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AVOID ACCIDENTS 
MOST ACCIDENTS, WHETHER TI-IEY OCCUR IN INDUSTRY, ON THE FARM, 

AT HOME OR ON THE HIGHWAY, ARE CAUSED BY THE FAILURE OF SOME 
INDIVIDUAL TO FOLLOW SIMPLE AND FUNDAMENTAL SAFETY RULES OR 

PRECAUTIONS. FOR THIS REASON MOST ACCIDENTS CAN BE PREVENTED BY 

RECOGNIZING THE REAL CAUSE AND DOING SOMETHING ABOUT IT BEFORE 
THE ACCIDENT OCCURS. 

REGARDLESS OF THE CARE USED IN THE DESIGN AND CONSTRUCTION 
OF ANY TYPE OF EQUIPMENT THERE ARE MANY CONDITIONS THAT CANNOT 

BE COMPLETELY SAFEGUARDED AGAINST WITHOUT INTERFERING WITH 

REASONABLE ACCESSIBILITY AND EFFICIENT OPERATION. 

IT IS THE RESPONSIBILITY OF USERS TO PROVIDE AND INSTALL GUARDS 
OR SAFETY DEVICES WHICH MAY BE REQUIRED BY RECOGNIZED SAFETY 
STANDARDS OR BY THE OCCUPATIONAL SAFETY AND HEAL TH ACT OF 1970 
AND ITS SUBSEQUENT PROVISIONS. 

A careful operator is the best insurance against an accident The 
complete observance of one simple rule would prevent many thousand 
serious injuries each year. That rule is: 
Never attempt to clean, oil or adjust a machine while it is in motion. 



FOREWORD· 

This manual is provided to ,.give the operator essential information regarding proper--operation 
· and maintenance of Allis-Chalmers dies.el engine and auxiliary equippient. 

The manual contains information and instructions on proper operation. To keep the unit oper­
ating at its maximum efficiency, the manual should be read by the operator and by those re­
sponsible for the maintenance of the unit. · 

. An important item in prolonging the life of the unit is to keep dirt ~d other foreign particles 
away from its vital parts.· Allis-Chalmers has taken precautions in. the design of the equipment 
to safeguard against dirt and other foreign materials from reaching the working part!> under 
nor-mal operating conditions. The operator must also take precautions to assure that the oil, 
water, and fuel. are always kept clean, and that air for combustion is always filtered. This can 
be accomplished by the proper storage· and handling of fuel and lubricating oils and by following 
Allis-Chalmers recommendations in regard to lubricating oil specifications and change inter­
vals, fuel specifications, maintenance of filters, air. cleaner servicing, and proper care of the 
cooling system. · 

. . . 

To assure the best results and maintain the high quality of the· equipment, it is important that. 
Allis-Chalmers parts are always used when new parts are required. IMPORTANT~· ALWAYS 
FURNISH MODEL AND ENGINE SERIAL NUMBER WHEN ORDERING PARTS. 

Many owners of Allis-Chalmers equipment rely upon the Service Department of our Dealers 
fol'. all work other than routine maintenance and adjustment. This practice is encouraged as 
our Dealers are kept well informed by the factory regarding the most up-to-date methods of 
servicing Allis-Chalmers equipment and are equipped to render the most competent service. 

_., 

·I 
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THE METRIC SYSTEM OF MEASUREMENT 

Todays rapid communication and transportation between the nations of the world has resulted in the use of more of_each 
other's products and services. This has caused a trend among the nations to adapt a standardization of units for ustt in 
both scientific and technical fields. 

The customary United States (English) units and some metric units are being replaced with those of a modernized metric 
system known as the International System of Units which is officially abbreviated SI in all languages. 

The SI or modernized metric system consists of six basic units: 

Meter for length 
Kilogram for mass 
Second for time 

Ampere for electric current 
Kelvin. for temperature 

Candela for luminous intensity 

Because Allis-Chalmer's products are used worldwide and the adaptation of the SI metric system by all nations is getting 
nearer, both English and metric system of units appear in this manual. 

To assist those not completely familiar with the metric system, the following nomenclature and tables will be of assistance. 

A. GENERAL NOMENCLATURE USAGE 

Length 
Pressure 
Force 
Mass 
Time 
Volume (liquid) 
Temperature 
Torque 
Power 
Frequency 

B. CONVERSIONS FACTORS 
TO CONVERT 

Cubic Feet (cu ft) 
Cubic Inches (cu in) 
Degree Centigrade (" C) 
Degree Fahrenheit (° F) 
Feet (ft) 
Gallon (gal) 
Inch (in) 
Inches of Mercury (in of Hg) 
Inches of Water (in of H2O) 
Mile (mi) 
Miles per Hour (mi/hr) 
Ounces (oz) 
Ounces (oz) 
Pound (lb) 
Pounds per square inch (PSI) 
Pounds per inch (lb in) (torque) 
Pounds per foot (lb ft. (torque) 
Quart (qt) 
Yard (yd) 

METRIC 
millimeter (mm) 
kilonewton/meter 2(kN/m2) 
newton (NI 
kilogram (kg) 
second (s) 
liter (I) 

kelvin (K) 
newton-meter (Nm) 
kilowatt (kw) 
hertz (Hz) 

TO OBTAIN 

Cubic Centimeters (cu cm) 
Cubic Centimeters (cu cm) 
Kelvin (K) 
Kelvin (K) 
Meter (m) 
Liter (I) 
Millimeter (mm) 
Newton per square meter (N/m2) 
Newton per square meter (N/m2) 
Meter (m) 
Kilometer per hour (km/hr) 
Grams (g) 
Liter (I) 
Kilogram (kg) 
Kilonewton per square meter (kN/m2) 
Newtons per meter (Nm) 
Newtons per meter (Nm) 
Liter (I) 
Meter (m) 

ENGLISH 
inch (in) 
pounds per square inch (PSI) 
pound (lb) 
pound (lb) 
second (s) 
gallon (gal) 
degrees fahrenheit (° F) 
pound foot (lb-ft) 
horsepower (hp) 
cycles per second (cps) 

MULTIPLY BY 

28320 
16.39 

° C + 273.15 
(° F-32) 5/9 + 273.15 

0.3048 
3.785 

25.40 
3376.85 

248.84 
1609.344 

1.6093 
28.349 

0.02957 
0.4536 
6.894757 
0.1129848 
1.355818 
0.9463 
0.9144 



The Metric System Of Measurement (Continued) 

C. QUICK REFERENCES CONVERSIONS (APPROXIMATE VALUES) 
One I 11 Fahrenheit Degree: approximately equals .55 Centigrade Degree 
One (1 I ~lion: approximately equals 3 • 3/4 liters 
Orm (11 PSI: approximately equals 7 kN/m2 
Om: ( 11 in-lb of tor"que: approximately equals 0. 11 Nm 
One ( 11 ft-lb of torque: approximately equals 1.35 Nm 

D. DECIMAL AND METRIC EQUIVALENTS OF FRACTIONS OF AN INCH 

INCHES MILLI- INCHES 

METERS 
FRACTIONS DECIMALS FRACTIONS 

1/64 .015625 .40 33/64 

1/32 .03125 .79 17/32 

3/64 .046875 1.19 35/64 

1116- .0625 1.59 9116-

5/64 .078125 1.98 37/64 

3/32 .09375 2.38 19/32 

7/64 .109375 2.78 39/64 

1/8- .125 3.18 5/8-

9/64 .140625 3.57 41/64 

5/32 .15625 3.97 21/32 

11/64 .171875 4.37 43/64 

3/16- .1875 4.76 11/16-

13/64 .203125 5.16 45/64 

7/32 .21875 5.56 23/32 

15/64 .234375 5.95 47/64 ' 
1/4- .250 6.35 3/4-

17/64 .265625 6.75 49/64 
.•• 

9/32 .28125 7.14 25/32 

19/64 .296875 7.54 51/64 

5/16- .3125 7.94 13/16 -

21/64 .328125 8.33 53/64 

11/32 .34375 8.73 27/32 

23/64 .359375 9.13 55/64 

3/8- .375 9.53 7/8-

25/64 .390625 9.92 57/64 

13/32 .40625 10.32 29/32 

. 27/64 .421875 10.72 59/64 

7/16- .4375 11.11 15/16 -

29/64 .453125 11.51 61/64 

15/32 .46875 11.91 31/32 

31/64 .484375 12.30 63/64 

1/2- .500 12.70 1 

) 

.. 

MILLI-
METERS 

DECIMALS .I 

.515625 13.10 

.53125 13.49 

.546875 13.89 

.5625 14.29 

.578125 14.68 

.59375 15.08 

.609375 15.48 

.625 15.88 

.640625 16.27 

.65625 -16.67 

.671875 17.07 

.6875 17.46 

.703125 17.86 

.71875 18.26 

.734375 18.65 

.750 19.05 

.765625 19.45 

.78125 19.84 

.796875 20.24 

.8125 20.64 

.828125 21.03 

.84375 21.43 

.859375 21.83 
I _;. 

.875 22.2~ 

.890625 22.62 

.90625 23.02 

.921875 23.42 

.9375 23.81 

.953125 24.21 

.96875 24.61 

.984375 25.00 ) 
1.000 25.40 



NOTES 



TABLE OF CONTENTS 
' \ 
) TOPIC TITLE 

1 GENERAL DESCRIPTION. . . 1.1 

2 SPECIFICATIONS •••• 1.2 

3 PREPARATION OF ENGINE FOR OPERATION. . . . . . 1.3 

4 OPERATING CONTROLS AND INSTRUMENTS 1.4 

5 OPERATING INSTRUCTIONS . . . 1.5 

6 LUBRICATION RECOMMENDATIONS. 1.6 

7 FUEL OIL RECOMMENDATIONS .. 1.7 

8 LUBRICATION AND MAINTENANCE SCHEDULE, AND MAINTENANCE TOOLS. 1.8 

9 TROUBLESHOOTING • . . • • . . . • • • • . • . • • • • • • • • 1.9 

10 FITS AND TOLERANCES; BOLT, CAPSCREW AND NUT TORQUE WRENCH 
SPECIFICATIONS; STUD GAUGE HEIGHTS 1.10 

11 COOLING SYSTEM 1.11 

12 FUEL SYSTEM •• 1.12 

13 LUBRICATION SYSTEM 1.13 

14 ELECTRICAL SYSTEM. 1.14 

i 15 VALVE ADJUSTMENT AND CYLINDER HEAD 1.15 

16 INTAKE AND EXHAUST SYSTEMS 1.16 

17 AIR CLEANER • 1.17 

18 TURBOCHARGER . . . . 1.18 

19 SAFETY CONTROLS .• 1.19 

20 _ COLD WEATHER STARTING AIDS 1.20 

21 AIR COMPRESSOR . . . . . . 1.21 

22 POWER TAKE-OFF CLUTCH AND REDUCTION GEAR 1.22 

23 TORQUE CONVERTER AND TAILSHAFT GOVERNOR 1.23 

24 AIR STARTER •••• 1.24 

25 EXHAUST SILENCERS. 1.25 



) 

) 

INDEX 

OPERATING AND MAINTENANCE INSTRUCTIONS 
TOPIC 

1 

2 

3 

4 

5 

6 

7 

8 

9 

11000 llOOOMKII 

TITLE 

GENERAL DESCRIPTION . . •• 
A. GENERAL· . 
8. PRINCIPLES OF OPERATION 
C. ENGINE STROKE SEQUENCE 

SPECIFICATIONS ..... . . . . ·•. . ,., . . . . . 
A. ENGINE; (BASIC) 
B. COOLING SYSTEM . 
C. LUBRICATING SYSTEM 
D. FUEL INJECTION ,SYSTEM 
E. VALVE DATA . 
F. ELECTRICAL SYSTEM 
G. TORQUE CONVERTER. 

PREPARATION OF ENGINE FOR OPERATION • . ...... 
A. SAFETY PRECAUTIONS 
8. PROCEDURE . 
C. BYPASS TYPE OIL FILTER 
D. FRONT SUPPORT BRACKET. 

OPERATING CONTROLS AND INSTRUMENTS. 
A. OPERATING CONTROLS 
8. INSTRUMENTS 

OPERATING INSTRUCTIONS •. . .•·:. . . . . . 
A. OPERATING PRECAUTIONS 
B. ENGINE STARTING PROCEDURE. 
C. PLACING ENGINE UNDER LOAD 
D. DURING OPERATION CHECKS 
E. STOPPING ENGINE 
F. HOT WEATHER OPERATION 
G. COLD WEATHER OPERATION 
H. EXERCISE OF.ENGINE ON STANDBY SERVICE 
I. ENGINE STORAGE 

LUBRICATION RECOMMENDATIONS. . . . . . . . . 
A. ENGINE LUBRICATING OIL 
B. GREASE 

FUEL OIL. RECOMMENDATIONS ... ...... . . . . . 
A. GENERAL 
B. FUEL OIL CHARACTERISTICS 
C. HANDLING AND STORAGE OF FUEL OIL 
D.FUEL TANK AND PIPING 

LUBRICATION AND MA!NTENANCE SCHEDULE, AND 
MAINTENANCE TOOLS •...•....•. 

A. GENERAL 
B. LUBRICATION AND MAINTENANCE GUIDE 
C. MAINTENANCE TOOLS 

TROUBLESHOOTING .... ......... . . . 
A. GENERAL 
B. ENGINE 
C. STARTING SYSTEM 
D. FUEL SYSTEM 
E. AIR INTAKE SYSTEM 
F. COOLING SYSTEM 
G. LUBRICATING SYSTEM 
H. ELECTRICAL SYSTEM 
I. INSTRUMENTS 
J. LOCATING CYLINDER CUTOUT 
K. MAKING COMPRESSION TEST 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1. 9 

1.0 
Page 1 



1.0 
Page 2 

TOPIC 

10 

11 

12 

13 

14 

15 

TITLE 

FITS AND TOLERANCES: BOLT, CAPSCREW, AND NUT 
TORQUE WRENCH SPECIFICATIONS: STUD GAUGE 
HEIGHTS .................. . 

A. FITS AND TOLERANCES 
B. BOLT, CAPSCREW, AND NUT TORQUE WRENCH 

SPECIFICATIONS 
C. STUD GAUGE HEIGHTS AND DRIVING TORQUES 

COOLING SYSTEM ........... -.... . 
A. GENERAL 
B. RADIATOR AND FAN TYPE COOLING SYSTEM 
C. HEAT EXCHANGER AND EXPANSION TANK TYPE 

COOLING SYSTEM 
D. GENERAL MAINTENANCE 
E. DRAINING- OF COOLING SYSTEM 
F. FILLING OF COOLING SYSTEM 
G. CLEANING OF COOLING SYSTEM 
H. THERMOSTATS 
I. FAN, FAN HUB, FAN BELTS AND BELT 

ADJUSTMENT 
J. ENGINE 01 L AND CONVERTER FLUID COOLERS 
K. RAW WATER PUMP, BELT ADJUSTMENT, AND 

BELT REPLACEMENT . 
L. IMMERSION HEATER AND THERMOSTAT (OPTIONAL) 
M. COOLING SYSTEM FILTER 

FUEL SYSTEM ....... . 
A. GENERAL 
B. FUEL FILTERS 
C. PRIMING FUEL SYSTEM 
D. FUEL INJECTION PUMP 
E. GOVERNOR 
F. FUEL SUPPLY (TRANSFER) PUMP 
G. CHECKING THE FUEL SYSTEM 
H. FUEL INJECTION NOZZLE HOLDER ASSEMBLY 
I. REMOVING CARBON FROM FUEL INJECTION 

NOZZLE SLEEVES 
J. FLOW TIMING THE FUEL INJECTION PUMP 

LUBRICATION SYSTEM ............... , 
A. DESCRIPTION 
B. GENERAL MAINTENANCE 
C. LUBRICATING OIL FILTERS (STANDARD) 
D. BYPASS TYPE OIL FILTER ASSEMBLIES (OPTIONAL) 
E. DRAINING AND FILLING OIL SYSTEM 
F. LUBRICATION SYSTEM MAINTENANCE 
G. ENGINE OIL COOLER 

ELECTRICAL SYSTEM ............... , . 
A. GENERAL 
B. WARRANTY AND ADJUSTMENT 
C. BATTERY 
D. ELECTRIC STARTING MOTOR 
E. DC GENERATORS AND VOLTAGE REGULATORS 
F. ALTERNATORS AND VOLTAGE REGULATORS 
G. DRIVE BELT ADJUSTMENT 

VALVE ADJUSTMENT AND CYLINDER HEAD. 
A. GENERAL 
B. VALVE LASH ADJUSTMENT 
C. TORQUING CYLINDER HEADS 
D. INSTALLING CYLINDER HEADS 

) 
1.10 

1.11 

.. 

1.12 

1.13 

1.14 

1.15 

j 

11000 11 OOOMKII 



TOPIC 

16 

17 

18 

19 

20 

21 

22 

23 

24 

11000 11 OOOMKI I 

TITLE 

INTAKE AND EXHAUST SYSTEM. 
A. GENERAL 
B. MANIFOLD MAINTENANCE ' 

AIR CLEANER •...•.... 
A. GENERAL 
B.·MAINTENANCE 
C. SERVICE 
D. AIR FILTER SERVICE INDICATOR 

TURBOCHARGER . . . . . • . . . . . • • . • • • . 
A. GENERAL 
B. OPERATION 
C. EFFECT OF ALTITUDE ON TURBOCHARGED ENGINES 
D. MAINTENANCE 
E. 3000 HOUR INSPECTION 

SAFETY CONTROLS. . . . . . . • . . . . . • • . . . 
A. GENERAL 
B. OIL PRESSURE SWITCH-GAUGE 
C. COOLANT TEMPERATURE SWITCH-GAUGE 
D. OVERSPEED GOVERNROR 
E. STARTING AND STOPPING PROCEDURE WITH SAFETY 

CONTROLS 
F. GAUGE CIRCUIT TROUBLESHOOTING CHECKS 
G. DRIVE ASSEMBLY AND ADAPTOR FOR OVERSPEED 

GOVERNOR 
H. FUEL SOLENOID SHUTOFF VALVE 
I. WARNING HORN AND WARNING HORN RELAY 

COLD WEATHER STARTING AID. . . . . . . . . 
A. GENERAL 
B. HANDLING PRECAUTIONS 
C. FUEL CYLINDER INSTALLATION 
D. OPERATION OF DISCHARGER 
E. MAINTENANCE 
F. TROUBLESHOOTING 
G. Field Installation 

AIR COMPRESSOR . . . • . . . . . • . . • • . . . 
A. GENERAL 
B. SERVICE 
C. DRIVE BELT ADJUSTMENT 
D. BELT REMOVAL AND REPLACEMENT 
E. REMOVAL, CLEANING, AND INSTALLATION OF 

CYLINDER HEAD 

POWER TAKE-OFF CLUTCH AND REDUCTION GEAR. 
A. GENERAL 
B. POWER TAKE-OFF CLUTCH SERVICE 
C. POWER TAKE-OFF CLUTCH ADJUSTMENT 
D. REDUCTION GEAR SERVICE 
E. REDUCTION GEAR CLUTCH ADJUSTMENT 

TORQUE CONVERTERS AND TAILSHAFT GOVERNOR. 
A. GENERAL 
B. SERVICE 
C. CLUTCH (DISCONNECT} ADJUSTMENT 
D. OIL RECOMMENDATIONS 
E. TAILSHAFT GOVERNOR 

AIR STARTING MOTOR. 
A. GENERAL 
B. SERVICE 

1.16 

1.17 

1.18 

1.19 

.l.20 

1.21 

1.22 

1.23 

1.24 

1.0 
Page 3 



1.0 
Page 4 

TOPIC. 

25 

TITLE 

EXHAUST SILENCERS .••....••• 
A. GENERAL 
B. STANDARD TYPE EXHAUST SILENCER 
C. SPARK ARRESTER TYPE EXHAUST 

1.25 ) 

.. 

) 

·1 

.I 

) 

11000 11 000MKI I 



) 

) 

,. 

TOPIC 1~ DESCRIPTION 

A. GENERAL 

The models 11000 and llOOOMKII- are tur­
bocharged, 4-cycle, water cooled, over­
head valve, compres!;ion ignition type 
diesel engines with 6 vertical, in-li~e 
cylinders. The mod1!l llOOOMKII has 011 
cooled pistons. 

The basic engine and various engine assem­
blies have been engineered with equipment 
necessary for usual installation require­
ments. All units can be modified for vari­
ous applications by addition of optional 
equipment. 

The furnishing of pertinent data regarding 
the operation and maintenance of equipment 
and accessories not originally supplied by 
Allis-Chalmers is the responsibility of 
the company that assembles the accessories 
to the engine. 

. Engines shipped from All is-Chalmers are 
equipped with a combination name plate and 
optional equipment plate. The engine serial 
number and engine c.:italog number are stamp­
ed in the name plate section, the remainder 
of the plate is used to list the catalog 
number of the various optional equipment· 
groups as specified on the original factory 
order, together with the specific factory 
shipping order number. 

.· NOTE: To obtain shipment promptly when 
· ordering repair parts, always give the 

information on the engine name plate, 
and the repair part number and name. 
Order parts from the dealer covering 
the local territory~ 

B. PRINCIPLES OF OPERATION 

The fuel system consists of 2 throw-away 

C. 

type fuel filters, differential need1e type 
fuel injection nozzle holder assemblies, 
and fuel injection pump with fuel transfer 
pump and governor. The system cleans, pre­
pares, and delivers accurately metered 
quantities of fuel under high pressure to 
the engine cylinders where it is i.gn ited by 
heat of air compressed in the cylinders. 

Proper. lubrication is assured by a gear type 
lubrication oil pressure pump. Oil is pumped 
under 30-55 psi (207-379 kN/m2) pressure 
from the main oil gallery to the crankshaft, 
connecting rods, and rocker arm assembly. 
All other internal moving parts are lubri­
cated by splash, spray, and oil in suspen­
sion. 

A turbocharger is used to obtain greater 
power output over that of the naturally 
aspirated model engine by increasing the 
supply of air to the cylinders. The turbo­
charger is essentially a rugged yet highly 
efficient exhaust driven blower.· 

The turbocharger responds to engine load 
demands by reacting to the flow of expand­
ing exhaust gases and supplying a correlat­
ed volume of air to engine cylinders. During 
a heavy load/lugging operation, the increase 
flow of exhaust gases turns the turbine wheel 
faster, causing the compressor impeller to 
turn faster to supply more air to the intake 
manifold. Conversely, when engine load is 
light and the radial flow of gases within 
the turbine decreases, the turbocharger com­
pressor reduces air supply to the intake 
manifold. 

ENGINE STROKE SEQUENCE 

In a 4-cycle diesel engine, a power stroke 
is made by each piston every two complete 
revolutions of the crankshaft. Sequence of 
strokes is intake, compression, power, and 
exhaust. 

, 0 CATALOS NO. OPT. EQUIP. CATALOII NO. OPT. EQUIP. 0 CATALOG ND. OPT. EQUIP. 0 
A ALLIS-CHALMERS 

0 

E-2398 

11000 11 00OMKI I 

0 

Combination Engine Name Plate and 
Optional Equipment Plate 

Revision 1 

HAftVl!V, ILLINDIS • MADI!. IN U- S. A 

I 11 
SERIAL ND. 

I 11 
MODEL 

I 
CATALOG NO. 

I 
0 
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Figure 1. Intake Stroke 
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Figure 2. Compression Stroke 

1. Intake Stroke 

As the piston moves downward on the first, 
or intake stroke, air enters the cylinder 
through the air intake manifold and intake 
valve, which starts to open a few degrees 
before the piston reaches top dead center. 
The intake charge, consisting of air only, 
rushes into the cylinder and is given a 
swirling motion by directional ports in 
the cylinder head. · 

2. Compression Stroke 

Shortly after the piston starts to move 
upward on the second, or compression stroke 
the intake valve closes. The. swirling mo­
tion of air admitted on the intake stroke 
is intensified during the compression stroke 
and its temperature is raised to approxi­
mately l000°F (811 K). The contoured piston 
top compresses and simultaneously forces the 
air toward its center, giving it an addit­
ional rolling motion and greater velocity. 
At the proper instant during the compression 
stroke, a metered quantity of fuel is in­
jected into the combustion chamber in a 
four-jet pattern under extremely high pres­
sure. When the finely atomized fuel has 
mixed thoroughly with the turbulent air it 
is ignited by heat of the compressed air 
and immediately starts to burn. 

11000 11 000MKII 
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Figure 3. Power Stroke 
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Figure 4. Exhaust Stroke 

11 000 11 OOOMKI I 

3. Power Stroke 

Because the fuel and air is thoroughly 
mixed in the cylinder, it burns smoothly 
and evenly. As the burning gases expand 
they force the piston downward on its 
third, or power stroke. Near bottom of 
the power stroke the exhaust valve starts 
to open. 

4. Exhaust Stroke 

As the piston moves upward on the fourth, 
or exhaust stroke, the exhaust valve opens 
and burned gases are forced out of the 
cylinder by the upward travel of the pis­
ton. Shortly before the piston reaches 
top dead center, the intake valve starts 
to open to admit a fresh charge of air to 
the cylinder. A few degrees after the pis­
ton reaches top dead center, the exhaust 
valve closes completely, denoting the end 
of one cycle and beginning of the next. 
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TOPIC-2~ SPECIF-I CATIONS 

All is-Chalmers reserves the right to make changes in the 
following specificatfons and to add improvements at any 
tiine without notice or ~)lli•gation. · 

A. ENGINE (BASIC) 
Mode 1 11 000 •..•.•••...•••.••••..•••••••••.••.. 
Model l lOOOMKI I.-••. ·._ •.•••••.•..•.••••. -•.... ,;. 

.. .;:_. 

Type •••••.•• ;.:: ••• ;'"; .•••. ;· ••.•••..•.• ~.--•••.• -.• 
Number of Cylinders~ ..........••..... -•....• ; .. 
•Firing Order;- ..•..••....••...••.••.•..• -.• -..•.. 
Bore .••••..•.•..•.•••.••.••..••...••.••....•.. 
Stroke .••.•••.•.••••.•.•..•....••.••..•••.•... 
Displacement •••.••••..••••...•.••..•...••.••.• 
Crankshaft Rotation (viewed from fan end) .••.. 
Number of Main Bearings ..•••...•••.•. -: .......• 
Compress ion Ratio (Nomi na 1) •...•••....•.... ', .. 
Compression Pressure at Sea Level, 600 rpm, 

Hot •.•.•• / ••. -•••••.•.••.•....•.•••.•......• 
Pressure Differential Between Cylinders •...... 
Maximum Permissible Exhaust Restriction •...... 

B. COOLING SYSTEM 
Water Pump, Centrifugal Type •.••••..••..•... :. 
Stablized Coolant Temperature (minimum) ..•.•.. 
Thermostat (fully open) .•......••...••..•.•... 
llominal Coolant Capacities: 

1. Basic En~i_ne_Only .......•......•.••.• '._'.. 

ENGLISH 

Turbocharged 
Turbocharged and 

· piston cooled 
4 cycle 

. 6 

1-5-3-6-2-4 
4.44 in 
5. 56 in 

516 cu in 
Clockwise 

7 
15.2:1 

445 psi± 15 psi 
30 psi max 

2 in HG 

Belt Driven 
180°F 
200°F 

22 qt 

. METRIC 

Turbocharged 
Turbocharged and 

piston cooled 
4 cycle · 

6 . 
1-5-3-6-2-4 

112. 78 ITfll 

141.22 rrm 
8457 cm3 
Clockwise 

7 
15.2: 1 

3068 kN/m2 ± 103 kN/m2 
207 kN/m2 
6754 N/m2 

Belt Driven 
355 K 
366 K 

20.82 lts 

*NOTE: To obtain total capacity of cooling system for particular engine 
application, add basic engine capacity to capacity of the applicable 
optional cooling system equipment listed below. -

2. Optional Cooling System Equipment 
Radiator and Hoses for: 

Engine w/Dry Manifold ••.•••...•.•..... 
Engine w/Water Cooled Manifold •...•••• 

· Water Cooled Exhaust Manifold 
and Water Outlet Piping ••.•••••....•.. 

Torque Converter Hea.t_ Exchanger •.••..•.. 
Combination Heat Exchanger •.•..•........ 
Radiator·, Pressurized ..••.•••.•••.•..••• 

C. LUBRICATION SYSTEM 
Circul atfog Pressure Type System; .•••. ~.; ..•.. 
Qi 1 Pump •• -••.•• -.• · ••.•...•• ; ••.• : •• : ....••..• , • 
Oil Pressure Range, Hot, Full Throttle .•• .' .•.. 
Oil Filter Type .•... "·.; ...............•...... 
Pressure Regulation Governed by ..•..•...•..•.. 
Oil Capacities-Nominal: 

Model 11000-Prior to Serial No. 11-24163: 
Standard 20° Angle of Operation 

Filter and Oil Change ..•••.•.•.•...... 
Optional 45° Angle of Operation 

Filter and Oi 1 Change ••........••.•... 
Models 11000 and llOOOMKII - Effective 
with Serial No. 1124163: 

Standard 30° and Optional 45° Angle 
of Operation •.•.•..•....•....•.•..•..•.. 

22-1/4 qt 
21-1/2 qt 

6 qt 
1-3/4 qt 

2 qt 
7 psi 

Full Flow 
Gear Type 

30 to 55 psi 
Full Flow 

Regulation Valve 

23 qt 

21 qt 

31 qts 

20.06 lts 
20. 35 lts 

5.68 lts 
1.66 lts 
1.89 lts 
48 kN/m2 

Full Flow 
Gear Type 

207 to 379 kN/m2 
Full Flow 

Regulation Valve 

21. 76 1 ts 

19.87 lts 

29. 34 lts 

NOTE: Add 14 qts (13.25 lts) for optional bypass type lube oil filter. 

11000 llOOOMKII Revision 1 1.2 
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D. FUEL INJECTION SYSTEM 
Nozzle Holder Assembly: 

Manufacturer ••• · •. · .•.•••.••••.•.•••••••••• 
Nozzle, Spring Loaded Type ••..••••••••••. 
Nozzle Orifice Size ••••••.••••••.•••••.•• 
Nozzle Opening Pressure ••.••..••.••••.••• 

Fuel Injection Pump: 
Pump Type, Engine Lubricated .••.••••••••• 
Pump Speed Ratio to Crankshaft ••••.•••••• 

Fuel Pump Timing to Engine (Static): 
All Engine Speeds 1200 to 2200 rpm: 
Robert Bosch •.••.•.••••••.••••••••••••..• 
Roosa Master DB •.•.••.•••..•.•••••.••••••• 
Roosa Master DC with Hydraulic Governor •• 
Roosa Master UC with Mechanical Governor. 
Roosa Master DM-4 ••.••..••••.•••.•••••..• 

Governor.Regulation: 
Standard, Mechanical Type ••••••••.••••••• 

Speed Settings, Standard Engines: 
Idle Speed .•••••••••••.•....•.••. ~ ••••••. 
Full Load, Power Units ..•..•••.......••.. 
Full Load, Torque Converter Units ••••••.. 
Hand Primer Pump Maximum Lift •••.••••••.. 

E. VALVE DATA 
Valve Lash Adjustment: 

Intake Valve Clearance (Hot) .•••.••••••• 
Exhaust.Valve Clearance (Hot) ...•.•..••• 

Valve Timing: 
Camshaft (4337723) 
Effective Serial 117427 and Up 

*(Tappets set at .024") 
Exhaust Valve Opens .......•••••...••••..• 
Exhaust Valve Closes ••.•...••.••.•••••••• 
Intake Valve Opens ••...•••••.••••.••••••. 
Intake Valve Closes .•.•...•••.•...•..•••• 
Intake and Exhaust Duration •.••.•••••••••. 
Intake and Exhaust Overlap ••..•••.••••... 

ENGLISH .. 

Allis-Chalmers . 
Four Hole Orifices 

0.0148 in 
3800-3850 psi 

Multiple Plunger 
.5:1 

34° BTDC 
36° BTDC 
36° BTDC 
24° BTDC 
14° BTDC 

10% 

500-600 rpm 
1800 rpm 
2000 rpm 

3 ft 

0.018 in 
0.018 in 

53o BBDC 
23° ATDC 
21° BTDC 
55° ABDC 

256° 
44° 

METRIC 

Allis-Chalmers 
Four Hole Orifices 

0.376 nm 
_26200-26545 kN/m2 

· Multiple Plunger 
.5:1 

34° BTDC 
36° BTDC 
36° BTDC 
24° BTDC 
14° BTDC 

10% 

500-600 rpm 
1800 rpm 
2000 rpm 
76.20mm 

0.46 nm 
0.46 nm 

53o BBDC 
23° ATDC 
21° BTDC 
55° ABDC 

256° 
44° 

*CAUTION: Tappets must be set with 0.024" in. (0.61 nm) clearance 
to obtain proper valve opening and closing in degrees tabulated 
for the camshaft. Do not confuse this setting with valve lash 
adjustment data. 

F. ELECTRICAL SYSTEM 
Starter~ •••••••••.••.••.••.•.•.••••••••••.•• 
Generator, Positive Ground ••••.••••••••••••• 
Generator, Positive Ground .••••..•••••.•.••. 
Generator, Negative Ground ••.••••.•••.••.••• 
Alternator, Negative Ground ••.••.•.••••••.. 
Alternator, Negative Ground ••....•••••••.•• 
Alternator, Negative Ground ••.•.•..•.•.•.•. 
Alternator, Negative Ground .......•..••.••• 
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24 Volt 
24 Volt, 10 Amp. 
24 Volt, 18 Amp. 
24. Volt, 10 Amp. 
12 Volt, 80 Amp. 
24 Volt,· 30 Amp. 
24 Volt, 50 Amp. 
24 Volt, 80 Amp. 

Revision 1 

24 Volt 
24 Volt, 10 Amp. 
24 Volt, 18 Amp. 
24 Volt, 10 Amp. 
12 Volt, 80 Ami;,. 
24 Volt, 30 Amp. 
24 Volt, 50 Amp. 

_24 Volt, 80 Amp. 
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) G. HYDRAULIC TORQUE CONVERTERS 
Manufacturer .•.•...••.••.••••.•••••.••••.••.. 
Type •••••••..••.•••••••••.••••••.••.••••..•.• 
Operating Oil Pressure .••••••••• ' •••.•.••••••. 
Minimum Recommended 

Qi l Temperature .•..•.•.•••.•.•••..•.•.••.. 
Normal Operating Oil 

Temperature •••••.•.•..••.••.••••••••••••.. 
Maximum Safe Continuous 

Operation Oil Temperature •..•.••.••...••.. 
Oil Capaci tes 

Nominal 
Converter Model 
GS-1511 •......•..••...••••.••••••••••..... 
GC-1512-1 .•. · ........•••.•...••••.•.•••.•.. 
GC0-1512-1 •..•.•••..•••••••••.•••••...••.. 

ENGLISH 

Twin Disc. Co. 
Single Stage 

25 - 75 psi 

160°F 

180° - 220°F 

250°F 

16 qt 
16 qt 
16 qt 

NOTE: To obtain total capacity, add heat exchanger 
and lines to the above converter capacities. 

Heat Exchanger and Connecting Lines......... I 2-1/2 qt 

11000 11 00OMKI I 

METRIC 

Twin Di SC. Co. 
Single Stage 2 175 - 517 kN/m 

344 K 

335 - 378 K 

394 K 

15.14 lts 
15.14 lts 
15.14 lts 

2.37 lts 
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TOPIC 3. PREPARATION OF ENGINE FOR OPERATION 

A. SAFETY PRECAUTIONS 

1. When operating the engine in a ciosed°-:.; •· 
area, pipe exhaust fumes outside. Con-­
tinued breathing of exhaust fumes may 
be fatal. 

2. When servicing batteries, do not smoke 
or use an open . flame in the vicinity ... · 
Batteries generate explosive· gas during ·­
charging. Make su·re there is adequate · 
ventilation when chargingibatteries. 

3. When filling fuel t~nk, always provide 
metal-to-metal contact between the con­
tainer and fuel ·tank. This wii'l prevent 
a spark from being generated as fuel 
flows over the metallic surfaces. 

4: When filling fuei tank, do not smoke or 
use an open flame in the vicinity. 

5. Always use a lifting device of more than 
adequate capacity when lifting or moving 
the engine. 

B. PROCEDURE 

Use extreme care when unpacking the unit to 
avoid damage to engine parts_ and accessories. 

For your protection, make a thorough· inspection 
of the engine immediately upon delivery. In 
case of damage or shortage, have the carrier 
make a notation on the freight bill, and notify 
the transit agent at once. · 

Install the engine in a clean, wel 1-ventilated 
area where h will be accessible for inspection, 
maintetiarice, and repair. The foundation must be 
of ample size and strength to support the unit 
and assure its accurate alignment with equip-
ment to which it will furnish power. · 

Before starting the engine, the operator should 
fully understand the use and function of the 
operating controls and instruments; 

After the ·engine is installed and before start­
ing it, perform the operations 1 isted below; 

1. Remove a 11 tape and shipping caps used 
to seal the engine openings; · 

2. Check the radiator for damage and for 
proper cooling capacity. Remove any 
foreign material that has collected on 
the radiator which would obstruct the 
flow of air past the fins and through 
the Jir passages. 

3. If the cooling system drain plugs have 
been removed and wired to the engine, 
install them properly. Fill the system 
with coolant (refer to Topic 11). 

Revision 1 
11000 11 OOOMKI I 

4. Open the inlet and outlet-valves to the 
coolant system conditioner· (refer to 
Topic 11). ·-

5. Make certain all air cleaner connections 
are tight and the filter element is in­
stall ed. 

.. 
6; ff an oil bath type air cl,ea11er is applied 

to the engine, fi 11 the oil cup with grade · 
of oil a,nd to level specified by the in­
structiQ~ plate on the air cleaner. 

7. Engine are shipped from the factory 
_ without lubricating-oil (dry) or with 
lubricating oil (wet) depending upon 
whether or not .oil is specified on 
the engine purchase order. 

Ir englne is ordered without oi 1 , add 
oil to the oil pan following the pro­
cedure in TOPIC 13, LUBRICATION SYSTEM 
using a quality oil of the classifi­
cation specified in TOPIC 6, LUBRICA­
TION RECOMMENDATION. 

If engine is ordered with oil in the 
--- oil pan; check oil level with the side -

of the dipstick stamped ADD, FULL, and 
STOPPED before initial start of engine. 

NOTE: The oil pans of engines shipped wet 
are filled with SAE 20 weight lubricating 
oil having an API classification CD 
(forrrerly Service OS-Series 3). Maintain 
proper oil pan level with any good quality 
CD oil. The factory oil is compatible with 
any CD oil supplied by any major oil 
company. At first regular oil change period, 
drain factory oil and fill with proper 
classification and SAE weight oil for the 
prevailing ambient temperature. (Refer to 
Topic 6.) · · 

8. Check" the engine drive belts for correct 
adjustment. The deflection should be 
.25 in (6.35 mm) to .50 in (12.70 11111) 
at mi'dpoint oh the belts .. Refer to Topic 

. 11. . . . -

9. Connect the storage batteries to the 
electrical system. Refer to Topic 2, 
Paragraph F. for ground polarity. · 

10. Fill the fuel tank with the recommended 
fuel. Refer to Topic 7. · 

11. If applicable, connect the fuel supply 
line from the fuel tank to the inlet 
of the fuel system. Connect the over­
flow line to the top of the fuel tank. 
Open the fuel tank shutoff valve and 
prime the fuel system. Refer to 
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E-2467 

1. Bypass fi 1 ter 6. Inlet - 1/2" pipe thread 
2. Cover 
3. Vent 
4. Drain cock 

7. Engine oil inlet - 3/8" pipe thread 
8. Engine oil outlet - 3/8" pipe thread 
9. Full flow oil filters 

5. Outlet - 1/2" pipe thread 

Figure 1. Optional Bypass Type Oil Filter Piping Connections 

Topic 12. 

12. Bar the engine over by hand to make cer­
tain it turns freely. 

CAUTION: Any muffler installations or ex­
haust pipe extensions from the exhaust 

·outlet must be adequately supported and 
flexibly connected to eliminate any pos­
sibility of strain on either the manifold 
or the turbocharger outlet. Total restric­
tion for the exhaust system ,must not ex­
ceed the specified number of inches of 
mercury listed in Topic 2, Paragraph A, 
with the engine running under full load, 
full speed conditions. Refer to Topic 16 
for procedure to check the restriction in 
the exhaust system. 

,. 
13. If unit is equipped with a power take-off 

clutch, check adjustment of the clutch 
operating lever. (Refer to Topic 22.) 

14. Check the engine intake and exhaust sys-

1.3 
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terns to make certain they are unobstruct­
ed by foreign material. The exhaust line 
should not be restricted by sharp bends/ 
crimps, but should be kept as short as 
possible and installed ,with a minimum 
number of elbows. 

C. BYPASS TYPE OIL FILTER 

1. Installation Instructions 

Mount the filter on a rigidly constructed 
support and position it in a location as· 
near as possible to the oil supply and 
drain openings on the right side of the 
engine (Fig 1). 

Select oil supply and drain hose size 
based on the length required: 

No. 6 hose for lengths under 10 ft 
(3048.0 mm) 

No. 8 hose for lengths over 10 ft 
(3048.0 mm) 
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Adequately support hoses and give con­
sideration to routing hoses away from 
exhaust manifolds and moving parts. 

Refer to Paragraph D of Topic 13 for 
details of how to service filter. 

D. FRONT SUPPORT BRACKET 

To provide 3 point mounting for the engine, a 
front support bracket (Fig 2) is secured to 
a trunnion on the timing gear cover. The other 
2 mounting points are the pads with threaded 
holes on each side of the flywheel housing. 

If the front support bracket is removed from 
the engine to facilitate the installation of 
the engine, note the number of shimming wash­
ers removed from each side. When assembling 
the cap to the mounting bracket, install the 
same amount of shimming washers to each side 
as where removed. Tighten the flanged screw 
to 95-105 lb-ft (129-143 Nm) torque. 

The liners are made from a nylon like material 
and it is essential that the front support 
bracket is a tight fit on the trunnion to 
avoid "beating out" the liners. If the liners 
are replaced after a period of operation, they 
must be installed as follows: 

1. Clean grooves of cap and mounting bracket 
and install liners. 

2. Install flanged screws and tighten by 
alternating from one screw to the other 
until a torque of 50 lb-ft (68 Nm) is 
obtained. 

3. Measure the gap between the cap and 
mounting bracket and determine the amount 
of shimming washers required for each 
side. If measurment is between shim 
thickness add full shim. 

4. Remove capscrews and install shimming 
washer to equal the gap. 

11000 11 OOOMKI I 
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1. Locking washer 4. Liners 
2. Capscrew 5. Shims 
3. Cap 6. Bracket 

Figure 2. Engine Front Support 
Bracket 

NOTE: Shimming washers are .031" (.792 mm) 
thick and must be evenly distributed on 
both sides of bracket. 

5. Reinstall capscrews and torque to 95-105 
lb-ft (129-143 Nm). 
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TOPIC 4. OPERATING CONTROLS AND INSTRUMENTS 

Various controls and instruments are avail­
able to assist the operator in getting opti­
mum service from the engine. Regardless o_f ··. 
pannel configuration or location, the oper­
ator must be familiar with the function of 
engine controls and instruments provided for 
operating the unit. 

A. OPERATING CONTROLS 

l. Speed Control 

a. Standard 

The turn-to-lock type speed contrpl 
(Fig 1 Item 4) actuates the governor 
speed control lever. Engine speed is 
varied by pulling out on the control 
handle. The control is locked in 
position by.turning the handle either 
clockwise or counterclockwise. and 
is relea.sed by returning it to mid­
position. 

b. Optional 

The optional vernier type speed con­
trol (Fig 3) is connected to the 
governor speed control lever similar 
to the standard control. 

Coarse engine speed adjustment is 
made by pressing the lock button in 
the center of the speed control knob, 
then pushing in to decrease or pull-

~ ing out to increase engine speed. A 
vernier feature of the speed control 
permits fine adjus·tment of engine 
speed; turn knob clockwise to de­
crease or counterclockwise to in­
crease speed. See Figure 3 for speed 
control friction adjustment. 

2. Starter Button 

The starter button energizes the electric 
starting motor. 

3. Stop Control 

~ The turn-to-1 ock type stop control 
actuates the engine stop control lever 
on the governor. 

4. Clutch Operating Lever 

The clutch operating lever actuates the 
clutch mechanism to connect and discon­
nect engine load. 

5. Safety Control Switches 

For the function of the low oil pressure, 
high coolant temperature and overspeed 

11000 11 OOOMKII 
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l. Water temperature gauge or high 
temperature safety switch-gauge 

2. Oil pressure gauge or low oil pres-
sure safety switch gauge 

3. Tachometer and/or hourmeter 
4. Speed control 
5. Stop control 
6. Current starting aid push button 

or pull control 
7. Early type safety control magnetic 

switch reset button 
8. Current safety control off-on switch 

(toggle or key switch) · 
9. Low oil pressure safety switch-

gauge bypass button 
10. Starter button 
11. Early type starting aid 
12. Ammeter 
13. Early type low oil pressure safety 

switch-gauge 
14. Reset button 

Figure 1. Operating Controls and 
Instrument (Flywheel Housing Mounted) 

· safety controls refer to Topic 19, 
titled Safety Controls 

Current engine low pressure and high 
coolant temperature safety controls 
require 2 switches. An off-on type 
switch (Fig 1 Item 8) to energize the 
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.. 
NOTE: TO INCREASE THE FRICTION ADJUSTMENT, 
TURN THE NUT TO THE RIGHT, TO DECREASE, 
TURN THE NUT TO THE LEFT, CONTROL IS SHOWN 
IN THE RELEASED POSITION. 

HT-54364 

1. Control knob 
2. Adjustment nut (includes friction 

washers inside to prevent the control 
from creeping 

3. Shakeproof washer 
4. Friction adjustment 

Figure 2. Optional Vernier Type 
Speed Control 

·shutoff solenoid valve at the injection 
pump and a push type bypass button (10) 
to bypass the normally open switch in 
the low oil pressure safety control so 
that the engine can. be started. 

Early type low oil_pressure safety 
switch-gauge (Fig 1 Item 13) had a reset 
button (14) on the side of the gauge and 
a magnetic switch with reset button (7). 
The magnetic switch reset button is 
pressed to complete circuit to the elec­
tric solenoid of the fuel injection pump 
before engine can be started after safety 
shutdown. 

NOTE: Magnetic switch will not reset until 
button on oil pressure safety switch-gauge 
is reset. 

The overspeed governor is adjusted to 
trip at 15% over the governed speed. 
When the governor trips,the fuel shutoff 
solenoid valve at the injection pump 
stops the flow of fuel to the pump stop-
ping the engine. · 

6. Cold Weather Starting Aids 

The starting aids can be the manually 
operated type (Fig 1 Item 6) or the 
electric type with push button switch 
(switch not illustrated}. Refer to 

,. Topic 20 titled, Cold Weather Starting 
Aids for details of their operation. 
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1. Early type safety control magnet 
switch reset button 

2. Current low oil pressure safets 
switch-gauge bypass button 

3. Starter button 
4. Oil pressure gauge or low oil pressure . 

safety switch gauge 
5. Stop contro 1 
6. Ameter 
7. Early type starting aid 
8. Current starting aid push button 

or pull control 
9. Electric tachometer 

10. Current safety control off-on switch 
(toggle or key switch) 

11. Speed control 
12. Water temperature gauge or high 

temperature .safety switch-gauge 
13. Tachometer or combination tachometer 

and hourmeter 

Figure 3. Operating Controls 
and Instruments (Radiator} 
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B. INSTRUMENTS 
\ 
/- 1. Oil Pressure Gauge 6. 

The oil pressure gauge indicates pressure 
at which lubricating oil is circulating 
through the engine. 

2. Allllleter 7. 

The a11111eter indicates charging output of 
the generator or alternator. 

3. Water Temperature Gauge 

The engine water temperature gauge indi-
cates temperature of coolant being cir-
culated in the cooling system. 

4. Tachometer (mechanical or electrical 
type) 

The tachometer indicates engine speed in 
revolutions per minute (rpm). 

5. Hourmeter (electrical type) 

The hourmeter registers elapsed hours of 

11000 ll000MKII 

engine operation. 

Starting Aid 

Refer to Topic 20, COLD WEATHER START-
ING AID. 

Combination Tachometer and Hourmeter 
(Mechanical Type) 

This combination is made available pri-
marily for 1800 rpm engine operation. If 
the engine is operating at other than 
1800 rpm, refer to the listing below. 

For actual hours run, djvide hours on 
meter by figure opposite governed rpm. 

GOVERNED RPM DIVISOR 

1200 .6666 
1500 .8333 
1600 .8888 
1800 1.0000 
2000 1.1111 
2100 1.1666 
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) TOPIC 5. OPERATING INSTRUCTIONS . ·. 

A. OPERATING PRECAUTIONS 

1. Do not operate the engine without having 
the air cleaner filter element installed. 

2. Always allow the engine to warm up at 
reduced speed without load. 

3. Keep the engine and accessories clean; 
inspect th~ engine while_cleaning. 

4. If the engine overheats due to lack of 
coolant, replenish slowly while engine 
is running. = 

5. Do not allow the engine to idle for pro­
longed periods except in cold weather 
below QOF (255 K). 

6. Refuel at the end of daily operation,to 
keep condensation to a minimum. · 

7. In extreme co 1 d weather optiona 1 ether 
starting aids or immersion heaters a·re 
available. 

B. ENGINE STARTING PROCEDURE 

The en.gi ne starting procedure depends upon 
whether it is equipped with standard controls 
and instruments or optional cold weather 
starting aids, safety shut down equipment, or 
automatic (remote) start and stop equipment. 

Before starting a new engine prepare it for 
operation as detailed in Topic 3. 

1. Starting Procedure with Standard Controls 

a. Make certain the engine clutch opera­
ting le~er is pulled all the way back 
{disengaged position). 

b. Set.stop control in Run position. 
Place throttle in the FULL LOAD posi­
tion, then .return it to the 1/4 to 
1/2 position. 

c. Press starter button until engine 
starts. 

CAUTION:. Do not use starting motor con­
tinuously for more than 30 seconds with­
out a pause of two minutes to allow it 
to cool. 

e. With engine running, move speed con­
trol slowly to a fast idle position. 
Allow engine to warm up at this 
speed before applying load. 

f. Oil pressure should be 30 to 55 psi 
{207 to 379 kN/m2) at full load rpm. 
If not, stop engine; locate and cor­
rect cause of low oil pressure. 

2. Starting Procedure with Cold Weather 
Starting Aids 

There are 2 types of starting aids, a 
manually operated type and an electri­
cally operated type. See Topic 20 for 
details. 

Insta11 fuel .cylinder in the discharge 
valve assembly fo11owing the instruct­
ions packaged with it or in Topic 20. 

CAUTION: Injecting excessive starting 
fluid will damage the engine. Follow 
instructions covering the operation of 
the starting fluid discharger. 

1. Operation of Discharger 

a. Crank engine with stop control in 
the STOP position (fuel off) for 5 
seconds maximum. 

b. Set stop control in Run position. 

c. Place throttle in the FULL LOAD posi­
tion, then return it to the 1/4 to 
1/2 position. 

d. Crank engine with stop control in RUN 
position for 2 - 3 seconds. 

e. Inject one shot of starting fluid 
· while cranking engine. 

f. To inject one shot of starting fluid: 

(1) Electric Type: 
Push and hold starting aid button for 
3 - 5 seconds. 

(2) Manual Type: 
Pull and hold starting aid control 
for 3 - 5 seconds. 

NOTE: · If engine is equipped with safety 
controls, refer to Topic 19, Paragraph D, 
for starting procedure. 

g. Wait 2 seconds and press starter 
button on engine control panel. 

h. If temperature is O"F (255K) or be­
low, repeat steps f and g. 
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i. When engine starts follow procedure in 
Steps e and fin above Subparagraph 1. 

3. Starting Procedure with Safety Shutdown 
Controls · 

When safety shutdown controls are applied 
to an engine a normally closed fuel shut­
off solenoid valve is installed in the 
fuel inlet line at the inlet of the in­
jection pump. To start the engine the 
solenoid valve must be energized. See 
Topic 19 for details covering the oper­
ation of the safety controls. 

