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WAR DEPARTMENT TECHNICAL MANUAL

TM 5-5160

SUPERSEDES TM 5-5160, dated 30 OCTOBER 1943 and TM 5-5162, dated 9 AUGUST 1943

GENERATOR SET, PORTABLE,

DIESEL, SKID-MOUNTED,

60-KW, 127/220-VOLT, 3-PHASE, 60-CYCLE,

OR 230/400-VOLT, 3-PHASE, 50-CYCLE,

GENERAL MOTORS MODEL 6016-C AND 6016-E;

60-KW, 120/208-VOLT, 3-PHASE, 60-CYCLE,

MODEL 6016-B; AND

75-KW, 230/400-VOLT, 3-PHASE, 50-CYCLE,

MODEL 6016-D.

OPERATIONS, MAINTENANCE, AND REPAIR INSTRUCTIONS

WAR DEPARTMENT 10 MARCH 1945
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WAR DEPARTMENT

Washington 25, D. C., 10 March 1945

TM 5-5160, Generator Set, Portable, Diesel, Skid-

Mounted, 60-KW, 127/220-Volt, 3-Phase, 60-Cycle,

or 230/400-Volt, 3-Phase, 50-Cycle, General Motors

Model 6016-C and 6016-E; 60-KW, 120/208-Volt,

3-Phase, 60-Cycle, Model 6016-B; and 75-KW,

230/400-Volt, 3-Phase, 50-Cycle, Model 6016-D,

is published for the information and guidance

of all concerned.

A.G. 300.7 (10 Oct 44)

By order of the Secretary of War:

G. C. MARSHALL

Chief of Staff.

OFFICIAL:

J. A. ULIO

Major General

The Adjutant General.

DISTRIBUTION:

AAF (10); AGF (10); ASF (2); Arm & Sv Bd (2)

except Eng Bd (10); T of Opn (2); Base Comd (2);

Dept (10); Def Comd (1); S Div ASF (1); Tech Sv

(2), except Chief of Eng (20); Sv C (10); PE (2);

ASF Dep (Eng Sec) (2) ; Eng Dep (2), except Granite

City and Albany (7); Div Eng (2); Dist Eng (2),

except Seattle Dist Eng (4); Gen & Sp Sv Sch (2);

USMA (2); ASFTC (Eng Sec) (2); A (10); CHQ

(10); D (2); T/0 & E 5-157 (2); 5-357 (2); 5-247 (6);

5-267 (2); 5-377 (2); 5-567 (2).

For explanation of symbols, see FM 21-6.
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SUBJECT INDEX

NOTE: For Operating Instructions, See Sec. 21.

SUBJECT

: Introduction, General Specifications, Two-Cycle Diesel Engine, 50 and

oU K. W. Diesel Generator Sets, Model Designations, and Illustrations.

"

CYLINDER BLOCK AND END PLATES

SECTION

CYLINDER LINERS

MAIN BEARINGS

CRANKSHAFT, CRANKSHAFT FRONT COVER, AND FLYWHEEL

PISTON AND CONNECTING ROD

GEAR TRAIN

ENGINE BALANCED SHAFT; OVERSPEED TRIP DRIVE; ENGINE TIMING

CYLINDER HEAD AND GASKETS

EXHAUST SYSTEM— INCLUDES: Exhaust Manifold and Exhaust Muffler.

VALVE AND INJECTOR OPERATING MECHANISM— INCLUDES: Exhaust Valves Valve

Springs, Cam Followers, and Push Rods.

LUBRICATION SYSTEM—INCLUDES: Lubricating Oil Pump, Oil Strainer, Oil Filter, Oil

Cooler, Crankcase Ventilation, Oil Capacity, and Lubricating Oil Specifications.

COOLING SYSTEM— INCLUDES: Water Pump, Water Manifold and Thermostat Cooling

Fan, and Radiator.

AIR INTAKE SYSTEM— INCLUDES: Blower, Air Inlet Housing and Automatic Air Shut-

Down, Air Cleaner and Silencer, and Air Box Drains.

FUEL SYSTEM— INCLUDES: Fuel Injector, Throttle Control Mechanism, Fuel Oil Pump, Fuel

Oil Filters, Fuel Manifolds, Fuel Tank, and Fuel Oil Specifications.

GOVERNOR AND GOVERNOR DRIVE

ENGINE MOUNTINGS

ENGINE STARTING SYSTEM—INCLUDES: Storage Battery, Battery Charging Generator,

Voltage Control, Starting Motor, Solenoid Switch, Governor Actuating Solenoid, and Wiring.

ALTERNATING CURRENT GENERATORS—Model I-110, 1-335, and 1-3850.

CONTROL CABINETS—INCLUDES: All Generator and Engine Control Instruments, and Wiring

Diagrams.

GENERAL INFORMATION - INCLUDES: Operating Instructions, Storage Chart, Cold

Weather Starting, Trouble Shooting, Engine Tune-Up, Run-in Schedule, Torque Wrench Pulls,

Tube Flaring Tool, Lubrication and Preventive Maintenance, and Alphabetical Index.
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SUPERSEDES TM 5-516O, dated 30 OCTOBER 1943

and TM 5-5162, dated 9 AUGUST 1943.

