod to obtain the correct
crush. Any bearing metal that Is smeared into
the shell reliefs m\ist be scraped out. In V9-
placlng bearing shells always do so in pairs.
For example, do not replace the cap half shell
without also replacing the connecting rod half
shell. Replace any damaged or loose dowels.

-

Figure 7-9. Checking Connecting Rod for Bend

c. Replace the piston pin bushing and ream
to size In a fixture so that the center distance
and proper alignment with the big end of the
rod will be maintained. Dse light engine oil
as a lubricant when pressing the bushing Ip.
Dp not use white lead. The hple In the piston
pin bushing need not come opposite the oil hole
in the top of the connecting rod as a groove
In the bushing assures oil getting tP the
piston pin. The center distance from the
piston pin end of the connecting TOd tP the
crank pin end must be held at from (11.998 tP
IS.OCK^ln, and the piston pin bushing Is reaiaqd
to from (1.3753 to 1.3765) In. diameter.
d. The connecting rods must be checked for

alignment and twist before they may be oonsidarad
ready to go back into the engine. This is done

as follows. Place a close fitting 18 in. long
mandrel to the crank end of the rod. Place a
close fitting eight in. long mandrel to the
piston pin end of the rod. The mandrels are
to project equal distance on either side of the
connecting rod. Of course, when making this
check the piston pin bushing is to be finish
reamed and the bearing shells, caps and nuts
are to be fitted to the connecting rod. Draw
the connecting rod nuts down to the proper
torque as mentioned in Miscellaneous Table,
figure 12-9. How on a surface plate place two
blocks of exactly equal hel^t (about 16-1/8 in.
long). Hang the rod from these blocks, piston
pin end down. Row with a dial indicator mounted
on the surface plate, check the height of the
mandrel at both ends. Any difference in hei^t
between the two ends of the mandrel in the
lower end of the rod indicate a bent rod. Do
not use a bent i>od. See reference number 38,
Table of Umita, figure 18-1. A bent rod may
be straightened if it is otherwise in good
condition. This straightening operation may
be done by aiqjpQirting the rod at either end and
pulling down in the center between aigsporta with
a clan^. The suppoxdis must be of relative soft
material such as mild steel, brass or lead so
that the connecting rod surface is not marred.
The supporting surfaces must be good size tO'

Figure 7rl0. Straightening Oonnsctlng Rod

assui'c plenty of bearing area. Do not use
apythlng like a knife edge. Be careful not to
bend the yoke end of the yoke rod. Exert just
enoujl) pressure to take ihe bend out of Ihe rod.
After the connecting rod has been inspected for
baud and corrected then it must be checked fpf
twist. This la done by using the same tight
fitting mandrel as before. Lay the connecting
rod down horizontally on a surface plate with
exactly equal height blocks under the mandrels
at one end. Again check the .height of the
unsupported mandrel at equal distance either
side of the connecting rod. Any difference in
height between the ends of the mandrel is an
indication of a twisted rod. Do not use a
twisted rod In the engine. See reference number
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31, Table of Limits, figure 12-1, A twisted
rod may be corrected as follows if it is other
wise acceptable. Clamp the large end of the
connecting rod in a soft Jawed vise. Be careful
so as not to collapse the yoke end of the yoke
rod, 1^ a piston pin or a close fitting mandrel
in the piston pin end. The rod may now be
twisted to bring it back into alignment, A 9/16
in. diameter bar may be used in the piston pin
hole for additional leverage.

Figure 7-11. Checking Connecting Rod for Twist

>  .4 '
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Strai^tening Connecting RodFigure 7-12.

7-10 SFROCKBF HOnSINO REPAIR AHD REPLACEUBKI.
a. Replace damaged or loose studs. Replace

damaged or loose dowels provided the dowel holes
are not enlarged.
b. Do not attempt to repair a cracked or

broken sprocket housing as any welding is
certain to distort the machined faces and thus
render the housing useless.
c. Replace all oil seals. Use care in

handling these seals as the sealing lip is very
delicate and is easily damaged. Do not distort
the seals in pressing them into place.

7-11 GEAR CARRIER REPAIR AND REPLACEMENT.
a. The gear carrier housing is only replaced

if it is cracked or otherwise damaged. It is
not normally subject to wear and rarely needs
replacing. Do not attempt to repair a crack
by welding.
b. Replace gears, shafts and bearings as may

be judged from the information gathered in
paragraph 6-33.

7-12 CYLINDER HEAD REPAIR AND REPLACEMENT.
If the cylinder head has been found unacceptable
as inspected in paragraph 6-34 it must be
discarded or repaired as explained here.

CLAMP TUBE

-BEARING SHELL

BRASS SCREW

Figure 7-13. Camshaft Bearing Repair

a. A scored camshaft bearing is repaired as
follows. Bore out the damaged bearing to(l.561 -
1.563 in.) diameter suitable for receiving
camshaft bearing shell part 311540. (This is
the same shell used at the sprocket end of the
head.) Cut the shell to suit the length of
bearing saddle being repaired. Fit shell to
cylinder head, and with 1/2 in. inside diameter
tubing over studs, clamp shell in position.
Then drill, at four corners,with No, 29 drill
5/I6 deep into both shell and cylinder head.
Keep drilled holes close (about 3/16) to end
of saddle. This precaution is necessary to keep
from breEddng thru into the water jacket space.
No clearance hole in shell screw hole is re
quired. Tap four holes, standard 8-32 threads,
full depth of drilled hole. Screw in 1/2 in.
long brass screws until they hit bottom. Cut
off screws about l/32 in. above surface of
bearing and peen over ends of screw. Now
remove tubing clamps and with hand scraper,
scrape off screw ends and "blue in" bearing
until a nice fit is obtained with the camshaft
journal. File off top edges of shell until
it is just flush with the cast iron head. The
bearing shell has two 5/l6 diameter holes in it.
These holes may be filled with lead, but this
is not essential.

I
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BF-ARINIG SHELL 311540

CUT LENGTH TO SUIT

Aqia. stud

CLAMP TUBE

CYLINDER HEAD

(Jl§) DRILL^ DEEP-
%-32 TAP tI deep
TURNlKi*^-32 BRASS
SCREW UNTIL TIGHT-

CUT OFF LEAVING gU
PROJECTION-PEEN

OVER & SCRAPE FLUSH

1

1 /
Figure 7-14, Camshaft Bearing Repair

b. Replace all loose or damaged studs. Use
white lead per specification Ja5-A-669 (Symbol
CAS) as a lubricant. Replace ell loose or
damaged dowels in case the dowel holes are not
enlarged,
o. Replace all valve guides driving them

into place from the top side of the head, not

from the combustion chamber end. Be sure to
get the intake and exhaust guides in the proper
place. The exhaust guides have the large bore.
Use a tool similar to that shown in the illus
tration to avoid damaging the guides, Use
white lead as a lubricant when Installing new
guides, The guides must be driven down until
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the guide shoulder stands clear of the head per
Item 53, figure 12-1. Do not drive this shoulder
down tl^t against the head as this will distort
the guide bore. Exhaust valve guides must be
reamed from |,5310 to .5300 In.) diameter. The
intake guides are reamed from ̂ .4990 to .4985 In.)
diameter. These guides are available either
finished reamed, or rough bored. The rough
bored guides must be finished reamed after they
are Installed In the head. Finish reaming,
after Installation makes the best Job, but In
the event reamers are not available, the already
reamed guides are acceptable, but they should
be checked for distortion and clearance after
they are In place In the cylinder bead. The
reaming operation, when done on the Job, mixst be
made In two stages. First rough ream, and then
finish ream to the diameters given above. Always
use valve guide reamer bushing to maintain
alignment of guide bores.

Figure 7-15. Installing Valve Oulde with
a Typical Tool

RCAMER

Figure 7-16. Reaming Valve Guide with
a Typical Tool

d. Loose or damaged exhaust valve seat rings
must be replaced, otherwise they may be refaced.

Always refaoe seats If new guides have been
Installed, as that Is the only way the alignment
between the valve guides and the valve seats
can be assured. Exhaust valve seat rings can
be removed from the cylinder head by using valve
seat ring tool kit 327079. This same tool kit
Is also used for reworking the counterbore In
the cylinder head to take oversize valve seat
rings. The reamers for this tool are of such
a diameter that they will give the correct press
fit for the replacement exhaust valve seat rings.
The valve seat rings must be a press fit In the
cylinder head as shown In the Table of Limits,
reference number 51, figure 12-1. If the
counterbore In the head has become enlarged so
that the minimum fit cannot be obtained, then
the next closest oversize ring must be used.

Figure 7-17. Typical Tool for Removing
Valve Seat Ring

Figure 7-18. Typical Tool for Reaming
Bore for Oversize Valve Seat Ring

The outside diameter of the standard size ring
Is from(2.8090 to 2.8085 In^ diameter. Overslzes
of .020 and .040 In. are available. Do not use
a larger oversize than la necessary. For
example. If the proper fit can be obtained with
a .020 In. oversize ring, do not go to a .040
In. oversize. The use of Inside and outside
micrometers Is necessary to accurately determine
the fit of the valve seat rings. Check the "run
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ASSEUBLY OF SOBASSEMBLIES

Section. VllI

Paragraph 8-1 to 8-5

8-1 (SNERAL. In this section instructions are
given for the assembly of separate parts into
their various subassemblies. All parts must
have been subjected to the inspection procedure
outlined in section VI and accepted as satis
factory before they may be used in the engine.
Shop pimctices and general instructions applying
to a number of similar parts are covered in the
following paragraphs of this section. It is
expected that these instructions will be followed
where ever applicable, and are therefore not
repeated. All necessary inspection procedures
to be made in these operations are explained,

8-2 GASKETS. The reuse of old gaskets and
seals is not recommended. It is assumed that
all gasket, seals and packing will be installed
where required, using new material to replace
that removed during disassembly. It is general
practice to stick one side of a gasket to the
gasket flange with shellac or similar tacky
compound. The opposite gasket face is then
coated with grease similar to specification
AN-0-14 (Symbol GRG), Such practice allows the
assembly to be easily separated at the gasket
face. If grease is used against the face
carrying the studs it will make "clean up" of
the gasket face considerably easier at the next
overhaul,

Figure 8-1. Gear Carrier Assembly Showing
Lock Wires

8-3 LOCKING DEVICES. It is assumed that all
means used to lock nuts, bolts, screws, etc.,
to prevent their loosening in service, will be
replaced with new material in the same manner
as originally applied by the manufacturer and
as shown in the illustrations, Cotter pins are
usually damaged or destroyed when removed and
should not be used a second time, The new pins
should be tapped securely in place and the tangs
split, one side bent back over end of nut, and
the other down along the side. Dowel pins, both
tapered and strai^t, may be used again if they
have not been damaged, or if the bore from which

they were removed has not enlarged beyond the
point where the pins are a tight fit. Safety
wiring should be done carefully, following the
same grouping as the original installation.
Wire should be drawn snugly and then be twisted
between each nut, to prevent loosening. Thread
the wire thiui the nut slots in such a way that
it tends to tighten the screw elements as
illustrated, Dse fully annealed wire for
securing parts. Lock washers of the spring
type should never bear directly on alviminum.
Plain steel washers should always be used under
the lock washers to prevent damage to the
aluminum part.

8-4 CLEANING AND OILING. Of all parts at
assembly is of utmost importance. First,-wipe
all parts clean and dry. Clean all oil passages
and vents and make sure they are open. All
splines, gears and bearing surfaces should be
liberally coated with oil when assembling, to
supply lubrication until the engine oiling
system has established circulation,

8-5 GEAR CARRIER ASSEMBLY, Press the ball
bearings into the accessory drive gear and
sprocket. Press against the outside race only.
Do not forget to place the spacer in between
the two bearings, This spacer should be centered
in the bearing bores so the shaft will slide thru
easily. Now lubricate the ball bearings cuid fit
the gear and sprocket assemblies to the gear
carrier housing. The gear that meshes with the
crankshaft is to be fitted last. See that the
helix angle of the gears are correct so they
will mesh properly with one another and the
crankshaft gear. Push the gear carrier shaft
into place and secure with the long 7/16 in.

Figure 8-2. ' Exploded View of
Gear Carrier

diameter cap screw. The cap screws must be
assembled to the gear carrier in such a way that
they come on the outside face so they can be
removed while the gear carrier assembly is on
the upper crankcase. Refer to paragraph 9-7.
Be sure to use the heavy washer imder the head
of the cap screw. After both shafts and cap
screws are fitted they must be secured with
lockwires passed thru the drilled holes in the
heads of the cap screws as shown. Fit the oil
supply pipe and lock the oil pipe clip by bending
an ear of the clip against the head of the cap
screw. The oil pipe is placed on the assembly
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so it will spray oil onto the entering side of
the crankshaft gear. Befer to figure 2-6, See
that all pipe plugs are returned to the oil
passages so the oil pressure will come from the
main oil line drilled in the upper crankcase and
be directed onto the gears thru the tubing
provided.

8-6 CRANKSHAFT AND FLYWHEEL ASSEMBLY.
- a. Press orankshaft connecting rod pin seals
into place. These parts may he driven in using
the same tool with which they were removed.
After the seals are in place put a slight
dimple in one spot each end to retain the seal
in the orankshaft. Check each pin seal for
leaks by putting the oil hole under sli^t air
pressure with each end of the pin seal coated
with light oil, watch for air bubbles. If the
pin seal leaks it may be spun tight hy using
the typical spinning tool as illustrated.

mm
Installing Connecting RodFigure 8-3.

Pin Seal with Typical Tool

b. See that the flange face and diameter at
the front of the crankshaft are clean and smooth.
See that the flywheel pilot dieneter and mounting
face are also olean and smooth. Fit the flywheel
to the crankshaft I Be sure the flywheel, ring
gear and crankshaft are properly matched so they
can be assembled into the engine for the intend
ed rotation. If these parts have been pi>operly
marked, as mentioned in paragraphs 4-17 and
4-34, there will be no question cn this point.
The dowel locates the flywheel on the crank
shaft flange. See that this dowel is properly
entered into the flyidieel. Fit the hand starting
ratchet and carefully draw the flywheel onto the
crankshaft flange.

WARNING

Pit the proper hand ratchet, otherwise an
accident may occur when the hand starting
lever is used.

If the cap screws are drawn up evenly the
flysiheel will go on without difficulty. Finally
draw the cap screws down to Ihe torque mentioned
in figure lS-9. Secure the cap screws with look
wires. Also fit the reverse gear clutch driving
drum and drive flange. Medce certain that the
mounting flanges and pilot diameters are clean
and free of burrs. Draw the parts together with
the bolts and nuts. Secure the nuts with wire.
c. Now set the crankshaft up on "V" blocks

under the front and rear main bearing. Rotate
the crankshaft and check the runout of the

reverse gear clutch driving drum and the drive
flange bushing. Also check the runout of the
face of the starter ring gear. See reference
number 6, Table of Limits, figure 12-1. Refer
to figure 6-16.
d. If the orankshaft assembly is not to be

placed into an engine immediately then all the
finely finished journals must be protected with
rust preventive compound and heavy paper or
cloth wrapped around the journals.

8-7 PISTON AND CONNECTING ROD ASSEMBLY,
a. Lubricate the piston pin and fit it to the

piston and connecting rod. The piston pin can
noraally be pushed into place with the fingers.
If any force must be used be careful to use
a soft brass drift against the piston pin end.
Center the piston pin in the assembly and fit
the piston pin retainers. These retainers should
fit just ti^t enough to keep them from falling
out. They may be filed slightly if too tight
or spread just a bit by hammering on them i'f
they are too loose. Be sure that the retainers

Figure 8-4. Spinning Piston Pin Oil
Seal with Typical Tool

go in far enough so they will, not rub against
the cylinder walls.
b. The next step in the assembly of the

piston and connecting rod is to check the end
clearance of all piston rings. This is done by
sliding the ring into the cylinder bore at its
minimum diameter and then try a feeler gage in
the gap. See reference niuaber 61, Table
of Limits, section XII. The piston ring must
be square in the bore when this gap measurement
is made. This is easily accomplished by pushing
the ring down with a piston thus assuring its
being square. The rings should be checked in
the bore in which they are to run. Ring gap
may be enlarged with a fine cut file if neces
sary. The file can beat be used by holding it
in a vise and by grasping one end of the ring
in each hand, rub one end of the ring against
each side of the file. Be careful not to remove
too much metal and see that the gap is kept
square and true. Remove any burrs on the ring
faces or outside diameter raised by the file.
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Figure 8-6. Checking Piston Ring Cap In Cylinder Bore
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As the pings are fitted fop each cylinder keep
them grouped so they can he eoirectly fitted to
the piston to pun In the bore fop which the
rings were fitted. Connecting pods are stamped
with the cylinder numbers. Refer to paragraph
9-12a for location of blade and yoked rods,
c. Clamp the connecting rod and piston

assembly lightly In a soft jawed vise and fit
the piston rings to the piston. Use a piston
ring expanding tool so as not to distort the
Pings. Of course, the lowest ring on the piston
must be fitted first. See that the rings are
installed right side up as on some rings it
makes a difference. The ring grooves are
numbered from the top down. That is, the groove
nearest the' piston head is number one and the
groove in the skirt is number five. The ring
for number three groove must be installed
with the relief on the bottom aide as illus
trated. Unless the pistons and connecting rod
assemblies are to be assembled to the engine
immediately they should be carefully coated
with rust preventive coating as mentioned in
paragraph 5-16, placed in a box and covered to
keep the dust out. See figure 8-17.

Figure 8-7. Piling Piston Ring Ends

8-8 SPROCKET BOUSINO ASSEMBLY. Press the two
bilge pump drive sprocket shafts into the
sprocket housing. See that the shaft flaiige
is free of dirt and burrs so it can seat accu
rately. Be sure to support the sprocket housing
close to the shafts as they are pressed in so
as not to distort or crack the bousing. Use a
little white lead per specification JAN-A-669

Figure 8-8,

64

Pistons and Connecting Rods in Box

(Symbol CAS) as a lubricant while the shafts
are being pressed Into place. Press a new ball
bearing Into the generator drive sprocket, 'the
bilge pump drive sprocket and the accessory
drive idler sprockets. Press on the outer race
of the ball bearings only. Be sure the spacer
is in place in between the ball bearings of the
bilge pump drive sprocket and the accessory
drive idler sprocket. If the spacer is centered
up in the assembly it will make fitting to the
shafts easier. The bilge pump drive sprocket,
of course, is used only on the rl^t hand engine.
The left hand engine uses a toothless idler
sprocket instead. Place the assembled sprockets
on the shafts in the sprocket housing, secure
with washers, nuts and cotter pins. Now see
that the mounting face and pilot diameter in

TYPE or BING locatiow

PLAIN COMPRESSION-

PLAIN COMPRESSION

BEVELED OIL SCRAPER-

OIL CONTROL-

PLAIN COMPRESSION-

Figure 8-9. Piston Ring Location

the sprocket housing is clean, smooth and flat,
See that the generator drive sprocket face and
pilot diameter is in good condition and clean.
After the generator drive shaft flange is smooth
and clean fit it to the drive aprqcirat, Secure
with four s/s in. cap screws. Pull the shaft
into place evenly so it does not bind. Secure
the cap screws with a lock wire. Clean the
bearing mounting diameter on the generator drive
shaft carefully and add a drop or two of oil per
specification AN-0-6 (Symbol OGP) to this
diameter. Clean the mounting face of the
generator drive shaft bearing retainer and see
that it is flat and smooth. Coat the mounting
face li^tly with gasket cement. A tacky gasket
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ceaient, such as Aimy specification 62-S. Place a
new gasket on this face. Coat the mounting face
of the sprocket housing with light cup grease
specification AH-G-14 {Symbol GRG), See that
the ball bearing and oil seal are placed in the
generator drive shaft bearing retainer. Pit
the retainer to the engine and secure with nuts
and lookwashers. Draw it into place evenly so
as not to bind or distort the bearing retainer.
How fit the generator drive pulley to the
generator drive shaft. Enter the pulley care
fully into the oil seal so as not to damage the
lip of the oil seal. Secure the pulley with
nut and washer. Lock it in place with a cotter
pin.