The current safety controls require an 
off-on type switch and press type by­
pass button. The early type low oil 
pressure safety switch-gauge had a 
reset button at the side of the gauge 
and a magnetic switch with reset button. 

The engine starting procedures are as 
follows: 

a. Current Type Safety Controls 

(1) Position starting controls the same 
as Steps a, b, and c in Subparagraph 
1. 

(2) Place the safety control off-on 
switch in the ON position. This will 
energize the circuit to the fuel 
solenoid valve. 

NOTE: If the unit is equipped with a 
warning horn and warning horn relay, the 
horn will sound until the bypass switch 
button is pressed IN. 

NOTE: If engine is shutdown by the over­
speed governor, it cannot be started 
until the contacts in its switch are 
closed by pressing the reset button 
located on the top of the governor. 

(3) Press starter button and bypass 
switch button at the same time. 

NOTE: It is necessary to hold the bypass 
switch button IN until the engine starts 
and the oil pressure exceeds 25 psi 
(172 kN/m2). At this pressure, the con­
tacts in the low oil pressure safety 
switch-are closed to complete the cir­
cuit to the fuel solenoid valve. 
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b. Early Type Safety Controls 

(1) Push IN lockout reset button on oil 
pressure safety switch-gauge to 
separate pointer from contact screw. 

NOTE: After engine is started, make cer­
tain pointer lockout drops back to ori­
ginal position. 

(2) Push IN reset button on magnetic 
switch. 

NOTE: Magnetic switch will not-reset 
until button on oil pressure safety 
switch-gauge is reset. 

(3) Press starter until engine starts. 

CAUTION: Do not use starting motor con­
tinuously for more than 30 seconds with­
out a pause of two minutes to allow it 
to cool. 

c. When engine starts foflow procedure in 
Steps e and f in above Subparagraph I. 

4. Starting Procedure with Automatic (Remote) 
Start Equipment 

For starting and stopping procedures, 
refer to paragraph D of Topic 24, titled, -
Automatic Start and Stop Equipment 
(Power Units Only). 

C. PLACING ENGINE UNDER LOAD 

1. Operate engine with speed control at 1/4 
position or slower. 

2. ·Push forward slowly on engine clutch. 
operating lever until load has started 
to move, then push lever forward quickly 
to fully engage clutch. 

3. After engine clutch is engaged, set speed 
control and lock in position. 

4. Engine clutch should engage with a defin­
ite over-center "snap" and should require 
an appreciable push on operating lever 
for engagement. If "snap" is not evi­
dent, or if clutch slips under load, 
adjustment must be made ilTITlediately. 
Refer to Topic 22. 
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D. DURING OPERATION CHECKS 

1. Observe general condition of unit while 
it is running. 

2. Look for loose bolts, leaks, and over­
heated assemblies. 

3. Listen for unusual noise. 

4. Stop engine and make necessary repairs 
and adjustmerits. 

E. STOPPING ENGINE 

1. Move speed control slowly to low idle 
speed. 

2. Disengage engine clutch by pulling back 
clutch operating lever. 

CAUTION: After disengaging clutch, allow 
engine to run at fast idle speed for 
at least 5 minutes. to cool engine grad­

. ually and· uniformly. · 

3. If engine is not equipped with safety 
controls, pull:out the stop control. 
This moves the rack of the.injection 
pump to "no fuel delivery" ·position 
and stops the engine. 

4. If engine is equipped with safety con­
trols, place the safety control off-on 
switch in the OFF position. In this 
position the fuel solenoid valve is 
de-energized and stops the flow of fuel 
to the fuel injection pump, causing the 
engine to stop after the fuel in the 
injection pump g'allery is exhausted. 

· Generally it takes from 10 to 40 seconds 
for the engine to stop. Also, the engine 
can be stopped by the stop control de­
scribed ,ri above Step 3. · 

5; Cover exhaust pipe to prevent rain from 
entering when the engine is idle. 

F. HOT WEATHER OPERATION 

1. Keep cooling system filled with clean 
coolant that is low in chemical impurities. 

2. Make certain that ·fins and passages of 
radiator are free of foreign material. 

3. Keep external surface of engine clean. 

G. COLD.WEATHER OPERATION 

1. Make certain the battery is fully charged 
and all other electrical equipment is in 
first class condition. 

2. Use permanent type antifreeze solution to 
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protect engine against damage by freezing. 
Refer to instructions on protection charts 
furnished by antifreeze manufacturer for 
quality of antifreeze required for lowest 
anticipated temperature, 

3. If applicable, provide radiator cover 
if thermostats cannot maintain normal 
coolant operating temperature. 

4. As end of day's operation drain water 
from fuel filters and fuel tank. 

5. Refer to Topic 17, for proper maintenance 
of air cleaner. 

6. When ambient temperature is minus 20°F 
(244 K) or lower, a means of warming the 
engine and battery is recommended in 
order to obtain satisfactory starting 
and to prevent engine damage. It is 
suggested that crankcase oil be drained 
at end of days operation. -When starting 
operations in minus 20°F (244 K) temper­
atures and lower, heat oil to approxi­
mately 200°F (366 K} and replace in 
oil pan. · · · 

7. If engine is equipped with optional cold 
weather starting aid, refer to Topic 20. 

8. If engine is to be operated in arctic 
temperatures, consult your nearest 
authorized dealer for information re­
garding availability of special cold 
weather equipment. 

H. EXERCISE OF ENGINE ON STANDBY SERVICE 

NOTE: It is recommended that standby 
Diesel Electric Systems be equipped 
with an optional rectifier type battery 
charger. 

Under optimum conditions, a diesel engine on 
standby service should be exercised at least 
every 30 days. However, under environmental 
conditions including extreme temperatures, 
humidity, dust, sand, etc., it may be found 
necessary to shorten the interval between 
exercise periods to as often as weekly. 

Exercise periods should be long enough to 
enable the engine to attain normal operating 
temperature while carrying, if possible, at 
least 50 percent of its normal load. To ex­
ercise engine proceed as follows: 

1. Before starting engine check lubricating 
oil and coolant levels. Make complete 
visual inspection of unit to be sure that 
it is in operating condition. 

2. Start engine and run 5 minutes with no 
load. 
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3. Run engine at rated speed with what­
ever load is available up to full load, 
for the period of time required to 
obtain two consecutive water tempera­
ture readings of 160°F {344 K) minimum, 
taken at 15 minute intervals. Continue 
to operate engine for 40 minutes. Check 
and correct any coolant or oil leaks. 

CAUTION: If no load or a very light 
load must be used during exercise 
period cover the radiator to hasten the 
warmup period, but do not leave the unit 
unattended. Overheating and damage may 
result. 

4. Run engine with no load for 5 minutes 
to allow combustion chamber temperature 
to decrease gradually to a minimum. 

5. Stop engine. 

NOTE: If the accumulated hours of opera­
tion during the above exercise periods is 
less than 100 hours {reco1T111ended lube, 
filter, and lubricating oil change periods) 
during the 6 months period, it is recom­
mended that the lubricating oil and filter 
be changed every 6 months or sooner. If 
the accumulated hours of operation during 
the exercise periods is less than 500 
hours {recommended fuel filter change 
period) during the 12 months period, it 
is recommended that the fuel filter ele­
ment be replaced at the end of the 12 
months period. 

I. ENGINE STORAGE 

1.5 

1. General 

An engine stored for an extended period 
of time must be protected from corro­
sion and deterioration. The following 
preventive measures should be adhered 
to promptly after the engine is shut 
down. Store the engine in an enclosed 
moisture-free building that is heated 
during the winter months. If a building 
is not available, cover the engine with 
a waterproof tarpaulin or a durable 
plastic cover that is tied securely to 
the engine. 

An engine prepared for storage in one 
of the following manners can be returned 
to service at any time and within a 
minimum amount of time. 

2. 30 Days Or Less Storage Period 

For protection during a temporary period 
{30 days or less), follow the instructions 
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indicated below: 

a. Drain engine oil pan. Fill oil pan 
with new lubricating oil of proper 
classification and SAE weight. 

b. Service the air cleaner. 

c. Drain water and sediment from fuel 
filters and fuel tank. 

d. If a temperature below 32°F (273 K) 
is expected, add a permanent type. 
antifreeze to the cooling system. 

e. Clean exterior of engine and dry it 
thoroughly. 

f. Service battery and cables. Make 
certain battery is at full charge. 

g. Use a durable water and vaporproof 
material and seal all engine openings. 

h. Store engine inside of building or­
cover it with a waterproof material 
that is tied securely to the engine. 

3. More Than 30 Days Storage Period 

Engines removed from operation for an 
extended period (more than 30 days and 
not to exceed 6 months) must be prepared 
for storage as follows: 

a. Service the air cleaner. 

b. Check exterior of radiator. Remove 
any foreign matter that has collected 
around and between the radiator fins. 

c. Drain and flush the cooling system. 
If rust or scale is observed during 
the flushing operation, clean the 
system with a commercial cleaner 
following the manufacturers instruc­
tions. 

NOTE: Close the coolant filter inlet and 
outlet shutoff valves before cleaning 
system. Do not allow a comnercial cleaner 
to circulate through the coolant filter. 

d. Renew coolant filter element or spin­
on-can type filter. Refer to Topic 
11 for procedure. · 

e. Fill cooling system with clean water 
and add a good commercial soluable 
oil type rust inhibitor. However, if 
a temperature below 32°F (273 K) is 
expected, add a permanent type anti­
freeze to the cooling system instead. 

f. Start engine and operate it with 
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) sufficient speed and load to enable the 
coolant temperature to reach 180° to 
185°F (355 to 358 K). At this point 
the thermostats will open and the 
coolant will circulate through the 
entire system. Continue to operate 
engine for one hour. 

g. Stop engine. Remove drain plug and 
drain lubricating oil from pan. 
Remove lubricating oil filter ele­
ments and install new filter elements. 

h. Install drain plug and fill oil pan 
to the full mark on the dipstick with 
any commercial rust preventive oil 
(SAE 30) meeting Military Specifi­
cation MIL-L-21260. Operate engine 
for 10 minutes and add oil to bring 
oil level up to the FULL mark on the 
dipstick. 

i. Drain water and sediment from fuel 
system. Install new fuel filter/ele­
ments and prime the fuel system. Then 
drain the fuel tank. 

j. If fuel injection nozzles have not 
been serviced recently, check spray 
pattern and opening pressure of the 
nozzle holder assemblies; clean and 
adjust if necessary. This precaution 
will assure the nozzle holder assem­
blies are ready for operation when 
the engine is put back into service. 

k. Disconnect the fuel tank to primary 
fuel filter supply line and the fuel 
return line at the fuel tank. Using 
two clean containers, fill one with 
regular fuel oil and fill the other 
with a fuel oil containing a rust 
preventative such as The Texas Com­
pany "564 Rust Proofing Oil" or an 
equivalent. 

1. Start engine using the container with 
the regular fuel oil. After engine is 
running smoothly, switch the fuel 
supply line to the second container. 
Continue to operate engine until the 
rust preventive fuel oil is observed 
at outlet of the overflow line; then 
stop the engine. 

m. Connect fuel supply line and return 
line to fuel tank. 

n. Clean exterior of engine and dry it 
thoroughly. 

o. In the event the engine is to be 
stored outside and uncovered, it is 
recorrvnended the following steps be 
taken to guard against excessive 
rusting of the crankshaft pulley 
grooves, due to moisture being trap-
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ped between the bottom of the pulley 
and the belts. This could result in 
increased belt wear when the engine 
again resumes its normal day to day 
usage and can be more serious when 
cog type belts are used. 

(1) With the engine stopped, paint the 
exposed portion of the crankshaft 
with a fast drying paint; spray 
painting is acceptable. 

(2) After the paint is thoroughly dry, 
bar the engine over part way and 
again paint the exposed portion of 
the pulley. 

(3) Continue this procedure until all 
grooves of the crankshaft pulley are 
painted a full 360°. · 

p. Use a durable water and vaporproof 
material and seal all engine openings. 

q. Disconnect battery from engine. Clean 
battery and battery cables. Add dis­
tilled water to bring electrolyte up 
to the proper level. Charge battery to 
make certain it is fully charged. 
Store battery in a cool, dry location 
shielded from direct sunlight and away 
from heat duct outlets. Do not stack 
a battery on top of another. Check 
electrolyte level and specific gravity 
every 30 days. Add distilled water and 
charge battery to maintain it in full 
operational condition. 

r. Store engine inside of a building or 
cover it with waterproof material 
that is tied securely to the engine. 

NOTE: The engine should be tagged indi­
cating a certain storage manner had been 
performed. It should also be noted on the 
tag the importance of performing detailed 
procedure before returning engine to 
service .. 

4. More Than 6 Months Storage Period 

An engine removed from operation for an 
extended period of more-than 6 months 
must be prepared for storage as detailed 
in the preceding Subparagraph 3. Then 
after every 6 months of sotrage, perform 
the fol lowing: 

a. Check fuel tank for condensation 
and drain if necessary. 

b. Drain water from fuel filters. 

c. Fill supply tank with a sufficient 
amount of rust preventive fuel oil 
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such as The Texas Company "564 Rust 
Proofing Oil" or an equivalent in 
order to exercise engine. 

CAUTION: Do not allow engine to run 
· out of fuel during exercise period. 

d. Check radiator or expansion tank 
coolant level and add coolant if 
necessary. 

e. Loosen but do not remove oil pan 
drain plug to drain any moisture that 
may have collected. When oil free of 
moisture appears, tighten oil pan 
drain plug. 

f. Remove material that was used to 
seal engine openings'. 

g. Connect the storage battery observing 
correct polarity. 

CAUTION: If engine is operated inside of 
a building, pipe the exhaust gases to the 
outside. 
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h. Start engine and run 15 minutes at 
1/2 speed 

i. Run engine at full speed with what­
ever load is available up to f~ll 
load for a period of time that is re­
quired to obtain two consecutive 
water temperature readings (minimum 
160°F (344 K) that are the same when 
taken at a 15 minute interval. Then 
continue to operate engine for 30 
minutes. Check and correct any cool­
ant or oil leaks. 

If no load or very light load must 
be used during exercise period, it is 
recommended the radiator (if appli­
cable) be covered on an attended 
engine to hasten the warm-up period. 

j. Run engine at 1/2 speed with no­
load for 5 minutes before stopping 
to reduce combustion chamber temp­
eratures to a minimum. 

k. Stop the engine. 

1. Disconnect the storage battery and 
store it as detailed in the pre­
ceding Subparagraph 3. 

m. Drain the fuel tank. 

n. Use a durable water and vaporproof 
material and seal all engine open­
ings. 

o. Again store engine inside of a build­
ing or cover it with a waterproof 
material that is tied securely to 
the engine. 

5. Returning Engine To Service 

After an engine has been in storage 
for an extended period up to 6 months 
and before returning it to service, 
perform the following: 

a. Check fuel tank for condensation and 
drain if necessary. 

b. Drain water from fuel filters. 

c. Fill fuel supply tank with specified 
fuel. Prime the fuel system. 

d. Remove oil pan drain plug and drain 
rust preventive lubricating oil. 

e. Install drain plug and fill oil pan 
with proper classification and 
SAE weight of lube oil to proper 
level. 

f. Open coolant filter inlet and out­
let shutoff valves. 

NOTE: If a soluable oil type rust in­
hibitor was added to the cooling sys­
tem before engine was stored, drain 
and flush the cooling system before 
opening the coolant filter inlet and 
outlet shutoff valves. 

g. Check radiator or expansion tank 
coolant level and add coolant if 
necessary. 

h. Check condition of drive belts. Adjust 
or replace if necessary. 

i. Remove material that was used to seal 
engine openings. 

j. Connect the storage battery observ"ing 
correct polarity. 
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TOPIC 6. LUBRICATION RECOMMENDATIONS 

A. ENGINE LUBRICATING OIL 

The general reconmendation is to use CD lubri­
cating oil in all turbocharged engines in all 
applications. This also applies to naturally 
aspirated (non-turbocharged) engines that are 
operating under severe applications or when 
the fuel sulphur content exceeds 0.5%. In most 
normal duty applications of non-turbocharged 
engines a CC grade oil can be used. 

NOTE: API classification CD was formerly 
DS, Series 3 (MIL-L-45199B) and CC was DM 
(MIL-L-2140B/45199) 

Allis-Chalmers diesel engines are designed for 
optimum performance, life and lubricating oil 
control, at normal operating speeds, loads and 
temperature, with SAE 30 viscosity lubricating 
oil. 

Lighter viscosity oils are required for satis­
factory engine starting, without damage from 
marginal lubrication, when crankcase tempera­
tures during engine starting are below 32°F. 
This is the only reason for the use of lubri­
cating oils lighter than SAE 30 in Allis-Chal­
mers engines. 

Crankcase Temperature 
When Starting Engine Weight (Viscosity) 

O'' F and below (255 K) ................ SAE lOW 
o·F to 32°F (255 to 273 K) ........ SAE 20/20W 
3~ F to 90" (273 to 308 K) ... ·········sAE 30 
Above 95" F ( 308 K) ..... , .............. SAE 40 

The use.of multigrade lubricating oils in Allis­
Chalmers diesel engines is not recommended. 

OIL AND FILTER CHANGE PERIOD - The general 
recorrmendation is to renew the oil and stand­
ard engine mounted full flow type oil filters 
every 100 hours of opera ti on. If the engine is 
equipped with an optional Model 750-C Luber­
Finer bypass type filter, renew the oil, full 
flow filters and bypass filter element every 
250 hours. This change period is based on the 
use of high quality oils, fuels with less than 
.5i sulphur. and average engine loads not ex­
ceeding the continuous rating with engines in 
good adjustment and operating with coolant and 
lubricating oil temperatures between 170' F 
(350 K) to 200° F (336 K). 

Variations from these considered normal opera­
ting conditions must be compensated for by more 
frequent oil change and/or filter change per­
~ods. Our recommendations for oil change per­
iods are further based on what experience has 
shown to be conservative and safe hours of 
operation between oil changes. 

The quality and type of the oils and additive 
compounds used, and th~ ad~itiv~ quantity in . 
various brands of lubr1cat1ng oils affect their 
performance level. Under severe operating con­
ditions, with engines in poor mechanical condi­
tion or when using high sulphur fuels, lubrica­
ting oils will deteriorate at a faster rate. 
For these reasons oil change periods can vary. 

After the recorrmended oil change interval has 
been reached, actual tests of the lubricating 
oil at intervals of 10 to 20 hours should be 
made. As a result of these tests the oi 1 con­
di ti on can be determined, which may either 
allow extending or necessitate shortening of 
oil and,oil_ filter change periods. Most major 
lubricant suppliers provide this oil testing 
service on a gratis basic. We recommend that 
our customers take advantage of this service, 
not only for the protection of the engines 
but also to realize maximum safe usage from 
the lubricating oil. 

Most manufacturers of lubricants recognize the 
importance of the quality required for use in 
Allis-Chalmers engines and are cooperating 
fully to assure the use of only those oils 
which fulfill these requirements. The oil dis­
tributor and oil manufacturer are to be held 
responsible for the results obtained from their 
products. Acquire your lubricants from manufac­
turers and suppliers with unquestioned integrity, 
supplying known and tested products. Do not 
jeopardize your engine with inferior lubricating 
oils. 

Field experience has shown that Allis-Chalmers 
diesel engines, in the majority of applications 
and under most service conditions, will perform 
equally well on either high ash or low ash CD 
lubricating oils. Our laboratory tests, how­
ever, have shown that under severe duty condi­
tions (extended operation under full throttle 
conditions, high ambient temperatures, etc.) 
an oil having a sulfated ash level of at least 
1.5% will usually outperform _an oil havinq a 
lower ash level. Where a choice in lubricating 
oils is practical and economical, a high ash 
oil should therefore be selected for such appli­
cations. 

Optimum oil life and also optimum enqinP. life 
can be realized if the following items are 
given proper consideration. 

1. Use of quality fuels meeting our publish­
ed specifications. 

2. Use of Allis-ChalmEirs replace111ent filters. 

3. Adequate turbocharqer and combustion cham­
ber cooling by runninq engine at a fast 
idle for 5 minutes before shutdown. 
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4. Proper attention to air cleaner service 
and prevention of leaks in the air intake 
system. 

5. Engine Adjustment: 

a. Correct fuel settings 

b. Fuel injection pump ttming 

c. Injection nozzle function and opening 
pressure. 

d. Valve cl~arance settings. 

6. Cleanliness with lubricating oil, oil 
containers, oil storage facilities, and 
oil fi 11 caps and pipes on engines. 

7. Proper attention to entire cooling system 
including removal of antifreeze and flush­
ing system for summer operation, maintain­
ing specified operating temperature, main­
taining fan belts and water pump drive 
belts in correct adjustment, and keeping 
radiator surfaces free of debris. 

B. GREASE 

1. Pressure Gun Lubricant 

Use a ball and roller bearing lubricant 
that has a minimum melting point of 
300°F (422 K}. It must be waterproof 
and have a viscosity that assures easy 
handling in a hand operated pressure 
gun at prevailing ambient temperatures. 

2. Angle Adaptor Lubrication 

The angle adaptor is equipped with a 
grease fitting for lo~ pressure greasing 
every 600 hours. Lubricate with grease 
conforming to MIL-G-10924, or equivalent. 
Do not overgrease. 

C. PROCEDURE FOR TAKING OIL SAMPLE 

It is most important that crankcase oil samples 
for laboratory testing be correctly taken from 
the engines to ensure an accurate analysis. 

Any oil sample should be taken with the engine 
oil at normal operating temperature. 
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1. Angle adaptor 
2. Grease fitting 

Figure 1. Angle Adaptor 

The sample preferably should be taken from oil 
circulating within the oil passages in the 
engine. 

If the sample is drawn from the oil pan, it 
should never be drained from the bottom of 
the pan. It can be sucked out of the pan 
through the dipstick hole with a suitable hand 
pump equipped with a small enough suction tube 
to enter the dipstick hole. If taken in this 
manner, be sure the engine is running and the 
suction tube is not inserted into the pan 
below the low level oil mark on the dipstick. 

Do not take an oil sample from an engine 
immediately after adding make-up oil to the 
crankcase. Either delay until the make-up oil 
is throughly mixed with the oil crankcase oil 
or take the sample prior to adding the make­
up oil. 

Be sure the containers, pump,· etc. are abso­
lutely clean when taking the oil samples and 
be sure the container is properly sealed after 
the sample is taken. A sample that is con­
taminated by dirty containers or equipment 
will give a false laboratory analysis. 

Generally, a one half pint sample is all that 
is required, but check with the oil company 
or laboratory making the analysis to deter­
mine the exact quantity they require. 
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TOPIC 7. FUEL Oil RECOMMENDATIONS 

A. GENERAL 

Using any given grade of fuel oil, Allis-Chal­
mers engines perform as well as, or better than 
other diesel engines of comparable size and 
rating. However, from the standpoints of fuel 
economy and availability, as well as engine 
performance, maintenance and environmental con­
trol requirements, experience has shown that 
the fuel best suited for these engines closely 
approximates the fuel oil specification listed 
below. 

This specification is within the American Soci­
ety for Testing Materials (ASTM) specification 
for No. 1 and No. 2 fuels. The American Society 
for Testing Materials has established fuel oil 
specifications and testing methods to which 
the petroleum industry conforms very closely. 
Diesel engine manufacturers have, over the 
years, come to rely on the ASTM spec-ifications 
as a standard of the industry and a simple 
means for the engine owner to identify and pur­
chase fue 1 oi 1 . 

Fuel Oil Specification: 
Grav i ty, AP I Degrees .......••........•.• 30-40 
Cetane Number. . . . • . . . . . . . . . . . . . . . . • . • • 40 Min 
Viscosity, Kinematic, 

Centistokes@ 100°F (311 K) ..•..... 1.4-5.8 
Flash Point •.....•.•.. l00°F (311 K) or Legal 
Pour Point 10°F (6 K) ..•... Below Ambient Temp 
Distillation Temp 90% Point 640°F (611 K) Max 
Ash % by Weight ..................... 0.02 Max 
Water and Sediment% by Volume •.•.•. 0.10 Max 
Sulfur Content% by Weight •.••.••.•. 0.5 Max 
Carbon Residue on 10% Ramsbottom .•.. 0.35 Max 
Copper Strip Corrosion .•.•.....•... No. 3 Max 

These specifications are offer.ed as a guide to 
help the diesel engine owner/operator make a 
satisfactory selection from the most available 
stocks of fuel oil. Such factors as climate, 
economy, and availability of fuel may at times 
necessitate the use of fuel with certain speci­
fications which are outside those listed in 
the table. 

In general the design of the Allis-Chalmers 
engines has been developed to take advantage 
of the higher energy content and generally 
lower cost of the No. 2 diesel fuels. 

Degrees Specific Pounds Kilogram Gallons 
API Gravity Per Per Per 

At 60° F At 60°F Gallon Liter Pound 
(289 K) (289 K) At 60°F At 289 K At 60°F 

30 .8762 7.296 .876 .1371 

35 .8498 7.076 .850 .1413 

40 .8251 6.870 .825 .1456 
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Using fuel oils that do not meet the complete 
specification will require shortening the fil­
ter renewal and inspection intervals to obtain 
a reasonable useful life from the injection 
equipment. 

B. FUEL OIL CHARACTERISTICS 

It is not within the scope of this topic to set 
down all diesel fuel characteristics and the 
details of all testing methods, but on occasion 
it is necessary that the engine operator, and 
particularly, the person responsible for buying 
diesel fuel, have a working knowledge of the 
subject. 

1. API Gravity 

The API gravity rating is an index of the 
fuel's density or weight per unit volume. 
In addition, it affords an indication of 
the viscosity, distillation characteris­
tics and heating value of a fuel. Since 
fuel is purchased on a volume basis, gra­
vity is used when setting up purchasing 
specs and in delivery inspections. Low · 
API (heavier) fuels are desireable be­
cause they contain more BTU's per gallon 
but if they are too heavy, combustion may 
be incomplete. 

Data extracted from a typical table based 
on degrees API at 60°F (289 K) is listed 
in the table at the bottom of this page 
(Figure 1). 

2. Cetane Number 

The cetane number indicates the ignition 
quality of fuel oil, a critical factor in 
both ease of starting and smooth operation 
of a diesel engine. The higher the cetane 
number, the higher the ignition quality 
of the fuel. 

3. Viscosity 

Liter 
Per 

The viscosity rating of fuel oil is a 
measur·e of its resistance to flow due to 
the friction that exists within the oil 
itself. It must have the proper body or 
viscosity to work properly in the fuel 

BTU Kilogram BTU Kilograrr 
Per Joule Per Joule 

Kilogram Pound Per Gallon Per 
At 289 K Liter 

1.1413 19,420 45 171 

1.1767 19,590 45 566 

1.2120 19,750 45 938 

141,800 

138,800 

135,800 

Liter 

39 522 

38 686 

37 850 
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injection system. A fuel oil of high vis­
cosity, i.e., a "heavy" fuel oil, may 
cause extremely high pressures in the 
fuel injection system and reduce the ato­
mization and vaporization of the fuel 
spray, whereas a fuel of extremely low 
viscosity may not provide sufficient lub­
rication for the close fitting pump and 
injector plungers, a condition which may 
cause abnormal wear and permit excessive 
leakage past the plungers. 

4. Flash Point 

The flash point of a fuel is the tempera­
ture at which vapors in a standard test­
ing apparatus are ignited by a small flame. 
Although the flash point rating has no 
quality significance, it is important 
with respect to safety in storing, ship­
ping, and handling. Many states and in­
surance companies have mandatory flash 
point limitations and these must be con­
sidered when ordering fuel. 

5. Pour Point 

The pour point of fuel is the lowest tem­
perature at which it will flow or can be 
pumped through the fuel injection system. 
In equipment operating in cold ambient 
temperatures, the pour point must be at 
least l0°F (261 K) below the lowest tem­
perature expected in order to assure sat­
isfactory transfer and flow of fuel 
throughout the system. 

6. Distillation Temperature, 90°F (305 K) 
Point 

The distillation temperature of fuel is a 
direct indication o"f its volatility and 
vaporization characteristics. Fuel can be 
completely burned in an engine only in 
vaoorized form. Fuel that cannot be 
completely vaporized and burned will form 
sludge and other harmful deposits in the 
engine. Low distillation fuels will give 
more satisfactory performance and better 
economy when used in engines that operate 
peri odi ca 11 y. in co 1 d ambient temperatures 
or at reduced speeds and loads, and in 
engines that normally operate under vary­
ing conditions of speed and load. 

7. Ash 

Fuel oil contains measurable amounts of 
non-burnable, ash-forming materials in 
the form of abrasive solids and soluble 
metallic soaps. These materials tend to 
form harmful deposits in the engine and 
accelerate wear of fuel injection equip­
ment, pistons, rings, sleeves, etc. 

8. Water and Sediment 

Water and sediment in fuel oil promotes 
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wear of fuel injection equipment and 
other engine parts. In addition, these 
contaminants contribute to sludge form­
ation and shorter fuel filter life. 

9. Sulfur 

Sulfur in fuel oil has a marked effect on 
wear of engine parts and causes an increase 
in harmful engine deposits. Under condi­
tions of low ambient temperatures and 
intermittent engine operation, condensa­
tion occurs within the engine and combines 
with the sulfur to form sulfurous acid 
(H2S03)·, which is highly corrosive to 
engine parts. The sulfur content should 
be kept to a minimum in order to increase 
the intervals between oil changes and 
engine overhauls. 

10. Carbon Residue 

This specification indicates the amount 
of carbon deposit formed by a petro 1 eum 
oil under coking conditions. Carbon resi­
due is thought to be related to engine 
deposits and thoroughness of combustion. 

11. Copper Strip Corrosion 

The corrosive tendency of a particular 
fuel oil is determined by immersing a 
copper test strip in the oil and, after 
fo 11 owing a prescribed procedure, compar­
ing the resultant corrosion with a stand­
ard color chart. 

C. HANDLING AND STORAGE OF FUEL OIL 

Improper handling and storage practices cause 
a major portion of all fuel system troubles. 
The interval between receipt of the fuel from 
the distributor and its final use in the engine 
is critical to proper functioning of the engine. 
The following information should be kept in 
mind and used as a check list from time to time 
in order to maintain a trouble-free fuel system. 

1. Take all precautions necessary to prevent 
the entrance of dirt and moisture into the 
fuel system. Contamination by these mater­
ials accelerates sludge formation, clogs 
filters, lines, and nozzles, and causes 
abnormal wear of close fitting parts in 
the fuel injection pump. 

2. Moisture does not accumulate as rapidly 
in underground storage tanks as it does 
in above-ground tanks because temperature 
is more stable. 

3. Alternately cooling and heating of above­
ground tanks causes condensate to accumu­
late rapidly. Such tanks should be placed 
at an angle to horizontal and be equipped 
with a draincock valve at the lowest point. 
Condensation and sediment should be drained 
at regular intervals. 
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4. Large storage tanks should be equipped with 
covered manholes, and small tanks should be 
provided with ports and removable covers 
in order to facilitate tank cleaning. 

5. Fuel fill pipe should extend above ground 
level and be equipped with a watertight, 
dustproof cap or cover. 

6. Tanks should be vented to a safe area to 
al low normal "breathing" caused by expan­
sion and contraction of the fuel and air. 

7. The fuel outlet line should be connected 
to the tank either at the end opposite 
the sediment collection point or at a 
point that is well above the area of maxi­
mum accumulation. 

8. Fuel lines should be of aluminum or steel 
wherever possible. Copper accelerates de­
terioration of fuel and induces sludge 
and gel formation. 

9. All fuel handling equipment, such as fun­
nels, hand pumps, and dipsticks, should 
be kept clean at all times and covered 
when not in use. 

10. Do not open fuel containers or transfer 
fuel from drums to tanks in areas exposed 
to blowing dust and dirt. Also, do not 
u~e cotton_waste material or linty rags to 
w1~e conta1ners, funnels, hand pumps, dip­
st1cks, etc. 

11. All fuel oils deteriorate at different 
rates depending upon such factors as the 
original source of the crude oil, the ex­
tent of refining and blending it has under­
undergone, the degree of contamination 
introduced during storage, and age of the 
fuel oil. 

a. Do not use tanks of larger capacity 
than necessary. The maximum recommended 
storage period for current type diesel 
fuels composed of blends of straight 
run distillates and catalytically 
cracked stocks is 6 months to one year. 
The user is inviting clogged filters 
and fuel injection difficulties if 
fuel is used that has been stored fof 
longer periods. When longer storage 
periods are anticipated, a stabilizing 
additive should be specified when the 
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fuel is ordered. Regardless of storage 
time, a full tank is preferable to one 
that is only partially filled. 

b. Fuel instability is related in some 
degree to its sulfur content. Sulfur 
promotes the formation of corrosive 
compounds that are very destructive to 
metals in the fuel storage and fuel 
injection system. 

c. Do not continually add new fuel to old 
fuel in storage without occasionally 
draining and disposing of all fuel re­
maining in the tank. The chemical change 
already started in the old fuel accel­
erates deterioration of the new fuel. 

D. FUEL TANK AND PIPING 

The fuel tank should be made of aluminum, 
monel, stainless steel, black iron, or welded 
sheet steel. 

CAUTION: Galvanized steel plate, piping, 
or pipe fittings should not be used in 
the fuel system because of possible cor­
rosion caused by reaction with fuel 
i mpuri ti es. 

The tank should have a vent, preferably from 
the center top of the tank, to reduce the 
possibility or air entrapment and fuel blow­
back while filling the tank. A low point in 
the tank should be equipped with a drain valve 
in an accessible location, to allow periodic 
removal of contaminants. Draining tanks fre­
quently will extend life of filters. 

Fuel lines may be either steel, black iron 
pipe, brass (marine) or flexible hose. Cooper 
tubing will become brittle due to "cold work­
ing" when subjected to vibration and is not 
recommended. If flexible hose is used, it 
must have a fuel oil resistant synthetic 
rubber inner tube, reinforcing inner braid, 
and a cover resistant to fuel, lubricating 
oils, mildew, and abrasion. As a minimum re­
quirement, it must be suitable to withstand a 
maximum suction of 12 inches of mercury (40.5 
kN/m2) without collapsing, a pressure of 100 
psi (689 kN/m2) without burstin9, and tempera­
tures between minus 40°F. (277K) and plus 
2Q00F. ( 366K) 
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TOPIC 8. LUBRICATION AND MAINTENANCE SCHEDULE; 
AND MAINTENANCE TOOLS 

A. GENERAL 

Maintenance includes those functions and ac­
tivities that will keep the engine in peak 
operating condition and prevent unnecessary 
trouble from developing. 

Lubrication is an essential part of the main­
tenance program controlling to a great extent 
the useful life of the engine. It is import­
ant that the instructions regarding the types 
of lubricant (Topie 6) be closely followed. 
The lubricating intervals given in the sched­
ule are based on normal engine operation, us­
ing the recommended oil and filters. This 
maintenance schedule is designed to be used 
as a guide until adequate data has been ac­
quired to establish a schedule to fit a 
specific operation. Actual tests of the lu­
bricant should be made to increase or de­
crease the interval as the actual condition 
of the oil may dictate. 

In addition to lubrication, the schedule spe­
cifies other mair.tenance functions that must 
be performed at prescribed intervals. These 
intervals are based on normal operation, al­
ter the intervals length to suit your parti­
cular operating conditions. 

Thoroughly clean all lubrication fittings, 
caps, filter and level plugs, and the sur­
rounding surfaces before servicing the en­
gine. Prevent dirt or other contaminants 
from entering the 1 ubricants and coolants. 

For detailed information regarding the lubri­
cation, inspection or service procedure of 
any given components, refer to the applicable 
topic in this manual. 

1. Daily/Each 8 Hours/At Time 
Standby Unit is Exercised 

·oescri pti on 

a. Before StartinQ Enqine 
(1) Visually inspect belts and 

hoses for deterioration and 
engine accessories for signs 
of fuel, lubricant, coolant, 
air or exhaust leaks. Make 
corrections as reouired. 

(2) Check/correct coolant level. 
lJJ CnecK oil level with side of 

dipstick marked STOPPED to 
assure safe level for start-
inQ enoine. 

(4) Drain water from fuel tank, 
supply pump sediment bowl, 
and fuel filters as required 

( 5) Check air cleaner restric-
tion indicator. Replace 
air cleaner element if red 
indicator is visible. 

(6) Check/correct air cleaner 
to turbo loose clamps or 
deteriorated hoses. 

(7) Drain moisture from air 
compressor air reservoir 
(storaoe tank). 

(8) Grease power take-off 
clutch throwout collar. 

( 9J c:necl< torque converter 
lubricating oil and/or 
converter levels. 

(10) Check oil level and lubri-
cate ball joints of tail-
shaft aove rnor. 

b. Start Enaine 
(1) Check/correct starter 

Reference 

Para-
topic graph 

11 F 

13 B 

12 A,B 

17 D 

18 D 

21 8 

22 8 

23 B 

23 E 

NOTE: The environment and load conditions 
to which engines are subjected can con..:· 
siderably lengthen or shorten the inter­
vals they will efficiently operate be­
tween valve reconditioning, piston ring 
replacement, and complete overhaul. Ob­
servation of crankcase breathing, ex­
haust sound and color. lubrication oil 
consumption, engine power, and the sound 
of the engine in operation by a quali­
fied diesel mechanic will determine the 
need of reconditioning. 

performance . 14 D 

B. LUBRICATION AND MAINTENANCE GUIDE 

Checks must be made at the intervals shown 
(hours or months) whichever occurs first. 

Generally the hours listed in the following 
quide are for prime power units and the months 
for standby units. 

11000 11 OOOMKI I 

(2) Check/correct oil pressure 
(3) Check/correct alternator 

charQinQ rate. 
c. After Engine Reaches Opera-

ti nQ Temperature 
(lJ Check engine oil level at 

low speed. Maintain between 
running high and low marks 
on dipstick. 

(2J Observe the following for 
Normal operation: 
(a) Coolant temperature 
(b) Lube oil pressure 
(c) Full load speed 
(d) Air cleaner service 

i ndi ca tor 
(3) Check/correct for knocks or 

other unusual noises. 

13 

14 

13 

11 
13 
12 

17 

9 

A 

E,F 

B 

H 
A,F 

E 

D 

B 
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2. Each 100 Hours/6 Months 

Description 

a. Inspect zinc pencil. 
li. Check/correct radiator for 

external cleanliness and 
restriction of air through 
fins. 

c. Make initial replacement of 
cool ant filter. 

d. Renew lubricating full flow 
oil filter. See note below 

e. Change engine lubricating 
oil. 

f. Check/correct liquid level 
of batterv cells. 

g. If applicable, lubricate the 
battery charging generator 
with enqine oil. 

I h. Check/ correct leaks. 
(1) Lube oil (4) Air 
(2) Fuel (5) Exhaust 
(3) Coolant 
Using engine oil lubricate 
governor/throttle/stop con-
trol swivels. 

i. Check/correct air compressor: 
(1) Belt alignment and 

adjustment 
(2) Mounting bolts for 

tightness 
(3) All air lines and piping 

connections for leaks. 
(4) All coolant and oil line 

connections for leaks. 
(5) Fins of current type air 

compressors for foreign 
matter. 

j. Grease power take-off clutch 
shaft bearings, pilot bear-
i ng and operating lever 
shaft. 

k. Check clutch for proper 
adiustment. 

1. Twin Disc - Grease torque 
converter, throwout bearing 
and clean orifice filter. 

m. Fill air starter lubricator 
with oil. Grease starter if 
fitted with grease fittings. 

*NOTE: 
3. Each 250 Hours/6 Months 

Description 
:, 

1f engine is equipped with an 
optional bypass type oil filter 
in addition to the standard 
full flow filters, renew the 
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Reference 

Para-
Topic graph 

11 D 

11 G 

11 M 

13 C 

13 E 

14 C 

14 E 

21 B 

22 B 

22 C 

23 C 

24 B 

Reference 

Para-
ooic araoh 

Added 

3. Each 250 ~ours/6 Months (Continued) 

fubricating oil, full flow Reference ) 
filter, bypass filter element 

Para-each 250 hours. 
Topic graph 

a. Change enaine lubricatina oil 13 E 
b. Renew full flow oil filters 13 C 
c. Renew bypass oil filter 13 D 

4. Each 600 Hours/12 Months 

Reference 
Description 

Para-
Topic graph 

a. Grease water pump bearings 11 D 

b. Grease fan hub bearings 11 I 

c. Check tension and conditions 
of drive belts 
(1) Fan 11 I 
(2) Fresh water pump 11 I 
(3) Raw water pump 11 K 
(4) Generator/alternator 14 r.. 

d. Clean immersion heater. 11 I 
e. Renew coolant filter 11 M 
f. Renew fuel filter 12 R 

g. Check/clean engine breather 
tube. n J:' 

h. Check/correct turbocharger 
for loose mounting nuts and 18 D 
oipina. ) 

1. Clean or replace filters in 
air compressor aovernor. 21 B 

J. Clean and lubricate tailshaft 
governor flexible drive shaft. 23 E 

k. Grease angle adaptor for 
mechanical tvne tachometer. 6 B 

1. Drain and clean exhaust muf-
fler. 25 B,C 

5. Each 1000 Hours/24 Months 

Reference 
Des cri pt ion 

Para-
Topic graph 

a. Inspect/check nozzle-holder 
opening pressure and nozzle 12 H 
spray oattern. 

b. Check specific gravity of 
batterv fluid. 14 C 

c. Inspect/clean/tighten elec-
trical connections: 
( 1) Battery (3~ Alternator 15 C,F 
(2) Starter (4 Generator D,E 

(5) Reaulator 
d. Check/tighten exhaust and 

intake manifold fasteners 16 B 
e. Check/tighten engine mounting 

fasteners. 
f. Grease over speed governor 19 D ) 
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5. Each 1000 Hours/24 Months (Continued' 
g. Inspect and clean screen 

and nozzle hole in starting 20 E 
aid. 

h. Service air comoressor. 21 B 
i. Twin Disc - Renew torque con-

verter fluid and filter ele-
ment. Renew lubricating oil. 23 B 
Clean screen in bottom of 
fluid reserve tank. 

6. Each 3000 Hours 

Reference 
Description 

Topic Para-
graph 

a. Reconditions nozzle-holders. 12 H 
b. Recondition intake and ex- Service 

haust valves and seats. Manual 
c. Check/correct cylinder sleeve Service 

bores for excessive wear. Manual 

C. MAINTENANCE TOOLS 

The following tool listing has been prepared 
to assist service and maintenance personnel 
tn the selection of tools (other than standard 
hand or shop tools) to accomplish the various 
maintenance operations described and illus­
trated in this manual. 

The tools are illustrated in the Topic and 
Figure as indicated in the following tabu­
lation. 

The tools must be ordered directly from the 
tool manufacturer. 

(BI) Bachrach Instrument Company 
Division of American Bosch ARMA Corp. 
200 North Braddock Avenue 
Pittsburgh, Pennsylvania 15208 

* 

6. Each 3000 Hours (Contin11orl) 
d. Check/correct turbocharger: 

(1) Wheels for dirt and 
carbon 18 E 

~2) Bearing clearance 
3) Shaft endplay. 

e. Inspect/clean to~que converter 
fluid heat exchanQer 23 B 

f. Clean exterior of engine and 
radiator. 

7. Each 6000 Hours 

Reference 
Description 

Para-
Topic graph 

a. Make major inspection of Service 
engine. Repair or replace Manual 
parts with excessive wear. 

lb. Mal<e major inspection of 
torque converter when engine Twin Disc 
is overhauled. Repair or re- Service 
place parts with excessive Manual 
wear. 

*See NOTE in Paragraph A of this topic 

(BT) Borrough Tool and Equipment Corp. 
2429 N. Burdick Street 
Kalamazoo, Michigan 49007 

(KM) Service Tool Division . 
Kent-Moore Corporation 
28635 Mound Road 
Warren, Michigan 48092 

(SO) Snap-On Tools Corporation 
2905 60th Street 
Kenosha, Wisconsin 53140 

Topic Figure No. Manufacturers' Tool Number and Description 

9 1 ( KM) 
9 1 (KM) 
9 1 (KM) 

11 " (BT) 
12 16 (KM) 
12 17 (BI) 
12 17 (BI) 
12 17 (BI) 
12 * (BI) 
12 18 (KM) 
12 20 {KM) 
12 20 (KM) 
12 25 ( KM) 
15 * (SO) 

*Not 111 us tra ted 
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J-6692 Compression Gauge Assembly 
J-22472 Compression Gauge Adaptor (Less Tip) 
J-21616 Compression Gauqe Adaptor Tip 
BT-33-72C Belt Tension Gauge 
J-6765 Fuel Injection Line Nut Wrench (Nozzle End) 
65-030D Nozzle Tester (only) 
65-481 Connector Set (used with above) 
65-317 Plastic Cup (spray collector) 
65-808 Carrying Case (nozzle tester) 
J-6999-01 Injection Nozzle Holding Fixture 
J-4298-1 Pin Vise 
J-7854-1 Nozzle Hole Cleaning Wire 
J-21762 Injection Nozzle Sleeve Cleaner 
IMFD-242 Flank Drive Type Jacket - Size 3/4", 12 Point 

with ~/4" nrivP 
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A. GENERAL 

PARAGRAPH 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 

TOPIC 9. TROUBLESHOOTING 

TITLE 

GENERAL ....••.•••.••••...•••••••.•.•....••.• 
ENGINE .•....•..•.•••..••.....••.•. •····•···· 
STARTING SYSTEM .. ,., ..................... . 
FUEL SYSTEM •..•..•.•••..••..••••.•.•..•..• 
AIR INTAKE SYSTEM ....... ; ................ . 
CO.OLING SYSTEM •.••••••••.•..•..•.•••.•.•.••. 
LUBRICATING SYSTEM .................... ; .. . 
ELECTRICAL SYSTEM; .•..••.•..•..•. , ..•.•..• 
INSTRUMENTS •...••••.•••....••.•.•...• , • · · •• 
LOCATING CYLINDER CUTOUT .••.•••..•....•.•• 
MAKING COMPRESSION CHECK ...•..•....••••.•• 

PAGE 

1 
1 
4 
5 
5 
6 
7 
8 
9 
9 
9 

In most cases, when a trouble is detected and 
remedied i11111ediately, a more expensive, time-

It has been proved that over 90% of the trou­
bles that occur in engine operation are avoid­
ed when those responsible for maintenance ad­
here to an adequate program of lubrication, 
inspection, and maintenance. The time and ex­
pense involved in such programs is only a frac­
tion of that incurred when poor maintenance 
practice results in a major malfunction or 
breakdown. 

. consuming repair will be avoided. The following 
list of troubles, causes, and remedies is given 
to aid the operator in locating and correcting 
mechanical and electrical troubles as quickly 
as possible. For detailed inspection and ser­
vice procedures for any given components, refer 
to that section or topic pertaining to the part, 
assembly, or system. 

B. ENGINE 

TROUBLE 

Engine will not crank. 

Engine will not start.-

11000 11 OOOMKII 

POSSIBLE CAUSES 

1. Batteries weak. 

2. Starting system faulty. 

3. Engine is locked or seized. 

4. Hydro-static lock. 

REMEDY 

1. Check specific gravity. 

2. Refer to Paragraph C. 

3. This can be due to extended idle 
or storage periods, or to improper 
preparation of the engine for stor­
age, in which case the parts may be 
rusted or corroded and seized. Broken 
piston rings, gears, etc., may also 
cause locking. Repair or replace de­
fective parts. 

4. Check for rain water having en­
te~ed an uncovered exhaust pipe, 
leaking cylinder head gasket and 
cracked block or cylinder head. Re­
pair or replace defective parts. 

1. Incorrect starting procedure. 1. Follow correct starting procedure. 

2. Slow cranking speed. 

3. Engine controls out of ad­
justment. 

2. Specific gravity of battery too 
low. Charge battery. Starter not de­
livering maximum torque. Repair or 
replace defective parts. Use cold 
weather starting aids if applicable. 

3. Check all engine control link­
ages for proper adjustment. 
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TROUBLE 

Engine will not start 
(cont.). 

Engine hard to start. 

POSSIBLE CAUSES 

4. Insufficient supply of fuel 
to fuel injection nozzles. 

5. Fuel injection nozzles not 
operating properly. 

6. Fuel injection pump impro­
perly timed. 

REMEDY 

4. Refer to Paragraph D. 

5. Test and repair or replace nozzles 

6. Time fuel injection pump. 

1. Incorrect starting procedure. 1. Follow correct starting procedure. 

2. Batteries weak. 

3. Insufficient fuel in fuel 
tank. 

4. Incorrect grade of fuel. 

5. Clogged fuel filters. 

6. Fuel injection nozzles not 
operating properly. 

2. Recharge or replace batteries. 

3. Check fuel level in tank. Fill 
with specified fuel if necessary. 

4. Drain fuel system. Fill the tank 
with the specified fuel. 

5. Replace filter elements. 

6. Test and repair or replace nozzles 

7. Fuel transfer pump not operat- 7. Test and repair or replace fuel 
ing properly. feed (transfer) pump. 

8. Air in fuel system. 

9. Insufficient air supply to 
cylinders. 

10. Fuel injection pump impro­
perly timed. 

11. Valve lash incorrect. 

12. Piston rings or cylinder 
sleeves worn. 

13. Valves warped or pitted. 

8. Refer to Paragraph D. 

9. Refer to Paragraph E. 

10. Time fuel injection pump. 

11. Adjust valve lash. 

12. Replace affected parts. 

13. Recondition or replace valves 
and/or valve guides. 

Engine stops frequently. 1. Idling speed too low (not 
applicable to generatore drive 
engines). 

1. Adjust low idling speed. 

Engine stops unexpect­
edly. 
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2. Restricted fuel supply. 

1. Out of fuel. 

2. Restricted fuel supply. 

3. Broken or loose fuel lines. 

2. Check fuel system. 

1. Fill fuel tank with specified 
fuel and prime the fuel system. 

2. Check fuel system. 

3. Correct or replace affected parts. 

4. Fuel feed (transfer) pump or 4. Replace inoperative parts. 
fuel injection pump inoperative. 
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TROUBLE.--

Engine overheats. 

En_gine shows loss of 
power. 

Engine runs unevenly 
with excessive vibra­
tion. 

l1000 11 OOOMKII 

POSSIBLE CAUSES ...... REMEDY. 

1. Cooling system faulty. 1. Refer to Paragraph F. 

2. Radiator core coolant pas- 2. Clean and flush radiator. 
sages clogged. .. 

3. Radiator air passages clogged. 3. Remove debris from radiator core. 

4. Fan drive belts loose. 

5. Thermostats inoperative. 

6. Engin• oil cooler clogged. 

4. Adjust fan drive belts to proper 
tension: · 

5. Test the thermostats for proper 
operation; replace if necessary. 

6. Clean or replace the oil cooler 
core. 

7. Improper engine lubrication. 7. Refer to Paragraph G. 

8. Water pump malfunctioning. 8. Repair or replace the water pump. 

9. Fuel injection pump improper- 9. Time fuel injection pump. 
ly timed. 

1. Insufficient supply of air to 
cylinder~. 

2. Insufficient supply of fuel 
to fuel inj~ction nozzles. 

1. 

2. 

Refer to Paragraph E. 

Refer to Paragraph D. 

3. Governor not operating pro­
perly. 

3. Inspect and adjust governor. 

4. Air in fuel system. 

5. Clogged fuel filters. 

6. Improper valve lash. 

7. Fuel injection pump impro­
perly timed. 

8. Inoperative fuel injection 
pump or fuel injection nozzles. 

9. Cylinder cutting out. 

10. Loss of compression. 

1. Governor not operating pro­
perly. 

4. Refer to Paragraph D. 

5. Change filter elements. 

6. Adjust valve lash. 

7. Time fuel injection pump. 

8. Repair or replace affected 

9. Refer to Paragraph J. 

10. Refer to Paragraph K. 

parts. 

1. Remove fuel injection pump and 
make necessary repairs to governor. 

2. Fuel supply erratic or insuf- 2. Refer to Paragraph D. 
ficient. 

3. Engine operating temperature 
too low. 

3. 

4. Fuel injection pump malfunc- 4. 
tions. 

5. Valves in bad condition. 5. 

Refer to Paragraph F. 

Check fuel injection 

Recondition valves. 

pump. 
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TROUBLE 

Engine runs unevenly 
with excessive vibra­
tion (cont). 

Engine emits black 
smoke from exhaust. 