INTRODUCTION

A thorough knowledge of this equipment is essential for compe-

tent operation and efficient maintenance. It is toward this end

that this Technical Manual is published. For information con-

cerning procurement of spare parts for the equipment covered in

this manual, reference will be made to Engineer Supply Catalog,

Eng. 9-5160, which is a list of All Service Parts for the model 6016-E,

C, B, and D Generator Sets.

Since satisfactory performance depends upon intelligent opera-

tion, maintenance and care, which in turn necessitates thorough

familiarity with the various parts of the unit and their mainte-

nance requirements, the operator will familiarize himself thor-

oughly with the contents of this Manual before attempting opera-

tion maintenance or repair services.

Complete subject and alphabetical indexes in the front and rear

of the Manual will quickly direct the user to any desired specific

information. See Section 21 for "Operating Instructions."

Detailed and illustrated description of all the component assem-

blies of the Model 6016-B, 6016-C, 6016-D, and 6016-E Diesel Gen-

erator Sets is written on the following pages along with instruc-

tions for disassembly, assembly, repair, and adjustments of each

component. Included also are complete operating instructions and

an illustrated chart showing all maintenance points and giving the

interval for attention to each.
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GENERAL SPECIFICATIONS— DIESEL-ELECTRIC GENERATOR SETS TM5-5160

SUBJECT

REMARKS

SEC. 1

Unit Models

601 6-E

RC38

Two Cycle, In Line

Six

4V4 Inches

5 Inches

425

6016-C

RC13

Two Cycle, In Line

Six

4</4 Inches

5 Inches

425

601 6-B

6016-D

RC13

Two Cycle, In Line

Six

4'/4 Inches

5 Inches

425

Stroke

RC13

Two Cycle, In Line

Six

4>/4 Inches

5 Inches

425

Direction of Crankshaft Rotation — Viewed from

Counterclockwise

1000 or 1200

125

16 to 1

450 lbs./sq. in.

1-5-3-6-2-4

Unit Injector Combined

with Plunger and

Spray Nozzle for Each

Cylinder

Counterclockwise

1 000 or 1 200

125

16 to 1

450 Ibs.'sq. in.

1-5-3-6-2-4

Unit Injector Combined

with Plunger and

Spray Nozzle for Each

Cylinder

Counterclockwise

1200

125

16 to 1

450 lbs./sq. in.

1-5-3-6-2-4

Unit Injector Combined

with Plunger and Spray

Nozzle for Each Cylinder

Counterclockwise

1500

125

16 to 1

450 lbs./sq. in.

1-5-3-6-2-4

Unit Injector Combined

with Plunger and

Spray Nozzle for Each

Cylinder

Speed Range — (Revolutions Per Minute) 350 to

H.P — Maximum at 1 200 RPM

Pistons:

Arma Steel, Tin Plated

Four Vt"

Two V*"

Arma Steel, Tin Plated

Four '/."

Two Vis"

Arma Steel, Tin Plated

Arma Steel, Tin Plated

Four '/,'

Two *(6"

No of Oil Rings

Four '/•"

Two *At"

Crankshaft:

Counter Weighted

7

2 — two-piece washers

Counter Weighted

2 — two-piece washers

Counter Weighted

7

2 — two-piece washers

Counter Weighted

7

2 — two-piece washers

Exhaust Valves:

Two Overhead per

Cylinder

Replaceable Castings

Two Overhead per

Cylinder

Replaceable Castings

Two Overhead per

Cylinder

Replaceable Castings

Two Overhead per

Cylinder

Replaceable Castings

Lubrication System:

Gear Drive

Wet

29 Quarts (U.S.)

Chain Drive

Wet

29 Quarts (U.S.)

Chain Drive

Wet

29 Quarts (U.S.)

Chain Drive

Wet

29 Quarts (U.S.)

Cooling System:

Sealed

17 Gallons (U.S.)

Uniflow—

Vertical Tubes

Blower Type

Centrifugal Type

Atmosphere Vented

17 Gallons (U.S.)

Uniflow —

Vertical Tubes

Blower Type

Centrifugal Type

Atmosphere Vented

1 7 Gallons (U.S.)

Uniflow—

Vertical Tubes

Blower Type

Centrifugal Type

Atmosphere Vented

17 Gallons (U.S.)

Uniflow —

Vertical Tubes

Blower Type

Centrifugal Type

Air Intake System:

Root's Type, Three-

Lobed Helical Rotor

Oil Bath — Heavy Duty

Root's Type, Three-

Lobed Helical Rotor

Oil Bath — Standard

Root's Type, Three-

Lobed Helical Rotor

Oil Bath — Standard

Root's Type, Three-

Lobed Helical Rotor

Oil Bath — Standard

Rotating Vane

Rotating Vane

Rotating Vane

Rotating Vane

Electrical Starting System:

Constant Speed —

Hydraulic — Adjust-

able Speed Droop

Constant Speed —

Hydraulic — Adjust-

able Speed Droop

Constant Speed —

Hydraulic — Adjustable

Speed Droop

Constant Speed —

Hydraulic — Adjust-

able Speed Droop

24 volt. Belt Driven

Bendix Drive — Sole-

noid Switch

24 Volt

1 2 volt. Belt Driven

Dyer Drive — Solenoid

Shift and Switch

12 Volt— 168

Ampere Hour at

6 Hour Rate

1 2 volt. Belt Driven

Dyer Drive — Solenoid

Shift and Switch

1 2 Volt— 1 68 Ampere

Hour at 6 Hour Rate

1 2 volt, Belt Driven

Dyer Drive — Solenoid

Shift and Switch

1 2 Volt — 1 68

Ampere Hour at

6 Hour Rate

Alternating Current Generator:

Model

63 Gals.

63 Gals.

63 Gals.

63 Gals.

K. W

1-1

50 an

62.5 an

50 an

1 000 an

230/400 ar

90.1 an

3 an

80 ar

10

d 60

d 75

d 60

d 1200

d 127/220

d 197

d 3

d 80

1-3850

60

75

60

1200

208-240; 41 6-480

208-180; 104-90

3

80

1-335

75

93.75

50

1500

230/400

135.3

3

80

K.V.A.

Cycles

RPM

Volts

P.P. %

Excitation:

1 3.9 an

116 an

— ar

— an

50° C. on

d 13.0

d 125

d 40° C. Continuous

d 70° C. Continuous

d 50° C.

14.8

125

50° C. Continuous

80° C. Continuous

14.9

125

50° C. Continuous

80° C. Continuous

Volts

Weights — Dry — Lbs.

1670

104

371

22

1460

278

178

380

359

1670

104

371

22

1470

245

178

380

359

1670

104

371

22

1640

245

178

380

359

Exhaust Muffler

104

354

40

1460

Complete Unit

490

505

5538

4798

5636
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 1

AIR

AIR

AIR

Fig. 7—Air Entering Through Port to Combustion Chamber.

Fig. 3—Charge of Fuel Being Injected into Combustion

Chamber.

AIR

AIR

EXHAUST

Fig. 2—Air Being Compressed with Exhaust Valves Closed.

Fig. 4—Exhaust Taking Place and Cylinders About to Be

Swept with Clean Scavenging Air.
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TWO-CYCLE DIESEL ENGINE

TM5-5160

SEC. 1

THE TWO-CYCLE DIESEL ENGINE

The Diesel Principle—The Diesel engine is an in-

ternal combustion power unit, in which the heat of

fuel is converted into work in the cylinder of the engine.

Diesel engines differ from gasoline engines princi-

pally in the method used to introduce and ignite the

fuel. Gasoline engines draw a mixture of fuel and

air through the carburetor into the combustion cham-

ber, where it is ignited by an electric spark. In the

Diesel engine, air alone is compressed in the cylin-

der; then, a charge of fuel is sprayed into the cylinder,

after the air has been compressed, and ignition is

accomplished by the heat of compression.

Two-Cycle Diesel Engine—Four strokes are re-

quired to complete a cycle in the four-cycle engine,

which functions half the time as an air pump. In the

two-cycle engine, intake and exhaust take place dur-

ing part of the compression and power strokes. A

two-cycle engine, therefore, does not function as an

air pump, so an external means of supplying the air

is provided. A specially designed blower, bolted to

the side of the engine, forces air into the cylinders in

order to expel the exhaust gases and fill the cylinders

with fresh air for combustion, as shown in Figs. 1, 2,

3, and 4.

A series of ports cut into the circumference of the

cylinder wall, above the piston, in its lowest position,

admits the air from the blower into the cylinder as

soon as the top face of the piston uncovers the ports,

as shown in Fig. 1. The unidirectional flow of air

towards the exhaust valves produces a scavenging

effect, leaving the cylinders full of clean air when

the piston again covers the inlet ports.

As the piston continues on the upward stroke, the

exhaust valves close and the charge of fresh air is

subjected to the final compression, as shown in Fig. 2.

In any internal combustion engine, the higher the

compression ratio the greater the efficiency. These

engines are designed for a 16:1 compression ratio.

Shortly before the piston reaches its highest position,

the required amount of fuel is sprayed into the com-

bustion space by the unit fuel injector, as shown in

Fig. 3. The intense heat generated during the high

compression of the air ignites the fine fuel spray

immediately, and the combustion continues as long

as the fuel spray lasts. The resulting pressure forces

the piston downward until the exhaust valves are

again opened. As shown in Fig. 4, the burnt gases

escape into the exhaust manifold as the downward

moving piston is about to uncover the inlet ports.

When these ports are uncovered, the cylinder volume

is again swept with clean scavenging air, as shown

in Fig. 1. This entire combustion cycle is completed

in each cylinder for each revolution of the crank-

shaft, or, in other words, two strokes; hence, the

"two-strolce cycle."

DIESEL-ELECTRIC GENERATOR SETS

MODELS 6016-E, C, B AND D

Diesel-Electric Generator Units, Models 6016-E,

C, B and D, are self-contained, compact, portable,

packaged power sets.