Figure 8-10. Sprocket Housing Assembly

8-9 CYUNDEIR HEAD ASSEMBLY. After the cylinder
head parts have been repaired and passed in
spection, as mentioned in paragraphs 6-34 and
7-12, the parts may be assembled as follows:
a. See that the flange faces of the cylinder

head and rockerarm cover base are smooth and
clean. Coat the bottom face of the rockerarm
cover base with a tacky gasket cement similar
to Army specification 62-5 and stick the new
gasket in place. Now coat the top flange of llie
cylinder head with light cup grease per specifi
cation AN-0-14 (Symbol GRG). Pit the rockerarm
cover base to the cylinder head airf secure with
washers and cap screws. It is well to place a
close fitting plug in the fuel pun?) mounting hole
to assure" the. bore being round after assembly.
A fuel pump may be used for this purpose.
b. Now lubricate the valve stems with engine

oil and slide them into place. Be Sure that
the valves are placed on the seats for which
they were fitted. It is most convenient to
place a valve support piece over the valves now
to hold them in place while the valve.springs
and keys are fitted. See figure 4-34. On the
top side of the cylinder bead fit the chain and
rockeraim shoe oil pipe. There are two different
pipes. Be sure the pipe is selected so the oil
squirt holes are exposed opposite each cam.
Lubricate and place the camshaft bearing shell
in the rear camshaft bearing saddle. lubricate
and place the camshaft in the cylinder head. Bo
careful at this point to get the correct cam
shaft in the cylinder head. The part number is
etched on the camshaft flange. If the cam
shaft has been properly marked, as mentioned in
paragraph 4-46, there will be no trouble on
this point, otherwise the parts catalog must

bo consulted (AH 19-85BHB-4) to determine the
proper camshaft to use. Place the center and
both end camshaft brackets in place over the
camshaft. Place an auxiliary 1-1/8 in. diameter
shaft or bar on the camshaft brackets and fasten
it down by using camshaft bracket caps. Now
install the valve springs and collars. All
valve springs are the same for both exhaust and
intake valves as well as collars and keys. Be
sure to place both inner and outer springs on
all valves. With the special tool depress the
valve collars and fit keys to all valves. See
that all parts are clean and that the keys seat
properly around the valve stems. Remove the
auxiliary 1-l/a diameter shaft and set the
remainder of the camshaft brackets in place
over the camshaft. Be sure to remove valve
support piece.

Figure 8-11, Generator Drive Mounting
on Sprocket Housing

c. Lubricate and assemble the rookerarms and
spacer springs onto the rockeraim shafts. There
are two types of shafts. The center shaft is
open at both ends whereas the shafts that
assemble to the ends of the cylinder head are
plugged at the outside end. The rookerarms,
spacer springs and rockerarm bearing caps are
assembled to the head as Illustrated. The stxwJs
that pass thru the camshaft brackets are long so
that the caps can be pulled down into place with
the nuts. All the caps must be pulled down
evenly. Be sure to use lock washers under those
rockeraim bearing cap nuts. See that cap dowels
properly enter the holes in the rockeraim shafts.
d. To aid in setting the valve timing in

final assembly it is a good idea at this point
to rotate the camshafts to the positions mention
ed below. Determine first which head is for
the leading cylinder bank and which is for the
trailing cylinder bank as explained in para
graph 1-22. Set all the valve tappet clearances
to the figure mentioned in Ref. No. 42, Table
of Limits, figure 12-1. Rotate the camshaft in
its normal running direction of rotation while
watching the number six exhaust valve in the
cylinder head intended for the leading bank.
Vlhen number six exhaust valve in the leading
bank is Just seated the camshaft is properly set
for assembly of the cylinder head to the engine.
Now attend to the camshaft in the cylinder head
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intended for the trailing cylinder bank. Rotate
this camshaft in its normal direction until the
number one exhaust valve is just closed. The
camshaft for the trailing cylinder bank is now
properly set for assembly of the cylinder head
to the engine. The camsh^t is rotated for this
operation by Installing the 3/4 in. cap screw in
the camshaft end with a ll/l5 in. long collar on
it to keep it from "bottoming" . Standard 3/4 in.
pipe may be used for the collar. The camshaft is
then easily rotated with a wrench applied to the
3/4 in. cap screw. After the camshaft is
properly positioned do not forget to remove
the collar from the camshaft cap screw. To
detennine exactly when the exhaust valve is Just
seated do this. The valve collar can be oscil

lated by hand so long as the valve is off its

IS

seat but locks up ti^t just as soon as the valve
comes against its seat. With this in mind,
oscillate the exhaust valve collar while turning
the camshaft in its normal running direction.
When the valve is open the collar can be oscil
lated, but just as soon as it closes it is
impossible to oscillate and that is the position
we want and so do not rotate the camshaft any
farther. Figure 9-2 shows the normal rotation of
the camshafts. This camshaft rotation is same
regardless of the crankshaft rotation.
e. Assemble the exhaust manifold to the

cylinder head. Make sure that all dowels enter
the holes in the manifold properly. Coat the
manifold gasket face and the cylinder head
gasket face with a viscous non-hardening cement
similar to Army Stock No. 052-C-685-2PX, Always
use new gaskets for the e^aust manifolds. Draw
the manifolds up tight against the cylinder
head. Fit the mechanical fuel pump to the
cylinler head. Use a new gasket and use a tacky
gasket cement similar to Amy specification 62-5
on the pump flange. Be careful not to obstruct
the oil hole in the pump flange or in the
cylinder head. Make sure the gasket is properly
punched to admit oil from the head to the pump.
Coat the cylinder head flange with soft cup
grease similsu* to specification AN-G-14 (Symbol'
ORQ). Set the pump in place and see that the
fuel pump driving tongue properly enters the

Figure 8-12. Pitting Valve Springs,
Collars and Keys

Figure 8-14. Mechanical Fuel Pump

Figure 8-13. Cylinder Head Assembly Showing Valve Mechanism
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Figure 8-15• Aasembly of Reverse Gear
Upper Housing

slot in the end of the csmshsft. It is important
that the fuel punro valves be arranged so the one
marked with a "V' is on the intake side of the
cylinder head. Set the rookerarm cover tempo
rarily in place on the assembled cylinder head
to keep dust and dirt out of tlie valve mechanism.

8-10 REVERSE GEAR ASSEMBLY. The reverse gear
is assembled as mentioned In paragraph 11-48.
In order to prepare the reverse gear for final
assembly to the engine the following additional
steps are necessary.

a. Assemble the reverse-gee^ control mechanism
to the reverse gear upper'tousil^ as illustratjid. ^
Place a reverse gear upper housing umside^dbwn;,-;" ' ■£
on a bench. The clutch"shifter sh^ "21" ^is iiot: n: • .
quite symmetrical. One koyway is{;'_closer to the
shaft end than the other. Start iiie end of the v.
shaft with the closest keyway into the righj -
hand side of the housing. Thread the
geap brake toggle briacket anchor ' 82 >
gear clutch shifter fork assembly "23"
reverse gear brake bank anchoi? strap "le^/bScb--
the shaft as the shaft is pushed into place.
The arm of the shifter fork assembly must come
on the same side as illus trated.-; . When the shaft
keyways are in the position..showji, fit the two
keys, line the keys up with'the .keyways and push
the shaft into place so the key vjiMt comes flush
with the end of the shifter fork. Now tighten
the clamp cap screws in the shlrter fork and
secure with wires as showrf.'ln figure 4-8, Pit
packing and packing nhbs-jover each shaft end
and into the upper housing.- All the parts are
fitted as shown regardless of the rotation of
the engine.

b. The reverse gear thrust bearing retainer.,
assembly and thrust bearing container must be
fitted to the reverse gear shaft. A new oil
seal must be fitted to the thrust bearing
retainer. The sealing lip of the oil seal must
point in toward the flange of the retainer so as
to retain oil in the reverse gear housing. Press
the seal into place evenly. Do not let it get
cocked in the bore. Press on the outside
diameter of the seal only, otherwise it may
be damaged. Use white lead per specification
JAN-A-66S> (Symbol CAS). Pit the steel baffle
plate to retainer and peen in place at four
spots. The baffle plate has reliefs in four
places on its outside diameter to accommo
date the peening. The reliefs are to be on the
outside, ejqxjsed face of the baffle. It may be
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Figure 8-16. Assembly of the Reverse
Gear Shaft to the Reverse. Gear

necessary to push the baffle down in the center
as they sometimes buckle after the peening
operation. Pit three pieces of propeller shaft
packing to the thrust bearing retainer. Set the
propeller shaft packing gland in place and draw
down with nuts on "the two 1/2 in, diameter studs.
Do not draw down so ti^t as to close the packing
in. Smooth the inside diameter of the packing,
lubricate with engine oil and place on the
reverse gear shaft with the packing gland against
the shaft flange. Lubricate the mounting
diameter of the ball thrust bearings with white
lead per specification JAN-A-669 (Symbol CAS)
and place them on the shaft, It is important
that the "thrust" faces of the two bearings be
against one another. These thrust faces are
quite distinctly marked. With the bearings
arranged in this manner the engine will take
thrust in either direction. Press the bearings
down firmly in place against the shaft shoulder.
Press against the innor race only. Install the
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bearing lock nuta and lock washer. The beveled
edges of the lock nuts come together with the
look washer In between. Bend the lock washer
tang so as to lock the front nut. Push the
reverse gear thrust bearing retainer up tight
against the ball thrust bearings. With a depth
mlcrosister measure the distance from the mounting
flange of the retainer to the outside edge of the
front bearing race. Now measure the depl^ of the
thrust bearing container. The difference
between these measurements will detemlne how
many paper gaskets to use on the retainer flange.
These gaskets are .018 In. thick. Two gaskets
are usually about right to clamp the bearings
tight In the thrust bearing container. Place
the necessary gaskets In place on the retainer
flange. The reverse gear thrust bearing con
tainer la heated unlfomly to 9(fi0 (194^P) euad
then pushed over the thrust bearings. Rotate
the retainer so the packing gland studs are on
the horizontal oenterllne of the engine. The
flat edge of the reverse gear thrust bearing
container Is horizontal when assembled onto the
engine.

c. Fit the reverse gear shaft assembly to the
reverse gear proper as follows. Remove the
reverse gear bevel driven gear Iccknut "19" and
the reverse gear bevel driven gear lock ring.
Place the reverse gear shaft Into the shifter
engaging spider assembly and then thread the
look nut, lockwasher and lock ring over the
shedt end. Spread the lock ring out with pliers
and slide the shaft on thru until the lock ring
can be seated In the shaft grcsve provided.
Screw the lock nut Into place thus locating the
reverse gear shaft In the reverse gear asse3d>ly.
The lock nut "19" should be finely tl^tezied
after the assembly Is In the engine and secured
by bending a tang of the look nut washer Into a
slot. Refer to figure 9-33.

8-11 ACCESSORY ASSEUBLY. Any accessory not
specifically mentioned In this section will be
found In section XI.

f/lT.;

ij;

'Pi'

Figure 8-17, Typical Tool for Installing Piston Rings
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Seotloii IX
Paragraph 9-1 to 9-6

■9-1 GEMERAL. In this section instructions are
given for the final assembly of the separate
subasaemblies into a complete engine. The
instructions for making the various subassemblies
are covered in sectiozis VIII and XI, Inspections
to be made in the final assembly are described
and illustrated. Shop practices and general
instructions applying to a number of similar
parts are covered in the following paragraphs
of this section. It is expected that these
instructions will be followed where ever appli
cable, and are therefore not repeated,

9-2 GASKETS, The reuse of old gaskets and
seals is not recommended. It is assumed that
all gasket, seals and packing will be installed
where required, using new material to replace
that removed during disassembly. It is general
practice to stick one side of a gasket to the
gasket flange with cement such as Amy speci
fication 62-5 or similar tacky compound. The
opposite gasket face is then coated with grease
similar to specification AN-G-14 (Symbol GRG),
Such practice allows the assembly to be easily
separated at the gasket face. If grease is used
against the face carrying the studs it will make
"clean up" of the gasket face considerably
easier at the next overhaul.

9-3 LOCKINO DEVICES, It is assumed that all
means used to lock nuts, bolts, screws, etc.,
to prevent their loosening in service, will be
replaced with new materi^ in the same manner
as originally applied by the manufacturer and
as shown in the Illustrations i Cotter pins are
usually damaged or destroyed when removed and
should not be used a second time. The new pins
should be tapped securely in place and the tangs

split, one aide bent back over end of nut, and
the other down along the side. Dowel pins, both
tapered and straight, may be used again if they

. have not been damaged, or if the bore from ithich
they were removed has not enlarged beyond the
point where the pins are a tight fit. Safety
wiring should be done carefully, following the
same grouping as the original installation.
Wire should be drawn snugly and then be twisted
between nuts, to prevent loosening. Thread
the wire thru the nut slots in such a way that
it tends to tighten the screw elements as
illustrated. Use fully annealed wire for
securing parts. Lock washers of the spring
type should never bear directly on aluminum.
Plain steel washers should always be used under
the lock washers to prevent damage to the
aluminum part.

9-4 CLEANIHG AND OILING, Of all parts at
assembly is of utmost importance. First, wipe
all parts clean and dry. Clean all oil passages
and vents to make sure they are open. All
splines, gears and bearing surfaces should be
liberally coated with oil when assembling, to
supply lubrication until the engine oiling
system has established circulation,

9-5 CLEANLINESS, Cleanliness must be practiced
in all work on the engine. This applies to
tear-down as well as assembly. A very small
quantity of dirt can quickly ruin a fine piece
of equipment. Tools, benches, working apace
and clothing must be kept clean at all times.

9-6 SFROCKET HODSING TO UPPER CRAHKCA3E ASSEMBLZ.
See that the mounting faces of botta the sprocket
housing and upper crankcase are clean and free

jS -

s? . .i I

Figure 9-1. Sprocket fusing Assembly to Upper Crankcase
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of burrs. See that bhe dowel and dowel holes
are clean. Coat one side of the sprocket housing
to upper crankcase gasket with a tacky gasket
cement such as Army specification 62-5 and stick
it to the flange face of the upper crankcase.
Coat the other face of the gasket with soft cup
grease per specification AN-0-14 (Symbol ORG).
Pit the sprocket housing to the upper crankcase
and fasten with cap screws. Secure the cap
screws with lock wires.

9-8 REVERSE GEAR UPPER HOUSING ADAPTER TO
SPROCKET HOUSING ASSEMBLY. Coat the vertical
flange face of the reverse gear upper housing
adapter with a tacky gasket cement per Anny Spec.
62-5 and stick a gasket in place on this flange.
Coat the rear flange face of the sprocket housing
with soft cup grease per specification AN-G-14
(Symbol GRG). Fit the adapter to the sprocket
housing and secure with plain washers, lock
washers and nuts. See that the horizbntal

Figure 9-2. Chain Pattern in Sprocket Housing

9-7 GEAR CARRIER'TO UPPER CRANKCASE ASSEMBLY.
The gear carrier must be assembled to the upper
crankcase to suit the direction of crankshaft
rotation. The arrow cast on the side of the

.gear carrier housing is to agree with the
crankshaft rotation. The first step is to
determine whether a right band or a left hand
engine is to be assembled. Then assemble the
gear carrier to the upper crankcase so the oast
arrow on the rear face of the gear carrier
agrees with the crankshaft rotation. The gear
carrier must have been assembled properly so
the hex head cap screws are in the rear wall of
the gear carrier when all other conditions are
satisfied. Refer to paragraph 8-5. After the
gear cairier assmubly has been properly assembl
ed to the upper crankcase draw it down into
place on the dowels. Secure the nuts with
lock wire as illustrated, figure 8-1.

flanges of the upper crankcase and the' upper
reverse gear housing adapter are in line so an
oil tight joint will result when the assembly
is made with the lower crankcase.

9-9 OIL PUMP TO SPROCKET HOUSING ASSEMBLY.
Before the oil pumps are fitted to the sprocket
housing the tubing fittings must all be in place
in the oil pump as shown in figure 11-14. Also
one cap screw on each side of the engine must be
fitted to the horizontal flange of the reverse
gear adapter housing. These cap screws and
their washers must be fitted at this point as
they are impossible to fit after the oil pumps
are in place. Coat the oil pump to sprocket
housing gasket, one side, with tacky gasket
cement per Amy Spec. 62-5. Stick the gasket to
the oil pump mounting flange. Coat the other
side of the gasket with soft cup grease such as
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AN-0-14 (Symbol GRO). Sat the oil pump in place
on the sprocket housing and draw ti^tly into
place with the four hex nuts. Use plain washers
and lock washers under the nuts. How lubricate
the accessory drive sprocket assembly and slide
it over the oil pump drive shaft. Pit the

Section IX

accessory drive sprocket bearing retainer to the
sprocket housing with several shims. Install the
four nuts and washers temporarily and draw down
snug. Check sprocket for end play throu^ the
hole in the sprocket housing idiere the oil filter
bolts on. See reference number 73, Table of
Limits, figure 12-1. Install or remove shims
until the desired end clearance is obtained.
Then coat the selected shims with soft cup

Figure 9-3, Camshaft Sprocket Supports
in Place on Sprocket Housing

\rt,

' M i

Figure 9-5. Fitting Shim in Place
on a Main Bearing
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Figure 9-4. Lowering Crankshaft into Upper Crankcase
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grease, both sides, and fit to the sprocket
housing. Secure with lock washers and nuts.
The assembly of the oil pump la covered In
paragraph 11-39.

9-10 ACCESSORY DRIVE CHAIN TO SPROCKET HOOSINO
ASSEMBLY. With the engine upside down thread
the chain over the accessory drive sprocket In
the gear carrier and out thru the lower end of
the sprocket housing. Thread the chain over
the sprockets as Illustrated. When both ends
of the chain come forth from the lower end of
the sprocket housing,Join the ends temporarily
with a connecting link. Be sure to Install
a side bar near the center of the chain to
keep the connector pins from spreading. Set
the camshaft sprocket Into the loop of chain
and affix the camshaft sprocket support. Pit
the other accessory drive chain and camshaft
sprocket In a similar manner. Of course, It
Is necessary to rotate the sprockets as the
chain Is fed Into place. Sometimes It Is
convenient to attach a piece of soft wire
to the entering end of the chain to aid In
threading It thru the sprockets. The manual
chain take ups may now be temporarily Installed.

9-11 UPPER ORANKCASE AND CRANKSHAFT ASSEMBLY.
This is one of the most critical Jobs In assembl
ing the engine and every care must be used to
assure its being done correctly.
a. Carefully clean off all the main bearing

saddles and caps of the upper crankcase. Set
the bearing shells Into their proper places
according to the staagjed numbers on the shells
and on the main bearing webs of the t^er crank-
Ciase,. It Is assumed that the shells have all
been fitted and checked according to pcu^agraph
7-5c'.' Carefully clean and lubricate all the
m^n bearing Journals with engine oil. Place
protective tubing over the front and rear main
bearing studs-so the crankshaft Journals will
not be marred when the crankshaft Is lowered
Into place. Put a zope sling around the crank-

shaft so that It hangs level. Now carefully
lower the crankshaft Into the upper crankcase.
If the crankshaft Is teetered from end to end
slightly It will not be so apt to hang up on
the center main bearing flanges.
b. Although the main bearing shells are of

the precision "snap-In" type It la a wise pre
caution to check them for clearance on final
assembly with the use of a fitting shim. This
la done as follows. After the crankshaft Is In
place In the upper crankcase fit all except one
cap and,draw the main bearing stud nuts down to
the proper torque as mentioned In the torque
wrench table, figure 12r9. On the main Journal,
to which the cap has not been fitted, place a
greased fitting shim .004 In. thick, l/2 In. wide
and 1-1/2 In. long. Arrange the fitting shim
lengthwise of die engine. Put the shell and cap
Into place over the fitting shim and draw the
stud nuts down to the proper torque. Now rotate
the crankshaft by hand. It should show no signs
of binding. If there la any binding It must be
corrected. If everything la correct there will

Identifying Number on
Top of Upper Crankcase

m

* fJ It. 1%'II-KitCir HI

Figure 9-6. Tlj^tenlng Main Bearing Cap Nuts with Torque Wrench
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PlRure 9-8. Checking Crankshaft End Clearance

be Just a little "drag" to the rotation of the
crankshaft under the influence of the fitting
shim. If there Is binding look for dirt under
the shells, excessive "crush" or Improper
alignment of the dowels In the bearing shells.
The fitting shim must be moved from Journal to

Journal until they have all been checked In this
fashion. Do not forget to thoroughly lubricate
each main bearing Journal nor to remove the
fitting shim after the last Journal has been
checked. The bearing shells must be clean and
dry on their outside diameter so they can

i

Figure 9-9. Cheeking Cylinder Bores with Typical Gage
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conduct heat away rcaa. the shells repldly. Hake
sure that all the main bearing shells and caps
are in their proper place as indicated by the
staaped nuniber on the edge of the shells and on
the aide of the caps. The numbered side of the
Shells and caps are to be assembled to the
engine so they come on the same side of the

Figure 9-10. Installing Chain
Connecting LlnV

engine as the numbers e tanked on the main bearing
webs. In the event it becomes necessary to
install new main bearing shells they must be
sta)ig>ed with numbers at the time of replacement
in the identical location as those on the parts
being replaced. Support the shells carefully
so they will not be damaged in standing. Use a
sharp stas^ so a li^t blow will leave a visible
mark. Stone off any up turned edges left by
the stamp so they will not effect the crush of
the bearing shells. The common number found
stamped on the top of the main bearing cap is to
agree with the upper crankcase identifying
number stamped on the top side of the upper
crankcase at the front end right near the oil
pressure regulating valve pad. Refer to figure
9-7. After ell the main bearing caps are secure,
look them with wire. Check again to see that
the crankshaft can be rotated by hand. Check
the end clearance of the crankshaft. See
reference number 2 , Table of Limits, figure
12-1. Check the back lash of the gears. See
reference number 21, Table of Limits, figure
12-1. Install gear carrier oil circulation
pipe and oil tray.