Engine emits bluish­
white smoke from 
exhaust. 

Engine detonates or 
knocks. 

POSSIBLE CAUSES 

6. Cylinder "cutting-out."· 

7. Fuel injection nozzle mal­
functions. 

1. Air system clogged. 

2. Fuel injection pump roller­
to-roller dimension incorrect. 

3. Improper fuel. 

4. Lack of good fuel injection 
nozzle spray pattern. 

- REMtDY 

6. Correct cause. 

7. Repair nozzle. 

1. Check engine air intake system. 

2. Correct roller-to-roller dimension 

3. Drain fuel system and refill with 
specified fuel. 

4. Clean and adjust nozzles. 

1. Engine operating temperature 1. Check thermostat. 
too low. 

2. Fuel injection nozzle valve 
stuck in open position. 

3. Low compression. 

4. Early fuel injection pump 
timing. 

1. Fuel pump improperly timed. 

2. Test and adjust nozzles. 

3. Make compression test and neces­
sary repairs. 

4. Test and adjust. 

1. Check and adjust. 

2. Loose bearings. 2. Replace bearings. 

3. Loose piston. 3. Inspect piston assembly. Replace 
parts required. 

4. Loose flywheel. 4. Check tightness of flywheel bolts 
and dowel. Tighten/replace parts re­
quired. 

5. Improperly adjusted valve(s). 5. Check and adjust. 

6. Foreign material in cylind- 6. Clean and make necessary repairs. 
er(s). 

CAUTION: If a hard metallic knock indicates detonation in one or more cylinders, 
the engine must be stopped immediately to prevent serious damage due to the ex­
cessive pressure accompanying the detonation. 

C. STARTING SYSTEM 

Starter wi 11 
engine. 

:, 
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not crank 1. Batteries weak. 

2. Cables and/or connections 
loose or corroded. 

3. Starter switch inoperative. 

1. Check batteries. 

2. Tighten all loose connections and 
clean corrosion from all terminals. 

3. Replace switch. 
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TROUBLE 

Engine will not crank 
engine (cont). 

Starter pinion will 
not engage with fly-­
wheel ring gear. 

D.· FUEL SYSTEM 

Insufficient' fuel 
supply to fuel in- -
jection nozzles.· 

Air in Fuel system. 

E. AIR INTAKE SYSTEM 

Insufficient air sup-
ply to cylinders. 

11000 llOOOMKII 

POSSIBLE CAUSES 

4. Starter brushes worn or not 
contacting properly. 

5. Starter brush springs weak. 

6. Starter commutator dirty or 
wo·rn. 

7. Starter armature shaft bush~ 
ings worn (armature drags on 
fields). 

8. Starter-armature burned out. 

REMEDY 

4. Install new brushes or fit brushes 
to conform to contour of co1T111utator. 

5. Check brush spring t~nsion; re­
place springs if necessary. 

6. Polish co1TJTiutator, machine com­
mutator and under-cut mica if neces­
sary. 

7. Replace worn bushings and related 
items. 

8. Replace armature. 

1. Grease and/or dirt in starter 1. Disassemble and clean the drive 
drive mechanism. assembly. -

2; Broken or excessively worn 
parts. 

1. No fuel in fuel tank. 

2. Replace broken or worn parts. 

1. Fill fuel tank with specified fuel. 
Prime fuel system. 

2. Inoperative fuel feed (trans- 2. Repair or replace feed (transfer) 
fer) pump. pump. 

3.-Fuel injection nozzle valve 
binding in valve body. 

3. Replace valve assembly in nozzle 
ho 1 der body. 

4. Clogged fuel filters, fuel 4. Clean fuel system components, re-
lines and sediment bowl on early place fuel filter elements. 
engines. 

5. Fuel injection pump malfunc- 5. Replace fuel injection pump. 
tioning. 

6. Fuel injection nozzles im- 6. Adjust fuel injection nozzles. 
properly adjusted. 

1. Loose fuel line fitting or 
leak in fuel line on suction 
side of.fuel feed (transfer} 
pump. 

1. Tighten loose fitting or replace 
damaged line. 

2. Damaged fuel filter or gasket. 2. Replace filter. 

1. Air cleaner clogged. 1. 

2. Foreign material lodged in 2. 
turbocharger impeller or turbine. 

Replace air 

Disassemble 

filter element. 

and clean. 
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TROUBLE 

Insufficient air sup~ 
ply to cylinders (cont). 

Rapid wear on engine 
parts. 

F. COOLING SYSTEM 

Engine operating tem­
perature too high. even 
with ample coolant in 
system. 

:, 

1.9 
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POSSIBLE CAUSES 

3. Excessive dirt buildup in 
compressor or turbocharger. 

4. Excessive dirt buildup in 
compressor in short period of 
time. 

REMEDY 

3. Thoroughly clean compressor as­
sembly. 

4. Clean compressor assembly. and 
service air intake system for leaks. 

5. Leaks in engine intake and/or 5. Tighten loose manifold retaining 
exhaust manifolds reducing tur- capscrews. Replace manifold gaskets. 
bocharger efficiency. 

6. Turbocharger bearings seized. 6. Overhaul turbocharger. 

1. Dirt admitted with intake air. 1. Inspect air cleaner body, pipe, 
connecting hoses. gaskets, etc •• 
thoroughly for cracks or openings 
which would allow air to enter en-* 
gine without passing through air 
cleaner. Make necessary repairs. 

2. Dirty lubricating oil. 

3. Improper fuel. 

2. Change engine oil and the lubri­
cating oil filter elements at the 
intervals reconmended. Keep oil 
clean when filling engine. 

3. Use the proper fuel. It is impor­
tant that the fuel be within the 
specified limits for ash, carbon, 
sulfur, etc. to prevent excessive 
wear on engine parts. 

1. Temperature gauge inoperative. 1. Check gauge. Replace if necessary. 

2. Radiator air passages re­
stricted. 

3. Thermostats inoperative. 

4. Loose or broken fan drive 
belts. 

5. Lime deposits in coolant 
passages of radiator, cylinder 
heads and/or cylinder block. 

6. Coolant passages in oil 
cooler restricted. 

7. Water pump inoperative. 

2. Clean exterior of radiator. 

3. Replace thermostats. 

4. Adjust or replace fan drive belts. 

5. Thoroughly clean affected parts. 

6. Remove and clean oil cooler core. 

7. Repair or replace water pump. 

8. Engine pulling excessive load. 8. Reduce load. 

9. Engine speed set too high. 9 •. Adjust speed to within specified 
rpm limits. 
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TROUBLE .. 
-·-·· 

Engine operating tern-
perature too high due 
to loss of coolant. 

Engine operating 
temperature too low. 

G. LUBRICATING SYSTEM 

No lubricating oil 
pressure. 

Low lubricating oil 
pressure with proper 
oil level in oil pan. 

Excessive lubricating 
oil pressure. 

... 

POSSIBLE CAUSES 

1. External 1 eaks. 

2. Ruptured-oil cooler core 
coolant). 

(oil 
in 

3. Engine cylinder head gaskets 
1 eaki ng. 

4. Engine cylinder heads cracked • 

5. Engine c1linder block cracked. 

1. Thermostats stuck in open 
position. 

2. Operating in extremely cold 
weather. 

1. Insufficient oil. 

2. Oil Pressure gauge inopera­
tive. 

3. Lubricating oil pump screen 
clogged. 

REMEDY 

1. Repair affected parts. 

2. Replace oil cooler core. 

3. Replace gaskets and torque cy-
linder head nuts or capscrews to 
specified torque. 

4. Replace cylinder head. 

5. Replace cylinder block. 

1. Replace thermostats. 

2. Provide covers for radiator and 
engine side openings. 

1. Fill oil pan to proper level. 

2. Replace gauge. 

3. Remove and clean the screen. 

4. lubricating oil pump inopera- 4. Repair or replace oil pump. 
tive. 

5. Oil lines loose or broken in- 5. Repair or replace affected parts. 
side engine. 

1. Oil pressure gauge inaccurate. 1. Check gauge. Replace if necessary. 

2. Oil pressure relief valve or 
regulator valve stuck in open 
position. 

3. Oil lines loose or broken. 

4. Improper lubricant. 

5. Main and/or connecting rod 
bearings worn. 

6. Camshaft bearings worn. 

7. lubricating oil pump worn. 

2. Clean, repair, or replace affect­
ed parts. 

3. Repair or replace affected items. 

4. Fill oil pan with specified 
1 ubri cant. 

5. Replace bearings. 

6. Replace bearings. 

7. Repair or replace oil pump. 

1. Oil pressure gauge inaccurate. 1. Check gauge. Replace if necessary. 

2. Oil pressure regulating valve 2. Adjust valve to obtain proper 
improperly adjusted. pressui-;:e. 

1. 9 
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TROUBLE 

Excessive lubricating 
oil pressure (cont). 

Overheating of lubrica-
ting oil 

Excessive oil consump­
tion •. 

Rapid wear on engine 
parts. 

H. ELECTRICAL SYSTEM 

No output from battery 
charging generator 

Generator output 
· low and/or unsteady. 

1. 9 
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POSS IBLE CAUSES REMEDY 

3. Improper lubricant. 3. Fill oil pan with specified 
lubricant. 

1. Insufficient oil. 1. Fill oil pan to proper level. 

2. Improper lubricant. 2. Fill-oil pan with specified 
lubricant. 

3. Engine oil cooler clogged. 3. Clean or replace the oil cooler. 

1. External oil leakage (gaskets, I. Correct all external leaks. 
etc.). 

2. Crankshaft oil seals worn or 2. Replace oil seals. 
damaged. 

3. Lubricating oil too light. 3. Fill oil pan with specified lu­
bricant. 

4. Pistons, rings, and/or cylin- 4. Replace affected parts. 
der sleeves worn. 

5. Oil control rings stuck in 
piston ring grooves. 

6. Valve guides worn. 

5. Clean ring grooves and replace 
rings. 

6. Replace valve guides. Check re­
lated parts. 

1. Lubricating oil contaminated. 1. Fill system with clean engine oil. 

2. Improper engine lubricating 
oil being used. 

3. Dirt admitted with intake air. 

1. Drive belt loose or broken. 

2. Regulator inoperative. 

3. Generator inoperative 

I. Drive belt improperly adjust-
ed. 

2. Regulator operating improper-
ly. 

Replace engine oil filters. 

2. Fill system with engine lubrica­
ting oil of proper specifications. 

3. Inspect air cleaner body, pipe, 
connecting hoses, gaskets, etc., 
thoroughly for cracks or openings 
which would allow air to enter en­
gine without passing through air 
cleaner. Make necessary repairs. 

1. Adjust or replace drive belt. 

2. Remove regulator for repair or re-
placement. 

3. Remove unit for repairs or re-
placement. 

1. Adjust drive belt. 

2. Remove regulator for repair or 
replacement. 
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TROUBLE POSSIBLE CAUSES REMEDY 

Generator output 3. Brush spring tension too low. 3. Replace brush springs. 
low and/or unstead_y 
(cont). ... oenerator circuit components 4. Remove generator for repair or 

damaged. replacement. 

Batteries will not 1. Loose terminals or connect- 1. Tighten affected parts. 
hold charge. ions. 

2. Short in electrical system. 2. Correct short. 

3. Short circuit in battery. 3. Remove and repair or replace bat-
tery. -

4. Electrolyte level low (regu- 4. Reduce charging rate. Remove and 
lator output excessive or bat- repair or replace battery. 
tery case cracked). 

5. Regulator inoperative. 

I. INSTRUMENTS 

If any of the instruments/gauges fail to re­
gi~ter proper readings while engine is in op­
eration, the system/circuit to which the in-

. strument applies should be thoroughly checked/ 
tested. If failure of the instrument is sus­
pected, test by installing a new tested in­
strument. Replace any inoperative instrument. 

J. LOCATING CYLINDER CUTOUT 

CAUTION: The tests in Paragraph J and K 
require the engine to be operated at 
speeds below 1400 rpm. If the engine is 
powering a generator set, the main gen­
erator voltage regulator must be discon­
nected from the system to protect it 
from damage at the lower speeds. 

Locate "missing" cylinders by following the 
procedure indicated below. 

Run engine at low speed (500 rpm) speed and cut 
out each fuel injection nozzle, one at a time,' 
by loosening the fuel injection line nut attach­
ing line to fuel injection pump or nozzle 
holder assembly. 

A decrease in engine speed with line nut 
loosened indicates nozzle for that cylinder 
is functioning properly. If engine speed does 
not decrease, nozzle is malfunctioning and 
must be· replaced. 

K. MAKING COMPRESSION TEST 

Loss of compression may be due to leaking 
valves, worn piston rings, or cylinder sleeves. 
Using a suitable compression tester, check and 

11000 llOOMKII 

5. Remove regulator for repair or re-
placement. 

record the compression of each cylinder. 

Compression pressure for a normal engine at 
normal operating temperature firing on five 
cylinders at 600 rpm and at sea level condi­
tions is 445 psi (3068 kN/m2) (nominal) . 

When checking the compression pressure, the 
altitude at which the engine is located must 

HT-51508 

1. Nozzle gasket 
2. Adaptor tip 
3. Adaptor 
4. Compression gauge assembly 

Figure 1. Tools for Checking Compression 
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1. Compression tester gauge assembly 
2. Compression tester adaptor 

Figure 2. Checking Compression Pressure 

be taken into consideration for an accurate 
evaluation of the test, because the density 
of air decreases as altitude increases. For 
each 1000 feet (304.8 m) of altitude above sea 
level the specified sea level figure of 445 psi 
( 3068 kN/m2) must be dera ted by 3%. · 

It is· common practice to consider a differenti­
al of 30 psi (207 kN/m2) between one or more cy-
1 inders as an indication of possible trouble. 
This is not always true. Pressure readings taken 
at 600 rpm are not always representative of what 
is happening within the engine at 1800 or 2000 
rpm, under load. If a spread between cylinders 
of 30 psi (207 kN/m2) or more at 600 rpm is 
noted and there is no evidence of excessive oil 
consumption, intake or exhaust valve blow-by 
into the manifolds, or loss of engine power, it 
is safe to continue to operate the engine. How­
ever, if any of the above condition2 exist or 
if a difference of 50 psi (345 kN/m) or more 
is noted between cylinders, the cylinder heads 
should be removed and a detailed inspection 
made of cylinder heads, valves, pistons, rings, 
and cylinder sleeves, and necessary repairs 
should be made to eliminate cause of the low 
compression pressure. 

1. 9 
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NOTE: In order to obtain an accurate pres­
sure indication, make certain the compres­
sion tester gauge has been properly test­
ed and calibrated. Do not rebuild an en­
gine because of low compression readings 
obtained with a compression tester un­
less the gauge is known to be accurate. 

To check compression pressure, proceed as fol­
lows: 

1. Start the engine and warm up to minimum 
temperature of 160°F (344 K). 

2. Stop the engine. Remove drip manifold 
from the nozzle holder assemblies. 

NOTE: To prevent spillage of fuel, when 
the drip manifold is removed, connect a 
hose to the fuel return line from the pump 
and replace the open end in a container to 
receive the overflow fuel from the injec­
tion pump while the engine is running. 

3. Start with the number 1 cylinder when 
checking the compression. Remove the fuel 
injection nozzle and install the compres­
sion tester adaptor in the same manner as 
the fuel injection nozzle was installed. 
Install the compression tester hose and 
gauge assembly (Figure 2). 

4. Start the engine, run at approximately 
600 rpm, and take several readings on 
gauge. 

NOTE: Do not check compression by crank­
ing engine with starter. 

5. Remove the tester assembly, install nozzle 
holder, connect fuel injection line and 
fuel return line. 

6. Repeat the operation on each remaining 
cylinder. 

7. Install the drip manifold. 
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TOPIC 10. FITS AND TOLERANCES; BOLT, CAPSCREW, AND NUT TORQUE 

WRENCH SPECIFICATIONS.; STUD GAUGE HEIGHTS 

PARAGRAPH 

A 

i:S 

C 

TITLE 

FITS-AND TOLERANCES 
1. Cylinder Sleeves. 
2. Cylinder Block. 
3. Pistons •... 
4. Piston Pins .. 
5. Piston Rings .. 
6. Crankshaft ..•. 

,7. Main Bearings ...•• 
8. Connecting Rod Bearings 
9. Connecting Rods .•.• 

10. Exhaust Valves ....• 
11. Exhaust Valve Springs-. 
12. Intake Valves ..•.... 
13. Intake Valve Inner Springs. 
14. Intake Valve Outer Springs. 
15. Ekhaust Valve Seat Inserts. 
16. Intake Va 1 ve Seat· Inserts ..•• 
17. Exhaust and Intake Valve Guides. 
18. Rocker Arms . . . . . . '. • :. . . 
19. Camshaft. . . . . • • . .•...... 
20. Valve Lifters and,Valve Lifter Bracket. 
21. Front Gear Train ..•......... 
22. Cylinder Head ...•.......•. 

·23_ Lubricating Oil Pressure and Scavenging 
Pumps - Current Type •......... 

24. Lubricating Oil Pressure Pump - Early Type 
25. Scavenging Oil Pump - Early Type ..... 
26. Water Pump ....•..•.••..... 
27. Fan Hub Assembly • • . . . . . . . . . . . . 
28. Auxiliary Drive Pulley - Front Housinq Mounted 
29. Tachometer-Overspeed Governor Drive .•... 
30. Auxiliary Fue 1 Trans fer Pumo Drive . . . . -. 
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A. FITS AND TOLERANCES 

DESCRlPTION 

SIZE OF NEW PARTS 
----- -- --- ------~---

INCHES MILLIMETERS 
1. Cylinder Sleeves 

a. Type. • • • . Replaceable Wet 

b. Inside diameter 4.4370 - 4.4385 

c. Diameter of sleeve at machined area 
just below flange. . • . • • . . . 5.030 - 5.032 

d. Diameter of cy"linder sleeve at packing 
ring location . . . . . . . . . 4. 967 - 4. 969 

e. Sleeve flange outside diameter. . . . 5.249 - 5.253 

f. Cylinder block-to-sleeve clearance at 
sleeve lower diameter • . . . . . . . .001 - .005 

g. Cylinder block-to-sleeve clearance at 
machined area just below flange. . . .0005 - .0045 

h. Cylinder block-to-sleeve clearance at 
sleeve flange. . . . . . . . . . . . .003 - .012 

11000 llOOOMKII Revision l 

Replaceable Wet 

112.70 - 112.74 

127.62 - 127.81 

126.16 - 126.21 

133.32 - 133.43 

.03 - .13 

.01-.11 

.08 - .30 
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DESCRIPTION 

i. Clearance of piston skirt with 
slee:ve •..•.....•... 

j. Fire wall height above cylinder 
sleeve flange ....•..•. 

k. Cylinder sleeve flange thickness: 
Early. . . • • . . . • . • . . 
Current .....•...... 

1. Top surface of cylinder sleeve flange 
above cylinder block with sleev.e 
installed: 

Early ....•... 
Current ..••... 

m. Flange height adjusting shims avail-
able. . . . ... 

n. Allowable taper 

9. Allowable out-of-round {when in-· 
s ta 11 ed). . . . . . . . . • . . • 

2. Cylinder Block 

a. Counterbore diameter in cylinder 
block for cylinder sleeve flange. 

b. Depth of counterbore for cylinder 
sleeve flange ......... . 

c. Bore in cylinder block for cylinder 
sleeve - Top ........... . 

d, Bore in cylinder block for cylinder 
sleeve - Bottom ......... . 

e. Bore in cylinder block for camshaft 
bearings ............. . 

f. Bearing bore in cylinder block for 
main bearings (without bearing, cJp 
in place, and capscrews tightened to 
specified torque) •..•...... 

3. Pistons 

1.10 
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NOTE: Combustion chamber is in top of 
piston. 

a. Combustion chamber depth: 
Shallow combustion chamber -
Current Engines ...... . 
Deep combustion chamber - Early 
Engines ............ . 

SIZE OF NEW PARTS 

INCHES · 

.0050 - .0075 

.042 - .045 

.320 - .322 
.3155 - .3170 

.0065 - .0095 
.0020 - .0055 

.005, .010, 
.015 and .020 

.0015 

.0015 

5.256 - 5.261 

.3115 - .3135 

5.0325 - 5.0345 

4.970 - 4.972 

2.4975 - 2.4985 

3.8118 - 3.8125 

.733 - .737 

1. 183 - 1. 187 

MILi !METED, 

.13 - .19 

1.07 - 1.14 

8.13 - 8.18 
8.01 - 8.05 

.17 - .24 

.05 - .14 

.13 - .25 

.38 - . 51 

.04 

.04 

133.50 - 133.63 

7. 90 - 7 .96 

127.83 - 127.88 

126.24 - 126.29 

63.44 - 63.46 

96.82 - 96.84 

18.62 - 18.7?. 

30.05 - 30.15 
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SIZE OF NEW PARTS 

DESCRIPTION 

b. Combustion chamber I.D.: 
Shallow combustion chamber -
Current Engines ...•... 
Deep combustion chamber - Early 
Engines. 

c, Material. 

.d. Length. . 

e. Diameter between top and second ring 
groove: ·. 

Shallow combustion chamber -
Current Engines... . . • • . . 
Deep combustion chamber - Early 
Engines ..•......•... 

f. Diameter at bottom of skirt at right 
angle to piston pin ....•• 

g. Bore for piston pin: 
Shallow combustion chamber -
Current Engines 

First type - straight bore 
Current - oval bore 

Verti ca 1 (mi nor axis) ..•.. 
Horizontal (major axis) ... 

Deep.combustion chamber - Early 
Engines •.•......•...... ; •........ 

. : h. Measurement from center of piston pin 
bore-to-top of piston •...•... 

i .. Clearance of piston skirt with sleeve 

4, Piston Pins. 

a. Type ... 

b. Piston pin length 

c. Diameter of pin . 

d. Fit of pin in piston at room temper-
ature 

Shallow combustion chamber 
piston ........... . 
Deep combustion chamber piston 

e. Inside diameter of connecting rod 
bushing ............ . 

f. Piston pin-to-connecting rod bushing 
clearance ............. . 

5. Piston Rings 

NOTE: Only standard size rings are 
available. 

INCHES 

2.998 - 3.002 

2.258 - 2.262 

Aluminum Alloy 

5.993 - 5. 997 ', 

4.402 - 4.406 

4.406 - 4.410 

4.431 - 4.432 

1.6268 - 1.6272 

1.6268 - 1.6272 
1.6307 - 1.6312 

1.6264 - 1.6266 

3.609 - 3.613 

0.0050 - 0.0075 

Full Floating 

3.789 - 3.804 

1. 6265 - 1. 6267 

.0001 - .0007 tight 

.0001 - .0003 tight 

1. 6277 - 1. 6282 

.001 - .0017 

a. Number of rings on each piston. 4 

11000 llOOOMKII P.evision 1 

MILLIMETERS 

76.15 - 76.25 

57 .. 35 - 57. 45 

Aluminum Alloy 

152.22 - 152.32 

111.81 - 111.91 

111.91 - 112.01 

112.55 - 112.57 

4i.32 - 41. 33 

41.32 - 41.33 
41.02 - 41.03 

41.31 - 41. 32 

91.67 - 91. 77 

.13 - .19 

Full Floating 

96.24 - 96.62 

41. 31 - 41. 32 

.002 - .018 tight 

.002 - .008 tight 

41.34 - 41.37 

. 03 - . 04 

4 
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SIZE OF NEW PARTS 

DESCRIPTION INCHES MILLIMETERS 

b. Location of rings 

c. Gap between ends - fitted 
1st ring (chrome compression) 

Shallow combustion chamber 
piston. . • • . . . • 
Deep combustion chamber piston 

2nd and 3rd rings (compression). 
4th ring (oil control) ••.. 

d. Clearance of rings in grooves 
1st ring (chrome compression) .• 
2nd and 3rd rings (compression). 
4th ring (oil control) .•.•• 

All above piston pin 

.013 min - .028 max 

.013 min - .033 max 

.013 min - .033 max 

.008 min - .028 max 

.004 - .007 

.003 - .005 
.0015 - .004 

All above piston pin 

.33 min - .71 max 

.33 min - .84 max 

.33 min - .84 max 

.20 min - .71 max 

.10 - .18 

.08 - .13 

. 04 - .10 

6. Crankshaft 

a. Journal diameter for connecting rods. 

b. Journal diameter for main bearings .• 

c. Width between connecting rod journal 
cheeks. . • • . • • • • • 

d. Width of main bearing journals 
Front. • 
Intermediate . • • • 
Center • • • • • 
Rear. • . . • • 

e. Crankshaft end clearance. 

f. Separate type thrust flanges -
standard and oversizes. • • 

g. Crankshaft journals may be ground 

h. Fit of crankshaft gear on crankshaft. 

2. 7710 - 2. 7725 

3.4975 - 3.4990 

1.750 - 1.754 

2.250 - 2.255 
1.623 - 1.627 
2.688 - 2.692 
2.230 - 2.240 

.006 - .014 

.005, .010, and .015 

.010, .020, .030 
or .040 undersize 

.0010 - .0028 tight 

70.38 - 70.42 

88.84 - 88.87 

44.45 - 44.55 

57. 15 - 57. 28 
41.22 - 41.33 
68.28 - 68.38 
56.64 - 56.90 

.15 - .36 

.13, .25, and .38 

.25, .51, 76 or 
1.02 undersize 

.03 - .07 tight 

7. Main Bearings 

1.10 
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a. Number used 7 7 

b. Type. . • Replaceable Precision Replaceable Precision 

c. Inside diameter of front, intermedi­
ate, center and rear bearing (with 
capscrews tightened to specified 
torque) (measured vertically) • 3.501 - 3.5027 88.93 - 88.97 

d. Diameter of crankshaft main bearing 
journals. • . • . 3.4975 - 3.499 88.84 - 88.87 

e. Bearing-to-journal clearance at 
front, intermediate, center and rear 
bearings (with capscrews tightened 
to specified torque). .002 - .0052 .05 - .13 
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DESCRIPTION 

f. Overall length of main bearings. 
Front and Intermediate. 
Center ......... . 
Rear .. .' ....... . 

g. Undersize bearings available for 
service. . . • . . . ... 

h. Separate type thrust flanges 
Standard and oversize ..... 

i. Front, intermediate, center and rear 
bearing wall thickness (standard 
bearings) ............. . 

j. Bearing bore in cylinder block 
(without bearing, cap in place, and 
capscrews tightened to specified 
torque) .............. . 

8. Connecting Rod Bearings 

a. Type ....... . 

b. Inside diameter of bearing (with 
fasteners tightened to specified 
torque) (t<'easured vertically) .. 

c. Diameter of crankshaft connecting 
rod journals .......... . 

d. Connecting rod bearing-to-journal 
clearance (with nuts tightened to 
specified torque); ..... 

e. Overall length of connecting rod 
bearings ......... . 

·f,, Undersize bearings available for 
service ............ . 

g. Bearing wall thickness (standard 
bearing) . . . . . . . . . . . . 

9. Connecting Rods 

a. Type .... 

b. Fasteners per rod-socket head cap-
screw type ......... . 

c. Connecting rod length (center-to­
center). . . . . . . . . . . . . . 

d. Inside diameter of connecting rod 
bushing (finished bore) . 

11000 llOOOMKII 

SIZE OF NEW PARTS 

INCHES 

1.348 - 1.358 
2.244 - 2.254 . 
1. 991 - 2.001 

.010, .020, .030 
and .040 

.005, .010, and .015 

. 1549 - .1554 

3.8118 - 3.8125 

Replaceable Precision 

2. 7745 - 2. 7760 

2.7710 - 2. 7725 

. 0025 - . 0050 

1. 363 - 1. 373 

.010, .020, .030 
and .040 

. 12475 - .12525 

Balanced Forging 

2 

10.498 - 10. 502 

1.6277 - 1.6282 

MILLIMETERS 

34.24 - 34.49 
57.00 - 57.25 
50.57 - 50.83 

.25, .51, .76 
and 1.02 

.13, . 25 and . 38 

3.93 - 3.95 

96.82 - 96.84 

Replaceable Precision 

70.47 - 70.51 

70.38 - 70.42 

.06 - .13 

34.62_-:: 34.87 

. 25 , , 51, . 76, 
and 1.02 

3.17 - 3.18 

Balanced Forging 

2 

266.65 - 266.75 

41. 34 - 41. 36 

1.10 
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DESCRIPTION 

e. Outside diameter of connecting rod 
bushing ••.. · •........• 

f. Bearing bore (without bearing, cap 
in place, and nuts tightened to 
specified torque) •••.••.. : . 

g. Connecting rod bearing-to-crankshaft 
journal clearance (with nuts tight­
ened to specified torque) ..•.. 

h. Connecting rod width at lower end .. 

i. Side clearance-to-crankshaft journal 

j. Piston pin diameter .•... 

k. Piston pin bushing length in con­
necting rod ....•...• 

1. Piston pin-to-connecting rod bushing 
clearance. . . . . • . • • . • . • 

m. Bore in connecting rod for piston 
pin bushing. . . 

10. Exhaust Valves 

a. Valve lift (at valve) w/.018" lash 

b. Valve lift (at cam). 

c. Seat angle 

d. Valve seat contact width 

e. Valve lash (cold). 

f. Valve lash (engine coolant at normal 
operating temperature) 

g. Head diameter. 

h. Overall length 

i. Stem diameter. 

j. Yalve must be recessed (in head) 
Minimum ...• 
Maximum .... 

11. Exhaust Valve Springs 

1. 10 
Page 6 

a. Valve spring free length 

b. Valve spring length (valve closed) 

c. Valve spring length (valve open) 

d. Spring load at 2.312 (58.72 mm) 
length ...........•. 

SIZE OF NEW PARTS ) 

INCHES MI LL I METERS 

1. 8170 - 1. 8202 46.15 - 46.23 

3.025 - 3.0255 76.84 - 76.85 

• 0025 - . 0050 .06 - .13 

1.744 - 1.746 44.30 - 44.35 

. 004 - .010 .10 - .25 

1.6265 - 1.6267 41. 31 - 41.32 

1.552 - 1.572 39.42 - 39.93 

.001 - .0017 .03 - .04 

1. 8120 - 1. 8125 46.02 - 46.04 

.473 12.01 

.321 8.15 

30° 30° 

Nominal .078 (5/64) Nominal 1.98 

.020 .51 

.018 .46 

1.625 41.28 

6.789 - 6.819 172.44 - 173.20 

. 3715 - .3720 9.44 - 9.45 

.057 1.45 

.081 2.06 

2.765 70.23 

2.312 58.72 

1.832 46.53 

) 
57 - 64 1 b 25.8 - 29.0 kg 

11000 llOOOMKII 



DESCRIPTION 

e. Spring load at' 1.832 (46. 53 mm) 
length ..•....•..••. 

NOTE: Install new spring when old spring 
is 5% below the low limit or 5% above the 
high 1 imit. 

12. Intake Valves 

a. Valve 1 ift (at valve) w/ .018" lash. 

b. Valve lift (at cam) 

c. Seat angle ..... . 

d. Valve seat contact width. 

e. Valve lash (cold) .... 

f. Valve lash (engine coolant at normal 
operating temperatures) 

g. Head diameter .. 

h. Overall length .. 

i. Stem diameter .. 

j. Valve must be recessed (in head) 
Minimum ...... . 
Maximum. . • . . • . . . . . . 

13. Intake Valve Inner Springs 

a. Valve spring free length. 

b. Valve spring length (valve open). 

c, Valve spring length (valve closed). 

d. Spring load at 1.578 (40.08 rrm) 
length ..•....•..... 

e. Spring load at 2.062 (52.37 rrm) 
length. . . . . . . . . . . . . 

NOTE: Install new spring when old spring is 
5% below the low limit or 5% above the high 
limit. 

14. Intake Valve Outer Springs 

a. Valve spring free length. 

b. Valve spring length (valve open). 

c. Valve spring length (vdlve closed). 

d. Spring load at 1.828 (46.43 rrm) 
length. . ... 

11000 1 lOOOMKI I 

·-

' 

SIZE OF NEW PARTS 

INCHES 

. 13-6- 146 lb 

.473 

.321 

30° 

Nominal .078 ( 5/64) 

.020 

.018 

1.850 - 1.860 

6. 796 - 6.811 

. 3722 - .3727 

.043 

.066 

2.625 

1.578 

2.062 

66 - 72 1 b 

30 - 35 1 b 

3.062 

1.828 

2.312 

88 - 97 lb 

MILLIMETERS 

61.6 - 66.2 kg 

.•-

12.01 

8. 15 

30° 

Nominal 1.98 

. 51 

.46 

46.99 - 47.24 

172.62 - 173.00 

9.45 - 9.47 

1.09 
1.68 

66. 68 

40.08 

52. 37 

29.9 - 32.6 kg 

13.6 - 15.8 kg 

39.9 -

77. 77 

46.43 

58. 72 

43.9 kg 

1. 10 
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DESCRIPTION 

e. Spring laod at 2.312 (58.72 nvn) 
length ..••.••..•.•• 

NOTE: Install new spring when old spring is 
5% below the low limit or 5% above the high 
1 imit. 

15. Exhaust Valve Seat Inserts 

a. Seat angle. . 

b. Seat contact width. 

c. Seat run-out. 

d. Insert press fit. 

e. Insert 0.0. - not installed 

f. Bore in cylinder head for insert. 

g. Oversize insert .. ·. 

16. Intake Valve Seat Inserts 

a. Seat angle. 

b. Seat width. 

c. Seat run-out. 

d. Insert press fit. 

e. Insert 0.0. - not installed 

f. Bore in cylinder head for insert. 

g. Oversize insert ... 

17. Exhaust and Intake Valve. Guides 

1.10 
Page 8 

a. Length ........... . 

b. Inside diameter after assembly 
(reamer size) .......•. 

c. Stem-to-guide clearance 
Exhaust ...... . 
Intake ...... . 

d. Guide stand-out from bottom of count­
erbore in cylinder head 

Exhaust. 
Intake .... 

SIZE OF NEW PARTS 

) 
INCHES MILLIMETERS 

40 - 45 lb 18.1 - 20.4 kg 

30° 30° 

Nominal .078 (5/64) Nomin&l 1.98 · 

.002 .05 

.0020 - .0035 • 05 - .09 

1.6445 - 1.6450 41. 77 - 41.78 

1. 6415 - 1. 6425 41.69 - 41.72 

.005 over standard .13 over standard 

30° 30° 

Nominal .078 (5/64) Nominal 1.98 

.002 .05 

.002 - .004 .05 - .10 

1. 8645 - 1. 8655. · 47.36 - 47.38 

1. 8615 - 1. 8625 47.28 - 47.31 

.005 over standard .13 over standard 

3.500 88.90 
... 

.375 9.53 

.0023 - .0028 .06 - .07 

.0030 - .0035 .08 - .09 

1.062 (1-1/16) 26.97 
.875 (7/8) 22.23 

) 
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DESCRIPTION 

NOTE: Valve guides in new production and 
new factory service heads do not require 
reaming in the field. They are factory 
sized and checked with a straightness gauge 
of .37320 - .37324 (9.479 - 9.480 nm) 
diameter by 3. 620 (91. 95 mm} 1 ong which 
must pass through the installed guides. 
A Go Gauge of .37420 - .37424 (9.505 -
9.506 mm) diameter .500 (12.70 11111) long 
must pass 1.000 (25.40) into top of guide. 

18. Rocker Arms 

NOTE: Current type rocker arms do not have 
bushings. 

a. Bore in rocker arm for shaft -
current type. • . . . • . a • • 

b. O.D. of rocker arm shaft (current 
and early types). . . • . . . • 

c .. Rocker arm to shaft clearance -
current type ... 

d. Rocker arm· ratio .•...•.. 

e. Bore in rocker arm for bushing -
early type ........... . 

f. I.D. of rocker arm bushing - early 
type ...... _ ._ ..... . 

g. Rockerarm to shaft clearance (early 
type . . ...... . 

19. Camshaft 

a. Number of bearings used .... 

b. I.D. of camshaft bearings (in­
sta 11 ed) . . . . . . . . . . . 

c. L D. of .010" (. 25 mm) undersize 
camshaft bearing (installed) 

d. 0.D. of camshaft journals ..... 

e. Camshaft bearing-to-journal running 
clearance ........ . 

f. O.D. of camshaft bearings .. . 

g. Bearing bore in cylinder block 

h. Fit of camshaft bearings in bore 
of cylinder block ....... . 

11000 11000 MKI I 

SIZE OF NEW PARTS -

INCHES 

1.001 - 1.002 

• 999 - 1.000 

.001 - .003 

1. 53: 1 

1.061 - 1.062 

.. 

1.001 - 1.0015 

.001 - .0025 

4 

2.2494 - 2.2520 

2.2394 - 2.2420 

2.2465 - 2.2475 

.0019 - .0055 

2.5005 - 2.5015 

2.4975 - 2.4985 

.002 - .004 tight 

MILLIMETERS 

-

25.43 - 25.45 

25.37 - 25.40 

.03 - .08 

1. 53: 1 

26.95 - 26.97 

25.43 ~ 25.44 

.03 - .06 

4 

57.13 - 57.20 

56.88 - 56.95 

31.66 - 31.69 

.05 - .04 

63.51 - 63.54 

63.44 - 63.46 

.05 - .10 tight 

1. 10 
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DESCRIPTION 

i. Overall width of camshaft bearings 
Front. • • • • · 
Intermediate • 
Rear ••••• 

j. Camshaft end play 

k. Camshaft gear width 

l. Fit of camshaft gear on camshaft. 

m. Specified thickness of thrust collar 

20. Valve Lifters and Valve Lifter Brackets 

a. Bore in valve lifter bracket for 
lifter .••..•••..• 

b. O.D. of valve lifter stem ••.. 

c. Fit at valve lifter in bore of valve 
lifter bracket •••.•••.••• 

21. Front Gear Train 

a. Backlash between mating gears 

22. Cylinder Head 

a. Valve sequence (front-to-rear in each 
head) • • . . . • • • • • • • .•• 

Scavenging Pumps Current Type ri. 23. Lubricating Oil Pressure and ' 

~ li 
a. Radial clearance - gear-to-pump body 

b. End clearance - gear-to-pump body 
with gasket in place ••••..•• 

c. I.D. of bore in body and cover for 
bushings. • • . 

d. O.D. of bushing •••..•..• 

e. Fit of bushing to body and cover. 

f. I.D. of bushing in body and cover 
after assembly. 

g. O.D. of shafts •••.••• 

h. Clearance - shafts to bushings 

i. I.D. of bore in gears . 

j. Fit of gears to shafts 

1. 10 

SIZE OF NEW PARTS 

-
INCHES MILLIMETERS 

l. 560 - l. 564 39.62 - 39.73 
.935 - .939 23.75 - 23.85 

1.0 25.40 

.003 - .010 .08 - .25 

. 6875 ( 11/16) 17.46 

.0012 - .0032 tight .03 - .08 tight -
.204 - .206 5.18 - 5.23 

.8127 - .8137 20.64 - 20.67 

.8102 - .8107 20.58 - 20.59 

.002 - .0035 .05 - .09 

;003 - .007 .08 - • 18 

Intake-Exhaust Intake-Exhaust 

.002 - .0045 .05 - .11 

.004 - .009 .10 - .23 

.9995 - 1.0005 25.39 - 25.41 

1.0025 - 1.0035 25.46 - 25.49 

.002 - .004 tight .05 - .10 

.873 - .875 22.17 - 22.22 

.8715 - .872 22. 14 - 22. 15 

.001 - .0035 .03 - .09 

.8695 - .8705 22.08 - 22.11 

.001 - .0025 tight .03 - .06 tight 

Page 10 Revision 1 
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DESCRIPTION 

k. Distance·of upper gear from end 
of shaft {Pressure pump) ...• 

1. Distance of lower gear from end of 
shaft (Pressure pump) •••••• 

m. I.D. of bore in pump drive gear 

n. Fit of pump drive gear to shaft 

24. Lubricating Oil Pressure Pump - ~ 
Early Type . Wf1' 
a. Radial clearance - gears-to-pump body 

b. End clearance - pump gears. 

c. I.D: of gear shaft bushings {finished 
bore) . . 
Front cover ••...•...... 
Housing~ •••.•.•.•.••• 

d. Upper shaft 0.0. at cover bushing 
location .. . . . . . . . . . 

e. Upper shaft O.D. at housing bushing 
location . . . . . . . . . 

f. Clearance - upper shaft-to-shaft 
bushings 

Cover •.•••.••.•.. 
Housing •..••••..•. 

g. I.D. of bore in cover and housing for 
lower shaft. 

h. Lower shaft O.D •..••.••.••. 

i. Clearance - lower gear bushing-to-
·shaft. • . . . • • • • • . • . . • ~ 

25. Scavenging Oil Pump -
Early Type 

a. Radial clearance - gears-to-pump housing 

b. End clearance - pump gears ..• · .. 

c. I.D. of pump body bushing and idler 
gear bushing ..•.....•••. 

d. Diameter of drive shaft and stub shaft 

.. 

SIZE OF NEW PARTS 

INCHES MILLIMETERS 

1.107 - 1.112 28.12 - 28.24 

.490 - ~500 12A5 - 12.70 

.8695 - .8705 22.08. - 22.11 

.001 - .0025 tight .03 - .06 tight 

.00175 - .00275 .04 - .07 

.002 - .004 .05 - .10 

1. 2495 - l. 2505 31..74 - 31. 76 
.937 - .938 23.80 - 23.83 

1.247 - 1.248 31. 67 - 31. 70 

.9350 - .9355 23.75 - 23.76 

.0015 - .0035 .04 - .09 

.0015 - .0030 .04 - .08 

. 7495 - .7505 19.04 - 19.06 

.7485 - .7490 19.01 - 19.02 

.0005 - .0020 .01 - .05 

.00175 - .00275 0.04 - 0.07 

.002 - .004 0.05 - 0.10 

.7495 - .7505 19. 02 - 19. 05 

.7475 - .7480 18.97 - 19.00 

11000 11000 MKII Revision 1 1.10 
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DESCRIPTION 

e. Clearance - drive shaft to pump body 
bushing and idler gear shaft to idler 
gear bushing •.••.•.•••••• 

26. Water Pump 

a. Clearance between impeller 
and water pump body. • • • • 

b. Front bearing 
Bearing bore (I.D. for shaft) 
Shaft diameter •..••.•• 

Fit - shaft to bearing .•. 
Bearing O.D. • •••.•.. 
Bore in water pump body (for 
bearing) ••••.•••••• 

Fit - bearing O.D. to body 

c. Rear bearing 
Bearing bore (I.D. for shaft) 
Shaft diameter ••.••••• 
· Fit - shaft to bearing. • • 
Bearing O.D •••••.••••• 
Bore in water pump body (forbearing) 

Fit - bearing O.D. to body. 

d. Pulley driving flange bore ..• 
Fit- flange I.D. to shaft .. 

e. Impeller 
Bore I.D. in impeller for shaft 
Shaft diameter .•••.... 
Fit - shaft to impeller ••• 

~ 

27. Fan Hub Assembly I i ~:. 

a. Front bearing ~/ 
Bearing bore (I.D. for shaft) 
Shaft diameter. . • • • • 

Fit - shaft to bearing. 
Bearing O.D ••.••.. 
Bore in hub (for bearing) 

Fit - bearing to hub •. 

b. Rear bearing 
Bearing bore (I.D. for shaft) 
Shaft diameter.· .•... 

Fit - shaft to bearing .. 
Bearing O.D. • .•.•... 
Bore in hub (for bearing) .. 

Fit - bearing to hub. 

28. Auxiliary Drive Pulley ,~ 
(front Housing Cover Mounted) ISi._(c.f 

. Bearing bore (I.D. for shaft) ..•. 
Shaft diameter ..•••..... 

Fit - shaft to bearing ..... 
Bearing O.D ..•.•••...•• 
Bore in cover flange (for bearing) 

Fit - bearing to cover flange . 

SIZE OF NEW PARTS 

INCHES 

.0015 - .0030 

.015 - .072 

.78725 - .78740 
.7871 - .7876 

.00035 tight-.0003 loose 
2.0470 - 2.0472 

2.0467 - 2.0477 
.0005 tight-.0007 loose 

. 78725 - • 78740 
• 7871 - ·• 7876 

.00035 tight-.0003 loose 
1. 8502 - 1. 8504 
1.8499 - 1.8509 

.0005 tight-.0007 loose 

.7856.,. .7866 
.0005 - .. 002 tight 

.6225 - .6235 

.6262 - .6267 
.0027-.0042 tight 

.98415 - .98430 
.9835 - .9840 

.00015-.0008 loose 
2.0470 - 2.0472 
2.0466 - 2.0476 

.0006 loose-.0006 tight 

1. 18095 - 1. 18110 
1.18030 - 1.18080 
.00015-,..0008 loose 

2.4407 - 2.4409 
2.4403 - 2.4413 

.0006 loose-.0006 tight 

1. 500 - 1. 5005 
1.5010 - 1.5015 

.0005-.0015 tight 
2.5625 - 2.5635 
2.5635 - 2.5645 
.000-.002 loose 

MILLIMETERS 

0.04 - 0.08 

.38 - 1.83 

19.99 - 20.00 
19.99 - 20.01 

.009 tight-.008 loose 
51. 99 - 52 .oo 
51.99 - 52.01 

.01 tight - .02 loose 

19.99 - 20.00 
19.99 - 20.01 

.009 tight-.008 loose 
46.99 - 47.00 
46.99 - 47.01 

.01 tight-.02 loose 

19. 95 - 19. 98 
.01 - .05 tight 

15.81 - 15.84 
15.91 - 15.92 

. 07 - . 11 tight 

24.99 - 25.00 
24.98 - 24.99 

.003-.020 loose 
51.99 - 52.00 
51.98 - 52.01 

.015 loose-.015 tight 

29.99 - 30.00 
29.98 - 29.99 

.003-.020 loose 
61.99 - 62.00 
61.98 - 62.01 

.015 loose-.015 tight 

37. 10 - 37. 11 
38.13 - 38.14 

0.01 - 0.04 tight 
65.09 - 65.11 
65.11 - 65.14 

0.00 - 0.05 tight 

1.10 
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DESCRIPTION 

29. Tachometer - Overspeed ~ 
Governor Drive Assembly ~ 

a. I.D. bearing bore-in housing. 

b. Bearing O.D. 

c. Fit bearing to housing. 

d. Bore I.D. in gear. 

e. Bearing shaft O.D. 

f. Fit of shaft to gear. 

30. Auxiliary Fuel Transfer Pu~ (~ 

Drive ~ .. 

a. Shaft o.D. 
b. Burnished I.D. of gear in bushing 

c. Clearance - shaft to bushing. 

d. Bore I.D. in gear for bushing 

e. O.D. of bushing ...• 

f. Fit of bushing in gear. 

g. Thrust washer thickness • 

h. Gear end play after assembly. 

SIZE OF NEW PARTS 

INCHES 

1.1810 - 1.1816 

1.1811 - 1.1816 

Ml LLIMETERS 

29.99 - 30.02 

30.00 - 30.02 

loose .0005-.0060 tight loose .012-.015 tight 

.4980 - .4985 

.4990 - .4995 

. 0015-. 0005 tight 

.8095 - .8105 

.812 - .813 

.0025 - .0035 

.937 - .938 

.940 - . 941 

.002 - .004 tight 

.186 - .188 

.002 - .007 

12.65 - 12.66 

12.67 - 12.68 

.038-.013 tight 

20.56 - 20.59 

20.62 - 20.65 

.06 - .09 

23.80 - 23.82 

23.88 - 23.90 

.05 - .10 tight 

.472 - .477 

.05 - .18 

(Contin~ed on next page} 

11000 11 OOOMKI I Revision l l. 10 
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B. BOLT, CAPSCREW, AND NUT TORQUE WRENCH 
SPECIFICATIONS 

1. Speciffc Application Torque Values 

The torque valves tabulated below have 
been calculated for specific applica­
tions. SAE standard torque valves must 

ITEM APPLICATION 

Nut Bearing Cap, Center Main 
Capscrew Bearing Cap, Center Main (4339036) 
Capscrew Bearing Cap, Center Main (4035387) 
Nut Bearing Cap, Front, Inter., and Rear Main 
Capscrew Bearing Cap, Front, Inter., and Rear Main 
Capscrew Connecting Rod Cap - Current - 12 point head 
Capscrew Connecting Rod Cap - Hex Socket Head 
Nut Connecting Rod Cap - Early 
Capscrew Crankshaft Pulley Retainer 
Nut Cylinder Head Cover Mounting 
Capscrew Cylinder Head'Mounting - Current 
Capscrew Cylinder Head Mounting - Current 
Nut Cylinder Head Mounting - Early 
Nut Cylinder Head Mounting - Early 
Nut Tube Support Bracket - Center of Heads - Current 
Capscrew Intake, Manifold Mounting 
Capscrew Exhaust Manifold Mounting - Current 
Nut Exhaust Manifold Mounting - Early 
Capscrew Flywheel Mounting - Canrent - Socket Head 
Bolt Flywheel Mounting - Early - Place Bolt 
Capscrew Front Support Mounting 
Nut Fuel Injection Line Nozzle End 
Capscrew Fuel Injection Nozzle Holder Mounting 
Nut Intake Manifold Mounting 
Nut Oil Pump Drive Gear Retaining (Lock Type) 
Bolt Lube Oil Filter Center Bolt 
Nut Oil Pressure Regulator Screw Lock 
Nut Turbocharger Mounting 
Bolt Valve Lifter Cover Mounting 
Nut Water Pump Impeller Retainer 
Nut · Water Pump Pulley Retainer 
Locknut 

1.10 
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Auxiliary Drive Pulley Flange Retaining 

Revision 2 

not be used where those listed in this 
table apply. 

NOTE: Torque values are in pound-feet and 
all torque values in this table are cal­
culated for threads lubricated with en­
gine oil. 

tt.11::1 TC::M ME'T.Rir. 
SIZE AND THREAD TORQUE LB-FT TORQUE Nm 

5/8-18 160-170 217-231 
5/8-11 160-170 217:-231 
5/8-11 190 258 
3/4-16 210-230 285-312 
3/4-10 210-230 285-312 
9/16-18 160 217 
9/16-18 160 217 
9/16-18 120-130 163-177 
1-1/4-12 290-310 393-421 
7/16-20 Nylok 10-15 14-20 
1/2-13 115 156 
5/8-11 185 251 
1/2-20 100 136 ~'"" 
5/8-18 185 251 :...... . 
1/2-20 50 68 
1/2-13 70 95 
1/2-13 Nyl ock 70 95 
1/2-13 Seez-Proo 45-50 61-68 
1/2-20 135 183 
1/2-20 95-105 129-143 
1/2-13 95-105 129-143 
9/16-18 20-25 27-34 
3/8-16 12-15 16-20 
1/2-13 45-50 61-68 
5/8-18 80 108 
1-14 45-50 61-68 
3/4-16 125-135 170-183 
3/8-16 Stnls. 18-21 24-28 
5/16-18 18-20 24-27 
1/2-20 30-35 41-47 
3/4-16 115 156 
1-1/8-12 200-220 271-298 
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2. Standard Torque Values 

The heads of capscrews used in Ailis­
Chalmers engines bear grade marks con­
forming to standards specified by the 
Society of Automotive Engineers (SAE). 
The three grades of capscrews used are 
identified as follows: Grade 2, no marks; 
Grade 5, three marks, 120°apart; Grade 8, 

a. Grade 2 Capscrews Q 
Capscrew 

Size NC 

Inches (II) English ~etnc 
lb-ft Nm 

1/4 5-7 7-9 

5/16 11-13 15-18 

3/8 18-21 24-28 

7/16 30-33 41-45 

1/2 45-50 61-68 

9/16 60-65 81-88 

5/8 75-85 102-115 

3/4 125-135 170-183 

7/8 105-115 143-156 

1 155-165 211-224 

b. Grade 5 Capscrews Q 
Capscrew 

Size NC 

Inches (II) English Metric 
lb-ft Nm 

1/4 9-11 12-15 

5/16 18-20 24-27 

3/8 28-33 38-45 

7/16 44-49 60-66 

1/2 68-73 92-99 

9/16 95-105 129-143 

5/8 125-135 170-183 

3/4 210-230 285-312 

7/8 290-310 393-421 

1 420-450 569-610 

11000 1 lO0OMKI I 

six marks,_60'apart. (See figures in 
table below.) 

