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FOREWORD

Hall-Scott engines are deslgned and bullt with .
the idea of obtaining long life and low mainte-
nance cost, Necessary adjustments have been
minimized by increasing strength and wearing
quality of parts through the careful selectlon

of materials,

No plece of machinery, however, can perform well
without proper care, and the operator must do
his share in maintaining the equipment in the

best possible mannar, Lubrication of the proper: .

type, and properly applied, will add greatly to
the life of the engine. Periodic and systematic
inspections will do much te insure uninterrupted

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 engines
meanwhile, fitted with a spare unit, is kept in
gervice., This includes such items as cylinder

. heads, water pumps, oil filters, oil pumps, etc.

It 13 hoped that all service peraonnel will
acquaint themselves with this handbook and use
it at every opportunity.

¥ .
Any desired information relative to maintenance

‘not: contained in this book may be had on request
. to our service department.

WARRANTY

Seller warrants every new engine manufactured
and every engine rebullt by it to be free from
defects in material and worlmnanship under normal
use @and service, Seller's obligation under this
warranty is 1imited to maldng good at 1ts factory
any part or parts thereof which shall within
ninety (S0) 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, whichever 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 beilng expressly in
lisu of all other warrantlies expressed or implied

INSTRUCTIONS FOR ORDERING PARTS3

In ordering parts for engines, always give the
following information:
l, Thne model mmber and serial number of the
engine,
2, The correct part mmber and name as listed
in the parts catalog.
3. The exact quantity of each part required,
4, The exact shipping instructions.
S, If in doubt as to parts needed send in old
parts, transportation charges prepald,
for duplication, )

Parts will be shipped out C.0.D. by express or
parcel post, and sight draft esgainst billl of
lading, if by freight, unless other terms have
been previcusly established. Terms and discount
status for.spaere parts are Cixed: by the credit
department, Prices, terms and discount status
are subject to change without notice.

and of all other obligations or liabilities on
Sellert's part, and Seller neither assumes nor
auvthorizes any other person to assume for it any
such 1liabillity in connection with the aale of
1ts engines or spare parts therefore.

This warranty shall not apply to any engine
vhich shdll have been repaired or altered outside
of Seller's factory, in any way so as, 1in
Seller's judgement, to affect its stabllity or
reliability or which has been subject to misuse,
negligence, or asccldent. Seller makea no
warranty whatever in respect to trade accessories

‘inasmuch a8 they are usually warranted separately

by thelr respective manufacturers.,

INSTRUCTIONS FOR RETURNING PARTS

Parts returned to the factory for credit or
replacement must be clearly ldentified 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,
5. The model and serial mmber of the engine.
4, Reference to any correspondence regarding
fallure,
S. Always confirm telegrams or telephone
messages with a letter glving full details,
6. Adjustments can only be considered upon
parts purchased through this organization;
therefors, always give our invoice number
and your order number on parts in question.

Parts arriving at the factory upon which the
carrying charges havd not been prepaid will not
be received,
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Most of the lubricants and gasket cements called
for in this handbook ere identified by Goverrment
Specification members.
who do not have ready access to Government
publications, the following liat has been
prepared to ald in the selection of proper
materials,

GOVERNMENT
SPECIFICATION

0,

Army Specifi-
catlon 62-5

Army Stock
062~C-685-2FX
Army Stoolk
052-C~875-1PX
JAN=-A-669

Navy Speciri-
cation 52~C-18

Army Specifi-

cation 2-104B

Navy Specifi-
cation 14=0-13
Series 9000

AN-4082-1

JAN-D-169
and
AN-D-g

VV-L-761

AN-0-6

AN-G-25

AN-G-14

11

SYMBOL

CAS

OB

OGP

CLT

GRG

HALL-SCOTT DEFENDER
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MATERTAL SPECIFICATIONS

For the benefit of those

expert.,

PRODUCT

Cement - Gasket ligquid for automotive
application, Similar to "Parmatex”
Ro, 3

Cement - Gasket viscous mon-hardening.
Similar to "Permatex" No, 2

Cement - Gasket viscdus hardening.
Similer to "Pormatex™ No, 1

Compound - Anti-seize., Contains white

lead, graphite, petrolatum, lubri-

cating oil and asphalt

Compourd - Rust preventive thin f{lm polar
*  type. To be removable from metal
surfaces with s kerocsene saturated
wiping cloth, Shall be aprayable in

a household apray gun at temper-
atures of 40°F and above. Flash

point rot less than 100°F, Shall
contaeln no abrasive substances

01l - Engire, For general characterlatics
gee paragraph 5~35 in the Service
Handbook or paragraph 10-16 in the
Overhaul Handboolk

011 - Engine. For general characteristics
See parsgraph 3-35 in the Service
Handbook or paragraph 10-16 in the
Overhaul Handbook

Capsule - Molsture ebsorbing
Bag -~ Molsture absorbing silica gel

Lubricant - Gear universal. Viscosity to
conform to paragraphs 6-11 and 6-16
in the Service Handbook or para-
grapha 11-41 and 11-44 in the
Overhaul Handbook

011 - General purpose low temperature
lubricating., A low viscoality
petroleum fraction containing
oxidation and rust inhibitors
intended for gemeral aquirt can use

Grease - Low temperature containing a
gpeclal synthetic oil having extreme
low volatility., Generally suited
for ball bearings and lightly loaded
gear drives

Grease =~ Gasoline and oll resistant

Where a commsrcial trade name 1s mentioned 1t is
not intended as a recommendation, but only as a
t¥plcal example of the material under consider-
ation, PFor specific recommendations it 1a
suggeated that this 1ist along with your request
be submitted to your supplier's apecification

USE

Seal for gaskets and threaded fittings

Seal for gaskets and tublng fittings

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

General purpese lubricant for studs and
presa it parts., Do rot use on
spark plugs or oil circulation
fittings

Grade I - For use on the exterior of the

engine .
Grade II - For use on the interior of the
engino

Lubrication of the interior of the engire
and reverse gear. Viscosity to
conform to paragraph 3-36 in the
Service Handbook or paragraph 10-17
in the Overhaul Handbook |

Lubrication of’the interior of the engine
and reyvérse gear. Viscosity to
conform to paragraph 3-36 1n the
Service Hamdbook or paragraph 10-17
in the Overhaul -Handbook .

Use in apark plug holes of stored engine
to control humidity in engine
eylinders .

Use in exhaust manifolds, inteke menifolds
and engine shipping case to control
humidity around a stored engine

Use on the water pump pilot gears and
starter drive gears

Use 1in the bilge pump, starter, throttle
controla, generator drive bearlings
and Bendix drive helix

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

Use as a gasket paste to meke & tight
joint and facilitate separation of
the joint at disassembly
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Section I
Paragraph 1-1 to 1-2
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Figure 1-1, Mode Right Side View
INTRODUCTION

1-1 SCOFE.

1-2 This publication comprises the Overhaul
Instructions for RH Engine No. 2268 Stock List
No, 19806AAF200 000 (henceforth referred to as
Model 2268), for LH Engine No,. 2269 Stock List

IGHT  HA
CYLINDERS

No, 1906AAF200 100 (henceforth referred to as
Model 2269) and asaociated models, if any,
manufactured by the HALL-SCOTT MOTOR DIVISION of
ACF-BRILL MOTORS CO,, 2850 7th Street, Berkeley
10, Californias, U.S.A.
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Paregraph 1-3 to 1-6
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Ref No, . Name

1 Intake Manifold
Thermostat

Carburetor

Fuel Pump, Mechaniceal
Exhaust Manifold
Starter

Distributor

Flywheel

OAQG N

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

l-4 TUNIT CONSTRUCTION, The Hall-Scott principle
of "unit" construction makes for esasy and rapid
servicing operations, Major units can be pulled
off the engins 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,

2

Figure' 1-3. Exploded Side View 61‘ the Engline

Ref No. Name
9 Lower Crankcase

10 0il Cooler

11 Crankshaft

12 Water Pump

13 01l Filters

14 Reverse Gear
15 Bilge Pump

18 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 plece
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 clossly followed, However, the
order in which the variocus units are removed
from the engine 1s 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 although the detalls

1 1

3

13



e

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

for removing the bilgeb pump may be explained
before the removal of the oll pressure reg- -
ulating valve,

Fig\ire' 1;4. Ex;::‘].ode.d Fronb .View a

Ref No. Name

17 Elbow, Intake

18 Spark Plugs

le Cylinder Block

20 Cylinder Head

21 Fuel Pressure Regulating Valve
22 011 Gage and Hand Scavenge Pump
23 Timing Inspection Cover

1-7 DEFINITIONS,.

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 18, the
end opposite the propeller drive flange.

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

1-11 RIGHP SIDE, The right or starboard side
of the engine 1s 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
englne 1s on the left hand side as one stands

at the propeller drive flange and faces forward. .

1-13 CYLINDER DESIGNATION. The engine cylinders

are numbered starting with number one cylinder .
at the rear of the cylinder block and terminat- -
ing with mmber six at the front of the cylinder :

block. The two cylinder blocks are designated
as right hand and left hand. For example,
eylirder number "SI" is the fifth cylinder from
the rear of the cylinder block in the left hand
bank of cylinders., ' ‘

1-14 SIDES OF THE CYLINDER, The oylinders are .

designed according to their two sides. The
"oxhauat side" refers to the side of the .cylinder

on which the exhaust valve occurs.  The "intake. -
alde", of course, refers to the .side on-which.®

the intake valve occurs. For example: "4R EX"
1's the exhaust side. of the. fourth cylinder from
the rear in the right hand bank of ¢ylinders.

1-15 DIRECTION OF- ROTATION, ' The rotation of
the engine is determined by standing at the
propeller drive flange and facing forward.
then running in a normal manner, the propeller
drive flange of a right hand engine rotates
clockwise. {(Model 2268 1s a right hand engine.)

then running in a normal manner, ‘the propeller

drive flange of a left hand engine rotates
counterclockwise, . {(Model 2269 is a left hand
engine.)
these are, the crankshaft rotation is the same
as the propeller drive flange rotation.

1-16 ACCESSORY ROTATION, Direction of .rotation
of all accessories 1s understood to mean thelr
rotation es viewed from the rear of the engine
facing forward., The ignition aistrlbutors,
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 Cemter" is the angular
position of the crankshaft when the piston is
at the top of its stroke in the cylinder. For
exemple: "P,C. 1 & 6 R.H. Bank" is the angular
position of the crankshaft when nunber one and
number s8ix in the right hand bank are at the
top of their atroke, Refer to markings on the
flywheel rim. This definition 1s not to be
confused with the plston positlon when its crank
is on the vertlical centerline of ths engine.

1-18 BOTTOM CENTER. "Bottom Center", (BC} 1s
the angular position of the crankshaf't when the
piston is at the bottom of its stroke in the
cylinder, This is a position 180 degrees from
the "top center"™ position explalned 1n para-

graph 1-17,

1.19 INTAKE OPENS., "Intake Opens" 1is 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 1s rotated,
On the left hand engine (Model 2269) the "INT.
OPENS" mark for mumber one cylinder in the right
hand bank comes into view first as the engine

3

In a direct drive engine, such as .-

. Section I i+ o
Paragraph 1-7 to 1-19 -
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Section I
Paragraph 1=20 to 1-27

{3 rotated.

1-20 EXHAUST CLOSES. "Exhaust Closes" 13 the
angular position of the crankshaft at which the
exhaust valve 18 just closed, Refer to marks on
the rim of the flywheel as seen thru the timing
inspection hole in the flywheel housing. These
flywheol marks pertain to the mumber one cyline
ders, no others, On the right hand engine
(Model 2268) the "EXH. CLOSES" mark for mmber
one cylinder in the left hand bank comes into
~7lew first as the engine is rotated. On the
left hand engine (Model 2269) the "EXH. CLOSES"
mark for number one cylinder in the right bank
comes into view first as the englne is rotated,

" 1-21 ROPATION DEFINITIONS, "C,W." means clock-
wise rotation, "C.C,W," means counterclockwise
rotation, "rpm" means revolutions per mimute.

1=22 - LEADING AND TRAILING BANKS, The direction
af rotation of the crankshaft determines the
leading and trailing cyl., banks, The leading
cylinder bank 18 the bank approached first by
the engine cranks in the upper half their normal
rotation, The tralling cylinder bank 1s the
banlk 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 right hand bank
18 the trailing bank. On a left hand engine
the opposite 18 true, that 1s, the right hand
bank is the leading bank and the left hand bank
is the trailing bank,

1-23 LIQUID MEASURE DEFINITIONS, "U,.S, gal"
means United States standard gallon of 231 cuble
inchea, "Imp,., gal™ meana British Imperial

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

1-24 STANDARDS DEFINITION, "AR 0000" means
Army~-Navy standard, "SAE" means Soclety of
Automotive Engincers, "JAN 00000" means Joint
Army-Navy standard. "AGMA® means American Gear
Marmfacturers Assoclation standard., "AWG" means
Standard American Wire Gage. "ASA™ means
American Standards Assoclation.

1-25 THERMAL DEFINITIONS. "F" means Fahrenheit
thermometer acale, "C" means Centigrade ther=-
mometer scale, "BTU" means British Thermal
Units of heat., :

1-26 WIRING DIAGRAM DEFINITIONS
“"Arm," means armature, .
"Adf." means adjustable.

"Bat " means battery.

“"Diat," means distributor,
"Fix," means fixed.

"Grd." mesans grounded.,

"Loc," means locating.

"s." means radio shielded wire. .
"Start," means atarter.

1-27 MISCELLANBOUS DEFINITIONS,

"in," means United States standard inch,

"£¢" means United States standard foot.

"1b" means United States pound, commercial or
avoirdupols. .

"oz" means United States ounce, commercial or
avoirdupois, ) ‘ :

"CL" means the centerline of an odbject,

"cg" means the center of gravity.

"in, of Hg" means inches of mercury as measured
in a manometer filled with mercury,

"in, of water" means inches of water as messured
in a manometer filled with water, :
"mua" means root mean square.

3
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Sectian II

™ HALL-SCOTT DEFENDER
Paragraph 2-1 tp 2~4

! MODEL 2268 & 2269
GENERAL DESCRIPTION

.
E/. 2-1 MODEL 2268 DEFENDER, The Model 2268 2.3 CRANKSHAFT. The crankshafts in these
X Defender 1s a direct drive gasoline marine engines are forged molybdemrn steel heat treated
engine turning a right hand propeller. The to desired physical properties, They are
- - engine propeller shaft rlange, on this model, counterweighted for good rumning balance. .Crank
! rotates clockwise as one views it from a position journals and webs are drilled for full pressure
{ at the rear of the engine and faces forward, iubrication to connecting rod bearings. Shafts
Refer to name plate on front of cylinder block are rigidly supported in seven main bearings,
for model identification. The accessory drive is taken from the reverse
~ I ' - (I
! ‘
& Y.
| f
! (]
P e iRt e e o R
Plgure 2-1. Cutaway View, Rear End Figure 2-3. Outaway View, Front End
= 2-2 MODEL 2269 DEFENDER, The Model 2268 gear end of the crankshaft where torsional
Defender is a direct drive gasolline marine vibration is negligible.
engine turning a left hand propeller. The
engino propeller shaft flange, on this model, 2-4 MAIN BEARINGS, The main journals in this
rotates counterclockwise as one views it from engine are carried in precision type "gnap-1in"
— s position at the rear of the englne and faces shells., The shells are copper-lead on a steel
,7 forward, Refer to name plate on front of backing. A surface coating of indium over lead
§ cylinder block for model ldentificatlon. is used to provide a "break-in" surface on the
Y shells, The shells are grooved to distribute
the pressure lubricating oil. The center shells
- are flanged to take the crankshaft end thrust,
.:Ln TARRETS AL .
50 #ime IGNITION ot ¢
- VARK T.C." AND SET O1STRIBUTO
| FOILTS JUST BREARING. ENGINE -
. : ) NAME PLATE
NN S8 matRuCTON; '
- 800K, i ;.
FOR CORRECT LUBRICATION
(i SUMMER USE S. A.E, 40 AND
i OWINTER USE S. A E. 20,
o=y OILS MUST MEET THE CLASS D
£58 SPECIFICATIONS. :
FOR MORE SPECIFIC RECOMMEND
TIGHNS ON OIL TO SUIT YOUR CLIMATI
AND OPERATING CONDITIONS, Cco
SULT YOUR GIL COMPAKY'S LUBRICA’ i
= TiDH EXPERT. ’ . )
MANUFACTURED BY Oll. GAGE AND OIL.
HALL-SCOTT MOTOR CAR CO. FILLER HOLE
DIV. OF A.C.F.-BRILL NOTORS CO. .
- BERKELEY, CAUIF., U.S.A, i : .

327370

Figure 2-2. Engine Nameplate

Pigure 2-4., Front View of Engine



Section II
Paragraph 2-5 to 2-7

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

2«5 FIYWHEEL AND VIERATION DAMPER, The flywheel
i1s mounted on the front end of the crankshaft,
The starter ring gear is mounted on the flywheel,
The valve 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 1s simply an inertia rim surrounded by
a quite viscous fluld. Its purpose 1ls to absorb
toraional vibrations,

2«6 GEAR CARRIER, The accessory drive 1s

N

o
-l

N
\

\\

\\\\\\\\\\\\\\\\\

Figure 2-6.

HALL-SCOTT DEFENDER
MODEL 2268 8 2269

driven from the crankshaft by geara mounted
in a carrier, By selectively positioning
the gear carrier on the crankcase, at assembly,
a uniform direction of rotation can be obtained
for all accessories on both sidesa of the engine
regardless of the direction of crankshaft
rotation thereby simplifying the engine con-
siderably.

2-7 CONNECTING RODS, The connecting rods are
"I" section forgings of nickel chromium steel,
They are of "yoke" and "blade™ design for
symetrical location on the crank journal,
PFinished weights are held to close tolerance
for smoothness of engine operation, A wide
bearing shell 1s used in the "yoke" rod and
i1t rides directly on the crankshaft. The "blade"

N
N
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rod uses a narrow bearing shell and it bears
on the outside diameter of the "yolke" rod shell.
Shells are precision "snap-in" type copper-lead
on the inside diameter and with a steel back on
the outside dlameter. A surface coating of
indium over lead 1s 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,

Figure 2-9, Connecting Rods, Exploded

2-8 PISTON PINS, The plston pins are made
of nickel chromium molybdenum steel. The
surface .s case hardened for maximum wear
quality. The piston pin floats in both the
piston and the bronze bushing in the connecting
rod. It is retalned in the piston through the
use of asoft metal plugs fitted to each side
of the piston, Magnetic inspection is employed
on the platon pins to assure thelr being free
of cracks,

2-¢ PISTONS, The pistons used in these englnes
are of cast aluminum alloy, They are gensrously
ribbed for greater strength and are designed
to distribute the mechanical esnd heat load in
the best manner. They are cam ground to permit
clogse fitting to the cylinder bores. Piston
ring grooves are located in the pisvon to provide
naximam compression and a minimum of oil con-
sumption, The compression ratic 1s 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

Section II
Paragraph 2~8 to 2-13

consumption controlled, The surface finish of
the »ings are selected to give rapid seatling and
long wearing qualities after seating. .

2-11 UPPER CRANKCASE. The upper crankcase is
made of alloy cast iron. It is provided with
ribbed webs to rigidly support the crankshaft,
Internally drilled oll passages supply oil to
the main and connecting rod bearings. Ag-
cessories are fastened to the upper.crankcase
8o the cylinder blocks may be removed without
disturbing the accessories. For maximum rigidity
the cylinder head hold down atuds pass through
the cylinder block and screw directly into the
upper crankcase webs over the main journal
bearings. In this manner the driving force of
the combustion 1s transmitted directly to the
crankshaft, . ’

SRR B

Figure 2-10, Connecting Rods, Assembled -

of high alloy cast iron, siXx cylinders enbloc.
The cylinders are completely|water jacketed for

2-12 CYLINDER BLOCKS. cynx;Fer blocks are cast
uniform cooling., Large cover plates are used

to permit cleaning the jacket space, _The -

cylinder wall hardness ls such that very good
wearing qualities are obtained.

2-13 CYLINDER HEAD. The oylinder heads are
cast of alloy iron with six heads in a casting.
The entire valve mechanism 1s self-containdd in
the head. This includes valves, rockerarms and
camshafts, This type construction permitas
replacement of oylinder heads end valves as a
unit, One exhaust valve and ons intake valve
are used per cfiinder, The exhaust valve has a
hard metal fac&’and closes against a hard metal
replaceable sepli. Intaks passages are short and
direct. Lubricating oil is directed against
the camshaft and rockerarm contact. Two spark
plugs are used per cylinder. Water jacket

B

space is provided around the éntire combustion
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Section II
Paragraph 2-14 to 2-24

chamber, valve seata, valve guides and spark
plugs. A zinc plug 1s used in the water Jacket
‘space in the head to reduce the electrolytic
action of salt water on the structural elements
of the engins,

2-14 VALVE MECHANISM. The valves are operated
from the cems thru rockerarms, No push rods are
used, The cams are proportioned to give maximm
engine performance and long valve life. Two
springs per valve are used to prevent damage
due to spring breakage.

2-15 SPROCKET HOUSING, The sprocket housing
i3 fastemed to the rear of the upper crankcase,
It 1s an alumimm casting designed to suppress
mechanical noise to a minimum, Its primary
purpose, as its name implies, is to support and
protect the accessory drive chains and sprockets.
Triple width roller chaln running within the
housing carry the drive from the gear carrier
to the various accessories such as oll pump,
water pump, distributor, generator, bilge pump,
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 eylinders through six pairs of intake
elbows, All of thia.intake manifold assembly
is water jacketed fi order to condition the
mixture, Priming nozzles- ‘are placed in the
{ntake manifold to aild ¢cold starting. A by-pess
thermostat 1s provided .to control the water
outlet temperature, Ventilation for the dis-
tributor and multiple shield box is made thru
the intake manifold, LA

2-17 EXHAUST MANIFOLD, Water jJacketed 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 right exhaust menifold for the left,
etc, Two expansion joints are provided in the
outer jacket wall,

2-18 LOWER CRANKCASE, The lower case 1s an
aluminum cesting, It is of a deep section with
internal baffles and chamnela in order to reduce
the engins o1l consumption, The front section
of the case provides an integral oll sump tank
as this engline uses a dry sump type of lubri-
cation, A large hand hole is provided to aid
in cleaning the sump tank, The lower crankcase
is comstructed with mounting flanges, each slde,
upon which the engins resta, A hand sump pump
and oll gauge are provided at the front end of
the lower crankcase;

2<19 OIL FUMPS, Two oil pumps, which are identi-
cal in every respect, are used on each enginse,
The two being used to improve the dependability
of the englne, Each oil pump-is divided:into
different sections. The rear section:is.‘the
scavenging side and 1t picks up any surplus oil
from the rear end of the lower crankcase and
delivers it to the oil aump. The front section
of the two pumps are the pressure sldes,

2-20 OIL PRESSURE REGULATING VALVE, The oll
pressure regulating valve 1s located between
the oylinder banks at the front of the engine,
The oil pressure supplied to the engine is
controlled by adjusting this valve. When the

10
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01l pressure becomes excesaive, oll is by-passed
back to the oil sump tank thru passages drilled
in the upper orankcase., Refer to figure 12-10,

Erreye YRy - = gl an ey e oo UG K STIATT Y S g v~
SR E i 2 &

2«21 OIL COOLERS, Two oil coolers are used on
these engines, one is mounted on the outside of
each cylinder block, 0il is pumped thri amall
tubes which are surrounded by cold water, Heat
is thereby transforred from ths oil to the water.
The coolers are identical, each receiving its
oil and water from independent oll and water
pumps, A by-pass valve is provided in the oll
cooler cover to insure oil reaching the englne
should the ¢ocoler become stopped up for any
reason, Thermometer bulb adapters are provided
in the oil lines suitable for receliving ther-
mometera. Refer to figure 12-10,

2-22 OIL FILTERS, Two pairs of absorption type
replaceable element oll filters are used to
condition the lubricating oil, Each palr of
filters operates independently from the other
pair and i{s in the oll circult with the oil pump
and oll cooler on its particular side of the
engina. The oil filter body is provided with
two by-pass valves, One by-pass valve protecta
the engine in the event that the filters become
stopped up. The other valve 1s put in to
protect the oll system in the event of extreme
high pressure as might 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 englne,
The pumpa 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 pumpa
are of the pllot gear type which design permits
them to handle conaiderable sand in the aea’
water without damage to the pump gears,

2-24 FUEL PUMPS, Two mechanical vans type fuel
pumps arse used per engine, The fuel pumps are
part of a continuous circult that assures
adequate fuel supply to the carburetors while
reducing the chances of vapor lock to a minimum,
The circult 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 1s part of the circuit which

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

0.95 CARBURETORS. Thres 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 blocka.
These carburetors are of balanced design so that
any exterlor restrictions in the air inlet will
not alter the mixture ratio, A drain pickup
tube 15 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 1s
made thru the use of a hand priming pump. Wire

mesh air filters and back fire traps are fitted

to the carburetor alr intakes, The three
carburetor throttle valves are connected to a
common control shaft. Crankcase ventilation
is provided through shrouds fitted to the
carburetor alr intakes.

2.26 REVERSE GEAR, The reverse gear 1s 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 1s provided as well as
a 16-1/2 in. lever for remote control., Levers
may be mounted on either side of the englne,
Lubrication is supplied from the engine crank-
case system,

2-27 TIGNITION DISTRIBUTOR, The two ignition
distributors are heavy duty units designed
eapecially for thils type of gervice, These
distributors are radic 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 dlstributors are wired so that
each distributor fires six spark plugs in each
bank of cylinders. In this way, should there bve
a failure in either distributor, the engine will
continue to develop almost full power as all
cylinders will still have one spark plug 1in

" operation, The two dlstributors are identlical

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 featurea to
make accurate ignition timing a simple operation,

2-28 GENERATOR, A single 24 volt belt driven
generator 1s used on these engines. The same
generator is used on both the Model 2268 and
2269 englne, It 1s a four pole, four brush
type generator for a positive ground system. It
13 regulated for 25 amperes at 1250 generator
rpm at twenty-six volts, It is radio shielded,

2.29 APPARATUS BOX, The generator output ls
controlled thru the use of an apparatus box
which permits the generator output to vary
according to the needs of the battery. It 1s
radlo shielded to match the rest of the electri-
cal system of the engine.

2-30 STARTER. The electric starting motor 1s
mounted on the flywheel housing and engages the
flywheel ring gear thru the use of an inertia

: . -Bection II
Paragraph 2-25 to 2-36

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 atarter
is energiged thru the use of an instrument panel
push button switch, This push button eircult,
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 3lipping clutch is
provided to absorb the initial shock of engage=-
ment, After the englne starts the high veloclty
of the ring gear kdcls the pinion out of engage-
ment. -

2-31 SPARK PLUGS. Spark plugs are of the
ceramic type with a-metal jacket for radio shield
system. The single gap type of plug 18 used,
Two spark plugs per cylinder are employed and
they are comnscted in such a way that each spark
plug in any particular cylinder draws lts energy
from separate distributors, This assures maxinum
freedom from ignition failure. ’

2-32 BILGE PUMP. Gear type bllge pumps 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 statiofiary.and are only engaged when
it 1s necessaryto-drain the bilge.

R 7

2-33 RADIO SHIELUING, - The englines are fitted
with all necessary equipment to suppress dis-
turbing impulses that {fiferfore with the sending
or receiving of radio.signals, ‘This is primarily
concerned with the elecfriial’ equipment, but
includes all elements.of ‘the gngine that might
glve rise to electricel disturbances, Electri-
cal noise suppreasion 1s accomplished by the
use of resistor-suppressors, capacitor, filters,
metallic shielding, electrical bonding or
grounding, The suppression‘is effective regard-
lesa 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
£111ing the fuel system before starting the
engine and to act as an suxiliary pump to the
mechanical pumps, The fuel presauré regulating
valve 1s 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 demage to
the engine becauss of excess speed, a governor
is used, This 13 a mechanical device that
controls the ignition circult, When the englne
reaches a predetermined speed the ignition
circult is interrupted, Just as soon as the
engine speed drops to a safe rpm then the
ignition circuit i1s restored and the engine will
contime to run, hence there is no danger of the
engine stopping. The overspesed governor 1s
mounted on the front of the engine with a
tachometer dlal included so the attendant in the
engine room can tell directly at what speed th
engine is running. .

2-36 TACHOMETER SENDING UNIT. An electric.

tachometer unit is used on these engines to
avold long tachometer cables to the Bridge.

11
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Figure 3-1.