. 9-12 UPPER CRANKCASE AND CYLINDER BLOCK
aS^MBLY. Turn the upper crankcase and crank
shaft assembly on its side. Coat an upper
crankdase to cylinder block gasket with a tacky
gasket dement such as Army specification 62-5
and stick it to the base of the cylinder block.

74

Coat the top face of the cylinder block with
soft cup grease i>er specification AN-0-14 (Symbol
ORG). Now slide the cylinder block over the
upper crankcase studs and down into place. Refer
to figure 4-21. Place spacers on all of the
studs and secure with nuts. This Is most
iiiq>ortant otherwise the cylinder block may fall
off when the piston and connecting rods are
being fitted. Check bores after the cylinder
block is pulled down tight to make certain there
is no distortion. Refer to figure 9-3. Assemble

Figure 9-11. Riveting Chain Connecting
Link

the opposite cylinder block in a similar manner.
Of course, the blocks are placed on the engine
so the water Jacket openings come on the outside
of the "V". The ri^t hai^ bank cylinder block
is identical with the left hand bank cylinder
block. They are merely turned end for end to
make them suitable for either bank.

9-13 RIVET CHAIN. After the engine assembly Is
turned right side up, rotate the crankshaft
until the temporarily placed connecting link of
one chain appears on the top side of the cam
shaft sprocket. Carefully withdraw the con
necting link until two chain side bars can be
fitted between each strand of chain. Thread the
connecting link pin on thru the chain so these
aide bars are fitted into place. After the ends
of the connecting link emerge from the chain
fit the final outside side bar and then rivet
over the ends of the pins. Use a back up bar
in the riveting operation as illustrated. It is
not necessary to upset a heavy bead on the pins
as this may bind the chain. RLvet the pins over
Just sufficient to retain the aide bar. The
cloth is placed around the assembly to catch
any parts that may be dropped so they do not get
into the sprocket housing. After one chain is
secure remove the cloth and rotate the engine
until the other accessory drive chain can be
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slnllarly connected and riveted.

9-14 PISTOH ABD COMHEOTIHG ROD ASSEMBLY TO THE
EBOINB. This operation too, is quite critical
and the success or failure of the joh depends
on everything being done with care.
a. The yoked connecting rod is fitted to the

engine first. The aide of the engine to which
the yoked rod is fitted depends on the rotation
of the engine. For example, the yoked connect
ing rod is fitted to ri^t hand bank of a ri^t
band rotating engine. For a left band rotating
engine the yoked connecting rod is fitted to the

left band bank of cylinders. Do not forget that
the "hand" of the cylinder banks is detennined
as one stands at the back of the engine and
faces forward. The sides of the connecting rods
are numbered to indicate the cylinder into lAiich
they are to be fitted. The numbered side of
one connecting rod and cap is to be assembled
to the engine so that the numbers come on the
ri^t hand side of a ri^t hand rotating engine
and on the left haixl side of a left band rotating
engine. Bumbers stashed on ̂ e yoke connecting
rod bolts and nuts are not to be confused with
numbers stamped on the side of the connecting

Figure 9-12. Yoke Connecting Rod Showing Identification Bumbers

Figure 9-13. Yoke Connecting Rod Showing Wei^t Group Letter

BLADE COBBECTIBG ROD YOKE COBBECTIBG ROD

GROUP
LETTER
T

D

S

A

C

B

Z
E

D

I

TOTAL WEIGHT

5 lb
6 lb
6 lb
6 lb
6 lb
6 lb
6 lb
lb

lb

6 lb

14-1/2 oz
l-l/S oz
3-1/2 oz
4-3/4 oz
5-1/4 oz
7-1/4 oz
8-1/4 oz
8-3/4 QZ

11-1/4 oz
13-3/4 oz

Figure 9-14. Table of Blade Connecting
Rod Weight Groups

GROUP
LETTER
A

U

B

D

C

E

K

Y

P

Z

TOTAL WEIGHT

6 lb
6 lb
6 lb
6 lb
lb

lb
lb

lb
lb

lb

7-7/a oz
11-1/8 oz
14-3/8 oz
15-7/8 oz
2-3/8 oz
4-7/8 oz
6-7/8 oz
8-3/8 oz
8-7/8 oz
11-7/8 oz

Figure 9-15, Table of Yoke Connecting
Rod Weight Groups
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Figure 9-16. Blade Connecting R&d Showing Identifying Numbers

Figure 9-17. Blade Connecting Rod Showing Identifying
Marks on the Edge of the Bearing Shells

rods and connecting rod caps. In the event It
becomes necessary to Install a new connecting
rod bearing shell or connecting rod the service
parts will not be marked with the cylinder

number. It Is extremely Important that such
parts be marked at the time of replacement with
the Identical mark and In the Identical location
as those on the part being replaced. The blade
rod shells are marked with slight score marks
on the edges as there Is no space available for

Figure 9-18. Installing.Piston and Connecting
Rod Assembly with Typical Tools

Figure 9-19. Protectors on Connecting
Rod Bolts
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stamoed numbers on these shells. Where st^ps
are used, they must be sharp so a light blow
will be sufficient to leave a good impression.
Be careful to support the part well so it will
not be marred or bent when it is stamped. Stone
off any burrs raised by the stamp on the edge
of the yoke rod shell so as not to effect the
shell "crush".
b. In assemblying the connecting rods and

pistons to the engine, attention must also he
paid to the welRhts of the connecting rods. On
the side of each connecting rod and connecting
rod cap will be found a stamped letter. This
latter is a weljj^t classification of the connect
ing rod assembly. All the blade connecting rods
in an engine must be of a common weight classi
fication". Similarly, all the yoke connecting
rods in an sngine must be of a common weight
classification. However, it is not neoessa^
that the weight classification letter of the
blade rods agree with the letter of the yoke
rods. If it becomes necessary to replace ̂
of the connecting rods, they must be of the
same weight group as the ones they are to run
with. In the event it is impossible to have
all the blade rods of a common weight group
or all the yoke rods of a common weight group
then new rods must be as near the same weight
as possible to the old rods and must be replaced
in grouns of three. For example, if one connect
ing rod* is defective and it is impossible to
replace it with a connecting rod of the same
weight classification, then three similar new
connecting rods of a common wei^t group mivst
be used and they must be installed in cylinders
one, two and three or cylinders four, five imd
six. No other combinations must be used. The
preceding tabulation in paragraph 14a will aid
in selecting new connecting rods of as near the
same weigjit as possible to those I"

c« Tlie yok© connecting rod must be fitted to
the'engipe first. Rotate the engine crankshaft

until number one and number six crank journals
are at bottom center. Wipe the Journals off
carefully and blow free of lint. Lubricate the
crank journals with engine oil. See that the
outside diameter of the connecting rod sheila
are clean and free of dirt. Also the connecting
rod and cap. Fit the bearing shell to the
connecting rod so that the stamped number on the
shells, rod and rod caps all agree with one
another and with the cylinder into which they
are being installed. The number on the shells
and caps must be on the same side as the stanked
number on the side of the connecting rod.
Stagger the gaps in the piston rings so they do
not come directly beneath one another. Lubricate
the piston pin, connecting rod bearing shell and
the piston with engine oil. See that the cylin
der is clean and free of moisture. Slip tubing
protectors over the connecting rod bolts. Start

Figure 9-21. Checking End Clearance of
Yoke Connecting Rod

/v - /
-liy

;  ■ if#® i ' Snl S
'Si

-It-

s ̂1,

11
U-'TVil 'in

Figure 9-20. Tightening Connecting Rod Nuts with Typical Torque Wrench
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Figure 9-22, Typical Tool for
Removing Gap from Connecting Rod

the big end of the connecting rod into the
cylinder bore with the numbered side of the
connecting rod arranged as instructed in para
graph 9-14a. Place a piston ring compressor
on the rings and push the piston into the bore
with a wooden block. It is best to have a man
guide the big end of the connecting rod onto
the crank Journal, fftien the connecting rod is
firmly seated against the crankshaft place a
greased fitting shim on the crank Journal. This
shim to be .0035 in. thick and approximately
3/8 in, wide and 1 in. long. Arrange the shim
lengthwise of the engine as illustrated in

PRQTECfORS
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Figure 9-23. Protectors on Blade Connecting
Rod Bolts

Figure 9-24. Striking Connecting
Rod Cap to Remove Cap

figure 9-26. Now lubricate the cap bearing
shell and fit it along with the caps to the
connecting rod. Of course, the numbered side
of the shell and caps must come on ttie same side
of the engine as the number stanQsed on the side
of the connecting rod. Install the 3/8 in.
hex nuts so their numbers agree wl& the numbers
stashed on the ends of the bolts. Draw the nuts
down to their proper torque value as indicated
in figure 12-9, Now push the connecting rod
from side to side on the crank Journal. Just a
ali^t "drae^ should be felt. If the connecting
rod is tight on the crank Journal look for dirt
under the shell, excess crush or improper fit
of the bearing shell on the dowel. Always use
a tool similar to that shown in figure 4-16 in
order to remove the oonnaoting rod caps, Never
hammer on the ends of the cotmeoting rod bolts,
Do not foiget to remove the fitting shim when the
shell is properly set. Cheok the end clearance
of the yoke connecting rod as Illustrated, Nhen
everything is in order draw the oonnecting rod
nuts down to the proper torque as called for in
figure 12-9. Install cotter pins and proceed to
fit all the yoke connecting rods similarly.

d. The blade connecting rods ere next fitted
to the engine as follows. Remove the nuts from
the connecting rod bolts and pull the oonnecting
rod cap off. This may be done with a spreading
tool or if the assembly is suspended by the
connecting rod cap and rapped lightly first
one side and then the other with a soft brass
hammer, the cap will come off. Strike the rod
cap along side the bolt bosses, no place else.
Do not attempt to pry the connecting rod cap off
as this is certain to damage 1^ finely finished
surfaces. Rotate the engine creu^shaft until
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Figure 9-25. Checking End Clearance of Blade Connecting Rod

>V.

9

Figure 9-26. Pitting Shim on Crank Journal
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the crank Journal for cylinders number one and
six are at bottom center. Lubricate the piston,
piston pin and piston rings. Rotate the piston
rings so the ring gaps are staggered with respect
to one another. Place soft protective tubes on
the connecting rod bolts and lubricate the
bearing shell on the inside diameter only. Place
the big end of the connecting rod in the number
one cylinder bore. Be sure that the number
stamped on the side of the connecting rod agrees
with the cylinder to which it is being fitted.
Also t'he numbered side of the rod must be
arranged as explained In paragraph 9-14a. Start
the piston into the cylinder bore and compress
the piston rings with a suitable tool such as
illustrated in figure 9-18. Push the piston
into the bore by striking it lightly with a
wooden block or mallet. Do not dent or mar the
top of the piston and do not strike the cylinder
walls. It is best to have another man guide
the big end of the connecting rod onto the yoke
rod shell as the piston is pushed down. Lubri
cate the connecting rod bearing shell on the

. inside diameter only and assemble the cap to
the connecting rod. The' marks on the shell and
cap must register with the marks on the connect
ing rod and connecting rod shell. Draw the nuts
down to the proper torque as mentioned in figure
12-9, section XII. Rap the blade connecting rod
from side to side to center the bearing shells
in the rod. Hit the rod on the balance pad
only with a soft brass or lead hammer. Check
the blade rod for end clearance. See reference
number 15. figure 12-1. If everything is in

order the blade connecting rod must be free to
slide from side to side with a sli^t pressure
by hand. It must not lock up ti^t or drag. If
it is too tif^t look for dirt under the bearing
shell, excessive "crush" or Improper fit on the
dowel. After the proper fit is obtained,
lubricate the parts thorou^ly with engine oil
and draw the connecting rod nuts down to the
proper torque. Secure the nuts with cotter pins.
Proceed to assemble all the other blade connect
ing rods in a similar manner.

9-15 UPPER CRANKCASE TQ LORER.CRARHCASE ASSEMBLY.
a. The lower crankcase must be placed on a

stable support. The.shipping skid may be used
for this purpose if nothing better is available.
See that the flange face is clean and smooth.
Coat the gasket flange face with gasket cement
per Anny Spec. 62-5. Fit the long paper gasket to
both sides of the case. Do not tear the gasket
or allow it to wrinkle up. Fit both dowels
to the lower crankcase. In the event that a
new lower crankcase is being used, it will be
necessary to ream the rear dowel hole in assembly
as explained in paragraph 9-15b. Kow clean off
the mounting flange, of the upper crankcase and
coat it with a tacky gasket cement per Army
Spec. 62-5. Care must be used to see that .the
assembly is made up of pai^s that were orlgin^ly
assembled as that is the only way one can be
assured that the reverse gear driving flange will
be concentric with the thrust bearing support in
the lower crankcase. When the gaskets are all
in place carefully let the upper crankcase down

Figure 9-27. Lowering Upper Cramccase onto Lower CranKcase
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Figure 9-88, Dial Gage In use to Adjust
Crankcase Assembly

onto the lower orankcase flange. Secure with
plain washers, lock washers and hex nuts.
Tighten the cap screws In the reverse gear
upper housing adapter, Tlgh^on the hex nuts In
the vertical flange of the reverse gear upper
ho'jslng adapter. Ihe reverse gear driving flange
must be checked with respect to the thrust
beeu^lng support at the rear of the lower crank-
case, Use a fixture to clamp on the reverse
gear driving flange and a dial gage as Illus
trated, See reference number 6, flmre 12-1.
b. When the lower crankcase Is new the

rear dowel hole Is Intentionally left underslze
for reaming to size at assembly. Bring the
upper and lower crankcase together as mentioned
above except, of course, the rear dowel must be
left out for the time being. Fit the checking:
fixture to the reverse gear driving flange along
with the dial Indicator, Shift the upper crank
case on the lower until the dial gage Indicates
that the drive flange Is concentric with the

fe?]

■

Figure 9-29, Checking End Clearance
of Accessory Drive Sprocket

Figure 9-30, Reaming Dowel Hole In New
t^per Crankcase with Typical Tools

thrust bearing support of the lower crankcase.
Clamp the crankcases together with the flange
nuts. Fit a reamer bushing In place In the
dowel hole at the left hand rear comer of the.
upper crankcase. Run a reamer of ,499 -
In, diameter down Into the lower crankc^tt'l^^M
In, deep. Withdraw the reamer and buehtn^,:cyi
Blow the chips out of the hole. Fit the. dowel' ,
and drive It Into place. Tighten up fiWvthe
flange nuts. Be sure to use plain washem uBder ■
the lock washers, Tl^ten the csp scmws In the
reverse gear upper housing adapter,

9-16 FLYWHEEL HOUSING TO UPPER CRANKCASE
ASSEMBLY, "See that the flange faces of both
the upper crankcase and the flyrtieel housing are
clean and smooth. Coat the flywheel housing
flanges, both vertical and horizontal, with a
tacky gasket cement per Attuy Spec, 62-5, Stick a
gasket to the vertical face. Coat the vertical
flange face of upper crankcase with light cup
grease per specification AN-G-14 -XSYBibol GRO),
Set the flywheel housing In place-Pgr,the engine
and draw It up unlforndy so that/l
vertical and horizontal flanges
tlg^t. The oil gage and hand scaverige j
now be set In place In the engine, ! Tt
starting lever throw out cam may now be
to the front of the engine, Also fltxthe-3wnd.
starting lever hole cover, ' - ~

9-17 REVERSE GEAR ASSEMBLY TO THE ENGINBr: ;".^'
a. The brake toggle adjusting nut "14" BU|t:^>

be tightened to clamp the brake band "10" onto.,
drum "M" , This Is necessary to keep the band
from slipping when the unit Is lifted. The band
must be arranged before clamping, so the clutch
engaging levers are in a position such that one
points directly down away from the lifting hook
as illustrated In figure 4-12, Coat ,the;,jfl,ange
face of the reverse gear thrust bearlng.,<^S^^ner
with a tacky gasket cement per Army
and stick a gasket to this flange, to nptjT^I^^ny .
tacky cement get on the exposed face of.-^Bas
gasket. Coat the exposed face of the reverse '
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Figure 9-31. Top View of Reveree Gear

gear thmjat bearing container gasket with soft
cup grease per specification AN-G-14 (Symbol
GRG). Lift the reverse gear and set it Into
the lower crankcase. Suspend the assembly at
a level so that the clutch driving discs- can be
entered into the clutch drum. It may be neces
sary to move the clutch driving discs so they
will enter the drum. This may be done by using
a screw driver on either side of the assembly
and by prying against the flange of the lower
crankcase. If one pushes against the reverse
gear shaft flange all the while, the gear will
slide forward as clearance is obtained. It is
also necessary to rotate the reverse gear shaft
to' align the splines of the reverse gear bevel
driving gear with the reverse gear drive flange.
See that the ears of the brake drum are not
"hung up" on the steel pads on the lower crank
case ilange. Also see that the four studs in the
thrust bearing container enter the holes in the
lower crankcase. See figure. 4-13. When the
reverse gear assembly is in place remove the
hoist and add the plain washers and hex nuts to
the four studs in the rear face of the lower
crankcase. Secure these nuts with lock wire.
Be careful not to drop any parts into the lower
crankcase. Finally ti^ten locknut "19" and
secure by bending one ear of the washer into a
slot in the lock nut. See figure 4-9.
b. Tne reverse gear upper housing is fitted

to the engine at this point of the assembly
operation. Coat a piece of rope type packing
with gasket cement per Amy Stock Ko. 052-C-675-
IPX and place it on the circumference of the
reverse gear upper housing adapter. Let either
end of the packing hang down several inches
beyond the end of the adapter. Centralize the

clutch shifter assembly in the upper reverse
gear housing. See that all the flange faces of
the housing are clean and smooth. Coat the
exposed flange face of the lower crankcase
gasket with a tacky gasket cement per Azmy Spec.
68-5. Cut a piece of thin sheet metal in the
general shape of the rear flange of the reverse
gear housing. See that this sheet metal piece
is smooth. Coat it with soft cup grease -both
sides per specification AN-G-14 (Symbol GRG).
Set this sheet metal piece against the rear
flange gasket and lower the upper reverse gear
housing assembly into place. See that the
shifter mechanism properly engages the ball
bearing on the clutch shifter ..spider, Push the
housing assembly down as far as it will go.
Pull the thin sheet metal piece out from between
the housing and thrust bearing container flange.
Do not damage the flange gasket. Remove nut
"14" and fit link "16" in place and refit nut
"14". Cozmect link "22" and secure with two
cap screws "17", This link is engaged with
the serrations su<di that the brake band "Itf' is
centered up on brake drum "4", Fit pin "10" and
secure with a cotter pin. Fit cap screws, plain
washers and lock washers to all the flanges, Do
not overlook the two cap screws on the inside
rear face of the upper housing. The brake band
locating cap screw "15" is next fitted to the
boss on the outside of the upper housing. This
cap screw is fitted to the right hand side of
a right hand rotating engine and the left hand
side of a left hand rotating engine. Next fit
the brake band balance adjusting stud "13" and
brake band balance adjusting stud nut "12" to
the boss on the outside of the upper housing.
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Figure 9-38. Inatalllng Reverse Gear Assembly to Engine

Figure 9-33, Tightening Reverse Gear Locknut
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Figure 9-34. Order of-$l^tenlng Cylinder Head Hold Down Huts Showing

"^loal Torque Wrenoh

NOTE

These two above mentioned balancing and ad
justing screws are the only parts effected
by the rotation of the en^ne. All other
parts of the reverse gear assemble to the
engine In the same manner regardless of
rotation of the engine.

Assemble the reverse gear operating levers to
the engine. The hand lever normally goes on
the left hand side and the short lever on the
rl^t hand side of the engine althou^ they are
Interchangeable to suit the particular Instal
lation. Refer to figures 4-9 and 4-11.

9-18 REVERSE GEAR ADJUSTUENT.
a. To tighten forward clut^, loosen clamp

bolt nut on "11" clutch adjusting ring, then
screw this ring (together with Its three bell-
cranks, links and shifter spider) In for tl^t-
ness or out for looseness. Test lever force
and tighten clamp bolt nut and then try lever
again. One hundred and sixty pounds at the end
of a 36 Inch lever Is quite sufficient force to
hold the clutch, with a considerable safety
factor. It Is unnecessary to set this clutch
up any tighter than mentioned above as It will
carry Ihe load wlt^ut excessive clutch pressure.
Once properly adjusted, the clutch will function
a long time without further attention.
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NOTE

As soon as clutch slippage Is noticeable
make above adjustment at once. Do not
continue to operate a slipping clutch, as
It will cause rapid wear, heating and
warping of clutch dls cs .

b. To tighten the reverse band "10", first
loosen lut "12" and unscrew the balance adjusting
stud "13" three or four turns. With lever In
neutral, tl^ten brake and toggle nut "14", theil'
try lever from neutral to reverse and get the
"feel" of this adjustment. Repeat until the
band firmly grips the drum "4". Due to the
powerful action of this mechanism, aa^le revers
ing capacity Is possible without excessive hand
lever load. ^ "forward" position a clearance
of not less than l/64 In. should exist coiq>letely
around the drum and brake band,

c. Torque reaction Screw adjustment Is made
as follows. Turn the engine l/4 turn In Its
running direction to gatiier all the slack on the
trailing side of the reverse band. After the
brake band has been properly tightened, and with
the hand lever In "reverse" position, very
carefully turn the balance adjusting screw "13"
so it barely touches the brake band lug at "A".