CAUTION: The standard torque values tab­
ulated above are for use when specific 
torque data is not available. Do not use 
these values in place of those specified 
elsewhere in this manual: 

Grade 2 

NF 
English 
lb-ft 
6-8 

13-15 

19-22 

32-35 

45-50 

60-65 

75-85 

125-135 

105-115 

140-150 

Grade 5 
NF 

English 
lb-ft 
11-13 

21-23 

30-35 

50-55 

68-73 

95-105 

125-135 

210-230 

290-310 

380-410 

Metric 
Nm 

8-11 

18-20 

26-30 

43-47 

61-68 

81-88 

102-115 

170-183 

143-156 

190-204 

METRIC 
Nm 

15-18 

28-31 

41-47 

68-75 

92-99 

129-143 

170-183 

285-312 

393-421 

515-556 

1.10 
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c. Grade 8 Capscrews@ 

Capscrew Grade 8 
Size NC NF 

Inches (") English Metr1c Metrfc Metr1c 
lb-ft Nm Mn Nm 

1/4 12-14 16-19 14-16 19-22 

S/16 25-27 34-37 28-30 38-41 

3/8 41-46 56-62 43-48 58-65 

7/16 69-74 94-100 72-77 98-104 

1/2 95-105 129-143 95-105 129-143 

9/16 130-140 177-190 130-140 177-190 

5/8 170-190 231-258 170-190 231-258 
·-

3/4 290-310 393-421 290-310 393-421 

7/8 450-500 610-678 450-500 610-678 

1 670-700 908-949 600-630 813-8i4 

C. STUD GAUGE HEIGHtS AND DRIVING TORQUES 

Stud Size 
Gauge Driving 

Thread length Height Torque* 
~ 

Stud Nut Engl isl Metric Stud Description Dia End End i.n. nm in. nm lb-ft Nm 
Cylinder Head to Block-Early 5/8" 11 18 6.531 165.89 5.343 13~;. 71 45-120 61-163 

Cylinder Head to Block-Early 1/2" 13 20 6.093 154.76 5.093 12~1.36 45-120 61-163 

Cylinder Head to Block-Early 1/2" 13 20 7.250 174.15 6.312 16(1.32 45-120 61-163 

Cylinder Head to Block-Early 1/2" 13 20 7.406 188.11 6.468 164-.29 45-120 61-163 

Fuel Pump Housing to Gear Housin9 3/8" 16 24 1.500 38.10 0.937 2~;.80 10-37 14-50 

Gear Cover to Housing to Block 1/2" 13 20 3.750 95.25 2.843 72.21 22-71 30-96 

Manifold Intake and Exhaust to 1/2" 13 13 2.125 53.98 1.375 34.93 22-71 30-96 
Cylinder Head 

Manifold to Turbocharger 3/8" 16 16 1.875 47.63 1.312 33.32 10-35 14-47 

Nozzle Holder to Cylinder 3/8" 16 24 1.937 49.20 1.437 36.50 ·10-35 14-47 
Head-Early 

Rocker Arm Shaft and Bracket to 3/8" 16 24 1.562 39.67 1.312 33.32 10-35 14-47 
Cylinder Head-Early 

Rocker Arm Shaft and Bracket to 7/16" 20 20 2.687 68.25 2.062 52.37 14-45 19-61 
Cylinder Head Cover 

*Torque values in this table are calculated for threads lubr:..:J.ted with engine oil. 
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TOPIC .11 •. CO()LING SYSTEM 

A. GENERAL 

WARNING: THE COOLING SYSTEM IS PRESSUR­
IZED. DO NOT REMOVE THE RADIATOR FILL CAP. 
WHILE THE COOLANT TEMPERATURE EXCEEDS 
20QOF (366 K). THE SUDDEN RELEASE OF 
PRESSURE MAY CAUSE THE COOLANT TO BOIL. 
HOT COOLANT OR STEAM ESCAPING FROM THE 
SYSTEM MAY CAUSE INJURY. 

Depending upon the optional cooling system 
components selected for a particular engine 
application, proper temperature of engine 
coolant is maintained by a radiator and fan 
combination, or by a heat exchanger and ex­
pansion tank. The most corrmonly used system 

1 16 2 

E-2895 

is the radiator and fan combination. If the 
heat exchanger and expansion tank cooling 
system is utilized, the owner must supply 
ample raw water. 

In addition to the major components mentioned 
above, the engine cooling system also includes 
a water pump, water inlet manifold, water out­
let manifold, thermostats, engine oil cooler, 
coolant filter, plus such optionals as tempera­
ture gauge, water cooled exhaust manifold, and 
a torque converter fluid heat exchanger. 

The function of the cooling system is to pre­
vent temperatures in the cylinder combustion 
chambers from damaging the engine and at the 
same time keep operating temperatures within· 

3 

6 

8 

Jl 

1. Drain cock 7. Vent cocks 13. Torque converter 
fluid cooler 2. Water cooled exhaust manifold 

3. Thermostat 
4. Bypass pipe 
5. Thermostat housing cover 
6. Pressure cap (7 psi) (48 kN/m2) 

11 000 11 00OMKI I 

8. Radiator 
9. Air compressor 

10. Water pump 
11. Coolant filter 
12. Engine oil cooler 

Figure 1. Cooling System Schematic 

14. Immersion heater 
thermostat 

15. Immersion heater 
16. Water outlet manifold 

1.11 
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1. · Drain cock 7. Drain cock 13. Drain cock 
2. Water cooled exhaust manifold 8. Raw water pump inlet 14. Coolant pump 
3. Thermostat cover 
4. Pressure cap (7 psi) (48 kN/m2) 

9. Raw water pump 15. Drain cock 
10. Raw water outlet 16. Oil cooler 

5. Expansion tank 11. Bypass tube 17. Drain cock 
6. Dual pass heat exchanger 12. Coolant pump pulley 

Figure 2. Cooling System Schematic Diagram (Heat Exchanger Type) 

safe limits. 

Proper maintenance of the cooling system is 
important. Engine temperature must be brought 
up to and maintained within a specific range 
for efficient operation, and engi~must be 
kept from overheating in order to prevent 
damage to valves, pistons, and bearings. 

The cooling system is pressurized by a 7 psi 
(48 kN/m2) pressure cap. By pressurizing the 
system, the normal boiling point of 212°F (373 
K) of clean water at sea level is raised approx­
imately 3°F per psi (0.24 K per kN/m2). Conse­
quently, coolant in the system at sea level will 
not boil until a temperature of 212°f (373 K), 
plus 21°F (12 K), or a total of 233°F (385 K) 
is reached. Temperatures above this figure will 
cause loss of coolant and result in engine over­
heating. Altitude effects the point at which 
coolant will boil, that is, the higher the al­
titude, the sooner (lower temperature) the cool­
and will boil. To estimate coolant boiling point 

'·at various alt1tudes above sea level, deduct 
l-l/2°F per 1000 ft. (0.83 K per 304.8 m) alti­
tude, from 233' F (385 K), the boiling point 
established with a 7 psi (48 kN/m2) pressure 
cap at sea level. 

1.11 
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IMPORTANT: The engine thermostats begin 
to open at 180°F (355 K) and are fully 
open at 200°f (366 K). Operating the 
engine in this temperature range is not 
harmful. However, some temperature 
gauges are not always exactly accurate 
and may indicate a higher than actual 
temperature. This can lead the operator 
to believe the engine is overheating 
when actually it is operating normally. 

Overheating is always associated with 
loss of coolant. In the event of any 
doubt, the coolant level in the radiator 
or expansion tank should be checked. 

Both the radiator and fan, and heat exchanger 
and expansion tank type cooling systems 
utilize a coolant filler cap of the pressure 
type. A double-acting valve in the cap relieves 
pressure caused by expansion of heated coolant, 
and allows atmospheric pressure to enter when 
cooling contraction occurs. Because this is 
a pressure type cooling system, it is necessary 
to keep the cap turned on tightly at all times 
to prevent loss of pressure. 
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· 1. Vent cock 3. Vent cock 
2. Thermostat housing cover 4. Bypass pipe 

Figure 3. Vent Cocks Location 

B. RADIATOR AND FAN TYPE COOLING SYSTEM 

Coolant is drawn from the bottom of the radi­
ator into the inlet side of the water pump. 
The coolant is then forced through a water 
hose into the engine oil cooler. From the 
oulets of the oil cooler, the coolant is 
forced into a coolant distribution manifold 
cast integral with the block. From the mani­
fold the coolant flows between the cylinders 
and into the cylinder heads. From the heads 
the coolant enters the coolant outlet mani­
fold and flows to the thermostat housing, 
passing into the top of the radiator. As the 
coolant passes from top to bottom through the 
radiator tubes, the heat is dissipated by the 
tube fins and air forced or drawn through the 
radiator by the cooling fan. The thermostats 
regulate the temperature of the coolant by 
opening or closing the passage of the coolant 
to the radiator or the bypass tube which 
allows the coolant to bypass the radiator. 

C. HEAT EXCHANGER AND EXPANSION TANK TYPE 
COOLING SYSTEM 

The heat exchanger and expansion tank perform 
the same functions that the radiator and fan 

· do in the radiator and fan type cooling system. 
The expansion tank is the reservoir for the 
engine coolant. As the coolant is heated and 
expands, it can enter the expansion tank and 
is retained there until it recirculates. 

11000 llOOOMKII 

The raw water pump circulates the raw water 
through the inside of the heat exchanger tubes. 
The engine coolant is circulated around the 
outside of the tubes by the engine coolant 
pump. Heat in the engine coolant is dissipated 
to the raw water. 

The tube bundle of the heat exchanger has a 
baffle or divider running the length of the 
tubes. This along with a divider cast into 
the combination inlet and outlet bonnet 
divides the tubes into two sections. The raw 
water pump forces the raw water through one 
section and it returns to the raw water outlet 
through the second section. Because the raw 
water makes two passes through the heater 
exchange it i.s called a dual pass type heat 
exchanger; 

Some early type heater exchangers did not have 
dividers in the inlet bonnet and the raw 
water enter one end of the heat exchanger 
and passed out through the outlet opening in 
the outlet bonnet at the other end of the heat 
exchanger. Because the raw water made one pass 
through the heat exchanger it is called a 
single pass type heat exchanger. 

D. GENERAL MAINTENANCE 

A coolant filter is provided that extends 
engine life by establishing and maintaining a 
rust, scale, and corrosion free cooling sys­
tem. 

NOTE: The type of water conditioner fil­
ter in a new engine is the all purpose 
type and can be used with water and all 
types of permanent and non-permanent 
antifreezes, with the exception of Dow­
therm 209. Refer to Parts Manual for the 
element to be used with Dowtherm 209. 

When operating the engine in areas were the 
ambient temperature is above freezing, keep 
the cooling system filled with clean water 
that is low in chemical impurities. 

In winter use a permanent type antifreeze 
solution in the system to protect against 
damage from freezing. After any addition of 
water or antifreeze compound, test the 
solution after it has become thoroughly mixed 
to assure it will withstand prevailing or 
anticipated temperatures. 

CAUTION: Do not use antifreeze solutions 
that are harmful to aluminum. 

Refer to instructions on protection charts 
furnished by the antifreeze manufacturer for 
information on quantity required for lowest 
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anticipated temperature. 

The engine operates most efficiently when 
coolant temperature is 180°F (355 K) minimum. 
Operation with low coolant temperature will 
result in incomplete fuel combustion, higher 
fuel comsumption with less power, and formation 
of harmful deposits in the engine. A properly 
functioning thermostat is required to main­
tain normal coolant temperature. If the coolant 
temperature is consistently below 180°F (355 K) 
the thermostat should be removed, checked for 
proper operation, and replaced if necessary. 

Keep radiator air passages free of leaves, 
trash, and other material that may restrict 
flow of air through the radiator. 

CAUTION: Keep cylinder head capscrews, 
water pump mounting capscrews, hose 
clamps, and fitting connections tight. 
Correct all leaks as soon as they become 
evident. Inspect hoses carefully and 
replace them if they have deteriorated. 

The ~eat exchanger is provided with a square 
head zinc pencil located in each end bonnet 
(Fig 6). Whenever sea water is used in the raw 
water system, the zinc pencils should be 
inspected every 100 hours of operation and 
replaced when over fifty percent disintegrated._ 

After each 600 hours interval of operation, 
apply one or two shots of grease in fitting 
in water pump housing. (Fig 23 Item 4). 

CAUTION: Do not overgrease water pump 
bearings. 

E. DRAINING OF COOLING SYSTEM 

CAUTION: When draining the cooling sys­
tem in freezing weather, make certain 
that coolant flows freely from all drain 
cocks and that the system drains completely. 

1. If engine is installed in portable type 
equipment, make certain it is in a level 
position to assure complete draining. 

2. Remove radiator or expansion tank cap. 

3. Open vent cocks located in thermostat 
housing cover (Fig 3). · 

4. Open drain cocks located on the right-hand 
side of the cylinder block (Fig 4). 

5. Open drain cock at bottom of timing gear 
housing below the water inlet to the water 
pump (Fig 4) . 

2 3 
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I. Drain cock 4. Water pump 
2. Cylinder block 5. Drain cock 
3. Drain cock 

Figure 4. Cylinder Block And 
. Water Pump Drain Cocks 

radiator, if applicable. · 

7. If applicable, open drain cock or plug 
at rear of water-cooled exhaust mani­
fold {Fig 5). 

8. Leave coolant filter shut-off valves oper 
If current type (Fig 23) remove filter. 
If early type (Fig 24) remove drain plug 
from bottom of filter. 

9. If applicable, open drain cock in end 
bonnet of the expansion tank to drain 
raw water {Fig 6). 

10. If engine is equipped with raw water 
pump, loosen end cover screws and end 
cover to drain raw water from pump. 

11. If applicable open drain cock in bottom 
coolant inlet header of the torque 
converter fluid cooler (Fig 10). 

12. If applicable~ open air compressor 
coolant drain cock. 

F. FILLING OF COOLING SYSTEM 

1. Install coolant filter or filter drain 
plug. 

2. Close all drain cocks that were opened to 
drain system in Paragraph E in this 
Topic. 

CAUTION: If applicable, tighten raw 
water pump cover retaining screws before 
filling cooling system. 

6. Open drain cock located in bottom of 

1.11 
Page 4 Revision 1 11000 11 OOOMKI I 

) 

.. 

) 

) 



) 

... '- } 

@l@ 
~ 

1 
HT-52289 2 

1. Water cooled· exhaust manifold 
2. Drain cock 

Figure 5. Drain Cock Location (Water Cooled 
Exhaust Manifold} 

3. Check to assure vent cocks in thermostat 
housing are open. 

4. Pour coolant into radiator or expansion 
tank until it flows from vent cocks. 

5. Close vent cocks and continue filling 
until coolant level is approximately 
1-1/2 in. (38 mm} below bottom of 
filler neck. 

6. Install filler cap. 

NOTE: Operate the engine for a period of 
time at normal operating temperature to 
vent all air from the system. Check the 
level of the coolant in the radiator 
or expantion tank and if necessary, add 
coolant to bring it up to the proper 
level. 

G. CLEANING OF COOLING SYSTEM 

1. Clean cooling system at beginning of 
cold weather before antifreeze is added, 
and again after antifreeze is drained 
for warm weather operation. Also, drain, 
flush, and refill system whenever in­
spection reveals an accumulation of rust 
and scale. 

2. If engine is provided with a coolant 
filter that has been properly maintained, 
cleaning of system should not be neces­
sary. However, the coolant filter's 
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1. Expansion tank 
2. Pressure cap 
3. Zinc pencil 
4. Drain cock 
5. End bonnet 

Figure 6. Drain Cock Location 
(Expansion Tank) 

effectiveness is only as good as the 
maintenance it receives. If inspection 
reveals coolant to be a brown and 
rusty color, drain, flush, and refill 
cooling system; replace coolant filter 
element. 

3. Many good solvents are on the market 
for cleaning of cooling systems; use 
according to manufacturer's instructions. 

CAUTION: Do not mix antifreeze com­
pounds or inhibitors ·with any cleaning, 
neutralizing, or flushing compounds. · 

4. Materials such as aluminum, rubber, fiber, 
sintered bronze and bonding agents are 
particularly sensitive to all highly con­
centrated caustic cleaners. There are 
many of these cleaning compound on the 
market, under various trade names, but 
the majority of them are based on the 
same active agent - sodium hydroxide. 
Steam "jenny" coumpounds also generally 
contain this agent. 
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5. Some current oil coolers and radiators 
are being manufactured with aluminum 
fins. A few cleaning solutions have 
been found to react with aluminum to the 
the extent of dissolving the metal. 

6. We recommend a trichloroethane type sol­
vent or equivalent be used for both in­
ternal and external cleaning of oil cool­
ers and radiators used in Allis-Chalmers 
units since there is no reaction between 
the aluminum and the solvent. 

CAUTION: Trichloroethane is toxic and 
very volatile. Use only in a well 
ventilated room or area. Do not inhale 
the fumes for any length of time. 

7. In all cleaning operations care should 
be taken in the selection of cleaning 
materials. When any doubt exists as to 
whether or not caustic compounds would 
damage the materials to be cleaned, the 
use of such compounds should be avoided. 

8. If radiator tubes are clogged, reverse 
'flush radiator as follows: 

a. Disconnect upper and lower radiator 
hoses. 

b. Conenct a pressure water hose to 
lower connection with a suitable 
adaptor. 

c. Plug upper connection and remove 
radiator cap. 

d. Force water through radiator. Foreign 
material will flow out through top of 
radiator with the water. 

CAUTION: Do not use more than 5 or 6 
psi (35 or 41 kN/m2) pressure when 
flushing. Excessive pressure may rupture 
radiator. 

9. Keep radiator air passages free of debris 
and other obstructions. Clean exterior 
with an air blast carrying a grease sol­
vent. If engine is equipped with sucker 
type fan, direct cleaning spray at rear 
(fan side) of radiator. For engines 
having a blower type fan, direct spray 
at front of radiator. 

WARNING: Keep engine covered during 
cleaning operation. Provide adequate 
ventilation to avoid toxic effects of 
the cleaning spray. Do not clean with 
gasoline, fuel oil, or kerosene. 

1.11 
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10. Before putting cleaning solvent in 
radiator, close coolant filter inlet 
and outlet shutoff valves (Fig 23). 

After the cooling system has been 
cleaned and flushed, open coolant 
filter shutoff valves. Install new 
coolant filter. Fill cooling system 
to proper level. Inspect entire 
system for coolant leaks. Correct any 
leaks found to avoid foaming, cor­
rosion, and loss of coolant. 

H~ THERMOSTATS 

Current models of engines are equipped with 
two "bypass" type thermostats that begin to 
open at 180°F (355 K). The thermostats are 
located in the thermostat housing cover and 
water outlet manifold, at the front of the 
engine {Fig 7). They are so positioned in the 
system that when closed, coolant flow from the 
engine to the radiator is completely shut off. 
Coolant is then directed from the engine 
through the water bypass tube to the inlet 
side of the water pump, then back through the 
engine circulating system. When coolant· 
temperature reaches 180°F {355 K) the ther­
mostat starts to open allowing coolant to 
pass to the radiator or heat exchanger for a 
reduction in its temperature. 

Early engine models had two thermostats (Fig 
8) of the "full choke" type. One thermostat 
begins to open at 170°F (350 K); the other 
thermostat begins to open at 180°F {335K). It 
makes no difference in their operation which 
thermostat is in the front or rear openings 
in the water oulet manifold. 

Operation of the engine when coolant tempera­
ture is below normal operating temperature 
will result in incomplete fuel combustion, 
higher fuel consumption with less power, and 
cause harmful deposits to form within the 
engine. Maintenance of normal coolant operating 
temperature depends on properly functioning 
thermostats. Replacement of the thermostats 
is necessary when the thermostats become 
corroded, sticking in the open or closed 
position. If the engine overheats or does not 
reach and maintain minimum operating tempera­
ture, the thermostats should be removed and 
tested as a possible cause of trouble. 

1. Thermostat Removal 

a. Drain cooling system (refer to pre­
ceding Paragraph E). 

b. If applicable, loosen water bypass 
pipe upper hose clamp to facilitate 
removal of thermostat housing cover 
{Fig 7). 

c. Remove the capscrews from the water 
outlet elbow and remove the elbow 
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1. Water outlet elbow 6. Thermostat 
Gasket 2. Gasket 7. 

3. Thermostat housing 8. 
cover 

4. Vent cocks 9. 
5. Thermostat seal 10. 

Front water outlet 
manifold 
Hose with clamps 
Bypass pipe 

F~gure ?.·Thermostats (Current Type) 

and gasket. 

d. Remove the thermostat housing cover 
from the water outlet manifold. Re­
move the thermostats and gasket from 
their positions·on the water·outlet 
manifold. 

e. Clean and inspect the thermostat 
housing cover and examine the gasket 
and seals; replace the gasket or 
sea 1 s if necessary. . 

NOTE: To remove the seals, pry them 
from their seats in the thermostat 
housing cover. Ins ta 1l new sea 1 s using a 
a suitable driver. The open side of the 
seal must be positioned toward the top 
of the thermostat housing cover. 

2. Thermostat Testing 

a. Suspend the thermostat to be tested 
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in a pan of clean water so it is com­
pletely i1TV11ersed but not touching bot­
tom of container. 

b. Gradually heat the water and use a 
reliable.thermometer to check water 
temperature. 

NOTE: Stir water during heating so heat 
is evenly distributed in the volume of 
water. 

c. Observe the thermometer and note tem­
_perature at which the current engine 
thermostat starts to open and at which 
it is fully open. The amount of travel 
between open and closed positions must 
be a minimum of 0.310" (7.87 mm). 

NOTE: The early engine 11o~F (350 K) 
thermostat is designed to start opening 
at 170°F (350 K) and be fully open at 
185°F. (358 K). The l80°F (355 K) therm­
ostat is designed to start opening at 
180°F (355 K) and be fully open at 200'F 
(366 K). The amount of travel between 
the open and closed positions must be a 
minimum of 0. 310" (7 .87 mm). 

d. Thermostats are not adjustable. If 
they do not operate within the above 
limits they must be replaced. 

3. Thermostat Installation 

a. Place a gasket in position on the 
water outlet manifold and install the 
thermostats. 

b. Position thermostat housing cover on 
water outlet manifold and secure with 
capscrews and lockwashers. If appli­
cable, connect bypass pipe to thermo­
stat housing cover with hose and clamps. 
Tighten hose clamps securely. 

c. Install water outlet elbow and gasket 
on top of thermostat housing cover 
with capscrews and locakwashers. 

d. Fill the cooling system (refer to pre­
ceding Paragraph F). 

I. FAN, FAN HUB, FAN BELTS AND BELT ADJUSTMENT 

1. General 

The fan pushes or pulls (according to the 
type fan used) air through the radiator 
and the engine coolant is cooled as it 
circulates from the top to the bottom 
of the radiator core. The fan hub assembl) 
is mounted on a bracket which is bolted 
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1. Gasket 
2. Water outlet elbow 
3. Thermostat housing cover 
4. Vent cock 
5. Thermostat 
6. Gasket 
7. Front water outlet manifold 
8. 0-rings 
9. Bypass tube 

Figure 8. Thermostats (Early Type) 

to the front of the engine cylinder 
block. The fan is bolted to the fan hub 
assembly, which rotates on two ball 
bearings, and is driven by two matched 
drive belts form the crankshaft pulley. 

The original fan driving belts supplied 
on the engine are a matched pair of 
identical length. If only one belt re­
placement is required, it is imperative 
that both belts are replaced with a 
matched pair, otherwise satisfactory 
belt life will not be obtained. 

It is important that the fan drive belts, 
which also drive the water pump, are 
inspected frequently to make certain no 
oil or grease has accumulated on them, 
and that proper belt tension is maintain­
ed. Replace badly worn, burned, oil/ 
grease soaked belts. 

7 
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1. Fan 
2. Fan hub 
3. Bel ts 
4. Adjusting screw 
5. Locknut 
6. Bracket 
7. Crankshaft pulley 

Figure 9. Belt Adjustment 

2. Belt Replacement And Adjustment 

Replace fan drive belts as follows: 

a. Remove battery charging generator drive 
belt. . 

b. Loosen locknut at rear of the fan hub 
spindle (shaft) so spindle can be moved 
in slot of the fan hub mounting bracket. 

c. An adjustment screw passes through the 
bracket top and a tapped hole in the 
hub spindle, and bottoms in the lower 
part of the bracket slot. Lower the hub 
by turning the adjustment screw 
counterclockwise. 

d. Remove both old belts. Inspect belts 
for slickness, oil soak, wear, tears, 
cracks, and overstretching. Replace 
both belts if either is defective. 

e. Position belts on pulley grooves. 
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f. Raise the hub and adjust proper ten­
sion of belts by turning the adjust­
ment screw.clockwise. 

g. After proper adjustment is obtained, 
tighten the spindle locknut securely. 

h. Install battery charging generator 
drive belt. Adjust belt according to 
the instruction in Topic 14; 

Check and adjust fan drive belts as 
follows: · 

a. Check tension of each drive belt 
using a Burroughs Tension Gauge 
(BT-33-72C) or equi.valent. New 
drive belts are installed with a 
tension of 143-150 pounds (65-68 kg). 
Belts must be retightened whenever 
tension drops to 100 pounds (45 kg). 
Always retighten belts to 118-124 
pounds (54-56 kg). 

b. After replacement, approximately 24 
hours operating time is required to 
properly seat a new pair of belts. 

NOTE: If a belt tension gauge is not 
available to check the belt tension, 
ft may be done by hand; The fan and 
water pump drive belts are correctly 

·adjusted when belts can be depressed 
(b~ hand) approximately .50 in. (12.7 
mm) to .75 in. (19.05 mm) halfway be­
tween the crankshaft pulley and water 
pump pu11ey. Adjust belts when slippage 
is evident. 

3-. Fan Hub Lubrication 

Bearings in the fan hub must be lubri­
cated at prescribed intervals with a 
pressure type lubricant. For ease of 
accessibility and balance, the fan 
hub is equipped with two fittings. 

CAUTION: Do not overgrease the fan hub 
bearings. 

After each 600 hour interval of opera­
tion, apply one or two shots of grease 
with a low pressure, hand 0perated 
grease gun in either of the two fit­
tings. 

J. ENGINE OIL AND CONVERTER FLUID COOLERS 

1. General 

The oil coolers are located on the 
right side of the engine and cosists 
of a corrosion resistant core and jacket. 

Coolant is circulated through the core 
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1. Gasket 7. Hose 
2. Outlet connection 8. Inlet connection 
3. Gasket 9. Drain 
4. Engine oil cooler 10. Gasket 
5. Gasket 
6. Clamp 

11. Converter fluid 
cooler 

Figure 10. Engine Oil and Converter 
Fluid Cooler 

tubes. Engine oil and converter fluid are 
circulated around the tubes. The coolant 
absorbs heat from the oil, thereby con­
trolling the oil temperature. 

CAUTION: It is important that the oil 
cooler be kept clean and free of deposits 
in order to maintain proper cooling. 

The· cooling core consists of small tubes 
which transfer the heat from the oil 
to the engine coolant. If the recom­
mended maintenance and lubrication is 
not performed at the indicated inter­
val, deposits may form in the oil 
cooler and restrict the flow of oil or 
coolant. Restriction of the flow of 
oil is usually indicated by a drop in 
oil pressure and a rise in oil temper­
ature. 

2. Cooler Removal and Disassembly 

a. Drain the cooling system. 

b. Loosen clamps on water pump hose and 
push hose toward water pump (Fig 10). 

c. Remove capscrews and lockwashers 
securing inlet and outlet hoses 
to coolers. Remove inlet and outlet 
hoses from cooler (Fig 11). 

d. Remove capscrews and lockwashers 
securing cooler connections to the 
cylinder block (Fig 10). 

e. Remove oil coolers from engine. 
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f. Remove capscrews and lockwashers 
securing cooler connections to the 
coolers. Remove the connections 
and gaskets. 

3. Oil Cool er Cleaning 

To function.efficiently the cooler 
shells and tubes must be kept as clean 
as possible. Scale and sludge deposits 
reduce the cooling capacity of the 
coolers. Whenever a cooler is removed 
from the engine or if the efficiency 
of the cooler is imparied due to an 
accumulation of sludge or scale the 
cooler should be cleaned. 

NOTE: If oil cooler core is badly clog­
ged. a new oil cooler core must be 
installed. 

In all cleaning operations care should 
be taken in the selection of cleaning 
materials. When any doubt exists as to 
whether or not caustic compounds would 
damage the materials to be cleaned, the 
use of such compounds should be avoided. 

We recommend a trichloroethane type 
solvent or equivalent be used for both 
internal and external cleaning of oil 
coolers and radiators used in Allis­
Chalmers units since there is no re­
action between the aluminum and the 
solvent. 

CAUTION: Trichloroethane is toxic and 
very volatile. Use only in a well venti­
lated room or area. Do not inhale the 
fumes for any length of time. 

4. Oil Cooler Testing 

Before testing the cooler. it must be · 
cleaned thoroughly and inspected. To 
test the cooler. proceed as follows: 

a. Make up two suitable improvised 
plates, one with a drilled and tapped 
hole to accept an air hose fitting, 
and secure them with gaskets, cap­
screws, and lockwashers to cover the 
inlet and outlet openings in the 
side of the cooler. 

b. Attach an air hose to the drilled 
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and tapped plate; submerge the cooler 
in hot water for a sufficient length 
of time until the cooler is up to 
approximately 1so°F (339 K) temper­
ature. Test for leaks with air pres­
sure of 100 psi (689 kN/m2) or as 
near to that pressure as possible. 

E-2822 

1. Oil filter 
2. 0-ring 
3. Gaskets 
4. Oil outlet hose (cooler to block) 
5. Oil inlet hose (filter to cooler) 
6. Gasket 

Figure 11. Oil Cooler Inlet and Outlet Hoses 

c. Air bubbles observed at either open 
end of the cooler indicates that 
the cooler core has a puncture or 
may be defective in another way. If 
the cooling core is faulty, the 
cooler must be replaced. If repair 
of the shell is necessary. the repair 
should be made by a reputable radiator 
repair shop. 

5. Cooler Assembly and Installation 

a. Cement new gaskets to ends of cooler 
core, install connections on core 
and secure with capscrews and lock­
washers. 

b. Using new gaskets install cooler, 
securing inlet and outlet water 
connections to the cylinder block 
with capscrews and lockwashers. 

c. Using new gaskets, secure the inlet 
and outlet hoses to the coolers 
with capscrews and lockwashers (Fig 
8). 

d. Install water pump hose and secure 
with clamps. 

e. Fill the cooling system. 

f. Operate the engine and check for oil 
and water leaks at the cooler con­
nections. Correct any leaks found. 
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I. Pump body 
2. Cam screw 
3. Cam 
4. Wear plate 
5. Shaft seal 
6. 0-ring 
7. Seal spacer 
8. Slinger 
9. Bearing inner seal 

10. Bearing 
11. Retaining ring 

12. 0-ring 
13. Bearing outer seal 
14. Drive coupling 
15. Shaft sleeve 
16. Shaft . 
17. Impeller 
18. Gasket 
19; End cover 
20. End cover screw 
21. Impeller plug 

Figure 12. Raw Water Pump Assembly 

g. Stop engine and check oil in oil pan 
or converter; add oil to raise level 
to the FULL mark on oil level gauge 
(dipsticks}. 

h. Check coolant level and add coolant 
if necessary. 

K. RAW WATER PUMP, BELT ADJUSTMENT, AND BELT 
REPLACEMENT 

1. General 

The raw water pump (Fig 12) is of bronze 
construction, self-priming, with a neo­
prene compound impeller and sealed 
bearings. Because the pump is of the 
self-priming type, it is necessary that 
all lines on the suction side of the 
pump are kept tight, otherwise it will 
not pick up its prime. The pump depends 
upon the water it pumps for lubrication 
of the impeller. 
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CAUTION: The impeller will burn if the 
pump is run dry for longer than the 
time normally required for the pump to 
prime itse 1 f. 

In freezing weather the pump should be 
drained to prevent damage. In order 
to drain the pump, it is necessary 
to loosen the pump end cover; do so 
by turning out the cover screws and 
jarring the cover loose. 

Whenever an engine is eqipped with an 
expansion tank and raw water pump, 
the engine water pump is driven from the 
crankshaft pulley by a V-type belt. For 
longer belt life, it must be kept free 
of oil and grease and adjusted to the 
proper tension. It should be inspected 
periodically for cracks and other signs 
of deterioration. 
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2. Impeller and Shaft Seal Replacement 

If the impeller or shaft seal is damaged 
a field repair can be made by replacing• 
the parts, following the procedure 
listed below: 

a. Remove end cover screws, end cover 
and gasket. 

b. Remove impeller plug. 

c. Remove impeller by grabbing it witn 
two pairs of pliers and pulling it 
from the pump body and shaft. 

d. Remove cam screw securing the cam 
and remove cam and wear plate. 

e: Using a hooked wire, remove the shaft 
seal. Remove 0-ring and seal spadir. 

f. Lubricate inside of pump body with 
engine oil and install seal spacer, 
0-ring, and shaft seal. 

g. Apply Permatex on top surface of cam, 
backface of cam and cam screw. Install 
wear plate and cam. 

NOTE: When wear plate shows signs of 
wear, reverse or replace it. 

h. Lubricate impeller bore with light 
coat of Marfak 2 HD or equivalent 
and start impeller onto shaft with a 
rotary motion until splines engage, 
then push into pump bore. 

i. Install impeller plug, new gasket, 
and end cover securing with end 
cover screws. 

3. Belt Adjustment 

Check tension of drive belt using a 
Burroughs Tension Gauge (BT-33-72C) or 
equivalent. New drive belt is installed 
with a tension of 143-150 pounds 
(65-68 kg). Belt must be retightened 
whenever tension drops to 100 pounds 
(45 kg). Always retighten .belt to 
118-124 pounds (54-56 kg). 

The means for adjusting the belt tension 
is provided in the construction of the 
adjustable - pitch water pump pulley 
(Fig 12). The pulley consists of two 
parts, the front and rear halves. The 
rear half is secured to the water pump 
shaft. The front half has diagonal slots 
and is secured to the rear half with lug 
washers, lockwashers and capscrews. With 
the capscrews loosened, the front half 
can be turned separately to vary the 
distance between the sides of the belt 
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1. Rear half 
2. Front half 
3. Capscrew 

6 

4. lockwasher 
5. Lug washer 
6. 5/16" (7.94mm) hole 

Figu~e 13. Water Pump Pulley 
. (Adjustable - Pitch 

groove. By narrowing the distance, the 
belt rides higher (faster to the ouside 
of the groove) on the pulley and belt 
tension is therefore increased. 

NOTE: If a belt tension gauge is not 
available to check the belt tension, 
it may be done by hand. The belt is 
correctly adjusted when belt can be 
depressed (by hand) approximately .50 
in (12.7 mm) to .75 in (19.05 rrm) 
halfway between the crankshaft pulley 
and water pump pulley. Adjust belt when 
slippage is evident. 

Adjust the belt as follows: 

a. Loosen the three capscrews securing 
the front half of the pulley. 

b. To tighten the belt, hold the rear 
half of the pulley stationary and 
turn the front half to the right 
(clockwise). 

NOTE: If the front half cannot be turned 
by hand, insert the end of a meta 1 rod 
in one of the three 5/16" (7.94 mm) holes 
and tap on the side of the rod near its 
inserted end with a harrrner. 

c. Adjust the front half of the pulley 
until proper belt tension is obtained. 

d. Tighten the capscrews securely. 
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NOTE: Make certain there is no excessive 
run-out of adjustable half of pulley and 
belt, otherwise belt and pulley must be 
readjusted. This can be corrected by 
loosening one of the three adjusting 
capscrews when it is positioned to the 
outside of the engine. Bar engine over 
until pulley turns one complete revolu­
tion; then tighten capscrew securely. 
Repeat this operation for the remaining 
adjusting capscrews one at a time. 

,4. Belt Replacement (Figure 14) 

To replace water pump belt without re­
moving raw water pump and pump mounting 
bracket, proceed as follows: 

a. Loosen and back off capscrews with 
lockwashers securing flexible coupling 
between raw water pump drive coupling 
and water pump adaptor. Bar the engine 
over for access to the capscrews. 

b. Remove laminated shim and flexible 
coupling with the capscrews in the 
coupling.· 

c. Remove capscrews and lockwashers 
securing water pump adaptor to water 
pump hub spacer and remove water pump 
adaptor. 

d. Remove capscrews, lockwashers, and 
lug washer (Fig 13) from adjustable 
pulley. With rear half of pulley on 
spacer pilot diameter, slide adjust­
able half off of rear half and remove 
it from the engine. 

NOTE:· It may be necessary to scrape some 
paint to facilitate removal of the adjust­
able half of the pulley from the rear 
half. 

e. Slide rear half of pulley off of spacer 
pilot diameter. Slide belt off of 
rear half of pulley. Position rear half 
of pulley back on spacer pilot diameter. 
Remove belt through the bottom opening 
and remove belt from crankshaft pulley. 

NOTE: It is necessary to remove the gen­
erator drive belt from the crankshaft 
pulley before removing the water pump belt. 

f. Install new belt in proper groove of 
crankshaft pulley and on rear half of 
water pump pulley. Position rear half 
of pulley on spacer pilot diameter 
after belt is installed on pulleys. 
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g. With rear half of pulley on the pilot 
install the adjustable half of pulley 
onto the rear half. 

h. Install the water pump adaptor and 
secure the pulley and adaptor with 
capscrews and lockwashers. 

i. Install the capscrews, lockwashers, 
and lug washers securing the adjust­
able half of the pulley. This can be 
accomplished by·pressing the two 
halves of the pulley together at the 
crankshaft pulley side (refer to 
Item 8, Fig 15). Line up the slot 
(at its lowest adjustment point) with 
the threaded hole and install the 
capscrews one at a tlme, reposition­
ing the pulley after each capscrew is 
installed. Make certain the lug 
washers and capscrews are positioned 
so that the belt tension is completely 
relaxed. 

j. Adjust the belt to proper tension. 
Refer to Belt Adjustment, Item 3 above. 

NOTE: With pulley capscrews loosened, 
the belt can be adjusted by inserting 
the end of a pry bar between the bosses 
of the water pump adaptor and pulling pry 
bar downward. However, it may be necessary 
to hold crankshaft pulley stationary with 
a socket on the crankshaft pulley re­
taining nut and a long handle to achieve 
proper belt tension. 

k. After proper belt adjustment is ob­
tained, tighten pulley capscrews 
securely. 

NOTE: Make certain there is no excessive 
run~out of adjustable half of pulley 
and belt, otherwise belt and pulley must 
be readjusted. This can be corrected by 

· loosening one of three adjusting cap­
screws when it is positioned to the out­
side of the engine. Bar engine over 
until pulley turns one complete revolu­
tion; then tighten capscrew securely. 
Repeat this operation for the remaining 
adjusting capscrews one at a time. 

1. With the lockwashers and capscrews in­
serted in the flexible coupling, 
position the flexible coupling between 
the water pump adaptor and the raw 
water pump drive coupling. Place a 
screwdriver between the head of the 
capscrew and the adaptor to get the 
capscrew started. Tighten the capscrews 
securely in the threaded holes of the 
raw water pump drive coupling. 
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HT-52303 

1. Water pump drive belt 
2. Zinc pencil 
3. Water pump pulley (adjustable -

pitch) 
4. Water pump adaptor 
5. Flexible coupling 
6. Raw water pump drive coupling 
7. Raw water pump 
8. Pump mounting bracket 
9. Laminated shim 

Figure 14. Raw Water Pump Installed 

m. Position laminated shim between water 
pump adaptor bosses and flexible 
coupling. Line up the holes and in­
stall capscrews seucring the flexible 
coupling to water pump adaptor. 
Tighten capscrews alternately and 
securely. 

NOTE: It may be necessary to bar the 
engine over to facilitate installation 
of the capscrews into the water pump 
adaptor. 

5. Emergency Split-Type Belt Replacement 

To reduce the time required to replace 
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1. Expansion tank 
2. Pressure cap (7 psi) (48 kN/m2) 
3. End· bonnet 
4. Drain cock 
5. Dowel pin 
6. Pump mounting bracket 
7. Water pump drive belt 
8. Position where pulley halves can 

be pressed together and adjusting 
capscrews installed one at a "time. 

9. Raw water pump 
10. Raw water inlet 
11. Water pump pulley 
12. Zinc pencil 
13. Inlet end bonnet 

Figure 15. Expansion Tank and Raw Water Pump 

the water pump belt under emergency con­
ditions, a split-type belt is available 
from Allis-Chalmers dealers. A tool kit 
is available to facilitate the install­
ation of ·the belt (Fig 16) and a spare 
parts kit (Fig 17) is available to re­
place the possible loss of any of the 
loose parts. 
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1. Rocker pin tool 
2. Plastic sleeve 
3. Alignment pin 

Figure. 16. Rocker Pin Tool Kit 

CAUTION: This belt is to be used for 
emergency only and not as a direct 
replacement for permanent duty. Replace­
ment with the standard endless type 
belt should be made as it is possible. 

Replace belt as follows: 

a. Loosen capscrews securing the front 
half of the adjustable-pitch pulley 
so that the belt is at its lowest 
possible position and giving as much 
slack as possible for the installation 
of the emergency belt. 

b. Cut the old belt in two and remove it 
from the crankshaft and water pump 
pulleys. 

c. Separate one end of the emergency 
split-type belt from the fastener by 
using the rocker pin tool to turn the 
screwdriver slot in the fastener one 
half turn; push the rocker pin through 
and withdraw the rocker pin tool. The 
belt may now be separated. 
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I. Bushings 
2. Links 
3. Rocker pin 

Figure 17. Spare Parts Kit 

d. Prior to installing belt on the crank­
shaft and water pump pulley grooves, 
insert the·rocker pin into the rocker 
pin tool sleeve as follows: 

{1) Assemb 1 e the rocker pin into the 
plastic sleeve as shown in Figure 18. 

(2) Place alignment pin and rocker pin 
tool into sleeve with the assembled 
rocker pin in position between them 
as indicated in Figure 19. 

e. Thread belt into position on crank­
shaft and water pump pulley grooves. 

f. Bring the end of the belt into position 
in the fastener and insert the tool 
assembly into the fastener bushing, 
capturinq_the link on the alignment 
pin (Fig 19). When the front end of 
the tool sleeve is against the fasten­
er bushing, force the rocker pin into 
position with a slight twisting motion. 

CAUTION: When the rocker pin is forced 
into position in the fastener, the tool 
alignment pin will fall out of fastener. 
Do not allow the tool alignment pin to 
fall into any of the engine components. 
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Figure 18. Assembling Rocker Pin Into 
Plastic Sleeve 

g.-Turn the rocker pin slots with the 
screwdriver type rocker pin tool un­
til the slots are parrallel with the 
direction of belt travel and away 
from belt ends as shown in Figure 20. 

h. Adjust belt to proper tension. Refer 
to preceding Subparagraph 3, Belt 
Adjustment. 

L. IMMERSION HEATER AND THERMOSTAT (OPTIONAL) 

1. General (Figs 21 and 22) 

CAUTION: The heater does not eliminate 
the use of antifreeze. 

_The immersion heater operates on. the ther­
mosiphon principle of heating the coolant 
and circulating it through the cooling sys­
tem. A pulsating valve located in the water 
inlet of the heater bottom casting assists 
the circulation. A safety thermostat located 
on the top casting is connected into the 
wiring circuit to prevent damage from over­
heating. Operating current for the immer­
sion heater must be 120 volt, 60 Hertz, 
single-phase alternating current and con­
nected by the contractor. 

NOTE: As a convenience and safety factor, 
it is recommended a switch be provided 
between the thermostat and the power 
source to de-energize the immersion heater 
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Figure 19. Tool Kit Assembled and 
Inserting Alignment Pin 

NOTE (cont): and thermostat whenever the 
coolant is drained from the engine cool­
ing system, or when personnel are working 
around the engine. 

The temperature control thermostat is de­
signed to control the temperature of the 
coolant. It contains a single-pole, double­
throw control of which only one set of 
contacts are utilized. The control is 
quick to respond to temperature changes 
because of the low mass bimetal actuator 
which assures accurate temperature regula­
tion. The thermostat is equipped with a 
positive snap action switch to assure a 
long lift of trouble-free service. If 
thermostat becomes faulty, it must.be 
replaced as an assembly. 

THe temperature control thermostat is sus­
pended by· the coolant hoses and hose clamps. 
With the thermostat in position, the coolant 
passing through the thermostat must reach 
the temperature set on the dial (80<F to 
140'F) (300 to 333 K) before the unit will 
automatically shutoff. When the coolant 
passing through the thermostat cools down 
7° to l5°F (4 to 8 K) below the setting on 
the dial, the thermostat automatically resets 
and the coolant is heated again. 

2. Operating And Maintenance 

a. Before applying current to the heater 
for the first time, be sure: 

(1) The air has been bled from the cooling 
system. 
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(2) The radiator is full. 

(3) All hose connections are tight. 

b. If the cylinder block remains cold, 
and both the inlet and outlet hoses 
to the immersion heater are hot, it 
indicates lack of circulation caused 
by: 

(1) Trapped air preventing siphoning 
action. 

(2) Water too low in radiator. 

CAUTION: Never use a glycol solution 
stronger than the mixtures reco11111ended 
for each particular brand. 

(3) Antifreeze solution too strong. 

(4) Frozen coolant. 

c. When the heater is operating proper­
ly, the lower inlet hose will be 
warm. 

d. If the radiator gets warm before 
the engine block has warmed, a 
faulty engine thermostat may be the 
cause. 

e. At least once a year or every 2000 
hours of operation, whichever occurs 
first, disassemble the immersion 
heater unit in order to inspect and 
clean all scale and foreign matter 
from the components. 

Corrosion, sludge, and scale affect 
the efficient operation of the 
immersion heater: 

(1) Corrosion is caused by the mineral 
content in the water. 

(2) Sludge is caused by impurities in 
the cooling system. 

(3) Scale is caused by the combination 
of heat and impurities in the 
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CAUTION: Screw driver slots of the rocker 
pins must be parallel with the direction 
of belt travel and away from belt end as 
shown. 

HT-50752 

Figure 20. Rocker Pins Properly Aligned 
In Fastener 

cooling system. 

3. Troubleshooting 

a. If the heater has been working satis­
factorily for a length of time and 
then fails, the following items should 
be checked: 

(1) Electric wiring. Make sure current .is 
supplied to the heater. 

(2) Coolant level in the radiator. Level 
may be too low. 

(3) Condition of coolant. Coolant may 
have been frozen or in a mushy con­
dition when current was furnished to 
the heater. 

-(4) Air in system. Cooling system may 
have been drained, refilled, but not 
vented. 

{5) Sediment in the system. A layer of 
sediment in the bottom of the heater 
may have clogged the lower inlet. 

b. If temperature control thermostat or 
heater element is suspected of being 
inoperative, perforw. the following 
checks: 

{1) Remove temperature control thermostat 
cover. Place the leads of a 120-volt 
test 1 amp across # 2 and #4 termi na 1 s 
of thermostat. Test lamp will light 
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if circuit to thermostat is energized. 

(2) Increase temperature dial to its 
highest setting so thermostat con­
tacts close. Place test lamp leads 
across #1 and #4 thermostat terminals. 
If test lamp lights, thermostat is 
operating properly to energize the 
heater circuit. 

(3) Remove terminal cover from heater 
top casting. Place test lamp leads 
across element terminals. If test 
lamp lights and top outlet hose is· 
cold, the element must be replaced. 
If test lamp does not light, place 
test lamp leads against element 
terminal where the lead from the 
safety control thermostat is con­
nected and against the safety ther­
mostat terminal where the lead 
from the control thermostat is 
soldered. If test lamp lights, the 
safety thermostat or the short 
lead between the safety thermostat 
and the element terminal requires 
replacement. Move the test lamp lead 
that was against the safety thermo­
stat terminal and place it against 
the other terminal of the safety 
thermostat. If test lamp does not 
light, the safety thermostat must be 
replaced. If test lamp does light, 
the short lead between the safety 
thermostat and the element terminal 
must be replaced. 

(4) Return thermostat temperature dial 
to its normal setting. 

c. If circulation is prevented by an air 
lock or other obstruction. the therm­
ostat will trip. After the heater has 
cooled, the thermostat will reset 
automatically. However, if the reason 
for overheating is not corrected, the 
engine block will remain cold even 
though the heater is hot. 

4. Irrmersion Heater And Thermostat Removal 

CAUTION: Disconnect power source from 
immersion heater thermostat. 

a. Drain the cooling system. 

b. Remove cover from temperature control 
thermostat. 

c. Tag and disconnect all electrical 
leads from thermostat to facilitate 
removal of it. Remove leads and clamps 
from thermostat. 

d. loosen hose clamps, remove thermostat 
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inlet and outlet connections from 
hoses, and remove control thermostat. 

e. loosen hose clamps and remove hoses 
from invnersion heater outlet and in­
let connections. 

f. Remove nuts, lockwashers, washers, and 
capscrews that secure immersion heater 
to mounting bracket and remove inmer­
sion heater. 

g. Remove water inlet and outlet tube 
assemblies. 

5. Illfflersion Heater Disassembly And Assembly 

a. Remove nut from top of heater and re­
move terminal cover from top casting. 

b. Remove screws that secure snap-acting 
type safety thermostat to top casting. 
Remove electrical leads from heater 
element terminals. If safety thermo­
stat is to be replaced, disconnect 
electrical leads from it. Solder end 
of leads to new safety thermostat 
terminals. 

c. Remove nut, washer, and lead seal 
washer from bottom heater and re­
move bottom casting and gasket. Do 
not pry the two castings apart. If 
necessary, break gasket seal by tap­
ping heater sharply on the edge of a 
wooden block. 

d. Unscrew and remove coolant inlet 
valve assembly from bottom casting 
(Fig 21). If pulsating valve does 
not operate freely in the coolant 
inlet tube, it must be replaced as 
an assembly. 

e. Remove nuts, washers. procelain 
sleeves, rubber washers, and compres­
sion nuts from ends of element. Twist 
element slightly at the lower end to 
loosen it and remove it from the top 
casting. 

f. Remove element seals from top casting 
with a sharp pointed tool such as an 
ice pick. Be careful not to damage 
the threads. 

g. Insert new silicone rubber seals into 
top casting and also start compression 
nuts in slightly but do not tighten 
them. 

h. Insert element through seals and com­
pression nuts until the steel sheath 
of the element ends is showing above 
the compression nuts. Then tighten 
the compression nuts firmly. 
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1. Safety thermostat 5. Coolant inlet 9. Top casting 
2. To temperature control thermostat 6. Lead washer 10. Silicone rubber seal 
3. Coolant outlet 7. Element 11. Terminal cover 
4. Pulsating valve in coolant inlet 8. Gasket 12. Bracket 

Figure 21. Immersion Heater 

i. Use a new gasket and lead seal washer 
and complete the assembly of the 
i111nersion heater by a direct rever­
sal of the disassembly procedure. 

6. Inspection 

WARNING: TRICHLOROETHANE SOLVENT IS 
TOXIC AND VERY VOLATILE. USE ONLY IN A 
WELL VENTILATED ROOM OR AREA. DO NOT 
INHALE FUMES FOR AN EXTENDED LENGTH 
OF TIME. 

a. Inspect immersion heater components 
and thermostat for corrosion, sludge 
and scale. If necessary, clean with 
trichloroethane and a wire brush. 

b. Inspect hoses for deterioration or 
damage. Replace if necessary. 

7. Immersion Heater And Thermostat Instal­
lation 

a. Install immersion heater and therm­
ostat by a direct reversal of the 
removal procedure as detailed under 
preceding Subparagraph 4. 

b. Connect power source to i111nersion 
heater thermostat and repeat proce­
dure in Subparagraph 2, before apply­
ing current to the heater. 

11000 llOOOMKII 

M. COOLING SYSTEM FILTER 

1. General 

The cooling system filter is of two types, 
the current spin-on type (Fig 23) and the 
former replaceable element type (Fig 24). 

Both types of filters function in the 
same manner, to extend engine life by 
extablishing and maintaining a rust, 
scale, and corrosion free cooling 
system. The filter header or housing 
must make a good ground with the engine 
for the cooling system filter to operate 
properly. 