The six-cylinder, two-cycle Diesel engine, the direct-

connected alternating-current generator, and the

control cabinet, constituting the main units of the

set, are securely bolted to the one-piece engine-

generator base. A large capacity uni-flow radiator

is mounted on the base, directly in front of the

engine. The center hood support carrying the

primary and secondary fuel filters, is bolted to the

base astride the engine flywheel housing. The control

cabinet, embodying all the engine and generator

controls, is mounted on the end of the base, at the

rear of the generator. Hood sections and side panels,

enclosing the entire assembly, protect the engine,

generator, and controls from dust, dirt and the ele-

ments. Louvers in the side panels permit adequate

ventilation of the unit and the radiator grille protects

the radiator core. Double-hinged doors on the control

cabinet provide ready access to the controls and

instruments.

Contained in the engine-generator base are the

fuel tank (63 gal. (U. S.) capacity) and starting

system storage battery (12 or 24 volt). The all-welded

steel base is mounted on a heavy steel skid, provid-

ing mobility of the unit to any location. The skid may

be removed from the base, when it is desired to make

a permanent installation of the unit.

The double-chamber exhaust muffler is supported

by brackets, front and rear, and bolted to the

radiator and center hood support. A wire mesh

guard, fastened to the outside of the muffler, protects

the operator from possible injury by the hot surface.

As viewed from the generator end, the engine crank-

shaft turns in a counter-clockwise direction, with the

camshaft and blower on the right side, and the

water and exhaust manifolds on the left side of

the engine.
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 1

The engine is complete with an oil cooler; a clean-

able lubricating oil strainer; a cleanable-element

lubricating oil filter; two combination oil bath air

cleaners and silencers; two cleanable-element fuel

oil filters; a hydraulic governor with speed droop

adjustment; a battery charging generator, with a

suitable voltage control; a crankshaft-mounted cool-

ing fan; an air heater for cold weather starting; and

an automatic air shut-down device.

Rigidity and durability of the unit are assured by

bolting the power generator directly to the engine

flywheel housing, then bolting this assembly to the

steel base with a support from the engine front cover

at the radiator end and the feet of the generator

frame at the rear end of the unit.

Sound engineering is incorporated in the General

Motors Diesel unit. Full pressure lubrication is sup-

plied to all vital moving parts from a high capacity

lubricating oil pump. As a safeguard, all lubricating

oil is strained and cooled before reaching the bear-

ings, after which a portion is continuously by-passed

through a sludge filter to remove minute impurities.

Engine cooling is by means of an ample size six-

blade fan in conjunction with a radiator, water

circulating pump and thermostatic temperature

control of the cooling liquid within *he cylinder

block and head.

Fresh clean air is introduced into the combustion

chambers by a positive displacement blower. All

air entering the blower passes through a combina-

tion oil bath air cleaner and silencer. An automatic

shut-down valve, incorporated in the air intake to

the blower, provides for emergency engine stops in

case of accident.

A circulating pump draws fuel oil from the supply

tank through a renewable-element type filter. Fuel

discharged from the circulating pump passes

through another renewable-element type filter and

then through an additional filter in each injector

before it is finally atomized in the combustion

chamber. The fuel is introduced into the combustion

chamber through minute orifices in the injector

spray tip.

Dependable speed regulation is assured by the use

of a hydraulic governor, incorporating speed droop

stabilization, positively driven from the blower upper

rotor shaft.

Engine starting is by means of a powerful motor

equipped with a remote-control, solenoid-operated,

pinion shift and switch, and a Dyer or Bendix Drive

which transmits the power of the starting motor to the

engine flywheel. The battery charging generator

provides proper current supply to keep the batteries

charged. A voltage control unit, together with a cut-

out relay, regulates the generator output in ac-

cordance with the battery requirements and affords

protection to the battery.

Engine power is transmitted directly to the A. C.

generator rotor, bolted to the flywheel through a

combination flexible coupling and fan. The main

frame of the generator is secured to the engine

flywheel housing with 24 bolts. Current, produced

within the generator, is carried in load cables, pass-

ing through one of the generator mounting feet

and attached to a change-over block at the rear

panel of the control cabinet, to which are mounted

the electrical control devices. The exciter, mounted

on a continuation of the generator rotor shaft,

produces field current in the rotor windings of the

A. C. generator.

ENGINE MODEL AND SERIAL NUMBER, UNIT AND MODEL

NUMBER, AND GENERATOR NAME PLATES

DIESEL

ENGINE

MODEL

SERIAL

671RC13

67152050

MANUFACTURED BY

GENERAL MOTORS CORPORATION

DETROIT DIESEL ENGINE DIVISION

DETROIT MICH. U. S A.

Fig. 5—Typical Model and Serial Number Plate Used on

Engine Block.

C

MODEL

UNIT NO.