OAOTION

Do not screw this stud down so far that
It moves the lug or affects the radial
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CAUTION

position of the brake band on the drum. .
If this adjusting stud is down too far,
the purpose of the tor<iue-reaction stud
will be destroyed, and only the top half
of the brake band will bear down on the
dinim.

After the above adjustment has been effected,
ti^ten looknut "12" without distxirbing the
position of the stud "IS". This adjustment is
liiiportant in that it causes the reverse reaction
load to be assumed by the "13" screw Instead of
causing the "reaction" to spring the entire unit
out of line. Carefully work the hand lever
forward, neutral and reverse a few times and the
reason for this provision will be readily
appreciated. There should be approximately 1/16
in. clearanoe at "Bf between "15" and brake band
lug. Install or remove lA6 thick washers until
the adjustment is correct. This l/l6 in,
clearance is measured by turning the screw down
ti^t and then backing It off 1/16 in. Measure
the clearance under the screw head and fit
washers to fill this space. Refer to figure
4-9 and 4-11.

9-19 CYLINDER HEAD ASSEMBLY TO THE BNQINE.
Remove the auxiliary stQ>ports from the camshaft
drive sprockets and allow the sprockets to rest
on the pedestals on the top face of Ihe sprocket
housing. Pit tlie 3/4 in. diaateter csp screws and
lock washers into the sprocket bores. See that
both the top face of the cylinder block and the
bottom face of the cylinder head are smooth and
cleah^ Coat a cylinder head gasket, both faces,
with a tacky gasket cement per Army Spec. 62-5.
Place the smooth side of the cylinder head
gasket agednst the cylinder block. This means
the flanged edges of the grommet holes go
against the cylinder head. Put a teaspoonfia
of engine oil in each cylinder bore. Set the
cylinder head carefully on the engine. See that
it goes down smooth^ over the studs and camshaft
sprocket. As soon as the head is down in place
set the camshaft sprocket onto the camshaft and
start the 3/4 in. diameter cap screw into place
in the end of the camshaft, but do not draw
It down ti^t, Install all the.. 3/4 in. and 1/2
In. hex nuts and washers on the head studs. Draw
the nuts down evenly in the order indicated.
After they are all uniformly snug apply the
torque wrench and ti^ten them down to the
correct torque value. Refer to figure 12-9.
Assemble the head onto the opposite cylinder bank
In a similar manner. Use care to see that the
cylinder head camshafts are correct for the model
engine being assembled. The driving flange of
the camshaft shows the part number of the cam
shaft. If the parts are properly tagged at
disassembly no trouble will be encountered on
this point. Otherwise it may be necessary to
consult the parts catalog AN 19—85BHB—4 in order
to detezmine the proper camshaft to use in each
head. Gsmshafts must be set per paragraph 8-9d.

9-20 VALVE TIHINO, RH Engine No. 2268 Stock List
Ho. 1906AAF200 000.

9-21 TAPPET ADJUSTMENT FOR TIMING. For valve
timing it is necessary to set all eaihauat and
Intake tappet clearances to the figures shown
in figure 12-1, reference No. 42.

9-22 ADJUST TIMING CHAIN. Set tile two accessory

drive chains to the proper tension as explained
in paragraph 9-29.

9-23 POSITION CRANKSHAFT. Turn the engine in
its normal running direction until the flywheel
mark "T.C. 1 ie ̂  leading bank shows in the
timing inspection hole and then continue to
rotate until the flywheel mark "EXH. CLOSES"
comes directly opposite the notdh in the timing
inspection hole. Refer to paragraph 1-22.

NOTE

There are two "EXH, CLOSES" marks on the
flywheel. Only by carefully following
the procedure outlined can one be certain
of timing to the correct mark.

How grasp the camshaft sprocket of the leading
bank and rotate it In the opposite direction
from its normal rotation. This takes all the
slack out of the chain on the driving side.
Then draw the sprocket on to its driving taper
with the 3/4 in. cap screw. Again rotate the
engine 60° until the flywheel mark "T.C. 1 & 6"
trailing bank comes into view in the timing
inspection hole. Continue to rotate until
the flywheel mark "EXH. CLOSES" comes dli»eotly
opposite the notch in the timing inspectlcn
hole. Now grasp the camshaft sprocket of
the trailing bank and rotate it as far as it
will go in a direction opposite' to its nonaal
rotation and then draw it on to the camshaft
taper with ̂ e 3/4 in. cap screw. Camshafts
must have been previously set per paragraph 8-9d.

Figure 9-35. Flywheel Timing Mark

9-24 BALANCE VALVE TIMING. After the above
routine has been followed, paragraph 9-20 throuidz
9-23, it is necessary to check the e^aust valve
timing of number 1 cylinder in "the leading bank
and mnber 6 cylinder in the leading bank against
the flywheel timing marks. A difference will
sometimes appear here becazise of wear in the
camshaft, rockeram shoe or rockeraiw bushing.
If a difference in valve timing appears between
the two end cylinders of a bank it is necessary
to split the difference in timing with relation
to the flywheel. For example, if it is found
that number 1 cylinder in the ri^t hand bank is
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timed correctly on the flywheel mark, but number
6 cylinder in the ri^t hand bank falls 1/2 in.
late with respect to the flyrtieel mark, then it
is necessary to retime until the number 1
cylinder is l/4 in, early and number 6 cylinder
is 1/4 in. late with respect to the flywheel
timing mark. Of coiarse, it is necessary to check
both the oon^afts in both heads in this respect.

9-25 TROE OP SPROCKETS. After the proper valve
timing has been made it is necessary to see that
the camshaft sprockets are running true. If
there is found to be a "wobble" in the sprocket
it can be corrected by striking the rim of the
sprocket with a soft nosed mallet. Do not
damage the chain or sprocket teeth. When the
sprocket is adjusted on the camshaft so it runs
true, tighten up the 3/4 in. cap screw until it
is heard to"give" as it grips the camshaft.

9-25 ADJUST VALVE TAPEEIS. After the valves are
timed it is necessary to open up the exhaust
valve tappets to the clearance shown in refer
ence Ho. 44 , figure 12-1.

9-27 VALVE TIBIIHG, LH Engine No. 2269 Stock List
No. 190SAAF200 100.

9-28 The valve timing for LH Engine Ho. 2269
Stock list No. 1906AAP200 100 is made in exactly
the manner outlined in paragraphs 9-20 throu^
9-26. The reference to leading and trailing
cylinder banks takes care of the difference in
crankshaft rotation between the right hand and
left hand engine. Refer to paragraph 1-22 for
definition of leading and trailing cylinder bank.

9-29 ADJUST TIMING CHAIN. This is done by
loosening six S/S in. nuts in the chain take-up
clamp ring. Rotate the chain take-up in the
direction indicated by the arrow cast into the
spro ckst housing until the chain is taut. Scribe
a mark on the clang) ring and support. How back
off the take-up 3/8 in. as measured by the
distance between the scribe marks. This gives
the chain operating alack. It is necessary to

HALL-SCOTfl DEFENDER
MODEL 2268 &^269

r-!

ook behind the generator support tube in order
o see the arrow cast into the sprocket housing
on the left hand side.

9-30 INSTALLING OIL PRESSURE REGULATINO VALVE.
Clean off the gasket faces of both the upper
crankcase and the regulating valve. Coat the
upper crankcase mounting face with a tacky gasket
cement such as Army specification 62-5. Coat
the regulating valve body with soft cup grease
per specification AN-0-14 (Symbol 6RG). Use a
new gasket and set the valve assembly in place.
Draw it down evenly and ti^t with four 5A6 in.
cap screws. Make sure the dowels have properly
entered the reamed holes, See that the pad on
the regulating valve matches that on the upper
crankcase. Do not put the valve on backwards.

9-31 INSTALUNQ INTAKE MANIFOLD. The first step
in this operation is to fit the intake manifold
elbows to the cylinder head. Coat the cylinder
head gasket face and the intake manifold elbow
gasket face with a tacky gasket cement per
Army specification 62-5 sii^ar to shellac. Coat
only the elbow face that aoes against the
cylinder head at this time. Set the elbows in
place on the cylinder head using new gemkets.
Install the nuts and washers, but do not draw
them up tight. Now set a bare intake manifold
on top of the elbows and fit at least two cap
screws into each flange and draw them up fairly
snug. This brings all six intake elbow flanks
into alignment. Proceed to ti^ten all the vAU
in. .nuts that hold the elbows to the cylinder
heads. Now remove tbs bare intake manifold from
the engine. See that all spark plugs and
ignition wires are in place in the "V" between
the cylinder banks. The carburetors must be
fitted to the intake manifold before the manifold
is finally fitted to die engine. This is done as
follows 7 Clean off the carburetor mounting
flanges, as well as the carburetor extension and
manifold flanges. Use new gaskets and assemble
the carburetors to the carburetor extension and
to the intake manifold. The extension piece is
put on as illustrated in figure 9-37. Install

n

Figure 9-36. Adjusting Chain Take Up
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the long carburetor control shaft and connect/
up the linkage to each carburetor. Lubricate
the control linkage with oil per specification
AH-O-S (Symbol OOP). Slide the carburetor and
manifold assembly Into place from the rear of
the engine. Be careful not to damage any spark
plugs, pipes, wires or.control linkage. Coat the
gasket faces of both the Intake manifold and
Intake manifold elbows with a tacky gasket
cement per Army specification 62-5 similar
to shellac. Use new gaskets and fasten the
manifold to the Intake elbows with 7/16 In.
cap screws and lookwashers. Connect all fuel
pipes to the carburetors. Install ventilating
pipes to the distributors, multiple shield boxes
and to the rockerarm covers as well as the
sprocket bousing.

DEFENDER
I & 2269

Section IX
Paragraph 9-32 to 9-35

drive bushing Is clean and smooth. The starter
drive sleeve on the end of the starter drive
shaft must be clean and free from nicks and
burrs so It will freely enter the flywheel
housing bushing. Pit the starter to the flywheel
housing and seciu-e with nuts and washers. Draw
the nuts up evenly so as not to bind or distort
the parts . Reconnect the electric wires .
Lubricate the starter by putting two drops of oil
per specification AN-0-6 (Symbol OOP) in the
oil cup at the rear end of the starter and on
the Bendlx drive helix.

9-34 IHSTALLIHG THE CENERATOR DRIVE. Refer to
paragraph 8-8 for preliminary assembly of the
generator drive to the sprocket housing. Then
fit the tachometer drive Hange to the generator

.. .

ob-r;

■

-11

Figure 9-37. Installing Intake Manifold Assembly

g-32 INSTALLING MULTIPLE SHIEID. The multiple
shield support Is assembled to the engine and
secured witti cap screws, nuts and washers. The
multiple shield assemblies, electric fuel pump
filter and starting motor filter are next secured
to the support. The exterior wire connections
are made to the multiple shield assembly,
electric fuel pump filter and starting motor
filter, paying careful attention to the wiring
diagram figure 9-39. Pit the ventilating pipes
to the multiple shield assembly. Secure the
wires and pipes with clips and tape so they
cannot vibrate excessively.

9-33 INSTALLING STARTER. The starter flange
mounting face and the flywheel housing face must
be clean and smooth. Use a new starter flange
gasket and coat one side with gasket cement per
Ainy Spec. 62-5. Stick this coated side against
the starter flange. Coat the other aide of the
gasket with light cup grease per specification
AN-G-14 (Symbol GRG). See that the starter

drive pulley after the mounting faces and pilot
diameters have been Inspected and found to be In
good condition. Draw down the el^t 1/4 in. cap
screws evenly so as not to bind or distort the
tachometer drive flange. Secure with a lock
wire. Pit the V-belts to the generator drive
pulley. Clean off the mounting faces, dowels
and dowel holes and then fit the generator belt
guard assembly to the engine. Fasten it with
Tout 3/8 in. cap screws. Clean otf the mounting
faces and pilot diameter and then fit the
tacliometer adapter plate to the generator drtve
assembly. This adapter plate is fitted to ^e
engine with the 17/64 In. diameter hole and the
flat edge of the flange on the under side.

9-35 INSTALLING GENERATOR. See that the base of
the generator la clean, smooth and free from
paint or grease. Set the generator in place,
fitting the V-belts over the generator drive
pulley. Secure the generator with cap screws
and lock washers.
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Do not use cap screws longer than 3/4 In.
and be sure to use lockwashers. If a
longer screw is used the field windings
of the generator are quite likely to be
damaged.

Now rotate the generator bracket on its support
so as to bring the V-belts up to operating
tension. Make sure the drive and driven pulleys
ai*e aligned with one another. Ti^ten the two
s/s in. clamp cap screws in the generator
bracket. Carefully connect wires to the gener
ator according to the wiring diagram figure
9-39. The generator must be polarized before it
is run on the. engine. Refer to applicable Air
Force and Navy Handbooks.

9-36 INSTALLING BILGE POMP. The first step in
installing a bilge pun^ is to see that the pump
mounting flange and pilot diameter as well as
that of the sprocket bousing are clean, smooth
and flat. Stick a new gasket to the bilge pump
mounting flange with a gasket cement per Army
Spec. 62-5. Fit the pump to the engine and
secure it with four 3/8 in, nuts and lockwashers.
Refit the inlet and outlet pipe flanges using
new gaskets. See that the pipes are installed
so that no strain, la thrown on the pun^). Lubri
cate the pump by filling the grease cup with
grease of soda or soda-alumina base and water
repellant, but not neoessarlly water proof.
Must bo of 177®0 (360 P) minimum molting point.

9-37 INSTALLING WATER POMP. See that the
mounting faoe of both the water pump and upper
crankoaae are clean and smooth. Carefully enter
the splined end of the water pump drive shaft
into the bearing retainer plate on the sprocket
housing so as not to damage the oil retainer.
It may be necessary to rotate the shaft sll^tly
to make the mating spllxies register. Push the
water pump into position and seoure with four
3/8 in. cap screws and washers. Next fit the
distributor floating shaft assembly and the
flexible couplings. Carefully enter the flexible
coupling driving spools into place in the
flexible coupling flanges and draw them into
place with their bolts and nuts. Remake the
water connections being sure ell the gasket
faces are clean and smooth. Use new gaskets on
all flanges. Put gasket cement on the gaskets
both sides. Fill ths grease cups with grease
of soda or soda-alumina base and water repellant,
but not necessarily water proof. The grease
must be of 177®C (360 F) minimum molting point.
Fill oil oup on the water pump pilot gear case
with oil that meets specification VV-L-761
(Symbol 00) SAE 90 vlaoosity,

9-38 INSTALUNO THE DISTRieUIOR DRIVE ROUSING.
See that the mounting faoe of the distributor
drive housing is smooth snd olean. Also the
mounting face on the upper orankosso must be
smooth and olean. Fit the flexible ooupllng
driving spools into the driving flange on the
distributor drive shaft while fitting the housing
into place on its mounting studs. Fit the four
nuts and waahera. Draw the flexible ooupllng
spools into place with the coupling bolts and
nuts. Be careful to see that they enter the
oounterbore squarely. Pull them down until they
seat fliTOly against the shoulder provided. See
that the distributor drive la lubricated with
grease per spedfloat!on AN-0-S5 (Symbol OLT),

Pit the overspeed governor drive to the rigd>^
hand distributor drive housing,

9-39 INSTALLING THE DISTRIBOPOR. The distribu
tor is fitted to the engine by lowering it into
the distributor drive housing so that the pointer
on the distrihutor steel mounting plate comes on
top of the graduation, on the drive housing plate.
Be sure to see that the drive housing is clean
and Is packed with grease as nentioned in para
graph 9-38. Locate the pointer in ttie center of
the graduation and secure with l/4 in. cap
screws. The wires are connected as shown in
figure 9-61 and 9-52. See that the distributor
is lubricated. Refer to applicable Air Force
and Navy handbooks.
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Figure 9-38, Distributor Hold Down
Plate and Graduations

9-40 KRIiriOH TIUINO, Ignition tlmizig can only
be done after the valve timing has first bean set
aa explained in paragraphs 6-SO throu^ 9-28.

9-41 IGNITION TIUINO, RR Engine Mo. 2268 Stock
List 1806AAF200 000.

9-42 POSITION THE CRANKSHAFT. Remove the timing
inspection cover plate from the front of the
flywheel housing. Remove the exhaust aide spark
plug from the number one cylinder in the left
hand bank. Do not forget the "hand" of the
cylinder banks are determined as one stands at
the rear of the engine and faces forward. Turn
the engine over by hand in its noimal running
direction until the number one piston in the
left hand bank starts to come up on its oom-
pression stroke. This oan be determined by
blooktng the spark plug hole with the thumb
and if air is forced out aa the piston oomes up
then it is on its oompresslon stroke. Of oourae,
it la necessary to set the valve timing before
the ignition timing is made. Refer to paragraidM
9-20 through 9-28. When number one left hand
piston is on its oompresslon stroke continue
rotating the onglne in its normal running
direction until the flywheel mark "T.O. 1 8 6
L.H. BANK' ie directly in line with the notoh
in the housing inspection hole, See fiQAre 9-43.

9-43 POSITION DISTRIBUTOR. Row loosen the two
1/4 in. cap screws in the distributor hold down
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USE CABLE 0 UP TO 5 FT. —,

USE CABLE 00 UP TO 10 FT

MOTOR

GENERATOR FILTER

AND APPARATUS BOX

REFER TO FIG. 9-42

BATTERY

BATTERY

24 VOLT
+

FILTER

GRD. F ARM.

TO LIGHTS AND

MAGNETIC

SWITCH
SIZE OF WIRE INDICATED

THUS-STANDARD fAWGV-

1=0GENERATOR

"S" INDICATES MULTIPLE SHIELD

ASSEMBLY

REFER TO FIG.9-40

AMMETER
ELECTRIC

^nnn
»A* INDICATES SECONDARY

IGNITION WIRES .013 IN. DIA
SHIELDED WIRES

FUEL PUMP
STAINLESS STEEL STRANDS

7 STRANDS PER CABLE

h P'5T> STARTER

SWITCH
ADJ. POINT

LEFT EXHAUST
SWITCH^,

LOC.

DOWEL
START

MOTOR

i SWITCH^
I

^ DIST.-^

ELECTRIC

FUEL PUMP
LEFT INTAKE

FIX. POINT
SWITCH

FOR FIRING ORDER

SEE FIGURES 9-51 & 9-52 OVER-SPEED

GOVERNOR

aLOC
DOWEL

j DIST%
RIGHT INTAKE

SWITCH%

STARTFIX

POINT
OVER-SPEED

CUTOUT SWITCH— 8

REFER TO FIG. 9-41

SWITCH^

DISTV^

RIGHT EXHAUST
^ADJ. POINT

IGNITION

SWITCH

LEFT EXH EXH.

FOR MODEL 2268 PRIMARY IGNITION LEADS AS SHOWN SOLID

FOR MODEL 2269 PRIMARY IGNITION LEADS AS SHOWN DOTTED

Figure 9-39o Engine Wiring Diagram
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TERMINAL MARKED "iN

FILTER

BAT FIELD ARM.

-APPARATUS BOX

GROUND OUTLET

GOVERNOR

FIELD OUTLET-

ARMATURE OUTLET-

IGNITION

SWITCH

Figure 9-42, Internal Wiring Diagram of
Apparatus Box

AMMETER

Figure 9-41. Internal
Wiring Diagram of
Overspeed Governor

Switch

RELAY

FILTER FILTER IGNITION

COIL

IGNITION

COIL
WITCHWITCH

01 ST/
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Paragraph 9-44 to 9-45

plate and rotate bobh distributors until the
pointer is located in the center of the gradu
ation aa shown in figure 9-38.

9-44 OPEN DISTRIBUTOR. Remove the caps from
both distributors as e:q>lained In paragraph 4-5.
Lift the lock wire ffom around the rotor base
carefully so as not to bend or break it. Unscrew
the hollow head set screw from the base of the
rotor by three turns. Do not take this screw
completely out as it may be lost. Now carefully
lift the rotor from the distributor cam. In

Figure 9-43. Flywheel Timing Hark

some cases it may be necessary to pry the rotor
up off the cam, but do so carefully so as not
to damage either the rotor or the distributor
cam. Loosen the cam by backing out the lock-
screw from the center of the cam. This screw
is made in such a way that it will pull the cam
from the shaft if it is backed out. After the
cam is drawn out far enou|^ so it can be freely
rotated on its shaft, turn the lock screw down
until the cam just starts to drag on the shaft,
but still can be turned. This is done to both
distributors.

9-45 BREAKER POINTS. These distributors are
each fitted with two sets of breaker points.
One is known aa the "fixed" points as they are

Figure 9-46, Loosening Rotor Set Sorew

1

Figure 9-44, Removing Distributor Cap Figure 9-46, Interior of Distributor
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not adjustable In angular position with respect
to the distributor base. The other set la
known as the "moveable" points as they are
adjustable In angular position with respect to
the distributor base.