Section [II
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Tools

OVERHAUL TOOLS

3-1 GENERAL, Listed end illustrated in this
seotion will be found all the Goverrment approved
overhaul tools used on the subject engines. The
tools listed are of a general purpose nature
hence they are used for both right and left hand
engines as well as for dismantllng, disassembly,
repair and replacement, For this reason no
segregation i3 made in the following 1ist to
indicate special applications. OGeneral appli-

FIG., AND TOOL
INDEX NO, NO,

3=1-1 161002 Wrench - Allen 3/32 in,
-2 306551 Wrench - Cylinder head and

NOMENGLATURE

manifold mt double hexagon

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

cations are noted below and reference is made to
appropriate illustrations of the tools in uss,

3-2 TYPICAL TOOLS. Tools that ere shown in use,
elsewhere in this handbook, but mot found listed
here are not nscessarily Govermment approved and
are thus designated as "typlcal" 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 rockerarm cover, water
pump, distributor drive housing, flywheel
housing, oil cooler, sprocket housing, intake
monifold, yoke connscting rod and reverse gear
cover,

Nuts and cap screws on exhgust manifold; intake
manifold elbows; flywheel housing; upper and
lower crankcase flange; valve tappet lock;
reverse gear thrust bearing container,retalnsr,
packing gland and adapter. -

13




Section III

" FIG, AND
INDEX NO,

14

-4
=5

-8
-7
-8

-9
=10

-1l

-12

=13
~14

=15
16

TOOL
NO,

309526
317805

318282
3le283
318284

318285
318286

318287
318288

318289
318290

318442
326894
326978

HALL-SCOTT DEFENDER
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NOMENCLATURE

APPLICATION

Tool - Valve spring compressor Used to install and remove valve springs,

Flexocket - 5/8 in. double
hexagon

Screw driver

Wrench - 10 in. single end
superad justable 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 9/16
hex 1/2 in, square drive

Socket - Double hex 15/16
hex 1/2 in, square drive
Socket -~ Double hex 1-1/18
hex 1/2 in, square drive

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

Wrench - Chain adjustment
sprocket

Wrench - Water pump packing
nut

Nuts and cap screws on the exhaust manifold;
intalke manifold elbows; flysheel housing; upper
and lower crankcase flange and reverse gear
thruat bearing container,

Distributor cam locking screw,

Ad Justable for general purpose application,

"

Use 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, w :

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, and
main bearing studs; generator and bilge pump
drive sprocket shafts and camshaft drive
sprocket, ‘

Nuts on the valve tappets, reverse gear housiig
adapter and reverse gear packing muts,

Hex gn chain take~-up support, Refer to figure
9-36,

Waeter pump packing nuts,

-y T3 T3 7 13
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DISMANTLING AND

4-1 PREPARATION FOR DISMANTLING, When the
engine to be overhauled is contained in a re-
useable shipping case 1t 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 11t the cover
from the shipping case by the use of 1lifting
hooks provided, Set the cover aside, Remove the
bag from over the englne if one 1s used.

8 -
Figure 4-1,

4-2 DISMANTLING INTO MAJOR ASSEMBLIES, This
operation can best be performed whlle the englne
13 still sitting in the base of the shipping

case,

4-3 DISASSEMBLY EXAMINATION, During each stage
of disassembly, examine all parts and assemblies
ror scoring or burning. Look for indications
of work imcorrectly performed during any previous
overhauls, Report any such indications in
gsccordance with current practice,

4-4 MULTIPLE SHIELD REMOVAL., Remove and
barefully mark each wire from the multiple
shield, selectric fuel pump f1lter and starting
motor filter to make sure the wire can be
returned to lts proper place, Remove the
ventilating pipes. Remove three 1/4 in. nuts
and lockwashers from the back of the multiple
shield box and take it from the englne along
with the radlo shield filter assembly located
directly beneath it, This aperation 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. Alsc remove

iy Sectlon v
Paragreph 4-1 to 4=7

DISASSEMBLY

two 5/16 puts and washers from the lower end
of the multiple shield supporting leg and then
remove the entire bracket from the engine,

4-5 DISTRIBUTOR CAP AND SPARK PLUG WIHE REMOVAL,
These units may be removed as an assembly without
taking the wires out of the distributor cap.
Unscrew the elbow comnectors from all the spark
plugs, Release all the ignition wire clemps .
Remove the distributor caps as follows, Unscrew
the four high hex hd cap screws that project

Engine Shipping Case

down from the base of the dlstributor,. Do
not disturb the two fillister head screws
that are conspicuous 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 manlfold. Remove

the fuel line connections from the: ¢arburetors

and the priming pump connection to the; manifold. .
Remove the distributor and multiple .shield-
ventilating pipes from the intake manifold, as .~
well as the vacuum gage connection, Remove- -
the orankcase ventilating pipes from the ailr -
filter shrouds, Remove the throttle control

linkage from the front end of the throttle

control shaft. Now remove 24 - 7/16 in. cap

screws from the top of the intake manifold.

S1ide the intake manifold and carburetor assembly
off the engine until 1t can be 1ifted straight

up. Be careful so as not to damage.any sSpark

plugs, wires, pipes or controls. It is beat 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 éover rroin Erigine's.hippiﬁg.Cu

that hold the camshaft sprocket in place. With end of cylinder head, Remove oil supply pipes

Remove water

a soft brass drift carefully knock the camshaft
sprocketa from the driving taper, Now remove 14
. 3/2 in, hex nuts from the cylinder head, Also
remove two 1/2 in, hex muts from the rear of the

from rear of cylinder head.
connection to the oil cooler body. With a yope
sling under the rocker arm shaft carefully 1lift
the cylinder heads from the engine and set them

aside. ¥Yow fit spacers in place on the center
cylinder head studs with nut to retaln the
c¢ylinder blocks when the engine is turned over,

_eylinder head, Remove oil drain pipe from front

SN 1 S ¢ AL ez s - "
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CAUTION

BREE AL TR )

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

Rt ok

]

!

)
L .

BRI

2]

Pigure 4-4, Removing Camshaft Sprocket
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_be returned to their proper places,
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Flgure 4-5.

4-8 Place support under camshaft sprocke{:s as
shown in figure 4-7.

4-9 OENERATOR REMOVAL, Carefully tag and mark
all wire comnsctions to the gensrator ao they can
Remove the
shlelding connectlions and wires. Loosen the two
/8 in, clamp bolts on the generator mounting
bracket and swing the generator arcund to loosen
up the two V-belts, Now remove the four 3/8 in,

cap screws from the generator mounting bracket
and after removing the V-belts from the generator
pulley, lift the generator from the engine.

‘ Section IV
Paragraph 4-8 to 4-ll

4-7, Cylinder Block Spac
Camshaft Sprocket Supports . -

4-10 GENERATOR AND IDLER SUPPORT. RING REHOVAL..
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 a1l the clutch plates will be locked
together. This makes reassemble to the engline
easler., See that the engine 1s rotated so that
the three lsvers are in the position shown,
Remove oil pressure pipe to rear thrust bearing.
Remove arny remote control linkage attac ]
short reverse gear lever, Remove:Jn
anchor strap "16", Remove lock wi :
serews "17" from anchor strap. 17 3

"1g" out of the assembly. Remove eight™1/2 .in,
cap screws from the. ‘outside flange of "the
reverse gear housing.-* Also remove Ewa.cap
screws from the inside rear wall of the reyverae
gesr housing, Remove seven 7/16 in, cap Scrq
from the rear flange of the thruat. baf
container. Now carefully 1lift the reveras.i

nousing from the engine. Be sure thh.\i%\‘.‘\&‘ I,
ALY BYY

to. _the
" .
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Top View of Reverse Gear

Figure 4<8.
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Sectional View of Reverse Gear

Figure 4-9,
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Operating Lever in

;

Various Posltiona

7

Reverse Gear

Fi))gure 4-11,"

End and Top View of Reverse Gear
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Section IV
Paragraph 4-12 to 4-14

‘ ‘fastenings have been removed as mentloned above.
"" The gaskets may stick together so some force may

< -7 . be required to break the housing loose. Be
: careful in prying that nons of the gasket flanges
©o is demaged, Loosen lock nut "1g" while still in
-fhe engine, Replace mt "14" and tighten so the
__+:-peverse band grips the drum "4"., Now place a
“ﬁ;\x‘%}a}qdk or sling under the bralke toggle adjusting

- '8t0d as shown in figure 4-12 and take a light
v strain on the hoist, Reach in under the reverse
”":f - gear shaft and pull the lock wires from the four
7/16 in, studs, Remove the four nuts, The whole
reverse gear assembly 1s now free to be moved

out of the clutch driving drum. Adjust the holst
S0 the reverse gear assembly can be moved back
. and lifted clear of the engins, Set the assembly
aside on a clean work surface, Refer to para-
graph 4-56 for disassembly of the reverse gear.

back, The toothed clutch driving discs will come -

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

o N inr

4-12 THROWOUT CAM PLATE REMOVAL. Remove elight
3/8 in, hex mts from the front of the engins and
then remove the hand starting lever hole plug and
the hand starting lever throwout cam,

4-13 OIL PIPE REMOVAL, Remove the oll circu-
lation pipes that connect the oil pump to the
lower crankcase., One pipe is on elther slde of
the engine, Lift the oll level gage and hand
scavenge pump from the flywheel housing and set
the gage aside,

4-14 UPPER CRANKCASE REMOVAL, Remove 20 - 1/2
in, nuts and washers from the upper crankcase
flange. Remove six 1/2 in. cap screws from the
upper crankcase flange. Ths upper crankcase 1s
now free from the lower crankcase and may be
1ifted. Place sultable sling in the lifting "OU"
bolts provided in the upper crankcase between

4§
B
‘."."’"J Pigure 4-13. Lower Fastenings of Reverse Gear
(R S Thrust Bearing Contalner
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the oylinder blocks and 1ift the upper crankcase
and place it on a clean work surface or on a roll
over fixture., Both the upper crankcase and lower
erankcase must be marked so they can be re~
assembled properly to assure aligrment of the
dowel holes.

4-16 TURN ENGINE UPSIDE DOWN, At this point
in the disassembly operation 1t 1s nocessary to
turn the engine over so the crankshaft 1is 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 engine is turned over.
Refer to figure 4-7.

This may be done with a block and tackle and
the engilne 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 availsble the engine 1a readlly
_turned over, If the engine is turned over
with a block and tackle be 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, es noted above, turn the
e¢rankshaft until the number omne crank is in a
convenient position such as at the bottom of

its stroke.,

Section IV
Paragraph 4-15 to 4-16

NOTE

Before rotating the engine crankshaft be’
sure the cemshaft sprockets are both sup-
orted as shown in figure 4-7 so as not to
ind and break the chains,

Pull all the cotter pins from the ¢ 0
rod bolts, Loosen and remove the m m
one blade connecting rod at & time., T :
necting rod bolts are a snug fit in the¥oap "™
so the cap cannot be merely lifted off. It*is
necessary to force the, rod loose from the caep.
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 plston pin bosses of the
connecting rod, never against the piston.

A typlcal tool is fllustrated in figure 4-186.
After the connecting rod cap has been pulled
off the bolts place & protecting tube over the
bolt threads. This 1s most importaent so the -~
threads do not scratch the yoke rod bearing
shells as the blade rod 1s pushed out of the
engine, Now push the blade rod and its plston
out of the engine, Be careful not to mar,’ {
scratch or otherwise damage the cylinder bore.--.
It is necessary to catch the pilston so it does
not drop to the floor and get damaged. As scon
as the piston and comnecting rod are out. of the
engine replace the cap and shell to the rod ”
along with its nuts. This 1is important .80 the "\-E,?j
parts will not become mixed as .they must b'};’}y
returned to their proper place on reassembly; I
Do not pull down tight as this only causes -
difficulty in removal, Now proceed to remove ’

A
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: F B 2-5 b
"Figure 4-15. Driving Piston and Commecting
Rod Assembly from Connecting Rod Cap

the yoked rod in the same manner being carsful
not to damage the caps, shells, rods or pistons,
Continue this work until all the coanecting
rods and pistons are out of the engine, It 1s
a good idea to mark the rods with a solvent
proof tag to show the engine number from which
they were removed,

i‘igu.re 4-]'.6.' 7Typica]‘. Tool for Di'iving
Connecting Rod Assembly from Connecting
Rod Cap

4-17 GCRANKSHAFT REMOVAL, With the engins atlill
in the upside down position, cut the lock wires
from all the main bearing nuts and remove the
14 hex nuts. With a light bar under each end
of the mein bearing cap,carefully 1ift the cap
from the engine. All the caps are marked on the
alde to agree with the mumber stamped on the maln
bearing web, They are also stamped with & common
identifying number to agree with a number stamped
on the top of the upper crankcase near the oil
pressure regulating valve pad. Remove the gear
carrier oll tray, Place protecting tubing over
the four main bearing studs at the extreme ends

.. of the crankcase as shown, This 1s most im-

portant to avoid damaging the finely finished
main journals as the crankshaft is lifted from

22
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the upper crankcase, Place a rope sling around
the center cranks and with a hoist carefully 1lift
the shaft from the crankcase. It is necessary to
place the lifting device in such a way that the
crankshaft is balanced fore and aft, If the
shaft 18 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 1t can be reassembled to
the proper engine. The finely finished journals
should all be wrapped with cloth or heavy paper

Figure 4-17. Typlical Protectors on
Blade Comnecting Rod Bolts

to protect them against damage while the crank-
shaft 1s out of the engine.

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

Figure 4-18, Typlcal Protectors on
Yoke Connecting Rod Bolts
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Figure 4-20. Lifting Crankshaft from Engine

Section IV
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Section IV

water and oll connections to the oll cooler are
unfasfghed. Now remove the nut and spacer
previously 1nstalled on top of the cylinder
block to keep it 1n place. Slide the cylinder
block off its studs onto a suitable support,

If the above procedure is impractical for one

g
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Vﬁibék from ﬁpber Créxkcasé

reason or another then the block may be 1ifted
from the engine by hoisting it temporarily
until a rope sling can be passed complstely
around 1t, In lifting the cylinder block from
the studs It 1s necessary to teeter it from
end to end to prevent lts binding on the long
studs,
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4-19 STARTER REMOVAL, Remove eight 5/16 1in,
hex nuss 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. Four of these cap screws
ave on the outside and four are on the inside
of the fiywheel housing, Lift the housing from
the englne 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 be pulled stralght back away from
the sprocket housing, It may be necessary to
break the body loose from the gasket, This
shouid be done carefully so as not to damege
either the pump or its mounting face.

‘Figure 4-23, Removing Distributor

4-22 REVERSE GEAR UPFER HOUSING ADAPTZR REMOVAL,
Remove seven 1/2 in. hex nuts and lock washers
from the vertical flange face and pull the
reverse gear upper housing adepter from the
eagine. .

4-23 OIL FILTER REMOVAL, Remove the oll
circulation pipes from the filter. Remove four
3/6 in. hex nuts and washers from the oll filter
base and pull the oll filter assembly from
the englne,

4-24 BILGE PUMP REMOVAL, The bilge pump 1is
removed by first removing the inlet and outlet

flange connectlons, 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
rmounting flenge so an oil leak will develop.

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

Section IV.
Paragraph 4-19 to 4-29

hold the timing chain away from the ldler
sprocket so the chaln 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 sach end of the dis-
tributor hold down plate and then pull the
distributor from its drive housing.

4-27 DISTRIBUTOR DRIVE BOUSING REMOVAL. The
first step in this procedure is to remove the
distributor as explainsd in paragraph 4-26.
Then loosen and remove two 3/8 in, cap screws
that hold the flexible coupling to the drive
flange on the distributor drive shaft, Now
remove the four nuts and washers that fasten
the distributor drive housing to the upper
erankecase and 1lift the housing off the studs
at the same time flexing the two flexlble
couplings. With a screw driver carefully pry

the flexible coupling spools from the drive dog.

po Sibapatty

Pigure 4-24.

s - EEE PSSP

Removing Flexible Coupling

4-28 OIL COOLER REMOVAL, Remove 16 - 3/8 in.

hex nuts and copper ‘washers, Remove the oll
cooler assembly as @ unit from the englne., Pe
careful not to damage the studs or mounting

flanges. Iy
TN
4-29 WATER PUMP REMOVAL, Remove two of .the

3/8 in. bolts from the flexible coupling and
pry the spools locse from the water pump driving
dog similar to the idea shown in figure 4¢-24,
Remove the water connections,Trom the water
pump. Next remove the four 3/8 in, cap screws
from the water pump base wha¥e it fastens onto
the upper crankcase, One of 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
tne water pump straight forward. It is not
necessary to remove the bearing retainer plate
from the side of the sprocket housing in order
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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 thet pass thru a
common side bar, Then carefully push the chain
pins out of the chain, 8See that the camshaft
sprocket 1s supported securely in the bracket
shown and 1ift the parted chain from the spracket.
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.

S

Figuré 4-2; Removing Acééﬁsory Drive Chain

4-31 GEAR CARRIER REMOVAL., Carefully note the
position of the gear carrier housing on the upper
orankcase, Punch mark the gear carrier housing
and crankcase s¢ they can be reassembled exactly
as they came apart, The same side of the gear

" carrier hous ing mist be in contact with the upper

crankcase as 1t was origlnally assembled,
otherwise the rotation of the accessories will be
wrong. Remove the lock wires from the four gear
Garrfer studs and then remove the four 5/8 in.

.hex nuts, Carefully lift the gear carrier

housing from the upper crankcase., The gear
carrier housing is located by dowels in the upper
crankcase 80 do not cock the housing so these
dowels are damaged. It is wise to mark the gear
carrier assembly with the engine serial number
30 1t 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 1t aside for complete disassembly as dis-
cusssed later,

4-33 MAJOR ASSEMBLIES, After all the fore
mentioned items have been removed, the engline
1s separated in a number of major assemblles,
These, in turn, are now further taken apart
into their component parts as described below,

Figure 4-6. Gear Carrier

4-34 CRANKSHAFT DISASSEMBLY, Carefully tag
and mark, with duravle 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 removs
the crankshaft counterweights unless necessery
for regrinding the crankshaft or replacement
of the counterweights, The running balance of
the engine 1s dependent on the matched counter=-
weights, If they are disturbed 1t 1s necessary
to rebalance the crankshaft, Push the crank
pin hole seals out of the crankshaft. This
must be done with a typical tool as shown in
figure 4-27, It is necessary to push the seala

Figure 4-27. Typlcal Drift used to
Remove Crankshaft Pin Seals

3
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out of number three and four throws as shown
otherwise they will not clear the adjacent crank
webs, Normally 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
rneceasary 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°F) before
attempting to remove it, The lockwasher and
mut may be removed from the flange after it 1a
taken from the crankshaft assembly.

ikl

-28, Pulling Shai‘t rom 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 from the gear carrier. Cut the lock wire
from the two 7/16 in. cap screws and remove the
screws from the amssembly, 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 1t from falling out,
After the shaft is removed then 1ift the gear
and sprocket from _the gear carrler housing,
Remove both gears 4n 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
essembly, This is done by using a slender drift
esgainst the bearing, Place the gear end of the
undt on a couple of one ‘in, 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 lightly and work all around the
bearing while knocking it out to keep it from
binding in the bore, Be sure the spacers are
far enough apart so the bearing 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
11kely dsmage the anti-friction bearings beyond
further use. Be careful so as not to mar the

Section IV
Paragraph 4-35 to 4-38

counterbore in the accessory drive gear and
gsprocket.,

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.

Sh
Reta
4-37 CYLINDER BLOCK DISASSEMBLY. The cylinder
block has been intentionally kept simple to =
make it easy to change, No special lnatruction
of any sort are necessary for its dlsassembly.

4-38 PISTON AND CONNECTING ROD DISASSEMBLY.
The first step in disassembly is to 1ift the

.platon pin retainers from the piston, . Place

the piston on a clean surface and with a couple
of screw drivers 1ift 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 and: -
connecting rod carefully as they are mosd S
importent parts of the engine and must not be <~

damaged by careless handling. b (‘J:%":
T

Figure 4-30, Piston and Connecting Rod
Assemblies in'a Protective Box
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4-39 CONNECT.LNG ROD DISASSEMBLY, Remove the
nuts from the conmseting rod cap, Pull the cep
from the rod as well as the bearing shells, The
caps and bearing shells must be placed in racks
80 they can be kept in order and protected until
such time as they can be reassembled to the
engine, Press the plston pin bushing from all
the connecting rods.

4-40 PISTON DISASSEMBLY, In an overhaul, such
as outlined in this handbook, the pistons and
plston rings are always discarded so there 1is
no purpose served In disassembling them.

e a0 A g &

4-4]1 SPROCKET HOUSING AND GENERATOR DRIVE
DISASSEMBLY,

4-42 GENERATOR DRIVE DISASSEMBLY, After the
gonerator 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 3/8 in,
cap screws and lockwashers from both the gener-
ator belt guard and tachometer adapter plate
assembly and the engins. Remove the two V-belts,
Now remove eight 1/4 in. cap screws fror 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 then unscrew
the 3/4 in. nut. Remove the generator drive
pulley. Now remove four 3/8 iIn, nuts and
lockwashers from the generator drive shaft
bearing retainer and pull the retainer from the
engine, Out the lockwire and remove four 3/8
in, cap socrews from the generator drive shaft
flange and pull the shaft free, The generator
and idler sprocket support clamp ring assembly
nuts and washers are then removed from the
assembly,’ " '

’ \ " .
4-43.-SPROCKET HOUSING DISASSEMBLY, Remove the
cotter pins and hex nuts from the bilge pump
and generator drive sprocket shafta, Pull the
drive sprockets from the shafts, Press the
bilge pump and generator drive aprocket shafts
from the sprocket housing, Carefully support
the housing directly bensath 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
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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 mut
and unsorew the nut with a spanner wrenoh.
Press the ldler sprocket assembly from the
shaft, Knock the anti-friction bearings out
of the idler sprocket. The bearings are held
in place by retalner rings so the interior
spacer must be pushed aside end a soft brass
drift used to knock the bearings out by worlking
thru the center hole of the bearing bore. Press
the shaft from the idler aprocket support.

Figure 4-32,., Removing Ball Bearings

4-45 CYLINDER HEAD ARD MANIFOLD DISASSEMBLY,
Remove all the 7/16 in, hex nuts and washers
from the intake manifold elbows and remove the
elbows from the cylinder head, Then remove
all the 7/16 in, hex nuts and washeras 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 unsupported
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 side then
bottom side to carefully work the manifold loose.
Scme of the brass dowels may be left sticking in
the cylinder head, These must be removed by
twisting with pliers, This will probably demage
themt beyond repair.

4-46 CYLINDER HEAD DISASSEMBLY, Remove 14 - 1/2
in., nuts and washers that hold the rockerarm
shaft caps in place., Now 1lift the rockerarm
shaft assemblies, one at a time, from the
engine, Slide the rockerarms and spacing
springs off one end of the rockerarm shaft.
Row place an auxiliary bar 1-1/8 in, in diameter
in the rockerarm shaft bracketa and secure in

3
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several placea with caps and nuts. Install s
valve support plece in-the combustion chambers
to hold the valves closed.

- NOTE

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

If a valve support plece is mot available a 5/8
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

Section IV

special tool 309526 depress the valve collar and
remove the valve keys. A small screw driver is-
handy in this operation, After all the valve
keys are removed 1lift all the collars out
as well as the valve springs. Remove the
auxillary 1-1/8 in, dia bar and then 1lift
all the camshaft brackets from ths cylinder head, -
Now 1ift the cemshaft from the angine and
carefully tag it with the engine model and
serial mumber as well as to whether it was taken

=t

Figure 4-35, Removing Valve Springs
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from the right hand head or the left hand head. .

Pull the small oil supply pipe from the:cyElndéi *=

head being careful not to bend it. Turn the
cylinder head over and remove the valvé suppbit
piece, Lift all the valves from the ‘head
Remove the 1 in, square head pipe plug fro i th
front of the cylinder head, Remove the rocker-
arm cover base. Remove all dowels fromr the
exhaust alde of the cylinder head. Drive:all
the valve guides out of the head :from the;;‘ -
combustion chamber end as shown in rigur'e =45,

. "'
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.Use & bress or plastic hammer and gently hit
~the pump all around the body., Do not use a steel

hammer or the aluminum housing may be damaged.

Undeér no circumstances must a wedge be driven

into the joint of the pump as this will damage
it and result in an oil leak, Alaso separate
‘ the pump diaphram from the body by carefully

. striking its edge., Do not mar the ground face,

.!Z.".-”. .

The oll pump gears may now be lifted out. Preas

-~
b

4-47 LOWER CRANKCASE DISASSEMBLY, Remove thé
lower cover plate from the front end of- the
01l sump., Remove a&ll pipe pluga.

4-48 OIL FILTER DISASSEMBLY, Remove two 1/2
in, cap serews from the top of the oll filter
bracket and then remove the two oll filter
shells and elements., Discard the oil filter
elements. Remove all pipe plugs and tubing .
fittings from the assembly. Pull the by-pass.

valve ahd’valve spring from the back of the . .

bracket, s With a wide blade screw driver réach”
thru the“bottom hole in the filter bracket
and unscrew the oil pressure relief valve plug.
Pull the velve and spring from the bracket.

4-49 OIL PUMP DISASSEMBLY, Pull the o:ll pump
drive shaft from the pump. This should slide

Figure 4-36, 'Cylinder Head Section’

the idler shaft from the oil pump scavenge body.

;- Pull the roller bearing cup from the oll pump

pressure body with a typlcal tool such as
1llustrated.

4-50 WATER PUMP DISASSEMBLY, Clamp the splined
end of the pump drive shaft in a soft Jawed vise.

If a soft jJawed vise is not available an ac-

r.co8s0ory drive sprocket may be placed over the

a

splined shaft so 1t can be held from rotating

.while the 5/8 in. nmut is removed from the end

out emsily, Remove three 3/8 in, hex nuts.#nd . -

washers from the rear face of the pump. :(Now
carefully knock the pump apart at the:center.’

30

of the drive shaft. Pull the flexibls coupling
flange from the pump drive shaft, If 1t is
mnecsasary to use a gear puller it must be hooked
behind the ears of the coupling flange. Remove
the key from the pump shaft. Remove aix 5/16
in, mats from the water pump pllot gear cover and

loosen the cover by tapping it lightly with a

rawhide hammer. Remove the pllot gear cover

" from the pump and wash all the oil off the pilot

gears with solvent. Pull the pllot drive gear

-3
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Figure 4-37. Removing Slotted Flug fram
011 Filter Base

Pigure 4-38. Typical Tool used to Pull
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 18 ‘hardened and may be split with a
chisel if necessary to remove it, Support the
shaft,before striking the sleeve, Again hold
the pump drive shaft from rotating and remove
the 1/2 in, hex nut from the water pump driven
shaft, Use a 2 in, long plece of mild steel
3/4 in, wide x 3/8 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
174 - 28 cap screws to the steel plece 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 locks from the packing
nuts both ends of the pump. Back off all

Figure :1-397.. Rémoving But fr
Pump Drive Shaft -

S

Plgure 4-40. Pulling Coupling
Flange from Pump Shaft

packing muts, They are all right band threads.
Now remove six 5/16 in, hex mits from the water
pump cover and carefully remove the cover from
the pump. Use no wedge or screw driver to open
up the gasket foint es this will spoll the gasket
faces and thus cause the joint to leak on
reassembly. Pull both the water pump drive

31




Section IV
Paragraph 4-51 to 4«55

and driven shafta from the pump body. The
gears mey now be pressed off the shafts 1f 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 scme case it may be best to drill two amall
holes in the ring ends and then use a typlcal
tcol 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 circumference to aveid binding
in the bore, Now pull the oll retainer from
the water pump body.

AR Ve
Figure 4-41, Removing Water
Pilot Driven Gear

4-51 DISTRIBUTOR DRIVE HOUSING DISASSEMBLY,
Remove two 3/8 in, hex mts from the distributor
drive housing cover. Pull the cover from the
assembly and then withdraw the distributor drive
shaft assembly, Clamp the distributor drive
goar 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 oll retainsr
from the distributor drive housing cover.

Pump

4-52 INTAKE MANIFOLD DISASSEMBLY, Remove the
throttle control shaft from the carburetor
extension pleces., 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. BRemove both end
covers from the manifold.