TWO CYCLE 4i X 5

GENERAL MOTORS CORPORATION

DETROIT DIESEL ENGINE DIVISION

DETROIT. MICH. USA

Fig. 6—Typical Unit and Model Number Plate Used on

Generator Set.
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GENERATOR NAME PLATES

TM5-5160

SEC. 1

GENERAL

MOTORS

|AMPS EXCITATION

EXCITER VOLTS

"C CONTINUOUS

ARMATURE TEMP. RISE C CONTINUOUS

FIELD TEMP RISE •§"€ CONTINUOUS

FOR OPERATION ATgil'C MAX AMBIEN1 TEMPERATURE

GENERATOR MANUFACTURED IN DAYTON. OHIO. U.S A BY

IDelco Products Div. Of General Motors Corp. I

GENERAL

MOTORS

c c

60*fl ^ta 1200

197

AMPS O PHASE

AMPS EXCITATION EXCITER VOLTS

ARMATURE TEMP RISE gEl°C CONTINUOUS

FIELD TEMP RISE K81°C CONTINUOUS

FOR OPERATION AT EE1'C MAX AMBIEN! IfMPERATURE

G1NtRATOR MANUFACTURED IN DAYTON OHIO USA BY

IDelco Products Div. Of General Motors Corp.]

50 Cycle Name Plate 60 Cycle Name Plate

Fig. 7—Typical A-C Generator Name Plates—Models "E" and "C".

An engine model and serial number plate as illus-

trated in Fig. 5 is attached to the blower side of the

cylinder block at the fan end and near the top of the

block.

In addition to the model and serial number plate

on the cylinder block, each generator set has a unit

and model number plate attached to the exhaust

side of the flywheel housing, as illustrated in Fig. 6.

Name plates, as illustrated in Fig. 7, 8 and 9 are at-

GENERAL

POWER

MOTORS

KW.

FTTH KVA

POWER FACTOR

AMPS EXCITATION EXCITER VOLTS 1

ARMATURE TEMP. RISE El °C. CONTINUOUS

FIELD TEMP. RISEBSI8M°C CONTINUOUS

GENERATOR MANUFACTURED IN DAYTON, OHIO U S A. BY

W Delco Products Div. of General Motors Corp.

tached to each A. C. generator, giving the char-

acteristics of the generator as well as all the infor-

mation necessary to accompany a parts order.

When ordering engine or generator parts, refer to

engine model and serial numbers, also model and

unit numbers for engine parts, and include the in-

formation on the generator name plate when order-

ing generator parts.

GENERAL

POWER

MOTORS

I PHASE 1,

!o

AMPS. EXCITATION EXCITER VOLTS

ARMATURE TEMP. RISE El <' CONTINUOUS

HELD TEMP. RISE IT1 °C CONTINUOUS

GENERATOR MANUFACTURED IN DAYTON. OHIO. USA. BY'

Delco Products Div. Of General Motors Corp.

Fig. 8—Typical A-C Generator Name Plate—Model "D". Fig. 9—Typical A-C Generator Name Plate—Model "B".
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Fig. 19—End Cross-Section of Engine Used in Diesel Electric Generator Set—Model 6016-E.
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TM5-5160

SEC. 1

Fig. 20—Series 71, Six Cylinder Diesel Engine Details and Relative Location of Parts.

1. Injector Assembly. 41.

2. Housing—Thermostat. 42.

3. Hose—Water Outlet. 43.

4. Inlet Connection—Radiator. 44.

5. Spring and Lock—Exhaust Valve. 45.

6. Pipe Assembly—Fuel. 46.

7. Tube—Injector Hole. 47.

B. Cylinder Head Assembly. 48.

9. Tube—Water By-Pass. 49.

10. Bracket—Engine Lifter. 50.

1 1. Belt—Fan and Accessory Drive. 51.

12. Cover—Cylinder Block Hand Hole. 52.

1 3. Pump—Air Heater. 53.

14. Guide—Cam Follower. 54.

1 5. Gasket—Cylinder Head. 55.

1 6. Generator Assembly. 56.

17. Link—Governor Control. 57.

18. Liner—Cylinder. 58.

19. Bracket—Generator. 59.

20. Stud—Cylinder Head. 60.

21. Varve—Exhaust. 61.

22. Gasket—Cylinder Head Oil. 62.

23. Bearing—Cam and Balancer Shaft. 63.

24. Nut—Balancer. 64.

25. Balance Weight—Front. 65.

26. Gasket—Balance Weight Cover. 66.

27. Cover—Balance Weight. 67.

28. Bracket—Engine Mounting. 68.

29. Cover and Gasket—Crankshaft Front. 69.

30. End Plate and Gasket—Cylinder Block. 70.

31. Retainer—Piston Rings. 71.

32. Rod and Bushing—Connecting. 72.

33. Bearing—Connecting Rod. 73.

34. Bearing—Main. 74.

35. Nut and Washer—Fan Drive. 75.

36. Fan Assembly. 76.

37. Hub—Fan Drive. 77.

38. Bracket—Engine Mounting. 78.

39. Pulley—Crankshaft. 79.

40. Spacer—Crankshaft Oil Seal. 80.

Front Seal—Crankshaft. 81.

Bolt and Retainer—Fan Driving. 82.

Oil Sllnger—Crankshaft. 83.

Sprocket—Oil Pump Drive.

Crankshaft Assembly. 84.

Bearing—Main. 85.

Bearing Cap—Main. 86.

Chain—Oil Pump Driving. 87.

Oil Pump Assembly. 88.

By-Pass Valve—Oil Pump. 89.

Brackets—Oil Pump. 92.