9-46 BREAKER POINT GAP. Adjust all the distri
butor breaker points to the gap per Refer. No. 70,
figure 12-1. This gap Is measured when the
breaker ana biTush Is resting on a hl^ point of
the osju. For best results all four distributor
point sets (both distributors) must be adjusted
to as near the same gap as possible.

9-47 POSITION ROTOR. Place the distributor

THIS metal STRIP EXTENDS
'beneath THE DUMMY BRUSH.

2:

a^BRUSH.

ii^wi

#HOLLOW^HEAD
i^vSETy SCREW

BRUSH

SET SCREW

LOCKWIRE

rotor back on the distributor can so that It
properly engages the flat on the side of the
cam. Do not push the rotor clear down as it
has to bo withdrawn presently. How turn the
rotor opposite to Its normal running direction,
that la, turn It counterclockwise as you look
down on It, until the rotor Is positioned with
respect to the cap locator dowel as shown In
figure 9-48. Note the relative position of the
metal strip In the rotor that extends under one
of the brush towers and out to the end of the
rotor. This la of vital Importance as one of
the rotor brushes Is "alive" and one Is a
"dummy" for balancing purposes only. The
embedded metal strip that extends from the center
of the rotor to the tip of the.rotor passes
beneath the dummy brush tower. With the rotor
in the relative position shown In figure 9-48
continue to turn the rotor counterclockwise as
you look down on It, until the fixed distributor
points just close. Uake this same adjustanent to
both distributors. Bear in mind that this is
the position where the points would be just
opening were the distributor to be turned In Its
normal running direction. This point of just
opening or closing, as the case may be, can be
determined thru the use of an electric li^t as
explained In paragrajh 9-51. This seme treatment
applies to both the left hand as well as the
right hand distributor. They are both turned
counterclockwise for the timing operation. They
are turned opposite to their normal running
direction so as to take all the backlash out of
the drive. This la important. Now carefully
pull the rotor from the cam without altering the
cam position and tl^ten down the lock screw In
the center of the cam, both distributors.
Be careful to see that points In both distrib
utors are synchronized so they open at the same
instant.

CAOTION
Figure 9-47. Distributor Rotor

Be sure the cam is down as far as It will

mm

m

kl

immi

BSliliingS
-

.  LJ," >

1,

CAP LbCATOR
DOW^

Figure 9-48. Timing Position of Distributor Rotor
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go on the shaft, otherwise the rotor may
be raised so hl^ as to damage the dis
tributor cap when the engine Is sjiarted,

9-48 AI}JUSriNG MOVEABLE BREAKER POINTS. Rotate
the crankshaft In Its nomal running direction
60 degrees until the mark "T.C. 1 & 6 R.H. BANK?'
la directly In line with the notch In the fly-
wheel housing. This 60 degree location Is most
Important so be careful to see that the flywheel
marks come exactly opposite the timing notch In
the flywheel housing Inspection hole. The
moveable breaker points In the distributors are
now swung around by use of the eccentric screw
until they are just beginning to open, backlash
having been removed. Securely lock the moveable
points In this position, both distributors.

9-49 RBASSEEfBIE. Coat the distributor cam with
a ll^t coat of petrolatum and one drop of oil
on hinge pins as mentioned In paragraph 11-48 .
Set the rotor back in place and see that It Is
firmly seated. Tl^ten hollow head set screw
and fit spring look wire.

9-50 COIL CONNECTION. The Ignition timing
cannot be considered complete until a check Is
made to see that the distributor points are
properly connected to the Ignition colls.
As shown In figure 9-39, the fixed distri
butor points must be connected to the Ignition
coil so that they fire throu^ the "live binish
of the distributor rotor and through the off

center connection In the distributor cap. The
moveable distributor points must fire through
the center contact of the distributor rotor and.
cap. These connections can be verified by
tracing the connecting wires. The Ignition colls
are located In the multiple shield boxes directly
under the secondary connections to the boxes.

9-51 TIMING WITH AN INDICATOR LIGHT. It Is
possible to very accurately determine when the
breaker points are just opening or just closing
by connecting a 24 volt light In series with
the breedcer point set under consideration. With
the ignition switch "on" the lamp will glow when
the points are closed and go out when the points
are open. Wien a sll^^t pressure one way or the
other, on the breaker aim, will either ll^t or
extinguish the lamp one can be certain that the
points are at the correct position for' timing as
mentioned In paragraph 9-47.

9-52 IGNITION TIMING, LH Engine No. 2269 Stock
List No. 1906AAP200 100. To set the Ignition
timing on a left hand engine (LH Engine No. 2269
Stock list No. 1906AAF200 100) the same procedure
Is followed as outlined In paragraphs 9-42
through 9-50 with the following exceptions:
a. In paragraph 9-42 remove the ejdiaust side

spark plug from number one cylinder In the rl^t
hand bank and rotate the crankshaft until this
cylinder Is on Its compression stroke and the
flywheel mark "T.C. 146 R.H. BANK".oonea
directly opposite the notch In the.flywheel
housing Inspection hole as shown in figure 9-50.
b. In paragraph 9-48 rotate the flywheel In

Its norm^ muinlng direction 60 degrees until
the mark "T.C. 14 6 L.H. BANK!' Is directly In
line with the notch In the flywheel Inspection
hole as shown In figure 9-43.

Figure Flywheel Timing Mark

Figure 9-49. Timing Ll^t on
Distributor Points

9-53 OIL COOLER INSTALLATION. See that the
mounting face of the oil cooler and cylinder
block are clean, smooth and flat. See that all
the studs are In good condition. Replace any
studs that are defective. Stick a new gasket
to the oil cooler face with gasket cement per
Army specification 62-5. Coat the opposite face
of the gasket with light cup grease per specl-
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float!on All-G-14 {Sjmbol GRG). Pit the cooler
to the engine and secure with nuts and copper
washers. Draw It down, into place evenly and
tl^t*. Replace water circulation pipes . Pit
oil and water circulation pipes,

9-54 tIBCHAinCAL FUEL FUUP INSTALLATION. Clean
off the mounting face of the fuel pump and
cylinder head. See that these surfaces are
clean, smooth and flat. See that the pilot
diameter of the fuel pump is clean as well as
the driving tongue.. See that the pump by-pass
valves are arranged so they come on the Inside
of the engine "V" per figure 9-54. The valve
cap marked with a "V" has the by-pass valve under
it. See that the oil passage hole In the
cylinder head Is clean. Use a new fuel pump
flange gasket and stick it to the fuel pump with
gasket cement per Anay specification 62-5, being
careful not to plug up the oil hole. Be sure
there la an oil hole In the gasket. Coat the
cylinder head side of the gasket with ll^t cup
grease per specification AN-G—14 (Symbol GRG).
Rotate the fuel pump drive tongue so It will
lino up with the slot In the end of the cam
shaft. Pit the pump to the engine and secure
with 5/I6 in. nuts and lockwashers. Make sure
the driving tongue is properly entered Into the
camshaft slot. Connect the fuel pipes If they
are In good condition. Open the. m^n fuel valve
and fill the system with fuel through the use
of an electric fuel pump or other auxiliary
means, Make a fined check for fuel leaks and
correct any found.

9-55 OIL FILTER INSTALLATION. See that the
mounting faces of the oil filter and sprocket
housing are clean and smooth. Coat a gasket
with cement per Army specification 62-5 one
side and stick it to the filter base. Coat the
other side of the gasket with soft cup grease
AN-G-14 (Symbol GRG). Assemble the oil filter
to the engine and secure with nuts and waahei<s.
Fit oil pipes.

9-56 OVERSPEED GOVERNOR IKSTALIATION. The first
step in the installation of the overspeed
governor is to'fit the drive cable connection to
the overspeed governor assembly. Be sure that
the driving tongue enters the slot properly so
it does not bind. Now connect the electrical
lead to the back of the overspeed governor
assembly. Set the overspeed governor assembly
with Its bracket and drive cable on the engine
and secure with two s/s in., cap screws and
lockwashers. Attach the other end of the drive
cable to the front end of the distributor drive
housing. Make certain that the driving tongue
properly enters the driving slot of the dis
tributor drive shaft. Fasten the drive cable
supporting clip to the front of the hand starting
throw out plate.

9-57 ELECTRIC PDEL PUMP INSTALLATION. Set the
electric fuel pump on the engine and fasten with
two s/s in. cap screws in the vertical flange of
the liywheel housing and one l/2 In. cap screw
In the horizontal flange of the flywheel housing.
Remake the fuel pipe connections to the fuel
pressure regulating valve as illustrated in
figure 9-54. Connect the fuel si^ly pipe to the
fuel punQ>. Fasten the electrical connections to
the fuel pump as illustrated in figure 9-39.

co/z coA^Mcr/OA/'s

ROTOfi ARM W/Tff'U\/£"BauSH

CYl/A/OA/9

R-EX. R-EX.R-EX.

L-EX.L-CX

OIL eof/A//rcnoMs aor

OTOR ARM W/r/f
L.H Cri/A/D£f^

Live'eet/SH

FIRING ORDER
icn-u |feCYL-R|5cnH2CYvR|3Cy>.L|4Cn-RifeCyfl|lC'a-R|2CYll|5Ca-Rl4CTL-L|3m-R

Figure 9-51. Firing Chart RH Engine No. 2268 Stock List No. 1906AAF200 000
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TOP CENTER OF CYLINDER BANK

CO/L COA//V^Cr/OMS

/9.// CYl/A/oej9
S<^A^/C

£cc/tr<at
R-EX.

R- IKJ-

L-IN.

L-EX. L-EX

Po/?r

CO/C CON/VECT/OAfS F/Awe ome/t F4-2-6.-3-S'
^OTPy^ ̂ /fA/ W/TH LH CYCWOE^

B/IA//C
t

'/^l-ET IS

FIRING ORDER
(>CTL-R|lCTl-l-T3CyL-R5CrL:LbCYL-L 4CYLR 3Cn-L 2CTI-R 5CrL-R 2CYL-L4Cn-L

Figure 9-52. Firing Chart XH Engine No. 2269 Stock List No. 1906AAP200 100

ANGLES REFEl^wTO CRANKSHAFT POSITION

Figure 9-53. Valve Timing Diagram
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FUEL INLET FROM

STORAGE TANK

MECHANICAL PUMP

PRIMER PUMP AND

PRESSURE GAGE CONNECTION

CENTER LINE OF ENGINE

Fl IFI

RUMP

CARBURETORS

VALVE (MARKED'V) MUST BE

ON PRESSURE SIDE OF PUMPS

FUEL PUMP

FUEL PRESSURE

regui-'ating valve-*

w

(on SIDE NEAREST CENTER LINE j
OF ENGINE) AS SHOWN - |

FUEL SUPPLIED BY ELECTRIC PUMPS

FUEL SUPPLIED BY MECHANICAL PUMPS

RECIRCULATED FUEL FROM MECHANICAL PUMPS

Figure 9-54. Fuel Circulation Diagram
I  i
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TESTING AFTER OVERHAUL

NOTE

Air Eopoe personnel will follow prooediires
outlined in Air Force Technical Orders
covering this eubject. Navy personnel
will follow procedure outlined in Navaer
02-1-508.

10-1 GBIESAL. It is neceesaiy to carefully test
an overhauled engine before returning it to
service or storage. The running serves to check
the quality of the overhaul work, seats piston
rings and burnishes new parts to a gpod wearing
surface. The engine can be adjusted and tuned
so that it will operate properly when installed
in a boat. Accurate measuMments of power, fuel
and oil conauMptlon may be made so as to de
termine the operating efficiency of the unit.
During all the outlined run-in tests every
precaution must be used to protect the engine
from damage. Oil, water and fuel supply must
be adequate and circulation assured. Close
attention to the Instruments will aid in de
tecting trouble before it becomes serious.
Any sudden drop off in engine speed at any given
throttle position and dynamometer load is a
pretty sure sign of trouble and the engine
should be shut down until the cause is deteimlned
and corrected. A drop in oil pressure or sudden
rise in aiy ten^perature is a.warning of trouble.
An operator can make a quick (dieck of water and
oil circulation by laying his hand on the
exhaust manifolds and oil pipes each side of the
engine. The manifolds should both be of the
same temperature and comfortable to the hand.
A distinct difference should be detected in the
temperature of the oil pipes "in" and the oil
pipes "out" of the oil cooler. Every effort
should be made to see that the engine is in
first class operating condition before it is
removed from the test stand for storage or
installation. Refer to AN 19-85BHB-2, section IV
for storage instructions.

10-2 TEST STAND. A suitable test stand must be
provided for rigidly mounting the engine for
testing on a dynamometer. Refer to figure 10-6
for mounting dimensions. Provision must be made
for aligning the engine with the dynamometer and
securely fastening it down so it cannot vibrate
or move while under teat. Some type of flexible
coupling must be made between the engine pro
peller shaft flange and the dynaaiometer. This is
necessary to avoid any strain and binding in the
engine or dynamometer bearings caused by mis
alignment. In setting the engine up for a
running test, care must be used to see that no
moving parts are left esqiosed so that operators
clothing can get entangled. Especial attention
is called to the engine dynamometer coupling.
This part must be protected with a safety guard.
No fuel, oil or water leaks must be permitted.

10-3 UraAMOMETER. Some aoj?t of power absorption
device must be used for loading the engine during
the running test after overhaul. A water brake
or electric dynamometer is most frequently used
for this purpose. The dynamometer must be
capable of absorbing at least 750 horsepower at
2100 revolutions per minute. It is necessary
to have a dynamometer mounted so the loading can
be varied arid measured, thus the engine output
can be accurately determined. The dynamometer
must be reversible in rotation so either ri^t or
left hand rotation engines may be tested and also
so that a reverse gear test can be made. A
revolution counter attached to the dynamometer
is necessary. Suitable means must be provided
for supplying and measuring the fuel and oil
consumption of the engine. This is generally
done by wei^^ing the fuel and oil used during
any given time and at any given horsepower
output.

10-4 COOLING SYSTEM. An adequate supply of
cooling water must be available to the engine
cooling water pumps. The cooling water pipes

li!

Figure 10-1. Engine Coupled to Dynamometer
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must ba of sufficient size so that the suction
and discharge pressures do not exceed the values
shown in figure 10-6. Some visable flow device
is necessary In the system to aid the operator
in watching the cooling water circulation. An
open discharge into a hopper serves the purpose.
The water circulation must not be interrupted
while the engine is in operation. The bluest
outlet point In the engine cooling system must
be vented to an ej^ansion tank to prevent the
accumulation of steam or air pockets in the
engine cooling Jackets. The cooling radiator
for handling the water from the engine must be
capable of dissipating 31,500 BTU per minute at a
maximum water temperature from the engine of
54 C (130''F] . This cooling rate is requii*ed for
the engine alone. Any cooling load iiDposed by
the dynamometer or additional water Jackets on
the ejdiaust pipe beyond the engine manifolds
must be added to the above figure. Either fresh
or sea water may be used in the engine cooling
system, however, it is best to use fresh water
in order to reduce deposits and corrosion
especially if the engine is to be stoi^d after
the ..dynamometer test.

10-5 STORAGE BATTERY. A source of electric
current must be provided for cranking the engine.

supplying ignition energy and for absorbing the
output of the engine generator. This requirement
is usually met by using two lead acid storage
batteries of 12 volt rating connected in series
to give a combine output of 24 volts. A capacity
as follows la satisfactory for this purposet
20 hour rate of 147 ampere hours
20 minute rate -------- 175 amperes
1-1/2 ndnuto rate at 0 C (32 P) of - 850 amperes

10-6 UUQIIDH RATING. The msudmum rating of this
marine engine is 630 brake horsepower at 2100
revolutions per minute at stsuodard conditions of
air temperature and pressure as mentioned in
paragraph 10-8. The engine overspeed governor
must be adjusted so that the engine speed can
never exceed 2100 rpm. The run-in schedule
outlined in paragraph 10-10 must be carefully
followed. Do not run an overhauled engine at
any loads or speed except in the order mentioned
in paragraph 10-10,

10—7 NORMAL RATING. The ttomal rating of this
engine is 440 hp at 1800 rpm under standard
conditions of air temperature and pressure as
mentioned in paragraph 10-8.

Figure 10-2. Engine Performance Curves
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1

10-8 PBRPORMANCE CURVES. The curves shown In
figure 10-2 are throttled engine output to
duplicate a mrmal propeller load. These ratings
are at standard conditions of 29,92 in. of
mercury air pressure and 15.5^0 (60°F) air
temperature. Test data must be corrected to
standard conditions in a manner established by
the SAE. INhen coupled to a dynamometer the
engine, is capable of greater output than that
shown on the curve especially in the Inter
mediate speed ranges . Any variation in the
engine over that shown by the curve will also
Influence the manifold vacuum, fuel and oil
consumption. The oil consumption will vary
somewhat until the piston rings become seated.

10-9 OEKERATOR COIOIECTION. The generator must
not be run on the engine until it is electrically
connected to the apparatus box and battery as
shown in the wiring diagram figure 9-39. The
generator will be damaged if this is not done.
The generator also must be properly polarized
before it is run. Refer to applicable Air Force
and Navy handbooks.

10-10 RUN-IN SCHEDULE. The run-in schedule is
divided into three stages as described below.

10-13 FINAL RUN-IN.

Duration of
run-in

minutes

30

5
5

Revolutions

per minute
propeller
drive flange

2100

2100
1600

Reverse
gear lever
position
see figure
4-10

A

A

R

Horsepower
load

630
max

250

During the test watch the engine and engine
instruments for signs of trouble. Any sudden
drop off in revolutions per minute at a fixed
load and throttle position is a sign of added
friction caused by failure of one type or
another. Any such difficulties must be located
and corrected.

10-14 ENGINE CONNECTIONS FOR TEST OPERATION.
In setting the engine up for a running test the
following connections must be made. The detail
specifications are listed below and their
locations are shown in figure 10-3 throu^ 10-6.
Do not attempt to operate the engine until all
of these items have been provided.

Size
10-11 PRELIMINARY RUN-:IN. Ref•

No. Desoription
Duration of Revolutions Reverse Hoimepower
run-in per minute gear lover load 1 Water outlet connections.

minutes propeller position Connect both.

drive flange see figure
4-10 2 Generator connections to

apparatus box. Refer to
45 1200 A 120 wiring diagram figure 9-39.
60 1300 A 150

60 1400 A 185

60 1500 A 225 3 Water inlet connection.

60 1600 A 270 One each side of engine.
60 1700 A 320 Also fit water inlet ther

60 1800 A 380 • mometer to line.

60 2100 A 630 Ihemometer range.
15 1600 R 250

10-12 DISASSEMBLY, INSPECTION AND REASSEMBLY.
At the satisfactory completion of the above
preliminary run-in the engine is partially
disassembled. Remove the engine from the
dynamometer and drain all oil, fuel and cooling
water from the engine. Remove the intake
manifold, cylinder heads, reverse gear and lower
crankcase. All the connecting rods and piston
assemblies are next removed. Pull all the main
bearing caps off the assembly. From the cylinder
heads remove all the rockeraxns and valves. The
details for disassembly are outlined in section
IV. Inspect all the disassembled parts and
accept or reject them as mentioned in section VI.
Repair or replace any unacceptable parts as
mentioned in section VII. Correct any fuel,
oil or T/ater leaks revealed in the px>eliminary
run-in. Reassemble the engine as outlined in
section DC. Lubricate all parts upon reassembly.
Replace all safety wires, cotter pins and
lockWBShers. Use new gaskets throughout.
Replace the engine on the test stand and resume
the engine run-in.

4  Oil inlet teiig>erature
theimnmeter.
Themcneter range.

5 Fuel supply connection.
Refer to fuel circulation
diagram figure 9-54.

6 Oil su!q> thermometer
conmction.
TheimoDieter range.

7 Water recirculation pipes.
Connect back into water
inlet line per figure 10-6.

8 Overspeed governor
connection. Refer to wiring
diagram figure 9-39.

Two 1-1/2 in.
IPT

No. 8 and 10
AWG wii*e Mo. 8
and 14 shielded
AWG. wire

1-1/2 in. IPT

10 to 95°C
(60 to 203®P)

1/2 in. IPT

10 to 127®C
(50 to 260Op)

3/8 in. IPT
1/2 in. OD
tubing

1/2 in. IPT

10 to 127®C
(50 to 260®F}

1-1/2 in. OD
hose connection

No, 14 AWG wire

9 Electric fuel puo^ No. 14 shielded
connection. Refer to wiring AWG wire
diagraa figure 9-39.

10 Stai>ter connection. Refer
to wiring diagram figure 9-39.

Various
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11

Deacrlption

Exhaust manifold outlet.
One each side.
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12 .Intake manifold vacuum
gage connection.

13 Primer pump connection,
(under side of Intake
manifold)

14 Ignition switch connections
Befer to wiring diagram
figure 9-39.

15 Throttle connection must

allow 3^ arc of travel on
4-3/8 In. radius at the
carburetor.