4-53 EXHAUST MANIFOLD DISASSEMBLY, Remove the
bands from the two expansion joints énd pull the
rubber rings from the joint, Examine the flange
faces and remove any hollow brass dowels that
may have s;t_uplg to the manifold,

4-54 OIL CQOLER DISASSEMBLY. Remove the hex
nuts from the oil coocler 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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L3

Figure 4-42. Removing Ball Bearing
Retainer Ring with a Screw Driver

joint from side to side with a soft nosed
hemmer 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 1/4 in,
cap sorews and five 1/4 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

) -‘M’.,:_,‘gk Yy o 3 3 R
Flgure 4-43. Removing Ball Bearing
Retainer Ring with Typical Pllers

. |
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idler gear shaft, This will permit the starter
drive housing to be removed from the starting
motor. On the Bendix drive there are six coll
preasure springs arranged parallel to the shaft.
Botween a couple of thege springs there is a
slotted head acrew of 3/8 in, diemeter, With
a screw driver, slide the lock wire out of the
scrow head and remove this screw, This will
permit the Bend x drive shaft and starter
driven gear to L. separated from the starter
drive housing, Fress the gear from the shaft,
Press the idler gear shaft from the starter
drive housing., Press the needle bearings
from the 1ldler gear and from the starter drive
housing. Press the bushing from the starter
drive housing.

Pigure 4-45, Removing Reverse Gear
Thrust Besaring Container

Section IV
Paragraph 4-56

5 AR LTI e:fw' LT 'f‘t.:;u. ::
Figure 4-46,., Removing Reverse Gear
Shaft Lock Ring

4-56 REVERSE GEAR DISASSEMBLY, T

a., The reverse gear shaft is rémoved from the
assembly by unscrewing reverse gear bevel driven
gear lock nut "19" and then opeping reverse
gear bevel driven gear lock ring thus releasing
the reverse gear shaft so it can be pulled from
the assembly. The reverse gear thrusi bearing
retainsr assembly will come out along with the
sharft. Refer to figures 4-8 and 4-8. The
reverse gear thrust bearing container is removed
from the thrust bearing by removing six 5/8 in.
cap screws from the reverse gear.thrust bearing
container. Now if the assembly 1s raised up and
dropped on the end of the reverse gear shaft the
container will slide off the »gsarings es it is
not very tight on the outsidé’diameter of the
ball thrust bearings, Drop the shaft onto a
wooden block never on a concrete fleor or other
hard surface, Release the lock washer from the
ball bearing lock rnuts and unscrew them from the
reverse gear shaft with a spanner wrench. Preass

\
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the ball thrust bearings from the shaft. The
retalner assembly must be pushed back against
the propeller flange so that baras can be fitted
each side of the shaft to bear agalnst the thrust
bearing immer race, After the ball bearings are
removed the retainer assembly will slide off the
shaft.,

b, FPFor disassembly of the remalnder of the
reverse gear refer to applicable Alr Force and
Navy handbooks,

4-57 CARBURETOR DISASSEMBLY, Refer to War
Department Technical Manual TH9-1826C Ordnance
Maintenance Carburetors (Zenith).

34
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4-58 ACCESSORY DISASSEMBLY, The detalls for
disassembly of the following enumerated ac=-
cessories refer to applicable Alr Force and
Navy hendbooks,

a. Ignition Timing Dlstributor
‘b, Generator

¢. Apparatus Box

d. Radio Shielding

e, Starting Motor

f. Bendix Drive (Starter)

g. Fuel Pump (Mechanical)

. Fuel Pump (Electrical)
§. Tachometer Sending Unit

R |
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Paragraph 5-1 to 85-11

CLEANING

6-1 GENERAL, After all the engine parts have
besn disassembled as described in section IV
they must be preparsd for degreasing and clean-
ing. :

6-~2 GASKET FACES, All gasket faces must be
scraped to clear them of gasket cement and old
gasket materiasl, Do not scrape in such a
manner as to cut any metal from these facesa.
A fins wire brush may be used around the atuds
to clean up the gasket face,

5-3 IDERTIFYING MARKS, See that all tags and
other identifying marks are secure and are of
such a nature that they will not be destroyed
by the cleaning solution,

6-4 OIL PASSAGES, Remove plugs from all oil
and water passages so they may be cleaned and
blown out with cleaning solutlon.

5-5 ELECTRICAL BQUIPMENT, Be careful in
cleaning electrical parts 3¢ as to avold destroy-
ing the insulation. Follow the appropriate
instruction publication for cleaning the variocus
accessoxies,

5«56 ARRANGEMENT OF PARTS, Lay all the parts
out so that all surfaces can be reached with
the clesning solution. Finely finished parts
must not be stacked in such a way that any of
the finishsed surfaces will be damaged. Stacking
of any sort should be avolded otherwise dirt
and grit from the top parts will run down
onto the lower parts. Allow sufficient space
between parts so they can be turned over durling
the cleaning operation without strilking adjacent
parts. Do mot subject rubber parts to prolonged
immersion in cleaning solutions., This pertains
to the flexible couplings that drive the water
punp 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 accomplished by spraying
the parts with a petroleum solvent such as
kerosene, cleaner's naphtha or a white furnace
oi{l, Gasoline containing tetraethyl lead should
never be used,

CAUTION

When using eny inflammable cleaning
solution take all possible precautions
againat explosion 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 appreclable quanti-
ties of the vapor or solution to collect in
open containera.

It is advisable to use a bigh grade white furnace
oll of 38 to 40 specific gravity. The parts may
be immersed in the oil or be aprayed in a
protected hood with the oil and clean dry
compressed 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 thorough cleaning is
desired, the vapor condensate method is pre-
ferred, Equipment for this procedure consists
of a closed vessel containing the asolvent with
heating coils in the bottom, & space directly
gbove this for suspending the parts being
cleaned In the vapor and condensing equipment
for reliquefying the solvent. Because of the
fire hazard involved in this process, non-
inflammable solvents containing chlorine are
frequently used, Trichlorethylene is a wholly
satisfactory solvent to use, Care should be
observed that corrosion does not ococur, due
to the action of theae solvents particularly
when contaminated with water, Carbon tetr-
chloride is particularly unsuitable dus to this
possaibility, In all cases where a chlorinated

* golvent is used it should be checked frequently

for presence of free acid, If acid 1s 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 engins being thoroughly c¢leaned
and blown out with compressed alr., Particular
attention should be pald to ‘the olil passages
of the crankshaft, crankcase, reverse gear, and
cil manifold., A sufficlent number of oll
passage plugs should be removed to facllltate
the cleaning and inspection of the oll passages.
Then the degreasing fluid should be forced,
under pressure, through each of the passages,
and the system blown out with compressed alr,
The crankshaft 18 to be cleaned prior to inspec~
tion and again after, wiping cranishaft dry with
clean lintless cloth just before installing
into crankcase. The inside of the cylinder
head should be thoroughly cleaned to remove
the carbon and permit thorough 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 1s particular, painstaking
work, and should be done with thoroughness
and caution., The bearings should be washed
and blown ocut with compressed air, While doing
this, hold both races to prevent turning of the
bearins.

CAUTION

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

The cleaning of the bearing should be continued
until bearing runs smoothly when well olled.
A dry bearing will often appear loose and
defective, When 1t has been cleansd, it should
be olled, wrapped in wax paper, and put in a
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‘Sox to prevent entry of dirt, A clean bearing

should never be exposed on the work bench.

5-12 OIL PIFES, All oil pipes must be thorough-
ly washed and blown out before inspection.

5=-13 CLEANING OIL COOLER CORE. The oll cooler
core passages must be cleaned by blowing high
pressure air thru each individual tubs. 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 i1t will do the job., It alds in the
c¢leaning operation Lf the core is soaked in
solvent for some time prior to cleaning it.
The outside of the core 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 aclid,
flush thoroughly with a 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 scraping which will result in cloasing
certain tubes or removing the protective tin
coating.
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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,
i1t may be necessary to replace them.-

5~15 DRYING, Regardless of what cleaning
procedure 1s used, all parts should be thoroughly
dried eithsr by clean, dry ccmpressed air or by
careful wiping with clean dry lintless cloths,
They should be kept at temperatures above the
dew point of the atmosphere  until) protected
with a8 rust preservative, They should not be
touched by the hands after cleaning but should
be handled with tongs or gloves since rusting
iz liable to occur even after coating with
rust preventive material at spota where finger
prints of perspiration are left,’

5-16 RUST PREVENTION, Any effective cleaning

. process will leave the bare metal exposed to

oxidation and protective steps must be ‘taken
immediately after cleaning in order to prevent
rust formation 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 52C17 dated October 15, 1945,

-1
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Paragraph 6-1 to 6-6

INSPECTION

6-1 DEFINITIONS, Various types of fallures
will be mentioned in this secticn. So that there
will be no misunderstanding, the more common
types of surface fallures are described and
11lustrated. These are all in accordance with a
standard "AGMA 110.01" established by the
American Gear Mamufacturers Assoclation. The
Allustrations show gear tooth surfaces, but
whether the fallure occurs in a tooth surface or
a shaft journal the general characteriatics 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 1s reached
after which wear practically ceases.

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

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 wearlng
surface. Abrasion appears as fine scratch
marks parallel to the direction of rubblng.

Figure 6-2. Initial Pitting

6~-3 INTTIAL PITTING. This term applies to the
formation of small pita in the tooth surfaces

@s large as the head of a pin or smaller,
usually starting in the vicinity of the pitch
line, and frequently occurring during the
inltiel period of gear operation, Pitting
should not be considered as detrimental, unless
i1t advances beyond the initial stage. If plts
occur gradually, and do not increase rapidly,
they indicate a temporary condition and may
disappear entirely in the course of normal
wear,

Figure 6~4, Abrasion

This type of fallure is encountered in gear
teeth, bearing shells and camshaft beerings.

6-6 SCORING, This condition results from
excessive loadlng or inadequate lubrication.
Scoring may occur in parts which are properly
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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8 general disintegration of the surfaces, if
abnormal conditions of operation are continued.
Scoring in its initial stages may sometimes be
eliminated by applying more effective lubri-
cation,

6-7 GALLING., 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 selzing
and welding.

6-8 BURNING. This condition is indicated by
discoloration of the type assoclated with high
temperatures, Such discoloration indicatea
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.

6-9 ROLLING AND PEENING, These terms refer to
plastic flow of the mating surface or surfaces,
which may ocecur when the materlal 1s ductile in
compression, Scoring may not be present., One
effect of rolling 1s 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 contimwus loading.
Peening where the load is intermittent resulting
'tia? a Rlastic flow of the material due to "hammer
ows" ,

6-10 CRACKING AND CHECKING, Cracking refers to
the oscurrence of single or scattered cracks in
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the tooth surface which do not necessarily
result in fallure. Checking refers to the
formation of mmerous 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
inspection,

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 when 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 GENBERAL, This section shall outline all
inspection procedures that are pecullar to this
engine. The methods of inspection shail be de-.
seribed 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
conditiors ami past performance of similar units,
when rendering decisions as to the further
usability of parts, No instructions could
posaibly cover all conditions that may be found
in engines disassembled or overhauled, The
section of the bullding devoted to inspection
should have the best possible illumination,
Sufficlent space should be 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 1t is often
possible to determine at once the cause of
abnormal wear, as well as to compare bthe con-
dition of the englne as a whole with other
engines, Unacceptable parts must be conspicu-
ously marked and the detalls listed,

Figur 6-0. pping

6=14 INSPECTION TOOLS, It is assumed that the
inspector will be skilled in the use of mi-
crometera, feelers, diel indicator gages, plug
gages and other measuring devices generally
used to determine dimensions, fits and clear-
ences, and no detailed instruction for their
use will be given here, Where unusual appli-
cation of standard measuring devices 13 required
i1t will be described and illustrated,

6-15 INSPECTION PROCEDURE, The initial step
in the inspection process 1a to see that the
parta are thoroughly clean sco that no grease,
o1l or rust preventive compound hides a defect
or interferes with the inspection process. Rust
preventive coating must be reapplied at the
completion of the inspsction, 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 1t. All the
remalining parts should be given a physical
check which includes determining dimensions,
ciearances and checking them against the stand-
ards given in the Table of Limlts, figure 12-1.
Also, parts should be given a close visual
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inspection for cracks, scratches, scoring or

other signs of non-standard condition., Certain
engine parts should, in addition, be sub jected
to magnetic inspection for detection of fatigue
crack which cannot be seen in the usual course
of inspection., Inspection details for each
subassembly and its component parts are glven
under the appropriate heading., A number of
inspection methods or procedures are common to
a nmumber of similar parts used throughout the
engine, In order not to complicate the detalled
inspection instructions, these inspection
operations will be coverad in the adjacent
paragraphs and will not be repeated., These
operations should be performed mhere indicated in
conjunction with the other detalled inspection,
whether or not they are specifically mentioned.

6-16 GEAR BACK LASH, Back lash of all gears
should be checked against the specificatlion.
The indicator should be located so that the
button will contact the gear tooth, At polnts
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 looaeness,
cross-threading, nicks or other damage to
threads .

)

Figure 6-11, Gouglng

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, Inapect for signs of improper
tooth contact, corrosion, pitting, scoring,
burrs, sharp edges, and excesslive wear,

6-20 PIPES, Inspect pipes for dents, cracks,
corrosion, nicks and condition of flanges, Oll
pipes that fit in a mating bracket, or hole, in
another piece, should be carefully checked for
abrasion that might result in an oil leak.

6-21 BALL AND ROLLER BEARINGS, With those
types of ball and roller bearings which can be
separated they should be carefully inspected for
pitting, acoring, flaking, corrosion and wear,
Bearings which cannot be separated should be
visually inspected so far as possible. Thorough-
1y clean bearings, except sealed types,prior to
inspection as outlinsd in paragraph 5~11. Never
spin an unlubricated bearing by hand or com=-
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preased ailr. Relubricate with light oil and.
try for smoothnsss, 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
1ts mounting. :

6-22 TABLE OF LIMITS. Refér 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 for the proper evaluation
of the inspection data,

6=-23 MAGNETIC INSPECTION., Some of the more
highly stressed parts must be magnetically
inspected in order to detect poasible cracks
that are otherwise difficult to see. This btype
inapection must be done on a device especially
made to do this type of work, It 1s beat done
by an experienced operator. The part in question
13 megnetized in one of two patterns or both as
indicated in figure 6-19, Also the current to be
used 1s specified in this table. The wet method
of inapection 1s 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 iron or ateel ground to a
fineness such that the particles will pass thru
a .0002 in, mesh, The magnetic material 1s
suspended in a fluid such as kerosene 1ln the
ratio of from 0.8 to 1.0 part solids to 100
parts liquid by volume, A red colored solid
15 used as 1t is conspicuous, The inspection
is made by placing the part in question on the
machine and wetting it all over with the inspec-
tion fluid, Employ a rate of fluld flow-such
that the jet can be projected vertically from

Flgure 6-12, Straight Edge on Bottom Surface of Upper
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1-1/2 to 2 inches high. Excessive rates of
flow will destroy feeble indications. After
the part i1s fully wet, turn on the current and
flow the inspection fluid over the entlire 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 arcund the joint between the rod and
cap, If a possible defect 1s found 1in the
body of the part, wipe off the indlcation and
give it a second "shot" to confirm the first

"indication. The seriousness of cracks is

dependent on their location and size, This is
further discussed under each item so inspected.
Parts must be demagnetized after this inspection,
This is done by giving the part successive
Yshots" of diminishing current until the minimam
current is used.

6-24 FPLUORESCENT 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 mamfacture and since platons

are always replaced with new omes in the overhaul
of this engine it 1s not necessary to dwell on
this inspection procesa as 1t is not used in the
overhaul of the engine.

6-25 DETAILED INSPECTION,

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

Crankec asé ‘
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b, Check the bottom and two top faces with
a straight edge to see that there is no dis-
tortion in the upper crankcase, The upper faces
are checked along each edge. Use a 43 in. long
straight edge and place a plece of tissue under
each end (.0015 thick), Now try a .003 in,
thick feeler gage under the atralght edge in
three or four places along the length of the
surface, Check the lower surface in much the
game manner, Refer to items 24, 25 and 26
Table of Limits, figure 12-1, -

c. Cheeck all the main bearing shells for
general condition, Exeamine 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 backlng.
Check shells for "crush", Crush is readlily
checked by installing a perfectly flat plate
in the joint between the upper crankcase and
the main bearing cap with both shells 1in place.
Draw the nuts down to from 10 to 15 1lb 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 otherwlse
acceptable install them in the upper crank-
case paying attention to the mumbers stamped
on the upper case webs, the caps and the shells,
The numbers are to assemble on a common side
of the engins, 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
streas of an assembled engine it 13 necessary to
£1t both eylinder bloocks and spacers on all
atuds. Draw down with hex nuts to the torque
mentioned in figure 12-9, Flace a rigld straight

Figure 6-13, Straight Edge on Top Face of Upper Crankcase

Section VI

edge thru the bores and try a .0015 feeler under
the straight edge at each bearing. See flgure
6-31, Check the dismeter of each maln bearing.
Be careful not to measure at a point of relief
in the shells, If inside micrometers are used
be careful that the soft metal 1n the shell does
not lead to an inaccurate reading. See reference
number 1, figure 12-1., OCheck the length over
the flange of the center maln bearing shella,

Figure 6-14., Checking Crush of
. Main Bearing Shell
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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
gide of the upper crankcase where the oil lines
attach, These brass bushingsmust be tight and
smooth 8o an oll tight contact can be made with
the flared end of the tublng.

£. Check the condltion of ell studa, dowels

and pipe threads,
g, The detalled inspection of the gear
carrier 1s described in paragraph 6-33.
h. See that all drill oil passages are clear,

6-27 CRANKSHAFT AND FLYWHEEL INSPECTION,

a., Support the crankshaft on "V blocks under
each end mein 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, figure 12-1,

b, Check the condition of the crankshaft gear
and reverse gear drive flange. The back lash
of the orankshaft gear is checked after the
crankahaﬁ is set back in the upper crankcase
_n‘d_{.‘m_eshbs with the accessory drive gear,

- R¢s Memsure the diameter of all the main
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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 diemeter 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 1identifying angular positions on the crank-
shaft main journals the following "o'clock"
positions shall be established, by placing
the shaft in a horizontal position with the
number one and silx crank journals at thelir
top most position. Then the top point of each
main journsl shall be considered 12 o'clock and
the bottom point six o'clock as the shaft 1a
viewed from the front or flywheel end, For the
purpose or identifying the angular ?ositiom
of the gcprank journals the following "o'clock"
positions shall be established , by placing the
crankshaft in a horizontal position with the
crank under consideration at lts top most
position. The top point of this crank journal
shall then be considered es 12 o'clock and its
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baly .

FPigure 6-17,

bottom point as six o'clock as the shaft 1s
viewed from the front or flywheel end. When
considering the fillets where the webs Join
the journala the same o'clock positions shall
be used as outlined above for the srank Journals,
The following standards of rejection are to be
used in judging magnetic inspection of the
crankshafts

All circumferential or disgonal indications
are cause for rejection.

All indications in or around oll holes are
cguse for rejection,

All open indications in the main journal over
5/8 in, long are cause for rejectlion,

All open indications in the crank journals over

Magnetic Inspection

“Flgure 6-16, Cheelding Crankshaft for "Runout"

of Crankshaft

3/4 in, long are cause for re jection,

Any open indicatlon longer than 3/8 in. falllng
between 10 and 2 o'clock in the crank journal
£111et or between 4 and 8 o'clock in the adjacent
main journal fillets 1is cause for re jection.
Any open indication in the crank journal fillet
between 2 and 10 otclock or between 8 and 4
o'clock in the adjecent main journal fillet 1s
cause for rejection, :

Any indicatlion that 1s 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 i3 doubt shall
be cause for re jection,
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Magnetic indication, although acceptable, may
require protective measures as mentioned in
paragraph 7-6e.

£, See that all drilled oil passages are
clear of sludge and dirt.

g. All the main and crank journals are to be
lapped as explaired in paragraph’ 7-6f.

h. Inspect 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

ke DEPTH ON THIS SURFACE
MAY BE REMOVE BY
FILING OR_GRINDING

L

FILLET INDICATIONS
HERE ARE NOTJ
ACCEPTABL
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be arranged so as to allow the starter pinion
to engage easily.

j. Examine the crankshaft hand starting
ratchet.

6-28 FLYWHEEL HOUSING INSPECTION,

a. Inspect the flywheel housing for general
condition such as distortion or cracks.

b, Check the internal diameter of the Bendix
drive housing bushing, Refer to item 68, Table
of Limits, figure 12-1.

FILLET INDICATIONS OF 33 OR SMALLER IN
NGTH ARE ACCEPTABLE IF THEY FALL
WITHIN THE 60° LIMITS_SHOWN

OlL_HOLES ARE N P

OPEN INDICATIONS WHICH DO NOT ENTER

CIRCUMFERENTIAL INDICATIONS
ARE NOT ACCEPTABLE

OIL HOLE RADII OR FILLET ARE ACCEPTABLE
-AS_SHOWN EDGES MUST BE BROKEN

Figure 6-~18, Crankshaft Magretic Inspection Diagram

MAGNETIC INSPECTION TAELE

WET METHOD
METHOD OF
MAGNETIZAT ION POINTS OF
PART AND RECOMMEND SPECIAL CONCERN
AMPERAGE

Crankshaft 3000 Amperes length-
wise (End contacts

only).

Connecting rod 1500 Amperes length-
with cap bolted on wise (End contacts)
(blade) inspsct. 1500 Amperes

crosawise (Encircling

coil) Inspect,

Connecting rod 1500 Amperes length-
with caps bolted on wise (End contacts)
{yoke) inspect, 1500 Amperes

crogswise (Encircling

coll) inspect.

Crack in the web between the rear main bearing
and the No. 1 pin, Refer te figure 6-17 and
6=18 and paragraph 6-27e,

Any trensverse cracks refer to figure 6-24 and
6-26 and paragraph 8-~30c,

Watch inside of crotch at junction of yoke to
main body. Refer to figure 6-24 and 6-26 and
paragraph 6-30c,

Flgure 6-19. Magnetic Inspection Table

44

oY e s,

=

3

-3y T3 T3 73

3

3

3

=



HALL-SCOTT DEFENDER
MODEL 2268 3 2269

6-29 CYLINDER BLOCK INSPECTION,

a. Check block for cracks in any of the walls
or flanges. Check for distortion of top and
bottom faces similar to the idea mentioned 1n
paragraph 6-26b, ’

b, Check the dlameter of each cylinder bore
in several placesa in order to determine the
maximum diamster, Refer to item 27, Table of
Limits, figure 12-1.

¢. Inspect cover plate for rust penetration,
Inspect top face around water passage holes for
corroslon., Exsmine flange face of water jacket

opening for corrosion,

d, Inspect all studs and dowels,

e, Bolt on auxiliary cover plates and sub ject
the water jacket spaca to 20 1lb per square in,
water pressure and examine for leaks,

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

" .
% :

Flgure 6-21,

Blade Connecting Rod
Showing Stamped Numbera

6-30 CONNECTIKG ROD INSPECTION,

a. Check general condition of connscting rod
for nicks or dents, Examine the big end and
amall 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 gigns of abrasion, errcsion 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 1s readily checked by
installing a flat plate in the joint between the
connecting rod and cap. Draw the nuts down to
about 10 1b ft torque to seat the shells securely
without crushing them down, Now try a feeler
gege between the test plate and cap. Alsc
between the test plate and connecting rod., If

Section VI
Paragraph 6-29 to 6-30

the shells are otherwise acceptable assemble them
to the connecting rods and caps. Paylng 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 mentionsd in figure 12-9. Check
the diemeter of each large end bearing at-
several points. Be careful not to measure at
a point where there 1is a relief in the shell,
If inside micrometersa 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 compare it with its mating part to determine

it

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, Full 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 typlcal separator as shown, See figure 6-25,
¢, Magnetically inspect the commecting 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 1in the
connecting rod is cause for re jection.
Any indication in the connecting rod that
extends to the edge of the flange 1s cause for
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INDICATIONS OF ANY SORT ON_ANY ANY TRANSVERSE OR DIAGONAL
CAP_NOT ACCEPTABLE . INDICATION NOT ACCEPTABLE
ON_EITHER ROD
I
R
I - \v\ -
___
) . u ZI -
FORKED CON. _ 2 2
ROD & CAPS —l “LESS THAN ¥
: \\'~~‘---_H __________________ / t
sl i ik Y
LONGITUDINAL INDICATIONS CLOSER LONGITUDINAL INDICATIONS LESS
THAN 2 IN. TO BORE AT EITHER THAN % IN. IN LENGTH AND
END OR _TO BASE OF FORK NOT WITHIN THESE LIMITS ARE
ACCEPTABLE ACCEPTABLE
- |~MORE THAN 34 |
e
L 77_ g
/LONGITUDINAL INDICAT-
IONS OVER_J4IN. IN
LENGTH NOT ACCEPT-
e—2— T ACCEPT et 2
BLADE CON. ABLE ON EITHER ROD
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ANY INDICATION THAT IS PERCEPTIBLY ANY INDICATION EXTENDING TO
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ROD ACCEPTABLE ON EITHER ROD

Figure 6-24. Connecting Rod Magnetic Inspection Diagram
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re Jection,

Any longitudinal indication in the connecting
rod that 1s over 3/8 in, in length is cause
for rejectlon.

Any indication in the connecting rod that is
perceptibly open 1is cause for rejection,

Any longitudinal indication in the connecting
rod that is closer than 2 in, to the bore at
elther end is cause for rejectlon,

Any indication of any sort in the caps are
cause for rejectlon,

Any indication about which there is doubt shall
be cause for rejection,

d. The connecting rods are to be lnspected
for aligmment and twlst after installation of
the piston pin bushings as explained in para-
graph 7-9d,

{%. ol RN - EEEF AN = RN T IR
Flgure 6-25, Separating Connscting Rod
from Cap with Typical Tool

6~-31 PISTON AND PISTON RING INSPECTION, The
plstons, piston pins and piston rings are always
replaced with new parts at the overhaul periocd

. 80 no inspection of these parts is required.

6-32 SPROCKET AND SPROCKET HOUSING INSPECTION,

a. Make a general overall visual inspection
watching for cracks or distortion. Lay a
stralght edge acroas machlned 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 plece of
chain, If it binds in the chaln the sprockst is
worn excessively and must be discarded, See
that the toothless idler sprocket 1s 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 GRAR CARRIER INSPECTION,

a, heck the accessory drive gear and sprockst
for wear, It is necessary to assemble the gear
and sprocket into the carrier housing in order
to check 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

Section VI
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igrgckets. See reference number 21, figure

b. Inspect the gear carrier housing to see
that it is not cracked or otherwise damaged.

c. Check the accessory drive gear and sprockst
drive shaft., Also examine the ball bearings. It
i8 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 ruat or dents., Watch for thin walls
and scored camshaft bearings, There are counter-
bored water holes in the exhaust slde face of
the head. See that the shoulder in these water

5 -

- i - 2

Figure 6-26., Magnetic Inspection of
Connecting Rod

holes 13 intact and has not been destroyed by
rust, Examine the area around all watex holes
to make certaln the gasket face has not been
destroyed by rust so that a water leak will be
encountered on reassembly, Check all the exhaust
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 cut a dull hollow sound whereas a
tight seat will give forth a sharp metallic ring
or tone. Seats that are deeply pitted or burnt
must be replaced with new aeats., Refer to
paragraph 7-12 for details on c¢ylinder head
repairs, See that all drllled oll 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 mumbers 37 and 38,
figure 12-1, Examine the condition of the
driving taper on the cemshaft, Inspect the fuel
pump driving dog at the front end of the cam-
shaft, It must be tight in the camshaft, Check
the crush of the bearing shell at the rear of the
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hesd,

¢, Inspect all the camshaft bearing brackets
and caps. See that they are not scored or
otherwise damaged.

d, Examins all the rockerarms and rockerarm
shafts for wear, Any rockerarm shoe that 1s
worn must be discarded. Do not mistake a high
polish for wear, Wear will be evident if the
area where the cam rubs is depreased below the
rest of the shoe surface., See reference number
41, figure 12-1 for allowable wear of rockerarm
bushings and rockerarm shafta, See that oll
holes in rockerarm shafts are open.

Figure 6-27. Scoed Camshaft Bearing

e. Inspect the valves and valve guldes, Sese
reference numbers 46 and 49,figure 12-1 for
allowable clearance., Examine the general
condition of the valve heads and stems. See what
type of pattern the tappet screw has made on the
end of the valve stem, The tappet acrew normally
makes a straight 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.
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Examine the valves for cracke and warpage.,
Discard any valves that show such defects, Do
not be led into false economy by reusing de-
Tfective parts, When in doubt, use new purts,
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 preignition, All valves that
pass the above mentionsd examinations may now be
refaced as outlined in paragraph 7-12f,

f. Check all the valve springs for general
condition and tension, 8ee refereuce numbers
100 and 101, figure 12-9,

g. Water test head at 20 1lb per square in.