Inlet Screen—Oil Pump. 93.

Thrust Washer—Main Bearing. 94.

Gasket—Oil Pan.

Pan—Oil. 95.

Pin Bushing Retainer and Cap—Piston. 96.

Block. 97.

Gasket—Air Inlet Housing. 98.

Striker Plate—Air Inlet Housing. 99.

Governor. 106.

Pump—Fresh Water. 107.

Strainer—Lube Oil. 1 08.

Adapter—Oil Cooler. 109.

Governor Drive Assy. 110.

Oil Cooler. 111.

Spacer—Idler Gear. 11 2.

Gear—Blower Drive. 113.

Motor—Starting. 114.

Gear—Crankshaft. 115.

Gear Support—Blower Drive. 116.

Plate—End. 117.

Gasket—End Plate. 1 1 8.

Fuel Pump Assembly. 119.

Cover—Blower Drive. 1 20.

Gauge—Oil Level. 121.

Housing—Air Inlet. 1 22.

Blower Assembly. 1 23.

Air Cleaner.

Bolt—Flywheel. 1 24

Ring Gear—Flywheel. 1 2 5.

Flywheel.

Oil Seal—Crankshaft Rear.

Cover and Gasket—Flywheel Housing

Small Hole.

Bracket—Engine Mounting.

Gear—Balancer.

Shaft—Blower Drive.

Idler Gear Spacer and Dowel Assembly.

Idler Gear Hub and Dowel Assembly.

Gear—Idler.

Camshaft.

Gear—Balancer.

Bearing (Intermediate)—Cam and Balancer

Shaft.

End Bearing—Cam and Balancer Shaft.

Filter—Secondary.

Filter—Primary.

Tube—Oil Filler.

Shaft—Balancer.

Cover Gasket and Bolt—Rocker Arm.

Flange—Exhaust Manifold.

Manifold—Water.

Manifold—Exhaust.

Tube—Injector and Governor Control.

Shaft—Throttle Control.

Fuel Manifold Assembly.

Lube Oil Filter Assembly.

Bracket—Rocker Arm.

Rocker Arm.

Spring and Retainer—Cam Follower.

Clamp—Injector.

Breather Pipe.

Throttle Control.

Body—Breather Oil Separator.

Pad—Breather Oil—Lower.

Pad—Breather Oil—Upper.

Screen and Gasket—Breather Oil Separ-

ator.

Clip—Breather Pipe to Cylinder Head

Link—Throttle Control
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106

107

114,

11

15

17

87

88

89

48

54

55

Fig. 20.—Series 71, Six-Cylinder Diesel Engine Details and Relative Location of Parts.
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CYLINDER BLOCK

TM5-5160

SEC 2

CYLINDER BLOCK

15

B

Fig. 22—Cylinder Block and Crankcase with Air and Water Passages.

1. Oil Passage—Vertical.

2. Oil Gallery.

3. Oil Passage to Crankshaft.

4. Cooling Liquid Manifold.

5. Cooling Liquid Inlet Opening-

to-Liner Jacket.

6. Liner Cooling Jacket.

7. Air Box.

8. Air Passage to Cylinder.

9. Bore for Cylinder Liner.

10. Bore for Cam or Balance Shaft.

11. Upper Half of Main Bearing

Seat.

I 2. Water to Cylinder Head.

I 3. Air from Blower.

1 4. Water from Pump.

I 5. Plugged Holes—Each Corner.

Description—The cylinder block and crankcase,

which is the main structural part of the engine, and

identical for "B", "C", "D", and "E" Models, is a

box-like, one-piece casting made of alloy cast iron.

Rugged transverse members, cast integral, provide

utmost rigidity and strength, insuring perfect align-

ment of bores and bearings under all loads. The

cylinders are bored to receive the cylinder liners,

into the circumference of which a number of air inlet

ports are drilled. The water jackets extend the full

length of the bores and are divided into upper and

lower sections, which are connected by hollow

struts. Cooling water enters at the bottom of the

water jacket from the water pump, and leaves the

jacket at the top through holes which register with

corresponding openings in the cylinder head. Sur-

rounding the water space is an air chamber, which

conducts the air from the blower to all of the inlet

ports.

A camshaft and a balancer shaft are located on

opposite sides of the cylinder block and near the

top. The upper halves of the main bearing seats are

cast integral with the block. Drilled passages in the

block carry lubricating oil to all moving parts and

eliminate piping. Hand-hole plates on the side

opposite to the blower permit access to the air

chamber, and inspection of pistons and rings through

the air-intake ports in the cylinder walls. Two hand-

hole plates on the blower side serve the same purpose.

Cylinder blocks for service are furnished with main

bearing caps, studs, and the necessary plugs. Cylin-

der liners, due to loose fit, are serviced separately.

Fig. 23—Hand-Hole Plates and Air-Intake Ports.

1. Hand-Hole Cover.

2. Air-Intake Ports in Cylinder Liner.
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 2

9

15

12 16

11

Fig. 24—Cylinder Block and Cranlrcase—Six-Cylinder Engine.

7. Air Box.

8. Air Passage to Cylinder.

9. Bore for Cylinder Liner.

1 1. Main Bearing Seat.