Size

3-3/4 ID pipe.
Flange drilled
with eight
13/32 in. dla
equally spaced
holes on 6-I/2
In. dla bolt
circle

1/4 In. IPT

SAE ball sleeve
type l/s CD
tubing

Pour Ho,

wires

14 AWO

1/4 in. dia
hole

Ref.
No. Description

16 Water outlet thermometer.
Themometer range.

17 Fuel pressure gage
connection.

Range of gage.

18 Oil pressure gage.

Range of gage.

19 Tachcmeter sending unit.
(Need not be' connected
for run-in test.)

20 Bilge puDQ) inlet and
outlet connections.

21 Propeller shaft flange.
Refer to figure 10-6 for
details.

Size

1/fe in. IPT
10 to 104°C
(50 to 220PF)

1/8 in. IPT
sAe in. OD
tubing
0 to 10 lb per
square in.

SAE flared type
5/I6 in. OD
tubing
0 to 100 lb per
square in.

No. 14 AWO
shielded wire

1 in. IPT

m.

i

m j.» ̂ '3;-r * ; •

Figure 10-3. 3/4 Front View of Engine Showing Connections for Testing Engine
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JVAJ;

Figojn 10-4. Top Vlev of Engine Showing Connections for Testing Engine

'  'Y''*'  :' '' -  -' /.■■•.;•*
' ' .I r^-., «*A,;4---% i->:>■• - .*,* ;'j«-:r sT";*: -.i ■ ■'••*'J.^<l}''i

Figure io-S. Rear View of Engine Showing Connections for Testing Engine
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10-15 LOBRICATISG SYSTEM. See figure 12-10.

10-16 TYPE OP OIL HEQDIRED. Use a motor oil
having the oxidation stability, bearing cor
rosion preventive properties and detergent
characteristics necessary to make It generally
suitable for use In Internal combustion engines
under heavy service conditions. It must meet
U.S. Army specification 2-104B and U.S. Havy
specification 14-0-13 series 9000.

10-17 GRACE OF OIL REQUIRED. Use an SAE 20 oil
for vei7 light service and cold climates. Use an
SAE 30 oil for moderate service and temperate
climates. Use an SAE 40 oil for extremely heavy
servloe and hot climates.

10-18 QUANTITY OP LUBRICATING OIL. 7 U.S.
(5.83 Imperial) gallons Initial fill. 6 U.S.
(5.0 Imperial) gallons refill after draining.

10-19 OIL PRESSURE. With the oil tenq>erature
reading 66 to 700C (ISO to 160®P) and the engine
running 1600 ipm check the oil pressiu'e reading.
60 to 70 pounds per square Inch la correct. If
the gage does not show correct pressure, adjust
the oil pressure regulating valve until It does.
This valve Is located between the cylinder banks
at the front of the engine. To adjust, remove
the large hexagon cap and turn the adjusting
screw rlg^t or left until the correct pressxire
is obtained. Always replace the cap, and screw
It down tlg^t after the oil pressure Is adjusted.
Hake sure the cap gasket Is In place.

10-20 OIL TEMPERATURE. The oil Inlet temper
ature to the engine should never be allowed to
exceed 93®C (200®P).

10-21 OIL CONSUMPTION. Refer to paragraph 10-8
euid figure 10-2 for oil consumption.

10-22 FUEL SYSTEM.

10-23 GRADE OF FUEL. Use aviation quality
gasoline of 87 to 91 minimum octane rating.

10-24 FUEL PRESSURE. The fuel pressure regu
lating valve la on the front of the engine on
the left hand aide. This valve is adjusted by
removing the acorn type nut from the bottom of
the assembly and then turning the eiqjosed adjust
ing screw until five pounds per square Inch fuel
pressure Is maintained at both Idle and full
throttle. Watch the fuel pressure gage on the
instrument panel. Be sure to replace the
adjusting screw cap after the adjustment has
been completed. See that no fuel leaks occur.
Refer to figure 11-26.

10-25 FUEL CONSUMPTION. Refer to figure 10-2.

10-26 IGNITIOM CHECK. By proper manipulation
of the Ignition switches It Is possible to get a
quick check on misfiring and also on ignition
timing. This Is done by shutting off one
coomlete distributor (both bresdcer points) at a
time and allowing the engine to Idle on the
other distributor. This leaves one spark plug
operating In each of the 12 cylinders. With the
engine Idling in this manner, listen to the
engine esdiaust to detect any misfiring. If there
is an uneven beat to the exhaust indicating
mlsfirizig, then on the "live" distributor remove
one spark plug wire at a time from the dis
tributor cap. Remove and replace all the dis

tributor wires In turn this way, all the while
listening to the engine exhaust until the
defective plug or plugs are located. Do not
disconnect more than one wire at a time and be
careful to disconnect the wire from the dis

tributor and not from the spark plug. Correct
the defective spark plugs by cleaidng, regapplng,
or replacing. Refer to reference No. 72, figure
12-1 for the proper spark plug gap. Then repeat
the process for the other distributor going
throuf^ the same series of operations as ex
plained before. When all the spark plugs are
firing properly, make the following cheek. See
that both distributors are synchronized to fire
at the same Instant as explained in paragraphs
9-47 and 9-48. Now start the engine and load
It up to 630 horsepower. Switch off one conQ>lete
distributor (both breaker points) while allowing
the engine to operate on the other. If the
engine drops off more than 30 rpm under these
conditions It is an indication that the general
Ignition timing Is too late and both distributors
must be advanced slightly. If the engine picks
up more than 30 rpm under these conditions the
general Ignition timing Is too early and both
distributors must be retarded slightly. This
advance or retard Is done' externally with the
engine running. Loosen the two I/4 In. hold
down bolts and swing each distributor as neces -
sary as measured by the shift of the pointer on
the graduations. See figure 9-38. Check both
distributors in the above mazmer and adjust
until not more than 30 zpm difference occurs when
running on one distributor at a time as coiqzared
to running on both. The distributors must be
kept In synchronism. Do not shift one dis
tributor more than the other. The position of
the pointer on the graduation Is no true Indi
cation of distributor synchronism. Refer to
paragraphs 9-41 through 9-50 for complete
details on synchronizing the two distributors.

10-27 AUTOMATIC SPARK ADVANCE CHECK. Bach
Ignition timing distributor is equipped with a
mechanical automatic advance mechanism that
alters the Ignition timing as the engine speed
varies. The advance characteristics of each
distributor may be given an operating check as
follows. Attach a 12 Inch diameter metallic
disc to the engine propeller drive shaft flange.
This disc must be graduated in degrees on Its
circumference for at least 40 degrees each side
of a zero mark. The marks must be conspicuous
so they may be viewed with a neon timing light
when the disc Is rotating at engine speed. An
adjustable pointer Is to be attached to the
dynamometer base. The pointer Is to be quite
close to the disc on Its graduated side. Rotate
the engine until the number six piston In the
leading cylinder bank Is at Its top center firing
position. Refer to paragraphs 1-22 and 9-42.
Now disengage the reverse gear clutch and rotate
the propeller shaft until the pointer comes
opposite the zero mark on the graduated disc.
Engage the clutch again. Now remove the ignition
cable from the number six exhaust spark plug In
the leading cylinder bank. Attach the timing
llf^t leads as follows: hif^i tension lead to the
detached spark plug wire, one primary lead to the
engine battery and one to ground. See that the
attaching wires are clear of rotating parts and
protected from coming In contact with operating
persoimel. See that the timing disc on the
propeller drive flange la secure and free of
Interference. Start the engine up and hold the
neon light in such a position that the graduated
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Figure 10-6. Engine Installation
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Figure 10-8. Water Circulation Diagram

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

disc and pointer are illuminated by it. Refer
to the engine tachometer and figure 10-7 to
determine the amount of spark advance at the

various revolutions per minute. If the readings
on the disc do not agree with the values given
in figure 10-7 take corrective measures. Take
readings as the engine is accelerated and also
decelerated. Any sluggishness or sticking will
cause q\iite a difference in timing depending on
whether the engine is going up in speed or
coming down. At the completion of this run
check the top center position of the engine
again with the pointer on the graduated disc to
make certain the reverse gear clutch has not
slipped and introduced dth error. Reference to
the wiring diagram will show that the eahaust
bank spark plugs draw their energy from the dis
tributor closest to them. For exaiEple, the ri^t
hand bank exhaust spark plugs draw their energy

from the right hand distributor and the left
hand bank exhaust spark plugs draw their energy
from "riie left hand distributor. This being the
case it is understood that when the neon light
is I attached to rigiht hand bank e^diaust spark plug
wire the ri^t hand distributor is being checked.
Simlllarly when the neon li^t is attached to the
left hand bank eahaust spark plug wire the left
hand distributor is being| pheeked. The change
from one distributor to other is made by
changing the neon li^t hi^ tension lead, turn
ing the engine to top center for the number six
cylinder in the cylinder hhink under consideration
and realigning the gradaat^^d timing disc with its
pointer. Otherwise the
both distributors.

"test is identical for

AUTOMATIC DISTRIBUTOR ADVANCE

Engine RPM Degrees^f Advance
on Engl^ Crankshaft

MIN MAX

0 0 0

200 0 0

400 0 2

600 7 11

800 17 21

1000 26 30

1040 to 2100 28 32

Figure 10-7. Automatic Spark Advance

j  I

//'

'' 1 1
;  1 ',
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ACC3E330RIES

Section XI
Paragraph 11-1 to 11-5

11-1 SCOPE. This section will deal with the
Inspection, repair and reassembly of all the
engine accessories not dealt with In separate
publications as mentioned In paragraph 11-48.

11-2 DEFINITION. Various types of failures
will be mentioned In this section In the in
spection procedure. All typical failures are
described and Illustrated In paragraphs 6-2
through 6-12.

INSPECTION

11-3 OENERAL. This section shall outline all
inspection procedures that are pectillar to the
engine accessories. The methods of Inspection
shall be described and Illustrated idiere neces
sary for clarity. Too much importance cannot
be placed on the need for careful examination
of parts and the use of sound judgment, based
upon operating conditions and past performance
of similar units, when rendering decisions as
to the furttier useablllty of parts. No Instruc
tions could possibly cover all conditions that
may be found In accessory Inspection. The
section of the building devoted to Inspection
should have the best possible Illumination.
Sufficient space should be provided to permit
laying out the accessory parts for inspection.
The relative wear on the conponent parts of any
one accessory should be compared, and thus It
la often possible to determine, at once, the
cause of abiionnal wear. Unacceptable parts must
be conspicuously marked and the details listed.

.  I' '

11-4 INSPECTION TOOLS. Tools and Inspection
personnel shall be as outlined In paragraph 6-14.

11-5 INSPECTION PROCEDURE. The procedure for
accessory Inspection shall be as outlined In
paragraph 6-15.

?Siei>ce-r->Sv.

sf&'-sc'Scs:

Figure 11-2. Checking End Clearance of
Oil Pump Sears

Figure 11-1. Defective Water and Distributor Drive Shaft
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11-6 OIL FILTER INSFBOriON. Cheok the general
condition of the oil filter bracket to see that

gasket faces are In good condition. See that
by-pass valve and relief valve are In good
condition and clean. Check valve springs for
strength. See reference number ICS, figure 12-9 .
Check top edge of oil filter shell to see that
It Is smooth and top edge Is In plane so a tl^t
oil seal con be made. See that all passages are
clear. See that shell Is not rusted so as to
weaken the walls.

11-7 OIL PUMP INSPECTION.
a. Check oil punq) gears for radial clearance,

end clearance and back lash. See reference
numbers 74, 75 and 76, figure 12-1. Back lash
must be checked on a fixture. End clearance

mvtst be checked with the gasket In place on the
face of the housing. Radial clearance Is
determined by comparing the OD of the gear with
the ID of the oil pump housing.
b. Check the general condition of the oil

pump housing for wear and cracks. Pipe threads
must be In good condition as well as pilot
diameter and mounting face. See that the oil
pump diaphragm Is flat and smooth.
o. Inspect the oil pump Idler gear bushings

for fit. See reference numbers 78 and 79,
figure 12-1. See that the drive shaft and Idler
shaft are In good condition. Inspect the splines
on the drive shaft and In the pump gears.

11-8 OIL COOLER INSPECTION.
a. Make a visual Inspection of the oil cooler

body. See that the walla, gasket faces or
stud bosses are not destroyed by rust. See that
all rust and scale are cleaned out of the cooler
body.
b. Inspect the oil cooler cover for cracks

and corraslon. See that the gasket face Is In
good condition and Is square and true. Examine
the by-pass valve and valve spring. See rafer-
ence number 107, figure 12-9.
0, Assemble the oil cooler cover to the oil

cooler body and test for leaks with water at
20 pounds per square Inch.
d. Inspect the oil cooler core for general

condition. See that all the tubes are clear.
See that the gasket faces are smooth and In
plane. Clenp an oil cooler cover plate onto the
core and test with air pressure at 200 lb per
square In. Submerge the core In water and check
for leaks.

11-9 OIL PRESSURE REGULATINO VALVE INSPECTION.
Check the gasket faces to see that they are
smooth and true. Check the condition of the
valve and see that It Is clean. See that all
oil passages are clean. Check the tension of
the valve spring. See reference number 104
figure 12-9.

11-10 OIL GAGE AND SCAVENGING POMP INSPECTION.
Check the general condition of the pump. See
that the bell check valve Is free to operate
and can seat tightly. See that the oil level
gage plate Is firmly attached.

11-11 WATER PUMP INSPECTION.
a. Inspect the housing for score marks within

the body. See that the threads are all In good
shape, ^e that the packing nuts have not been
damaged by poorly- fitting wrenches. Check the
fit of the pump gears In the body. See that
the mounting and gasket faces are smooth and
true. All dowels and dowel holes must be In

good condition. See that all bores are clean
and smooth so new bearings, retainers and
packing can be fitted without trouble.
b. Inspect gears for scoring on teeth and

end faces. Check gears for back lash, end
clearance and radial clearance. See reference
nimibers 80, 81 and 82, Table of Limits, figure
12-1.
c. Examine water pump shaft for fit In the

water pimq> bushings. See reference number 85,
Table of Limits, figure 12-1. Examine pump
shafts for scoring and pitting. See that all
threads, splines and keyways are In good con
dition.
d. Check water punq) pilot gears for back

lash. Inspect the water pump driven pilot
gear hub ID for signs of excessive working.

11-12 GENERATOR DRIVE INSPECTION.
a. Examine the generator drive shaft bearing

retainer and the generator belt guard for
cracks or other damage. See that the pilot
diameter and mounting faces are smooth and
true. See that all bores are clean and smooth
so that oil retainers and bearings may be
fitted without difficulty.
b. Inspect the generator drive shaft to see

that the splines and threads are all In good
condition. See that the ball bearing seat,
pilot diameter and mounting face are smooth
and true. See that tachometer drive flange
Is true and accurate. The tachometer spindle
must run true with the pilot diameter of the
flange. The slot In the tachometer spindle
must not be worn.
c. Inspect the generator drive and driven

pulleys to see that the grooves are smooth and
free from rust. The drive pulley hub must
be smooth and concentric to mate a good surface
for the oil seal. The splines must not be
worn.

d. The tachometer adapter plate must not
have damaged threads. The pilot diameter and
mounting face must be smooth and true.
e. The generator belts must be free of oil

and grease and must not show evidence of cracking
or splitting.

11-13 DISTRIBUTOR DRIVE INSPECTION.
a. Check the distributor drive housing for

cracks and misalignment. See that the mounting
face and gasket face are smooth and In pleuie.
See that the steel end plug has not been weakened
by rust. Check the Internal bores to see that
they are smooth and show no signs of the outer
ball bearing races having turned. See that the
pilot diameter bore wad gasket face of cover are
smooth and true.
b. Check the shaft and gear for signs of

wear. The shaft threads and keyways must oe
In good condition. See that the steel spacer
Is smooth and concentric so as to make a suitable
surface for the oil retainer. Reject the
distributor drive gear If It shows signs of
wear. See reference number 94, Table of Limits,
figure 12-1. See figure ll-l.

11-14 STARTER INSPECTION.
a. Inspect the starter drive housing and

cover for cracks and distortion. See that
pilot diameter and gasket faces are smooth and
true. Check condition of bushing and needle
bearing In drive housing. See reference numbers
66, 67 and 68, Table of Limits, figure 12-1.
b. Check the condition of the starter drive

gear, starter idler gear and the starter driven
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Paragrapb 11-15 to 11-23

1*1

near. See that the bores and keyways are In
good condition. CSieok the condition of the ge^
teeth. Check the gear back laah on reassembly
as explained in paragraph 11-44.

11-16 CARBCRBTOR OOMTROL IHSPBCTION. Inspect
the carburetor extension for cracks and damaged
gasket faces. See that the control shaft
bushing is ti^t and in good condition. See
that the carburetor control shaft is straight
and true. See that the ball and socket joints
are In good condition and none of the threads
is damaged. The control levers must be free
from cracks and bends. The clamp- ends of the
levers must not be bent or broken.

11-16 FCEL PHESSORE HEGOIATIHQ VALVE IHSPEOTIOH.
See that all passages and threads are in good
condition. Examine the regulating valve to
detemine if it is free to move in the housing
and that the valve stem can move freely in the
regulating screw. Check the tension of the
valve spring. See reference number 108, figure
12-9.

Figure 11-3. Checking End Clearance
of Bilge Pump Oears

U-17 BILCE POMP INSPECT lOM.
a. Inspect bilge pung) housing for cracks,

damaged threads, scoring marks from the gears
and oversize bushings. Inspect the bilge pung>
bracket to detemine if the pilot diameters and
mounting faces are smooth and true. See that
the bores are smooth and concentric so that the
oil seal and ball bearing may be easily assembled
to the bracket. ^ ̂  .
b. Inspect the bilge pump cover to determine

if it has been scored by the gears. See that
the gasket face is smooth and true. Check _bhe,
fit of the bushings on the drive and idler
shaft. See reference numbers 92 and 93,Table of
Limits, figure 12-1.
c. Check the bilge pump gears for radial

clearance, end elearanoe and back lash. Be sure
the pump cover gasket is in place on the housing
when checking the end clearance. The radial
clearance is determined by comparing the OD of
the gear with the ID of the housing. The back
lash must be checked on a fixture. Examine the
condition of the gear teeth,
d. Cheek the drive shaft for scoring, wear

in the splines and clearance in the bushings.
Make certain that the diameters where the oil
seal and ball bearing seats are smooth and
concentric. Check the condition of the idler
shaft keyway and we ar in the bushings.
e. See that the bilge pump drive clutch is

not scored or worn excessively. The grooves in
driving face of the clutch must be sharp and
free of carbon and sludge. Check the tension
of the-bilge pump drive clutch spring. See
reference number 102, figune 12-9.

11-18 MAGNETIC STARTER SWITCH INSPECTION.
See that all connections are clean and ti^t.
See that the plunger is free to operate under
the influence of the spring and electro-magnet.

11-19 PDEL FILTER IN3IECTI0N. Remove the lower
casing from the fuel filter and see that all
the plates in the element are clean and strai^t.
Check the top face of the casing to see that it
is smooth and true. Check the packing and
packing nut around the operating stem to see
that the operating shaft is not scored.

11-20 OVBBSPEED GOVERNOR INSPECTION. Examine
the ̂ ving end of the overapeed governor drive
cable to see that it ia in good condition. See
that all electrical terminals are clean and
serviceable. See that the overspeed governor
mounting bracket is not bent,- broken or otherwise
damaged.

1? t ^

"  . ' S'".

•Figure 11-4. Abraded and Pitted
Bilge Pump Gear

ACCESSORY REPAIR AND HEPLACEaffiNT

11-21 (ffiNERAL. In this section detailed in
structions are given for repair and replacement
of parts fovind unacceptable in the inspection
procedure. All possibilities of reolaimation
are explained.

11-22 HOST. PHEVEHTION. At the conpletionbf the
various repair and replacement operations' all
steel parts must be adequately protected from
rust as outlined in paragraph 5-16;

11-23 TABLE OP LIMITS. Refer to paragraphs
12-5 through 12-9 for an explanation of the
Table of Limits found in section XII. This
table must be used frequently in the repair and
replacement of the engine parts.
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11-24 IHSPECTION AFTER REPAIR OR RBFLACEMENT.
All parts, before being considered useable, must
be inspected as outlined in paragraphs 11-6
throu^ 11-20 and be acceptable according to
these standards.

11-25 OIL FILTER REPAIR AND REPLACEMENT.
Replace any defective parts. Retap any boles
that show damaged threads. Clean top edge of
filter shell and grind it If necessaxy so that
it is "in plans".

11-26 OIL PUMP REPAIR AND REPLACEMENT.
a. Replace any loose or damaged studs or

dowels. Nhere dowel holes are enlarged the
parts must be discarded.
b. The oil pump diaphragm may be surface

ground to correct any minor imperfections. i Do
not remove more than a total of .020 in, for
reconditioning.

11-27 OIL COOLER REPAIR AND REPLACEMENT.
Replace any iwacceptable parts. Do not atte]ig>t
to repair the oil cooler body by welding as this
will distort all the machined faces and result
in oil and water leaks. Do not. attempt to
repair leaks in the oil cooler core as it is
quite diftloult to contain the hi^ oil pressure
circulated thru this core and an oil leak is
quite serious at this point as it might go
undetected until the engine has been seriously
damaged.