6~35 LOWER CRANKCASE INSPECTION., Make a visual
inspection for cracks, dents, thin walls or
corrosion, See that all gasket faces are true
and smooth, Dowel holes must be in good con-
dition, See that the interior surface of the
sump tank 1s clean, Check the condition of
gtuds and pipe threads,

6-36 EXHAUST MANIFOLD INSPECTION. Inspect the
manifold for cracks, distortion, demage by rust
on the gasket face and enlarged dowel holes.
See that the water pasaage3 are clear., Refilt
packing strips and subject to 20 1lb per square
in. water pressure.

6=-37 INTAKE MANIFOLD INSPECTION.

a. Inspect the intake manifold and intake
elbows for cracls and distortion. Lay a stralght
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 un-
damaged. See that all intaeke passages are free
and unobatructed. Cover water pasaages in the
intake manifold and intake elbows and subject
to water pressure of 20 lb per square 1in.

b. Inspect the thermostat housing for cracks
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 rumber 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, repalr and
reassembly,
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Intake Manifold Elbow

Pigure 6-30.

STRAIGHT EDGE

—1

Checking Aligmment of Maln Bearings

Figure 6-31.
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Section VII
Paragraph 7-1 to 7-5

REPAIR AND REPLACEMENT

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

7-2 RUST PREVENPION, 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.
Al)l 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
repalred or discarded. .

b ropma preaas

Fi.gure 7-1. F‘;aci

ng Center Main ﬁearing

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 slde
of the case must be pulled out if they are
defective and nsw onses 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 s
new gasket behind the new bushing. :

¢. Main bearing shell "crush" 1is corrected
elther by using new shells or modifying the old
shells, Shells that exhibit too much crush
may be carefully rubbed down on abrasive cloth
"backed up" by a perfectly flat surface, All
abrasive particles must be removed from the
shell before it 1s put into.the engines. When
necessary to install new main bearing shells
always do so in pairs. For example, do not
replace the case half of the shell without alaso
vaplacing the cap half of the corresponding
shell., The bearing metsl will frequently become
Ysmeared" over into the relief at the parting
line of the shells. This smeared metal must

o ~
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Section VII
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be scraped off to restore the original shape of
the relief. New cemter main bearing shells have
excess metal on the flange faces and must be
reworked to obtain the proper clearance. These
thrust faces may be faced off with a typlcal
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.

Pigure 7-2, Installlng O11 Line Bushing
with Typlcal 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.
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7-6 CRANKSHAFT AND FLYWHEEL REPAIR AND REPLACE-
MENT

2, Straighten the crankshaft if necessary.
Use suitable pads on the journals s0 as not to
dent or mar them in any way. A 75 ton press
must be used in straightening the c¢rankshaft
as it 13 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 presas fit on the crankshaft and it ia
necegsary to heat it to from 177° to 2320 C
(350° to 450 F) before attempting to remove
it, As common soft soider (50% tin, 50% lead)
melta at 204°C (400°F) it is simple to determine
when the assembly is at the correct temperature
by holding a plece of solder sgainst 1t. The
heating may be done by using an oxy-acetylene
torch. The parts must be heated rapldly 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.

¢, The counterweights are normally never
removed from the crankshaft, however, shoald
this ever be nscessary it is of upmost importance
that they be returned to exactly the same
location from which they were removed, If one
or more new weights are fitted it 1s necessary
to statically and dynamically balance the
assembly to within 1-1/4 oz in,

d. Crankshafts that have Journals damaged.
or worn beyond the allowances shown in the
Tgble of Limits, figure 12-1 may be reclaimed
by regrinding. Regrinding must be done by a
skilled operator on a sultable machine, The
surface must be lapped to eight micro-inches
rz23 23 outlined iIn paragraph 7-6f, It is
of vital importance that the radius of fillet
between the journals and webs be malntalned from
5/32 to 11/64 in, The main and crank journals
must be ground to standard undersizes a3 shells
are avallable for these standard sizes, The
main bearing journals are originally ground to
3.24725 - 3.,24675 in., dlameter, Regrind main
journals to ,010, ,020 or 030 in, diemeter 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 maln
Journals must be of the same size and all crenk
Journals must be the same size, After the
crankshaft has been reground, carefully remove
all sharp edges arcund the oil holes.

o, Minor magnetic indications that do not call
for rejection of the crankshaft, as mentioned
in paragraph 6-27e6, 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 1/16 in,
deep. Indications in this area which cannot be
cleaned up at 1/16 in, depth are cause for
re jecting the crankshaft,

f. Lap the journals of the crankshaft to a
surface smoothness of eight micro-inches mms,

3
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Figure 7-4. Checking Crankshaft End Play

Refer to American Standards Assoclation standard
B46.1., It is beat to mount the crankshaft on
centers am 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
journal fillets may be polished, The abraslive
eloth must not be over 3/4 in, wide. TUse
number 240 grit or mesh abrasive cloth, The
crankshaft must be cleansd thoroughly as mentlon-
ed in paragraphs 5-8, 5-9 and 5-10. None of
the abrasive material can be left on the crank-
shaft or oil holes., In lapping the journals
be careful not to pollsh more in the center than
on the gides so the surface becomes concave,

g. When i1t 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

Pigure 7-5, Flywheel Assembly set up ao-
Ring Gear can be Knocked off with Drift

drift drive the ring gear from the flywheel,
Work the gear off a little at a time working
all around the circumference, otherwise the gear
may bind. The ring gear may alsc be removed
after the welding beads are cut loose by placing
the assembly on three supports with the weld
bead side down. The supports must be against
the ring geer, not agalnst the flywheel. Now
quickly and uniformly heat the ring gear to
204°C (400°F) and the flywheel will drop thru
the ring gear with a 11ttle 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
rough 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 . . -

LR

Figurb 7;6. 'Fly‘vheel Asshemb‘ly 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, Make cextaln that the proper hand
of ring gear is used, The tooth chamfer on the
ring gear for a right hand engine is different
than that used for a left hand engine. Com-
parison with the o0ld ring gear will assist in
selecting the correct new gear. The new ring
gear will go onto the flywheel easily if 1t 1s
heated to from 204° to 218°C (400° to 425°F).
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
evanly 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 is being fitted.
Aftoer the new ring gear is firmly seated it is
necessary to weld it in place. The flywheel
and ring gear assem%ly must be rehgated before
welding to from 204° to 218°C (400° to 425°F).
It 1s moat 1lmportant 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
8ix equally spaced places around the circumfer-~
ence of the flywheel, The weld metal 18 to be
deposited at diametrically opposite spots
consecutively thus equellizing the heat stresses,
Weld beads are to be 1/8 in, wide by 3/4 in,
long, Use 1/8 in. diamster flux coated stainless
welding rod of 18% chromium and 8% nickel
compoaition, Use a direct current welding
machine set at 125 amperes for thls job with
a positive electrode. Of course, the work must
be done by a competent operator. After the new
ring gear has been welded inte place, set the
flywheel and rlng 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 mumber 23, Table
of Limita, figure 12~1,

Figure 7=7., Checking Flywheel and Ring Gear
Run Out
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7-7 FLYWHEEL HOUSING REPAIR AND REPLACEMENT,
2, Replace any damaged or loose studs.
b. Fit a new Bendix drive housing bushing

1f necessary, Lins ream this bushing to(l.5880-

1,5885) in, diameter with a fixture to make

certain 1t is aquare with the pilot diameter

of the starter drive housing flange,

i i %
S v .t A 5= e, ot

Figure 7-8, Reaming Bendix Drive Hou

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 demaged
so they will not pass Inspection as mentioned
10 paragraph 6-29 they may be rebored, Cylinder
reboring i3 a particular job and must be done
on a sultable machine by an experienced operator,
Rebore to a standard oversize as piston and
plston rings are available to suit these standard
oversizes, The original cylinder bores are

sing

(5.7492 - 5,7505) in. diameter, Reboring must

be ,010, ,020, ,030, .040 or ,060 in, diameter
over the original size, All the bores must be
the same size in both blocks, Bore the cylinder
with the most wear or deepest acore and machine
the others to match. Take out just sufficient
materisl to "clean up" to the minimum oversize.
For example, if ,020 in. oversize will do the
Jjob do mot go to ,080 in, oversize, The surface
finish mist equal 8 to 16 micro-inches rms. Refer
to standard B46,.1 of The American Standards
Assoclation, This is a most important conditlcn,
as any finish different than this, either
amoother or rougher, may cause piston scuffing.
Care must be exercised to make sure the cylinder
bore centers are held as originelly machined.
The bores must be perpendicular to the lower
mounting face of the block, If the bores are mot
sufficiently worn or dameged to require reboring
then the surface glaze must be removed before
new plstons and rings are fitted., Thls may be
done with a "Glaze Buster", a cylinder hone
or a plece of sand paper used in the hand.
Any of these three methods must be used care-
fully, 80 as not to remove anything more than the
glaze. Do mot remove any metal from the cylinder
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walls, Use kerosene as a cutting fluid while
removing the glaze, In using sand paper mam-
ally, work around the circumference of the bore
not lengthwise, After the glaze ls removed
wash the cylinder bores with warm water and
soap to clear out all the dirt and grit. Dry
thoroughly and apply rust preventive compound
as mentioned in paragraph 5-16.

c. GClear all water circulation holes in the
top of the cylinder block,

7-9 CONNECTING ROD REPAIR AND REPLACEMENT,

a. Press the 3/8 in. diameter connecting
rod bolts out of the yoked connecting rods and
preas in new bolts using white lead as a lubri-
cant per specification JAN-A-669 .(Symbol CAS).

b, Correct eny comecting rod bearing shells
that show too much "crush", Thias may be done
by rubbing the shell on abrasive cloth, The
cloth must be "backed up" with a flat aurface
80 the edge of the shell is kept true, Refer to
figure 7-3, If the shells do not have enough
crush new shells must be used, Do mot atbtempt to
fi{le off the cap or rod tc obtain the correct
crush, Any bearing metal that is smeared into
the shell reliefs must be scraped out, In re-
placing bearing shells always do 8o in pairs,
For example, do not replace the cap half shell
without also replacing the connecting rod half
shell, Replace any demaged or loose dowels,

Checking Co

RS

e 1
Pigure 7-9. ng Rod for Bend

c. Replace the pilaton pin bushing and regm
to size in a fixture so that the center distance
and proper aligrment with the blg end of the
rod will be maintained, Use light engine oil
as a lubricant when pressing the bushing in,
Do not use white lead, The hole 1in the g gton
pin bushing need not come opposite the ail hole
in the top of the connecting rod as a groove
in the bushing assures oll getting to the
piston pin. The center distance from the
platon pin end of the connecting rod to the
erank pin end must be held at from(11.998 %o
12,002) in, and the piaton pin bushing is reamed
to from (1,3753 to 1,3765) in, dlameter.

d. The connecting rods must be checked for
eligmpent end twist before they may be considered
ready to go back into the engine, This is dons

Section VII
Paragraph 7-9

as follows. Place a close fitting 12 in, long
mandrel to the crank end of the rod, Place &
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 Miscellaneocus Table,
figure 12-9. Now on a surface plate placp two
blocks of exactly equal height (about 16-1/2 in,
long). Haeng the rod from these blocks, piston
pin end down., Now with a dial indicator mounted
on the surface plate, check the height of the
mandrel at both ends., Any difference in height
between the two ends of the mandrel in the
lower end of the rod indlcate a bent rod. Do
not use a bent rod, See reference number 32,
Table of Limits, figure 12-1, A bent rod may
be straightened if 1t 1s otherwise in good
condition, This straightening operation may
be done by supparting the rod at either end and
pulling down in the center between supporta with
a clamp., The supports must be of relative soft
material such as mild steel, braas or lead 8o
that the connecting rod surface is not marred,
The supporting surfaces must be gcod alze- to-

Figure 7-10.

Stralghtening Connscting Rod

assure plenty of bearing area., Do not uae
anything like a knife edge, Be careful not to
bend the yoke end of the yoke rod, Exert just
enough pressure to take the bend out of the rod.
After the comnecting rod has been inspected for
bend and corrected then 1t must be checked for -
twist, Thia i1s done by using the same tight
fitting mendrel as before, Lay the connecting
rod down horizontally on a surface plate with
exactly equal height blocks under the mandrels
at one end. Agaln check the .height of the
unsupported mandrel at equal distance either
side of the commnecting rod. Any difference in
height between the ends of the mandrel 1s an
indication of a twisted rod. Do not use a
twiated rod in the englne, See reference mmber
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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
8o as not to collapse the yoke end of the yoke
rod, Put a plston pin or a close fitting mandrel
in the piston pin end., The rod may now be
twisted to bring it back into aligmment, A 9/16
in, diemeter bar may be used in the piston pin
hole for additional leverage.

7-10 SPROCKET HOUSING REPAIR AND REPLACEMENT.

a. Replace damaged or loose studs. HReplace
damaged or loose dowels provided the dowel holes
are not enlarged.

b, Do not attempt to repalr a cracked or
broken aprocket housing as any welding is
certain to distort the machined faces and thus
render the housing useless.

¢. Replace all oil seala, Use care in
handling these seals as the sealing lip is very
delicate and is easily demaged, Do mot distort
the seals in pressing them into place.

e
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7-11 GEAR CARRIER REPAIR AND REPLACEMENT.

a. The gear carrier housing is only replaced
if 1t is cracked or otherwise damaged, It 1s
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.

BEARING SHELL' '

BN

‘CLAMP_TUBE

Pigure 7-13, Camshaft Bearing Repair

8. 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 sult 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 positlon.
Then drill, at four corners,with No, 29 drill
5/16 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 breaking 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 1/52 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
1t 1s just flush with the cast iron head. The
bearing shell has two 5/16 dismeter holes in it.
These holes may be fllled with lead, but this
is mot essential.

e
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Figure 7-14, Camshaft Bearing Repalr

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

¢, Replace all valve guldes 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 gulides in the proper
place, The exhaust guldes have the large bore.
Use a tool similar to that shown in the illus-
tration to avoid damaging the guldes. Use
white lead as a lubricant when installing new
guides. The guldes must be driven down until

57



Section VII

HALL-SCOTT DEFENDER

MODEL 2268 8 2269

the gulde shoulder stands clear of the head per
i1tem 53, figure 12-1, Do not drive this shoulder
down tight sgainst the head as this will distort
the guide bore, Exhaust valve gulides must be
reamed from (.5310 to .5300 in.) diameter, The
intake guides are reamed from (,4990 to .4985 in.)
diemeter. These guldes are available either

finished reamed, or rough bored, The rough
bored guides must be finished resmed after they
are installed in the head. Finish reaming,

after installation makes the best job, but in -

the event reamers are not avallable, the already
reamed guides asre acceptable, but they should
be checked for distortion and clearance after
they are in place in the cylinder head. The
reaming operation, when done on the job, must 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 gulde bores.

LA ~ SEPS L SIEP AN Ry . RIS AW
Figure 7«15, Installing Valve Guide with
a Typical Tool

o tiils

\~BUSHING .
Figure 7-16. Reaming Valve Gulde with
e Typical Tool

d, Loose or demaged exhaust valve seat rings
must be replaced, otherwlse they may be refaced.
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Always reface seats if new guides have been
installed, as that 1s the only way the aligrment
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 alsc used for reworking the counterbore in
the cylinder head to take oversize valve seat
rings., The reamers for this tool are of such
a dlameter that they will give the correct press
it 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 mininum fit cannot be obtained, then
the next closest oversize ring must de used,

4

Figure 7-17. Typical Tool fdr Removing )
. Valve Seat Ring

Figure 7-18, Typical Tool for Reaming
Bore for Oversaize Valve Seat Ring
The outslde dlameter of the standard size ring
is from(2,8090 to 2,8085 in) diameter, Oversizes
of .020 and ,040 in. are avallable, Do not use
8 larger oversize than 13 necessary. For
example, if the proper fit can be obtained with
a ,020 1n, oversize ring, do not go to a ,040
in, oversize, The use of inside and outalde

mlcrometers i1s neceasary to accurately determins
the fit of the valve seat rings. Check the "run

3
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Section VIII
Paragraph 8-~1 to 8-5

ASSEMBLY OF SUBASSEMBLIES

8-~1 GENERAL, 1In this section inatructions are
given for the assembly of separate parts into
their various subassemblies. All parts must
have been sudjected to the inspection procedure
outlined in section VI and accepted as satis-
factory before they may be used in the engine,
Shop practices and general instructions applying
to a number of similar parts are covered in the
following paragraphs of this section, It 1a

oxpocted 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 tne
gasket flange with shellac or similar tacky
compound, The opposite gasket face 1s 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 gresse is used against the face
carrying the studs it will make "clean up" of
the gasket face considerably easler at the next
overhaul .

s T

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 epplied by the manufacturer and
as shown 1n 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 1n place and the tangs
split, one side bent back over end of nut, and
the other down along the side. Dowel pins, both
tepered and straight, may be used agaln if they
have no: 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 mit, to prevent loosening. Thread
the wire thru the nut slots in such a way that
it tends to tighten the screw elements as
1llustrated, Use fully annealed wire for
securing parts, Lock washers of the spring
type should never bsar directly on aluminum,
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 passagea
and vents and make sure they are open, All
splines, gears and bearing surfacea should be
liberally coated with oil when assembling, to
supply ludbrication 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 céntered
in the bearing bores so the shaft will sllide thru
easily. Now lubricate the ball bearings and it
the gear and sprocket assemblies to the: gear
carrier housing., The gear that meshes with the
erankshaft is to be fitted last. See that the
helix angle of the gears are correct so they
will meah properly with one another and the
erankshaft gear, Push the gear carrier shaft
into place and secure with the long 7/16 in,

Figure 8-2, "Exploded View of
Gear Cerrler

dismeter cap sacrew, The cap screws must be
assembled to the gear carrier in such a way that
they come on the outaide face so they can be
removed while the gear carrier assembly is on
the upper crankcase., Refer to paregraph 9-7,
Be sure to use the heavy washer under 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 c¢clip against the head of the cap
screw, The oil pipe is placed on the assembly
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so 1t will spray oil onto the entering side of
the crankshaft gear. Refer to figure 2-6, 3ee
that all pipe plugs are returned to the oll
passages 80 the oll pressure will come from the
main 01l line drilled in the upper crankcase and
be directed onto the gears thru the tubing
provided,

8-56 CRANKSHAFT AND PLYWHEEL ASSEMBLY,

- a., Preas orankshaft comnnecting rod pin seals
into place. These parts may be 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 crankshaft. Check each pin seal for
leaks by putting the oil hole under slight 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 by using
the typical spinning tool as 1llustrated.

3 'ﬂi@_ Dy r__;: r s
Figure 8-3, Installing Connscting Rod
Pin Seal with Typical Tool

b. Soe that the flange face and diameter at
the front of the crankshaft are clean and smooth,
See that the flywheel pilot diameter and mounting
face are also clean and smooth, Fit the flywheel
to the orenkshaft:. Be sure the flywheel, ring
gear and crankshaft are properly matched so they
can be asssmbled into the engins for the intend-
ed rotation, If these parts have been properly
marked, as mentioned in paragraphs 4-17 and
. 4=34, there will be no question cn thls point,
. The dowel locates the flywheel on the ocrank-
shaft flange. See that this dowel 1is properly
entered into the flywheel, Fit the hand starting
ratchet and carefully draw the flywheel onto the
crankshaft flange,

WARNING

Fit 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
flywheel will go on without difficulty. Finally
draw the cap screws down to the torque mentiored
in figure 12~9, Secure the cap screws with lock
wires, Also it the reverse gear clutch driving
drum and drive flange. Make certaln that the
nmounting flanges and pilot dismeters are clean
and free of burrs. Draw the parts together with
the bolts and nuts, Secure the muts with wire.
¢. Now set the crankshaft up on "V" blocks
“under the front and rear main bearing. Rotate
the crankshaft and check the runout of the

HALL-SCOTT DEFENDER
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reverse gear clutch driving drum and the drive
flange bushing. Also check the runout of the
face of the starter ring gear., See reference
mmber 6, Table of Limits, figure 12-1. Refer
to figure 6-16,

d. If the crankshaft assembly is not to be
placed into an engine immediately then all the
finely finished journsls must be protected with
rust preventive compound and heavy paper or
cloth wrapped around the journals.

8-7 PISTON AND CONNECTING ROD ASSEMELY,

a, Lubricate the piston pin and fit it to the
piston and connecting rod, The pilston pin can
normally be pushed into place with the fingers,
If any force must be used bYe careful to use
a soft brass drift against the piston pin end,
Center the piston pin in the assembly and fit
the piston pin retainera. These retainers should
fit just tight enough to keep them from falling
out. They may be filled slightly irf too tight
or spread just a bit by hammering on them if
they are too loose, Be sure that the retainsrs

- i :
Flgure 8-4, Spinning Piston Pin 04l
Seal with Typical Tool

go in far enough so0 they will not rudb against
the cylinder walls,

b, The next step in the assembly of the
piston and commecting 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 number 61, Table
of Limits, section XII. The piston ring must
be square in the bore when this gap measurement
i3 made. This is sasily accomplished by pushing
the ring dosn with a plston 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 necea-
sary. The file can best 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 fils, Be careful not to removse
too much metal and see that the gap 1s kept
square and true. Remove any burrs on the ring
faces or outside diameter raised by the file.

3
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Exploded View of Piston and Connecting Rods

5.

Figui'e B~

Checking Piston Ring Gap in Cylinder Bore

Flgure B8-6.
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As the rings are fitted for each cylinder keep
them grouped so they can be correctly fitted to
the piston to run in the bore for which the
rings were fitted, Connecting rods are stamped
with the cylinder numbers. Refer to paragraph
9-12a for location of blade and yoked rods,

¢, Clamp the connecting rod and piston
assembly lightly in a soft jawed vise and it
the piston rings to the piston. Use a piston
ring expanding tool so as not to distort the
rings, 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 1is number five., The ring
for number three groove must be installed
with the relief on the bottom side as 1llus-
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 5-15, placed in a box and covered to
keep the dust out, See figure 8-17,

8-8 SPROCKET HOUSING ASSEMBLY., Press the two
bilge pump drive sprocket shafts into the
sprocket housing. See that the shaft flange
is free of dirt and burrs so it can seat accu~
rately, Be sure to support the sprocket housing
cloge to the shafts as they are preased in so
as not to distort or crack the housing., Use a
little white lead per apecification JAN-A-669
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(Symbol CAS) as a lubricant while the shafts
are beling pressed into place, Press a new ball
bearing into the generator drive sprocket, the
bilge pump drive sprocket and the accessory
drive idler aprockets, 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 easler. The bilge pump drive sprocket,
of course, 13 used only on the right hand engine.
The left hand engine uses a toothless ildler
sprocket instead, Place the assembled aprockets
on the shafts in the sprosket housing, secure
with washers, nuts and cotter pins, HNow see
that the mounting face and pilot diameter in

TYPE_OF RING

PLAIN COMPRESSION

777/

PLAIN COMPRESSION 22
BEVELED OiL SCRAPER —»= 7]
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Figure 8~9, Piston Ring Locatlion

the sprocket housing is clean, smooth and flat,
See that the generator drive sprocket face and
pillot diameter is in good condition and clean.
After the generator drive shaft flange 1s smooth
and clean fit it to the drive aprocket. Secure
with four 3/8 in, cap screws, Pull the shaft
into place evenly so it docea not bind, Secure
the cap screws with a lock wire, Clean the
bearing mounting diemeter on the gensrator 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 end see
that 1t is flat and smooth. Coat the mounting
face lightly with gasket cement, A tacky gasket

3
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cement, such as Army specification 62-5, Flace a
new gasket on this face. Coat the mounting face
of the sprocket housing with light cup grease
specification AN-G-14n‘?Symbol GRG), See that
the ball besring and oil seal are placed in the
generator drive shaft bearing retainer, Fit
the retainsy to the englne and secure with nuts
and lockwashers, Draw it into place evenly so
as not to bind or distort the bearing retainsr,
Now fit the generator drive pulley to the
generator drive shaft. Enter the pulley care-
fully into the oll 3eal so as ndt to daemage the
11p of the oll seal. Secure the pulley with
nut and washer, ILock it in place with a cotter

pin,

el ket

Pigure 8-10, Sprocket f{ousi ASaér:;‘;ly

@-9 CYLINDER HEAD ASSEMBLY, After the cylinder
head parts havé been repaired and passed in-
speoction, as mentioned in paragraphs 6-34 and
7-12, the parts may be assembled as follows:

a. BSee 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 the
oylinder head with light cup grease per specifi-
cation AN-G=14 (Symbol GRG). Fit the rockerarm
cover base to the cylinder head and secure with
washers and cap sorews, It 1s well to place a
close fitting plug in the fuel pump mounting hole
to msaure the. bore being round after assembly.
A fuel pump may be used for this purpose.

b. DNow lubricate the valve stems with engine
o1l and slide them into place, Be sure that
the velves are placed on the seats for which
they were fitted. It is most convenlent to
place a velve support plece over the valves now
to hold them in place while the valve springs
and keys are fitted, See flgure 4-34. On the
top aide of the cylinder head f£it the chain and
rockerarm shoe o1l pipe. There are two different
pipes., Be sure the pipe is selected so the oil
squirt holes are exposed opposite each canm,
Lubricate and place the camshaft bearing shell
in the rear camshaft bearing saddle. Iubricate
and place the camshaft in the cylinder head, Be
careful at this point to get the correct cam-
shaft in the cylinder head., The part mmber 1is
etched on the camshaft flange. If the cam-
shaft has been properly marked, as mentioned in
paragraph 4-46, there #111 be no trouble on
this point, otherwise the parts catalog must

e A ve 1 wm—— A A8 1 A Sagpalen RRA § SR, e
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be consulted (AN 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, dlameter
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 irmer and outer springs on
all valves, With the special tool depress the
valve oollars 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 1-1/8 diameter shaft and set the
remainder of the camshaft brackets in place
over the camshaft. Bes sure to remove valve
support plece.
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Figure B-11, Generator Drive Mounting
on Sprocket Housing

¢, ILubricate and assemble the rockerarms and
spacer springs onto the rockerarm shafts, There
are two types of shafta, The center shaft 1s
open at both ends whereas the shafts that
assemble to the ends of the cylinder head are
plugged at the outslde end. The rockerarms,
spacer springs and rockerarm bearing caps are
assembled to the head as illustrated. The studs
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
rockerarm bearing cep ruts, See that cap dowels
properly enmter the holes in the roclkeramm shafts.

d. Ta aid in setting the valve timing in
final assembly it 13 a good i1dea at thls point
to rotate the cemshafts to the positions mention-
ed below, Determine first which head 1as for
the leading cylinder bank and which 1s for the
trailing cylinder bank as explained in para-
graph 1-22, 3et all the valve tappet clearances
to the figure mentioned in Ref, No, 42, Table
of Limits, figure 12-1. Rotate the camshaft in
i1ts normal running direction of rotation while
watching the number six exhaust valve in the
cylinder head intended for the leading bank,
When number six exhaust valve in the leading
bank is just seated the camshaft 1s 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 traili ¢ylinder bank. Rotate
this camshaft in Tts normal direction until the
number one exhaust valve 13 just closed. Tane
camshaft for the trailing cylinder bank is now
properly set for assembly of the cylinder head
to the engine, The cemshaft 1s rotated for this
operation by installing the 3/4 in. cap screw in
the cemshaft end with a 11/16 in, long collar on
i1t to keep 1t from "bottoming". Standard 3/4 in.
pipe may be wsed for the collar. The camshaft is
then easily rotated with a wrench applied to the
3/4 1n, cap screw. After the camshaft is
properly positioned do not forget to remove
the collar from the camshaft cap screw, To
determine 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

Figure 8-12, Fitting Valve Springs, .
Collars and Keys
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seat but locks up tight just as soon a@s the valve
comes agalnst its seat. With this in mind,
osclllate the exhaust valve collar while turning
the camshaft in its normal rurnning direction.
When the valve is open the collar can be oscil-
lated, but just as soon as it closes it 1is
imposslible to oscillate and that i1s the peaition
we want and so do not rotate the camshaft any
farther, Figure 9-2 shows the normal rotation of
the camshafts, This camshaft rotation 1is 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 manifeld properly. Coat the
manifold gasket face and the cylinder head
gasket face with a viscous non~hardening cement
8imilar to Army Stock No, 052-C-685-2PX, Always
use new gaskets for the exhaust manifolds. Draw
the manlfolds up tight agsainst the cylinder
head, Fit the mechanical fuel pump to the
cylinder head., Use a new gasket and use a tacky
gasket cement similar to Army specification 62-5
on the pump flange. Be careful not to obstruct
the o011l 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 similar to specification AN-G-14 (Symbol

GRG), Set the pump in place and see that the
fuel pump driving tongue properly enters the
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Figure 8-15, Assembly of Reverae
Upper Housing

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

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

a. Assemble the reverse.gear control mechapism

to the reverse gear upper housing as 111ustratéd
Place a reverse gear upper houaing u‘?sidel.};q' oY)
on a berch, The cluteh shifter shaft "21" ‘is 1ot
quite symmetrical.
shaft end than the other. Start the end of the
shaft with the closedt keyway into the: righ}
hand side of the housing., Thread the. rse
goear brake toggle bracket anchoy noeh, n
gear clutch shifter fork assembly "23
reverse gear brake bank anchor gtrap "I6W
the shaft as the shaft is pushed into place,
The arm of the shifter fork assembly must come
on the same side as illustrated,..¥When the shaft
keyways are in the position shown, fit the two
keys, line the keys up with 'the keyways and push
the shaft into place so the key.just comes flush
with the end of the shifter fork, Now tighten
the clemp cap screws in the -shifter fork and
secure with wires as shown'in figure 4-8, Flt
packing and packing nuts;over each shaft end
and Into the upper bousing. 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 contalner must be -

fitted to the reverse gear shaft. A new olil
seal must be fitted to the thrust bearing
retalner. The sealing lip of the oll seal must
point in toward the flange of the retalner 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. Preas on the outside
diameter of the seal only, otherwise it may
be damaged. Use white lead per specification
JAN-A-669 (Symbol CAS). Fit the steel baffle
plate to retainer and peen 1n place at four
spota., The baffle plate has rellefs in four
places on its outslide diameter to accommo-
date the peening. The reliefs are to be on the
outside, exposed face of the baffle. It may be

One keyway i3 closer to the

_ igedtion 'WITI
-Paragrdpti  8<10

'8(3

Assembly f the Reverse

Figure 8-16,
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 pioces 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. dismeter studs,

Do not draw down so tight as to close the packing
in. Smooth the inside dismeter 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
diemeter of the ball thrust bearings with white
lead per specification JAN-A-669 (Symbol CAS)
and place them on the shaft,., It 1s important
that the “thrust" faces of the two bearings be
against one snother, These thrust faces are
quite distinctly marked. With the bearings
arranged 1n this manner the engine will take
thrust in either direction. Press the bearings
down firmly in place against the shaft shoulder.,
Press against the ipnor race oniy. Install the

)
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bearing lock mats and lock washer, The beveled
edges of the lock nuta come together with the
lock washer in between. Bend the lock washer
tang 5o a8 to lock the front nut, Push the
reverse gear thrust bearlng retalner up tight
against the ball thrust bearings., With a depth
micrometer measure the distance from the mounting
flange of the retasinsr to the outside edge of the
front bearing race. Now measure the depth of the
thrust bearing container., The difference
between these measurements will determine how
many paper gaskets to use on the retalner flange.
These gaskets are ,0l2 in, thick. Two gaskets
are usually about right to claemp the bearings
tight in the thrust bearing container. Place
the nescessary gaskets in place on the retalner
flange, The reverse gear thrust bearing con-
tainsr is heated uniformly to 90°C (194°F) and
then pushed over the thrust bearings, Rotate
the retainer so the packing gland studs are on
the horizontel centerlins of the engine, The
flat edge of the reverse gear thrust bearing
container 1s horizontal when assembled onto the
engine.