1 2. Water to Cylinder Head.

14. Water From Pump.

1 5. Balancer Shaft Opening.

16. Camshaft Opening.

Clean-out holes are provided for the air box just

below the four center hand-hole covers on the ex-

haust manifold side of the cylinder block. Into these

holes are screwed %" pipe plugs which may be

removed when necessary for draining cleaning sol-

vents from the air box.

Service—Since the cylinder block is the main struc-

tural part of the engine, whenever an engine is being

overhauled, the various subassemblies and pieces

will be removed therefrom.

When engine overhaul and consequent stripping

of the cylinder block becomes necessary, the over-

haul stand shown in Figs. 25 and 26 provides a con-

venient support. The engine when mounted on the

stand may be tipped to any desired angle by merely

turning the hand crank provided. The engine is

clamped to the overhaul stand by removing the

hand hole covers on the exhaust manifold side and

securing the block to the stand by means of screw

clamps which are part of the stand. Additional bolts

may also be used to provide a sufficient safety

factor.

Fig. 27 illustrates the manner in which the engine

may be attached to an overhead hoist for lifting it

away from the base.

Fig. 25—Engine Overhaul Stand.

Remove Engine from Unit

1. Pull up on sliding handles and remove all four

side panels.

2. Remove exhaust muffler, see Page 82, Sec. 10.

3. Pull down hood catches and remove hoods

(4 pieces).

4. Drain cooling system. See Note, Page 125,

Sec. 13.

5. Drain lubricating oil from oil pan through plug-

ged opening on engine base (exhaust manifold

side).

6.

7.

8.

9.

Remove lubricating oil filter.

Remove front and rear tie rods connecting

control cabinet and radiator to center hood

support.

Remove air-box covers and air-box heater.

Disconnect heater fuel supply line at junction

beneath lubricating oil filter and remove from

unit. Disconnect wire from heater coil and

remove wire from heater cover.

Disconnect loom-covered wire from battery-

charging generator and remove generator from

engine. Also remove generator support bracket.

10. Disconnect fuel lines at fuel filters, fuel mani-

folds, and fuel tank and remove these bines.

11. Remove four bolts (two on each side) from bot-

tom support flanges of center hood support

and remove this member (filters attached.)

12. Remove lubricating oil gage line from oil fitting

at blower drive gear bearing support, clips

and oil pressure gage on control cabinet panel.
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CYLINDER BLOCK
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SEC 2

Fig. 26—Diesel Engine Mounted on Stand in Preparation for

Overhaul.

13. Unclip loom, enclosing generator and heater

coil wires from engine and place on top of fuel

tank beneath starting motor.

14. Remove drain tube, connecting air box drain

tank to fuel tank.

15. Disconnect battery cable and wires from starting

motor.

16. Disconnect throttle control at control cabinet

panel, also from rear of engine.

17. Remove water temperature gage bulb from

adapter at rear of water manifold.

18. Disconnect tachometer cable from drive adapter

at rear of engine.

19. Remove control cabinet. See Sec. 20.

20. Separate generator from engine. See Sec. 19.

21. Using lifting chain, as shown in Fig. 27, lift

engine from unit.

Mount Engine on Overhaul Stand—

1. Locate center lug of overhaul stand support-plate

in air-box opening opposite number 4 cylinder

(exhaust manifold side).

2. Loosen lock nuts on the two holding lugs, of over-

haul stand, and lower engine while entering

these lugs into air-box openings opposite cylinders

number 3 and 5.

Fig. 27—Lifting the Diesel Engine with a Chain Hoist.

3. Turn holding lugs crossways of air-box openings.

Tighten lock nuts, drawing engine tight against

overhaul stand support-plate.

4. Fasten bolts, through holes in support-plate, into

tapped holes in side of cylinder block, to provide

additional support and security.

CAUTION: Be absolutely positive that engine is securely

mounted to stand before releasing lifting chain. Severe

injury to personnel and destruction of engine parts will

result if engine breaks away from overhaul stand. Check

fastenings carefully. Play safel

Procedure for removing each assembly and sub-

assembly from the cylinder block together with dis-

assembly, inspection, repair, and reassembly of

each, will be found in the various sections of this

manual. Most of the assemblies and subassemblies

herein described are alike for all four models. Where

engine parts or procedures are not alike, all neces-

sary information on the unlike parts is included in

the particular section under appropriate headings.

Reference to the subject and alphabetical indexes
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SEC. 2

will show the location of any desired information on

particular accessories or engine parts.

After stripping and before any parts are reassembled

to the cylinder block, the block should be thoroughly

inspected for any conditions that would render the

part unfit for further use. Such inspections will take

place after the block has been thoroughly cleaned

in either live steam or cleaning solution, and blown

off with dry compressed air.

Check block for cracks and remove all gaskets

before rebuilding engine. Clean air box and air box

drains with gasoline, then blow out with dry com-

pressed air.

Replace Engine in Unit—After all necessary

repairs have been completed and the engine is

again assembled and ready to be replaced onto the

base, the installation may be carried out as follows:

1. With chains attached to the engine as shown in.

Fig. 27, lift it into position over the base.