The piping connecting the filter into 
the engine cooling sy,stem is fitted with 
coolant inlet and outlet shutoff valves. 
The valves are closed when an engine is 
shipped from the factory and must be 
opened after it is installed in a unit. 
Also, the valves are closed when renewing 
a filter or element to prevent the 
loss of engine coolant. 

The type of water filter or element 
in a new engine is an all purpose type 
and can be used with plain water and 
all types of permanent and non-permanent 
antifreezes, with the exception of Dow­
therm 209. Refer to Parts Manual for the 
element to be used with Dowtherm 209. 

1.11 
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1. Coolant inlet 
2. Terminal block 
3. Temperature dial 

CAUTION: DO 
NOT USE THIS 
TERMINAL 

4. Coolant outlet 
5. To immersion heater 
6. To AC source 

Figure 22. Immersion Heater Thermostat 

CAUTION: Whenever element is changed from 
one type element to the other, it is 
necessary to drain and flush the cooling 
system. 

The coolant filter performs the following 
functions: 

a. By mechanical filtration, it removes 
suspended foreign material which may 
be circulating through the cooling 
system. 

b. It prevents precipitation of water 
hardness scale on all cooling system 
surfaces by the ion exchange method 
of water softening. 

c. The chemicals present in the water 
conditioner element protect against 
corrosion activity in the engine. 

d. Electrolytic control is accomplished 
by the use of a sacrificial plate. 

e. The natural tendency toward rust for­
mation and chemical deterioration of 
cooling system metal surfaces is re­
duced by the effective buffering 
agents contained in the element. 

CAUTION: Do not use soluble oil or other 
conditioners in the cooling system of an 
engine equipped with a coolant filter. 
If a leak stopper is added to the cool-

1.11 
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1. Filter inlet shutoff valve 
2. Water pump volute 
3. Water pump 
4. Grease fitting 
5. Water pump drive pulley 
6. Water pump inlet 
7. Timing gear housing 
8. Filter outlet shut-off valve 
9. Mounting bracket 

10. Filter outlet tube 
11. Filter 
12. Filter inlet hose 
13. Filter inlet shut-off valve 

Figure 23. Coolant Filter-Spin-on Type 

CAUTION (cont): ant, do not allow it to 
circulate through the water filter. 
Shut-off valves are provided in inlet and 
outlet l.ines for isolating the water 
from remainder of cooling system. 

2. Maintenance 

The all-purpose type element or filter 
should be replaced each 600 to 800 hours. 
The chromate-type element or filter used 
with Dowtherm 209 antifreeze should be 
replaced each 300 to 500 hours. Main­
tain the coolant filter as follows: 

NOTE: Whenever all the liquid in the cool­
ing system is replaced with new coolant, 
the first filter must be replaced after 
100 hours of operation. 
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a. Spin-on Type Fil,ter (Figure 23) 

(1) Thoroughly clean base and surround­
ing area. 

(2) Close coolant inlet and outlet shut­
off valves. 

(3) Remove exhausted spin-on element and 
discard. 

(4) Lubricate gasket with a thin film 
of oil. 

(5) Install element until gasket contacts 
base of mounting housing. 

(6) Hand tighten 1/2 turn more. 

(7) Open inlet and outlet shutoff valves. 

(8) Operate engine and check for leaks. 

b. Replaceable Element Filter (Figure 
24) 

(1) Thoroughly clean the filter body 
and surrounding area. Close the 
inlet and outlet shutoff valves. 

(2) Remove drain plug from the bottom of 
filter body and allow coolant to 
drain. 

(3) Remove capscrews attaching filter 
cover to filter body; remove cover 
and gasket. 

(4) Lift the upper plate and filter 
element out of the filter body. 

(5) Discard the filter element and 
cover gasket. 

(6) Remove the lower corrosion resistor 
plate and spring from the filter 
body. 

(7} Clean sump area in filter body. 

(8) Install the spring and a new lower 
corrosion resistor plate (included 
in filter element service kit). 

(9) Install a new filter element in the 
filter body. 

(10) Install a new upper plate in filter 
body. 

(11) Install a new cover gasket. Then, 
install the filter cover and secure 
it with attaching capscrews. 

(12) Replace the drain plug and open 
the inlet and outlet shutoff valves. 

11000 11 OOOMKI I 

T-33141 

I. Upper plate 
2. Outlet 
3. Cover 
4. Gasket 
5. Element 
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6. Body 
7. Spring 
8. Inlet 
9. Drain plug 

10. Lower corrosion 
resistor plate 

Figure 24. Coolant Filter - Replaceable 
Element Type 

(13) Operate engine and check for leaks. 

3. Removal and Installation of Filter 
Assembly 

a. Close coolant filter inlet and out­
let shutoff valves. 

b. Remove outlet hose from top of 
filter and water pump inlet. 

c. Remove inlet hose from side of filter 
and water pump volute. 

d. Remove lockwashers, washers and cap­
screws that secure coolant filter 
to its mounting bracket. 

e. Remove hose fittings from inlet and 
outlet of coolant filter. 

f. Inspect inlet and outlet hoses for 
deterioration or damage. Replace if 
necessary. 

g. Install hoses fittings in coolant 
filter inlet and outlet openings. 

h. Install coolant filter and secure 
with capscrews, washers, and lock­
washers. 

1.11 
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NOTE: Make certain filter header or 
body makes a clean, tight, metal-to­
metal contact with the engine, otherwise 
connect a ground wire between them. 

i. Install hoses on fittings and 
tighten hose securely. 

1.11 
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j. Install ·new coolant filter element. 

k. Open coolant filter inlet and outlet 
shutoff valves. 

1. Check coolant level; add coolant if 
necessary. 

m. Operate engine and check for leaks. 
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TOPIC 12. FUEL INJECTION SYSTEM - ROBERT BOSCH 
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1. Drip manifolds 
2. Nozzle holder assembly 
3. Vent plug 
4. Primary filter 

with water separator 
5. Drain cock 
6. Secondary filters 
7. Fuel return lines 
8. Pressure relief valve 
9. Fuel supply line 

10. Vented fuel tank cap 
11. Fuel supply pump 
12. Timing hole 
13. Injection pump and governor 

The following items are used 
only on engines equipped with 
safety controls or automatic 
start and stop equipment: 

A. Pressure relief valve 
8. Pressure bypass line 
C. Fuel shutoff solenoid valve 

~--Fuel tank to supply pump 
Line must be 3/8" (9.53mm) 
Outside diameter 

Fuel return line must--~ 
not be less than 1/4" 
(6.35mm) outside 
diameter. 

5 

Note: No galvanized pipe or fittings 
to be used on fuel lines 

E-3027 

-C Fuel supply line to be approximately l" (25.40mm) 
from bottom of tank, or at a distance to allow 5% 
of tank volume for sediment and water 

Figure 1. Fuel System Schematic Diagram - Current Fuel Filter Arrangement 

A. GENERAL 

The engine fuel system consists of two fuel 
pressure systems; the low pressure system, and 
the high pressure system. 

The current low pressure system (Fig 1) con­
sistsof fuel filter/water separator and dual 
secondary fuel filters, fuel supply pump on 
the side of the injection pump, fuel supply 
and return lines, and valves. The early low 
pressure system (Fig lA) is similar except it 
does not have the fuel filter/water separator 
and the filter piping arrangement is different. 

The function of the low pressure system is 
to convey the fuel from the fuel tank, through 
the filters and deliver clean fuel to the 
fuel sump of the injection pump. 

Once the injection pump fuel sump is full the 
excess fuel builds up pressure, opens the 
fuel pressure relief valve, ~nd returns the 
fuel to the fuel tank. 

There is a certain amount of fuel seepage 
between the lapped surfaces of each fuel in­
jection nozzle valve and its body, which is 
necessary for lubrication. This leakage of 
fuel accumulates around the spindle and in 
the spring compartment of each fuel injection 
nozzle holder and is returned through the 
fuel drip manifold to the fuel return line, 
extending to the fuel tank. 

In the high pressure system, the fuel injec­
tion pump picks up fuel from the sump, meters 
and forces the fuel, under extremely high 
pressure, to the fuel injection nozzles. The 
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Fu~l return lfne must 
not '1e less than 1/4" 
(6.30mm) outside 
diameter. 

1. Drip manifolds 
2. Nozzle holder assembly 
3. Vent plug 
4. · Fuel filters 
5. Fuel return lines 
6. Pres-sure relief valve 
7. Vented fuel tank cap 
8. Fuel supply line 
9. Fuel supply pump 

10. Timing hole 
11. Injection pump and governor 

The following items are used 
only on engines equipped with 
safety controls or automatic 
start and stop equipment: 

A. Pressure relief valve 
B. Pressure bypass line 
C. Fuel shutoff solenoid valve 

Fuel tank to supply pump 
Line must be 3/8" (9;53mm) 
Outside diameter 

Note: No galvanized pipe or fittings 
to be used on fuel lines 

Fuel supply line to be approximately l" (25.40mm) 
/from bottom of tank. or at a distance to allow 5% 

I of tank volume for sediment and water ...._ _______ _ 
E-3028 

Figure lA. Fuel System Schematic Diagram - Early Fuel Filter Arrangement 

nozzles spray the fuel into the engine com­
bustion chambers. The fuel injection lines are 
seamless steel tubing and each line is the same 
length. These lines being of equal length as­
sures proper timing and the proper amount of 
fuel to each injection nozzle. 

Engines equipped with optional safety control 
devices or automatic start and stop equipment 
require a normally open (energized to run) 
fuel shutoff solenoid valve (Fig land lA 
Item A). an off-on switch to energized the 
circuit to the solenoid valve, and a pressure 
relief valve (B) with bypass line (C). 

In addition to the standard manually operated 
stop control, the off-on switch can be used 
to stop the engine. 

. When the safety control devices or the 
··above mentioned off-on switch is placed in 

the OFF position the fuel shutoff solenoid 
valve is de-energized, stopping the flow of 
fuel to the fuel injection pump. The engine 
speed decreases due to lack of fuel. 

Generally, it takes approximately 10 seconds 
for the engine to stop. During this time 
interval the fuel supply pump continues to 
operate and imposes a pressure on the fuel 
solenoid shutoff valve. If starting is 
initiated during the shutdown interval, the 
fuel solenoid shutoff valve will not open 
due to the pressure. Normally, the pressure 
will leak off in 1 to 2 minutes after the 
engine is stopped and no difficulty will be 
encountered when again starting the engine. 

To eliminate the pressure at the fuel sole­
noid shutoff valve, a pressure relief valve 
and bypass line are installed between the 
clean fuel outlet of the filter and the fuel 
return line at a tee connected to the outlet 
of the fuel pressure relief vlave located at 
the sump of the injection pump. The bypass 
line and relief valve functions to relieve 
the pressure at the fuel shutoff solenoid 
valve. 

If necessary precautions are not taken in the 
storage of fuel. in the transfer of fuel to 
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........... 

1. Fuel injection pump 10. Pump mounting capscrew 19. 0-ring 
2. Support bracket 11. Pump mounting flange 20. Camshaft gear 
3. Governor 12. Filter assembly 21. Gear mouting capscrew 
4. Oil drain tube 13. Gasket 22. Timing gear housing 
5. Throttle lever 14. Filter screen 23. Pump drive gear 
6. Stop lever 15. Spring 24. Pump drive gear hub 
7. Oil supply tube 16. Glass bowl 25. Capscrew .. - nylon - lock 
8. Hand primer 17. Clamp nut 26. 0-ring 
9. Fuel supply pump 18. Cl amp 27. Primer pump plunder 

Figure 2. Fuel Injection Pump, Mounting Flange, and Drive Gear 

the fuel tank, and in keeping the fuel tank 
full to prevent condensation, foreign matter 
and water will enter the fuel system and dam­
age the fuel injection pump and fuel injection 
nozzles. The fuel filters are installed in 
the fuel system to clean the fuel before it 
enters the fuel injection pump. 

It is essential that personnel responsible for 
the care and operation of the engine adhere 
to the following maintenance recommendations: 

1. Use only fuel meeting the recommended 
specification. 

2. Store and handle fuel with utmost care 
to prevent water and foreign matter from 
entering the fuel system. 

11000 11 OOOMKI I Revision 1 

3. Properly maintain fuel oil filters. 

4. When required, remove injection nozzle 
holder assemblies; adjust the opening 
pressure and check the spray pattern. 

5. If injection pump is equipped with 
fuel supply pump, daily inspect 
glass bowl for water and sediment. 
Clean as required. 

6. Periodically check the injection pump 
timing. 

7. Keep all fuel line connections, filters, 
injection pump and injection nozzle 
assemblies tightened securely (specified 
torque) to the engine. 

1.12 
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8. Before removing any part of the fuel 
injection system from the engine be sure 
to wash the part with cleaning solvent, 
also the surrounding area to prevent 
the entrance of abrasives into the 
system. Cover all openings immediately. 

B. FUEL FILTERS 

1 • Genera 1 

E-255g 

The fuel filters are of the spin-on 
throw-away type which screw onto 
a header (Figs 3 and 3A). 

The current type filtering system (Fig 
l) consist of a primary fuel filter/water 
separator (Fig 3A) which collects dirt 
and sediment from the fuel and pre-
vents it from entering the fuel supply 
pump. A drain cock is located in the 
bottom of the primary filter allowing 
water and contaminants to be drained 
from the filter. Any dirt or sediment 
passing through the primary filter 
and the fuel supply pump is collected 
in the dual secondary filters (Fig 3). 

Fuel from the fuel tank enters the pri­
mary filter passing around the outside 
and through the filter medium. Filtered 
fuel from the primary filter passes 
through the supply pump to the dual 
secondary fuel filters. The fuel enters 
both filters at the same time, passing 
around the outside and through the 
filter medium. Cleaned fuel from the 
center-of each filter is forced into a 
common passage in the filter head and 
passes through a tube assembly connected 
to the fuel inlet of the injection pump. 

3 

1. Filter header 4. Gasket 
2. Threaded insert 5. 0-ring 
3. Filter 6. Vent plug 

Figure 3. Fuel Filter 

The early type filtering system (Fig lA) 
did not have the fuel filter/water 
separator. Fuel from the tank was 
drawn by the fuel supply pump from the 
tank and forced through the duel filters 
(Fig 3). Cleaned fuel from the filters 
entered the injection pump. 

In addition to the fuel filters, the 
supply pump (Fig 2) on the side of the 
injection pump has a glass bowl in 
which is contained a filter screen~ 
The fuel from the tank passes through 
this filter before it enters the supply 
pump. 

2. Filter Maintenance 

E-2801 

In warm weather, open the drain cock 
in the bottom of fuel filter/water 
separator before starting the daily 
operations. In cold weather, when there 
is the possibility that the condensed 
water will freeze, drain the con­
taminants shortly after the end of 
daily operations. Allow the filter 
to drain until the fuel runs clean. 

Replace the filters and o-rings at 
600 hours or 12 months whichever 
occurs first, (more often when operating 
conditions warrant) or when filter 
become clogged. Clogged filters 
are usually indicated by irregular 
engine performance. 

1 . Fi 1 ter header 5. Drain cock 
2. Vent screw 6. Filter 
3. 0-ring 7. Threaded insert 
4. Gasket 

Figure 3A. Primary Fuel Filter and 
Water Separator 
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When performing .. fi 1 ter maintenance, 
close fuel tank shutoff valve, if 
level of fuel is above the filters. 

a. Fuel Supply Pump Filter 

If applicable, daily inspect the glass 
bowl (Fig 2 Item 16) of the fuel 
supply pump. If necessary empty sedi­
ment from the bowl and clean the bowl 
and filter screen (14) as follows: 

(1) Unscrew bowl clamp nut (17) and 
swing clamp (18) to one side. 

(2) Remove bowl (16), filter screen 
(14), and spring (15). 

(3)' The bowl gasket (13) will remain 
in the supply pump body. Remove it 
for inspection and if it is damaged, 
replace it. 

(4) Wash bowl and filter screen in fuel 
oil. Direct a blast of dry, low 
pressure, air through the screen. 

(5) Install filter screen and spring, 
making certain screen is properly 
seated in supply pump body. 

(6) Install glass bowl and position 
clamp in bottom of bowl. Tighten 
clamp nut securely. 

b. Fuel Filters (Figs 3 and 3A) 

(1) Clean all dirt from around filter, 
filter head, and surrounding area. 

NOTE: If fuel level in the tank is above 
the filters, close fuel tank shutoff 
valve. 

(2) Unscrew and remove filter and o-ring 
from filter head. Discard filter and 
o-ring. 

(3) Clean dirt and sediment from filter 
head. 

(4) Position new o-ring from filter 
replacement kit on threaded insert 
in filter head. Screw new filter by 
hand into position until gasket 
contacts base of filter head. Using 
hand pressure, tighten filter 1/2 
to 3/4 of a turn more. 

CAUTION: Do not use any tools to tighten 
filter. Do not use sealing compounds or 
lubricants. Always use an Allis-Chalmers 
replacement filter. 

(5) If applicable, open tank shutoff 
valve. 

(6) Prime fuel system (refer to Para­
graph C). 

C. PRIMING FUEL SYSTEM 

When the fuel filters are replaced it is 
necessary to vent.the air from the new 
filters. If the engine ran out of fuel, 
it is necessary to vent the air from the 
.filters and fuel gallery of the fuel in­
jection pump. This hastens engine starting 
and eliminates excessive use of the starter 
to crank the engine, thus activating the fuel 
supply pump to force the air out of the low 
pressure system. 

The procedure to primer the low pressure 
system with current and early filter arrange- . 
ments and standard fuel supply pump is as 
follows: 

1. Priming Low Pressure System 

a. If engine ran out of fuel, fill fuel 
tank. If fuel tank is equipped with 
a fuel shutoff valve, make certain 
it is in the open position. 

b. Loosen filter vent. Refer to Figure 
3, Item 6. 

c. Unlock the plunger of the primer 
pump (Fig 2, Item 27) by turning it 
counterclockwise several turns. Move 
the primer pump plunger up and down 
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in a pumping motion to fill the fil­
ters with fuel and to expel the air 
from them. 

NOTE: If fuel inJection pump is not 
equipped with a primer pump and the fuel 
level in the fuel tank is above the 
filters, loosen filter vent plugand fuel 
by gravity will force the air from the 
filters. If fuel supply is below fil­
ters, cranking the engine will acti­
vate the fuel supply pump to fill the 
filters and force the air from them. 

d. When fuel free of air bubbles ap­
pears at the filter vent, tighten the 
the vent screw securely, while con­
tinuing to operate hand primer plun­
ger. 

e. Continue to operate the primer pump 
plunger to expel the air from the 
fuel gallery of the injection pump. 

f. If the low pressure system has been 
properly primed, the hand primer will 
have a "sol id" feel. If the primer 
has a "spongy" feel, an air leak in 
the fuel lines on the suction side 
of the fuel transfer pump is indi­
cated. Correct the malfunction and 
prime the system again. 

CAUTION: Make certain the hand primer 
pump plunger is at the bottom of its 
stroke and locked in position before 
attempting to start the engine. 

2. Priming High Pressure System. 

1.12 
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The high pressure fuel system is usually 
self-priming due to the fact that any 
air trapped by the fuel injection pump 
plungers is forced out through the 
fue 1 i njec ti on nozzles and into the 
engine combustion chambers. However, 
in the event the fuel lines have been 
removed, the engine has run out of fuel, 
or the engine has not been operated for 
some time, priming of the high pressure 
system may be necessary to facilitate 
engine starting. 

Prime the high pressure fuel system as 
follows: 

a. Place the engine speed control in the 
high speed position. 

b. Loosen connector nut attaching the 
upper end of each fuel injection 
line to its corresponding nozzle­
holder assembly. 

E-2177 

1. Timing pin hole 
2. Timing mark window 
3. Timing mark - pump drive gear 
4. Timing mark - pump drive gear hub 
5. Timing pointer 

Figure 4. Timing Marks - Injection Pump 

c. Crank engine with the starter until 
fuel flows from ends of all fuel in­
jection lines. Tighten fuel line con­
nector nuts. 

d. Repeat above Steps band c for each 
of the remaining injection lines. 

CAUTION: Do not use starting motor con­
tinuously for more than 30 seconds. After 
30 seconds of use, pause two minutes to 
allow it to cool. 

D. FUEL INJECTION PUMP 

The injection pump is a constant stroke, in­
line, multiple plunger type pump. It is gear 
driven in a clockwise rotation at the rear of 
the timing gear housing. 

1. Fuel Injection Pump Rerooval (Figs. 1 and 
2} 

a. Before removing the injection pump 
from the engine, remove the plug from 
the timing mark window (Fig 4, Item 2} 
of the pump mounting flange. Turn 
engine flywheel until mark on gear 
hub is aligned with pointer on front 
of pump. This will position the Number 
1 piston on its compressions stroke 
and facilitate pump installation. 
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b. Disconnect engine stop and speed 
control linkage from the governor. 

c. Remove hydraulic pump drive assembly 
located below fuel injection pump. 
if engine is so equipped. 

NOTE: A 5/16", 12 point. deep socket 
is required to remove the cap screws 
securing the hydraulic drive housing 
to the timing gear housing. 

d. If fuel level in fuel tank is above 
fuel filters, close fuel shutoff 
valve. 

e. Disconnect fuel supply tube from 
inlet of the fuel supply (transfer) 
pump. 

f. Remove fuel return lines from pump 
relief valve and tee. 

g. Remove the line nuts from the fit-
tings at the ends of the fuel 
supply tube between the pump fuel 
inlet and filter and the fuel sup-
ply tube between the fuel supply 
pump and the filter. loosen, but do 
not remove the capscrews securing 
the line clamps to the line bracket. 
Swing up the ends of the tubes so 
they do not interfer with the re-
moval of the injection pump. 

h. Remove capscrew securing line 
bracket to cylinder block. 

i. Remove upper cap screw securing 
injection pump rear support to 
cylinder block. 

j. loosen line nuts and remove the ends 
of the No. 1 injection line from the 
injection pump and nozzle holder 
assembly. Swing ends of line out of 
the way. It is not necessary to re-
move its line clamps. 

k. Remove line nuts from balance of 
injection lines at the injection 
pump. 

1. Swing the fuel supply tubes out of 
the way and wire them and the in-
jection lines to the intake manifold 
so that they do not interfer with 
the ·removal of the injection pump. 

m. Disconnect the lower end of the 
injection pump lube oil supply line 
from the fitting in the cylinder 
block directly below the injection 
pump. 
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1. Pump drive gear 
2. Current 4 hole type mounting flange 
3. Self-locking capscrews -
4. _Hole for timing pin 

Figure 5. Fuel Injection Pump Drive Gear 

n. Rell)Ove the injection pump lube oil 
return line from the injection pump 
governor and cylinder block. 

o. Remove the 4 capscrew (nylon pellet 
type) securing the injection pump 
mounting flange to the timing gear 
housing (Fig 5). 

p. Remove by pulling back and swinging 
the rear of the injection pump away 
fran the cylinder block as the pump 
drive gear clears the timing gear 
housing. 

q. Remove drive gear by removing the 3 
self-locking capscrews that secure it 
to the gear hub on the injection pump 
camshaft. 

r. Remove the capscrews, lockwashers, 
and plain washers securing the in­
jection pump to the mounting flange. 

2. Fuel Injection Pump Installation and 
Timing Pump to Engine 

Install the injection pump and time it 
to the engine as follows: 

a. If the engine was not rotated from 
its position since the injection pump 
was removed as indicated in the above 
Subparagraph 1, the engine is properly 
positioned for installation of the in­
jection pump. If the engine has been 
rotated or overhauled, make certain 
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1. Flywheel housing 
2. Timing pointer 
3. Timing degrees 
4. Flywheel 

Figure 6. Timing Marks on Flywheel 

the Number 1 piston is on its com­
pression stroke before installing the 
injection pump on the engine. 

To make certain that the Number 1 
piston (the piston nearest the fan) 
is on the compression stroke, remove 
the cylinder head covers so that the 
valve action can be observed. Hand 
rotate the flywheel until the Number 
6 cylinder exhaust valve is nearly 
closed and the Number 6 cylinder 
intake valve is just starting to 
open. 

Continue to rotate the flywheel very 
slowly until the specified number of 
timing degrees. BTDC. is aligned with 
the pointer in the flywheel housing 
(Fig 6). 

b. Install 0-ring in groove of injection 
pump. Assemble mounting flange on 
injection pump using capscrews. lock­
washer. and plain washer. Tighten 
capscrews securely. 

c. Install 0-ring in groove of mounting 
flange. 

d. For ease of installation. install the 
lube oil supply tube and elbow in the 
oil inlet opening located on the 
engine side of the injection pump 
body. 

e. Rotate fuel injection pump camshaft 
until timing mark on the pump drive 
gear hub appears in or near the 
upper pipe plug hole (timing window) 
of the mounting flange. 
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1. Fuel pump drive gear .. 
2. Fuel pump camshaft and 

gear hub retaining nut 
3. Self-locking capscrews 
4. Elongated holes in gear 
5. Access cover location 

Fiqure 7. Fuel Injection Pump Drive Gear 

f. Assemble the drive gear to gear hub 
of the injection pump as fol lows: 

(1) The rear of the drive gear is scribed 
with a timing mark. Assemble the gear 
to the drive gear hub on the injection 
pump with the timing mark aligned with 
the mark on the drive gear hub (Fig 4). 

(2) If the injection pump is to be in­
stalled on an engine without the 
camshaft gear driven auxiliary drive 
assembly. tighten the 3 self-lock­
ing gear retaining capscrews (Fig 7, 
Item 3) but not so tight that the 
gear hub and pump camshaft cannot be 
turned. Remove access cover (5) 
from front of timing gear housing 
cover opposite the injection pump 
drive gear location. 

g. Assemble pump to engine as follows: 

(1) Position timing mark on drive gear 
hub with the pointer on front of the 
injection pump. 

(2) Insert pump into opening of timing 
gear housing and mesh pump drive 
gear with camshaft gear. 

(3) Secure pump mounting flange to timing 
gear housing with nylon pellet type 
capscrew. Tighten the capscrew5 

securely. 

(4) Place 1-1/16" socket and handle on 
drive gear hub retaining nut on end 
of pump camshaft (Fig 6, Item 2). 
Turn pump camshaft to align timing 
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mark on gear mounting hub with 
pointer on pump. Tighten securely 
the 3 self-locking capscrews re­
taining the gear to the hub. 

k. Through the upper timing wondow, ob­
serve the timing marks on the gear 
and hub. They must be aligned with. 
the pointer on the front of the in­
jection pump. Install the pipe plugs 
in the timing hole windows. 

i. Install the lube oil supply and re­
turn tubes, the rear support brac­
ket, nozzle-holder high pressure 
lines, and the low pressure tubes 
between the injection pump, filters, 
and fuel tank. 

j. Vent the air from the injection pump 
and filters. Refer to Paragraph C, 
titled, Priming Fuel System. 

k. Connect engine stop and speed con­
trol linkage to the governor. 

1. If hydraulic drive was removed, re­
install it below the injection pump. 

m. If the injection pump is to be in­
stalled on a engine with the cam­
shaft gear driven auxiliary drive 
assembly (Fig 8), align the gear 
and hub timing marks and tighten 
securif'y the 3 self-locking cap­
screws which secure the gear to the 
hub. Install the pump as follows: 

{1) Rotate injection pump gear and in­
jection pump camshaft until the 
timing marks on the gear and hub 
appear in the upper timing window 
of the mounting flange (Fig 4). 

' (2) To faci1ttate the timing and in­
stallation of the pump make up a 
timing pin to the dimensions in 
Figure 9 and a 3/8"-16 thread by 
3" (76. 20 nm) 1 ong guide stud 
(Fig 10, Item 4). 

{3) Install the timing pin through the 
lower window of the mounting flange 
and into the hole in the gear. This 
will lock the pump in position so 
that the proper pump drive gear 
tooth will mesh with the engine 
gear train. 

(4) Position pump with its drive gear 
in the opening in the rear of the 
timing gear housing. With the pump 
held in this position, install the 
guide stud or capscrew through the 
lower left hand hole in the pump 
mounting flange and into the gear 
housing. This will serve to posi-
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1. Gear - auxiliary drive assembly 
2. Timing gear housing 
3. Setscrew - nylon pellet type 
4. Front tappet cover 
5. Camshaft gear 

Figure 8. Timing Gear Housing 

tion the pump and act as a support 
to hold the pump in place. · 

(5) Insert a pry bar or heavy duty screw­
driver through the loop in the timing 
pin and slowly pry upward with the 
left hand while pushing the pump for­
ward with the right hand, until the 
pump drive gear enyages the camshaft 
gear. 

NOTE: If difficulty is experienced in 
meshing the pump drive gear with the cam­
shaft gear, slightly rotate the engine 
flywheel one way or the other until they 
do mesh. 

r 
--5.SO- ···-· 
139.70mm j 

TT 
19.05mm 

l7 

l 
.45mm 

.250 OD Stock 
6.35mm 

Figure 9. Timing Pin Details 
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1. Injection pump mounting flange 
2. Timing pin 
3. Timing marks 
4. Guide stud 

Figure 10. Installing Fuel Injection Pump 

(6) With the injection pump flange held 
tight against the timing gear · 
housing, the mark on the gear and 
hub wust align with the pointer on 
the front of the injection pump and 
the specified number of timing 
degrees on the flywheel must be 
aligned with the pointer in the 
flywheel housing. 

If these timing marks do not line 
up, remove injection pump and re­
peat the above installation pro­
cedure. 

(7) Secure the injection pump in posi­
tion by installing the 3 nylon 
pellet type capscrews through the 
mounting flange and into the gear 
housing. Remove the guide stud and 
install the remaining capscrew. 
Tighten all capscrews securely. 

(8) Complete the installation of the 
pump by following the procedure in 
above Steps h thru l. 

1.12. 
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E. GOVERNOR 

All engines when leaving the factory are 
equipped with carefully calibrated, ad­
justed and sealed fuel injection pumps 
and governor. 

CAUTION: Breaking of the seals and 
changing adjustments, from other than 
approved performance specifications, 
which are responsible for failure will 
not be considered as warrantable 
failures. 

No lubrication nor regularly schedule ser­
vice, other than operational checks, on 
the governor assembly is required as it is 
engine lubricated and the governor very 
seldom gets out of working order. If the 
engine speed is irregular, check the fuel 
system and all other engine adjustments 
before changing the governor setting. 

l. Check Engine Speed 

a. Operate the engine until operating 
temperature is obtained. 

b. If engine is not eqipped with an 
instrument panel mounted tachometer, 
the engine speed can be checked with 
a stroboscopic type by marking the 
crankshaft front pulley or the fly­
wheel. 

c. Move the accelerator or throttle to 
its low and high speed positions and 
make certain the control moves the 
governor speed control lever through 
its full arc of travel. 

d. Start the engine and operate at low 
idle. Check engine speed to see if 
rpm is within the specified range. 

e. Move the accelerator or throttle so 
the engine operates at high idle. 
Check engine speed to see if rpm is 
within the specified range. 

f. If engine speeds are out of speci­
fied range, it is necessary to adjust 
the governor speed settings. 

2·. Low Idle Adjustment (Fig 11) 

a. With engine running, loosen the jam 
nut on the low idle adjusting screw. 
Hold governor speed control lever so 
control lever stop contacts the low 
idle adjusting screw. Turn the idle 
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1. High idle adjusting screw 
2. Securing link 
3. Seal and flat head screw 
4. Speed control lever 
5. Low idle adjusting screw 
6. Jam nut 

Figure 11. Governor Speed Adjustments 

adjusting screw as necessary to in­
crease or decrease low idle speed. 

b. When specified low idle speed is 
obtained. hold the low idle adjusting 
screw and tighten the jam nut. 

3. High Idle Adjustment (Fig 11) 

a. Remove the flat head screw seal from 
the securing link of the high 4dle 
adjusting screw. Remove flat head 
screw securing the link and remove 
link in order to gain access to the 
high idle adjusting screw. 

b. With engine running, loosen jam nut 
on the high idle adjusting screw. 
Hold governor speed control lever 
so control lever shaft stop contacts 
the high idle adjusting screw. Turn 
adjusting screw as necessary to in­
crease or decrease the high idle 
speed. 

4. Fuel Injection Pump Adjustments 

Most Allis-Chalmers dealers are equipped 
with fuel injection pump calibrating and 
test stands and with the special tools 
required to test, adjust, and repair 
this assembly. Therefore, if at any 
time the fuel injection pump and gover­
nor assembly requires repairs or adjust­
ment, the assembly should be removed and 
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taken to your All is-Chalmers dealer. It 
is important the dealer be furnished 
with the pump serial number to facilitate 
repair. 

F. FUEL SUPPLY (TRANSFER) PUMP 

The fuel transfer pump is mounted directly on 
the fuel injection pump. The purpose of the 
pump is to supply fuel under low pressure, to 
the fuel sump of the injection pump. 

Periodically the fuel transfer pump should be 
removed and inspected. Disconnect the fuel 
lines from the fuel transfer pump. Remove the 
nuts, lockwashers, and plain washers attaching 
the transfer pump to the fuel injection pump 
and remove the transfer pump and hand primer 
(if engine is so equipped) as an assembly. Con7 
nect a piece of tubing to the fitting on the 
inlet side of the pump and place the free end 
of the tubing in a container of clean diesel 
fuel. 

Work the tappet assembly in and out, by hand, 
until fuel flows from outlet side of the trans­
fer pump. If a solid flow of fuel does not 
emerge from the outlet opening, weak valve 
springs and/or worn or damaged valves or valve 
seats are indicated. Disassemble the transfer 
pump and inspect the various components. If 
the valve seats are damaged in any way the 
transfer pump must be replaced as a unit. 

G. CHECKING THE FUEL SYSTEM 

The fuel system·should be checked if the engine 
runs rough, misses, stalls when idling, or 
seems to lack power. These symptoms are indica­
tive of an inadequate fuel supply. 

Before performing any of the following checks, 
make certain that there is an ample supply of 
clean fuel in the fuel tank and that the fuel 
tank shutoff valve is open. 

1. Check for Admission of Air into the 
System 

Loosen the vent screw in the filter head. 
Crank the engine with the starter. If 
fuel containing bubbles is observed 
flowing from the vent screw, air is be­
ing drawn into the system on the suction 
side of the fuel supply pump. Correct 
this situation by tightening any loose 
connections between the supply pump and 
fuel tank. Check all lines and fittings 
for tightness. 

NOTE: If little or no fuel flows from 
around the loosened vent screw check 
for clogged filters. Refer to Step 2 
below. 
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2. Check for Clogged Fuel Filters and 
Clogged or Collapsed Fuel Lines 

Loosen vent screw in the top of filter 
head (Fig 3). Crank the engine with 
starter. If a full flow of fuel cannot 
be observed from around the loosened 
vent screw, it is likely that a fuel 
line is clogged or collapsed, or that 
the filters are clogged. 

3. Check for Inoperative Fuel Supply Pump 
or Fuel Pressure Relief Valve 

The fuel supply pump should deliver more 
fuel to the fuel gallery of the fuel 
injection pump than is required for 
engine operation. The fuel pressure 
relief valve, connected in the fuel re­
turn passage of the fuel injection pump, 
controls the maximum fuel pressure with­
in the fuel gallery. The relief valve 
is set to open between 16 and 18 psi · 
(110 and 124 kN/m2), with the engine at 
operating temperature and running at 
high idle no load. 

When pressure exceeds the relief valve 
setting, the relief valve opens and 
allowsthe excess fuel to return to the 
fuel tank through the fuel return line. 

Check for an inoperative fuel transfer 
pump or an inoperative fuel pressure 
relief valve as follows: 

a. Install a pressure gauge between the 
fuel outlet of the injection pump 
and the pressure relief valve. 

b. Start the engine and operate at high 
idle no load speed. Observe the pres­
sure gauge. The gauge should indicate 
a pressure between 16 and 18 psi 
(110 and 124 kN/m2). If the reading 
on the gauge does not fall within the 
prescribed limits, stop the engine 
and disconneet the relief valve-to­
fuel tank return line from the relief 
valve. 

c. Start the engine and operate at high 
idle no load speed. Check the read­
ing on the pressure gauge. 

1.12 
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If the pressure indicated is below 
the specified minimum, check the flow 
of fuel from the disconnected return 
fuel line. A full flow indicates t~at 
the pressure relief valve is stuck in 
the open position. Little or no flow 
indicates that the fuel transfer pump 
is malfunctioning. 

If the pressure indicated is above 
18 psi (124 kN/m2), the fuel pres­
sure relief valve is not functioning 

properly. The relief valve must be. 
replaced as a unit. 

d. Stop the engine and reconnect the fuel 
return line to the relief valve. 

4. Check for Malfunctioning Fuel Injection 
Nozzle 

Run the engine at low idle and "cut out" 
each fuel injection nozzle holder in turn 
by loosening the fuel injection line nut 
which attaches the line to the fuel in­
jection pump. 

WARNING: KEEP HANDS AWAY FROM THE LOOSEN­
ED LINE NUTS WHILE PERFORMING THIS TEST. 

A decrease in engine speed accompanying· 
the loosening of a line nut indicates the 
nozzle holder assembly for that cylinder 
is functioning normally. Retighten the 
line nut and proceed to the next. 

If the engine speed does not drop and the 
engine performance does not change as a 
line nut is loosened, it is probable that 
the nozzle holder for that cylinder is 
faulty. ·stop the engine, and remove and 
test the nozzle holder. 

5. Check for Inoperative Fuel Injection Pump 

First, check all other causes for an in­
sufficient supply of fuel. If the engine 
still does not perform in a satisfactory 
manner, check the compression of each 
cylinder (refer to Topic 9). The com­
pression test will indicate whether or 
not burned or stuck valves, worn or scored 
pistons and sleeves, worn or stuck rings, 
or similar malfunctions are the cause of 
improper engine performance. 

If the fuel injection pump is suspected 
of being faulty, remove the assembly and 
take it _to your Allis-Chalmers dealer for 
testing and repair. 

H. FUEL INJECTION NOZZLE HOLDER ASSEMBLY 

1. Description 

Each engine cylinder (Fig 13) is provided 
with a multihole, differential needle, 
hydraulically lifted, fuel injection nozzle 
holder assembly. The function of each noz­
zle holder assembly is to direct a metered 
quantity of fuel received from the fuel 
injection pump into the corresponding 
engine combustion chamber in a highly 
atomized, predetermined spray pattern, 
and in such manner as to produce the most 
efficient performance. 
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1: Pump housing 13. Valve 
2. 0-ring 14. Valve spring 
3. Pump plunger 
4. Pressure spindle 

15. Screw plug 
16. Gasket 

5. Spring 17. Filter 
6. Retaining screw 18. Sediment bowl 
7. Gasket 19. Gasket 
8. Roller tappet 20. Spring 
9. Roller 21. Clip 

10. Roller pin · 22. Clamping nut 
11. Sliding block 23. Stud 
12. Snap ring 24. Hand primer 

Figure 12. Fuel Transfer (Supply) Pump 

Each fuel injection nozzle holder as­
sembly (Fig 15) consists of two assem­
blies: an injection nozzle holder as­
sembly and an injection nozzle assembly. 
The holder assembly positions the noz­
zle in.the cylinder head and provides 
a means of conducting fuel received 
from the fuel injection pump to the 
nozzle. 

The current type holder assembly (Fig 
14} consists of a steel holder body, 
two locating dowels, spindle, spindle 
spring, wear washer, pressure adjust­
ing screw, adjusting screw locknut, a 
nozzle retaining nut and an o-ring lo­
cated in an internal groove of the 
body spring compartment. This o-ring 
and the lower portion of the adjusting 
screw form a seal which prevent fuel 
oil leakage from the spring compart­
ment. 
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1. Cylinder head 
2. Fuel injection nozzle 

holder assembly 
3. Fuel injection nozzle 
4. Piston 
5. Combustion chamber 

Figure 13. Combustion Chamber and Nozzle 
Holder Location (Typical) 

NOTE: The top end of the current nozzle 
holder assembly is approximately 1 inch 
(25.40 rrm) lower than the early type. 
When the current type is intermixed. with 
early type nozzle holder assemblies and 
drip manifold, an adaptor (Fig 14, Item 1) 
and gasket (t) are required •. 

The early type holder assembly (Fig 14) 
consists of a steel holder body, two 
locating dowels, spindle, spindle spring, 
pressure adjusting screw, adjusting screw 
locknut, gaskets, cap nut. and a noz-
zle retaining nut. 

The nozzle assembly (Fig 14 Item 14) 
consists of. a nozzle valve and a nozzle 
body in which are located four spray 
orifices, equally spaced 90' apart. The 
nozzle valve is operated hydraulically 
within the valve body by fuel delivered 
under pressure by the fuel injection 
pump. The nozzle is positioned on the 
holder by two dowels (Fig 15 Item 4) 
whereby the four spray orifices are 
fixed on a plane parallel to the piston 
top (Fig 13), and the nozzle fuel 
duct is registered with the holder fuel 
duct. 
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A certain amount of fuel seepage between 
the lapped surfaces of.each nozzle valve 
and valve body is normal and necessary 
for lubrication. This fuel accumulates 
around the spindle and in the spring 
compartment of the fuel nozzle, and is 
returned through the fuel drip manifold 
and fuel return line to the fuel tank. 

Fuel enters the nozzle holder fuel inlet 
passages, passes through the ~older fuel 
duct into the nozzle fuel duct via an 
annular groove in the nozzle body, and 
then into the pressure chamber above the 
nozzle valve seat. The instant the pYes­
sure of fuel in the pressure chamber 
exceeds pressure exerted on spindle and 
nozzle valve by the spindle spring, the 
nozzle valve is lifted off its seat and 
fuel is forced through orifices in the 
valve body end and into the corresponding 
engine combustion chamber. The nozzle 
valve is returned to its seat by pressure 
exerted by the spindle spring when the 
fuel injection pump has ceased to deliver 
liver fuel to the nozzle holder. 

Two dust shields (Fig 14, Item 17) are 
installed on each nozzle holder to prevent 
moisture and foreign matter from enter­
ing nozzle holder bore in cylinder head. 

2. Maintenance 

After each operating interval of approx-· 
imately 3000 hours, the fuel injection 
nozzles should be removed, cleaned, 
tested, and adjusted if necessary. The 
specified opening ("popping") pressure 
of the turbocharged (model 11000) engine 
is 3800 to 3850 psi (26200 to 26545 
kN/m2). . 

The opening pressure is adjusted with 
the pressure adjusting screw (Fig 14, 
Item 5). Turn the adjusting screw 
counterclockwise to decrease opening 
pressure and clockwise to increase 
opening pressure. A nozzle.tester 
with an accurate pressure gauge must 
be used to observe the opening pres­
sure spray pattern and general function 
of the nozzle. 

3. Fuel Injection Nozzle Holder Removal 

a. Thoroughly clean fuel injection noz­
zle lines, connectors, and surround­
ing area. 

b. Remove fuel drip manifold and dis­
connect injection lines from nozzle 
holder assemblies. 
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1. Nozzle holder assembly 
2. Wrench-holding locknut 

.• 3. Wrench-turning adjusting screw 
4. Nozzle tester 
5. Valve handle 
6. Tester handle 
7. Spray collector 

Figure 17. Adjusting Nozzle Opening Pressure 
(Current Type Nozzle Holder Assembly) 

CAUTION: Do not bend lines when dis­
connecting. Cover all openings im­
mediately to prevent entrance of dirt. 

c. Remove capscrews and lockwashers .. · 
securing nozzles to cylinder head. 

CAUTION: Use care when removing an in­
jection nozzle to prevent striking noz­
zle tip against a hard object which 
could result in damage to the tip. 

d. Remove nozzles from cylinder head by 
using two small pry bars. 

e. Remove dust shields from nozzle hold­
ers. If dust shields are brittle, 
torn or deteriorated, they must be 
replaced. 

4. Testing and Adjusting Fuel Injection 
Nozzle Holder 

A nozzle tester similar to the one 
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illustrated in Figure 17 is required to 
properly test dnd adjust fuel injection 
nozzles. 

WARNING: KEEP HANDS AWAY FROM NOZZLE 
TIP WHEN POPPING A NOZZLE. THE FINELY 
ATOMIZED FUEL IS EJECTED WITH SUF­
FICIENT FORCE TO PENETRATE THE SKIN 
ANO CAUSE BLOOD POISONING. 

1.12 

Test and adjust each fuel injection 
nozzle as follows: 

a. Bolt or clamp base of nozzle tester 
to a work bench. 

b. Turn nozzle tester valve handle to 
the open position. Loosen filler 
cap to prevent air lock in the test­
er. Operate handle until fuel flows 
from end of tester fuel line, then 
close valve. 

c. Connect nozzle holder to fuel line 
of tester. Place spray collector 
under valve end of nozzle. 

d. Open nozzle tester valve. Operate 
handle a few quick strokes and ob­
serve nozzle opening pressure indi­
cated on pressure gauge. Specified 
nozzle opening pressure is 3800 to 
3850 psi (26200 to 26545 kN/m2). 

e. Adjust fuel injection nozzle to 
obtain specified opening pressure 
as fol lows: 

(1) Loosen adjusting screw locknut. 

(2) While operating handle, turn pres­
sure adjusting screw IN to increase 
or OUT to decrease opening pressure. 
When the specified pressure is 
obtained, hold adjusting screw and 
tighten locknut to 60 lb-ft (81 Nm) 
torque. 

f. Ory the nozzle tip. Operate handle 
slowly until pressure is approxi­
mately 200 psi (1379 kN/m2) below 
opening pressure. Observe nozzle tip 
for fuel leakage. If nozzle does not 
leak, the nozzle valve is seating 
properly in the valve body. If drops 
of fuel collect at a pressure of 
approximately 200 psi (1379 kN/m2), 
or less, below opening pressure, the 
nozzle valve is not seating properly. 
In this case, the valve body and 
valve must be removed for cleaning 
and inspection. 

g. If the nozzle proved satisfactory 
when subjected to the leakage test 
above, operate handle at a speed of 
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1. Adjusting screw 
2. Locknut 
3. Nozzle-holder assembly 
4. Holding fixture 

Figure 18. Loosening Pressure 
Adjusting Screw Locknut 

approximately 100 strokes per minute 
and.observe nozzle spray pattern. 

h. The nozzle tip has 4 equally spaced 
holes, 90' apart. Size and spacing of 
these holes determines the spray pat­
tern. If fuel is discharged evenly 
through all 4 holes at the specified 
opening pressure, the spray pattern 
is considered satisfactory (Fig 19). 

HT-50063 

Figure 19. Acceptable Spray Pattern 
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1. Cleaning wire 
2. Pin vise 
3. Valve body 

Figure 20. Cleaning Nozzle Orifices 

i. If the fuel is not discharged evenly 
from all 4 holes, a plugged hole(s) 
is indicated, in which case, the 
nozzle must be removed and cleaned 
using a proper size cleaning wire 
(Fig 20). Refer to Paragraph D of 
Topic 2 and Paragraph of Topic 
for cleaning wire size and tool part 
number. 

j. To remove nozzle from holder, loosen 
pressure adjustment locknut (Fig 18) 
to relieve tension on spindle rod, 
then remove nozzle retaining nut and 
nozzle. 

k. Install new or cleaned nozzle on 
holder and tighten retaining nut to 
60 lb-ft (81 Nm) torque. 

1. Connect nozzl~ holder assembly to 
tester and adjust nozzle openin9 
pressure to 3800 - 3850 psi (26200 
to 26545 kN/m2). Tighten adjusting 
screw locknut to 60 lb-ft (81 Nm) 
torque. 

5. Installation of Fuel Injection Nozzle 
Holder Assembly 

a. Thoroughly clean nozzle holder bores 
in cylinder head. When cleaning bores, 
make certain old nozzle holder gaskets 
are removed because new gaskets must 
be used when installing the nozzle 
holders. Make sure no small particles 
of carbon are in nozzle holder bores 
that could prevent nozzle holder 
gaskets from seating properly, there­
by permitting "blow-by" from the 
cylinders. 
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1. Fuel injection nozzle sleeve 
Carbon removing tool 

2. Cylinder head 

1 

2 

Figure 21. Cleaning Carbon from Fuel 
Injection Nozzle_Sleeve 

b. Install dust shields (Fig 14, Item 17) 
on nozzle holder (12) and place new 
nozzle gasket (16), concave face 
toward the cylinder head in position 
on nozzle. 

NOTE: Coat nozzle holder body with never­
seize compound to prevent seizure in 
cylinder head. 

c. Carefully position nozzle holder in 
nozzle bore of cylinder head. Install 
nozzle holder lockwashers and capscrew 
for each nozzle but do not tighten at 
this time. Place fuel injection tubes 
in position in nozzle holders. Start 
injection tube nuts but do not tighten 
at this time. Install fuel drip mani­
fold, 

d. Tighten nozzle holder capscrews alter­
nately. Tighten capscrew on one side 
to 6 lb-ft (8 Nm) torque. Tighten 
capscrew on opposite side to full 
specified torque 13 lb-ft (18 Nm). 
Then tighten first capscrew to full 
specified torque. 

e. Tighten injection tube and drip mani­
fold nuts securely. 

f. Start engine and observe fuel 
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injection tubes and fuel drip mani­
fold connections for fuel leakage. 
Correct any leaks found. 

I. REMOVING CARBON FROM FUEL INJECTION 
NOZZLE SLEEVES 

lf the cylinder head has been removed from 
the engine, it is advisable to remove carbon 
deposits from nozzle sleeves with a tool 
similar to the one illustrated in Figure 21. 
Use a wire brush to remove carbon from noz­
zle tip holes in the cylinder head before 
reinstalling it on the engine. 

J. 

CAUTION: Under no circumstances should 
an engine be operated with a leaking or 
"blow-by" nozzle holder because locali­
zation of heat will occur that will dis­
tort the nozzle holder and result in 
serious damage. 

FLOW TIMING THE FUEL INJECTION PUMP 

1. General 

The flow method is used to obtain 
iwecise timing of the fuel injection 
pump to the enigne. The objective of 
this method is to position the number 
1 pump plunger so that it just closes 
off th~ intake port of the barrel. It 
is at this point that the commencement 
of injection occur5. 

The flow method of timing consists of 
removing the delivery valve, subjecting 
the fuel gallery of the injection pump 
to fuel oil pressure, and rotating the 
pump camshaft to locate the fuel shut 
off point of the number 1 pump plunger. 
However, prior to flow timing the pump, 
the following must be checked: 

a. The injection pump must be securely 
mounted. 

b. A new delivery valve holder 0-ring 
and copper gasket must be available. 
These items can be used only one 
time and must be replaced if an ade-
quate seal is to be maintained in 
the pump. 

c. A properly functioning hand primer 
pump or another suitable means of 
applying pressure to the fuel oil in 
the pump gallery must be available. 

2. Procedure 

The following procedure is to be used 
when. using the flow timing method. 
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1. Delivery valve holder 
2. 0-ring 
3. Fill piece 
4. Spring 
5. Gasket 
6. Delivery valve assembly 

Figure 22. Delivery Valve Components 

a. Position the engine crankshaft so that 
the flywheel is at the specified timing 
degree mark when the number 1 piston 
is on the compression stroke. 

b. Remove the screws securing the top 
cover of the injection pump and raise 
the cover up around the injection 
lines ~s far as possible. Clean all 
external surfaces of the injection 
pump, including lines, delivery 
valve holders, and exposed side of 
pump. 

c. Remove access cover or auxiliary drive 
assembly from the timing gear housing 
cover for access to the injection 
pump drive gear. 

d. Temporarily return the top cover to 
its original position and remove the 
number 1 cylinder nozzle holder in-
jection line. 

e. Remove the delivery valve holder (Fig 
19) from the injection pump. Be sure 
to remove all pieces of the destroyed 
delivery valve ho 1 der 0-ri ng. 

f. Remove the fill piece, spring, de-
livery valve gasket, and delivery 
valve assembly from the top of the 
barrel and plunger assembly. The de-
livery valve gasket may remain within 
the delivery valve holder when it is 
rerooved from the injection pump. 

g. Remove the fluted delivery valve from 
the delivery valve body and reinstall 
the delivery valve body, oil gasket, 
and delivery valve holder. Tighten 
delivery valve holder securely. Care 

) 
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) must be taken when handling the de-
livery valve as its surfaces are 
mated with the valve body. 

h. Loosen capscrews securing the pump 
drive gear to the gear hub. 

i. Place the stop lever in the run 
position and the speed control lever 
in the midway position. 

j. Turn injection pump shaft several 
degrees opposite to its normal ro-
tation. 

k. Direction of rotation is determined 
by viewing from the pump drive end. 
Normal rotation of the injection 
pumps is clockwise. 