11-28 OIL PRESSURE RBOULATINO VALVE REPAIR AND

REPLACEMENT. Replace loose or defective dowels.
Replace any other defective parts.

11-29 WATER PUMP REPAIR AND REPLACEMENT.
a. Replace any loose or damaged studs. Use

white lead as a thread lubricant per Spec.
JAN-A-669. Replace any loose or damaged dowels.
Retap any holes that have defective threads.
b. Any water pump shafts that are otherwise

acceptable should be polished with number 240
grit abrasive cloth. Do not remove any metal
from the shaft. This polishing operation is
necessary to pennit a good seal whei^e the pack
ing rides against the shafts. Also polish the
cavities in the water pump body and cover where
the packing fits.
c. Replace the bushings in the water pump

cover if necessary. These bushings must be
reamed after pressing into the cover. Drill
3/16 in. diameter grease holes thru bushing
before reaming. Ream to from (.8755 to ,8765
in. dituneter). These re.amed tores must be
perpendicular to the face of the cover within
the limits mentioned in reference number 83,
Table of Limits, figure 12-1.

11-30 GENERATOR DRIVE REPAIR AND REPLACEMENT.
Replace any loose or damaged studs. Use white
lead ss a thread lubricant per Spec. JAN-A-669.
Polish the V-belt pulley grooves. Retap any
damaged threads.

11-31 DISTRIBOTOR DRIVE REPAIR AND REPLACEMENT.
Replace any defective parts. Studs must be

•j^DIA DRILL THRU
"* BUSHING

6755-.8765 DIA REAM

2 BUSHINGS AFTER OIL HOLE IS DRILLED

BORES MUST BE PERPENDICULAR

FACE WITHIN .004 IN 3 IN.

Figure 11-5. Water Pump Cover Assembly
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replaced If they are loose or damaged,
white lead as a thread lubricant.

Use

11-32 STARTER REPAIR AND REPLACEHBNT.
a. Press new needle- bearii^ and bronze bushing

into the starter drive housing. A close fitting
mandrel is necessary in both of these bushings
when installing them. Fit bushing into position
shown in figure 11-6. 'This bronze bushing does
not require reaming eifter assembly. The bushing
used in the starter drive housing is a„porous
type. It is to be heated to 82°C (180 F) and
^en cooled in lubricating oil before instal
lation. Oil must be to Spec. AN-0-6 (Sjmbol OOP)
and of SAE viscosity SO. A^o press a new needle
bearing into the starter 'idler gear.
b. tetap any damaged threads and replace any

loose or damaged studs.

11-33 CARBURETOR CORTROL REPAIR AND RBPIACBUBIT.
Press new porous bronze bushings into the
carburetor extension .if the old ones are worn.
A close fitting mandrol is used to press these
bushings in. 'A finish ream is not required
after assembly for these bushings.

11-34 BILOE PUMP REPAIR AND REPLACEHEHT,

a. The bilge pump drive shaft that is other
wise acceptable must be polished with number
240 grit abrasive cloth where the packing runs
against the shaft. Remove a minimiim amount of
metal. Also polish the cavity in the pung) body
where the packing is fitted.

.626 DIA REAM
GROOVE

2.080

4x4 INJ3EEP2.078

No.l4f.l82) DRILL
3 IN. DEEP ON
ASSEMBLING BUSHINGS

Figure 11-7. Bilge Fung) Cover

f"! I

:

O c&

IKfeTflLL LOCK WIRE,

m &LQT SKOWN

Figure 11-6. Sectional View of Starter Drive
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b. Replace the bushings In the bilge, pump
body .and cover if the old ones are unacceptable
according to the standards mentioned under
reference number 92^ Table of Limitsi section
XII. Drill out grease holes and then finish ream
bushings to size shown. The reamed holes must
be on centers shown and square with the gasket
face within the limits shown under figure
numbers 11-7 and 11-8. Plug outer end of
grease hole with a piece of brass rod 1/4 in,
long and from .190 to ,198 in. diameter. Cut
oil grooves in bilge pump body bushings.

FINISH REAM TO .626-.625 DIA

AFTER GREASE HOLE IS DRILLED

AND PLUGGED

gasket flange with shellac or similar tacky
compound such as Army Spec. 62-5. The opposite
gasket face is then coated with grease similar
to specification AH-G-14 (Symbol GRG). Such
practice allows the assembly to be easily
separated at the gasket face. If grease is used
against the face carrying, the studs it will make
"cleanup" of ttie gasket face considerably easier
at the next overhaul.

11-37 LOCKING DEVICES. It is assumed that all
means used to lock nuts, bolts, screws, etc.,
to prevent their loosening in service, will be

No.l4ClB2^ DRILL 3 IN. DEEP AFTER
BUSHINGS ARE IN PLACE

PRESS FIT PLUG FLUSH ON O.D.

^WIDE X DEEP-
GROOVE CUT

AFTER REAMING

szzzzzzzzzss

3 IN.

PLUG GAGE TO SHOW

HOLES REAMED SQUARE

WITH THIS FACE WITHIN

X>OA AT ANY POINT IN

FINISH REAM TO .751-.750 DIA

AFTER GREASE HOLE IS DRILLED

AND PLUGGED

PRESS BUSHING TO

=}= BELOW THIS FACE
32

("7

n

n

I

I

r
i

n
I

n
I

n
Figure 11-8. Bilge Pump Body

ASSEMBLY OF ACCESSORIES

11-35 UENKHAL. Instructions are given below for
the assembly of the various accessories. All
parts used to make up these assemblies must have
been inspected and accepted as outlined in
paragraph 11-6 throu^ 11-20. Shop practices
and general instructions applying to a number
Of similar psu?ts are covered in the immediately
following paragraphs. It is ejected that these
instructions will be followed where ever appli
cable, and are therefore not repeated. All
necessary inspection procedures necessary in the
course of assembly are explained.

11-36 GASKETS. The reuse of old gaskets and
seals is not recanmended. It is assumed that all
gasket, seals and packing will be installed ̂ ere
required, using new material to replace that
removed during disassembly. It is general
practice to stick one side of a gasket to the

replaced with new material'in the same manner
as originally applied by the manufacturer and
as shown in illustrations. Cotter pins are
usually damaged or destroyed when removed and
should not be used a second time. new pins
should be tapped securely in place and the tangs
split, one side bent back over end of nut, and
the other down along the side. Dowel pins, both
tapered and strai^t, may be used again if they
have not been damaged, or if the boj?e from which
they were removed has not enlarged beyond the
point where the pins are a tight fit. Safety
wiring shoxild be done carefully, following the
same groiping as the original installation. Wire
should be drawn snugly and then be twisted
between nuts, to prevent loosening. Thread
the wire thru the nut slots in such a way that
it tends to tighten the screw elements as
illustrated. Use fully annealed wire for
securing parts. Lock washers of the spring
type should neVer bear directly on aluminum.
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Plain steel washers should always be used under
the lock washers to prevent damage to the
aluminum part.

Figure 11-9. Installing Oil Presstu?e
Relief Valve to Oil Filter

Figure 11-10. Installing Slotted Head
Plug to Oil Filter

11-38 OIL FILTER i^SEKBLI. There are two valves
In this assembly and they must not be confused.
The oil pressure relief valve Is near the mount
ing face of the filter and Is controlled by a
very stiff spring of 9/l6 In, diameter. See
reference number 106, figure 12-9. The oil
pressure relief valve spring goes Into place
first and then the valve ̂ es In, It Is all held
In place with a hollow slotted plug, A wide
blade screw driver Is necessary to tl^ten this
plug. The oil filter by-pass valve assembles
Into the top of fee oil filter. It Is controlled
by a softer spring of 45/64 In, diameter. The
spring goes Into place first followed by the
valve and all Is retained by a pipe plug. Fit
the oil filter element plates and sleeves Into
the oil filter bracket. Fit new oil filter shell
gaskets . Be sure these gaskets are properly
placed so they are not twisted. Fit new oil
filter elements and shells, Draw the shells up
tlf^t with the 1/2 In, cap screws. Use new
copper washers under the cap screw heads,

11-39 OIL PUMP ASSEMBLY. Press the oil pump
Idler shaft Into the oil pump scavenge body so
that it projects 3-1/2 In, as shown in the

Illustration, Press the dowels Into the oil
pump body, pressure aide. Press the anti
friction bearing cup to the. oil pump body. Do
not let this part bind In the bore. Lubricate
the Idler gear bushing auid fit the Idler gear
and bushing to the Idler gear shaft. Set the
drive gear, scavenge side, to the oil puiig> body.
Check radial, end clearance and back lash.
Coat the oil punQ) gasket with tacky cement such
as Anny specification 62-5, both sides . Fit to
scavenge pump body and lower the oil pump
dlaphragn Into place. Now coat the other gasket
with tacky gasket cement and place on the
dltgferagn. Place Idler gear. Idler gear bushing
and drive gear In place. Set the oil punQi drive
shaft Into the assembly and then fit the oil
pump body, pressure side. Draw the assembly
together with nuts and copper washers on the
three studs, Cover the drive end of the oil
pump with clean cloth or paper to retain the
drive shaft and to keep dust and dirt off the
antl-friction bearing race. Tubing fittings must
be screwed In, The right hand puinp Is illus
trated In figure 11-14.-

11-40 OIL COOLER ASSEMBLY, Coat the oil cooler
cover gasket with a tacky gasket cement, both
sides, su^ as Army Spec. 62-5, and stick It to
the under side of fee oil cooler flange. Set the
oil cooler core Into the oil cooler body. Lay
the- oil cooler to oil cooler cover gasket In
place In the groove provided. This Is a rope
type gasket or packing. Coat the oil cooler to
cover gasket with tacl^ gasket cement,both sides,
such as Amy Spec. 62-5, Fit the gasket and oil
cooler cover to the assembly. Now run a ll^t
ring of non-hardening cement per Army Stock No.
052-C-68S-2FX around ea<fe stud and then fit new
copper washers and draw down tl{^t with nuts.
Fit the by-pass valve parts to the oil cooler
cover. The spring Is Inserted first foUpwed by
the valve. The whole being retained by the
tubing fitting.

■

Figure 11-11. Exploded View of
Oil Filter
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Figure 11-12. Oil Filter Aasembly

v '.7' - •*;
f'- .V j

Figure 11-13. E3q)loded View of Oil Pump

Figure 11-14. Oil Pump Assembly

11-41 WATER POM? ASSEMBLY. Pit the square keys
to the water pump drive shaft and also driven
shaft. Lubricate the shafts with white lead per
specification JAN-A-669 (Symbol CAS) and press
the water pump gears into place on the shafts,
Be sure to start the gears so the key way will
line up with the key. The counterbored end of
the drive gear must be on the same end as the
splined end of the drive shaft. Locate the
gears on the shafts per illustration. Fit the
packing nut spring lock to tdie water pump body.
See figure 11-18 and 11-19. Pit the packing
and packing nuts to the water pump body. This
is beat done by placing the idler gear and
shaft assembly temporarily into the body with
the short end of the shaft sticking into the
packing gland. This makes a convenient pilot
for the packing and packing nut. Place four
packing washers over the shaft and press down
with the nut until the packing nut can be screwed
down several threads. Now put the shaft into
the other gland end repeat the operation. With
draw the shaft and gear assembly. Now press
the oil seals into the water pump body. The

n
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Figure 11-15. Sectional View of Oil Pump

1

Figtrre 11-16. Exploded View of Oil Cooler
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Figure 11-17, Sectional View of Oil Cooler
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Figure 11-18. Water Fusq> Drive Siaft Aaaembl?

3. 512
3.515

Figure 11-19. Water Pump Driven Shaft Assembly
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Figure 11-80. E^loded View of Water Pump

wmmm.

Figure 11-81. Sectional View of Water Pump
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Figure Water Pump Assembly
with Gear Spacing Strip in Place

sealing lip must point toward the pilot gear
end of the assembly. Now fit the ball bearings,
Press against the outer race only. Seat the
ball bearings fiimLy and fit the retainer rings.
Lubricate the pump shafts and slide them into
the water p'™p body. Pit the keys for the pilot
gears and then fit the pilot drive gear. Check
radial and end clearance. Then fit the pilot

driven gear hub. The. taper must be arranged so
the pilot driven gear may be added to the
assembly. Fit the pilot driven gear and secure
li^tly with washer and nut. Now roll a piece
of .005 in, thick brass strip into the pump
gears to hold them clear of one another. Then
proceed to ti^ten the pilot driven gear nut
down snug and lock with a cotter pin. The pump
drive shaft may be held from turning by placing
it in a soft Jawed vise. Remove brass strip fr<mi
pun^. Press a new oil seal into the water pump
pilot gear cover. The sealing lip is to point in
toward the gear so as to retain the lubricating
oil in the pilot gear cover. Coat the pilot
gear cover gasket with cement per Army Spec,
68-5, both sides. Pit the pilot gear cover to
the water pump assembly and tlj^ten nuts, Care
must be used in clamping the water pump body in
a vise as it is quite easy to distort this soft
housing. Now rotate the water pump thru several
revolutions to make sure it is free except for
the sli^t drag of the packing. If the pump
gears should drag on the housing, bump the shaft
end ligiitly with a soft mallet to shift the shaft
in the gear. Lubricate the pump shaft ends.
Coat the water pump cover gasket with cement per
Army Spec, 68-5, both sides, and fit to the puiiq>
body. Fit the pump cover and secure with plain
washers, lock washers and nuts. Fit four packing
rings, packing nut and packing nut lock to the
water punp cover. Do not ti{^ten the packing nut
at this stage of the assembly. At the pilot gear
end of the punp slide the drive shaft sleeve over
the drive shaft thru the oil seal and up against
the water pump pilot drive gear hub„ Fit the
flexible cotqsling spider and draw down ti^t with
a washer and nut. Lock the nut with a cotter pin.
Again rotate the pump to make sure it is free.
Coat the inspection cover gasket, both sides.

pn

r

Figure 11-23, Sectional View of Bilge Pump
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with a tacky cement such as Army Spec, 62-5,
Stick the gasket to the Inspection cover. Pit
the oil cup to the lower of the two holes
provided In the pilot gear cover. Plug the
remaining holes with pipe plugs. How add about
one c\]bic Inch of oil to the pilot gear housing
thru the Inspection hole, Pit the Inspection
cover plate to the assembly. The oil added must
meet specification W-I>-761 (Symbol GO) SAE 90,
Pill the water pump grease cup with grease of
soda or soda alimilna base. Grease must be water
resistant but not necessarily water proof and of
1770c (350°P) melting point,

11-42 BILGE POMP ASSEMBLY, The water pump
packing washers are Installed In the bilge pump
body as the Initial step of assembly. Use five
new washers. The pump drive shaft should be
fitted to the body to act as a pilot for the
packing washers. This may be done by Installing
the shaft end*for end to Its normal position.
Push the packing washers down over the shaft one
at a time and force them down to the bottom of
the packing counterbore, When all five washers
are In place, fit the gland and packing nut. Do
not bitten the nut. Now withdraw the drive
shaft from the body and packing assembly. How
fit the bilge pump bracket to the bilge pump
body and secure with S/S cap screws and lock-
washers, Be sure that the bracket seats squarely
on the body so as to maintain allgonent of these

■ "-""r ^ T. -3' -ii' ■'%' ^
■ 29 -'■ ' -

i

Figure 11-24, Bilge Punqx Idler Gear
and Shaft Assembly

parts . Press the oil retainer Into place In the
bilge pump bracket. The sealing lip Is to point
In toward the mounting flange of the bilge pump
bracket. This s eallng Up Is very delicate so be
careful not to damage It. Use white lead per
specification JAH-A-669 (Symbol CAS) as a
lubricant when pressing the retainer Into place.
Hake sure the retainer Is firmly seated against
the shoulder and Is not cooked In the bore.
Press the ball bearing onto the drive shaft.
This Is a shielded bearing. The shielded side
must be on the opposite side from the shaft
shoulder as Illustrated. Now lubricate the shaft
and carefully slide It thru the packing and press
the ball bearing Into the bilge pump bracket.
Install the bilge pump clutch drive spring.
Lubricate and fit the bilge pump throw out yoke
to the bilge pump drive clutch. Lubricate the
bilge pump drive clutch spline and fit It to the
drive shaft. See that the throw out yoke Is In

the proper position to receive the bilge pump
throw out shaft. How press the clutch In,
compressing the spring and push the throw out
shaih: Into place to retain It against the spring
pressure. Fit the bilge pump throw out stop pin
and tl^ten securely. Fit the bilge pump throw
out handle and secure with 3/8 cap screw and
lockwasher. Now press the bilge pump Idler gear
onto the Idler shaft to the dimension Illustrated,
Be sure to use a key In this assembly. Use
white lead per specification JAN-A-669 (Symbol
gas) as a lubricant In pressing the gear on.
Lubricate the Idler gear shaft and set the
assembly In the bilge pump housing. Lubricate
the drive shaft and set the drive gear over the
shaft. How coat the pump body flange face with
tacky gasket cement per Amy specification 62-5.
Fit new gasket. Coat the flange face of the
bilge pump cover with soft cup grease per
specification AN-G-14 (Symbol GRG). the
cover bo the assembly and secure with SAG screws
and lockwashers. Pit all pipe plugs. Turn the
driving clutch by hand to make certain there la
no binding. Any binding, other than that caused
by the pacing washers, must be corrected. When
the pump turns freely tl^ten the packing nuts
subtly. As a final step, add several drops of
oil per specification AH-0-6 (Syn^l OGF) to the
oil cup over the pump ball bearing. Also fill
the grease cup with grease of soda or soda
alumina base and water resistant but not neces
sarily water proof. The grease must be 177®C
(350PP) melting point.

11-43 DISTRIBDTOR DRIVE HOGSIHQ ASSEMBLY, Press
the ball bearings on to the shaft. The leu'ger
of the two ball bearings goes onto the end of
the shaft that Is cross drilled for a cotter
pin. Fit the small ball bsarlng to the opposite
end. Fit the key and distributor drive gear to
the shaft. Secure the gear with a lockwasher
and nut, Ihto the shaft Intended for the rlg^t
hand distributor drive, press the tachometer
drive spindle. The spindle must be located as
shown In ^e Illustration. Pack the distributor
drive housing with grease per specification
AH-G-25 (Symbol CLT), Fit the shaft assembly
to the distributor drive housing. The shaft
with the spindle extension goes Into the housing
for the right hand side of the engine whereas
the plain shaft assembly goes Into the housing
for the left hand side of the engine. Press a
new oil seal Into the distributor drive housing
cover. The sealing Up Is to point toward the
pilot diameter on the cover. Coat the cover
gasket with tacky gasket cement per Army Spec.
62-5, one side and stick It to the cover. Coat
the other side of the gasket with soft cup grease
per specification AN-G-14 (Symbol GRG). Place
the cover on the distributor drive housing and
draw Into place with plain washers, lock washers

'1-

fr . • ? ' V. V •,

Figure 11-25. Distributor Drive
Shaft Assembly
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and nuts. On the right hand distributor drive
housing, press a new oil seal Into place at the
front end. See that there are no sharp edges
or burrs on the tachometer spindle to damage
the sealing Up. The seal Up Is to be Installed
so It will retain the grease In the distributor
drive housing. Fit the adapter to the right
hand housing. No gasket Is used under this

adapter. Fit the shaft key and then the flexible

coupling dog. Secure with washer and nut. Lock
the nut with a cotter pin. Fill the grease cup
with grease per specification AN-G-25 (Symbol
CLT).

11-44 STARTER DRIVE ASSEMBLY.
a. The assembly of the starting motor Is

discussed In a separate publication. Refer to
paragraph 11-48.
b. The assembly of the Bendlx Drive Is

discussed In a separate publication. Refer to
paragraph 11-48.
c. New needle bearings and bushings are

assembled to the Idler gear and starter drive
housing as mentioned in paragraph ll-32a,
d. Fit a key to the Bendlx drive shaft and

then press the starter driven gear on to this
shaft until It Just comes flush with the end of
the shaft. Now lubricate the shaft and slide
It Into the starter drive housing. Check for
clearance. See reference number 67, Table of
Limits, figure 12-1. Fit two keys to the shaft,
the meshing spring Into the hollow end of the
Bendlx drive shaft and then slide the Bendlx
drive Into place on the shaft. Make sure

the counterbored hole In the shaft comes under
the set screw In the Bendlx drive. Refer to
figure 4-44. Tighten this screw down Into the
hole In the shaft and then secure the screw with
the wire ring In the screw head slot. Press the
starter Idler gear shaft Into place In the
starter drive housing. Fit a key to the start
ing motor shaft and press the starter drive gear
firmly In place with the hub of the gear against
the starting motor shaft shoulder. Now apply
the starter to starter drive housing gasket to
the starter after coating It with a tacky gasket
cement such as Army specification 62-5. Coat
the opposite side of the gasket with soft cup
grease per specification AN-G-14 (Symbol CRQ).
Fit the starting motor to the starter drive
housing. Install the two flat head screws and
lockwashers to hold this assembly together.
Lubricate the Idler gear shaft and di?op the
Idler gear Into place. Rotate the Bendlx drive
to see that all parts are free. Check the back
lash of the gears. See reference number 69,
Table of Limits, figure 12-1. Coat the starter
housing drive cover gasket with a tacky gasket
cement, one side, and stick to the dilve housing.