HALL-SCOTT DEFENDER.
MODEL 2268 & 2269.

¢. Fit the reverse gear shaft assembly to the
reverse gear proper as followa, Remove the
roveras gear bevel driven gear loclomt "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
lock nut, lockwasher and lock ring over the
shaft end. Spread the lock ring out with pliera
and slide the shaft on thru until the lock ring
can be seated in the shaft gr:s7e provided.
Screw the lock nut into place thus locating the
reverse gear shaft in the reverse gear assembly,
The lock nut "19" should be Finally tightened
after the assembly i1s in the engine and secured
by bending a tang of the lock nut washer into a
glot, Refer to figure 9-33.

8-11 ACCESSORY ASSEMBLY, Any accessory not
specifically mentioned in this section will be
found in section XI.
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Section IX
Paragraph 9-1 to 9-6

FINAL ASSEMBLY

.9=1 GENERAL., In -this section instructions ars

glven for the final assembly of the separate
subassemblies into a complete engine. The
instructions for making the various subassemblies
are covered in sections 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
tnstructions will be followed where ever appli-
cable, and are therefore not repsated.,

9-2 GASKETS. The reuse of old gaskets and
seals ia 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 Army speci-
fication 62=5 or simllar tacky compound. The
opposite gasket face 18 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 1s used
against the face carrying the studs it will make
"clean up" of the gasket face considerably
easler at the next overhaul.

9-3 LOCKING DEVICES, It 1s assumed that all
means used to lock nuts, bolts, screws, etc,,
to prevent their loosening in service, will be
replaced with new materisl in the same mannsr
as originally applied by the mamufacturer 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 straight, may be used again if they
,have not been damaged, or 1if the bore from which
they were removed has not enlarged beyond the
point whers the pins are a tight fit, Safety
wiring should be done carefully, following the
same grouping as the original installation,
Wire shquld be drawn smugly and then be twisted
between nuts, to prevent loosening, Thread
the wire thru the nut slots in such a way that
1t tends to tighten the screw elements as
1l1lustrated, 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 uged under
the lock washers to prevent damage to the
aluminum part.

9-4 CLEANING AND OILING, Of all parts at
assembly is of utmost importance, First, wipe
all parts clean and dry, Clean all oll passages
and vents to make sure they are open, All.
splines, gears and bearing surfaces should be
1liberally 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 plece
of equipment., Tools, benches, working space
and clothing must be kept clean at all times.

9-6 SPROCKET HOUSING TO UPPER CRANKCASE ASSEMBLY.
See that the mounting faces of both the sprocket
housing and upper crankcase are clean and free

Filgure 9-1.

Sprocket Housing Assembly to Upper Crankcase

cA : PR
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Paragraph 9-7 to 9-9

of burrs., See that the 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 speclfication AN-G-14 (Symbol GRG),
Fit the sprocket housing to the upper crankcase
and fasten with cap screws, Secure the cap
serews with lock wires,

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

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 Army Spec,
62-5 and stick a gasket in place on this flange.
Coat the rear flange face of the sprockst 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 horizontal

N

Figure 9-2.

9=7 GEAR CARRIER'TO UPPER CRANKCASE ASSEMBLY,
The gear carrier must be assembled to the upper
erankcase to suit the direction of eranksharlt
rotation. The arrow cast on the side of the
. gear carrler housing 1s to agree with the
erankshaft rotation. The first step 1s to
determline whether a right hand or a left hand
engine 1s to be assembled., Then assemble the
gear carrier to the upper crankcase so the cast
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
satisfled, Refer to paragraph 8-5., After the
goar carrier assembly 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 B8-1,
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Chaln Pattern in Sprocket Housing

flanges of the upper crankcese and the upper
reverse gear housing adapter are in lins soc an
cll tight jJoint will result when the assembly
i3 made with the lower crankcase,

9-9 OIL PUMP TO SPROCKET HOUSING ASSEMBLY,
Before the oll pumps are fitted to the sprocket
housing the tubing rittinga must all be in place
in the oil pump a3 shown in figure 1l-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
thelir washers must be fitted at this point as
they are imposalble to fit after the oll pumps
are 1n place. Coat the oil pump to sprocket
housing gasket, one side, with tacky gasket
cement per Army Spec, 62-5, Stick the gasket to
the o0il pump mounting flange. Coat the other
8ide of the gasket with soft cup grease such as

-3

3

13

—y -

3

3

3



U———

AN-G-14 (Symbol GRG). Set the oil pump in place
on the asprocket housing and draw tightly into
place with the four hex nuts. Use plaln washers
and lock washers under the nuts, Now lubricate
the accessory drive sprocket assembly and slide
it over the oil pump drive shaft, Fit 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 through the
hole in the sprocket housing where the oil filter
bolts on. See reference number 73, Table of
Limits, figure 12-1, Install or remove shims
until the desired end clearance 1s obtained.
Then coat the selected shims with soft cup

Figure 9-5. Fitting Shim in Place
on a Maln Bearing
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greoase, both sides, and fit to the sprocket
housing. Secure with lock washers and nuts.
The assembly of the oil pump 1s covered in
paragraph 11-39,

¢-10 ACCESSORY DRIVE CHAIN TO SPROCKET HOUSING
ASSEMBLY, With the engine upside down thread
the chaln over the accessory drive sprocket in
the gear carcler and out thru the lower end of
the sprocket housing. Thread the chaln 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 ﬂnk. Be sure to install
a side bar nesr the center of the chain to
keep the connector pins from spreading. Set
the camshaft sprocket into the loop of chaln
and affix the camshaft sprocket support. Fit
the other accessory drive chain and camshaft
sprocket in a aimilar manner., Of course, 1%
" is necessary to rotate the sprockets as the
chain is fed into place. Sometimes 1t 1is
convenient to attach a plece of soft wire
to the entering end of the chain to ald in
threading it thru the sprockets. The manual
.chain take ups may riow be temporarily installed.

9-11 UPPER CRANKCASE 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 sll the malin ‘bearing
saddles and caps of the upper crankcase, Set
the bearing shells into thelir prover places
according to the stamped mmbers on the shells
and on the main bearing webs of the upper crank-
case, It is assumed that the shells have all
‘been fitted and checked according to paragraph
7=-5¢.- Carefully clean and lubricate all the
main bearing journals with engine oil, Place
protective tubing over the front and rear mein
bearing studs-so the crankshaft journals will
not be marred when the crankshaft is lowered
into place. Put a rope sling around the crank-

shaft so that 1t hangs level, Now carefully
lower the crankshaft into the upper cranitcase,
If the crankshaft 1s teetered from end to end
slightly 1t will not be so apt to hang up on
the center main bearing flanges.

b. Although the main bearing shells are of
the precision "sngp-in" type it i3 a wise pre-
caution to check them for clearance on finsal
assembly with the use of a fitting shim, This
is done as follows, After the crankshaft is in
place in the upper crankcase fit all except ons
cap and draw the main bearing stud nuts down to
the proper torque as mentioned in the torque
wreach table, figure 12+9, On the main journal,
to which the cap has not been fitted, place a
greased fitting shim ,004 in, thick, 1/2 in, wide
and 1-1/2 in, long, Arrange the fitting shim
lengthwise of the engins, 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 i1s any binding it must be
corrected., If everything 1s correct there will

Figure 9-7. Identifying Number on
Top of Upper Crankcase

- Il -
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Figure 9-8, Checking Crankshaft End Clearance

be just a little "drag" to the rotatlion of the
crankshaft under the influence of the fitting
shim. If there is binding look for dirt under
the shells, excessive "crush" or improper
aligmment of the dowels in the bearing shells,
The fitting shim must be moved from journal to

Figure 9-9, Checking Cyll

nder Bores with Typlcal Gage
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journal until they have all been checled 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
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conduct heat away fram the shells rapidly, Male
sure that all the main bearing shells and caps
are in their proper place as indicated by the
stamped rumber on the edge of the shells and on
the alde 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

[y 4 Coa

Pigure 9-10, Installing Chain
Connecting lLink

engins as the mubers stamped on the main bearing
webs, In the event it becomes necessary to
install new maln bearing shells they muast be
stemped with mumbera at the time of replacement
in the identical location as those on the parts
being replaced, Support the shells carefully
80 they will not be damaged in stamping. Use a
sharp stamp 80 a light blow will leave a visible
mark, Stone off any up turned edges left by
the stamp so they will not effect the ocrush of
the bearing shells, The common number found
stamped on the top of the main bearing cap 1a to
agree with the upper crankcese identifying
number stamped on the top side of the upper
crankcase at the front end right near the oll
preasure regulating valve pad. Refer to figure
9-7, After all the main bearing caps are secure,
lock 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 gesrs. See
reference number 21, Table of Limits, figure
12-1. Install gear carrisr oil circulation
pipe and oil tray.

9~12 UPPER CRANKCASE AND CYLIKDER BLOCK

TASSEMBLY, Turn the upper crankcase and crank-

shaflf assembly on its side, Coat an upper
crankdnse to cylinder block gasket with a tacky
gasket dement such as Army specification 62-5
and stick 1t to the base of the cylinder block,
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Coat the top face of the cylinder block with
soft cup grease per specification AN-G-14 (Symbol
GRG). 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
8tuds and secure with nuts, This is most
important otherwise the cylinder block may fall
off when the piston and connecting rods are
being fitted, Check bores after the oylinder
block is pulled down tight to make certain thers
1s no dlstortion, Refer to figure $-3, Assemble

tho opposite cylinder block in a similar manner,
0f course, the blocks are placed on the engine

8o the water jacket openings come on the outside
of the "V', The right hand bank cylinder block
13 identical with the left hand bank oylinder
block., They are merely turned end for end to
make them suitable for either bank,

9-13 RIVET CHAIN, After the en%:ine assembly is
turned right side up, rotate the orankshaft
until the temporarily placed connscting 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
slde bars are fitted into place, After the ends
9f 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 1llustrated, It is
not necessary to upset a heavy bead on the pins
as this may bind the chain, Rivet the pins over
Just sufficient to retain the side bar, The
cloth 1a placed around the assembly to oatch
any parts that may be dropped so they do not get
into the sprocket housing. After one chaln is
secure remove the cloth and rotate the engine
until the other accessory drive chain can be

-3
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left hand bank of cylinders, Do not forget that

similarly connected and riveted.

9-14 PISTON AND CONNECTING ROD ASSEMBLY TO THE
ENGINB., This operation too, i3 quite critical
and the success or fallure of the job depends
on everything being done with care,

a, The yoked comnecting rod is fitted to the
engine first, The side of the englne to which
the yoked rod is fitted depends on the rotation
of the engins, For example, the yoked commnect-
ing rod 1as fitted to right hand bank of a right
hand rotating engine. For a left hand rotating
engine the yoked connecting rod is fitted to the

Section IX
Paragraph 914

the "hand"” of the cylinder banks 1s determinsd
as one stands at the back of the engine and
faces forward., The sides of the conmecting rods
are mmbered to indicate the cylinder into which
they are to be fitted, The numbered side af
toe connecting rod and cap 1s to be assembled
to the engine so that the numbers come on the
right hand side of a right hand rotating engine
and on the left hand sidse of a left hand rotating
engine, Numbers stemped on the yoke connscting -
rod bolts and muts are not to be confused with .

numbers stamped on the side of the commecting

Figure 9-12., Yoke Comnecting Rod Showing Identification Fumbers

" Flgure 9-15. TYoke Comnecting Rod Showing Welght Group Letter

BLADE CONNECTING ROD

GROUP TOTAL WEIGHT
LETTER

5 1b 14-1/2 oz
ib  1-1/2 oz
b 3-1/2 oz
1b 4-3/4 oz
b 5-1/4 oz
ib 7-1/4 oz
b 8-1/4 oz
1b B-3/4 oz
1b 11-1/4 oz
1b 13-3/4 oz

HuENwarhay
AORAROROR

Figure ©-14, Table of Blade Connecting
Rod Welght Groups -

YOKE CONNECTING ROD

GROUP TOTAL WEIGHT
LETTER
6 1 7-7/8 oz
b 11-1/8 oz
b 14-3/8 oz
1b 15-7/8 oz
16 2-3/8 oz
4-7/8 oz
b 6-7/8 oz
1b 8-3/8 oz
ib 8-7/8 oz
b 11-7/8 oz

Ny ZEQoDmak
FIYAINIOD
-

o

Figure 9-15., Table of Yoke Connecting
Rod Wq:lght Groups
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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 connscting
rod bearing shell or connecting rod the service
parts will not be marked with the cylinder

76

number, It is extremely important that such
parts be marked at the time of replacement with
the ldentical 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-i9. Protéctors on Conﬁécéing
Rod Bolts



HALL-SCOTT DEFENDER

Section IX

MODEL 2268 & 2269

s tamped numbers on these shells, Where stamps
are used, they must be sharp so 8 light blow
will be sufficlent to leave a good impression,

" Be careful to support the part well so it will

not be marred or bent when 1t 1is stemped. " Stone
off any burrs ralsed by the stemp on the edge
of the yoke rod shell so as not to effect the

shell "erush",
b. 1In assemblying the connecting rods and

A pistons to the engine, attention must also be

paid to the welghts of the connecting rods. On
the side of each cormscting rod and connecting
rod cap will be found a stamped letter. This
lotter is a weight classification of the connect-
ing rod assembly, All the blade connecting rods
in an engine must be of a common weight clasai-
fleation, Similarly, all the yoke connecting
rods in an engine must be of a common weight
classification, However, it is not necessary
that the weight classification letter of the
blede rods agree with the letter of the yoke
rods. If it becomes necessary to replace any
of the connecting rods, they must be of the
same weight group as the ones they are to run
with. In the event 1t is impossible to have
all the blade rods of a common weight group
or all the yoke rods of a common welght group
then new rods must be as near the same welght
as possible to the old rods and must be replaced
in groups of three. For example, if one commect-

ing rod 1is defective and 1% is imposslible to .

replace it with a connecting rod of the same
weight classification, then three similar new
connecting rods of a common welight group must
be used and they must be installed in cylinders
one, two and three or cylinders four, five and
six. No other combinations must be used. The
preceding tabulation in paragraph ld4a will aid
in selecting new connecting rods of as near the
same welght as possible to those in the engine.

c. The yoke 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. Lubricabe the
erank journals with engine oil, See that the
outslde diameter of the connecting rod shells
are clean and free of dirt. Also the comnecting
rod and cap. Fit the bearing shell to the
commecting rod so that the stamped mmber 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 snells
and caps must be on the same side as the stamped
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 oll., See that the cylin-
der is clean and free of moisture, Slip tubing
protectors over the comnecting rod bolts, Start

Figure 9-21, Checking End Clesrance of
Yoke Connecting Rod

s N
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Figure 9-20. Tightening Connecting Rod Yuts with Typical Torque Wrnch £l



i
|
|
)

Section IX

HALL-SCOTT DEFENDER

MODEL 2268 & 2269

ki PSR P AORNHPES 3 b% i

Figure 9-22, Typical Tool for
"Removing Cap 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, Flace a piston ring compressor
on the rings and push the plston 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, When the comnecting rod is
firmly seasted against the crankshaft plece a
greased ritting 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

Ry ol - S i
3. Protectors on Blade Comnecting
Rod Bolts

Flgure 9-2
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figure 9-26, Now lubricate the cap bearing
shell and fit it along with the caps to the
connecting rod, Of courss, the numbered side
of the shell and caps must come on the same side
of the engine as the number stamped on the side
of the connecting rod, Install the 3/8 in,
hex muts so their mumbers agree with the mummbers
stamped on the ends of the bolta. Draw the ruta
down to thelr proper torque value as indicated
in figure 12-9, Now push the oconnecting rod
from side to side on the crank journsl, Just a
alight "drag' should be felt, If the oonnecting
rod 18 tight on the orenk journal look for dirt
under the shell, excess crush or impropsr fit
of the bearing shell on the dowel, Always uwae
a tool similar to that shown in figure 4-18 in
order to remove the connecting rod capa, Never
hammer on the ends of the comeoting rod bolts,
Do not forget to remove the fitting shim when the
shell 1s properly set, Check the end olearance
of the yoke connsoting rod as illustrated, When
everything i1s in order draw the conneoting rod
nuts down to the proper torque as oalled for in
figure 12~9, Install cotter pins and proceed to
fit all the yoke oonnecting rods similarly.

d, The blade connecting rods are naxt fitted
to the engine as follows, Remove the ruta from
the connecting rod bolts and pull the connecting
rod cap off, This may be done with a apreading
tocl or if the esssembly is suspended by the
connecting rod cag and rapped lightly first
one side ahd then the other with & soft brasa
hemmer, the cap will come off., Strike the rod
cap along side the bolt bosses, no place else,
Do not attempt to pry the comneoting rod cap off
as this is certain to damage the finely finished
surfaces. Rotate the engine crankshaft until
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9-26. Fitting Shim on Crank Journal
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the crank journal for cylinders number one and
8ix are at bottom center, Lubricate the piston,
piston pin and piston rings., Rotate the piston
Tings so the ring gaps are staggered with respect
to one amother. 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 conmecting rod ln the rumber
one cylinder bore., Be sure that the number
stamped on the side of the connecting rod agrees
with the cylinder to which 1t 1s being fitted.
Also the 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 plston
into the bore by striking it 1lightly with a
wooden block or mallet. Do not dent or mar the
top of the piston and do not strilke the cylinder
walls, It 1s best to have another man gulde
the big end of the connecting rod ontoc the yoke
rod shell as the piston is pushed down, Lubri-
cate the connecting rod bearing shell on the

.inside dismeter only and assemble the cap to

the cormecting rod. The marks on the shell and
cap must reglister with the marks on the connect-
ing rod and connecting rod shell, Draw the ruts
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

R AT rr
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order the blade connecting rod must be free to
slide from side to slide with a slight pressure
by hand, It must not lock up tight or drag. If
it is too tight look for dirt under the bearing
shell, excessive "crush" or improper fit on the
dowel, After the proper fit is obtained,
lubricate the parts thoroughly with engine oil
and draw the connecting rod nuts down to the
proper torque., Secure the muts with cotter pins,
Proceed to assemble all the other blade connect-
ing rods in a similar manner.

9-15 UPPER CRANKCASE TQ LOWER_CRANKCASE 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,
S8ee that the flange face 1s clean and smooth,
Coat the gasket flange face with gasket cement
per Army Spec, 62-5. Fit the long paper gasket to

"both sides of the case. Do mot 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, 1t will be
necessary to ream the rear dowel hole in assembly
as explained in paragraph 9-15b, Now clean off
the mounting flange of the upper crankcase and
coat 1t with a tacky gasket cement per Army
Spec, 62-5, Care must be used to see that the
assembly 1s made up of parts that were originally
assembled as that is the only way one can be
assured that the reverse gear drivirg 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
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Figure 9-28, Dial Gage in use to Adjust
Crankcase Assembly

onto the lower crankcase flange, Secure with

plain washers, lock washers and hex nuts,
Tighten the cap screws in the reverse gear
upper housing adapter. Tighten the hex nuts in
the vertical flange of the reverse gear upper
housing adapter. The reverse gear driving flange
must be checked with respect to the thrust
bearing support at the rear of the lower crank=-
case. Use a fixture to clamp on the reverse
gear driving flange and a dlal gage as illus~
trated, See reference number 6, figure 12-1.

b. #When the lower crankcase is "new" the
rear dowel hole is intentionally left undersize
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 alorg
with the dial indicator, Shift the upper crank-
case on the lower until the dial gage indicates
that the drive flange 13 concentric with the
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Figure 9-29. Cnecking End Clearance
of Accessory Drive Sprocket
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LS RN e LT : .
Figure 9-30. Reaming Dowel Hole in New
Upper Crankcase with Typical Tools

thrust bearing support of the lower crankcase.,
Clemp the crankcases together with the flange - .
nuts, PFlt a reamer bushing in place in the & -
dowel hole at the left hand rear corner of the
upper crankcase., Run s reamer of .499 - 5
in. diameter down into the lower crankcase: J/s;
in, deep. Withdraw the reamer and bushing
Blow the chips out of the hole. Fit the. dowel’
and drive it into place., Tighten up-dll:the ..
flange ruts, Be sure to use plain washers “under -
the lock washers., Tighten the cap acrews 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 flywheel housing are
clean and smooth, Coat the flywheel housing
flanges, both vertical and horizontal, with a
tacky gasket cement per Army 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 .(Symbol GRG).
Set the flywheel housing in place op’ ?g engine
and draw it up uniformly so that/ Poth the
vertical and horizontal flanges Are 28 oil
tight. The oll gage and hand scavenge
now be set in place in the engine. ' THE
starting lever throw out cam may now he fixded
to the front of the engine. Also fit-thHe-dignd.
starting lever hole cover., LTl
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9-17 HREVERSE GEAR ASSEMBLY TO THE ENGINE. -
a. The brake toggle adjusting nut "14" mugt. .
be tightened to clamp the brake band "10" onfo.,
drum 4", This is necessary to keep the band " ™
from slipping when the unlt is lifted. The band
must be arranged before clamplng, so the clutch
engaging levers are in a position such thatone
points directly down away from the 1ifting hook
as 1llustrated in figure 4-12, Coat the flange
es

face of the reverse gear thrust bearing cormta
with a taecky gasket cement per Army SpGa.l62-
and stick a %asket to this flange. Do not Ist-aény .
tacky cement get on the exposed face of:-this o
gasket., Coat the exposed face of the raverse =
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Figure 9-31, Top

gear thrust 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 elther side of the assembly
and by prying against the flange of the lower

erankcase, If onoe pushes agalnat the reverse -

gear shaft flange all the while, the gear will
slide forward as clearance i1s cbtained. It is
also necessary to rotate the reverse gear shaft
to align the splines of the reverse gear bevel
driving gesr 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 flange. Also see that the four studs in the
thrust bearing container enter the holes in the
lower crankcase. BSee figure 4-13, When the
reverse gear assembly 1s in place remove the
hoist and add the plain washers and hex mits to
the four studs in the rear face of the lower
erankease, Secure these nuts with lock wire.
Be careful not to drop any parts into the lower
crankcase, Finally tighten 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 plece of rope type packing
with gasket cement per Army Stock No. 052-C~675~
1PX 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. Centrallze the
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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 Army Spec.
62~5. Cut a pilecs of thin sheet metal in the
general shape of the rear flange of the reverse
gear housing. See that this sheet metal plece
is smooth, Coat it with soft cup grease -both
sides per specification AN-G-14 (Symbol GRG).
Set this sheet metal plece agalnat 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 metsl plece out from between
the housing and thrust bearing container flange,
Do not damage the flange gasket, Remove nut
"14" gnd it link "16" in place and refit nut
"14", Comnect link "22" and secure with two
cap screws "17", This link is engaged with
the serrations such that the brake band "1O" is
centered up on brale drum "4", Fit pin "18" 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 braks band
locating cap screw "15" is next fitted to the
boss on the outslde 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 outaslde of the upper housing,
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Installing Reverse Gear Assembly to Engine

Figure 9-32.

Tightening Reverse Oear Lockmut

Figure 9-33.
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NOTE

These two above mentioned balancing and ad-
justing screws are the only parts effected
by the rotation of the engine, All other
parts of the reverse gear assemble to the
engine in the sams 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
right hand side of the engins although they are
interchangeable to suit the particular instal-
lation, Refer to figures 4-9 and 4-1l,

9-18 REVERSE GEAR ADJUSTMENT,

a, To tighten forward clutch, loosen clamp
bolt nut on "11" clutch adjusting ring, then
screw this ring (together with its three bell-
cranis, links and shifter spider) in for tight-
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 356 inch lever is quite sufficlent 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 the load without excessive clutch pressure,
Once properly adjusted, the clutch will function
a long time without further attention.
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Figure 9-34, Order of-%Tightening Cylinder Head Hold
. Typical Torque Wrench
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bown Nuts Showing
NOTE

As soon aa clutch slippage 1s noticeable
make above adjustment at once, Do not
contimue to operate a slipping clutch, as
1t will cause rapid wear, heating and
warping of clutch discs.

b, To tighten the reverse band "10", first
loosen mt "12" and unscrew the balance adjusting
stud "13" three or four turns, With lever in
neutral, tighten brake and toggle mut "14", thesi
try lever Ifrom neutral to reverse and get the
"feol" of this adjustment, Re‘Peat until the
band firmly grips the drum "4", Due to the
powerful action of thils mechanlsm, ample revers-
ing capacity 1s possible without excessive hand
lever load. In "forward" position a clearance
of not less than 1/64 in. should exist completely
around the drum and brake band, . .

c. Torque reasction acrew adjustment is made
as follows, Turn the engine 1/4 turn in ita
running direction to gather all the slack on the
tralling side of the reverse band., After the
brake band has been properly tightened, and with
the hand lever in "reverse" position, ver
carefully turn the balance adjusting screw '13"
so it barely touches the brake band lug at ™A",

CAUTION

Do not screw this stud down so far that
1t moves the lug or affects the radial
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- lock washers into the sprocket bores.
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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 torque-reactlion stud
will be destroyed, and only the top half
of the brake band will bear down on the

After the above adjustment has been effected,

tighten loocknut "12" without disturbing the

position of the stud "13"., This sdjustment 1s

importarnt in that 1t 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. GCarefully work the hand lever

forward, neutral and reverse a few times and the

reason for this proviaslon will be readily

appreciated, There should be spproximately 1/16

in. clearance at "B" between "15" and brake band
lug. Install or remove 1/16 thick washers until
the adjustment 1s correct., This 1/16 in,

olesrance is measured by turning the screw down
tight and then backing it off 1/16 in. Measure

the clearance under the screw head and fit

washers to f1l1 this space., Refer to figure

4«9 and 4-11,

=19 CYLINDER HEAD ASSEMBLY TO THE ENGINE.
Remove the suxiliary supports from the camshaft
drive sprockets and allow the sprockets to rest
on the pedestals on the top face of the sprocket
housirg, Fit the 3/4 in, diemeter cap screws and
See that
both the top face of the cylinder block and the
bottom face of the cylinder head are smooth and
clean, Coat a cylinder head gaslket, both faces,
with a tacky gesket cement per Army Spec., 62-5,
Place the smooth side of the cylinder head
gasket against the cylinder block., This means
the flanged edges of the grommet holes go
against the cylinder head, Put e teaspoonful
of engine oil in each cylinder bore. Set the
cylinder head carefully on the engine, See that
1t goes down smoothly over the studs and camshaft
sprocket, As soon aa the head i1s down in place

‘set the csmshaft aprocket omto the cemshaft and

start the 3/4 in. diemeter cap screw into place
in the end of the camshaft, but do not draw
it down tight, Install all the 3/4 in, and 1/2
in, hex miuts and weshera on the head studs. Draw
the nuts down evenly in the order 1lndicated,
After they are all uniformly snug apply the
torque wrench and tighten them down to the
correct torque value, Refer to figure 12-9.