1. While operating the hand primer pump, 
rotate the injection pump camshaft 
in the direction of normal rotation 
and in very small increments. As the 
number 1 plunger in the injection 
pump starts to close off the fuel 
intake port of the barrel, the vol-
ume of fuel flowing from the delivery 
valve holder will be reduced. 

Continue turning the pump camshaft 
until the fuel stops flowing. At the 

) time when the fuel stops flowing, 
there will be a bluge of fuel on 
top of the delivery valve holder. 
Wipe off this bluge of fuel while 
continuing to operate the primer 
pump. If the bluge of fuel appears 
again, it indicates the fuel inlet 
port in the barrel is not completely 
closed. A very slight rotation of the 
pump camshaft will now cause the 
plunger to close the inlet port. 
When the inlet port is completely 
closed, the bulge of fuel will not 
appear and tHe fuel will remain 
level with the top of the delivery 
valve holder. At this point the 
mark on the pump drive gear hub 
will align with the pointer on the 
injection pump, indicating proper 
timing of the pump to the engine. 

m. Repeat Step l above several times to 
assure the number 1 plunger of the 
injection pump is p~operly positioned 

) 
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to close off the inlet port when the 
pump timing marks are aligned. 

Securely tighten the pump drive ~e~r 
to gear hub capscrews. To be pos1t1ve 
the injection pump is properly timed 
to the engine, bar it over two revo-
lutions in the direction of engine 
rotation. On the second of the two 
revolutions the number 1 piston will 
again be on the compression stroke: 
When the crankshaft reaches approx,-
mately 40 degrees BTDC start operating 
the primer pump. Fuel should flow from 
the delivery valve holder. Continue to 
turn the crankshaft until it reaches 
the specified timing degree mark on 
the flywheel. At this point fuel should 
stop flowing from the deltvery valv: 
holder. If fuel continues to flow with i 

the crankshaft at the specified timing 
degree mark, the injection pump is not 
properly timed to the engine and Steps 
h through 1 must be repeated. 

After the injection pump is properly 
timed to the engine, remove the de-
livery valve holder, copper gaske~, 
and delivery valve body from the 1n-
jection pump. Wash all components in 
fuel oil before reassembly in the in-
jection pump. Start the reassembly by 
placing the delivery valve into the 
delivery valve body and positioning 
this assembly on top of the plunger 
and barrel assembly. 

Next place a new copper gasket on to~ 
of the delivery valve assembly, and 1n-
sert the fill piece into the spring and 
position this assembly on top of the 
delivery valve assembly with the fill 
piece to the top. Lubricate the n:w 
0-ring and position it on the delivery 
valve holder. Screw the delivery valve 
holder into the injection pump and 
tighten to 50-55 lb-ft (68-75 Nm) 
torque. Secure the top cover_t~ the 
injection pump with t~e reta1n1ng. 
screws, connect the high pressure 1n-
jection line to the delivery valve 
holder and tighten the line nut se-
curely. 

The pump and engine have now been 
accurately timed together by use of 
the flow timing method. 

1. 12 
Page 19 



TOPIC 13. LUBRICATION SYSTEM 

A. DESCRIPTION 

Models llOOOand llOOOMKII are pressure lubri­
cated throughout by a gear-type lubricating 
oil pressure pump, driven by the oil pump 
driving gear in mesh with the crankshaft gear 
located on the front end of the crankshaft. 

The engine oil pressure should be between 30 
and 55 psi (207 and 379 kN/m2) when the engine 
is operating at full throttle and with the · 
engine coolant at normal operating temperature. 

The lubrication system of the model 11000 is 
designed so that the engine can operate at. an 
angle of 20° and the llOOOMKII at 30° in any 
direction from horizontal. 

As optional equipment, a 45° oil pan with 
scavenging oil pump is available. 

The pistons of the llOOOMKII engine are cooled 
by engine lubricating oil. The cooling is 
accomplished by directional jets located in the 
the upper main bearing support members of the 
cylinder block. These jets direct a metered 
amount of oil to the underside of the piston 
domes. Oil is routed to the jets by a passage 
(hole) which is connected to the annular oil 
groove in the main bearing. 

To maintain clean oil in the system, two re­
placeable element type full flow filters are 
mounted on a corrmon header on the right side 
of the engine. To supplement these filters, 
a bypass type filter is available as optional 
equipment. 

8. GENERAL MAINTENANCE 

The level of lubricating oil in the oil pan 
should be checked at the start of each period 
of engine operation with the unit in a level 
posit ion. 

The current type oil level gauge (dipstick) 
is shielded to allow the operator to check 
the oil level with the engine either stopped 
or running. The gauge is stamped to indicate 
the two different oil levels. The RUNNING side 
is stamped ADD, FULL and RUNNING. The STOPPED 
side is stamped ADD, FULL, and STOPPED (Fig 2). 

To check the oil level with the engine stop­
ped, use the side of the dipstick marked 
STOPPED. If the engine is stopped after a 
period of operation, allow at least 5 minutes 
for the oil to drain into the oil pan before 
checking the oi 1 level. 

The early type oil level gauge (Fig 2) was 
stamped FULL and LOW, and with the operating 
range. With this gauge, the oil level could 
only be checked with the engine stopped. 

If the oil level is low, add the specified 
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lubricating oil to bring the level to the 
FULL mark on the gauge. 
Once the engine has started, observe the en­
gine oil pressure gauge. If the engine is 
cold, wait several seconds for the pressure 
gauge to indicate normal pressure. If after 
a few seconds, the gauge does not indicate 
normal pressure, stop the engine and correct 
the cause. 

CAUTION: Never operate an engine with 
the oil pressure below the specified 
minimum. Failure to observe this 
caution wi 11 result in damage to the 
turbocharger and other engine components. 

After starting a turbocharged engine, it is 
extremely important that it be allowed to op­
erate at a fast idle for 3 to 5 minutes with­
out load. Permitting the engine to operate 
in this manner assures a free circulation of 
lubricant through the turbocharger bearings. 

Allowing the turbocharger to operate at high 
speed without sufficient lubrication can re­
sult in turbocharger bearing failure within 
30 seconds. 

Is it equally important that all engines be 
allowed to operate at a fast idle without 
load for 5 minutes before shutting down. This 
assures an even cooling of components and 
allows the turbocharger speed to be minimal 
when the supply of lubricant is cut off. 

Maintenance personnel should familiarize 
themselves with the reconmended lubrication 
change periods specified in Topic 8 and with 
the reconmended lubricant specified in Topic 
6. 

C. LUBRICATING OIL FILTERS - STANDARD 

The engine lubricating oil filters (Fig 3) 
are of the full-flow type and contain re­
placeable elements. A drain plug in each 
filter shell permits draining of the filters 
when replacing the filter elements. New 
elements must be installed each time the oil 
pan lubricant is changed (100 hours), or more 
often if conditions warrant. 

A bypass (pressure relief) valve, located in 
the oil filter head permits oil to pass 
directly to the main oil gallery if the oil 
filters become clogged, or when in cold 
weather the oil is too thick to flow freely 
through the filters. 

To change engine oil and replace oil filter 
element, proceed as follows: 
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Figure 1. Lubrication System Schematic Diagram 
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Figure 1. Lubrication System Schematic Diagram, 

1. Rocker arm shaft drain tubes (drains 
back to oil pan) 

2. Restricted rocker arm brackets (No. 3 
and No. 4 cylinders) 

3. Turbocharger (11000 engin~) 
4. Return to oil pan 
5. Connecting rod bearings and to piston 

pins (Drains back to oil pan) 
6. To valve rocker arm shafts 
7. Main bearings 
8. Camshaft bearings 
9. Air cofll)ressor (Optional) 

10. Return to oil pan 
11. Main oil gallery 
12. Fuel injection pump (Robert Bosch only) 
13. Oil supply tube (Robert Bosch only) 
14. Return to oil pan 
15. Restrictor 
16. Piston cooling jets - llOOOMKII onl_y 
17. Crankshaft oil passages 
18. Oil pressure regulating valve 
19. Engine oil cooler 
20. Torque converter oil cooler · 
21. Full-flow type oil filter (standard) 
22. Oil filter bypass valve 
23. _Filter drain plugs 
24. Lubricating oil pump pressure relief valve 
25. Lubricating oil pressure pump 
26. Scavenging oil pump 
27. Scavenging oil pump suction screen 
28. Hand hole covers 
29. Oil drain plugs 
30. Lubricating oil pressure pump suction 

screen 
31. Lubricating oil pump pressure relief valve 
32. Lubricating oil pressure pump 
33. Suction screen 
34. Oil drain plug 
35. Bypass type oi 1 filter (optional) 

-----------
Aoo: :FULL- RUNNING 

_A_o_o----'-:- _;FLJ_~-~ -~-TOPPED J 

OPERATING RANGE 

E-2653 

1. Current type oil level gauge 
2. Early type oil level gauge 

Figure 2. Oil Level Gauges 

1. Drain the engine oil pan and reinstall 
drain plug(s) in oil pan. 

NOTE: The engine should be brought up to 
operating temperature and shut down be­
fore draining the lubricant. 

2. Thoroughly clean filter head, filter 
body, and surrounding area. Remove oil 
drain plug from the oil filter body and 
allow to drain. 

3. Loosen body center bolt and remove center 
bolt, filter body, and filter element as_ 
an assembly from the oil filter head. 

4. Remove the filter element from the filter 
body and discard the element. Remove and 
discard body gasket. 

5. Thoroughly wash and dry interior of 

HT-52311 

1. Snap ring 
2. Element adaptor 
3. Seal 
4. Element seal 

washer 
5. Spring 
6. Oil filter body 
7. Gasket 
8. Center bolt 

9. Drain plug 
10. Body gasket 

l 

2 
3 
4 

5 

6 

7 

8 

11. Filter element 
12. Center bolt adaptor 
13. Filter head assembly 
14. Piston 
15. Piston spring 
16. Cap gasket 
17. Bypass (pressure 

relief) valve cap 

Figure 3. Dual Lube Oil Filter Details 
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1. Washers 
2. Spring 
3. Seal 
4. Handle 
5. Stud 
6. Orifice plug 
7. Element 
8. Center tube 
9. Nuts 

10. Gaskets 
11. Cock, drain 

8 

16 

12. Valve, check (outlet) 
13. Valve, check (inlet) 
14. Housing 
15. Support 
16. Retainer 
17. T-handle 
18. Gasket (0-ring) 
19. Ring, clamp 
20. Cover 
21. Washer 
22. Plug, vent 

Figure 4. Bypass Filter Assembly 
(Luber-Finer Design) 

filter body. Install the new element in 
position in the filter body. 

6. Install filter body assembly in posi­
tion on the filter head using a new 
body gasket. Tighten body center bolt 
to a torque of 45 to 50 lb-ft (61 to 
68 Nm). Install the filter drain plug 
and tighten securely. 

D. BYPASS TYPE OIL FILTER ASSEMBLIES - OPTIONAL 

1. General 

The bypass type filter is of 2 designs, 
the Luber-Finer type and the Fleetguard 
type. 

The purpose of the bypass type filter 
is to supplement the full flow type 
filters mounted on the side of the 

5 

E-2243 

1. Cover 
2. Gasket 
3. Ring, clamp 
4. T-handle/support 

assembly with 0-ring 
5. Element 
6. Ring 

11 

~12 

7. Cage 
8. spring 
9. Disc 

10. Bracket 
11. Housing 
12. Cock, drain 

Figure 5. Bypass Filter Assembly 
(Fleetguard Design) 

engine. Its function is to filter out 
impurities that may cause sludge, acid, 
or varnish to form. The use of the by­
pass filter permits the lubrication 
change period to be extended. 

The change period should be established 
only after laboratory analysis of the 
oil has been made. (Refer to Topic 6) 

2. Maintenance 

The filter element must be changed at 
each lubrication change period. Replace 
the element as follows: 

a. Clean the filter cover and surround­
; ng area. Loosen the drain cock in 
the bottom of the filter housing and 
allow filter to drain. Remove the 
cover clamp ring and lift the cover 
from filter housing. Do not damage 
the gasket. 

b. Unscrew and remove the T-handle hold-
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down from the center-tube. Remove the 
filter element from the housing by 
lifting with pull-out bail; discard 
element. · 

c. Clean the interior of housing and 
tighten drain cock; 

d. To assure leak-proof sealing, examine 
center-tobe seat at each end of new 
filter element to see that seats are 
clean and in good condition., Insert 
the new element in the filter housing 
and press down. firmly. 

e. If filter is the Luber-Finer type 
make certain the hole in the orifice 
plug, located in the T-handle hold­
down, is open. Install hold-down and 
tighten securely. 

f. Install cover gasket and place the· 
cover in position on filter housing. 
Install cover clamp ring and tighten 
securely. 

g. Fill engine crankcase with specified 
lubricant. 

h. Be sure engine shut-off control is in 
the STOP position; crank engine with 
starter to 15 seconds to assure fill­
ing filters and complete engine lubri­
cation before engine is started. 
Start engine and operate it at 1/4 
speed for about 5 mi ntues. 

i. Stop the engine and check oil level; 
add oil as necessary to raise oil to 
FULL mark on dipstick. 

j. Observe filter for leakage; correct 
any leaks. 

E. DRAINING AND FILLING OIL SYSTEM 

L Before draining the oil system, oper­
ate the engine until a minimum coolant 
temperature of 160°F (344 K) is obtain­
ed. Remove the drain plug(s) from the 
oil pan and allow the oil to drain. 

2.- Install the drain plug(s) and fill the 
oil pan with the specified grade of 
lubricant to the top mark of the oil 
level gauge (dipstick). 

3. Crank the engine for 15 seconds but do 
not start. This will assure filling of 
the filters and that lubricant has been 
pumped to engine components before ~n-

- gi ne is started. Operate the engine 
for approximately 5 minutes. 

4. Stop the engine and allow several min­
utes for the oil to drain back to the 
oil pan before checking the oil level. 

5. Using the oil level gauge, check the 
oil leVel and add oil as necessary to 
raise the level even with the uppermost 
mark on the gauge. · 

6. Observe the engine lubricating oil fil­
ter for oil leakage and be certain that 
the body and body gasket is properly in­
stalled. 

F. LUBRICATION SYSTEM MAINTENANCE 

Lubrication system maintenance req~ires the 
observance of the following checks and ser­
vices. 

1. Lubricating Oil 

The lubricating oil must be of the best 
quality, proper SAE weight for the pre­
vailing ambient temperature, and kept 
free of water and abrasives by proper 
hangl ing and storage. Refer to Topic 6, 
LUBRICATION RECOMMENDATIONS. 

2. Daily Check 

Before each period of operation, check 
the oil level in the oil pan. If it is 
necessary, add oil to bring the level 
to the high mark on the oil level gauge. 
Inspect the engine for evidence of oil 
leaks and make necessary repairs. 

3. Cooling System Temperature 

It is important to maintain the cooling 
system temperature at a minimum of 180°F 
(355 K) so that the lubricating oil will 
be hot enough for proper filtering. A low 
cooling system temperature will cause low 
oil temperature and poor filtering of 
the lubricating oil, which will result 
in rapid wear of all moving parts. 

4. Oil Level Gauge (Oips~ick) -

The oil level gauge (current models) is 
the shielded type which al lows the oper­
ator to check oil level while the engine 
is either stopped or running. · 

CAUTION: Use appropriate ADO and FULL 
marks depending upon whether the engine 
is stopped or running. 

The oil level gauge used on early mod­
els has a low level mark and a full 
mark. It is stamped on one side only 
and the oil level must be checked when 
the engine is stopped. 

When oil level is at the high mark, the 
proper amount of oil is in the pan. Never 
fill pan above high mark. The engine can-
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not be operated safely after level 
reaches the low level mark on the dip­
stick and oil must be added to raise 
level to the high mark. 

A seal in the oil level gauge cap pre­
vents oil from lea~ing to the outside 
of the engine and foreign material from 
entering. For these reasons, the gauge 
must be kept tight on the level gauge 
adaptor. Each time oil is changed, 
inspect the seal to make certain it is in 
good condition. 

5. Engine Breather Tube 

The purpose of the beather tube is to 
vent the inside of the engine to the 
atioosphere, thus preventing pressure 
buildup and removing harmful vapors from 
the crankcase, gear train, and valve com­
partments. If the tube becomes clogged, 
vapors are trapped within the engine.and 
pressure buildup will force oil past 
crankcase seals, dipstick, cover gasket, 
etc. 

After each operating interval of 600 
hours, remove breather tube from the 
rocker covers. Clean inside of tube 
with cleaning solvent, blow out with 
compressed air, and replace on engine. 

6. Lubricating Filter Bypass Valve (Fig 3) 

Whenever a major inspection of the en­
gine is made, remove, clean, inspect 
the parts of the bypass valve. The 
piston must slide smoothly in the I.O. 
of the sleeve pressed into the filter 
head. 

When piston, or 1.0. of sleeve shows 
excessive wear, the parts must be re­
placed. 

Reinstall the parts in the filter head 
and tighten the cap securely. 

7. Oil Pump Pressure Relief Valve 

If the oil pan is removed for any reason, 
remove the oil pump pressure relief valve 
from the oil pump. 

Disassemble, clean and inspect the parts. 
The piston must slide smoothly in the 
bore of the valve body. When piston or 
bore of the valve body shows excessive 
wear, a new valve assembly must be in­
stalled. 

Reinstall the pressure relief valve into 
the rear of the oil pump and secure it 
with the pressure relief valve body lock. 

HT-52309 

1. Cap nut 6. Spring 
2. Screw 7. Piston 
3. Cap nut gasket 8. Cylinder block 
4. Jam nut 9. Nylon pellet 
5. Jam nut gasket 

Figure 6. Oil Pressure Reulating Valve Details 

8. Oil Pressure Regulating Valve (Fig 6) 

The oil pressure regulating valve is lo­
cated in the main oil gallery at the 
right-rear corner of the cylinder block. 
The pressure regulating valve maintains 
stabilized oil pressure within the lub­
rication system. When the oil pressure 
exceeds the va 1 ve setting, the valve 
piston is raised off the valve piston 
seat, and the oil is bypassed directly 
from the cylinder block to the oil pan. 

If the lubrication system is allowed to 
sludge, the valve may not work properly. 
If the valve sticks in the open position, 
a sharp drop in the engine oil pressure 
will occur; if the valve sticks in the 
closed position, a sharp rise in the 
engine oil pressure will occur. 

Every 6000 hours of operation, remove 
and inspect the oil pressure regulating 
valve. 

NOTE: On early model engines the regu­
lating valve assembly consists of a cap 
nut, screw, cap nut gasket, jam nut, 
jam nut gasket, spring, and piston. On 
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current models the valve assembly con­
sists of a regulating screw with a 
nylon pellet, jam nut, spring, and 
piston. 

Remove pressure regulating valve screw, 
noting the number of turns required for 
removal. Withdraw the valve spring and 
piston. Wash all parts thoroughly and 
inspect carefully. Replace any parts 
that are worn. 

Thoroughly clean the area in the cylin­
der block, lubricate the valve piston 
with clean oil (the valve piston must 
slide smoothly in the bore of the cylin­
der block), and install the regulating 
valve components. 

NOTE: Turn the valve screw into the cyl­
inder block the same number of turns 
that was required for removal. 

Start engine and allow it to reach 
normal operating temperature. Adjust 
the oil pressure regulating valve screw 
to obtain oil pr~ssure of 45 to 50 psi 
(310 to 345 kN/m) at 1800 rpm. 

G. ENGINE OIL COOLER 

The engine oil is directed to the oil cooler 
after leaving the filter assembly. Coolant 
is circulated through the cooling core tubes 
and engine lubricatingoil is circulated 
around the tubes. The coolant absorbs heat 
from the oil, thereby controlling the oil 
temperature. 

CAUTION: It is important that the oil 
cooler be kept clean and free of depo­
sits in order to maintain proper cool­
ing. 

The cooling core consists of small corrosion 
resistant tubes which transfer the heat from 
the oil to the engine coolant. If the recom­
mended maintenance and lubrication is not per­
formed at the indicated interval, deposits 
may form in the oil cooler and restrict the 
flow of oil or coolant. Restriction of the 
flow of oil is usually indicated by a drop 
in oil pressure and a rise in oil temperature. 
See Topic 11, COOLING SYSTEM, for complete 
removal, cleaning, testing, and installation 
procedures. 
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TOPIC 14. ENGINE ELECTRICAL SYSTEM 

A. GENERAL 

The engine electrical system includes the 
starting motor, battery charging generator 
or alternator, voltage regulator, and storage 
battery (customer supplied). 

Basic components of the charging system in­
clude the battery, generator or alternator, 
and voltage regulator. The battery is the 
storage plant for electrical energy and must 
be kept fully charged. The generator or alter­
nator functions to recharge the battery., 
Excessive current flow can burn out the gen­
erator or alternator and damage the battery 
to the extent that it cannot hold a charge. 
A voltage regulator is connected into the 
circuit to prevent such damage. 

The cranking circuit is composed of an electri­
cal starting motor, a storage battery, and a 
starter switch. When current flows through 
the starter solenoid, the starter drive pin­
ion is shifted into mesh with the flywheel 
ring gear, and main contacts in the sole-
nojd close, connecting the battery directly 
to the starting motor that turns the engine. 
When the engine starts and the starter switch 
is released, the solenoid contacts open, 
automaticallY. disengaging the drive pinion. 

NOTE: For specific ratings and polarity 
of the generator or alternator and 
voltage regulator refer to SPECIFICATIONS, 
Topic 2, Paragraph F. 

8. WARRANTY AND ADJUSTMENT 

Manufac·turers of the battery, starting motor, 
generator or alternator, and regulator are 
responsible for this equipment during the 
warranty period. Any cl aim for replacement orj 
repair of these items must be presented to 
the equipment manufacturer, not to Allis­
Chalmers. Suppliers of such equipment are 
represented in nearly all cities by distribu­
tors or dealers who are authorized to make 
reasonable adjustments or replacements. 
Always give the serial number of the engine 
and the da_te on. which it was delivered when 
presenting a claim of this nature. 

C. BATTERY 

If liquid level of battery .is low, add distil­
led water to bring level of each cell to bot­
tom of filler hole. Be sure filler plugs are 
tight and plug vents are open. 

11 000 11 OOOMKI I 

CAUTION: Never fi 11 battery after oper­
ation in below freezing weather because 
water will not mix with acid and may 
freeze. Always fill battery before put­
ting engine into service. 

Periodically check external condition of bat­
tery and connecting cables. Keep battery clean 
and secured. If battery is dirty, clean with 
soda sol~tion and brush. Filler plugs should 
be tight to prevent any solution from enter­
ing cells. After foaming stops, flush surface 
with clean water and apply a thin coat of 
petroleum jelly to posts and cable terminals. 

Maintain battery in a fully charged condition. 
Check charge condition or specific gravity 
with a hydrometer with electrolyte tempera­
ture corrected to 80°F (300 K). Add .004 for 
every 10• above 80°F (5.55 K above 300 K); 
subtract .004 for every 10° below 80°F (5.55 k 
below 300 K). 

Hydrometer Indication Charge Condition 

1.110 to 1.135 ........ Completely discharged 
1.170 to 1.200 .••........ One-fourth charged 
1.205 to 1.230 ............. 0ne-half charged 
1.235 to 1.260 .....•.. Three-fourths charged 
1.265 to 1.290 ...••••.......•. Fully charged 

CAUTION: The ground polarity of the gen­
erator or alternator and the battery 
must be the same before connecting. Make 
sure all grounding points have a metallic 
contact. When connecting either a trickle 
or fast type charger to the battery, it 
is imperative that correct polarity be 
observed. That is, connect the positive 
lead of the charger to the positive bat­
tery post and the negative lead to the· 
negative battery post. Observe the same 
polarity rule when connecting booster 
batteries. When any work is performed on 
the electrical charging system, disconnect 
the battery to prevent short circuits. 

D. ELECT~IC STARTING MOTOR 

1. General 

The starting motor is a heavy duty, 24 
volt overrunning clutch type unit. A 
solenoid switch, which is an integral 
part of the starting rooter, is connected 
by linkage and a shift lever to a clutch 
in the starting motor nose housing. 
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Closing of the starter switch completes 
the electrical circuit between storage 
battery and solenoid. The solenoid shifts 
the starter pinion gear into mesh with 
the engine flywheel ring gear and holds 
it in mesh during engine cranking. 

CAUTION: Do not operate starting motor 
continuously for more than 30 seconds 
without pausing to allow it to cool for 
at least 2 minutes. Failure to observe 
this rule can result in overheating and 
failure of the motor. · 

2. Removal And Installation 

a. Tag and disconnect battery cables and 
electrica1 lead wires from starting 
motor. 

b. Remove capscrews and lockwashers 
that attach starting motor to fly­
wheel housing. Remove starting motor 
and adaptor. 

c. Install starting motor on engine by 
a direct reversal of the removal pro­
cedure. Connect cables and wires to 
it. 

3. Maintenance 
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a. During startup, note starting motor 
action. The pinion gear should mesh 
promptly with the flywheel ring 

· gear and spin the engine. After en­
gine starts and motor switch opens, 
the starting motor should stop oper­
ating. 

b. If starting motor cranks engine 
slowly or not at all, check the 
equipment. Failure to crank is nor­
mally caused by low battery charge, 
defective battery cables, poor con­
nections in starting motor to battery 
circuit, defective starting motor, 
low temperatures, or various condi­
tions in the engine. 

c. Periodically check condition of bat­
tery, battery cables and connections, 
starting motor, solenoid switch, 
commutator, brushes, lead connections, 
and mounting. 

d. Starting motor bearings are lubricat­
ed only when unit is disassembled 
for inspection or repair. 

e. Brushes must make good contact with 
the commutator. Minimum tension of 
brushes is 80 ounces (2.27 kg). 

f. Check length of brushes. Original 
brush length is 1/2" (12.70 mm). 
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1. Cable (ground) 
2. Starter solenoid 
3. Cable (to battery) 
4. To starter switch 

Figure I. Starter 

NOTE: CABLE TABULATION LISTS THE MAXIMUM 
ALLOWABLE LENGTH OF CABLE USED FOR 24 OR 
32 VOLT SYSTEMS. LENGTH INCLUDES DISTANCE 
FROM BATTERY TO GROUND, AND BATTERY TO 
STARTER TERMINAL. 

STARTJNG CABLE TABULATION 
24 AND 32 VOLT SYSTEMS 

CABLE 
MAXIMUM LENGTH CABLE SIZE 

INCH 

188 
237 
300 
380 

CENTIMETER (CM) AWG MM 

477 #0 0.835 
602 #00 0.865 
762 #000 1.179 
965 #0000 I. 326 

or two #0 

They should be replaced if wear has 
decreased their length to 5/16" 
(7.94 mm) or less. 

g. If commutator is dirty, clean with 
#00 sandpaper. 

CAUTION: Do not clean commutator with 
emery cloth. Emery is a conductor and 
can cause electrical shorts. 

4. Starting System Checks 

If starting motor cranks engine slowly, 
check the following: 

a. Test for excessive resistance in 
starting circuit. Resistance can be 

11000 11 OOOMKII 

) 

.. 

) 

) 



_'4~ 
--

E-2494 

1. Pulley 3. DC generator 
2. Fan 4. Voltage regulator 

Figure 2. DC Generator and Voltage Regulator 

checked by using a voltmeter to 
measure the voltage drop between the 
various terminals in the circuit. 
Readings should never show a drop of 
more than 0.2 volt. 

b. Check for low or discharged battery. 

c. Check engine for tight bearings. 
pistons. heavy oil. etc .• which 
imposes heavy loads on the starting 
motor. 

d. Check starting motor for bent arma­
ture. defective bearings or worn 
brushes. 

If starting motor will not crank the 
engine. check the following: 

a. Check for completely discharged 
battery. 

b. Check for open starting circuit -
starter switch. open wiring, defective 
solenoid switch. 

c. Check starting motor. Disassemble and 
repair as required. 

d. Check drive mechanism. 

e. Check flywheel ring gear - teeth may 
be broken out. 

E. DC GENERATORS AND VOLTAGE REGULATORS 

The generating system (Fig 2) restores to the 
battery the current withdrawn during cranking. 

11000 11 OOOMKII 

The system also carries the connected electrical 
load up to the capacity of the generator when 
the generator is operating at a speed to pro­
duce maximum output. 

The voltage regulator is an electromagnetic 
relay of the vibrating type. It consists of 
thre~·units (1) a cutout relay which connects 
and disconnects battery. (2) a voltage regula­
tor which prevents battery overcharge and high 
voltage. and (3) a current regulator to pro­
tect generator or alternator from overloads. 

1. Generator And Regulator Removal 

a. Remove the capscrew and lockwasher 
attaching the generator to the gen­
erator adjusting brace. Remove the 
drive belt. Disconnect generator lead 
wires; 

b. Remove the capscrews and lockwashers 
attaching the generator to the gen­
erator mounting bracket and remove 
the generator. 

CAUTiON: Whenever a de generator has 
been removed or disconnected. it must 
be polarized. 

c. Disconnect generator regulator wires; 
identify the wires to facilitate in­
stallation. 

d. Remove generator regulator attaching 
capscrews. nuts, and lockwashers. 

e. Remove the generator regulator. 

2. Generator Maintenance 

a. Periodically the commutator should be 
inspected and cleaned, if necessary. 
Clean only with #00 sandpaper, never 
use emery cloth. Also inspect the 
brushes. 

b. If corrmutator is rough, out-of-round, 
or has high mica, it must be turned 
down in a lathe and the mica under­
cut. If necessary to turn down com­
mutator. make cut no deeper than 
necessary. The mica should be under­
cut 1/32" (0.031 mm). 

CAUTION: Make certain cut is not made 
on commutator riser bars because solder 
wi 11 be removed, thereby weakening the 
coil connection at this section. 

c. If generator is equipped with oil 
cups, lubricate witn J to 5 drops 
of engine oil at each engine lubri­
cating oil renewal interval. 
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GENERATOR 

ETHER 
STARTING AID 
BUTTON 

ETHER 
STARTING AID 

2 

BATTERY 

Oil 
PRESSURE 
SWITCH 

+ 

3 

flEGATIVE GROUND SYSTEM 

GENERATOR 

HOURMETER 

ETHER 
STARTING AID 
BUTTON 

ETHER 
STARTING AID 

3 

BATTERY 

Oil 
PRESSURE 
SWITCH 

2 

POSITIVE GROUND SYSTEM 

1. Ground wire 2. Negative terminal 3. Positive terminal 

NOTE: If engine is powering a generator set. disregard this wiring diaoram and refer to 
the DC wiring diagram furnished with the generator set. 

NOTE: If engine is equipped with safety contr9ls refer to Tooic 19. Safety controls 
for additional instructions and wirin~ diagrams. 
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Figure 3. DC Generator with Voltaqe Requlator 
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1. Generator regulator 
2. Jumper lead 

Figure 4. Polarizing Circuit Diagram 
(DC Generator ONLY) 

NOTE: Whenever the generator has been 
removed or the regulator leads have 
been disconnected and reconnected, the 
aenerator MUST be polarized before 
engine is started to prevent severe 
regulator damage. 

d. Polarize the generator as follows 
(Fig 4): . 

(1) Insulate generator brushes from the 
armature by placing cardboard be­
tween brushes and armature. 

(2) Using a short jumper lead, momen­
tarily touch the jumper from the 
BAT to the GEN terminal of the 
regulator. A solid contact between 
jumper lead and terminal is 
required, and a flash or arc will 
be noted when lead is removed. 

(3) Remove the cardboard from under the 
brushes. 

CAUTION: Do not test or operate the 
~enerator on an open circuit. If it 
should become necessary to operate the 
generator without it being connected· 
to the batteries, it should be short 
circuited; disconnect the lead connected 
to the GEN terminal of the regulator and 
connect to any convenient ground to 
accomplish the short circuit. 

3. Generator And Regulator Installation 

a. Installation procedure is the reverse 
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1. 
2. 
3. 

4. 

Cutout relay 5. Large flat point 
Current regulator 6. Contact mounting 
Spoon or riffler bracket 
file 7. Voltage regulator 
Armature 8. Mounting bracket 

screws 

Figure 5. Cleaning Contact Points 

of removal. 

b. Adjust drive belt to proper tension. 
See procedure in Paragraph G this 
topic. 

4. Regulator Maintenance 

Do not clean voltage regulator contacts 
unless performance indicates cleaning 
is necessary. A sooty or discolored 
appearance of contacts is normal after 
a relatively short period of operation 
and is not an indication that cleaning 
is necessary. However, if the voltage 
fluctuates, as evidenced by an unsteady 
voltmeter indication, contacts may have 
excessive resistance or by sticking and 
therefore, should be cleaned, ani 
possibly readjusted. 

CAUTION: Before cleaning, make sure 
fluctuating voltage is not caused by 
loose connections or high resistance 
elsewhere in the system. 

The large flat point located on the arm­
ature of the voltage regulator should 
be cleaned with a spoon or riffle file 
(Fig 5). A similar flat point is loca­
ted on the upper contact support of the 
current regulator of negative grounded 
regulator unit. This contact point will 
usually require the most attention. It 
is not necessary to have a flat surface 
on this contact point but all oxides 
should be removed with a riffler file 
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so that pure metal is exposed and should 
be followed by a thorough wash with clear 
carbon tetrachloride. On regulators 
which have the flat contact point on 
the armature, loosen the upper contact 
bracket mounting screws so that the 
bracket can be tilted to one side. On 
regulators which have the flat contact 
on the upper contact bracket, the 
bracket must be removed for cleaning 
the points. 

The small soft-alloy contact point, 
located on the upper contact support 
bracket of the voltage reuglator and 
on the armature of the current regula­
tor for the negative grounded regula­
tors, does not oxidize. This contact 
point may be cleaned with crocus cloth 
or fine abrasive material followed by 
a thorough wash with clear trichloroe­
thane to remove any foreign material 
remaining on the contact surface. 

Remove all oxides from the contact points 
but note that it is not necessary to re­
move any cavity that may have developed. 

CAUTION: Never use emery cloth or sand­
paper to clean the contacts points. 

F. ALTERNATORS AND VOLTAGE REGULATORS 

1. General 

The alternators utilized are of two 
types. One configuration requires a 
separately mounted two unit type voltage 
regulator. The other configuration is 
the alternators utilizing the internal 
voltage regulators. 

IWTE: If engine are driving generator 
sets, follow the schematic wiring dia­
gram furnished w_ith the unit. 

NOTE: For specific ratings and polarity 
of the alternators and regulators, refer 
to SPECIFICATIONS, TOPIC 2, Paragraph F. 

CAUTION: The ground polarity of these 
alternators and the ground polarity of 
the battery must be the same before 
making connections. Instant damage to 
~he wiring and diodes will result if the 
alternator is connected to the battery 
with ground polarities not matched. 

To prevent accidental grounding of a lead 
and damaging the diodes when removing 
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CAUTION (Cont): and installing an 
alternator or regulator, always renove 
the ground cable from the battery. 

NEVER ATTEMPT TO POLARIZE THE ALTERNATOR. 

These alternators are designed and 
constructed to provide long periods of 
reliable service. 

2. Alternators with Separately Mounted 
Voltage Regulator 

E-2292 

1. Regulator 3. Leads 
2. Connector 4. Alternator 

Figure 6. Alternator with Two Unit Regulator 

The alternator features two brush assem­
blies, each of which has two brushes, 
and two slip rings. A brush assembly 
rides on each of the two slip rinqs. A 
special constant-tension spring holds 
each brush in contact with the slip 
rings. The brushes, springs, and slip 
rings are enclosed in a special shield 
which prevents entry of dust and foreign 
material. By removing two plates located 
on the outside frame a quick inspection 
can be made of the brush assemblies and 
slip rings. This feature also permits 
brush replacement without disassembly of 
the unit. 

The rotor is mounted on ball bearings 
that have a grease reservoir which 
eliminates the need for periodic lubri­
cation. Six rectifier diodes mounted in 
the slip ring end frame change the AC 
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to DC and this voltage appears at the 
BAT terminal on the alternator. 

The function of the regulator in the 
charging circuit is to limit the alter­
nator voltage to a pre-set value by con­
trolling the alternator field current. 

The voltage at which the alternator 
is limited is determined by the regu­
lator adjustment. Once adjusted, the 
voltage remains practically constant 
because the regulator is relatively un­
affected by length of service, temper­
ature changes, or changes in alternator 
output. 

The regulator has 4 slip connection type 
terminals. A projection on the connector 
body serves to latch the assembly to­
gether and prevent disconnections due to 
vibration. The assembly can be discon­
nected by lifting slightly on the latch. 

a. Alternator Removal and Installation 

Remove ground cable from battery. 

Remove electrical leads from alter­
nator terminals. 

Remove capscrew, lockwasher, and flat 
washer securing adjusting brace to 
a 1 tern a tor. 

Loosen capscrews securing the alter­
nator end frames to the mounting bar. 

Force alternator toward the engine 
and remove the drive belt. 

Remove alternator by supporting it 
. and removing the capscrews and washers 

that secure it to the mounting bar.· 

Install the alternator in reverse 
order of the removal procedure. 

Adjust drive belt to proper tension. 
See procedure in Paragarph G this 
topic. 

IMPORTANT: DO NOT POLARIZE ALTERNATOR 
AFTER INSTALLATION OR AT ANY OTHER TIME. 

b. Alternator Maintenance 

Periodic maintenance is limited to 
inspection for loose mounting bolts, 
a loose drive pulley, or a loose 
drive belt. 

If the alternator is noisy, it may 
be caused by any of the above men­
tioned defects, plus worn or dirty 
bearings, a defective diode or a 
grounded or shorted stator. 

11000 11 000MKII 

If after tightening the mounting 
bolts and/or adjusting the drive 
belt, the alternator is still noisy, 
it must be removed from the engine and 
disassembled for further checks. 

Check the drive belt for alignment, 
tension, and wear. Alternator belt 
tension is a bit more critical than 
with a d.c. generator. Check for 
loose drive pulley. Specified pulley 
retaining nut torque is 40-60 lb-ft 
{54-81 Nm). 

Inspect the terminals for corrosion 
and loose connections. Check wiring 
for frayed insulation • 

If slip rings are rough or out of 
round, the alternator must be 
disassembled so the slip rings can 
be trued in a lathe to a .002" 
{.005 rrm) maximum indicator reading. 
Remove only enough material to make 
rings smooth and round. Finish with 
400 grain or finer polishing cloth and 
blow all dust away. 

The grease reservoir provides an 
adequate supply of lubricant for long 
periods of operation. When alternator 
is disassembled for overhaul or re­
pair, inspect bearings and replace if 
necessary. Fill the grease reservoir 
in each end frame with Delco-Remy 
{their Part No. 1948791) to one-half 
full. 

CAUTION: Do not overfill reservoirs be­
cause this will cause the bearings to 
overheat . 

When alternator is disassembled, 
inspect brushes and brush springs. 
Compare brushes from alternator with 
new brushes and replace if necessary. 
Inspect brush springs for evidence 
of damage or corrosion. If there is 
any doubt as to the condition of the 
springs, they should be replaced. 

c. Voltage Regulator Removal and Instal­
lation 

Remove battery ground cable. 

Lift connector latch and withdraw the 
connector from the regulator. 

Remove attaching capscrews, nuts, 
and lockwashers and remove regulator. 

Install voltage regulator in reverse 
order of removal. 
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1. Field relay unit 5. No. 2 terminal 
2. Voltage regulator unit 6. No. 3 terminal 
3. Latch 7. No. 4 terminal 
4. F termi na l 

Figure 7. Two Unit Voltage Regulator 
d. Voltage Regulator Maintenance 

Do not clean voltage regulator contacts 
unless performance indicates cleaning 
is necessary. A sooty or discolored 
appearance of contacts is normal after a 
relatively short period of operation 
and is not an indication that cleaning 
is necessary. However, if the voltage 
fluctuates, as evidenced by an unsteady 
voltmeter indication, contacts may 
have excessive resistance or be stick­
ing and therefore, should be cleaned. 

CAUTION: Before cleaning, make sure 
fluctuating voltage is not caused by 
loose connections or high resistance 
elsewhere in the system. 
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Contacts of the voltage regulator 
unit are made of soft material and 
must not be cleaned with a file. A 
strip of No. 400 silicon carbide 
paper, or equivalent, folded over 
and then pulled back and forth be­
tween the contacts is recorrrnended 
as a satisfactory method of clean­
ing. After cleaning, wash contacts 
with trichloroethane or alcohol to 
remove any residue. If voltage con­
trol has not improved, repeat clean­
ing and washing process. 

Clean field relay contacts with a 
thin, fine-cut, flat file. Never 
use emery cloth or sandpaper. Remove 
only sufficient material to clean. 

3. Alternators with Internal Voltage 
Regulator 

There are two types of alternators which 
contain the integral voltage regulator. 

One type alternator contains a solid 
state regulator that is mounted inside 
the slip ring end.frame. The regulator 
voltage setting can be adjusted. Two 
brushes carry current through the two 
slip rings to the field coil mounted 
on the rotor. The stator windings are 
assembled on the inside of a laminated 
core that forms part of the frame. A 
rectifier bridge connected to the stator 
windings contain six diodes, and electri­
cally changes the-stator a.c. voltages 
which appears at the output terminal. 
Field current is supplied through a 
diode trio which also is connected to 
the stator windings. 

The other type alternator is a self­
rectifying, brushless unit containing 
a built-in voltage regulator. The regu­
lator voltage setting canbeadjusted. 
The only movable part in the assembly 
is the rotor. All current-carrying 
conductors are stationary. These con­
ductors are the field winding, the stator 
windings, the six rectifying diodes and 
the regulator circuit components. The 
regulator and diodes are enclosed in a 
sealed compartment. A fan located on the 
drive end provides air flow for cooling. 
The output terminal (colored red on 
negative ground systems) is connected to 
the battery positive terminal. 

NOTE: The hex head bolt on the alter­
nator output terminal is electrically 
insulated and no voltage reading can 
be obtained by connecting to the hex 
head. 

Both types of alternators require only 
one wire to connect the charging system 
to the battery, along with an adequate 
ground return. 

Both alternators employ extra large 
grease reservoirs which contain an 
adequate supply of lubricant so no 
periodic maintance of any kind is 
required. 

a. Alternator Removal and Installation 

Remove ground cable from battery. 
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ETHER 
STARTING AID 
BUTTON 

VOLTAGE REGUlATOR ETHER 
STARTING AID 

BATTERY 

ALTERNATOR W/TWO UNIT TYPE 
VOLTAGE REGULATOR 

1. Ground wire 
2. Relay terminal 

CAUTION: Do not 
ground relay terminal 

3. Field terminal (2) 
4. Indicator light terminal (1) 

+ 

OIL 
PRESSURE 
SWITCH 

ETHER 
STARTING AID 
BUTTON 

HOUIMElEI 

8 7 

ALTERNATOR 

En& 
STARTING AID 

ALTERNAroll 

+ 

BATTERY 

OIL 
PRESSURE 
SWITCH 

ALTERNATOR W/BUILT-IN TRANSISTOR 
VOLTAGE REGULATOR 

5. Battery terminal 
6. Grounrl terminal 
7. Relay "R" terminal 

CAUTION: Do not qround relay 
terminai 

8. Output terminal 

NOTE: If engine is powering a generator set, disregard this wiring diagram and refer 
to the DC wiring diagram furnished with the generator set. 

Figure 8. 

11000 11 OOOMK II 

Alternators with two Unit Type Regulator and Integral Tyoe 
Regulator Wiring Diagrams (Negative Ground Systems) 
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1. "R" terminal 3. Voltage adjustment 
cap 2. "BAT" terminal 

Figure 9. Alternator Integral 
Voltage Regulator (Brush Type) 

Remove electrical leads from alter­
nator terminals. 

Remove capscrews, lockwashers, and 
flat washer securing adjusting brace 
to alternator. 

Loosen capscrews securing the alter­
nator end frames to mounting bar. 

Force alternator toward the engine and 
remove the drive belt. 

Remove alternator by supporting it and 
removing the capscrews and washers that 
secure it to the mounting bar. 

Install the alterna"tor in the reverse 
order of the removal procedure. 

Adjust drive belt to proper tension. 
See procedure in Paragraph G this 
topic. 

IMPORTANT: DO NOT POLARIZE ALTERNATOR 
AFTER INSTALLATION OR AT ANY OTHER 
TIME. 

b. Alternator Maintenance 
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Periodic maintenance is limited to 
inspection for loose mounting bolts, 
a loose drive pulley, or a loose 
drive belt. 

If the alternator is noisy, it may 
be caused by any of the above men­
tioned defects, plus worn or dirty 
bearings, a defective diode or a 
grounded or shorted stator. 
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1. "R" terminal 3. Voltaqe adjustment 
pipe plug 2. "BAT terminal 

Figure 10. Alternator Integral Voltage 
Regulator (Brushless Type) 

E-2892 

If after tightening the mounting 
bolts and/or adjusting the drive belt, 
the alternator is still noisy, it must 
be removed from the engine and disas­
sembled for further checks. 

Check the drive belt for alignment, 
tension, and wear. Alternator belt 
tension is a bit more critical than 
with a d.c. ge~erator. Check for loose 
drive pulley. Specified pulley retain­
ing nut torque is 40-60 lb-ft {54-81 
Nm). 

+1...>-t-------
5 

1. Jumper wire 3. "BAT" terminal 
2. "R" terminal 4. Alternator 

5. Battery 

Figure 11. Magnetizing Rotor 
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Inspect the tenninals for corrosion 
and loose connections. Check wiring 
for frayed insulation. 

The rotor normally retains magnetism 
to provide voltage build-up when the 
engine is started. After disassembly 
or servicing, however, it may be ne­
cessary to re-establish the magnetism. 
To magnetize the rotor connect the al­
ternator to the battery in a normal 
manner, then momentarily connect a 
jumper lead from the battery positive 
post to the alternator relay tenninal. 
This procedure applies to both negative 
and positive ground systems, and will 
restore the normal residual magnetism 
in the rotor. 

The bearings normally will operate be­
tween engine overhaul periods without 
servicing. If the bearings are replaced 
at this time the seals should also 
be replaced. The reservoir between the 
bearing and seal should be only three­
quarters full of Delco-Remy lubricant 
No. 1948791. 

CAUTION: Do not overfill reservoirs be­
cause this will cause the bearings to 
overheat. 

If slip rings are rough or out of 
round, the alternator must be dis­
assembled so the slip rings can be 
trued in a lathe to a .002" (.005 mm) 
maximum indicator reading. Remove 
only enough material to make rings 
smooth and round. Finish with 400 
grain or finer polishing cloth and 
blow all dust away. 

When alternator is disassembled, in­
spect brushes and brush springs. Com­
pare brushes from alternator with new 
brushes and replace if necessary. In­
spect brush springs for evidence of 
damage or corrosion. If there is any 
doubt as to the condition of the 
springs, they should be replaced. 

c. Alternator/Voltage Regulator Adjust­
ment (Integral Regulator Brush Type) 

The voltage regulator setting can be 
adjusted externally by repositioning 
the voltage adjustment cap in the slip 
ring end frame (Fig 12). 

The "LO" position of the adjustment 
cap is the lowest voltage regulator 
setting. 

The position "2" is considered medium 
low, and position "3" is considered 
medium high voltage regulator setting. 
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VOLTAGE 
ADJUSTMENT­

CAP 
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VOLTAGE ADJUSTMENT 
CAP SHOWN IN 

"MEDIUM HIGH" (3) POSITION 

Figure 12. Alternator/Voltage 
Adjustment (Brush Type) 

The "HI" position of the adjustment 
is the highest voltage regulator 
setting. 

Adjustment is made by removing the 
voltage adjusting cap, and rotating 
in increments of 90°, and then re­
inserting the cap in the connector 
body. After adjusting.the setting, 
check for an improved battery condi­
tion after a service period of reason­
able length, such as one week. 

d. Alternator/Voltage Regulator Adjust­
ment (Integral Regulator Brushless 
Type) 

Figure 13. Alternator/Voltage Adjust­
ment (Brushless Type) 
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The voltage regulator setting can be 
adjusted externally (Fig 13). 

Remove the pipe plug from the 
alternator. 

Turn the adjusting screw one or two 
notches clockwise to raise the voltage 
setting for an undercharged battery. 

Replace pipe plug. 

After adjusting setting, check for an 
improved battery condition over a 
service period of reasonable length, 

such as one week. 

G. DRIVE BELT ADJUSTMENT 

Belt is properly adjusted when it can be 
pressed inward 3/16 11 to 1/2" (4. 76 to 12. 70 
mm) at a point half-way between the generator 
or alternator pulley and the fan pulley. 
About 24 hours of operation is required to 
properly seat a new belt. 

To adjust belt tension, loosen adjusting 
brace capscrews necessary to move generator 
or alternator inward or outward to obtain 
proper belt tension, and tighten capscrews. 
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TOPIC 15. VALVE ADJUSTMENT AND CYLINDER HEAD 

A. GENERAL 

The correct clearance (valve lash) between the 
rocker arms and the intake and exhaust valves 
is very important in a diesel engine due to 
the high compression developed within the cylin­
ders. Insufficient valve clearance can cause 
loss of compression, misfiring, and will event­
ually cause burning of the valves and valve 
seats. Excessive valve clearance will result in 
faulty engine operation, valve lifter noise, 
and rapid wear of the valve operating mechan­
ism. 

With the engine coolant temperature at a min­
imum of 160°F (344 K), the specified valve 
clerance is 0.018" (0.46 mm) for both the intake 
and the exhaust valves. After any mechanical 
work has been done which would disturb the 
valve clearance, the valves may be set cold at 
0.020" (0.51 mm) so the engine may be run and 
allowed to warm up. After engine has reached 
a minimum of 160cF (344 K) coolant temperature, 
the valve clearance should again be checked at 
the specified hot setting of 0.018" (0.46 MM). 

CAUTION: After any mechanical work has 
been done which would disturb the valve 
adjustment, make certain that the adjust­
ing screws in the rocker arms are turned 
upward (counterclockwise) high enough so 
that the rocker arms and push rods will 
not open the valves too far and thus allow 
the pistons to strike the valves when the 
engine is cranked. 
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1. No. I Cylinder 
i. Intake Valve 
e. Exhaust Valve 

2. No. 2 Cylinder 
i. Intake Valve 
e. Exhaust Valve 
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B. VALVE LASH ADJUSTMENT (Figure 2) 

Valve lash must be adjusted when the piston 
is near top dead center on its compression 
stroke and intake and exhaust valves are 
closed. Number 1 and Number 6 pistons move 
up and down in their respective cylinders 
simultaneously. When one piston is on it· 
compression stroke, the other is on its 
exhaust stroke, and vice versa. Observe valves 
for Number 6 cylinder; when the exhaust valve 
is almost closed and the intake valve starts 
to open, Number 6 piston is near top dead 
center on its exhaust stroke and Number 1 
piston is in the same position on its compres­
sion stroke. At this point, both valves for Number 
1 cylinder are closed and valve lash can be 
adjusted. Engine firing order is 1-5-3-6-2-4, 
and if this sequence is followed, the lash for 
all valves can be checked and adjusted in 2 
complete revolutions of the crankshaft. Check 
valve clearance periodically. When adjustment 
is necessary, proceed as follows to obtain 
specified clerance: 

I. Operate the engine until it reaches 160°F 
(344 K) minimum. Stop the engine. 

2. Thoroughly clean the valve rocker covers 
and surrounding area. ' 

3. Remove upper section of breather tube, 
valve rocker cover nuts, sealing washers, 
and rocker covers. 

4. Crank engine until exhaust valve for 
Number 6 cylinder is almost closed and 

3. No. 3 Cylinder 
i. Intake Valve 
e. Exhaust Valve 

4. Rocker Arm 
5. To front of engine 

4 

Figure 1. Rocker Arms and Valves Location (Front Head Shown - Rear Head Identical) 
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intake valve starts to open, then check 
and adjust intake and exhaust valve lash 
for Number 1 cylinder. 

5. Use a 0.018" feeler gauge and check 
clearance between valve stems and rocker 
arms. Gauge should pass between rocker 
arm and corresponding valve stem with 
a slight drag when valve lash is properly 
adjusted. 