PRESSURE ADJUSTING SCREW

PRESSURE

ADJUSTING

SCREW

I v

-4^-
Figure 11-26. Sectional View of Fuel

Pressure Regulating Valve
Figure 11-27. Sectional View of Oil

Pressure Regulating Valve
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Coat the eatposed face of the gasket with soft cup
greaae per specification AlI-G-14 (Symbol 6R0}.
Pit the cover Into place and secure with cap
screws, lockwaahera and mts. Again rotate the
Bendlx drive to make certain everything is free
to rotate. Set the assembly iq) In Its operating
position and fill the starter drive housing with
oil to the level of the lowest of the two 1/8
in. pipe plugs. Oil must meet specification
W-L-761 (Symbol 60). Viscosity must be equal

HANDLE AND RATCHET

ASSEMBLT

KNIFE ASSEMBLY-

DRAIN PLU<

ELEMENT

Figure 11-28. Sectional View of
Fuel Filter

to SAE 90. Refit the two l/S In. pipe plugs.
Coat the Bendlx drive with rust preventive
compound per paragraph 5-16 and set the assmtbly
aside.

11-45 FDEL PRBSSITRB RE6DLATIN0 VALVE ASSSHBLY,
Assemble the fuel pressure regulating valve as
shown In the Illustration. Use new gaskets
throughout and adjust the valve to maintain
fuel pressure as mentioned In paragraph 10-24,

11-46 OIL PRESSURE RBOOLATISO VALVE ASSEMBLY.
Assemble the valve correctly as shown In the
Illustrations. Use new gaskets. Keep the valve
openings covered to exclude dust until the unit
Is installed on an engine. Adjust aftdr In
stalling on the engine as mentioned In para
graph 10-19, See figure 11-29,

11-47 FDEL FILTER ASSEMBLE. Assemble the fuel
filter as Illustrated. Use new gaskets throu^-
out.

11-48 ACCESSORY OVERHAUL. For details In
overhauling the more congilex accessories such as
stcuTtlng motor, generator, fuel pump, carburetor
and other accessories not mentioned in this
section refer to applicable Air Force and Havy
handbooks.

.  I

M S- 5 ■
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Figure 11-29. Installing Valve In
Oil Pressure Regulating Valve Body
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Section XII
Paragraph 12-1 to 12-14

INTRODUCTION

12-1 ABBREVIATIONS. All the unuaual abbrevi
ations used in this section are explained as
follows.

12-2 LIQUID MEASURE ABBREVIATIONS. "U.S. gal"
means Uhited States standard gallon of 231 cubic
inches. "B. Imp. gal" means British Imperial
gallon of 277.42 cubic inches.

12-3 STANDARDS DEFINITION. "AN OOOO" moans
Army-Navy standard. "SAB" means Society of
Automotive Engineers. "^N 00000 me^ Joint
Anny-Navy standard. "A(MA" means Amerl^ dear
Manufacturers Association standard. AWQ" means
Standard American Wire Gage. ASA means
American Standards Association.

12-4 THERMAL LBPINITIONS. "P" means Fahrenheit
thermometer scale. "C" means Centigrade ther
mometer scale. "BTU" means British Thermal
Units of heat.

12-5 CRUSH. The term "Crush" as applied to
split bearing shells refers to the amount that
the bearing shell projects at the parting line
above its supporting saddle or cap. The ex
istence of "Crush" permits the shell to be
crushed or conpressed down into intimate contact
with its supporting surface thus assuring good
heat transfer characteristics. Specified crush
must be present at both ends of both bearing
shell halves.

12-6 CLEARANCE PIT, The values given in the,
following table refers to operating fits between
mating parts. This clearance is largely occupied
by lubricant. All values are given in Inches
and are indicated by the letter "L" after the
dimension in the Table of Limits.

12-7 TIffiT PIT. Where no relative movement is
allowable between mating parts a tight or
interference fit is made. All values are given
in inches and are indicated by the letter T
after the dimension in the Table of Limits.

12-8 MISCELLANEOUS ABBREVIATIONS.
"backlash" means the pitch line clearance between
mating gear teeth.
"dia" means diameter.
"ID" means inside diameter.
"IND" means total indicated run out.
"L" means loose or free fit. See paragraph 12-6.
"lb" means United States pounds, commercial or
avoirdupois.
"max"' means maximum.
"min" means minimum.
"CD" means outside diameter.
"T" means tight or interference fit. See para
graph 12-7.
"tol" means tolerance.

12-9 EXPLANATION OP COLUMN HEADING TABLE OP
LXMXTS

"Hef. No." means reference number and refers
to the numbers shown in the various charts
Immediately following figure 12-1.
"Chart No." moans chart number and refers to
the various charts immediately following Table

of Limits, figure 12-1.
"Description". Jn the description column, the
mating parts are grouped with the noun name
appearing first, followed by the description.
"Minlmumr - "Maximum" columns list the manu
facturing limits. All values are in inches.
"Maximum Replace", dimensions not exceeding the
values given in this column, means the mating
parts may be continued in service.

12-10 SPRING SPECIFICATION, Figure 12-9 lists
the springs used in the engine, their nominal
size and tension. These values are to be used in
Judging the condition of a spring. The free
lengths are important as well as the loads
required to compress them to the specified
lengths. If any spring does not conform to
' these specifications it must be discarded and a
new spring assembled into the engine.

12-11 TCHIQUE WRENCHES. The tl^tness of various
nuts and cap screws are given in figia-e 12-9.
These' are the more important and sensitive
fastenings of the engine and care must be used
to follow these recommendations. Common sense
and good Judgement should be used in ti^tenlng
any fastening to avoid damage to the engine or
service failure. Torque wrenches should always
be checked Just prior to their use or at least
once dally. They must be checked by means .of a
known weight on a measured lever am. Checking
one torque wrench against another is not accurate.
Every effort should be made to follow the
instructions furnished with the peu^ticular wrench
being used. The ti^tening operation should be
done slowly and evenly for best possible accuracy.
All values in the accompanying table for torque
are in pounds feet.

12-12 TORQUE APPLICATION, After a castle or
slotted nut has been tightened to the proper
torque. It should not be loosened to permit
insertion of a lockwire or cotter pin. If
alignment of nut slot and drilled Hole in the
bolt is Impossible at minimum reconmended torque,
tighten to next aligning position, but do not
exceed maximum recommended torque. If this
alignment cannot be made within the limits
specified try another combination of nut and
bolt. However, do not attempt to interchange
matched nuts and bolts such as those found on the
yoked connecting rod.

12-13 LUBRICATION DIAGRAM. The oil circulation
is shown diagrammatically in figure 12-10. The
engine has been opened up, so to speak, for in
this way the various oil paths can be best shown.
Scavenge oil as well as pressure oil is shown.
.The entire system is duplicated on each side of
the engine, including pumps, filters and coolers.
A thermometer well is provided on the inboard
aide of the engine to pemit measuring the oil
' inlet temperature.

12-14 ACCESSORIES. All clearance limits for
the various engine' accessories may be found in
the appropriate Service publication covering
the particular accessoiy under consideration.
Refer to section XI for details on reference
publications dealing with accessories.
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Section XII HALL-SCOTT DEFENDER
MODEL 2268 & 2269

TABLE OF LIUnS

REP. CHART FIT
T^TCQ PB T Uni TAllIUaO Xwll

HO. HO. MIHIHUH UAXIUDM UAXIUOk

REPLACE

CRANE3HAPT

Journals - Crankshaft main
1 I Radial clearance in brg shell .003SSL .0047SL .005L
2 I End clearance in center brg .OOSL .015L .025L
3 1 Crusha - Main brg shell .0612T .0012T .0012T min
4 I Run out of main Journals IHD .000 .001 Straighten

Run out of rear crankshaft pilot dia
and reverse gear drive flange

5 I mounting face IHD .000 .001 .001
Run out of reverse gear drive flange •

6 I bushing IHD .000 .005 .008
Tolerance fron main Journal nominal

7 I size (refer to paragraph 7-6d) -.00325 -.00275
8 I Diameter of main Journals - undersize .0015
9 I Out of round IHD .0015
10 I Parallelism - In length of Journal .0015

Journals - Crank pin
11 I Radial clearance of yoke rod shell .003L .0042L .0055L
12 I End clearance of yoke rod shell .006L .DHL .015L
13 II Crush# - Yoke rod brg shell .00075T .00120T .00075T min
14 I Radial clearance of blade rod shell .00275L .0041L .0055L
15 I End clearance of blade rod shell .009L .014L .020L
16 II Crush# - Blade rod brg shell .00075T .00150T .00075T min

Tolerance from crank Journal nominal
17 I size (refer to paragraph 7-6d) -.00325 -.00275
18 I Diameter of .crank Journals undersize .0015
19 I Out of round IHD .0015
20 I Parallelism - In length of Journal .0015

Gear - Crankshaft and accessory drive
21 I Baoklash .004L .006L .015L

FLYWHEEL

Oear - Flywheel ring
22 I Radial fit .014T .024T .024T

Out of plane when flywheel is rotated
23 I on close fitting mandrel .000 .005 .005

UPPER CRAHKCASE
Face - Bottom flange

24 II Out of plane in 42 in. .000 .0015 .0015
Paces - Top mounting for cylinder blocks

25 II Out of plane in 42 in. .000 .0015 .0015
26 I Saddles - Main brg alignment .000 .0015 .0015

CILIHDBR BLOCK

27 I Bore dia tolerance from nominal size -.0008 •f.0005 •f.0055
Out of round in bore as measured in any

28 I one plane IHD .000 .002 .002
29 I Taper of bore in 11-3/4 in. length .000 .001 .006

Flange - Bottom mounting face must be
perpendicular to cylinder bores in

30 II 11-3/4 in. length when checked in a .000 .002 .002
plane paredlel to the crankshaft

COHNECTIHO RODS
Rod - Yoke connecting '

Twist in 2 in. as indicated on ti^t
31 I fitting mandrels. Figure 7-11. .000 .002 Straighten

Bend in 2 in. as indicated on tight
32 I . fitting mandrels. Figure 7-9. .000 .001 Straighten

Rod - Blade connecting
Twist in 2 in. as indicated on tight

33 II fitting mandrels. Figure 7-11. .000 .002 Straighten
Bend in 2 in. as indicated on tight

34 II fitting mandrels. Figure 7-9. .000 .001 Straighten

#Speclfled crush must be present at
both ends of both bearine shell halve

Ploiirn 19-1- (Shnnt 1 of 3 Shnnta 1 - Tnbln of Limits
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HALL-SCOTT DEFENDER
MODEL 2268 & 2269

Section XII

i  t

TABLB OF LlUnS

J03F m CHARI
EBSCRIPTIOH

PIT

HO. HO. MINIMDM MAXIMOM MAXIMUM
REPLACE

Pin - Piston
36 I Radial clearance in conn, rod .00055L .OOIL .0023L
36 I Radial clearance in piston .00005L .0005L .OOIL

VALVE kBCHAHISU
Journals - Canshaft

37 Z Radial clearance in plain brg .OCSL .006L .012L
38 I Radial clearance in thnist brg .004L .008L .012L
39 I Crush* - Camshaft brg shell .0005T .0025T .OOOST min
40 I End clearance in rear brg .003L .CI07L .020L

Shaft - Rockerana
41 I Radial clearance of rockerarm on shaft .COIL .003L .008L

Tappets - Valve
Clearance for timing both intake and

42 II eidiaust .021 .021 Adjust
Clearance for nmning (hot)

43 II Intake .021 .021 Adjust
44 II Exhaust .030 .030 Adjust

Valve - Intake
Runout of face with respect to

45 II stem IMD .000 .001 Regrlnd
46 II Radial clearance in guide .0015L .003L .006L

Seat - Intake valve in eyl. head
47 II Eccentricity with respect to guide IHD .000 .015 Regrind

Valve - Exhaust
Runout of face with respect to

48 II stem IHD .000 .001 Regrlnd
49 II Radial clearance in guide .002L .004L .008L

Bore - Exhaust valve seat ring
50 II Eccentricity with respect tc guide IHD .000 .003 Rebore

Seat - Exhaust valve ring
51 IZ Radial fit in bore .002T .0045T .002T min
52 II Eccentricity with respect to gtilde IHD .000 .0015 Regrind

Guides - Valve (Intake and Exhaust)
Clearance - Ouide shoulder to

53 II cylinder head .OlOL .020L Adjust
Replace pistons

PISTOH at overhaul.
54 VII Clearance top land .056L .060L .066L

55 VII Clearance second and third land .OSSL .042L .048L
56 VII Clearance fourth land .090L .lOOL .106L

57 VII Clearance - Major dia at top of skirt .012L .013L .019L
58 VII Clearance - Major dia at bottom of skirt .007L .008L .014L
59 VII Clearance - Minor dia at top of skirt .028L .029L .04SL
60 VII Clearance - Minor dia at bottom of skirt .023L .024L .040L

Rings - Piston
61 I Gap - All rings .013L .023L
52 I Clearance in grooves 1, 2 and 3 .0035L .005L .005L
63 I Clearance in groove 4 .0015L .003L .003L

64 I Clearance in groove 5 .002L .0035L .0035L

STARTER

Gear starter idler
65 I Radial clearance on shaft .0005L .0029L .005L

Shaft - Starter drive
66 I Radial clearance in needle brg .0005L .0029L .005L

57 I Radial clearance in bushing .0015L .0035L .007L

Sleeve - Starter drive
Radial clearance in flywheel housing

68 I bushing .0015L .002SL .0075L

69 1 Gears - Starter drive backlash .002L .006L .030L

*Speoified crush must be present at
both ends of both bearins shell halvet

Plaure 12-1. (Sheet 2 of 3 Sheets) - Table of Limits
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Section XII
HAtLSSCOTT DEFENDER

MODCL 2268 & 2269

TABLE OF LIMITS

REF.

MO.

70

71

72

73

74

75

76

77

78
79

80

81

82

83

84

85

86
87

88

89

90

91
92

93

94

95

CHART

HO.

V

V

1

III

III
III
III

III

III
III

IV
IV
IV

IV

IV

IV

VI
VI

VI

VI

VI

VI

VI

VI

V

V

DESCRIFTIOH

lOHmON SYSTEM

Points - Ignition distributor
Oap
CasfBangle (degrees of cam rotation

while points are closed)
Points - Spark plug

Gap

ACCESSORY DRIVE

Sprocket - ApoessorF drive
End clearance

OIL PUMP

Gears - Oil punp both pressure and
scavenge side
Radial clearance in bod;
End clearance in body
Baclciash

Shaft - Oil pump drive
Radial clearance in housing

Bushing - Oil pump idler gears
Radial clearance on idler shaft
Radial clearance in idler gear bore

WATER POMP

Gears > Water pump
Radial clearance in body
End clearance in body
Baddash

Cover - Water pump
Bushing bores must be perpendicular

bo cover.face in a distance of 3 in.
Gears - Water pump pilot

Backlash
Shaft - Water pump - drive and driven

Radial clearance in cover bushings

BILdB PUMP
Gears - Bilge pump drive and driven

Radial clearance in body
End clearance in body
Backlash

Body - Bilge pump
Bushing bores must be perpendicular to

body face in a distance of 3 in.
Cover - Bilge pump

Bushing bores must be peipendicular to
cover face in a distance of 3 in.

Shaft - Bilge pump - drive
Radial clearance in body
Radial clearance in cover

Shaft - Bilge pump - driven
Radial clearance in body and cover

DI3THIBDT0R

Gears - Distributor drive
Backlash

Bushing - Distributor drive housing
Radial clearance between distributor

shaft and bushing

€IIn cases where the specified cam angle
point opening below the minimum tolere
opsnine specification should be given

FIT

MIHIMDM

.018

37®

.020

.OOIL

.002L

.008L

.002L

.002L

.0005L

.0005L

.006L

.005L

.003L

.000

.002L

.001

.005L

.003L

.002h

.000

.000

.002L

.OOIL

.OOIL

.000

.0013

setting
nee, the
preferenc

MAXIMUM

.024

40°

.020

.005L

.006L

.014L

.006L

.003L

.0015L

.002L

.OlOL

.012L

.007L

..004

.006L

.0025

.009L

.OlOL

.006L

.004

.004

.004L

.0025L

.0025L

.004

.0027

;ives a
joint

MAXIMUM
RBPUCE

Adjustable

Adjustable

Adjustable

Shim adjust

.012L

.018L

.OlOL

.006L

.006L

.006L

.020L

.025L

.020L

.004

.008L

.008

.012L

.OlOL

.015L

.004

.004

.006L

.006L

.006L

.010

.005

pi

Figure 12-1. (Sheet 3 of*5 Sheets) - Table of Limits
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HALL-SCOTT DEFENDER
MODEL 2268 & 2269

Section XII

62 /-63 r-27,28 & 29

Ij- 104

19 8 20
C<SS5S!!

i s

i-7,8.9&IO

Figure 12-2. Limits Reference Chart No. I

125

II

ir'

i'> \ \



Section Xn
HALL-SCOTT DEFENDER

MODEL 2268 & 2269

' I 34

lOI-lNNER SPRING .

IQO-OUTER SPRING

42 &43

50&5I

I

42 &. AA

25 &

H\
13 &I6 1^'

PlRure 12-3. Limits Reference Chart NOo II
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HALt-SCOTT DEFENDER
MODEL 2268 & 2269

Section XII

S2222SSSZZZ LUU.

Figure 12-4 • Limita Rererence Chart Ko» XXI

i

Figure 12-5. Limits Reference Chart No, IV
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Section XIl HALL-SCOTT DEFENDER
MODEL 2268 & 2269

70-POINT GAP

71-CAM ANGLE

Figure 18-6. Limits Reference Chart No, V

68-* *—91 102-

Fijnire 18-7. Limits Reference Chart No. VI

188



HALL-SCOTT DEFENDER
MODEL 2268 & 2269

Section XII

<t PtN

PROFILE or

PISTON SKIRT

TOP 81 BOTTOM
MINOR AXIS

5° CHAMFER MEASURED

AT MAJOR AXIS AFTER

GRINDING— 2 PLACES

PISTON 404084

Figure 12-8. Linits Reference Chart No. VII
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Section XIZ HALL-SCOTT DEFENDER
MODEL 2268 & 2269

MISCELLANEOUS TABLE

SPRING SPEOIPTCATION

NO.
CHART
NO.

100 II

101 II

102 VI

103 I
104 I

DESCRIPTION

Valve spring - Outer 1-21/32 OD

Valve spring - Inner 1-11/64 OD

Bilge punp drive spring 1-11/64 OD

Rookerarm spacing spring 1-25/64 01
Oil pressure regulating valve

spring g/l6 OD

Oil pressure bv-pass valve spring
(oil filter) 45/64 OD

Oil preasura relief valve spring
(oil filter) 9/16 OD

Oil pressure bv-pass valve spring
(oil cooler) 11/16 OD

Fuel pressure regulating valve
spring l/S OD

FREE
LENGTH

PRESSURE
AND LENGTH

PRESSURE
AND LBNOTH

105

106

107

108

II

3-3/16

2-29/32

2-1/4

1-5/8

138 to 148 lb
when 2 In. Ig
105 to 115 lb.
irtien I-ISAO In.lg
210 to 220 lb
when 1-1/2 In. Ig

2-5/8 40 to 50 lb
irtien 1-7/6 In. iR

3-I/I6 12 to 14 lb
when .2-1/4 In. Ig

2-5/8 57 to 63 lb
when 2-1 As In. Is

3-3/8 21 to 23 lb
when 8-9/I6 In. Is

I-I3/I6 2 lb
when 1 in. Ig

70 to 78 lb
when 2-31/64 In.lg
45 to 51 lb
when 2-27/64 In.lg

7 to 8 lb
when 2-9A6 In. Ig

THERMOSTAT SPECIFICATIONS

110 Tbennostat valve Is to be fully open at 49 C (120 F)

TORQUE TABLE FOR BOIHIS, NUTS AND CAP SCREWS

REF. CHART
HO. NO.

Ill II

112 II

113 II

114 I

115 I

116 I

117 II

DESCRIPTION

Forque In lb - ft

Size mln max

Main bearing cap nuts
Cylinder head hold down nuts

Connecting rod cap nuts

Flywheel attaching cap screws
Reverse gear drum attaching nuts
Idler clamp ring and generator support tube nut
Spark plugs

large
small

large
small

3/4-I6
3/4-16
1/2-20
9/16-18
3/8-24
5/8-I8
5/8-18
3/8-18
18 mm

180
230

30

100
30

140
140

15

32

200
250
40

120
35
160
160
20

36

Figure 12-9. Miscellaneous Table
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Note: These pages appear to be missing in the book without

these drawings.

Page 131 Fig. 12-10 Lubrication System
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