Assemble the heed onto the opposite cylinder bank
in a similar manner. Use care to see that the
cylinder head cemshafts are correct for the nodel
engine being assembled, The driving flange of
the camshaft shows the part mmber 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 determine the proper cemshaft to use in each
head. Cemshafts must be aet per paragraph 8-9d.

$-20 VALVE TIMING, RH Engine No, 2268 Stack Iiat
No, 1906AAF200 000, i

9-2)1 TAPPET ADJUSTMENT FOR TIMING, For valve
timing 1t is necessary to set.all exhaust and
intake tappet clearances to the figures shown
in figure 12-1, reference No. 42,

9-22 ADJUST TIMING CHAIN, Set the two accessory

!
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Section IX
Paragraph 9-19 to 9-24

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

9-23 POSITION CRANKSEAFT. Turn the engine in
its normal running direction until the flywheel
mark "T.C. 1 &néq' leading bank shows in the
timing inspection hole and then continue to
rotate until the flywheel mark "EXH, CLOSES"
comes directly opposite the notch 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,

Now grasp the camshaft sprocket of the leading
bank and rotate it in the opposite direction
from its normal rotation, This tekes 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 "F.C. 1 & 6"
trailing bank comes into view in the timing
inspection hole. Continue to rotate until
the flywheel mark "EXH, CLOSES" comes directly
opposite the notch in the timing inspection
hole, Now grasp the cemshaft sprocket of
the tralling bank and rotate it as far as it
will go in a direction opposite to its normal
rotation and then draw it on to the camshaft
taper with the 3/4 in. cap screw, Camshafts
must have been previcusly set per paragraph 8-8d.

o fl

After the above
routine has been followed, paragraph 9-20 through
9-23, it 1s necessary to check the exhaust valve
timing of mmber 1 cylinder in the leading bank
‘and mmber 6 cylinder in the leading bank against

9-24 BALANCE VALVE TIMING.

the flywheel timing marks, A difference will
sometimes appear here because of wear in the
camshaft, rockerarm shoe or rockerarm 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 examplse, 1f it 1s found
that mmber 1 cylinder in the right hand bank is

85
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timed correctly on the flywheel mark, but mmber
6 cylinder-in the right hand bank falls 1/2 in.
late with respect to the flywheel mark, then 1t
i3 necessary, to retime until the number 1
cylinder 1s 1/4 in. early and mumber 6 cylinder
1s 1/4 in, late with respect to the flywheel
timing mark, Of course, it is necessary to check
both the camshafts in both heads in this respect.

9-25 TRUE UP SPROCKETS, After the proper valve
timing has been made it is mecessary 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 chaln or sprocket teeth, When the
sprocket is adjusted on the cemshaft so 1t runs
true, tighten up the 3/4 in, cap screw until it
is heard to"give" as it grips the camshaft,

9-26 ADJUST VALVE TAPPETS, After the valves are
timed it 1s necessary to open up the exhaust
valve tappets to the clearance shown in refer-
ence No, 44 , flgure 12-1.

9-27 VALVE TIMING, LH Engine No, 2269 Stock List
No. 1908AAF200 100.

9-28 The valve timing for LH Engine No. 2269
Stock Iist No, 1906AAFZ200 100 is wmade in exactly
the manner outlined in paragraphs 9~20 through
9-26, The reference to leading and trailing
cylinder banks tekes care of the difference in
erankshaft rotation between the right-hand and
left hand engine, Refer to paragraph 1-22 for
definition of leading and trailing cylinder bank,

9-290 ADJUST TIMING CHAIN, This is done by
loosening six 3/8 in. muts in the chaln take-up
clamp ring., Rotate the chain take-up in the
direction indicated by the arrow cast into the
sprocket housing until the chain is taut. Scribe
a mark on the clamp ring and support. Now back
off the take-up 3/8 in. as measured by the
distance between the scribe marks, This gives
the chain operating slack. It is necessary to

Py
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lgok behind the gensrator support tube in order
see the arrow cast into the sprocket housing
on the left hand side,

6-30 INSTALLING OIL PRESSURE REGULATING VALVE,
Clean off the gasket faces of both the upper
crankcase and the regulating valve. Coat the
upper crankcase mounting face with a tacky gesket
cement such as Army specification 62-5, Coat
the regulating valve body with soft cup grease
per specification AN-G-14 (Symbol GRG), Use a
new gasket and set the valve assembly in place.
Draw it down evenly and tight with four 5/16 in,
cap screws, Make sure the dowels have properly
entered the reamed holea, See that the pad on
the regulating valve matches that on the upper
crankcase,. Do not put the valve on backwards,

g-31 INSPALLING INTAKE MANIFOLD, The first atep
in this operation is to fit the intake manifold
elbows to the c¢ylinder head, Coat the cylinder
head gasket face and the intake manifold elbow
gasket face with a tacky gasket cement per
Army specification 62-5 similar to shellac, Coat
only the elbow face that goes .againat the
cylinder head at this time. Set the elbows {in
place on the cylinder head using new gaskets,
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
srug, This brings all six intake elbow flanges
into aligmment. Proceed to tighten all the 7/18
in, nuts that hold the elbows to the cylinder
heads. Now remove ths 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 the englre. This is dome as
followa: Clean off the carburetor mounting
flanges, a3 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 1s
put on as 1llustrated in figure 9-37, Install

Figure 9-36. Adjusting Chain Take Up

R |
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the long carburetor control shaft and comne £/
up the linkage to each carburetor, Lubricate
the control linkage with oll per specificatlon
AN-0-5 (Symbol OGP}, Slide the carburetor and
mani fold assembly into place from the rear of
the engine, Be careful not to damags any spark
plugs, pipes, wires or,control linkage. Coat the
gesket faces of both the lntake manifold and
intake manifold elbows with a tacky gasket
cement per Army specification 82-5 gimilar
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

. pipea to the distributors, multiple shield bozxes

and to the rockerarm covers as well as the
sprocket housing.

1 i
Figure 9-37.

i h

Installl

9-32 INSTALLING MULTIPLE SHIELD, The multiple
shield support is assewbled to the engine and
secured with cap screws, nuts and washers, The
miltiple shisld assemblies, electric fuel pump
filter and starting motor filter are next secured
to the support, The exterlor wire connections
are made to the multiple shield assenbly,
electric fuel pump filter and starting mo%or
filter, peying careful attention to the wiring
diagram figure 9-39, Fit the ventllating pipes
to the multiple shield asaembly. Secure the
wipes and pipes with clips and tape so they
cannot vibrate excesalively.

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
Army Spec. 62-5., S8tick this coated side against
the starter flange, Coat the other side of the
gasket with light cup grease per specification
AN-G-14 (Symbol GRG), See that the starter

i
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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
shalft must be clean and free from nicks and
burrs so it will freely enter the flywheel
hous ing bushing., Fit the starter to the flywheel
housing and secure 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 0GP) in the
01l cup at the rear end of the starter and on
the Bendix drive helix,

9-34 INSTALLING THE GENERATOR DRIVE, Refer to
paragraph 8-8 for presliminary assembly of the
generator drive to the sprocket housing. Then
fit the tachcmeter drive flange to the generator

drive pulley after the mounting faces and pilot
dismeters have been inspected and found to be in
good condition, Draw down the elght 1/4 in. cap
serews evenly so as not to bind or distort the
tachometer drive flange. Secure with a lock
wire, Fit 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
four 3/8 in, cap screws. Clean off the mounting
faces and pilot diameter and then it the
tachometer adapter plate to the generator drive
assembly. This adapter plate is fitted to the
engine with the 17/64 in, diamster hole and the
flat edge of the flange on the under slde.

9-35 INSTALLING GENERATOR, See that the base of
the generator 1a clean, smooth and free from
paint or grease. Set the gensrator in place,
fitting the V-belts over the generator drive
pulley. Secure the generator with cap screws
and lock washers,
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CAUTION

Do not use cap screws longer than 3/4 in.
and be sure to use lockwashers, If a
longer screw 18 used the fleld windings
of the generator are quite llkely to be
danaged,

" Now rotate the generator bracket on its support
s0 as to bring the V-belts up to operating
tension, WMake sure the drive and driven pulleys
are aligned with one another. Tighten the two
5/8 1n. clamp cap screws in the generator
bracket. Carefully connect wires to the goner-
ator according to the wiring diagram figure
9-39, The generator must be polarized before it
1s run on the engine. Refer to applicable Alr
Force and Navy Handboolks.

9-36 INSTALLING BILGE PUMP, The first step in
installing a bllge pump is to see that the pump
‘mounting flange and pilot diameter as well as
that of the sprocket housing are clean, smooth
and flat, Stiok a new gasket to the bilge pump
mounting flange with a gasket cement per Army
Spss. 62-5, Fit the pump to the engine and
secure 1t with four 3/8 in, nuts and lockwashers.
Refit the inlet and outlet pipe flanges using
new gaskets, See that the pipes are installed
8o that no strain is thrown on the pump, ILubri-
cate the pump by filling the grease cup with
grease of soda or soda=-alumina base and water
repellant, but not geoessnrlly water proof.
Muat be of 177°C (380°F) minimum molting point.

9-37 INSTALLING WATER PUMP, See that the
mounting face of both the water pump and upper
crankcase are cleen 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 oll retainer,
It may be necesyary to rotate the shaft slightly
to make the mating aplines reglster. Push the
water pump into poeition and aeoure with four
3/8 in, oap ocrews and washers, Next fit the
distributor floating shaft assembly and the
flexible couplings., OCarefully enter the flexible
coupling driving spools intc place in the
flexible coupling flanges and draw them into
place with their bolts and nuts. Remake the
water connections being sure all the gasket
faces are cloan and smooth, Use new gasleta on
all flanges. Put gasket cement on the gaskets
both sides, Fill the grease cups with grease
of soda or soda-glumina base and water repellant,
but not necessarily water proof, The greasse
must be of 177°C (380°F) minimum melting polnt,
Fi1ll oil cup on the water pump pllot gear case
with oil thet meekts specification VV-L-78)
(Symbol GO) SAE 90 viscosity,

9-38 INSTALLING THE DISTRIBUTOR DRIVE ROUSING.
Seo that the mounting face of the dlstributor
drive housing ia smooth end olean., Alao the
mounting fece on the upper orankcsso muast he
smooth and oclean, Fit the flexible coupling
driving apools into the driving flange on the
distributor drive shaft while fitting the houwsing
into place on 1ts mounting atuds, Fit the four
nuts and washers, Draw the flexlble ooupling
spools into place with the coupling holts an

nuta, Be careful to see that they enter the
counterhore aquarely, Pull them down untll they
seat rivmly asgainst the shoulder provided, Ree
that the distributor drive Lls luhvloated with
grease per speoiflcation AN-G=25 (Sywbol CLT),
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Fit the overspesd governor drive to the right
hand distributor drive housling. )

9-39 INSTALLING THE DISTRIBUTOR, The distribu-
tor is fitted to the engine by lowering 1t into
the distributor drive housing so that the pointer
on the distributor steel mounting plate comes on
top of the graduation on the drive housing plate.
Be sure to sse thet the drive housing is clean
and 1s packed with grease as mentioned in para-
gragh 9-38, Locate the pointer in the center of
the graduation and secure with 1/4 in, cap
screws, The wires are connected as shown in
figure 2-51 and 9-52, See that the distributor
is lubricated. Refer to applicable Alr Force
and Navy handbooks, :

3% X3

Figure 9=38, Diastributor Hold Down
Plate and Graduations

9=40 IGNITION TIMING, Ignition timing cen only
be done after the valve timing has first been 2ot
a8 explained in paragraphs ©-20 through 9-28,

9-41 IGNITION TIMING, RH Engine No, 2268 Stook
Liat 1208AAFR00 000,

9=42 POIITION THE CRANKSHAFT, Remove the timing
inspection cover plate from the fLront of the
flywheel housing. Remove the exhaust side spark
plug from the number one cylinder in the left
hand bank, Do not forget the "hand" of the
oylinder bvanks are determined as ona stands at
the rear of the engine and faces forward, Turn
the engine over by hand in 1ts normal running
direction untll the number one platon in the
loft hand bank atarta to come up on lts com=
presalon stroke, Thia can be determined by
blocking the apark plug hole with the thumb
and if alr 13 forced out as the plston comes up
then 1t is on 1ts compresslon atroke, Of coursse,
1t 1a neceasary to set the valve timing before
the ignition timlng 1a made, Rofer to garagmpha
9=-20 through 9~28, When number one left hand
platon 18 on ita ocomprsasion stroke ocontinue
rotating the engine in its normal running
direction until the flywheel mark "T.C. 1 & &
L.H. BANK" i3 direotly ip line with the notoh
in the housing inapeotlon hole, See figure 9-43,

9+43 POSITION DISTRIBUTOR, Now loosen the two
1/4 in, cap sorews ln the distpibutor hold down

3
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GENERATOR FILTER FILTER

AND APPARATUS BOX
REFER TO FIG.9-42 CRP—F ARM:]

8 10 |
= S-l4

A+ F
GENERATOR [llea- [H.]

Section IX.

MOTOR

USE CABLE O UP TO 5FT.
USE CABLE OQ UP TOIOFT.
USE_CABLE 000 UP TO ISFT.

BATTERY

BATTERY
24 VO L.{'-F

“S” INDICATES

YA* INDICATES SECONDARY

IGNITION WIRES .0I3 IN. DIA ..
STAINLESS STEEL STRANDS

7 STRANDS PER CABLE\/

LEFT EXHAUST

LI

\ LEFT INTAKE
\

a
FOR _FIRING. ORDER
SEE_FIGURES 9-51 & 9-52

"

RIGHT INTAKE

5655

RIGHT EXHAUST

| FUSE. 15 LIGHTS AND
) MAGNE TIC ACCESSORIES
B SWITCH
STARTER ' -8
. 8 ¢
MULTIPLE SHIELD N
MULTIPLE SHIELD TER
s-8-" SHIELDED WIRES—\ (ASSEMBLY 7 ELECTRIC AMMETE
‘ REFER TO FIG.9-40 FUEL PUMP
-A S'|4—\ ! B
(| [AD:POINT H STARTER
| 2o SWITCH o 14 SWITCH
@o 0|3 START. | W h- 1
o LiE R o P = 7 [Q:
“ Bz ]| = | -ELECTRIC
° DIST. L é/ FUEL _PUMP
' I SWITCH
e
14 OVER-SPEED
GOVERNOR
<lo 1 DIST B
2P SWITCHy & | < N
o)‘ o2 START. g Lt B ‘ EN
9 |z AN = b~ R
| A L' OVER-SPEED \ ™. :
Ol ——" CUTOUT SWITCH— 8~
= ; " ' REFER TO FIG.9-41 IGNITION
S-14— _ A A SWITCH
C IR \) =
FOR MODEL 2268 PRIMARY IGNITION LEADS AS SHOWN SOLID \ N 1
i A <\ . b=
FOR MODEL 2269 PRIMARY IGNITION LEADS AS SHOWN DOTTED LEFT EXH— &RIGUT EXH.
- - LEFT INT. RIGHT INT.

Pigure 9-39,
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CONNECT WITH
T%'N- DIA TUBING TO
INTAKE MANIFOLD—\

c 5 B

-
o

AMMETER OUTLET
TERMINAL MARKED "IN* é

9 (=] 8l MOUNTING POSITION
FILTER
FILTER —

S o 2% \O)
E_ .
Q)
<

BAT.

0

5

AV

i Aseion. 1A ?

e

\ HIGH TENSION

STARTING MOTOR

o Mﬂ ey 18
OVERSPEED
GOVERNOR :

. = o
: N e o ~RESISTORS~ o
§ \APPARATUS BOX §§ §§ IGNITION FILTER FILTER IGNITION
GROUND OUTLET COIL ’ COIL
FIELD OUTLET —_IGNITION R
ARMATURE OUTLET : SWITCH
\_AMMETER
Figure 9-42. Internal Wiring Diagram of Figure 9-41. Internal :
Apparatus Box Wiring Diagram of Q
Overspeed Governor 2 Q 2
Switch

fe——SWITCH—>|
~——DISTRIBUTOR—=

ire 9-40, Internal Wiring Diagram of Multiple Shield Box
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plate and rotate both distributors until the
pointer is located in the center of the gradu-
ation as shown in figure 9-38,

9-44 OPEN DISTRIBUTOR. Remove the e¢aps from
both distributors as explained in paragraph 4-S.
Lift the lock wire from around the rotor base
carefully so as not to bend or bresk it. Unscrew
the hollow head set screw from the base of the
rotor by three turns, Do not take this screw
completely out as 1t may be lost, Now carefully
11ft the rotor from the distributor cam. In

k4

St
WEL «...1»7

L¥eE e 19
Figure 9-44, Removing Distributor Cap

Section IX
Paragraph 9-44 to 9-45

some cases it may be necessary to pry the rotor
up off the cam, but do so carefully so &s not
to damage elther the rotor or the distributor
cam, Loosen the cam by backing out the lock-
screw from the center of the cam. This acrew
is made in such a way that it will pull the cam
from the shaft if it is backed out, After the
cam 1s drawn out far enough so it can be freely -
roteted 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 1s known as the "fixed" points as they are




Section IX
Paragraph 9=-46 to 9-47

not adjustable in angular position with respect
to the distributor base. The other set is
known as the "moveable" points as they are

. adjustable Lin angular position with respect to
the distributor base.

¢9-46 EREAKER POINT GAP, Adjust all. the distri-
butor breaksr pointa to the gap per Refer, No. 70,
figure 12-1, This gap 1s measured when the
breaker arm brush is resting on a high point of
the cam, For best results all four distributor
point sets (both dlstributors) must be adjusted
to as near the same gap as possible,

9=47 POSITION ROTOR, Place the distributor

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

rotor back on the distributor cam so that it
properly engages the flat on the side of the
cam, Do not push the rotor clear down as 1t
has to be withdrawn presently, Now turn the
rotor opposite to its normal running direction,
that is, turn it counterclockwise as you look
down on it, until the rotor 1ls positioned with
respsct 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 1s of vital importance as one of -

the rotor brushes is "alive" and one 1s =&
"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
contimue to turn the rotor counterclockwise. as
you look down on it, until the fixed distributor
points just close, Make this same adjustment to
both distributors, Bear in mind that this 1s
the position where the points would be Jjust
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 light as
explained in peragraph 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 is important, -Now carefully
pull the rotor from the cam without altering the
cam position and tighten 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. CAUTION

. Timing Pdsition of Diatributor l'!o.tor
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go on the shaft, otherwise the rotor may
be raised 3o high as to damage the dla-
tributor cap when the engine is started.

9-48 ADJUSTING MOVEABLE EREAKER FOINIS, Rotate

the crankshaft in its normal running direction -

60 degrees until the mark "T.C. 1 & 6 R,H. BANK"
is directly in line with the notch in the fly=-
wheel housing, This 60 degree location is most
important so be careful to ses that the flywheel
marks come exactly opposite the timing noteh in
the flywheel housing inspection hole. The
moveable breaker points in the diatributors 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 FREASSEMBIE, Coat the distributor cam with
a light coat of petrolatum and ome drop of oil
on hinge pins as mentioned in paragraph 11-48 ,
Set the rotor back in place and see that 1t is
firmly seated. Tighten hollow head set screw
and fit spring lock wire,

9-50 COIL CONNECTION, The ignition timing
cannot be considered complete until a check 1s
made to see that the distributor polints are
properly connected to the ignition coils,
As shown in figure 9-39, the flxed distri-
butor points must be connected to the ignition
coll so that they fire through the "live" brush
of the distributor rotor and through the off

B~ & VAT LT
~-49, Timing Light on
Distributor Points

Section IX
Paragraph 9-48 to 9-53

center connection in the distributor cap. The
moveable distributor points must fire through
the center contact of the distributor rotor and.
cap., These connectlons can be verified by
tracing the cormecting wires., The ignltion coils
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 breaker point set under consideration, With
the ignition awitch "on" the lamp will glow when
the points are closed and go .out when the points
are open., When a slight pressure one way or the
other, on the breaker arm, will either light 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, 1906AAF200 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 paragrapha 9-42
through 9-50 with the following exceptions:

a, In paragraph 9-42 remove the exhaust slide
spark plug from mmber one cylinder in the right
hand bank and rotate the crankshaft until this
cylinder 1s on its compression stroke and the
flywheel mark "T.C. 1 & 6 R.H. BANK" comes
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 normal running direction 60 degrees until
the mark "F.C. 1 & 6 L,H, BANK" is directly in
line with the notch in the flywheel inspection
hole as shown in figurs 9-43,

,n{“‘,:

Flywheel Timing Mark

SN 0

. ) 3
Figure 9-50,

9-53 OIL COOLER INSTALLATION, See that the
mounting face of the oll 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 speci-
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fication AN-G-14 {Symbol GRG)., Fit the cooler
to the engine and secure with nuts and copper
washers, Draw it down into place evenly and
tight., Replace water circulation pipes. Fit
oll and water circulation pipes,

9-54 MECHANICAL FUEL FUMP INSTALLATION, Clean
off the mounting face of the fuel pump and
eylinder head, See that these surfaces are
clean, smooth and flat, See that the pilot
dismeter 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 lnslide
of the engine " ‘g‘er figure 9-54. The valve
cap marked with a "V" has the by-pass valve under
it. 8See that the o0il 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 Army specificatlon 62-5, belng
careful not to plug up the oil hole. Be sure
there i3 an oil hole in the gasket. Coat the
cylinder head side of the gasket with light cup
grease per specification AN-G-14 (Symbol GRG).
Rotate the fuel pump drive tongue 20 it will
1ine up with the slot in the end of the cam-

"shaft, Fit the pump to the engine and secure

with 5/16 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 main fuel valve

and 11l the aystem with fuel through the use.

of an electrlc fuel pump or other auxiliary
means, Make a final check for fuel leaks and
correct any found,

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

9=-55 OQIL FILTER INSTALLATION, See that the
mounting faces of the oil fllter and sprocket
housing are clean and smooth., Coat a gasket
with cement per Army specification €2-5 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 oll filter
to the engine and secure with nmuts and washers,
Fit oil pipes.

9-56 OVERSPEED GOVERNOR INSTALIATION, The rfirst
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 ao
it does not bind, Now connect the electrical
lead to the back of the overspeed governorv
assembly., Set the overspead governor assembly
with its bracket and drive cable on the engine
and secure with two 3/8 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 FUEL PUMP INSTALLATION, Set the
electric fuel pump on the engine and fasten with
two 3/8 in. cap screws in the vertical flange of
the flywheel housing and one 1/2 in. cap screw
in the horizontal flange of thke flywheel houalng.
Remake the fuel pipe connections to the fuel
ressure regulating valve as illustrated in
figure 9-54., Conmect the fusl supply pipe to the
fuel pump, Fasten the electrical comnsctions to
the fuel pump as i1llustrated in figure 9-39.

CO/L CONNECT/IONS FOR

9
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STORAGE TANK
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S8ection X
Paragraph 10-1 to 10-4

TESTING AFTER OVERHAUL

ROTE

Alr Force persommel will follow procedures
outlined in Air Force Technical Orders
covering this subject. Navy personnel
will follow procedure outlined in Navaer
02-1-508,

10-1 GENFERAL, It is necessary to carefully test
an overhauled engine before returning it to
service or storage, The running serves to check
the quality of the overhsul work, seats plston
rings and burnishes new parts to a good wearing
surface, The engine can be adjusted and tuned
so that it will operate properly when installed
in a boat. Accurate msasurements of power, fuel
and oil consumption may be made so as to de-
termine the operating efficiency of the unit.
During all the outlined run-in tests every
precaubion must be used to protect the engine
from damage. 011, water and fuel supply must
be adequate and circulation assured. Close
attention to the instruments will ald in de-
tecting trouble before it becomes serious,
Any sudden drop off in englne speed at any glven
throttle position and dynamometer load 18 a
pretty sure sign of trouble and the engine
should be shut down until the cause is determined
and corrected. A drop in oil pressure or sudden
rise in any temperature is a warning of trouble,
An operator can make a quick check of water and
oll 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 oll
pipes "out" of the oil cooler. Every effort
should be made to ses that the engine 1s in
first class operating condition before 1t 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 englns with the dynamometer and
securely fasterning it down so it cannot vibrate
or move while under test, Somes type of flexible
coupling must be made between the engine pro-
peller shaft flange and the dynamomster. This is
necessary to avold any strain and birding 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 exposed so that operators
clothing can get entangled, Especial attention
13 called to the engine dynamometer coupling.
This part must be protected with a safety guard.
No fuel, oll or water leaks must be permitted.

10-3 DYNAMOMETER, Some sort of power absorption
device must be used for loading the engine during
the running test after overhaul. A water biake
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 and measured, thus the engine output
can be accurately determined. The dynamometer
must be reversible in rotation so elther right or
left hand rotation engines may be tested and also
so that a reverse gear test can be made. A
revelution counter attached to the dynamometer
18 necessary. Sultable means must be provided

for supplying and measuring the fuel and oil
consumption of the engins, This is generally
done by welghing the fuel and oil used during
any given time and at any glven horsepower
output. ’

10~4 COOLING SYSTEM, An adequate supply of"
cooling water must be available to the englne
cooling water pumps. The cooling water pipes

Lo P .- . L
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must be of sufficlent size so that the suction
and discharge pressures do not exceed the values
shown in figure 10-6, Some visable flow device
13 necessary in the aystem 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 engins is in operation, The highest
outlet point in the engine cooling system must
be vented to an expansion tank to prevent the
accumulation of steam or alr pockets in the
engine cooling jackets, The cooling radlator
for handling the water from the englne must be
capable of dlssipating 31,500 BTU per mimite at a
ma.gimum water temperature from the engine of
54°C (130°F). This cooling rate is required for
the engine alone. Any cooling load imposed by
the dynamometer or additional water jackets on
the exhaust 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
especlially if the engine 1s to be stored after
the .dynamometer test.

10-5 STORAGE BATTERY, A source of electric

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

supplying ignition energy and for absorbing the
output of the engine generator. This requirement
1s usually met by using two lead acld storage
batteries of 12 volt rating connected in series
to glve a combine output of 24 volts., A capacity
as follows is satisfactory for this purpose:t
20 hour rate of = = -« - - = 147 ampere hours
20 minute rate of -~ -l 175 amperes
1-1/2 mimite rate at 0°C (32°F) of - 850 amperes

10-6 MAXIMM RATING, The maximum rating of this
marine englne 1s 630 brake horsepower at 2100
revolutions per mimte at standard conditions of
alr temperature and pressure as mentloned 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 mentiomed
in paragraph 10-10,

10-7 NORMAL RATING, The normsl rating of this
engine 1s 440 hp at 1800 rpm under standard
conditlons of air temperaturs and preassure as
mentioned in paragraph 10-8, :

current muwst be provided for cranidng the engine,
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10-8 PERFORMANCE CURVES. The curvea shown in
figure 10-2 are throttled engine output to
duplicate a normal propeller load., These ratings
are at standard conditions of 29,92 in, of
merocury air pressure and 15.5°C (60°F) air
temperature, Test data must be corrected to
standard conditions in a manner established by
the SAE. When coupled to a dynamometer the
engine 1s capable of greater output than that
shown on the curve especially in the inter-
mediate speed ranges. Any variation in the
englne over that shown by the curve will also
influence the manifold vacuum, fuel and oil
consumption. The o0il consumption will vary
somewhat until the piston rings become seated.