6. Adjust each valve by loosening the lock­
nut on the adjusting screw and turning 
the screw clockwise to decrease the 
clearance or counterclockwise to increase 
the clearance as necessary. When the 
proper clearance is obtained, hold the 
rocker arm adjusting screw stationary 
and tighten the locknut. Recheck the 
lash to make certain the clearance did 
not change when the locknut was tight­
ened. 

7. Crank engine until Number 2 cylinder 
exhaust valve is almost closed and intake 
valve starts to open, then adjust lash 
for intake and exhaust valves for Num­
ber 5 cylinder, following procedure in 
preceding Steps 5 and 6. 

8. Crank engine until Number 4 cylinder ex­
haust valve is almost closed and intake 
valve starts to open, then adjust lash 
for intake and exhaust valves for Num­
ber 3 cylinder, following procedure in 
preceding Steps 5 and 6. 

9. Crank engine until Number 1 cylinder ex­
haust valve is almost closed and in­
take valve starts to open, then adjust 
lash for intake and exhaust valves for 
Number 6 cylinder, following procedure 
in preceding Steps 5 and 6. 

10. Crank engine until Number 5 cylinder ex­
haust valve is almost closed and intake 
valve starts to open, then adjust lash 
for intake and exhaust valves for Number 
2 cylinder, following procedure in pre­
ceding Steps 5 and 6. 

11. Crank engine until Number 3 cylinder ex­
haust va.lve is almost closed and intake 
valve starts to open, then adjust lash 
for intake and exhaust valves for Number 
4 cylinder, following procedure in pre­
ceding Steps 5 and 6. 

C. TORQUING CYLINDER HEADS 

If the cylinder heads are removed for any rea­
son, the cylinder head fasteners must be tight­
ened evenly following the numerical sequence 
illustrated in Figure 3 and to the specified 
torque. 

The specified torque for the fasteners with 
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1. Adjusting Screw 3. Rocker Arm 
2. locknut 4. Feeler Gauge 

Figure 2. Adjusting Valve Lash 

engine oil lubricated threads is listed below. 

Engines with studs and nuts: 

1/2" (12.70 mm) - 100 lb-ft (136 Nm) 
5/8" (15.88 mm) - 185 lb-ft (251 Nm) 

Engines with capscrew: 

1/2" (12. 70 mm) - 115 1 b-ft (156 Nm) 
5/8" (15. 88 mm) - 185 1 b-ft ( 251 Nm) 

D. INSTALLING CYLINDER HEADS 

Install the cylinder heads and tighten the 
fasteners as follows: 

1. Thoroughly clean the top deck of the 
cylinder block and the under side of 
the cylinder heads. 

2. Check cylinder sleeve protrusion above 
top deck of cylinder block. The desire­
able protrusion for the current head 
gaskets 0.002 11 - 0.0055" (0.05 - 0.14mm). 
Current production engines have this pro­
trusion. Reasonable results have been 
obtained when using the current head 
gasket with the early engine sleeve 
protrusion of .0065" - .0095" (0.17 -
0.24 mm). It is important that all 
sleeves, under any one head, have no 
more than 0.003" (0.08 nm) difference in 
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protrusion whether with the old or new 
protrusion specification. Protrusion 
must be checked with sleeves clamped 
down in their bores in the cylinder block. 

3. Install the head gaskets in their cor­
rect front or rear positions and with the 
indicated side down as stamped on gaskets. 
Do not use sealer or gasket dope on these 
cylinder head gaskets. Install the fire 
rings on each cylinder sleeve being sure 
no over~lapping fire rings and gaskets 
occurs. 

4. Install the front and rear cylinder heads. 

NOTE: For engines having studs and nuts 
(not capscrews) use nylok inserted head 
nuts in positions 9. 12. 25 and 27 
(Fig 3) to prevent possibility of oil 
seepage through threads and out tapped 
holes in ends of heads. 

NOTE: A "Flank Drive" 3/4" - 12 point 
socket must be used to tighten the 5/8" 
(15.88 11J11) capscrews. 

~~ 
3 

O, 
V 1" 0 

I 
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1. Type 1. head bolt 
2. Nut and lockwasher 
3. Injection line bracket 
4. Type 2. head bolt-hex head 

5. Using engine oil. lubricate the fastener 
threads and the underside of the bolt 
heads. Install the fasteners in their 
proper locations. Refer to Figures 3 

5. Type 3. head bolt - 12 point 
head 

and 4. 

6. Tighten the cylinder head fasteners in 
the following manner: 

6. Spacer, 0.083 (2.11mm) 
thick (not all applications 
require spacer) · 

7. Flat washer 0.125" (3.18mm) 
thick 

a. Tighten fasteners in specified numeri­
cal sequence to 1/2 final recommended 
torque. 

Figure 3. Cylinder Head Fasteners -
Current Engines 

T-28930 
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Cylinder Head Bolt Locations 
Refer to Figure 3 for type of cylinder head bolts 

Type 1 bolt - location 33 
Type 2 bolt - locations, 13, 14. 15, 16, 29, 30, 31, 32, and 34 
Type 3 bolt - all other locations 

Figure 4. Torquing Sequence and Cylinder Head Bolt Locations 
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b. Tighten fasteners in specified num­
erical sequence to full recommended 
torque. 

c. Retighten fasteners in specified num­
erical sequence to full recommended 
torque. 

d. Run engine until coo1ant temperature 
reaches minimum 160°F (344.26 K). 
(Approximately one hour). Retighten 
fasteners to the full recommended 
torque by following the specified 
numerical sequence. 

NOTE: The procedure for installing the 

1. 15 
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Revision 1 

NOTE (Cont): current cylinder gasket 
does not require the engine to be 
warmed-up or the head fasteners to be 
retorqued as indicated in the above 
Step d. Follow the procedure listed 
on the instruction sheet package with 
the head gasket. · 

7. Adjust valve lash (refer to Paragraph 
B of this Topic). 

NOTE: The valve rocker cover nuts are 
Nylok inserted nuts and must be tight­
ened to 10-15 lb-ft (14-20 Nm) when 
the rocker covers are installed. 
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TOPIC 16. INTAKE AND EXHAUST SYSTEMS 

A. GENERAL 

The intake and exhaust system consists of 
those components that convey filtered air to 
engine cylinders and exhaust gases to the 
atmosphere. The intake system consists of 
intake valves, intake manifold, and air clean­
er. The exhaust system consists of exhaust 
valves, exhaust manifold, muffler, and exhaust 
piping extensions. If the engine is equipped 
with a turbocharger, its compressor side is 
part of the intake system and its turbine side 
is part of the exhaust system. 

It is important that an ample supply of fresh 
clean air be provided to the combustion cham­
bers. Insufficient air will limit amount of 
fuel the engine can burn and lead to loss of 
power, excessive·exhaust smoke, high fuel con­
sumption, and eventually to engine failure. 

In warm weather, sufficient heat is generated 
by compression of air within the cylinders to 
ignite the fuel and start the engine within a 
very short cranking period. However, in cold 
weather, the "drag" caused by cold oil between 
pistons and cylinder walls and in the bearings, 
reduces cranking speed.of the engine. A large 
part of the heat generated by compression of 
air is absorbed by the cold pistons and cyl­
inder walls. This heat loss and reduced crank­
ing speed may lower temperature of air in the 
cylinders to a point too low to ignite the 
fuel. In this case an intake air heater is 
used, or in extreme cold weather engine start­
ing may be assisted by use of an optional 
equipment cold weather starting aid. 

CAUTION: Heavy muffler installations or 
exhaust pipe extensions from the exhaust 
outlet must be adequately supported and 
flexibl.Y connected to eliminate possi­
bility of strain on either the exhaust 
manifold outlet or turbocharger outlet. 

Total restriction of the entire exhaust system 
of a naturally aspirated engine at the exhaust 
outlet with engine under full speed, full load 
conditions, must not exceed 3" (0.104 kg/cm2) 
mercury back-pressure. Total restriction of the 
entire exhaust system of a turbocharged engine 
must not exceed 2" (0.069 kg/cm2) mercury back­
pressure. If there is any question as to. 
whether or not the engine has excessive exhaust 
back-pressure, check with a mercury manometer 
as depicted in Figure 1. 

Most manifolds on naturally aspirated engines 
are provided with a .25" (6.35 mm) pipe thread­
ed hole in the side of the exhaust outlet to 
facilitate manometer installation. If neces­
sary, drill and tap a .25" (6.35 mm) pipe 
threaded hole in side of manifold near the 
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exhaust outlet opening. On turbocharged engines, 
the manometer is connected to the exhaust elbow. 
(See Figure 1.) To connect manometer to ex- . 
haust manifold, screw a .25" X .125" (6.35 X 
3.175 nm) reducer bushing into hole in side of 
manifold. Fitting must be flush with inside 
and perpendicular to manifold to avoid false 
readings. Fasten about 3 feet (914 nm) of .25" 
(6.35 mm) OD copper tubing to fitting in man­
ifold. From other end of copper tubing connect 
a length of rubber tubing to one side of the 
manometer. 

It should be noted in the illustration, Figure 
1, that the manometer seal e is graduated in 
inches both above and below the O mark, and 
each inch is divided into tenths. When mano­
meter is set up for use, sufficient mercury 
must be put in the U-shaped tube so height in 
both columns aligns with O line on the scale. 

Take exhaust back-pressure readings when engine 
is developing its maximum horsepower and rpm. 
When reading manometer, add height of liquid 
in both columns to obtain final figure. For 
example, if.liquid is 1.0" (0.03 kg/cm2) high 
in left column and 1.0" (0.03 kg/cm2) low in 
right column, the manometer indicated 2.0" 
(0.06 kg/cm2) mercury back-pressure. 

. ·•:"". 
: : ~ : ! 
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NOTE: MANOMET~R AS SHOWN INDICATES 
2" (0.06 kg/cm) MERCURY BACK-PRESSURE. 

HT-51566 

1. U-tube manometer 
2. Rubber tubing 
3. Copper tubing 
4. Exhaust elbow 
5. Location of fitting 

for turbocharged 
engines 

6. Exhaust manifold 
7. Location of fitting 

for naturally 
aspirated engines 

8. Turbocharger 

Figure 1. Checking Exhaust Back-Pressure 

1.16 
Page 1 



NOTE: If mercury is l" (0.03 kg/cm2) 
high in the right column and l" 
(0.03 kg/cm2) low in the left column, 
the manometer indicates 2" (0.06 kg/cm2) 
mercury vacuum~ rather than pressure. A 1 
l" (0.03 kg/.cml) mercury indication is 
equivalent to 0.491 psi (3.38 kN/m2), 
2" (0.06 kg/cm2) of mercury is equal to 
2 X 0.491 (3.38 kN/m2) or 0.982 psi 
(6.76 kN/m2). If a manometer is not 
available, an accurate pressure gauge 
can be used. 

Excessive back-pressure will result in poor 
engine performance and shortened engine life. 
Measurement of exhaust pressure will indicate 
whether or not capacity of exhaust system is 
adequate. If back-pressure reading.is higher 
than the specified figure, one or more of the 
following factors is the cause: 

1. Sharp right angles or excessive bends in 
exhaust piping. All angles and bends 
must be gentle sweeping curves. Piping 
should have as few angles/bends as possi­
ble. 

2. Exhaust piping diameter too small. Pipe 
size must never be less than diameter of 
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exhaust outlet.opening. As piping length 
increases, so should the diameter. 

3. Foreign material causing restrictions in 
muffler or piping. 

4. Inadequate muffler capacity. 

B. MANIFOLO MAINTENANCE 

1. Use new gaskets when rei nsta lli ng 
manifolds. 

2. Periodically check all manifold mounting 
capscrews for tightness after engine is 
hot. Tighten manifold mounting capscrews 
to specified torque, starting at the 
center and working alternately toward 
each end. 

3. At time of overhaul, check manifold for 
carbon deposits. Clean and remove 
obstructions found within the manifold. 

4. If manifold is cracked, repair or replace 
as necessary. 

5. If manifold mounting surface is warped 
and cannot be sealed by tightening mani­
fold nuts, all of the manifold mounting 
surfaces must be remachined or manifold 
replaced. 
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TOPIC 17. AIR CLEANER 

A. GENERAL 

The purpose of.the air cleaner is to remove 
dust and other foreign matter from the air 
used by the engine. The amount of servicing 
required and frequency of element change is 
completely dependent upon the abrasives (dirt) 
in the air surrounding the engine. 

A filter service indicator provides the most 
accurate and convenient means of determining 
when the filter cartridge should be changed. 
If a service indicator is not utilized, a 
cartridge renewal period should be determined 
by daily inspection of the air cleaner under 
actual operating conditions, until the period 
can be established. 

The heavy duty dry type air cleaner consists 
of a housing (Fig 1 Item 6), cartridge (7), 
and moisture eliminator (9) or (10). Moisture 
is removed from the air by it stricking the 
screening in the moisture eliminator and 
draining from the bottom of it. The air is 
cleaned while passing through the pleated 
paper sides of the cartridge tubes. Cleaned 
air leaves the housing and passes on to 
the engine. · 

The extra heavy duty dry type air cleaner con­
sists of a housin9 (Fig 1 Item· 6), cartridge 
(7), precleaner (8), aspirator (14), and 
rain cap (15). Automatic self-cleaning of the 
precl eaner is achieved by the use of an · 
aspirator in the exhaust system. Air enters 

HEAVY DUTY CLEANER CONSISTS OF: 4 OR 5, 6, 7, AND 9 OR 10. 
EXTRA HEAVY DUTY CLEANER CONSISTS OF: 4 OR 5, 6, 8, 11 THRU 15. 
1 AND 2 MAY BE APPLIED TO EITHER TYPE AIR CLEANER, BUT NOT 
REQUIRED WITH LOUVERED TYPE MOISTURE ELIMINATOR. 

10 
9 

E-2564 

1. Rain guard 5. 
2. Stack cap 6. 
3. Vertical inlet 7. 
4. Nut type clamp 8. 
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Wingnut type clamp 9. First type moisture 11. 
Housing eliminator 12. 
Cartridge 10. Louvered type moisture 13. 
Pre-cleaner eliminator 14. 

15. 

Figure 1. Dry Type Air Cleaners 

13 

El bow 
Clamps 
Flexible hose 
Aspirator 
Rain cap 
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the precleaner and is spun to remove moisture 
and 90% of the dust particles. The separated 
moisture and dust falls into the dust bin and 
are drawn out through the aspirator. Preclean­
ed air then enters the filter cartridge for 
secl)fld-stage cleaning. The aspirator is con­
nected to the precleaner panel by means of a 
flexible metal hose. The rain eap (15) pre­
vents moisture from entering the exhaust 
system when the engine is stopped. 

CAUTION: Do not under any circumstances 
cover up the precleaner face. 

B. MAINTENANCE 

Periodic inspection of air cleaner body for 
dents, cracks, etc., should be made. Also 
check for damaged hoses, loose hose clamps, 
damaged gaskets, or any kind of leak that 
allows air to enter engine without first 
passing through the air cleaner. If any of 
the above conditions exist immediate correc­
tive action must be taken. 

Do not clean the cartridge. Experience has 
shown-that attempting to clean a dirty cart­
ridge by washing, shaking, or compressed air, 
frequently results in damage to it. Internal 
damage caused by cleaning often is too minute 
to be seen, or may develop after re-installa-· 
ti on. 

Under normal conditions the precleaner is 
self-cleaning, however, under extreme condi­
tions the precleaner may require cleaning. It 
may be cleaned by steam cleaning, washing, or 
by blowing air through the front and back of 
the cyclonic tubes and dust bin. 

If necessary, the moisture eliminator can be 
cleaned in a similar manner as the pre-cleaner, 
making certain all foreign matter and clean­
ing solutions are drained out through the 
holes in the bottom of it. 

The fasteners of the clamps which secure the 
cartridge, precleaner, or moisture eliminator 
to the housin9 are of 2 types. The first type 
(Fig 1 Item 5} uses a wingnut, whereas the 
second type (4) uses a flanged hex nut. 

Replace cartridge and clean air cleaner 
housing when red signal is visible in window 
of service indicator (Fig 2). Refer to follow­
ing the paragraphs to service air cleaner and 
the procedure to replace cartridge. 

:. C. SERVICE 

Replace cartridge and service air cleaner 
as follows: 

1. Loosen wing/nuts (Fig 1 Item 4 or 5) 
and clamps and remove moisture elimin­
ator, (9 or 10) or precleaner (8) after 
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removing its flexible hose (13) from 
elbow (11). 

2. Insert fingers into cartridge (7) open­
ings and loosen all four corners of the 
cartridge one at a time by pulling 
straight out at each corner. After seal 
has been broken, remove cartridge by 
pulling it straight out and slightly 
up so cartridge clears the sealing 
frame. Discard dirty cartridge. 

NOTE: Do not clean or reuse dirty car­
tridge. Inspect dirty cartridge for soot 
or oil. If there is soot inside the tubes, 
check for leaks in the engine exhaust 
system or exhaust from other equipment. 
If the cartridge appears to have an oily 
film, check for fumes escaping from the 
breather tube. Correct any of these 
conditions, if necessary, before a new 
cartridge is installed. 

3. Inspect inside of housing (6) and re­
move all foreign material. 

CAUTION: Inspect new cartridge for ship­
ping damage before installation. 

4. Install new cartridge into housing. 
Avoid hitting the cartridge tubes against 
the sealing flange of the housing. Firmly 
press all edges and corners of the car­
tridge against the sealing flange with 
your fingers to effect a positive air 
seal. 

CAUTION: Do not pound in the center of 
the cartridge to effect a seal. 

5. If necessary, clean moisture eliminator 
or precleaner. 

6. If heavy duty type air cleaner, install 
moisture eliminator (9 or 10) with 
drain holes to bottom. If the air clean­
er is the extra heavy duty type, install 
the precleaner (8) with dust bin to the 
bottom. 

7. Tighten the moisture eliminator and 
precleaner clamp fasteners in a diagnal 
sequence. If wingnut type (5), tighten 
finger tight and 1 1/2 to 2 additional 
turns with pliers or wrench. If hex nut 
type (4) tighten to 72 lb-in (8 Nm). 

NOTE: If, at a later date, inspection of 
the wing/nuts indicates that they are at 
less than specified torque, this is due 
to a slight set the in the plastic face 
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) NOTE (Cont): of the cartridge and does 
not impair the seal between the cart­
ridge and the housing. Retightening of 
the wing/nuts is not reco11111ended, unless 
they are loose, as this may break the 
seal which has been formed. 

8. If extra heavy duty type air cleaner, 
install flexible hose (13) over end of 
precleaner elbow (11) and tighten 
clamp (12). Inspect flexible hose and 
clamps. Make certain all connections, 
including aspirator (14), are air tight. 

9. Reset service indicator by pressing 
reset button on top of indicator (Fig 
2). 

CAUTION: The only allowable modification 
that can be made to the aspirator is the 
addition of an exhaust pipe extension to 
the large end of the cone. A maximum of 
4 feet (122 cm) of straight exhaust pipe 
of at least the same diameter as the 
large end of the cone may be added. When 

-an exhaust extension longer than 4 feet 
{122 cm) is required, resizing of the 
aspirator is necessary. The size and the 
shape of the cone of the aspirator must 
never be modified in service. If the 
aspirator system must be modified from 
its original configuration, or if exten­
sions longer than 4 feet (122 cm) are 
required, consult your1Allis-Chalmers 
dealer to assist in its design and modi­
fication. 

D. AIR FILTER SERVICE INDICATOR 

Purpose of the service indicator (Fig 2), which 
is factory set, is to provide a visual signal 
when the air cleaner is in need of servicing. 
The operator can ascertain the degree of filter 
contamination by observing the indicator during 
periods of actual engine operation. 

Dirt trapped by the air cleaner gradually re-
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1. Reset button 
2. Red signal 
3. Window 

2 

3 

-., 

4. Connector.with sintered filter 
5. Sintered filter 

Figure 2. Air Filter Service Indicator 

duces volume.of air flow through the filter 
and increases the air cleaner-to-engine pressure 
drop. As pressure flow decreases, the red sig­
nal of the filter indicator gradually moves 
in the window and when fully exposed is locked 
in position. At this time the air cleaner should 
be serviced or.the element replaced or serviced. 
After servicing, reset signal by pressing reset 
button located on top of the service indicator. 

Indicators are connected to the outlet side of 
the air cleaner by a connector that contains a 
sinter filter. If seals in the indicator rup­
ture, the filter in the connector will .prevent 
dust and other foreign material from entering 
the engine. If seals are damaged, the service 
indicator must be replaced. 
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TOPIC 18. TURBOCHARGER 

A. GENERAL 

The Model 11000 engine with dry type exhaust 
manifold is equipped with an AiResearch Model 
T-04 turbocharger and the 11000 engine with 
water cooled exhaust manifold is equipped with 
an AiResearch Model TE-06 turbocharger. 

The turbocharger boosts the power output of 
the Model 11000 engine over that of a natural­
ly aspirated engine by increasing the supply 
of air to t~e cylinders. 

The turbocharger is highly efficient, yet 
rugged and easy to install, exhaust-driven 
blower. The simple, compact design of the 
turbocharger incorporates a single stage radial 
inflow turbine wheel, mounted on a co111non 
shaft with a single stage centrifugal compres­
sor impeller. It has a one~piece bearing 
housing with floating sleeve type bearing, 
a turbine housing and a compressor housing. 
All rotating parts are individually precision 
balanced. 

IL OPERATION 

During engine operation, air enters the turbo­
charger at center of compressor housing, Fig­
ure 2, and is discharged from compressor out-

T-04 

E-2 

1. Oil inlet 
2. Center housing assembly 
3. Bearings 
4. Turbine housing 
5. Turbine wheel 

let to the intake manifold. After combustion 
the exhaust gases enter the exhaust manifold 
and flow to turbine side of the turbocharger. 
The expanding gases flow rapidly through the 
turbine housing causing turbine wheel to spin. 
The turbine wheel drives the compressor impel­
ler which is mounted on the same shaft. 

The turbocharger responds to engine load de­
mands by reacting to the flow of expanding ex­
haust gases and supplying a correlated volume 
of air to the engine cylinders. During a heavy 
load/lugging operation, the increased flow of 
exhaust gases turns the turbine wheel faster, 
causing the compressor impeller to turn faster 
to supply more air to the intake manifold. Con­
versely, when engine load is light and the rad­
ial flow of gases within the turbine decreases, 
the turbocharger compressor reduces the supply 
of air to the intake manifold. 

The turbocharger bearing is lubricated and 
cooled by filtered engine oil circulating 
through the bearing housing under normal oil 
pump pressure. This oil is supplied to the 
bearing housing through an external line from 
the engine main oil gallery. Oil returns to 
the crankcase through an external line which 
extends from the bearing housing to the side 
of the cylinder block. 

TE-06 

HT-50348 

6. Turbine shield 
7. Oil outlet 
8. Compressor wheel 
9. Compressor housing 

10. V-Clamps (TE-06) 

Figure 1. Turbocharger - Sectional View 
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WARNING: NEVER OPERATE THE ENGINE 
WITH AIR INLET PIPING OR EXHAUST 
ELBOW REMOVED FROM TURBOCHARGER. 
CLOTHING OR FOREIGN OBJECTS CAN 
BE DRAWN INTO THE COMPRESSOR IN­
LET. DISCHARGED CARBON PARTICLES 
AND HOT GASES FROM THE TURBINE 
OUTLET CAN CAUSE PERSONAL INJURY. 

C. EFFECT OF ALTITUDE ON TURBOCHARGED ENGINES 
' 

CAUTION: To prevent damage to the 
engine from excessive exhaust tem­
peratures and turbocharger over­
speeding when operating at alti­
tudes above sea level, it is nec­
essary to consider a reduction in 
the maximum fuel setting of the 
fuel injuection pump. The amount of 
derating is dependent upon several 
interrelated factors. 

Altitude affects a turbocharged engine in the 
amount of an approximate 1% decrease in horse­
power per thousand feet (304.8 m) of altitude 
until an altitude is reached at which the 
engine must be derated and the maximum fuel 
setting of the fuel injection pump reduced for 
one of the following reasons: 

1. Model T-048 Turbocharger 

a. In continuous type operation the 
turbocharger must not exceed 130,000 
rpm. 

b. In an intermittent type operation the 
turbocharger must not exceed 135,000 
rpm. 

2. Model TE-06 Turbocharger 

a. In continuous type operation the 
turbocharger must not exceed 109,500 
rpm. 

b. In an intermittent type operation the 
turbocharger must not exceed 117,500 
rpm. 

3. Maximum allowable exhaust temperature 
is 1300°F (978 K). 

4. Turbocharger cavitation (surging) cannot 
be tolerated. 

'· An engine operating under conditions of contin­
uous type loading must be derated more than an 
engine operating under conditions of intermit­
tent loading where loading intervals are of a 
time duration that does not allow stabiliza­
tion of manifold temperatures and pressures, 
even though both may be set to deliver the 
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same aillOunt of horsepower. Likewise, an engine 
delivering near maximum horsepower must be 
derated more than a similar engine set to de­
liver a conservative amount of horsepower. 

At governed speeds, exhaust temperature in­
creases at the rate of approximately 20°F per 
1000 ft (267 K per 304.8m) altitude. However, 
when the engine is lugged down to 1400 to 1500 
rpm the temperature may increase at a rate of 
35°,F per 1000 ft (275 K per 304.8 m) altitude. 

Engines equipped with the specified AiResearch 
turbocharger, wi 11 exceed the 1300°.F ( 978 K) 
maximum allowable speed of the turbocharger is 
reached. Therefore, as a practical field ap­
proach, safe control of turbocharger speed 
and exhaust temperature during altitude opera­
tion can be maintained by reducing the fuel 
injection pump flow, thereby limiting the 
exhaust temperature so that it does not exceed 
_1300~F (978 K). 

NOTE: The exhaust temperature must be 
taken before it enters the turbocharger. 
The exhaust manifold·is provided with 
a 1/4" (6.35 nm) pipe plug below the 
turbocharger mounting flange for in­
stalling thermocouples of temperature 
indicators. 

D. MAINTENANCE 

Each time engine lubricating oil and filter 
elements are replaced, or when routine service 
operations are performed, inspect turbocharger 
as follows: 

1. Air Cleaner and Intake System 

Restriction in the air intake system will 
cause malfunction of both turbocharger 
and engine. The restriction is measured 
as a vacuum at the turbocharger air in­
let, under engine full-speed, full-load 
conditions and it should never exceed 
30" (7465 N/m2) of water. 

a. Inspect gaskets, hose connections, air 
cleaner-to-turbocharger inlet tubing, 
and clamps for loose or damaged condi­
tion that permits air leaks in system. 

b. Inspect for restrictions due to dented 
tubing or collapsed hoses. 

2. Lubrication System 

a. Replace engine lubricating oil and 
filter elements at specified inter­
vals to assure clean ~upplu of oil 
to the turbocharger. 

b. Minimum oil flow to turbocharger with 
engine running is 10 psi (68.94 kN/m2) 
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with oil temperature of 180°F (355 K}. 
Loss of engine oil pressure will 
quickly damage or destroy a turbo­
charger. 

CAUTION: If an engine has been in 
storage for several months without 
being operated, it is recommended 
that the oil inlet connection at 
the turbocharger be removed and 3 
to 4 ounces (85 to 113 g} of lubri­
cant be placed in the oil inlet 
of the center housing. Also, fill 
oil inlet line with oil. Perform 
the above BEFORE operating engine. 

c. Inspect oil inlet lines, drain lines, 
and fittings for leakage, clogging, 
and damage. 

3. Exhaust System 

Total restriction of the entire exhaust 
system must not exceed 2" (6753 N/m2) 
mercury back-pressure at the turbo­
charger turbine housing exhaust outlet, 
under engine full-speed, full-load con­
ditions. Excessive back-pressure will 
reduce turbine speed and subject it to 
excessive temperatures. 

a. Inspect for exhaust leaks due to dam­
aged gaskets, cracks in exhaust mani­
fold, loose manifold mounting, or 
loose turbocharger-to-manifold mount­
ing. 

b. Observe engine exhaust. Excessive 
smoke may indicate a restricted air 
cleaner or air intake pipe, over­
fueling, or faulty turbocharger 
operation. Check air filter service 
indicator and maintain the air clean­
er as required. 

4. Fuel Injection Pump 

Under no circumstances should the factory 
maximum fuel delivery specification for 
the injection pump be exceeded in order 
to increase power output of the engine. 
Resulting turbocharger and engine damage 
will be costly and offset any benefit 
that might have been derived from in­
creased engine power. 

5. Engine Breather System 

A clogged engine breather tube will cause 
pressure build-up in the engine. This 
pressure will prevent the oil from drain­
ing down the oil return line and force 
it out the low pressure side of the 
turbocharger and into the engine air 
intake system. 
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-=- FLOW OF AIR THROUGH COMPRESSOR INTAKE 
~ FLOW OF ENGINE EXHAUST GASES THROUGH 
~ TURBINE 

T-31708 

1. Compressor housing 
2. Impeller 
3. Turbine housing 
4. Turbine wheel 
5. Exhaust manifold 
6. Intake manifold 

Figure 2. Turbocharger Operation 
Diagram 

a. Check engine breather tube to make 
certain it is not clogged. 

6. Operating Checks 

a. Operate engine at approximate rated 
output and listen for unusual turbo­
charger noise. (Do not mistake whine 
heard during run-down for one that 
indicates impeller shaft bearing 
failure during operation.} Other 
unusual noises can result from im­
proper clearance betweeen turbine im­
peller and turbine housing. If such 
noises are heard, the turbocharger 
must be removed, disassembled, and 
inspected. 
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E. 2250 - HOUR INSPECTION 

A major inspection of the turbocharger, by an 
experienced turbocharger mechanic, should be 
made after each 75,000 miles or 2250 - hours 

1.18 
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interval of operation. This inspection requires 
removal of the turbocharger from the engine, . 
and removal of the compressor housing and tur­
bine housing from the turbocharger, to check 
shaft radial movement and shaft end play. 
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TOPIC 19. SAFETY CONTROLS 

A. GENERAL 

The purpose of the optional engine safety con­
trols is to automatically stop the engine, 
thereby protecting it from damage if oil 
pressure drops below safe operating pressure; 
or if coolant temperature or engine speed 
should rise above safe, preset limits. Depend­
ing on owner's requirements, various combina­
tions of safety control components are avail-

HIGH WATER TEMPERATURE 
SAFETY SWITCHGAUGE 

LOW Oil PRESSURE 
SAFETY SWITCHGAUGE 

2 

I 
GROUND 
TO 
BLOCK 

\ 

BATTERY 

i 
3 

E-2861 
NEGATIVE GROUND SYSTEM 

able, including an oil pressure safety switch­
gauge, water temperature safety-switch gauge, 
and overspeed governor and its drive. An elec­
tric fuel shutoff valve, and fuel pressure 
relief valve are used in conjunction with the 
safety equipment. 

The low pressure and high water tempera­
ture switch-gauges applied to these engines 
are of the internal microswitch design and 

HIGH WATER TEMPERATURE 
SAFETY SWITCHGAUGE 

SAFETY 
CONTROL 

OFF-ON 
SWITCH 

2 

LOW Oil PRESSURE 
SAFETY SWITCHGAUGE 

3 

BATTERY 

POSITIVE GROUND SYSTEM 

1. Ground wire 2. Negative terminal 3. Positive terminal 

Figure 1. DC Generator with Safety Controls Schematic Wiring Diagram 

11000 11 OOOMKI I Revision l 1. 19 
Page 1 



HIGH WATER TEMPERATURE 
SAFETY SWITCHGAUGE 

VOLTAGE REGULATOR 

1 

5 

LOW OIL PRESSURE 
SAFETY SWITCHGAUGE 

I 
GROUND 
TO 
BLOCK 

\ 

BATTERY 

+ 

ALTERNATOR WITH SEPARATELY 
MOUNTED VOLTAGE REGULATOR 

E-2909 

l. Ground wire 
2. Relay terminal 

CAUTION: Do not 
ground relay terminal 

3. Field terminal (2) 

HIGH WATER TEMPERATURE 
SAFETY SWITCHGAUGE 

LOW OIL PRESSURE 
SAFETY SWITCHGAUGE 

OIL 
PRESSURE 
SWITCH --------

STARTER 
BATTERY 

ALTERNATORS WITH INTEGRAL 
VOLTAGE REGULATOR 

+ 

4. Indicator light terminal 
5. Battery terminal 
6. Ground terminal 
7. "Bat" terminal 
8. "R" terminal 

Figure 2. Alternators and Voltage Regulators with Safety Controls -
Schematic Wiring Diagram (Negative Ground) 
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replace the early type of switch-gauge having 
the pointer-contact design that required a 
separately mounted magnetic switch which is 
not required with themicro-switch type 
switch-gauge. 

To protect the micro-switches in the safety 
gauges from high currents caused by the 
addition of solenoids, relays, etc., being 
added to the safety circuit after the engine 
leaves the factory or by a dead short caused 
either by accident or by someone shorting 
the circuit for test purposes, a 5 ampere 
fuse is now added to the safety circuit. 

The fuse is a standard AGA 5 ampere fuse 
which can be acquired locally and added to 
the safety circuit of engines in service 
without it. 

The safety switch-gauges and overspeed governor 
are wired to energize the electric fuel shut­
off solenoid. The fuel shutoff solenoid valve 
is of the "energized to run" type (valve opens). 

For the safety equipment to automatically stop 
the engine, the fuel shutoff solenoid valve 
(Fig 3 Item 1) is located as near as possible 
to the fuel inlet of the injection pump. The 
fuel pressure relief valve (4) is located at 
the fuel filter. This valve is in addition to 
the pressure relief valve (2) at the fuel out­
let opening of the injection pump sump. 

When any one of the safety devices de-energize 
the fuel shutoff solenoid valve, the flow of 
fuel to the pump is stopped. Generally, it takes 
approximately 10 seconds for the engine to run 
out of fuel and stop. During this time interval 
the fuel supply pump (fuel transfer pump) con­
tinues to operate and imposes a pressure on the 
fuel solenoid shutoff valve. If starting is 
initiated during the shutdown interval, the 
fuel _solenoid shutoff valve will not open due 
to the pressure. Normally, the pressure will 
leak off in 1 to 2 minutes after the engine is 
stopped and no difficulty will be encountered 
when again starting the engine. 

To eliminate the pressure at the fuel solenoid 
shutoff valve(l),a pressure relief valve(4)and 
bypass line(5) are installed between the clean 
fuel outlet of the filter and the fuel return 
line (6) at a tee connected to the outlet of the 
fuel pressure relief valve located at the sump 
of the injection pump. The bypass line and 
relief valve functions to relieve the pressure 
at the fuel shutoff solenoid valve. 

B. OIL PRESSURE SWITCH-GAUGE 

1 . Opera ti on 

The oil pressure switch-gauge (Fig 4) is 
a combination oil pressure gauge and 
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safety switch. The visible pointer on 
the instrument dial indicates engine oil 
operating pressure. The gauge is connected 
by a tube directly to the engine oil 
gallery. If oil pressure drops below 
15 psi (103 kN/m2) during operation, the 
pointer moves to the low pressure range 
of the switch-gauge. At this point the 
contact in the switch-gauge opens to de­
energize the electric fuel shutoff sole­
noid and the engine stops when the fuel 
in the injection pump gallery is expend­
ed. After engine has stopped for any 
reason, the switch-gauge contact will 
remain open until the engine oil pres­
sure exceeds 17 to 20 psi (117 to 138 
kN/m2). 

NOTE: In order to start the engine, it 
is necessary to hold the oil pressure 
bypass switch in the RUN position until 
the engine starts and the oil pressure . 
exceeds 20 psi (138 kN/m2). At this 

3 

E-2905 

1. Fuel shutoff solenoid valve 
2. Injection pump sump relief valve 
3. Fuel filter 
4. Pressure relief valve, 8-14 psi 

(0.90 - 1.58 Nm) 
5. Pressure relief tube 
6. Fuel return line 

Figure 3. Fuel Shutoff Solenoid 
Va 1 ve Location 
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l. Socket head adjusting screw location 

Figure 4. Oil Pressure Switch-Gauge 

NOTE: (Cont.): pressure, the normally 
open contact in the switch-gauge 
closes to complete the circuit to the 
fuel solenoid. 

2. Adjustment 

The switch-gauge is factory adjusted to 
shut down the engine when oil pressure 
drops below 10 to 15 psi (69 to 103 
kN/m2). This setting can be changed to 
compensate for changes in operating 
pressure. To change the setting use a 
1/16" ( 1. 59 mm) hex head wrench at 
location indicated in Figure 3. 

Turn the adjusting screw clockwise in 
small increments to lower oil pressure 
setting or counterclockwise to increase 
the oil pressure shutdown setting. 

NOTE: One-quarter turn of the adjusting 
screw changes the pressure setting 7% 
of scale. 

C. COOLANT TEMPERATURE SWITCH-GAUGE 

1.. Operation 
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The coolant temperature switch-gauge 
(Fig 5) is a combination coolant temper­
ature gauge and safety switch. The visi­
ble pointer on the instrument dial indi­
cates temperature of engine coolant. The 
gauge is connected directly into the 
engine cooling system (rear of thermo­
stat housing) by a heat bulb and capil­
lary tube. If coolant temperature rises 
excessively, the pointer moves to the 
high temperature range of the switch­
gauge. At this point, the normally 
closed contact in the switch-gauge 
opens to de-energize the electric fuel 
shutoff solenoid and the engine stops 
when the fuel in the injection pump 

1. Capillary tube and heat bulb 
2. Socket head adjusting screw location 

Figure 5. Coolant Temperature Switch-Gauge 

is expended. While the pointer remains 
in the high temperature range, it is 
impossible to start the engine. It is 
necessary to allow coolant temperature 
to drop to a safe range before the con~ 
tact in the switch-gauge will close. 

2. Adjustment 

The coolant temperature switch-gauge is 
factory adjusted to shut off the engine 
when tae coolant temperature reaches 205 
to 210 F (369 to 372 K). This setting can 
be changed to compensate for altitude 
variations that affect the boiling point 
of water. To change the setting use 1/16" 
(1.59 mm) hex head wrench at location in­
dicated in Figure 4. Turn the adjusting 
screw in small increments clockwise to 
lower the temperature shutdown set-
ting or counterclockwise to increase 
the coolant temperature shutdown setting. 

NOTE: One-quarter turn of the adjusting 
screw changes the temperature setting 
7% of scale. 

D. OVERSPEED GOVERNOR 

1. Genera 1 

In the event the engine should over­
speed and exceed safe limits, the over­
speed governor (Fig 6) shutdown contacts 
are tripped and open the circuit to the 
electric fuel shutoff solenoid at 
the fuel injection pump, thus stopping 
the engine before any damage is incurred. 

NOTE: Contacts will remain in the tripped 
position until reset manually by momen­
tarily depressing the reset button on top 
of the overspeed governor. 
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1. Cap 8. Gasket 15. Reset button 
2. Drive assembly 9. Capscrew and copper washer 16. Switch 
3; Capscrew and lockwasher 10. O-rin9s 
4. Gasket 11. Grease fitting port hole 

17. Flyweight assembly 
18 .. Setscrew 

5. Timing gear housing cover 12. Locking screw 19. Governor adaptor 
6. Camshaft gear 13. Overspeed governor 20. Tang drive 
7. Timing gear housing 14. Cap 

Figure 6. Overspeed Governor and Drive Assembly 

The optional overspeed governor is tang 
driven by a drive assembly (Fig 5 and 6) 
which in turn is driven by the engine cam­
shaft gear. The overspeed governor is 
factory adjusted to trip at 15% over the 
governed full load speed. 

2. Adjustment 

The tip point of the overs peed governor 
may be adjusted while the engine is run­
ning. 

a. To adjust overspeed governor trip 
speed loosen cap adjustment locking 
screw (Fig 6) and turn cap until de­
sired trip point is reached. Clock­
wise rotation lowers tripping point. 
Counterclockwise increases trip speed. 

b. Tighten cap adjustment locking screw 
when adjustment has been completed. 

3. Lubrication 

The governor is equipped with a grease 
fitting. Use grease equivalent to Areo 
Shell 7A which conforms to MIL-G-23827. 
Grease should be applied with a low pres­
sure hand type grease gun until an over­
flow appears at the port holes of the 
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fitting, each 1000 hours of operation. 

4. Removal and Installation 

Refer to Paragraph G covering the removal 
and installation of the overspeed 
governor. 

E. STARTING AND STOPPING PROCEDURE WITH SAFETY 
CONTROLS 

Following is procedure for starting and stop­
ping an engine equipped with safety controls. 

1. Normal Starting 

a. Make certain load is disconnected 
from engine. 

b. Move speed control to 3/4 to FULL 
speed position. 

c. Push in stop control. 

d. Place engine safety control (OFF-ON 
switch) to the ON position. 

e. Activate bypass switch as instructed 
in Paragraph B, Topic 5, Operating 
Instructions. 
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f. Press the starter button and hold the 
bypass switch in the RUN position 
simultaneously and hold them until 
the engine starts. It will be neces­
sary to hold the by-pass button in 
until oil pressure reaches 20 psi 
(138 kN/m2). 

CAUTION: The starting motor,must never 
be used continuously for more than 30 
seconds at any one time without a pause· 
of two minutes until it cools. 

g. As soon as engine starts, move-speed 
control to FAST IDLE speed and allow 
engine to warm up. 

2. Normal Stopping 

a. Move speed control knob slowly to 
LOW IDLE speed and disengage load 
from engine. 

CAUTION: Run engine for at least 5 min­
utes at FAST IDLE so it can cool grad­
ually and uniformly. 

b. Pull out stop control. 

c. Place engine safety control (OFF-ON 
switch} to the OFF position. 

3. Automatic Safety Engine Shutdown 

1. 19 

a. High Coolant Temperature 

If shutdown is due to high coolant 
temperature, contacts of the water 
temperature safety switch-gauge re­
main in the open position, and it 
is impossible to start the engine 
until coolant temperature is lowered 
sufficiently for contacts to close. 

(l} Locate source of trouble causing 
overheating and make necessary re­
pairs. 

(2) Fill system with coolant and start 
engine. 

b. Low Oil Pressure 

(1) If shutdown is due to low oil pres­
sure, locate source of trouble and 
make necessary repairs. 

(2) Make certain oil pan is filled to 
proper level and start engine. 

c. Overspeed Governor 

(1) Correct trouble that cause engine 
to overspeed and shut down. 
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(2} When engine shutdown occurs due to 
overspeed, the reset button located 
on the top of the governor must be 
pushed inward, and then released · 
before the engine can be started 
again. 

F. GAUGE CIRCUIT TROUBLESHOOTING CHECKS 

If fuel and electrical systems, and the oil and 
coolant levels have been checked, and engine 
operation is still not normal, check the 
following: 

1. Check Coolant Temperature Switch-Gauge 

a. Check for continuity of the normally 
..closed contacts. Connect a volt-ohm 
meter between the RED and WHITE wires 
of the switch-gauge. The VOM reading 
should indicate closed contacts. 

b. Leave the VOM connected between the 
RED and WHITE leads of the switch­
gauge. Remove the coolant temperature 
capillary tube/heat bulb and check for 
damage. Submerse the heat bulb in 
water. Using an accurate theroometer., 
check switch-gauge contacts opening. 
Switch-gauge contacts should open 
when water temperature reaches 205 
to 210°F (369 to 372K}. 

2. Check Oil Pressure Switch-Gauge 

a. Check for gum, varnish, or dirt deposit 
in the damper unit on the back of the 
switch-gauge. 

b. Check the normally open contacts of 
the switch-gauge. Connect the volt-ohm 
meter leads between the RED and BLACK 
wires of the switch-gauge. The VOM 
reading should indicate and open 
circuit. 

c. Leave the VOM connected between the 
RED and BLACK leads of the switch­
gauge. Utilizing an air source, a 
regulator valve, and ao air gauge, 
apply 20 psi (138 kN/m2 } pressure to 
the oil pressure switch-gauge. The 
VOM should indicate the oil pressure 
switch-gauge contacts closed at this 
pressure, and open when pre~sure is 
reduced to 15 psi (103 kN/m ). 

3. Check Overspeed Governor 

a. Press reset button on top of governor 
to make certain the switch has not 
been tripped (Fig 6). 

b. Remove cap from governor. 

c. Place the safety control OFF-ON switch 
in the ON position. This will energize 
the switch in the governor. 
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d. Using a VOM check the continuity of 
the switch. Check from terminal "C" 
to cylinder block. Both readings 
should be 24 volts. 

e. If no reading is.obtained between the 
"NC" terminal and block, a defective 
switch is indicated. 

4. Check Fuel Shut-off Solenoid 

.a. If the engine runs with the fuel 
solenoid disconnected, it indicates 
a faulty fuel shut-off solenoid. 

b. If the engine runs but will not shut 
down after switch gauges are deter­
mined to be functioning properly, it 
indicates a shorted circuit in or to 
the fuel shutoff solenoid. Refer to 
Paragraph H. 

G. DRIVE ASSEMBLY AND ADAPTOR FOR OVERSPEED 
GOVERNOR 

1. Adaptor 

The governor (Fig 6 Item 13) is supported 
in the governor adaptor (19) which is 
secured with capscrews and copper washers 
(9) at the rear of the timing gear housing 
(7). A gasket (8) is located between the 
adaptor and the timing gear housing to 
prevent oil leakage. 

The small end of the adaptor is counter­
bored for two o-rings (10) which pre­
vents oil leaking between the adaptor 
and the governor 

The governor is retained in the adaptor 
by a hex socked set screw (18). 

Remove and install the governor and 
adaptor as follows: 

a. Remove governor cap (14), identify 
wires, and disconnect from terminals. 

b. Remove hex socket set screw securing 
governor in adaptor. 

c. Withdraw governor from adaptor and re­
move the 2 o-rings in the counterbore 
of the adaptor. 

d. Remove capscrews and lockwasher se­
curing adaptor to timing gear housing. 
Remove adaptor and gasket. 

e. Clean and inspect adaptor. 

f. Using new gasket, install adaptor and 
secure in place with capscrews and 
copper washers. 

g. Whenever installing the governor in 
the adaptor, make certain that the 
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o-rings are in the counterbore of the 
adaptor and that the governor tang 
(20) meshes with the groove in the· 
drive gear of the drive assembly. 
Tighten the retaining hex socket set 
screw securely. 

2. Drive Assembly 

The drive assembly (Fig 7) is secured to 
the front of the timing gear housing 
cover. Its drive gear meshes with the 
camshaft gear and turns two times engine 
speed. 

The drive assembly (Fig 7) consists of the 
drive key adaptor (6) (that drives an 
optional angle adaptor which drive the 
tachometer) that is secured to the end of 
the bearing shaft by a interference fit 
of .0012" to .0027" (.03-.07 mm). The 
shaft and bearing assembly is secured in 
the housing by a .002" to .005" ( .05-
.13 mm) interference fit and is also held 
in position by a retaining snap ring (2). 
The drive gear (4) is secured to the shaft 
by an interference fit of .000" to .0015" 
(.00-.04 mm) roll pin. 

a. Removal and Disassembly 

Remove the capscrews and lockwashers 
(Fig 6 Item 3) that secure the 
drive assembly (2) to the timing gear 
housing cover (5). Remove the drive 
assembly. 

Disassemble the drive assembly as follows: 

(1) Drive the pin (Fig 7 Item 3) from the 
gear (4). Place the assembly in a 
press with the front end of the gear 
resting on the base plates of the 
press. Place a drift on the bearing 
shaft (5) and force it from the gear. 

(2) Remove the snap ring (2) that retains 
the bearing and shaft assembly in the 
drive housing (1). 

(3) Again place the housing and bearing 
assembly in a press and force the 
bearing from the housing. 

NOTE: Whenever excessive pressure is ap­
plied to the shaft of the bearing, the 
force is transmitted through the balls to 
the outside bearing race, it is possible 
to Brinell (pit) either or both of the 
inner and outer races which will shorten 
the useful life of the bearing. It is 
recommended that a new bearing and shaft 
assembly be used whenever the disassembly 
procedures may have caused the bearing 
races to become pitted. 
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LOCATE ONLY ON SHAFT 
WHEN PRESSING ON GEAR 

HT-50829 

1. Housing 
2. Snap ring 

3. Roll pin 
4. Ori ve gear 

\ 
4 

f.: 78mm\ 
\" 76mm) 

3 

5. Bearing and shaft assembly 
6. Drive key adaptor 

Figure 1: Drive Assembly Details 

b. Assembly and Installation 

(1) Place the small diameter end of the 
shaft and bearing assembly on the 
base plate of a press. Position the 
drive key adaptor (6) on the upper 
end of the bearing shaft (5) and 
force the adaptor onto the shaft un­
til it is seated. 

(2) Place the drive housing on the press. 
Insert the bearing into the housing 
with the drive key adaptor end down. 
Force the bearing down until it seats. 

CAUTION: Do not force the bearing into the 
housing by putting the force on the press 
on the shaft as this will Brinell the 
bearing races. Use a sleeve of sufficient 
diameter and length to put the pressure 
on the outside race (housing of the bear­
ing). 

1.19 
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(3) Insert the bearing retaining snap 
ring in its groove in the housing. 

Place the drive housing and bearing 
in the press, support it on the end 
of the drive key adaptor. Position 
the drive gear on the shaft with the 
pin hole end of the gear up. Force 
the gear onto the shaft until there 
is .030" to .031" (.76-.78 mm) be­
tween the end of the gear and the 
housing. 

(4) Note that the service replacement 
gear has a 3/16" ( .19 mm) diameter 
pin hole drilled halfway through 
it. This hole acts as a pilot when 

drilling the hole through the shaft 
and the other half of the gear. 

(5) Drill through the shaft and gear with 
a 3/16" ( .19 rmt) diameter drill and 
install the roll pin. 

(6) Using a new gasket, position the 
drive assembly in its bore in the 
front timing gear housing cover, 
meshing the drive gear with the 
camshaft gear. Secure in place with 
capscrews and lockwashers. 

H. FUEL SOLENOID SHUTOFF VALVE 

1. General (Figs 3 and 8) 

The fuel shutoff valve is of brass con­
struction and designed for installation 
in the fuel supply line at its entrance 
into the fuel injection pump. 

NOTE: The valve must be installed accord­
ing to the arrow or flow marking on the 
valve body. 

The fuel valve is provided with a coil de­
signed for continuous duty service. When 
the solenoid is energized for a long 
period the solenoid becomes hot and can 
be touched only for an instant. This is 
a safe operating temperature. Any ex­
cessive heating will be indicated by 
the smoke and odor of burning coil 
insulation. 

The fuel shutoff valve is normally 
closed and when the solenoid is energized 
the valve opens, allowing fuel to enter 
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1. Cap nut 
2. Nameplate 
3. Housing assy. 
4. Insulating washers 

(omitted when nDld­
ed coil is used) 

5. Coi 1 
6. Housing base plate 
7. Solenoid base assy. 
8. Core spring assy. 
9. Solenoid base gas­

ket 
10. Valve body 

the fuel injection pump. 

While the engine is in operation the 
valve can be de-energized by the safety 
device or devices, due to overheated 
coolant and/or engine-overspeed and/or 
low lubricating oil pressure. When de­
energized, the valve is closed and stops 
the flow of fuel to the injection pump. 

2. Maintenance 

It is not necessary to remove the valve 
from the fuel pump for repairs. Before 
working on the valve shutoff the engine 
and close the shutoff valve on the fuel 
tank if the tank or the fuel level in the 
tank is above the level-of the fuel solen­
oid shutoff valve. 

A periodic cleaning of the solenoid valve 
is recommended. The time between clean­
ings wi 11 vary, depending upon the type of 
operating conditions. Sluggish solenoid 
valve operation or excessive leakage 
will indicate that cleaning is required. 

a. Improper Operation 

(1) Faulty Control Circuit. Check the 
electrical system by energizing the 
solenoid. A metallic click signifies 
the solenoid is operating. Absence 
of the click indicates loss of power. 
Check for open-circuited or grounded 
coil, broken lead wires or defective 
lead connectors. 

(2) Burned Out Coil. Check for open­
circuit coil. Replace if necessary. 

Figure 8. Fuel Solenoid Valve Details (3) High or Low Voltage. Check a voltage 

HT-50347 
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1. Number 12 size wire (furnished by customer) 
2. 1/2 std. pipe tap for conduit, this side only 
3. Trumpet to base retaining nut 

Figure 9. Warning Horn 
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1. Prong type connector 
2. Sound adjusting screw 

FigurelO. Warning Horn Adjustment 

across the coil leads with a volt­
meter. Voltage must be between 85% 
and 110% of nameplate rating. 

(4) Incorrect Pressure. Check valve pres­
sure. Pressure to valve must be with­
in the range specified on the name­
plate. 

(5) Excessive Leakage. Disassemble valve 
and clean all parts. Replace any 
parts that are worn or damaged. 

b. Disassembly and Reassembly 

CAUTION: Remove valve seat, located in 
valve body, only when absolutely neces­
sary. 

With engine shutoff, disconn~ct t~e. 
coil lead wires from the engine wiring; 
remove tube assembly and remove the 
base assembly (with solenoid intact). 
The internal parts are then accessible 
as shown in Figure 7. However, if a 
new valve seat is assembled, use pipe 
compound on the threads and remove the 
excess. Tighten to 75 lb-ft (102 Nm) 
torque. Reassemble the valve in re­
verse order of the disassembly. 

I .'·WARNING HORN AND WARNING HORN RELAY 

1. Warning Horn (Figs 8 and 9) 

The 24 volt de warning horn is used in 
conjunction with low oil pressure and 
high coolant temperature shutdown and/or 

1.19 
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overspeed shutdown controls. Its function 
is to give audible warning if any of 
these conditions take place. 

The warning horn is shipped unmounted to 
enable the owner to mount it in a con- ·. 
venient location. The horn should be 
located less than 100 feet (30.5 mi from 
the diesel engine. 

To remove horn and vibrator coil assembly 
from the base, loosen the large retaining 
nut (Fig 8 Item 3) until it is free from 
the base. Pull horn straight out from 
base to disengage prong type connector 
from base receptacle. 

The intensisty of horn sound is adjusted 
at the factory but adjustment can be 
changed if necessary; refer to Figure 9. 

2. Warning Horn Relay 

The 24 volt de, SPST relay normally 
closed contacts that open when energized. 

This relay must be used with t~e 24 vo~t 
de warning horn when the horn is use~ in 
conjunction with low oil pressure, high 
coolant temperature and/or overspeed 
safety shutdown controls. 

Before the engine is started the safety 
control off-on toggle switch must be 
placed in the ON position. The_horn will 
sound until the bypass button is pressed 
IN and the warning horn relay is ener­
gized, causing its contacts to op~n the 
circuit to the horn. When the engine 
starts the operator releases the bypass 
button, but by this time the engine oil 
pressure has exceeded 20 psi (138 kN/m2) 
and the low oil pressure safety control 

HT-51651 

Figure 11. Warning Horn Relay 
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contacts have closed and the warning 
horn relay remains energized and i.ts 
contacts are held open. 

Upon engine safety shutdown, the con­
tacts in the safety controls open and 
the warning horn relay is de-energized 
and its contacts close, completing the 
circuit to the warning horn. The horn 

11 000 11 OOOMK II 

will·sound until the safety control off-on 
toggle switch is placed in the OFF posi­
tion. 

CAUTION: Before starting engine, deter­
mine cause of trouble and eliminate it 
by making necessary repairs. 

1. 19 
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TOPIC 20. COLD WEATHER STARTING Al D S 

A. GENERAL 

Two types of cold weather starting aids are 
available as optional equipment to assist en­
gine starting in extreme cold weather. The 
first, is a manually operated type and the sec­
ond is an electrically operated type. Both 
types use a very vo 1 ati le type starting fluid 
stored in a can or tank under pressure which 
comply with ICC regulations. 

The discharger or control is mounted on or near 
the engine control panel where it is accessible 
to the operator during startup. The spray 
nozzle is connected to the discharge by a length 
of nylon tubing. The position of the nozzle 
in the air intake system is such that dis­
charged starting fluid is distributed pro­
portionally to all engine cylinders. 

CAUTION: Starting fluid containers 
are under pressure and extremely 
fla1T111able. Keep away from heat, sparks, 
or open flame. Avoid contact with the 
skin and avoid breathing of fumes. 
Observe the precautions printed on the 
containers. 
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1. Discharge tube 
2. Spray fitting 
3. Manual control lever 
4. Fuel cylinder 

IMPORTANT: Make certain the tubing is 
supported and routed so it does not 
contact any hot surfaces or areas where 
it may be damaged by mechanical action 
or vibration. 

B. HANDLING PRECAUTIONS 

CAUTION: When the fuel cylinder is re­
moved from the discharger valve assembly, 
always keep top of valve asserrbly cov­
ered with the plastic cap that is at­
tached to the chain provided with the· 
asserrbly to prevent entrance of foreign 
material into the discharger valve 
asserrbly. If it is ever decided to remove 
the starting aid asserrbly and operate the 
engine without it in the air intake sys­
tem, first disconnect the tube from the. 
spray fitting. Then remove the spray 
fitting from the air intake system and 
replace it with a pipe plug. 

a. Do not heat fuel cylinders. 

b. Starting fluid contained in the cylin-

8:--~---•0 

CAUTION: Install the spray jet in 
the opening provided in the center 
of the intake manifold. Instal­
ling it in the turbocharger to 
intake manifold cross-over pipe 
will damage the engine. 

5. Electric push button 
6. Discharge valve assembly 
7. Mounting clamp assembly 
8. 0-ring 

Figure 1. Cold Weather Starting Aid 
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ders is volatile and highly flamm­
able. When discharger is being tested 
or inspected and is not installed on 
engine, do not discharge spray in a 
confin~d area or near an open flame. 

c. The ether component of the starting 
fluid is toxic. Avoid prolonged 
breathing of fumes. 

d. Do not puncture or incinerate cylin­
der. 

C. FUEL CYLINDER INSTALLATION 

a. Remove plastic cap from top of dis­
charger valve asseribly. 

b. Place o-ring (furnished with fuel 
cylinder) in metering chamber well. 

c. Install fuel cylinder by placing it 
in position to engage threads, and 
screw hand tight~ Then secure cyl in­
der with clamp. Refer to instructions 
printed on cylinder. 

D. OPERATION OF DISCHARGER 

a. Crank engine with stop control in 
the STOP position (fuel off) for 5 
seconds maximum. 

b. Set stop control in RUN position 

c. Place throttle in the FULL LOAD posi­
tion, then re turn it to the 1/ 4 to 
1/2 position. 

d. Crank engine with stop control in RUN 
position for 2 - 3 seconds. 

e. Inject one shot of starting fluid 
while cranking engine. 

f. To inject one shot of starting fluid: 

(1) Electric Type: 
Push and hold starting aid button for 
3 - 5 seconds. 

(2) Manual Type: 
Pull and hold starting aid control 
for 3 - 5 seconds. 

NOTE: If engine is equipped with safety 
controls, refer to Topic 19, Paragraph D, 
for starting procedure. 

g. Wait 2 seconds and press starter 
button on engine control panel. 

h. If temperature is o•F (255K) or be­
low, repeat steps f and g. 
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CAUTION: Too much ether in an engine 
can produce any or all of the follow­
ing harmful conditions; premature de­
tonation, with resulting undue pres­
sures on pistons, rings, and crank­
shaft; "ether wash" which reduces or 
eliminates the oil film on the cylinder 
walls causing scoring or premature 
engine failure; and accumulations of 
excess ether in the intake system 
which can cause disastrous effects when 
the ether is sucked into the engine 
after it is running. 

CAUTION: Do not use starting motor contin­
uously for more than 30 seconds with out 
a pause of 2 minutes to allow it to cool. 

i. Once the engine is firing on most cy­
linders, in one quick motion, move 
throttle to near the full load posi­
tion and return it 1/4 to 1/2 position. 
This will clear the exhaust during 
the initial starting. 

j. After the engine is running smoothly, 
allow it to wann up to nonnal opera­
ting temperature at 1/4 throttle be­
fore applying load. 

NOTE: If the throttle is left in the 
full load position while cranking, ex­
cessive smoke will result until the 
engine reaches high idle rpm. 

k. Oil pressure sho~ld be 30 to 55 psi 
(207 to 379 kN/m) at full load rpm. 
If pressure is not within these limits, 
stop engine immediately and correct the 
trouble. 

E. MAINTENANCE 

The ether starting aid assembly is ruggedly 
constructed and ordinarily does not require 
servicing. If the assembly sustains major 
damage, remove and replace the complete unit. 

. a. When replacing empty fuel cylinder, 
wipe dirt from around valve inlet and 
follow instructions in preceding 
Paragraph C.Fuel Cylinder Installation. 
Use care in wiping dirt from valve 
inlet to prevent dirt from entering 
valve. 

b. Periodically remove fuel cylinder and 
lubricate the valve. 
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WARNING: CONTENTS OF FUEL CYLINDER ARE 
TOXIC AND EXTREMELY FLAMMABLE, DO NOT 
DISCHARGE IN A CONFINED AREA OR NEAR 
AN OPEN FLAME. 

c. Periodically check all connections 
for leaks. Correct any leaks found. 

d. Check mounting bolts and clamp for 
tightness. 

e. Periodically test unit for proper 
functionins by disconnecting the 
spray fitting from air inlet system. 
The side of the fitting is marked 
(chisel mark} to indicate the loca­
tion of the spray orifices. Note 
location mark when removing the 
fitting. Install the fitting with 
location mark on the same position. 

f. Reassemble spray fitting to tube. 

g. Actuate system. 

h. A fine mist-like spray should be 
emitted from the orifice in the 
spray fitting. 

F. TROUBLESHOOTING 

If an inoperable condition exists, perform 
the following: 

a. Check fuel cylinder for hand tight­
ness and check fuel supply. An empty 
fue 1 cyl incter weighs 17 ounces 
(0.48 kg), a fuell fuel cylinder 
weights 37 ounces (1.05 kg}. Make 
certain fuel cylinder is tight, if 
empty, replace it. 

b. If system is still not functioning, 
replace entire unit. 

G. FIELD INSTALLATION 

CAUTION: If applicable, disconnect and 
remove air heater from engine. 

a. Mount starting aid assembly within 
10° of vertical. 

b. Install starting fluid tank (Fig l 
Item 4) according to instruction in 
above Paragraph C. 
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c. Remove pipe plug from center of 
intake manifold. 

IMPORTANT: Never install jet (spray 
fitting} in cross-over pipe between 
turbocharger and intake manifold. 

d. Install jet in intake manifold with 
chisel mark or dot that is located 
on the hex part of the jet to 
the top. This will properly locate 
the spray orifices within the 
intake manifold. 

e. Cut plastic tubing to length. Using 
compression fittings connect tube 
to jet and discharge valve assembly. 

CAUTION: Support and route plastic 
tubing so that it does not contact any 
hot surfaces or areas where it may be 
damaged by mechanical action or vibration. 

5. Mount controls as follows: 

a. Manual Type 

Pass control cable through .'375" 
(9.53 ITlll) hole in instrument panel 
and secure in place. 

Pull wire out of cable 3.750" (95.25 
mm} before cutting to length. Push in 
control knob and secure cable to 
discharge valve assembly and wire 
to discharge arm as shown in Figure 
1. 

Attach starting procedure decal 
to instrument pannal close to 
control knob. 

b. Electrically Controlled 

Install push button in .625" (15.88 
mm} hole in instrument panel. Attach 
starting procedure decal to instru­
ment panel close to push button. 

Using No. 14 gauge (AWG) connect one 
terminal of the push button switch 
to the battery side of the ammeter 
and the other terminal of the push 
button to one the wires of the dis­
charge valve assembly solenoid. 
Ground the other solenoid wire to 
the starter ground terminal. 
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TOPIC 21. AIR COMPRESSOR 
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TYPE TU-FLO S00 9 

! .. Coolant inlet tube 5. Coolant outlet 9. Mounting bracket 
2. Governor 6. Air inlet tube 10. Oil drain tube 
3. Cylinder head 7. Adjustable oitch oulley 11. Oil suooly tube 
4. Discharge valve capnuts 8. Drive belt 

Figure 1. Air Compressors 

A. GENERAL 

The air compressors available as optional 
equipment are single stage, reciprocating 
piston type with capacities of 12 cu ft/min 
(5.7 cum/sec) and 14.Scuft/min (6.8cum/sec). 
The compressors are two-cylinder inline, belt 
driven type, and may be obtained for mounting 
on either the front left-hand, or front right­
hand side of the engine, as specified. The 
current compressor is type TU-FLO 501 and the 
early type is TU-FLO 500. They are similar in 
design, but vary in method of cooling and 
arrangement of their components. 

A continuous flow of lubricating oil is sup­
plied to the air compressor from the engine 
main oil gallery through an external oil 1 ine. 
Excess oil spills down and drains back to the 
engine through the hollow mounting bracket. 

Inlet air is obtained through a tube connecting 
the intake port of the compressor to the engine 
air intake manifold. The air is filtered by the 
same filter which cleans the air supplied to 
the engine. 
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Two methods for cooling are utilized during 
operation. The air compressors cylinder head 
is cooled by the engines cooling system, 
while the cylinder block is cooled by ex­
ternal fins. The coolant piping of the current 
type compressor is designed to drain the cool­
ant from compressor head whenever the engine 
is drained of coolant. A drain cock is provided 
for draining early type air compressors. 

CAUTION: Early type air compressors: 
Should it be necessary to drain the engine 
cooling system to prevent damage from· 
freezing, drain compressor separately, 
otherwise coolant will remain isolated 
in the cylinder block and head. The 
drain cock is located on side of compres­
sor cylinder block. 

The compressor runs continously while the 
engine is running, but compression of air is 
controlled by a governor (Fig 2) that starts 
or stops compression by loading or unloading 
the compressor when reservoir (air storage 
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tank} pressure reaches preset limits •. 

Operation of the governor is as follows: 

When reservoir air pressure reaches the high 
cutout setting of the governor, the governor 
piston assembly and the inlet and exhaust valve 
moves up, opening the inlet valve passage. 
Reservoir pressure forces air through the open 

· inlet valve, through the piston air passage, 
out the governor unloader port, and into a 
cavity beneath the compressor unloader pistons. 
The unloader pistons and plungers move up and 
the plungers hold the compressor inlet valves . 
off their seats. While the inlet valves are in 
this position, air is merely pumped back and 
forth between the two cylinders and no compres­
sion occurs. 

When reservoir air pressure drops to the low 
cutin setting, air pressure on the governor 
piston is reduced, and the piston assembly is 
forced down by the pressure setting spring. 
At this time the inlet vlave closes and the 
exhaust valve opens. With the exhaust valve 
open, air in the unloader line escapes back 
through the piston and exhaust stem, and out 
the exhaust port. In the compressor, air is 
exhaustep from beneath the unloader pistons 
and the compressor inlet. valves return to 
their seats. Compression of air is now resumed. 

B. SERVICE 

1. Daily 

a. Drain moisture from air reservoir 
(air storage tank) before start of 
operation. 

NOTE: Air reservoir must be supplied by 
customer. 

2. Every 100 Hours of Operation 

a. Check drive belt alignment and adjust­
ment. 

b. Check tightness of mounting bolts. 

c. Check for clean supply of air, make 
certain all connections are secure 
and not leaking. 

d. Check oil and coolant lines, make 
certain lines are secure and not 
leaking or obstructed. 

e. Make certain air compressor fins are 
not clogged and are clean. 

3. Every 600 Hours of Operation 
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a. Clean governor air filter (Fig 2) 
in place using a small brush and a 
very small amount of trichloroethylene 

) 
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5 ~. 
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T-36633 

1. Cover 5. Mounting hole 
2. Adjusting screw 6. Unloader port 
3. Adjusting screw locknut 7. Mounting hole 
4. Exhaust port 8. Filters 

9. Reservoir port 

Figure 2. Air Compressor Governor 
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HT-54082 

1. Adjustable pulley assembly 
2. Stationary pulley half 
3. Adjustable pulley half 
4. Pulley lockplate 
5. Capscrew ) 

Figure 3. Adjustable Pulley Assembly 
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solution. 

NOTE: Filters should be cleaned in place 
instead of removing them because they are 
damaged at time of removal. However, in 
lieu of cleaning in place they may be 
removed and replaced with new ones. When 
replaced, install the new filters using 
end of a pencil to seat them in the 
governor body. 

4. Every 1000 Hours of Operation 

a. Remove discharge head fitting and 
inspect discharge port and line for 
carbon deposits. If excessive build­
up is noted the discharge line must 
be cleaned or replaced. 

b. Remove and clean external lubricating 
oil line. 

c. Remove compressor from its mounting 
base. Thoroughly clean interior of 
hollow base and oil return hole. 

NOTE: When leakage in the air system is 
not excessive, failure of the compressor 
to maintain adequate air pressure usually 
denotes loss of efficiency because of 
wear. Another sign that the compressor is 
worn is indicated by pressence of undue 
amount of oil in water bled from the air 
reservoir tank. If either of the above 
conditions are noted, the air compressor 
should be rebuilt. 

C. DRIVE' BELT ADJUSTMENT 

The compressor drive belt is properly adjusted 
when it can be pressed inward 1/2" (12.7 mm) 
at a point halfway between the compressor 
pulley and the fan pulley. To adjust drive 
belt, proceed as follows: 

1. Remove capscrews attaching lockplate to 
pulley front section and remove lockplate 
(Fig 3). 

2. Hold pulley rear section stationary 
and turn pulley front section clockwise 
to tighten or counterclockwise to loosen 
belt. 

3. When correct belt tension is obtained, 
turn pulley front section as necessary 
to align nearest capscrew holes with 
notches on pulley hub. 

4. Install lockplate in position on hub and 
secure to pulley front section with cap­
screws. 
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D. BELT REMOVAL AND REPLACEMENT 

1.. Remove capscrews, lockwashers, and lock-
plate securing front half of the pulley. 

2. Remove front half of pulley by turning 
it counterclockwise and slip off the 
belt. 

3. Position a new belt on the fan pulley 
and rear half of the compressor pulley. 

4. Install front half of the pulley. 

5. Adjust front half of pulley until proper 
belt tension is obtained; Refer to 
Paragraph C above. 

6. Line up holes in the pulley halves; in-
stall the lockplate; install the 2 
capscrews and lockwashers and tighten 
the capscrews securely. 

E. REMOVAL, CLEANING, AND INSTALLATION OF 
CYLINDER HEAD 

If inspection reveals presence of undue amount 
of carbon in the air compressor cylinder head, 
the head must be removed and the carbon depo­
sits scraped from all inner surfaces. 

1. Drain coolant from air compress~_".; 

a. Open draincock on side of compressor 
(if applicable). 

b. Open engine coolant draincock and 
drain until coolant is below air 
compressor cylinder head. 

2. If early type compressor, remove discharge 
valve capnuts (Fig 4 Item 1), springs 
and valves from top of compressor cylinder 
head. If current type compressor, these 
parts cannot be removed until compressor 
head is removed. 

NOTE: It is not necessary to remove dis­
charge valve seats unless they are badly 
worn or damaged. 

3. Remove hose assembly from air compressor 
head. 

4. Unscrew and remove nuts from compressed 
air discharge flange. Remove flange and 
gasket from cylinder head. Discard gas­
ket. 

5. Unscrew capscrews securing cylinder head 
to block and lift off cylinder head. 
Remove and discard gasket. 
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CAUTION: It may be necessary to tap cyl­
inder head with rubber or rawhide hammer 
to break gasket seal. 

6. Remove inlet valve springs from cylinder 
head and inlet va 1 ves from their guides 
in the cylinder block and mark for sub­
sequent replacement in their original 
locations. 

7. Clean loose carbon and foreign material 
from inner surfaces of cylinder head 
with brush and trichloroethane solvent. 

8. Scrape hardened carbon deposits from 
inner surfaces of cylinder head. 

9. Current type: 

a. Unscrew the discharge valve seats 
from cylinder head and remove the 
discharge valves and springs. 

NOTE: It is not necessary to remove dis­
charge valve seats unless they are badly 
worn ·or damaged. 

10. Rinse cylinder head in trichloroethane 
solvent and dry with compressed air 
jet. 

11. Clean inlet valve springs and all dis­
charge valve parts in trichloroethane 
solution. Dry with compressed air 
jet. 

12. Reassemble in the reverse order of 
removal procedure. 
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TYPE TYPE 
TU-FLO 501 TU-FLO 500 
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1. Cap nut 4. Cylinder head 
2. Spring 5. Valve seat 
3. Discharge valve 6. Head gasket 

Figure 4. Compressor Cylinder Heads 

CAUTION: During installation use new gas­
kets to prevent leakage of coolant and 
compressed air. 

13. Close draincock and fill engine cooling 
system to replace coolant drained from 
compressor before disassembly. 

14. After installation is complete, run air 
compressor and check gasket interface 
and hose connection for air, oil, and 
coolant leaks. 
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TOPIC 22. POWER TAKE-OFF CLUTCH AND REDUCTION GEAR 

A. GENERAL 

CAUTION: Always refer to instructions on 
clutch adjustment access cover. 

The power take-off unit contains a heavy duty, 
single or double plate, dry clutch with an 
over-center engaging action. A shifting collar 
and bearing mechanism, carried on the power 
take-off shaft, is operated by a clutch oper­
ating lever to engage or disengage the clutch. 
A threaded adjusting yoke provides a means 
of maintaining the necessary adjustment to 
compensate for normal wear on the clutch 
facings. 

The reduction gear is a precision engineered 
unit of rugged construction built for heavy 
duty service. The unit contains shafts and 
helical type gears of alloy steel which are 
properly heat treated for ultimate strength 
and endurance. The unit consists of a complete 
power take-off clutch and reduction gear as­
sembled into a single unit. The front of the 
clutch shaft of the reduction gear is support­
ed by a pilot bearing located in the flywheel. 

B. POWER TAKE-OFF CLUTCH SERVICE {Fig l) 

1. Each day, before operation, lubricate the 
throw-out collar through the fitting on 
the tapered part of the housing. 

NOTE: Refer to Paragraph B, Topic 6 for 
grease recommendations. 

2. Each 100 hours of operation. lubricate 
the pilot bearing through the fitting in 
the clutch shaft. 

CAUTION: The sealed-for-life pilot bearing 
should not be lubricated during service, 
damage to engine crankshaft thrust bearing 
could result from trapped grease pressure. 
Clutch shaft, normally, will not be drillea 
If drilled; a plug (s) should be installed 
to prevent inadvertent greasing. 

3. Each 100 hours of operation, lubricate 
the shaft bearings through the fitting 
located on the housing hub. 

4. Each 100 hours of operation, lubricate 
the operating lever shaft. 

5. Each 100 hours, check clutch adjustment. 
Clutch should engage with a definite over­
center "snap" and require an appreciable 
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push on operating lever for engagement. 
If "snap" is not evident. or clutch· 
slips under load, adjust clutch ilTflledi­
ately (Refer to Paragraph C of this 
Topic). 

CAUTION: In each case, apply a small 
amount of grease. Do not over grease. 

6. When a power take-off unit is being 
used with a direct drive through a 
flexible coupling, or by any other 
means making it impossible to get at 
the fitting in the end of the shaft, 
remove the plug on the "side" of the 
power take-off shaft where it has been 
cross drilled and install a fitting. 
Take the plug and insert it in the end 
of the shaft to prevent lubricant from 
being forced past the fitting installed 
there. 

. C. POWER TAKE-OFF CLUTCH ADJUSTMENT ( Fi_g 2) 

1. Remove the clutch access cover and gasket 
from power take-off housing. 

2. Disengage the clutch. Turn the clutch 
shaft until the clutch adjusting lock 
pin may be reached through the opening 
in the power take-off housing. 

HT-52379 

1. Throw-out collar lube fitting 
2. Clutch access cover 
3. Clutch operating lever 
4. Pilot bearing lube fitting 
5. Operating lever shaft lube fitting 
6. Shaft bearing lube fitting 

Figure 1. Power Take-off Clutch 
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1. Adjusting yoke 
2. Clutch back plate 

3. Clutch adjusting lock 
pin 

4. Power take-off housing 

Figure 2. Clutch Adjustment 

3. Pull the adjusting lock pin out and turn 
the adjusting yoke clockwise to tighten 
or counterclockwise to loosen, as neces­
·sary. Moving the yoke two or three notches 
is generally sufficient. 

4. Lock the adjusting yoke in place by in­
serting the adjusting lock pin into the 
nearest notch in the clutch back plate. 

5. When properly adjusted, clutch should 
engage with a definite over-center 
"snap". 

6. Install clutch access cover and gasket. 

D. REDUCTION GEAR SERVICE (Fig 3) 

1. Maintain oil level at level plug. Drain, 
flush and refill every 1000 hours with 
and SAE 90, non-corrosive, non-foaming 
E.P. type gear oil conforming to MIL-L-
2105 specification. In summer use SAE 
140 of similar characteristics. Always 
refer to instructions on clutch access 
cover. 

NOTE: Depending upon operating conditions, 
the unit may deve 1 op tempera tu res too hot 
to hold the hand on. Temperatures from 
140° to 225°F (333 to 381K) are not un­
usual and will not affect operation or 
damage the unit - PROVIDED the unit is 
lubricated in accordance with our 
instructions. 
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l. Pilot bearing 
2. Operating lever 
3. Clutch access cover 
4. Breather 
5. Drain plug 
6. Operating lever shaft lube fitting 

Figure 3. Reduction Gear (Model 11000 Engine) 

2. Grease the reduction gear clutch pilot 
bearing, throw-out collar, and operating 
lever shaft in the same manner as indi­
cated in Paragraph B. 

NOTE: To grease pilot bearing, ·remove 
the plug or the cover at the rear of 
the clutch shaft for access to the grease 
fitting in the end of the shaft. 

E. REDUCTION GEAR CLUTCH ADJUSTMENT (Fig 2) 

Make clutch adjustment in the same manner as 
indicated in Paragraph C. 
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TOPIC 23. TORQUE CONVERTERS AND TAILSHAFT GOVERNOR 

A. GENERAL 

The function of the single stage torque con- . 
verter is to multiply the torque, or twisting 
force, of an engine. The amount of load, or 
resistance, applied to the output shaft of 
the torque converter will determine the extent 
to which engine (or input) torque is multi­
plied. Therefore, little or no torque multi­
plication will occur, or is necessary, when 
the encountered load can be moved with approx­
imately the same amount of torque being pro­
duced by the engine. When the load is increas­
ed, the torque required at the output shaft 
of the converter exceeds the torque being 
produced by the engine. The oil in the conver­
ter circuit is then directed in such a manner 
as to increase the turning effort of the con­
verter output shaft. Thus, the torque converter 
selects the proper output torque required for 
any load within the capacity limits of the 
converter, and does automatically what must be 
done manually with a mechanical transmission. 

The purpose of the opti ona 1 disconnect clutch 

T-29540 

PILOT 
BALL 

BEARING 

is to function as a master cut-off. It is de­
sirable frequently to operate only the engine. 
In some cases, equipment manufacturers also 
consider the clutch arrangment as a safety 
feature. 

The optional freewheel is designed mainly for 
shovel and crane applications. The primary 
purpose of the freewheel is to function as a 
boom lowering device. The purpose of the free­
wheel is to lock-up the output and input shafts 
which results in a 1:1 ratio, and then use the 
engine compression as a brake. Whenever the 
output shaft. rpm exceeds the-input rpm, the 
freewheel will lock-up. The freewheel outer 
race is located and fixed to the rotating hous­
ing and input flange. The cam and cage assembly 
are fixed to the output shaft. Fourteen rollers 
are spaced equally around the cam and are held 
in position by the cage. Whenever the output 
rpm exceeds the input rpm, the cams force the 
rollers up on the cam faces and lock the rollers 
with the outer race. The return springs, loca­
ted in the end of the cage, return the cage and 
rollers to neutral position whenever the input 

OIL FILTER ASS EMBLY 

PRESSURE 
REGULATOR PARTS 

I '-IHCH STEEL BALL 

OUTPUT SHAFT 

GOVERNOR DRIVE GEAR 

GUIDE WHEEL CARRIER 

Figure 1. Model 11000 Engine Torque Converter with Disconnect Clutch 
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rpm exceeds the output rpm. 

A heat exchanger is utiliied because the oil 
used in the converter circuit is subject to 
considerable viscosity change with temperature. 
This change in viscosity also will vary con­
verter efficiency unless the oil temperature 
remains uniform within the range of normal 
operati~g temperature. 

In certain applications of the torque converter 
to the engine, it is desirable to maintain, 
within limits, a constant tailshaft (converter 
output shaft) speed as the load placed on the 
converter varies. To accomplish this control, 
it is necessary that the governing device be 
driven from the tailshaft, thereby sensing 
variations in tailshaft speed rather than en­
gine speed. By mounting a mechanical type 
tailshaft governor on the flywheel housing 
and driving it by a flexible drive shaft from 
the converter tailshaft, control can be ac­
complished. The tailshaft governor throttle 
lever is connected by a rod assembly to the 
engine fuel injection pump governor operating 
lever. 

B. SERVICE (Figs 2 and 3) 

All moving parts of the converter are lubricat­
ed by the oil within the sump as it travels 
throughout the converter. No further lubri­
cation is required. 

For specifications, refer to Topic 2, Para­
graph F. 

1. Daily, check oil level within the sump; 
if necessary, add recommended oil to 
bring up to specified level. Check oil 
level as follows: 

a. Operate the engine for 10 minutes 
or until the engine temperature 
reaches its normal operating range. 

b. Turn off the engine. Check the oil 
level within the sump with the oil 
level guage irrvnediately after stopping 
the engine. The oil level must be 
maintained between the high and low 
marks on the gauge. Depending upon 
the model of the converter, the oil 
level gauge is located on the left 
side or is integral with the filler 
breather cap. 

CAUTION: If the engine is not operated or 
if the check is made after the engine has 
been stopped for any length of time, an 
erroneous reading will be obtained. When 
the engine is turned off, the converter 
circuit oil will drain into the sump and 
cause an inaccurate reading. An oil level 
check cannot be made with the engine 
running due to internal splashing. 
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1. Breather cap, filler, and oil level gauge 
2. Cover plate 
3. Access to circuit drain plugs 
4. Oil filter assembly 
5. Temperature gauge 
6. Outlet to heat exchanger 
7. Inlet from heat exchanger 
8. Pressure gauge 
9. Mounting pad 

10. Drain plug 

Figure 2. Single Stage Torque 
Converter 

2. Daily, make the following inspections: 

a. Inspect the mounting parts of the 
hydraulic torque converter. Replace 
any damaged parts. 

b. Inspect the heat exchanger and the 
connecting lines for leaks, kinks, or 
other damage. 

c. Inspect the pressure and temperature 
gauge assemblies for damage. If a 
gauge is suspected of being inaccurate, 
replace the gauge with one of proven 
accuracy to determine the extent of 
malfunction. 

d. Inspect the front and rear areas of 
the converter housing adjacent to the 
oil seals for leakage. Replace a 
leaking seal. 

3. Each 1000 hours of operation or every 
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3 rronths, whichever occurs first, change 
the oil in the converter. Drain and fill 
the converter as fo 11 ows: 

a. Shut off the engine. Reroove the square 
head pipe plug from the bottom area of 
the converter hous.ing, and drain the 
sump. Depending upon the roodel of the 

, converter, reroove · the breather cap or 
1-1/4" ( 31. 75 rrm) square-socket-head 
pipe plug from the top of the con­
verter housing. The removal of the cap 
or pipe plug provides access for the 
removal of two 1800 opposed, hex­
socket-head pipe plugs in the rotating 
housing. Turn the rotating housing, 
and remove both pipe plugs. This will 
permit the oil in the converter cir­
cuit to drain quickly and completely 
from the unit. Allow sufficient time 
to drain the converter circuit oil 
completely from the unit. After drain­
ing, install the pipe plugs in their 
respective locations to prevent loss, 
damage, or leakage _when filling. 

b. Make certain all drain pipe plugs are 
tightened securely. Use only Twin­
Disc recommended and approved con­
verter oil of proper weight to fill 
the converter. Fill the converter 
through the breather cap hole to the 
proper oil level. Check the oil level 
within the sump by following the pro­
cedure described in Item 1, Paragraph 
B. 

4. Each 1000 hours of operation or every 3 
months, whichever occurs first, change 
the oil filter element. An oil filter 
service kit which contains a new filter 
element and a new gasket is available for 
this replacement. Change the oil filter 
element as follows: 

a. The oil filter assembly must be drained 
prior to removal. Remove the hex­
socket-head pipe plug from the pump­
and-filter body. Drain the oil filter 
assembly of oil. After draining is·· 
completed, remove the oil filter 
assembly from the pump-and-filter body 
by turning the hex flats at the top of 
the filter. Discard the oil filter 
element and the oil filter gasket. 

CAUTION: It is imperative that the filter 
element be replaced at the prescribed in­
terval. The oil filter assembly is equipped 
with a by-pass which will permit oil flow 
in the event that the filter element should 
become clogged. However, the bypass oil may 
contain harmful particles that could damage 
converter parts. A clean filter element 
will prevent this possible damage. 
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1. Filler, breather cap, and access to 
drain plugs in rotating housing 

2. Filter drain plugs 
3. Pump 
4. Pump gear 
5. Pump and filter body 
6. Filter assembly 
7. Temperature gauge 
8. Pressure gauge 
9. Suction tube assembly 

Figure 3. Converter Pump and Filter Assembly 

b. Install the hex-socket-head pipe plug 
previously removed. Place a new oil 
filter gasket in position in the pump­
and-filter body. Place a new oil filter 
element in the filter cover, and in­
stall the parts on the body by turn­
ing the hex flats at the top of the 
filter. Tighten to 100 lb-ft (136 Nm) 
torque. Start the engine, and permit 
the torque converter to come up to 
normal operating temperature. Again, 
tighten the hex flats to 100 lb-ft 
(136 Nm) torque. Check oil level and 
add oil if necessary. 

CAUTION: Do not over-tighten the hex flats 
as distortion damage will result in oil 
leakage. Check for leakage. If leakage 
occurs, replace the gasket beneath the 
hex flats and/or the gasket beneath the 
filter cover. 

5. Each 1000 hours of operation and at the 
same time the oil filter element is re­
placed, clean the oil pump suction tube 
and internal screen as follows: 

a. Remove the pump-and-filter body (Fig 
3) from the converter housing. Remove 
the suction tube assembly and gasket 
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from the gear pump. Clean the suction 
tube assembly and gasket from the gear 
pump. Clean the suction tube and in­
ternal screen with a good coll1llerical 
grade cleaning solvent. 

b. Install the suction tube assembly and 
gasket on the gear pump. Install the 
pump-and-filter body on the converter. 

6. Each 3000 hours of operation or as often 
as necessary, clean the heat exchanger 
to provide an unrestricted flow of water. 
Retarding the flow of water through the 
heat exchanger results in reduced dis­
sipation or cooling capacity. 

C. CLUTCH (DISCONNECT) ADJUSTMENT 

Place the clutch in a neutral position to where 
the finger level slots will allow the adjusting 
ring to turn freely. Compress the adjusting 
lock pin, and turn the adjusting ring in a 
clockwise direction. The clutch is in proper 
adjustment when the clutch will engage with a 
125 lb (56.7 kg) pull on a 16 inch (406.60 11111) 
hand lever. 

D. OIL. RECOMMENDATIONS 

Oil produced by several manufacturers is ap­
proved by the Twin-Disc Clutch Company for use 
in their single stage hydraulic torque con­
verters. One of these oils or equivalent must 
be used for maximum performance. Below is a non­
exclusive list of recommended and approved 
oils. Use an SAE lOW oi 1 above mi nus 1QOF(250K), 
and SAE SW oil below minus 100F(250K). 

E. TAILSHAFT GOVERNOR (Figs 4 and 5) 

1. Service 

a. Daily: check oil level in the tail-
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Trade Name 

Rotella 
Mobi 1 oi 1 
American HD-M 
Havol ine Motor Oil 
T5X or Unitee 
DX Motor Oil 
Rubilene Super HD or Super Tenol 
C300 Series 
BP Energol Diesel D 
Phillips 66 
Super RPM Delo Special 
Dual Action HD-Lor Kendall F-L 
Veedol High Detergency 
Sunoco Ocnus Mil. or Supplement 
Gulf Dieselube HD 
Deusol Cr. (Proper Viscosity) 
Conoco Super Motor Oil 
Enco 1 ube H DX 

1 

shaft governor. Add engine otl as 
needed to bring oil to the level of 
the check valve. 

b. Daily: lubricate the ball joints with 
engine oil. · 

c. Each 500 hours of operation: remove the 
flexible drive shaft assembly from 
the converter and tailshaft governor. 
Clean and lubricate as follows: 

(1) Remove the shaft from the casing •. 
Clean both shaft and inside of casing 
thoroughly with kerosene, spirits, 
or carbon tetrachloride. 

(2) Drain the casing and dry the shaft. 

(3) Coat the entire shaft lightly with · 
a good grade of general purpose 
grease as the shaft is assembled 
into the casing. 

NOTE: Never force grease into the casing 
with grease gun or pressure lubricator. 

(4) Assembly flexible drive shaft to the 
tailshaft governor and converter. 

CAUTION: Make certain the correct end of 
the shaft is installed in the converter 
(Fig 5). 

(5) When replacing the flexible drive 
shaft make certain it ·is of the same 
length as the original and for the 
correct rotation. 

Manufacturer 

Shell Oil Company 
· Socony Mobil Qi 1 Company 

American Oil Company 
Texaco, Inc. 
Union Oil Company of Californis 
DX Sunray Oil Company 
Sinclair Refining Company 
Cities Service Oil Company 
British Petroleum Company Limited 
Phillips Petroleum Company 
Standard Oil Company (California) 
Kendall Refining Company 
Tidewater Oil Company 
Sun Oil Company 
Gulf Oil Corporation 
Castrol Limited (England) 
Continental Oil Company 
Humble Oil & Refining Company 
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1. Oil filler cup 
2. Ball joint 
3. Oil level check valve 

Figure 4. Tailshaft Governor 
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1. Tailshaft governor end 
2. Flange 
3. Torque converter end 

Figure 5. Flexible Drive Shaft · 
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TOPIC 24. AIR STARTING MOTOR 

A. GENERAL 

The principal components of the air motor as­
sembly are a multi-vane type air rotor, a re­
duction gear assembly, and a Bendix friction­
type drive. Air motors manufactured by Inger­
soll--Rand are supplied on this series of en­
gines. To provide the required cranking speed, 
the motor requires a sufficient volume of air 
under a minimum pressure of 100 psi, not to 
exceed 150 psi. The oiler (lubricator) is in­
tegral with the motor and is located in the 
motor housing cover. 

For air motor operation, 100 psi or more 
should register on the air starting system 
gauge. Before starting the engine, be sure 
that all engine adjustments and prior start­
ingprocedures are carried out. Depress the 
lever on the quick release air valve. This 
action allows air to turn the motor and 
engage the flywheel. The valve lever should 
be kept depressed until the engine fires. 
The valve lever should be released immediately 
when the engine fires to a 11 ow the "Bendix" 
drive gear to disengage from the flywheel. 

Whenever practical, the use of an air line 
lubricator is recommended. It requires only 
occasional attention and reduces the chances 
of insufficient lubricationof the vanes due 
to neglect. 

When an air line lubricator is not used, the 
motor is lubricated by oil which enters the 
air stream from an oil chamber located in the 

HT-50334 

1. Grease fittings 
2. Quick release air valve 
3. Oil chamber plugs 

motor housing cover. The amount of oil enter­
ing the air stream is regulated by an oiler 
adjusting screw and a felt retaining screw; 
both of which are located in the housing 
cover. Proper adjustment, indicated by oil 
vapor in the exhaust, is made at the factory 
and this setting should not be changed unless 
lubrication difficulties are experienced. 

CAUTION: Screw a l" street ell into the 
exhaust port in the motor housing if the 
starter is positioned so that dirt can 
readily enter the port. Position the elbow 
opening so that the engine fan can not 
blow dirt into it. Do not bush down the 
exhaust port and do not use small pipe 
if the installation requires that the 
exhaust air be conducted away from the 
engine. 

B. SERVICE 

The lubrication requirements of a starting 
motor depend upon the actual time that the 
motor operates and therefore vary on different 
applications. The following procedure will 
provide ample lubricaton for motors under 
normal starting conditions. For some applica­
tions, the interval between servicings may be 
lengthed or shortened as experience dictates. 

1. Daily, or as often as necessary, drain 
the air reservoir to assure that clean 
dry air is delivered to the motor. 

4. Motor housing cover 
5. Air outlet exhaust port 
6. Motor housing 

Figure 1. Air Starting Motor 
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2. Monthly, apply grease to the two lube 
fittings in the motor housing cover and 
the motor housing. 

3. Monthly, or as often as necessary, re­
move either of the two oil chamber plugs 
located in the housing cover, and fill 
the chamber with a good qual itY of SAE 
20 motor oi 1. 

4. Whenever the starting motor is removed 
from the engine, unscrew the drive hous­
ing bushing oiler plug and saturate the 
bushing oiler with a good quality of 
SAE 20 motor oil. 

5. Oil vapor in the air exhausted from the 
motor indicates the ~uilt-in lubricator 
is adjusted correctly. Do not change 
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the factory setting unless a check proves 
that the exhaust from the motor is oil-

free or that an excessive amount of 
oil is emitted with the exhaust air. 

6. To make an adjustment, remove the outer 
felt retaining screw in the housing 
cover and, with a smal 1 screw driver, 
turn the inner felt retaining screw. 
Turning the screw in decreases the oil 
flow; backing the screw out increases 
the oil flow. After waking the adjust­
ment, lock the inner screw in position 
with the outer screw. 

NOTE: If this fails to give the_proper 
adjustment, remove the housing cover and, 
with a small screw driver inserted thru 
an air.port in the cover face, turn the 
oiler adjusting screw in to decrease the 
oil flow, or back the screw out to in-

·crease the oil flow. 
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TOPIC 25. EXHAUST SILENCERS 

A. GENERAL 

The purpose of the muffler is to reduce engine 
exhaust noise to a satisfactory sound level. 
It is constructed of heavy gauge pressed and 
rolled steel and is welded throughout to 
achieve maximum strength and withstand maximum 
engine exhaust temperatures. 

The two recommended types of silencers are 
described in the fol lowing paragraphs. Both 
units are flanged and drilled to match Ameri­
can Standard pipe flanges. 

CAUTION: The muffler and all exhaust pip­
ing must be adequately supported and flex­
ibly connected in order to eliminate ex­
cessive strain on the exhaust manifold. 
To achieve this flexibility,"a flexible 
exhaust tube must be used. Keep the ex­
haust line as short as possible and use 
a minimum number of elbows in the instal-
1.ation. 

Regardless of source of manufacture, the 
muffler must be of sufficient size so 
that back-pressure is not in excess of one­
inch of mercury at the turbocharger outlet 
while engine is operating under full 
speed, full load conditions. (Refer to 
preceding Topic 16.) 

B. STANDARD TYPE EXHAUST SILENCER (Fig 1) 

I. Description 

Effective exhaust silencing is achieved 
by directing the gases through succes­
sive snubber stages of the muffler. The 
exhaust is thereby converted from a ·· 
pulsating, noisy stream to one that 
enters the atmosphere in a continuous, 
relatively quiet manner. 

2. Service 

A drain plug (Fig I) is provided in the 
end of the muffler to permit draining 
of water that may accumulate because of 
condensation. The plug should be removed 
after every 600 hours of operation and 
the moisture allowed to drain from the 
muffler. The drain period interval may 
be shortened or lengthened depending 
upon operating conditions. 

C. SPARK ARRESTER TYPE EXHAUST SILENCER (Fig 1) 

I. Description 

The spark arrester muffler is a combin­
ation unit that removes sparks, soot, and 
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E-2866 

I. Rain cap 
2. Exhaust pipe 
3. Flange 
4. Gasket 
5. Standard type muffler 
6. Drain plug 
7. Gasket 
8. Flanqe 
9. Reducer bushinq 

10. Flexible exhaust tuhe 
11. Cleanout plug, carbon trap 
12. Spark arrester tyoe muffler 

Figure 1. Standard and Spark Arrester 
Type Mufflers 
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other solid matter from the exhaust 
gases, and in addition, reduces engine 
ehaust noise to a satisfactory sound 
1 evel. 

The first section of the muffler is a 
centrifugal spark arrester. Exhaust 
gases enter at the center of low pres­
ure point of the cyclone, at which 
point there is negligible resistance 
to flow. A special stationary impeller 
whirls the gases to throw out solids 
and at the same time it partially 
breaks up the exhaust slugs. Cleaning 
efficiency is high because both centri­
fugal and inertial forces are utilized 
to expel and trap sol id material. · 

Exhaust gases then enter the snubbing 
-section in which the energy of the ex­
haust slug is dissipated without inter­
fering with the flow of low energy gases 

1. 25 
Page 2 

to the atmosphere, and the exhaust gases 
exit in a comparatively smooth and quiet 
stream. 

The muffler is generally mounted in a 
vertical position to obtain proper 
action in the spark arrester section. 
However, the muffler can be installed 
horizontally provided that the carbon 
trap (spark arrester section) is in the 
lowest position. 

2. Service 

A large plug (Fig 1) is provided in the 
bottom of the spark arrester section to 
permit cleaning. The plug should be re­
moved each 600-hour period of operation 
to allow for draining and cleaning. 
The interval betweem servicings may be 
lengthened or shortened depending 
upon operating conditions. 
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ALLTEC_HNICAL PUBLICATIONS MUST BE ORDERED FROM AN ALLIS-CHALMERS DEALER 

IMPORTANT 

Always furnish the following information (available from the engine.nameplate 
secured to side of the engine) when ordering manuals for_ a specific unit. 

ENGINE MODEL 

ENGINE SERIAL NUMBER 

ENGINE CATALOG NUMBER 

A-C ORDER NUMBER 

Model 

MANUAL FOR 
CURRENT PRODUCTION UNITS 

Industrial Engines and Power Units 

Parts 
Operating & 
Maintenance 

G-262 ••• -. •••.••••••• ." •.•••••••••.••.••••••.•.•••••• TPL-512-B .••.•••••••. TM-5016-A 
D-175 ••••.••.••••••••••••••••••.•••..••..•...•••.• TPL-489-C .••••••••••• TM-5018-A 
D-262 ••.•••.••.•••••••.•••••••.•.••.•••.••••••.•••• TPL-454-E ••••••.•.••• TM-5018-A 
2800& 290o·ivlK II •••••••.•••••••••••.••.•••••••••••.• TPL-4111-2 ••.•••••••. TM-5067-2 
3500 MK II •••••••••••••••••••••••••••••••••••.•••••• TPL-4108-2 ••••••••••• TM-5071-2 
11000 ••••••.••.•••••••••••••.••.•••••.•.•••.•••••• TPL-4112-2 ••••••••••• TM-5070-2 
16000 H, 16000 MKII, 17000 MKII, 
21000 MKII, 25000 MKII •.•••••••••.•••••••••••••.•••••• TPL-4110-2 ••••••••••. TM-5069-2 
61000 & 65000 •••••••••••••••••••••..•••••••••••••••• TPL-4109-A •..••••••• TM-5064-A 

Diesel Electric Systems 
NOTE: Diesel Electric Systems operating and maintenance (TM) manuals (-31 include a TM-5063, main .alternator 

and voltage regulator manual. 
DES-90 ••••••••••••••••••••.•.•••.•.••••..•..••••.• TPL-4108-3 ............ TM-5071-3 
DES-125 •••••••••••••.•••••..•.••....••....•. _, •.••.. TPL-4112-3 ........... TM-5070-3 
DES-175/200/220/250 •••.•••••••••••..•••...•••.••.•..• TPL-4110-3. • • . • . • • • • 0 TM-5069-3 
DES-500/550 •••••••••••••.••.••..........•••...•.••. TPL-4109. . • • . . . • . • • ..TM-5064-A 
DES-Service Handbook .•••.•.•....•........•........•................•..••...... .*. 

Marine Engines 
25000MKII •.•••.••••••••••••••••..••.•.••••..•.•.•• TPL-4110-4 ••.••..•••• TM-5001-A 

Diesel Generator Drive Units 
D-262 .•.•.•••.••••••••.•.•....•..........•.....••• TPL-454-E ..•......... TM-5018-A 
2800 & 2900 MKI ••.•••••• , •.•••...••........•..•.•..• TPL-4111-1. .•......••. TM-5072-1 
3500 MKII .•.••••.••.••••••••.•..•..•.......•.•.•..• TPl,.-4108-1 •........••• TM-5071-1 
11000 •••..••••••••••••••.••......••...•..•....•..• TPL-4112-1 ....••..•••. TM-5070-1 
16000 H, 16000 MKII, 17000 MKII, 
21000MKli,25000MKII ••••••••••.•...•.•........•••... TPL-4110-1 .......•.••. TM-5069-1 
61000 & 65000 ••••••••••..•••••...•.•.•.•••..•.•••... TPL-4109 .•....•....•.. TM-5064 

Service (Overhaul) Manuals 
G-262 (Gasoline and Natural Gas Engines) •.••.•..••.•..•.•••.••.•....•.•••.••.••.•• TM-5003 
D-175 & D-262 •..•.•••••••••••.•.••..•••••.•.•.••••••••••••••••••.••••••. TM-5049 
2800 & 2900 ••••••••••••••.•••..••••.•.•••.•••.•••••••••••.••.•• .- •.•.••. TM-5028 
3500 •••••••.•.••..•••••••••.••...••.•••.•...••••••••••••••.••••••••••• TM-5066 
11000 ••••••.•••••••••••••••••.•.•.••.••••...••••••••..•••••.•••.•.•.•.. TM-5034 
16000 H, 21000 H, & 25000 ••.•••••••••••••••.•••.••••••••••••••••••••••••••. TM-5006 
16000 MKII, 17000 MKII, 21000 MKII, & 25000 MKII ••••••.•.•••.••••.•••.••••••.••• TM-* 
Service Labor Guide .•••••••••••••••. · ••••..•••.•••••••••.•.••••••••••.•••••. TM-5026 

Fuel Systems 
Roosa Master Fuel Injection Pump .••.••••.•.•••••.•.••••••. TPL-4059 •••••••.•.••. TM-5023 
Amer. Bosch APE Type Fuel Injection Pump . . . . . . . . . . . . . . . . . . . * * .............. TM-5035 
Robert Bosch Fuel Injection Pump ••••.•••••...•.•••..•••.•• TPL-4097-8 •.•••..•.•• TM-5058-A 
Simms Fuel Injection Pump •.•••••.••••••••••••••..••.••.• TPL-4106 ••.••.••...• TM-5061 
Fuel Injection Nozzle Assemblies • . . . . . . . . . . . . . . . . . . . . . . . . . . ~•• ............ TM-5055--A 

Special Application Manuals 
Turbocharger T0-4 Series (Airesearch). • • . • • . . . . • . . • . . . . . • • . . . **• ............. · ... TM-5057-A 
Turbocharger T-1817, T-1818, T-1819, & T-1852... . . • . . . . . . •...................... TM-5074 
Engine Service Bulletins 

Historical Bulletins .......•..•..•...............•.......•......•.......•. 
Current Bulletins ....•.•...•.••.•••.............•.•.....•..•.•.••.•.....•. 
Automotive Bulletins •••.•..•••••............•.............••.••.......•. 
*When ordering literature not assigned a number order by description. ***Not Available 

*"Includes: Operating & Maintenance of Voltage Regulator & Main Alternators 

NOTE: W~en manuals are required for units not listed above, refer 
to Technical Publications Index, TM-5056. 
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The information contained herein is general in nature 
and is not intended for specific application purposes. 
Allis-Chalmers reserves the right to make changes in 
specifications shown herein, add improvements, or 
discontinue manufacture at any time without notice ·or 
obligation. 
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FORD 
r\EW HOLLAI\D 

«~~tb\mrnim> 
'l'RA.CTOR.S 

[B 

ALLIS-CHALMERS 

CATERPILLAR 
Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 

INTERNATIONAL 
HARVESTER 

All the above are Trademarks of others, used here in a descriptive 
sense to refer to the products of others. 

Printed in the United States of America 

No patent liability is assumed with respect to the use of the information contained in this manual. While every precaution 
has been taken in the preparation of this manual, the producer assumes no responsibility for errors or omissions. 

Neither is any liability assumed for damages resulting from use of the information contained in this manual. 

All instructions and diagrams have been checked for accuracy and ease of application; however success and safety in 
working with tools depend to a great extent upon individual accuracy, skill and caution. For this reason, the producers 

are not able to guarantee the result of any procedure contained in this manual. Nor can they assume responsibility 
for any damages to property or injury to persons occasioned from the procedures. Persons engaging in the 

procedures do so entirely at their own risk. 