10-9 GOENERATOR CONNECTION, 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
gensrator will be damaged if this is not done.
The generator also must be properly polarized
before 1t i3 run, Refer to applicable Air Force
and Navy handbooks,

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

10-11 PRELIMINARY RUN-IN,

Duration of Revolutions Reverse ‘Horsepower
run~in per mimite gear lever load
" mimutes propeller . position
drive flarge see figure
4-10
45 1200 A 120
60 1300 A 150
60 1400 A 185
60 1500 A 225
60 1600 A 270
60 1700 A 320
60 18090 A 580
60 2100 A 630
15 . 1600 R 250

10-12 DISASSEMBLY, INSPECTION AND REASSEMBLY.
At the satisfactory completion of the above
preliminary run-in the engine 1s 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 rockerarms and velves. The
detalls for disassembly are outlined in section
IV, Inspect all the disassembled parts and
accept or reject them as mentioned in section VI,
Repalr or replace any unacceptable parts as
mentioned in section VII. Correct any fuel,
oll or water leaks revealed in the preliminary
run~in, Reassemble the engine as outlined in
section IX., Iubricate all parts upon reassambly.
Replace all safety wirea, cotter pins and
lockwashers, . Use new gaskets throughout.
Replace the engine on the test stand and resume
the englne run-in,

Section X
Paragraph 10-8 to 10-14

10-13 FINAL RUN-IN,

Duration of Rewolutions Reverse Horsepower
run-in per mirmute gear lever load
mimates propeller position
drive flange ses figure
4-10
30 2100 A 630
5 2100 A max
5 1600 R 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 fallure 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 deball
specifications are listed below and thelr
locations are shown in figure 10-3 through 10-6,
Do not attempt to operate the engine until all
of these items have been provided.

Ref,
No. Deacription Size

1 Water outlet conmsctions, ‘Two 1-1/2 in.
Conrect both. IPT

No. 8 and 10

AWG wire No.8

and 14 shielded

AWG. wire ’

1-1/2 in, IPT

2 Generator comnections to
apparatus box, Refer to
wirlng diagram figure 9-39,

3 Water inlet comaction.
One eech side of engins,
Also fit water inlet ther-

. mometer to line,

Thermometer range. 10 to 95°C
. (50 to 203°F)
4 0il inlet temperature 1/2 in, IPT
themmometer.
Thermoeter range. 10 to 127°¢
(50 to 280°F)
5 Fuel supply connection. 3/8 in, IP?
Refer to fuel circulstion 1/2 in, OD
dlagram figure 9-54, tubing -
6 011 sump thermomeoter 1/2 in, IFT
conmection,
Thermometer range, 10 to 127°C
(50 to 260°F)
7 Water recirculation pipes, 1-1/2 in, OD

Comnect back into water hose connsction

inlet line per figure 10-6.
8 Overspeed governor No, 14 ARG wire
comection, Refer to wiring
disgram figure 9-39.

9 Electric fuel pump No. 14 shielded
connection, Hefer to wirlng AWG wire
diagram figure 9-39,

10 Starter connection., Refer Various
to wiring diagram figure 9-39,
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Ref.
No,

11

12

13

14

15

100

Description

Bxhgust manifold outlet.
One each side,

. Intake manifiold vacuum

gage connection.

Primer pump connection,
{under side of intake
manifold)

HALL-SCOTT DEFENDER
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Size

3-3/4 ID pipe.
Flange drilled
with eight
13/32 in. dia
equally spaced
holes on 6-1/2
in, dia bolt
circle

1/4 in, IPT

SAE ball sleeove
type 1/8 OD
tubing

Ignition switch cormectioms. Four No. 14 AWG

Refer to wiring dlagram
figure 9-39,

Throttle connection must
allow 35° arc of travel on
4-3/8 in, redlus at the
carburetor,

Figure 10-3.

wires

1/4 in, dia
hole

RB by .
No, Description
16 Water outlet thermometsr,

17

18

19

20

21

Therrometer range,

Fuel pressure gage
comection,

Range of gage.
01l pressure gage.
Rarge of gage.,

Tachaneter sending unit.
(Need not be connected
for rn-in test,)

Bilge pump inlet and
outlet conmactions.

Propeller shaf't flange.
Refer to figure 10-6 for
de tails,

' L%

3/4 Front View of Engine Showing Connsctions for Testing Engine

Size

1/2 in, IPT
10 to 104°¢
(50 to 220°F)

1/8 in, IPT
3/18 in., 0D
tubing

0 to 10 1b per
square in, :

SAE flared type
5/16 in. OD
tubing

0 to 100 1b per
square in.

No, 14 AWG
shielded wire

1 in, 1PT

S
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Top View of Engine Showing Comnections for Testing Engline

Figure 10-4,

Rear View of Engine Showing Connections for Testing Engine

Figure. 10-5,

101



Section X
Paragraph 10-15 to 10-27

10-15 LUBRICATING SYSTEM, See figure 12-10,

10~16 TYPE OF OIL REQUIRED. Use a motor oil
having the oxidation stablility, bearing cor-
rosion preventive propertles and detergent
characteristics neceasary to make 1t generally
sultable for use in internal combustion engines
under heavy service conditiona, It must meet
U.S. Army specification 2-104B and U,8, Navy
specification 14-0-13 series 8000.

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

10-18 QUANTITY OF LUBRICATING OIL., 7 U.S,
(.83 Imperial) gallons initial fill, 6 0.8,
(5.0 Imperial) gallons refill after draining.

10-19 OIL PRESSURE, With .the oil temperature
reading 66 to 70°C (150 to 160°F) and the engine
running 1600 rpm check the oil pressure reading.
60 to 70 pounds per square inch is correct, If
the gage does not show correct preasure, adjust
the oll 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 right or left until the correct pressure
1s obtained, Always replace the cap, and scres
1t down tight after the oil pressure is adjusted.
Make sure the cap gasket 1s in place.

10-20 OIL TEMPERATURE. The oil inlet temper-
ature to the engins should never be allowed to
exceed 93°C (200°F),

10-21 OIL CONSUMPTION., Refer to paragraph 10-8
and 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 1s on the front of the engine on
the left hand side, This valve is adjusted by
removing the acorn type mut from the bottom of
the assembly and then turning the exposed adjust~
ing acrew until five pounds per square inch fuel
pressure 1s 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,
besn completed., See that no fuel leaks occur,
Refer to figure 11-26,

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

10-26 IGNITION CHECK. By proper manipulation
of the ignition switches it is possible to get a
quick check on miafiring and also on ignition
timing. This 13 done by shutting off one
complete distributor (both breaker points) at a
time and allowing the engine to 1dle on the
other distributor. This leaves one spark plug
operating in each of the 12 cylinders, With the
engine 1dling in this manner, listen to the
engine exhaust to detect any misfiring. If there
18 an uneven beat to the exhaust indicating
misfiring, then on ths “1ive" diatributor remove
one spark plug wire at a time from the dis-
tributor cap. Remove and replace all the dis-
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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 cleaning, regapping,
or replacing. Refer to reference No., 72, figure
12-1 for the proper spark plug gap. Then repeat
the process for the other distributor goling
through the same series of operations as ex-
plained before, When all the spark plugs are
firing properly, make the following check, 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 up and load
it up to 630 horsepower. Switch off one complete
distributor (both breaker points) while allowing

the engline 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 plicks
up more than 30 rpm under these conditions the
general ignitlion timing is too early and both
distributors must be retarded slightly., This
advance or retard is done externally with the
engine running. Loosen the twe 1/4 in, hold
down bolts and swing each distributor as neces -
sary as measured by tbe shift of the pointer on
the graduations, See figure 9-38, Check both
distributora in the above manner and adjust
until not more than 30 rpm difference occurs when
running on one distributor at a time as compared
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 98-50 for complete
details on synchronizing the two distributors,

10-27 AUTOMATIC SPARK ADVANCE CHECK, Each
ignition timing distributor is equipped with a
mechanical automatlic 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 dismeter metallic
disc to the engins 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
80 they may be viewed with a neon timing light
when the disec 1s rotating at engine speed. An
ad justable 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 1s at its top center firing
poaltion, Refer to paragraphs 1-22 end 9-42,
Now disengage the reverse gear clutch and rotate
the propeller shaft until the polnter 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
light leads as follows: high tension lead to the
detached spark plug wire, ore primary lead to the
engine battery and one to ground, Ses that the
attaching wires are clear of rotsting parts and
protected from coming in contact with operating
personnel., See that the timing disc on the
propeller drive flange is secure and free of
interference, Start the engine up and hold the
neon light in such a position that the graduated

3
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EXHAUST SYSTEM

EXHAUST GAS PRESSURE IN

MANIFOLDS MUST NOT EXCEED Quw
AT FULL POWER AND SPEED.
THIS MUST BE CHECKED

35—

SLEEVE TRE

“

id
FURL PRIMER PUMP) NllaAPﬂllSURII(mI- TH&RMM' ITACHOMETER

Ol PRESSURE
SAGE

INSTRUMENTS AND ACCESS|IORIES

FUEL SYSTEM

[+ TANK VENT PIPE YO BE
TAKEN ABOVE DECKS.

A STEADY RISE AND NO
AIRLOCKS.

ELECTRIC PUMP
OR WAND wosae Pump. Y

FILTER MUST PASS 2 GALLON
PER MINL AT 2 FEET HEAD AND
HAVE TRAP CAPACITY OF ) PINT.

——

ALL FUEL VALVE
SHOULD'BE SEALED
oR DIAPHRAGM

TYPE. . *~

] GHECK

‘ )

"

ENGNEOIL / /7
LEVEL- GAGE Av,uo/ s’uu»
FILLING CAP, WITH HANDY| ORAIN
PUMP FOR DRAINING SUMI PLUG

CONSULT INSTRUCTI®ON

PIBES MUST BE LAID WITH .y

THROTTLE CONTRO
) CARBURETER CONTRO
LEVER MAY BE SET AT ANY
ANGLE. , 18 4% LonG, o
TOT: 1 L _Or 3s8° b
=X 4
P [=) iy
)
Lyl
¢
F4

i) N

OURING TRIALS.

24

1S DONE, A 3 TuBe MuST

MANIFOLDS MAY BE TURNED AROUND
MTO DISCHARGE FORWARD . WHEN THIS

FROM THE J3' PLUG IN EACH MANIFOLD
YO THE J2 PLUG OPPOSITE TO THE
WATER THERMOMETER FITTING.

BE LED

THIS PIPE  3HOULD

TOP OF THE ENOINE.

TRAPS AS 3JHOWN,

BETWEEN 4' AND &' ABOVE THE

» THE DISCHARGE SIDE SHOULD
HAVE A STRADY FALL WITHOUT

RISE

SYSTEM SHOWN 18

|rEcommMENnDED  EXAMPLE OF A
SIOE ~ GUTLET , WET - EXHAUST
PIPE  WITHOUT A MUFPPLER.

- BILGE PUMP

CONNECTIONS TAPPED I"PiPR

INLET CUTLET

SUPPORTED IN SUCH A WAY THAT
THE MANIFOLD FLANGES ARE REUEVED
OF ALL BENDING OR WRACKING
STRESSES AND DO NOT CARRY MORE
THAN 300 POUNDS DEAD WEIGHT EACH.

A

THE EXHAUST PIPES MUST BE \ /t

|, TWO PIPES NOT LESS
WHICH MAY LEAD INTO A

PIPE OF NOT LESS THAN BY4 1.0.

THAN 3%L0
SINGLE

OVERBOARD DISCHARGE
THE WATER LINE .

| _» FROM HERE, EXHAUST PIPE
MUST WAVE A STEADY FALL TO AN

ABove

[INSTACLATION ANGLE

LD NOT EXCEEQ

12° EXHAUST PASSAGE

%" DRAIN COCK TO BE PROVIDED
AT THE LOWEST POINT IN THE

REVERSE GEAR

§ sen TR _—

PROPELLER |

TO ENABLE THE )
REVERSE GEAR TO BE
REMOVED WITHOUT
DISTURBING THE ENGINE,
THE PROPELLER SHAFT
AND FLANGE MusST BE
FREE TO SLIDE BACK 7°.

THE PROPELLER
MUST BE cCAPABLE om
ABBORBING 700 MORSE-
POWER AT 2100 RPM.

[ PROPELLER
THRUST CAN | EITHER SiDE.
BE TAKEN BY
THIS BEARING

ON THE 33° LevER 18 80

THE 38" HAND LEVER MAY BE MOUNTED ON

A 18/%2° LEVER 15 SUPPLIED FOR REMOTE CONTROL
EXCEPT WHEN SHIFTING, TME REMOTE CONTROL

IMPORTANT

NOTICE

POUNDS .

CIREULATING _WATER _SYSTEM 7/

A\ A

TESTING WATER SYSTEM

BEFORE 3TARTING TO
AND BEFORE PLANNING THE LAYOUT OF THE

MECHANISM MUST OPFER NO RESTRAINT ON THE PIPING, ETC., CONSULT THE INSTRUCTION
LEVER IN E(THER OIRECTION. . BQOK .
THE MAXIMUM MANUAL EFFCRT REQUIRED THE MANURACTURER'S GUARANTEE 1

CONDITIONAL UPON STRICT OBSERVANCE OF
ALL HIS INSTALLATION INSTRUCTIONS .

INSTALL THE ENGINE ,

SIDES MUST
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THE OTHER $IOE OF THE .ENGIN,
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CASTING.

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

various revolutions per mimite, If the readings
on the disc do not agree with the values glven
, in figure 10-7 take corrective measures. Take
P readings as the engine 1s accelerated and also

, decelerated. Any sluggishness or sticking will

| ' ! cause quite a difference in timing depending on

-+ ‘ whether the englne 1s going up 1in speed or
: i : N coming down, At the completion of this run

| [ check the top center position of the engine
e G i : again with the pointer on the graduated disc to

. i : S meke certaln the reverse gear clutch has not
{ A i : - slipped and introduced d€n error. Reference to
INEAN iy I ! 4 1 the wiring diagram will show that the ezhaust

bank spark plugs draw their-energy from the dis-
tributor closest to them, For éxample, the right
hand bank exhaust spark pluygs draw their energy

SN =———y Al ‘ from the right hand distributor and the left

AN . - gy hand bank exhaust spark plugs draw thelr energy

o 7 : ; from the left hand distributor. This being the

1 case it is understood that when the neon light

- H 2 ‘ 1s attached to right hend bank exhaust spark plug

/ SN , : wire the right hand distributor is being checked.

N ' ' . Similarly when the neon light is attached to the

% left hand bank exhaust spark plug wire the left

l ‘ hand distributor is being,checked. The change

8 from one distributor to the other is made by

e t changling the neon light hi tension lead, turn-

! _ ’ ing the engine to top cenzilr{' for thé number six

7 ) cylinder in the cylinder bank under consideration

28 > & 798 1 and realigning the graduated timing disc with its

NN . ; : pointer. Otherwise the best is identical for
p— : \ A ‘ both ‘distributors, (

SR
U
——

-\
1X
N

B
AUTOMATIC DISTRII;!]UTOR ADVANCE

-
prd

P f ; el { Engine RPM "Degrees\.of Advance
P~ - ) _ .-2-on Engi;% Crankshaft

- - . N N

7 - Y. MIN MAX

LA | 200 | 0 0

| 400 0 _ 2
| 600 7 11
| | 800 17 21
| | 1000 26 30
| o 1040 to 2100 28 32

] © Figure 10-7. Automatic Spark Advance

Figure 10-8. Water Circulation Diagram 4 y
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Section XI
Paragraph 11-1 to 11=-5

ACCESSORIES

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 fallures
will be mentioned in this section in the in-
spection procedure., All typical fallures are
desceribed and illustrated in paragraphs §&-2
through 6-12. .

INSPECTION

11-3 GENERAL, This section shall outline all
inspection procedures that are peculiar to the
engine accessories, The methods of inapection
shall be described and illustrated where 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 cperating conditions and past performance
of similar units, when rendering decisions as
to the further useabllity of parts. No instruec-
tions could poasibly cover all conditions that
maey be found in accessory inspection, The
section of the building devoted to inspection
should have the best possible illumination,
Sufficlent space should be provided to permit
laying out the accassory parts for inspectlon,
The relative wear on the component parts of any
one accessory should be compared, and thus it
is often possible to determine, at once, the
causs of abriormal wear, Unacceptable parts must
be comsplcuously marked and the detalls listed.

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,

Ll

"Cheoking End Clearance of
0il Pump Gears

Figure 11-1, Defective Water Pump and Distributor Drive Shaft
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Section XI
Paragraph 11-6 to 1ll-14

11-6 OIL FILTER INSPECTION, Check the general
condition of the oll filter bracket to see that
gasket faces are in good condition., See that
by-pass valve and relief valve are Iin good
condition and clean., Check wvalve springs for
strength. See reference mmber 105, figure 12-9 .
Check top edge of oil filter shell tc see that
it 1s smooth and top edge 1s in plane so a tight
0ll seal can 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 pump gears for radial clearance,
end clearance and back lash, See reference
numbers 74, 75 and 76, figure 12~l. Back lash
muat be checked on a fixture. End clearance
must 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., Fipe threads
must be in good condition as well as pilot
diameter and mounting face, See that the oll
pump diaphragm is flat and smooth,

¢, Inspect the oll pump idler gear bushings
for rit, 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 end in the pump gears.

11-8 OIL COOLER INSPECTION.

a. Moke a visual inspection of the oll cooler
body, See that the walls, 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 oll cooler cover for cracks
and corrosion, See that the gasket face is in
good condition and is square and true. Examine
the by-pasa valve and valve spring., See refer-
ence number 107, figure 12-9.

o, Assemble the o1l cooler cover to the oil
cooler body and test for leaks with water at
20 pounds per square inch,

d, Inspect the oll cooler core for general
condition, See that all the tubes are clear,
See that the gasket faces are smooth and in
plane, Clemp an oll ccoler cover plate onto the
core and test with alr preéssure at 200 1b per
aquare in, Submerge the core in water and check
for leaks,

11-9 OIL PRESSURE REGULATING VALVE INSPECTION.
Check the gasket faces to see that they are
smooth and true, Check the condition of the
valve and see that it 1s clean. See that all
oil passages are clean. Check the tension of
the valve spring. See refersnce number 104
figure 12-9,

11-10 OIL GAGE AND SCAVENGING PUMP INSPECTION,
Check the general condition of the pump. See
that the ball check valve i3 free to operate
and can seat tightly. See that the oll level
gage plate is firmmly attached.

11-11 WATER PUMP INSPECTION,

a, Inspect the howsing for score marks within
the body. See that the threads are all in good
shape, See that the packing nmuts have not been
damaged by poorly fitting wrenches. Check the
fit of the pump gears in the body. See that
the mounting and gaslket faces are smooth and
true, All dowels and dowel holes must be in
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good condition, See that all bores are clean
and smooth s0 new bearings, retalners and
packing can be fitted without troudle.

b, Inspect gears for scoring on teeth and
end faces, Check gears for back lash, end
clearance and radial clearance, See reference
Etzzml]:.ers 80, 81 and 82, Table of Limits, figure

¢, Examine water pump shaft for fit in the
water pump bushings, See reference mumber 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 pump pilot gears for back
lash, Inspect the water pump driven pilot
gear hub ID for signs of excesslive working.

ll 12 GENERATOR DRIVE INSPECTION,
a, Examine the generator drive shaft bearing

‘retalner and the generator belt guard for

cracks or other desmage. See that the pllot
diameter and mounting faces are smooth and
true, See that mll bores are clean and smooth
80 that oll retainers and bearings may be
fitted without difficulty.

b. Inspect the gensrator drive shaft to see
that the splinea 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 pllot diameter of the
flange. The slot in the tachometer spindle
must not be worn,

¢, 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 make a good surface
for the o0il seal, The splines must not be
worn,

d, The tachometer adapter plate must not
have damaged threads, The pllot 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 misaligmment, See that the mounting
face and gasket face are smooth and in plane,
See that the steel erd plug has not been weakened
by rust. Check the internsl bores to see that
they are smooth and show no signs of the outer
ball bearing races having turned., See that the
pilot dlameter bore and gasket face of cover ars
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
13 smooth and concentric so as to make a sultable
surface for the oil retainer, Reject the
distributor drive gear 1f it shows signs of
wear, See reference mmber 94, Table of Limits,
figure 12-1, See figure 11l1-1,

11-14 STARTER INSPECTION.

a. Inspect the starter drive housing and
cover for cracks and distortion. Swee that
pllot diemeter and gasket faces are smooth and
true, Check condition of bushing and needle
bearing in arive housing. See reference rmumbers
66, 67 and 68, Table of Limits, figure 12-l,

b, Check the condition of the starter drive
gear, starter idler gear and the starter driven

-
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gear, See that the bores and keyways are in
good condition. Check the condition of the gear
toeth, Check the gear back lash on reassembly
as explained in paragraph 11-44,

11-16 CARBURETOR CONTROL INSPECTION. Inspect
the carburetor extenmsion for craclks end damaged
gasket facea. See that the contrel shaft
bushing is tight and in good condition, See
that the carburetor control shaft is stralght
and true., See that the ball and socket Jjointa
are in good condition and none of the threads
is demaged. The control levers must be free
from cracks and bends, The clamp ends of the
levers must not be bent or broken.

11-16 FUEL PRESSURE REGULATING VALVE INSFECTION,
Seo that all passages and threads are in good
condition, Exemine the regulating valve to
determine 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 Gears

12-17 BILGE PUMP INSFPECTION,

a. Inspect bilge pump bhousing for cracks,
damaged threads, scoring marks from the gears
and oversize bushings,., Inspect the bilge pump
bracket to determine if the pilot diameters and
mounting faces sre smooth and true. See that
the bores are smooth and concentric so thet the
oi1 seal and ball bearing may be easlly assembled
to the bracket. . .

b, Inspect the bilge pump cover to determins
if it has been scored vy the gears, See that
the gasket face is smooth and true, Checic the,
fit of the bushings on the drive and idler
shaft. See reference mmbers ¢2 and 93, Table of
Limits, figure 12-1,

¢. Check the bllge pump gears for radlial
clearance, end clearance and back lash. Be aure
the pump cover gasket 1s 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. Check the drive shaft for scoring, vwear

. Section XI
Paragraph 11-15 to 11-23

in the splines and clearsnce in the bushings.
Make certain that the dismeters where the oil
seal and ball bearlng seats are smooth and
concentric. Check the condition of the idler
shaft keyway end wear in the bushings.

e. See that the bilge pump drive clutch is
not scored or worn excessively, The grooves in
driving face of the clutech must be aharp and
free of carbon and sludge. Check the tension
of the-bilge pump drive clutch spring. - See
reference number 102, figure 12-9, )

11-18 MAGHETIC STARTER SWITCH INSPECTION,
See that all connectlons are clean and tight,
See that the plunger 1s free to operate under
the influence of the spring and electro-magnet,

11-19 FUEL FILTER INSFECTION, Remove the lower
casing from the fuel filter and see that all
the plates in the elemsnt are clean and straight.
Check the top face of the caaing to see that 1t
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 OVERSPEED- GOVERNGR INSPECTION, Examine
the driving end of the overspeed governor drive
cable to see that 1t 1a in good condition. See
that all electrical terminals are clean and
serviceable, See that the overapeed governor

"mounting bracket is not bent,. broken or otherwlse

damaged,

‘Figure 1;4. Abraded'and~ Pifted
Bilge Pump Gear

ACCESSORY REPAIR AND REPLACEMENT

11-21 GENERAL. In this section detalled 1n-.
structions are given for repair and replacement
of parts found unacceptable imn the inspection
procedure, All possibilities of reclaimation
are explalned,

11-22 RUST PREVENTION., At the completionof the
various repair and replacement operations all
steel parts must be adequately protected from
rust a8 outlined in paragraph 5=16.

11-23 TABLE OF LIMITS, Refer to paragraphs
12-5 through 12-9 for an explanation of the
Tgble 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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Section XI
Paragraph 11-24 to 11-31

11-24 INSPECTION AFTER REPAIR OR REPLACEMENT,
All parts, before being cornsidered useable, must
be inspectod as outlined in paragraphs 11-6
through 11-20 and be acceptable according to
these standards.

11-25 OIL FILTER REPAIR AND REPLACEMENT,
Replace any defective parts, Retap any holes
that show damaged threeds, Clean top edge of
filter shell and grind it if necessary so that
it 13 "in plane".

11-26 OIL PUMP REPAIR AND REPLACEMENT,

a. Replace any loose or damaged atuds or
dowels, Where dowel holes are enlarged the
parts must be discarded,

b. The oil pump diasphragm may be aurface
ground to correct any minor imperfections,. s Do
not remove more than a total of .020 in. for
reconditioning.

11-27 OIL COOLER REPAIR AND REPLACEMENT.
Roplace any uynacceptable parts, Do not attempt
to repair the oll cooler body by welding as this
will distort all the machined faces and result
in o1l end water leaks. Do not attempt to
repalr leaks in the oil cooler core as it is
quite difficult to contaln the high o0il preasure
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 REGULATING VALVE REPAIR AND

2 DIA DRILL THRU 27
BUSHING =
4°° -’
45
|00
Ot 7 Q
,\
I || ¢/ 7 N
AT

8755 -.8765 DIA REAM

2 BUSHINGS AFTER OIL HOLE IS DRILLED

HALL-SCOTT DEFENDER
MODEL 2268 & 2269

REFLACEMENT, Replace loosa or defective dowels .
Replace any other defective parts,

11-29 WATER PUMP REPAIR AND REPLACEMENT,

a. Replace any loocse or damaged studs, Use
white lead as a thread lubricant per Spec.
JAN-A-669, Replace any loose or damaged dowela.
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 polisliing operation 1s
necessary to permmit a good seal where the pack-
ing rides against the shafts. Also polish the
cavities in the water pump body and cover where
the packing fits. :

¢, 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., diameter). These reamed bores must be
perpendicular to the face of the cover within
the 1limits mentioned in reference number 83,
Table of Limits, figure 12-1,

11-50 GENERATOR DRIVE REPAIR AND REPLACEMENT.
Replace any loose or damaged studs, Use white
lead as a thread lubricant per Spec, JAN-A-669,
Polish the V-belt pulley grooves, Retap any
damaged threads,

11-31 DISTRIBUTOR DRIVE REPAIR AND REFLACEMENT,
Replace any defective parts. Studs must be

o/ Y
,I 7 ’/
/1’ /, ’I
Z, V. 7
7 v, 7,
¢ 2,
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N ”/\ G, 77
7/77; / g,
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UL Lo ,:’1/'1’ EA
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& N
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/! 7,

BORES MUST BE PERPENDICULAR TO

FACE WITHIN .004 IN 3 IN.

Figure 11-5,
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replaced 1f they ‘are loose or damaged, Use
white lead as a thread lubricant,

11-32 STARTER REPAIR ARD REPLACEMENT,

a. Press rew reedle- bearing and bronze bushing
into the starter drive housing. A close fitting
mandrel is neceasary in both of these bushings
when installing them, Fit bushings into position
shomn in figure 11-6, “This bronze bushing does
not require reaming after assembly. The bushing
used in the starter drive housing is a,porous
type. It 1s to be heated to 82°C (180°F) and
then cooled in lubricating oil before instal-
lation, 011 must be to Spec, AN-O-6 (Symbol OGP)
and of SAE viscosity 50, Also press a new nsedle
bearing into the starter idler gear,

b, Retap any damaged threads and replace any
loose or demaged atuds,

11~33 CARBURETCR CONTROL REPAIR AND REPLACEMENT,
Press new porous bronze bushings into the
carburetor extension if the old onss are worn.
A close fitting mandrel is used to press these

‘bushings in., ‘A finish ream is not required

after assembly for these bushings,
11-34 BILGE PUMP REPAIR AND REPLACEMENT,

Section XI
Paragraph 11-32 to 11-34

a, The bllge pump drive shaft that is other-
wise mcceptable muat be polished with number
240 grit abrasive cloth where the packing runs
against the shaft, Remove a minimum amount of
metal, Also polish the cavity in the pump body
where the packing 1s fitted,

| DIA REAM,

No.l4(.182) DRILL.

3 IN. DEEP ON
ASSEMBLING BUSHINGS

Fgure 11-7, Bilge Pump Cover
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Figure 11-6, Sectional View of Starter Drive
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Paragraph 11-35 to 11-37

b. Replace the bushings in the bilge pump
body and cover if the 0ld ones are unacceptable
according to the standards mentioned under
reference number 92, Table of Limits, section
XII, Drill cut grease holes ard then finish ream
bushings to size shown, The reamed holes must
be on centers shown and square with the gasket
face within the l1imits shown under figure
nunmbers 1ll-7 and 11-8, Plug outer end of
grease hole with a plece of brass rod 1/4 tn,
long and from .190 to-,192 in, diemeter. Cut
oil grooves in bilge pump body bushings.

FINISH REAM TO .626 -.625 DIA.
AFTER GREASE HOLE IS DRILLED
AND PLUGGED )

DEFENDER

MODEL 2268 & 2269

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 AN-G-14 (Symbol GRG), Such
practice allows the assembly to be easily
separated at the gaslet face, If grease 1as used

against the face carrying. the studs it will make
"clean wp" of the gasket face considerably easier

at the next overhsaul.

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

No.l4‘.l82! DRILL 3IN. DEEP AFTER

BUSHINGS ARE IN PLACE
PRESS FIT PLUG FLUSH ON O.D.

PLUG GAGE TO SHOW
HOLES REAMED SQUARE

WITH THIS FACE WITHIN
004 AT ANY POINT IN

GROOVE CUT

, 7/ J 3 IN,
AFTER REAMING 4 ' ey ] | __ _1 —
% R
4 ’,
g o|w
,/ ©| e~
'IJ’ // o. °.
oL L ’// ] ol
I I
: !
_____ I

FINISH REAM TO .751-.750 DIA
AFTER GREASE HOLE IS DRILLED
AND PLUGGED

~—__ _PRESS BUSHING TO
3'—2 BELOW THIS FACE

Figure 11-8, Bilge Pump Bedy

ASSEMBLY OF ACCESSORIES

11-35 GENERAL, Instructions are given below for
the assembly of the various accessories., All
parts used to make up thease assemblies must have
been inspected and accepted as outlined in
paragraph 11-6 through 11-20, Shop practilces
and genersal instructions applying to a number
of similar parts are covered in the immedlately
following paragrephs. It 1s expected that these
fnstructions will be followed where ever appli=~
cable, and are therefore not repeated, All
necessary inspection proceduresa necessary in the
course of assembly are explained.

11-36 GASKETS. The reuse of old gaskets and
seals 13 not recammended. 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

110

replaced with new material in the same mannsr
as originally aepplied by the manufacturer and
as shown in 1llustrations. Cotter pins are
usually daemaged 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 atraight, may be used again 1f they
have not been dameged, 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 es 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 sc¢crew elements as
1llustrated, Use fully annealed wire for
securing parts, Lock washers of the spring
type should never bear directly on aluminum,

-3
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Plain steel washers should always be used under
the lock washers to prevent damage to the
aluminum part,

Figure 1-9. Installi;a 01l Pressure
Roelief Valve to 0il Filter

Plug to 011 Fllter

11-38 OIL FIUTER ASSEMBLY, There are two valves
in this assembly and they must not be confused,
The oill pressure relief valve is near the mount-
ing face of the filter and is controlled by a
very stiff spring of 9/16 in. diemeter. See
reference number 106, figure 12-9, The oil
pressure rellef valve spring goes into place
first and then the valve goes in, It is all held
in place with a hollow slotted plug., 4 wide
blade screw driver 1s necessary to tighten this
plug. The oil filter by-pass valve assembles
into the top of the 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 o0il filter element plates and sleeves into
the 01l filter bracket, Fit nsw 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 shella up
tight 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

Paragraph 11-38 to 11-40

1llustration, Presa the dowels into the oll
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 and fit the idler gear
and bushing to the i1dler gear shaft, Set the
drive gear, scavenge alde, to the oll pump body.
Check radial, end clearance and back lash,
Coat the oil pump gasket with tacky cement such
as Army specification 62-5, both sides., Fit %o
scavenge pump body and lower the oll pump
diaphragn into place., Now coat the other gasket
with tacky gasket cement and place on the
disphragn. Placs idler gear, idler gear bushing
and drive gear in place, Set the oll pump 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 pump is 1llus-
trated in figure 11l-14,-

11-40 OIL COOLER ASSEMBLY, Coat the oil cooler
cover gasket with a tacky gasket cement, both
sides, such as Army Spec, 62-5, and stick it to
the under side of the oil cooler flange. Set the
oll cooler core into the oil cooler body. Lay
the. 011 cooler to oil cooler cover gasket in
place in the groove provided. This ia a rope
type gasket or packing, Coat the oil cooler to
cover gasket with tacky gasket cement,both aides,
such as Army Spec. 62-5, Fit the gasket and oil
cooler cover to the assembly, Now run a light
ring of non-hardening cement per Army Stock No,
052-C-685-2PX around each stud and then fit new
copper washers and draw down tight with nuts.
Fit the by-pasa valve parts to the oll cooler
cover. The spring is inserted first followed by
the valve, The whole being retained by the
tubing fitting.

Figure 11-11, Exploded View of
011 Filter
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‘ Figure. 1]:-14 -

Figure 11-12.

Figure 11-13, Exploded View of 011 Pump

011 Pump Assembly
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11-41 WATER PUMP ASSEMBLY, Fit the square keys
to the water pump drive shaft and also driven
shaft, ILubricate the shafta 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 seme end as the
splined end of the drive shaft, Locate the
gears on the shafts per illustratidn, Flt the
packing nut spring lock to the water pump body.
See figure 11-18 and 11-19, Fit the packing
and packing nuta to the water pump body., This
18 best 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 shaeft and press down
with the mut until the packing rmut can be acrewed
down several threads, Now put the shaft into
the other gland and repeat the operation, With-
draw the shaft and gear assembly. Now preas
the oll seals into the water pump body. The

1 3
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. . S = -,.,_‘.,{32 S
Figure 11-22, Water Pump Assembly
with Gear Spacing Strip in Place

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

0
:i'é’
//

driven geasr hub, The taper must be arranged sc
the pilot driven gear may be added to the
assembly. Fit the pilot driven gear and secure
lightly with washer and nut, Now roll a plece
of ,005 in. thick brass strip into the pump
gears to hold them clear of one another, Then
proceed to tighten 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 from
punp, Press a new oil seal into the water pump
pilot gear cover, The sealing lip 1s to point in
toward the gear so as to retain the lubricating
oll in the pilot gear cover, Coat the pllot
gear cover gasket with cement per Army S8pec.
62-5, both sides., PFit the pilot gear cover to
the water pump assembly and tighten mts, Care
must be used in clenmping 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 1s free except for
the slight drag of the packing. If the pump
gears should drag on the housing, bump the shaft
end lightly 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, 62-5, both sides, and fit to the pump
body, Fit the pump cover and secure with plain
washers, lock washera and mnuts, Fit four packing
rings, packing nut and packing nut lock to the
water pump cover., Do not tighten the paclding nut
at this stage of the assembly, At the pilot gear
end of the pump slide the drive shaft sleeve over
the drive shaft thru the oil seal and up agalnst
the water pump pilot drive gear hub. Fit the
flexible coupling spider and draw down tight with
a washer and mut, Lock the mut with a cotter pin,
Again rotate the pump to make sure it ia free.
Coat the inspection cover gasket, both sides,
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Figure 11-23.

Sectional View of Bllge Pump
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with a tacky cement such as Army Spec. 62-5.
Stick the gasket to the inspection cover, Fit
the o1l cup to the lower of the two holes
provided in the pilot gear cover. Plug the
remaining holes with pipe plugs. Now add about
ons cubic inch of oil to the pilot gear housing
thru the inspection hole, Fit the inspection
cover plate to the assembly. The oil added muat
mee: specification VV-L-761 (Symbol GO) SAE 90,
Pill the water pump grease cup with grease of
soda or soda alumina base, Grease must be water
resistant but mot necessarily water proof and of
177°C (350°F) melting point.

11-42 BILGE PUMP ASSEMBLY. The water pump
packing washera are installed in the bllge 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 ends«for end to its normal position,
Push the packing washers down over the shaft one
at & time and force them down to the bottom of
the packing counterbore, When all five washers
are in place, fit the gland and packing mut, Do
not tighten the mut, Now withdraw the arive
shaft from the body snd packing assembly. Now
fit the bilge pump bracket to the bllge pump
body end secure with 3/8 cap screws and lock-
washers, Be sure that the bracket seats aquarely
on the body so as to malntain aligmment of these

Figure 11-24, Bilge Pump 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 sealing lip is very delicate so be
careful not to damage it. Use white lead per
specification JAN-A-669 (Symbol CAS) as a
lubricant when pressing the retainer into place,
Nake sure the retainer is firmly seated against
the shoulder and is not cocked in the bore,
Press the ball bearing onto the drive shaft,
This is a shielded bearing. The shlelded side
must be on the opposite side from the gshaft
shoulder ss illustrasted. Now lubricate the shaft
and carefully siide it thru the packing ard press
the ball bearing intoc 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

Section XI
Paragraph 11-42 to 11-43

the proper position to receive the bllge pump
throw out shaft., Now press the clutech in,
compressing the spring and push the throw out
shaft into place to retain it against the aspring
pressure. Fit the bilgs pump throw out stop pin
and tighten 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,
Ba sure to use a key in this assembly. Use
white lead per specification JAN-A-669 (Symbol
CAS) as a lubricant in pressing the gear on.
Lubricate the idler gear shaft and set the
asaembly in the bilge pump housing. Lubricate
the drive shaf't and set the drive gear over the
shaft, Now coat the pump body flange face with
tacky gasket cement per Army specificatlon 62-5.
Fit now gasket. Coat the flange face of the
bilge pump cover with soft cup grease per
specification AN-G-14 (Symbol GRG). Fit the
cover to the assembly and sesure with 5/16 screws
and lockwashers, Fit all pipe plugs. Turn the
driving clutch by hand to make certain there is
no binding. Any binding, other then that caused
by the packing washers, must be corrected. When
the pump turns freely tighten the packing nuta
slightly. As a final step, add several drops of
01l per specification AN-0-6 (Symbol OGP) to the
0il cup over the pump ball bearing, Also fill
the grease cup with grease of soda or soda
alumina base and water resistant but not neceg-
garily water proof. The grease must be .177°¢C
{(350°F) melting point.

11-43 DISTRIBUTOR DRIVE HOUSING ASSEMBLY, Press
the ball bearings on to the shaft, The larger
of the two ball bearings goes onto the end of
the shaft that is cross drilled for a cotter
pin. Fit the small ball baaring to the opposite
end, Fit the key and distributor drive gear to
the shaft. Secure the gear with a lockwasher
and mit, Into the shaft intended for the right
hand distributor drive, preaas the tachometer
drive spindle. The spindle musat be located as
shown in the illustration. Pack the distributor
drive housing with grease per specification
AN-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 oll sesl into the distributor drive housing
cover, The sealing lip is to point toward the
pllot diameter on the cover. OCoat the cover
gasket with tacky gasket cement per Army Spec.
62-5, one aide and stick 1t to the cover. Coat
the other side of the gesket 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

¥
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Figure 11-25, Distributor Driv
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 techometer spindle to damage
the sealing lip, The seal 1lip 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, Flt the shaft key and then the flexible
coupling dog. Secure with washer and mat, Lock
the nut with a cotter pin. Fill the grease cup
witlf)x grease per speclfication AN-G-25 (Symbol
CLT).

11-44 STARTER DRIVE ASSEMBLY.

a, The assembly of the starting motor 1s
discussed in a separate publication. Refer to
paragraph 11-48,

b. The assembly of the Bendix Drive 1s
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 mentlioned in paragraph 11-32a,

d, PFit a key to the Bendix 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
i1t 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 apring into the hollow end of the
Bendix drive shaft and then slide the Bendix
drive intoc place on the shaft, Make sure
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the counterbored hole in the shaft comes under
the set screw in the Bendix drive, Refer to
figure 4-44, Tighten thia 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 ldler 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 agalnst
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 GRG),
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 drop the

idler gear into place, Rotate the Bendix 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
houaing drive cover gasket with a tacky gasket
cement, one side, and stick to the drive housing.

PRESSURE ADJUSTING SCREW
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Figure 11-27, Sectional View of Oi1
Pressure Regulating Valve
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Coat the exposed face of the gasket with soft cup
groase per specification AN-G-14 {Symbol GRG}.
Fit the cover into placs and sscure with cap
screws, lockwashers and muts, Again rotate the
Bendix drive to make certain everything is free
to rotate., Set the assembly up in its operating
position and f1ll the starter drive housing with
0il to the level of the loweat of the two 1/8
in, pipe plugs. Oil must meet specification
VV-L-781 (Symbol G0), Viscosity must be equal

MANDLE AND RATCHET
ASSEMBLY

5
-

KNIFE ASSEMBLY—} /—ELEMENT

Figure 11-28, Sectlonal View of
Fuel Filter

Section XI
Paragraph 11-45 to 11-48

to SAE 90. Refit the two 1/8 in. pipe plugs,
Coat the Bendix drive with rust preventive
compound per paragraph 5-16 and set the assembly
aside,

11-45 FUEL PRESSURE REGULATING VALVE ASSEMBLY,
Asscmble the fuel pressure regulating valve as
shown in the illustration, Use new gaskets
throughout and adjust the valve to malntaln
fuel preasure as mentioned in paragraph 10-24,

11-46 OIL PRESSURE REGULATING VALVE ASSEMBLY,
Assemble the valve correctly as shown in the
11lustrations, Use new gaskets, Eeep the valve
oponings covered to exclude dust until the unit
is installed on an engine. Adjust aftér ine
stalling on the engine as mentioned 1in para=-
graph 10-19, 3See figure 11-29,

11-4%7 FUEL FILTER ASSEMBLY, Assemble the fuel
fi%ter as 1llustrated. Use now gaskets through-
out.

11-48 ACCESSORY OVERHAUL, PFor detalls 1in

overhauling the more complex acceasories such as

starting motor, generator, fuel pump, carburetor

and other accessories not mentioned 1 thia

gection refer to applicable Alr Force and Navy .
handbooks ., T

Figure 11-29, Installing Valve in
01l Pressure Regulating Valve Body

lle
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Section XII
Paragraph 12-1 to 12-14

TABLES OF LIMITS WITH LIMITS
AND LUBRICATION CEARTS

INTRODUCTION

12-1 ABBREVIATIONS, All the unuausl abbrevi-
ations used in this gsection are explained as
follows .

12-2 LIQUID MEASURE ABBREVIATIONS, "g,.s, gal®
means United States standard gallon of 231 cublc

inches. "B, Imp, gal" means British Imperial’

gallon of 277,42 cublc inches,

12-3 STANDARDS DEFINITION. AN 0000" means
Armmy~Navy standard. "SAE" means Soclety of
Automotlive Engineers, "JAN 00000" means Joint
Army-Favy standard, "AGMA" means American Gear
Manufacturers Assoclation standard. "AWG® means
8tandard American Wire Gagse. YASA" means
American Standards Association,

19-4 THERMAL DEFINITIONS, "F' means Fahrerhelt
thermometer scale, "C" means Centigrade ther-
mometer scale., "BTU" means British Thermal
Units of heat.

12-5 CRUSH, The term "Crush" as applied to
aplit bearing shells refers to the emount . that
the bearing shell projects at the parting line
above 1ts supporting saddle or cep. The ex-
istence of "Crush" permits the shell to be
erushed or compressed down into intimate contact
with its supporting surface thus assuring good
heat transfer characteristics. Specified crush
must be present at both ends of voth bearing
shell halvea.

12-6 CLEARANCE FIT, The values given in the.
following table refers to operating fits between
nating parts.  This clearance 1s largely occupled
by lubricant., All values ere glven in inches
and sre indicated by the letter "L" after the
dimension in the Table of Limits.

12-7 TIGHT FIT. Vhere no relative movement 1s
2llowable between mating parts a tight or
interference fit is made, All values are given
in inches and are indicated by the letter "IV
after the dimension in the Table of Limits.

12-8 MISCELLANEOUS ABBREVIATIONS,

ipgcklash" means the pitch line clearance between
mating gear teeth,

"d1a" means diemeter,

"ID" means inside diameter.

"IND" means total indicated run out.

#IM means loose or f{ree fit. See parsgraph 12-6,
%3b" means United States pounds, commercial or
avoirdupois.

"max" means maximum,

®min" means minimum.

*OD" means outside diameter.

"T" means tight or interference fit, See para-
§raph 12-7,

tol" means tolerance,

12-9 EXPLANATION OF COLUMN HEADING TABLE oF
LIMITS,

"Ref, No." means reference number and refers
to the numbers shown in the various charta
meediatelz following figure 12-1.

"Chart No.' means chart number and refers to
the various charts immediately following Table

of Limits, figure 12-1. .
"Description", In the description column, the

‘mating parts are grouped with the noun name

appearing first, followed by the description.
Mt nimum® - "Maximum" columns 1list 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 contimed in service.

12-10 SPRING SPECIFICATION, Figure 12-9 llsts
the springs used in the engine, thelr nominal
size and tension, These values are to be used in
judging the condition of a apring. The free
lengths are fmportant as well es the loads
required to compress them to the specified
lengths. If eny spring does not conform to

‘. these specifications it must be dlscarded and a °

new spring assembled into the engine.

12-11 TORQUE WRERCEES. The tightness of various
nuts and cap screws are given in figure 12-9.
These are the more important and sensitive

fastenings of the engine and care must be used - -

to follow these recommendations, Cormon sense
and good judgement should be used in tightening
any fastening to avoid desmage to the engine or
gservice failure. Torque wrenches should elwaya
be checked just prior to their use or at least
once daily. They must be checked by means of a

-known welght on a measured lever arm, Checking

one torque wrench against another is mot accurate.
Every effort should be made to follow the
instructions furnished with the particular wrench
being used. The tightening operation should be
done slowly and evenly for best possible accuracy.
All values in the accompanying table for torgue -
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
aligrment of mut slot and drilled hole in the
bolt is impossible at minimum recommended 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 ard 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, 3o 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 englns, including pumps, filters and coolers.
A thermometer well is provided on the inboard
side of the engine to permit measuring the oil.

-inlet temperature.

12-14 ACCESSORIES, All clearance limits for
the variocus engine accessories may be found in
the appropriate Service publication covering
the particular accessory under conslderation,
Refer to section XI for details on reference
publications dealing with accessories,
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Section XII HALL-SCOTT DEFENDER
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TABLE OF LIMITS
REF, | CHART . FIT
DESCRIPTION
No, NO. MAXIMNUM
MINIMOM | MAXIMUM REPLA
CRANEKSHAFT .
Journals = Crankshaft main
1 I Radial clearance in brg shell +O0355L .00475L .005L
2 I BEnd clearance in center brg +005L +O15L ,025L
3 I Crushit = Mein brg shell 00127 ,0012T «0012T min
4 I Run out of main journsals IND 000 +001 Stralghten
Run out of rear crankshaft pilot dia ' .
and reverse gear drive flange
S5 I mounting face I +000 .001 001
Run out of reverse gear drive flange
6 I bushing IND 000 008 .008
Tolerance from main journal nominal '
7 I size (refer to paragraph 7-6d) -,00326 | «,00275
8 I Diameter of main journals - undersize .0015
9 I Out of round IND 90156
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 +O08L JOL11L .015L
13 II Crushi#t = Yoke rod brg shell +00075T »001207 +00075T min
14 I Radial clearance of blade rod shell .00275L | .0041lL 00551
15 I End clearance of blade rod shell «D09L ,014L .020L
18 1x Crush# - Blade rod brg shell .00075T7 001507 +00075T min
’ Tolerance from crank journal nominal '
17 I size (refer to paragraph 7-6d) =,00325 =-,00275 -
18 I Diameter of .erank journals undersize 0015
19 I Out of round IND 0015
20 I Parallelism - In length of journal ,0015
Gear -~ Crankshaft and accessory drive
21 I Backlash +004L . »006L +O15L
FLYWHEEL
Goar = Flywheel ring
22 I Radial fit 0147 .0247 0247
Out of plane when flywheel is rotated
23 | 1I on close fitting mandrel ’ .000 .005 005
UPPER CRANKCASE
Face = Bottom flange . ‘
24 II Out of plane in 42 in, .000 0015 ,0015
Faces - Top mounting for cylinder blocks
25 IT Out of plane in 42 1in, .000 .0015 0015
26 I Saddles = Main brg aligmment .000 .0015 0015
CYLINDER BLOCK .
27 I Bore dia tolerance from nominal size -,0008 +,0005 +.0055
Out of round in bore as measured in any
28 I one plane I .000 002 .002
29 I Paper of bore in 11-3/4 in. length .000 .001 .006
' Flange - Bottom mounting face must be
perpendicular to cylinder borea in
30 II 11-3/4 in. length when checked in a .000 002 002
plane parallel to the crankshaft
CONNECTING RODS
Rod - Yoke connecting -
Twist in 2 in. as indicated on tight
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 11 fitting mandrels, Figure 7-11, 000 .002 Straighten
. Bend in 2 in. as indicated on tight
34 II fitting mandrels. Figure 7-9. 900 L01 Straighten
#Specified crush must be present at
both ends of both bearing shell halves.
Pigure 12-1., (Sheat 1 of 3 Sheeta} - Table of Iimita
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MODEL 2268 & 2269
TABLE OF LIMITS
REF, | CHART FIT
DESCRIPTION -
X0, ¥o. MINIMUM | MAXIMOM REJPLIMHGEUH
Pin - Piaton
36 I Radiel clearance in conn. rod .00055L | ,001L +0023L
36 I Radiel clearance in piston +00005L | .0005L »001L
VALVE MECHANISM
Journals - Camshaft
37 I Radlal clesrance in plain brg .003L +Q08L .012L
38 I Radial clearance in thrust brg .004L .008L .0l2L
39 I Crusht#t - Cemshaft brg shell .0005T .0025T «0C05T min
40 I BEnd clearance in rear brg 003L .007L .020L
: Shaft - Rockerarm ’
41 I Radial clearance of rockerarm on shaft|.COLlL 003L .008L
Tappets - Valve
Clearance for timing both intake and
42 II exhaust 021 021 Adjust
Clearance for running (hot) :
43 I1 Intake : 021 021 Ad just
44 II BExhaust 030 030 Adjust
Valve - Intake
Runout of face with respect to Co
-145 1X stem IND |.000 <001 Regrind
46 II Radinl clearance in gulde «0015L +003L .006L
. Seat - Intake valve in cyl, head ) .
47 11 Eccentricity with reapect to guide IND|,000 .015 Regrind
Valve - Exhaust
Runout of face with respect to :
48 IT stem IND {.000 001 Regrind
49 II Radlal clearance in guide .002L .004L 008L
Bore - Exhaust valve seat ring .
50 II Eoccentricity with reapect to gulde IND|,000 003 Rebore
Seat - Exhaust valve ring i
51 I1 Radial fit in bore 0027 .0045T +OO0RT min
52 IX Bocentriclty with reapect to gulide IND{,000 0015 Regrind
Guides - Valve (Intake and Exhaust) :
Clearance - Guide shoulder to
53 II eylinder head «010L +020L Adjust
Replace pistons
1 PISTON at overhaul.
54 VII | Clearance top land .066L +0680L .086L
55 VII | Clearance second and third land .038L .042L .048L
56 VII | Clearance fourth land .090L .100L .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 L029L <045L
60 VII Clearance - Minor dia at bottom of skirt |,023L »024L +040L
Rings -« Piston
61 I Gap ~ All rings LO13L L023L
b2 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 & .002L +0035L +0035L
STARTER
Gear astarter ldler
55 I Radial clearance on sheft ,0005L ,0029L .005L
' Shaft - Starter drive
66 I Radial clearance in needle brg .0005L .0029L +005L
67 I Radial clearance in bushing .0015L +0035L «007L
Slegve - Starter drive
Radial clearance in flywheel housing
68 I bushing .0015L .0025L .0075L
69 1 Gears - Starter drive backlash .002L .006L .030L
#Specified corush must be present at
both ends of both bearing shell halves,
Figur 2~ 8 -
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Section XII
. MODEL. 2268 8 2269
TABLE OF LIMIT3
REF. CHART FIT
DESCRIPTION -
. [+ )8 NO, MAXIMUM
MINIMUM | MAXIMUM REPLACE
IGNITION SYSTEM
Points - Ignition distributor .
70 Gap .018 024 Ad Juatable
Cax®angle (degrees of cam rotation
7L v while points are closed) 37 40° Ad justable
Points - Spark plug
72 Gap .020 020 Ad justable
ACCESSORY DRIVE
Sprocket - Agceasory drive
() III End c¢learance .Q01L .008L Shim adjust
OIL PUMP
Gears - 011 pump both pressure and
scavenge side
74 IIX Radial clearance in body .002L +008L O12L
75 111 End clearance in body .008L 014L .018L
76 III Baclclash -002L +008L O10L
Shaft - 011 pump drive )
77 III Radlal clearance in housing .002L 003L ,006L
Bushing - 011 pump idler gears
78 II1 Radial clearance on idler shaft .0005L .0015L 006L
79 II1 Radial clearance In 1dler gear bore +0005L +J02L .008L
WATER PUNP
Gears. -~ Water pump -
80 IV | - Radial clearance in body .006L .010L .020L
81 Iv End clearance in body +O05L .012L .026L
8z v Backlash -003L -007L .020L
Cover ~ Water pump
Bushing btores must be perpendlcular
83 v to cover.face in a distance of 3 in,| .000 004 004
Goars ~ Water pump pilot .
84 IV Bacltlash +002L .006L .008L
Shaft - Water pump - drive and driven .
85 Iv Redial clearance in cover bushings .001 0026 008
BILGE PUMP
Gears -~ Bilge pump drive and driven
86 VI Radial clearance in body .005L .009L .012L
87 VI End clearance in body +003L .010L .0L0L
g8 VI Backlash .002L: .006L .015L
Body - Bilge pump
Bushing bores must be perpendicular to
89 Vi body face in a distance of 3 in. 000 .004 004
Cover -~ Bllge pump
Bushing btores must be perpendicular to
90 VI cover face in a distance of 3 in. .000 004 .004
Shaft - Bilge pump - drive
9] VI Radlal clearance in body .002L .004L ,008L
92 VI Radial clearance 1n cover .O01LL .0025L .008L
Shaft - Bilge pump - driven
93 Vi Radial clearance in body and cover .001L .0025L .006L
DISTRIBUTOR
Gears - Distributor drive
94 v Backlash 000 004 .010
. Bushing - Distributor drive housing
Radial clearance between distributor
95 v shaft and bushing +O013 .0027 .005
@In cases where the specifled cam angld setting gives a
point opening below the minimum tolerdnce, the point
opening specification should be given jpreferench.
Pigure 12-1, (Sheet 3 of 3 _Sheets) - Table of Limits
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70-POINT GAP
71~ CAM ANGLE

Figure 12-6, Limits Reference Chart No, V
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HALL-SCOTT DEFENDER
Sectlon XII MODEL 2268 & 2269
MISCELLANEOUS TABLE
SPRING SPECIFICATION
REF. | CHART FREE . PRESSURE PRESSURE
XNo, RO. DESCRIPTION LENGTH AND LENGTH AND LENGTH
100 II Valve spring =~ Outer l-2lﬁ52 oD 3-3/16 138 to 148 1b 70 to 78 1b
when 2 in, 1lg when 2-31/64 in.lg
10l II Valve spring - Inner 1-11/64 OD 2-29/32 | 105 to 115 1b. 45 to 51 1b
when 1-16/16 in.lg|when 2-27/64 in.lg
102 VI Bilge pump drive spring 1-11/64 OD |2-1/4 210 to 220 1lb
when 1-1/2 in, 1g
103 I Rockerarm apacing spring 1-25/64 0Q1-5/8
104 I 011 pressure regulating valve ."
: spring 9/16 OD 2-5/8 |40 to 50 1v . '
when 1-7/8 tn, 1g g
105 011 pressure by-pass valve spring
{oil filter) 45/64 OD 3-1/16 12 to 14 1lb 7 to 81b
when .2-1/4 in, lg |when 2-9/26 in, lg
106 01l preassure relief valve spring : )
(o11 filter) 9/16 OD 2-5/8 |57 to 63 lb
when 2-1/16 in, 1g
107 II 011 pressure by-pass valve spring
(011 cooler) 11/16 OD 3-3/8 |21 to 23 1b -
: when 2-9/16 in. 1g
108 Fuel pressure regulating valve ) ,
spring 1/2 OD L-13/16 |2 1b
when 1 in, 1lg
THERYOSTAT SPECIFICATIONS
110 I Thermostat valve 18 to be fully open at 4°c (120°F)
TORQUE TABLE FOR BOLTS, NUTS AND CAP SCREWS
Torque in lb - £t
REF. | CHART =
RO, NO, DESCRIPTION Size min max
111 I1 [Main bearing cap mts 3/4-16 | 180 200
112 II [Cylinder head hold down nuts large |3/4-16 230 250
small |1/2-20 30 40
113 II |Connecting rod cap muts large 9/16-18 100 120
small {3/8-24 30 35
114 I Flywhesl attaching cap screws 5/8-18 140 160
115 I Reverse gear drum attaching nuts 5/s-18 140 160
116 1 Idler clamp ring and gensrator support tube nut 3/8-18 15 20
117 Iz park plugs 18 mm 32 36
Figure 12-9, Miscellansous 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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