2. Refer to "Attach Generator to Engine," Sec. 19,

and continue with the installation as outlined

there.

3. Install the accessories (fuel oil and lubricating

oil filters, etc.) and remaining parts by reversing

the sequence of operations for removal.

NOTE: Frequent reference to the sections covering the

parts concerned will greatly assist in the reassembly of

the unit. As for example, in replacing the battery charging

generator, see "Replace Generator", Sec. 78.

CYLINDER BLOCK END PLATES

Description—A flat steel end plate, bolted to each

end of the cylinder block, affords a very rigid con-

struction and a means of attaching the flywheel hous-

ing at the rear, and the balance weight and crank-

shaft cover at the front. Since the blower drive gear

assembly is supported on the rear end plate, this

plate has a different contour than the one used at

the front. As both ends of the cylinder block are

alike, the same special paper gasket is used between

the block and each end plate.

Fig. 28—Installing Cylinder Block End Plates—Rear

Plate Shown.

1. Cylinder Block. 4. Guide—End Plate, Tool

2. EndPlate—CylinderBlock—Rear No. J-1927.

3. Air Box Drain Passage. 5. Gasket—Cylinder Block to End

Plate.

Service—Cylinder block end plates should require

very little service under ordinary conditions. At the

time of complete engine overhaul or of cylinder block

change, the end plates will be removed and re-

placed. When such change is necessary, certain

features in connection with the change should be

borne in mind.

After end plates have been removed, all of the old

gaskets should be removed from inner and outer sur-

faces of the plates and both surfaces perfectly flat

and smooth. Any nicks or other damaging marks

that would prevent a tight seal between the surfaces

should be removed.

Fig. 29—Cylinder Block End Plate Installed—Front

Plate Shown.

1. End Plate—Cylinder Block—

Front.

2. Bolt—End Plate to Block.

3. Cylinder Block.

4. Gasket.

5. Dowel.
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The guide tools, No. J-1927, shown in Fig. 28, will

be found very useful when locating the plates on

the cylinder block.

Attach Cylinder Block Front End Plate—The

cylinder block front end plate may be attached to

the cylinder block as follows:

1. Clean and inspect both surfaces of end plate for

damage marks. Surfaces must be smooth and

flat.

2. Cement a new gasket to end of cylinder block;

preferably a non-hardening cement. Also, coat

outer surface of gasket—surface next to end

plate—with the same material.

3. Using guide tools, J-1927 as shown in Fig. 29,

install end plate next to cylinder block and

secure with bolts and lock washers as shown.

Attach Cylinder Block Rear End Plate—When

attaching the cylinder block rear end plate, the bore

in the end plate for camshaft bearing must be in

perfect alignment with the bore in the cylinder block.

When attaching the rear end plate, therefore:

1. Clean and inspect both surfaces of end plate for

damage marks. Surfaces must be smooth and

flat.

2. Cement a new gasket to end of cylinder block;

preferably a non-hardening cement. Also, coat

outer surface of gasket—surface next to end

plate—with the same material.

3. Using guide tools, J-1927 as shown in Fig. 28,

set end plate next to cylinder block and loosely

install bolts and lock washers. Do not fighten.

4. Insert camshaft end bearing through camshaft

bearing bore in end plate—blower side of cyl-

inder block—and into bore of block to align

plate with block.

5. With bearing in place as directed in "4" above,

tighten plate-to-cylinder block bolts. Remove cam-

shaft bearing which served as pilot while attach-

ing plate.
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CYLINDER LINERS

Description—Replaceable cylinder liners, made of

hardened alloy cast-iron and accurately honed to a

very smooth finish, are machined to form a loose fit

in the cylinder block. Because of this feature, the

liners are easily removed and replaced.

Fig. 30—Replaceable Cylinder Liner.

1. Upper Flange.

2. Air Ports.

A flange at the top of the liner fits into a recess in the

cylinder block, insuring proper positioning in the

block. Even temperature and minimum distortion are

insured by water cooling each liner over its entire

length, except at the ports, which are cooled by the

scavenging air. To permit introduction of fresh air

into the cylinder, sixty-four %" ports are drilled into

the circumference of each cylinder liner. These ports

are arranged in rows—32 to each row—and are

equally spaced and staggered as shown in Fig. 30.

Service—By virtue of the material from which

cylinder liners are made, they will render satisfac-

tory service for extended periods if the engine has

proper care. The wear on cylinder liners and pis-

tons is directly related to the amount of dust and dirt

(abrasive) introduced into the engine combustion

chambers via air intake. Dust so introduced and

combined with lubricating oil on the cylinder walls

forms an ideal lapping compound. To avoid such a

condition, the air cleaners provided as standard

equipment on each engine should be serviced regu-

larly, as outlined on Page 158, Sec. 14.

To take advantage of the long life designed and built

into these engines, the sections of this manual per-

taining to Lubrication and Air Cleaner should be

carefully read and followed.

Cylinder liners honed to standard size and ready for

use in the cylinder block are available for service

replacement.

No set rule can be established on the amount of wear

permissible before a liner change is necessary; the

engine performance will be the best guide in this

direction.

When a cylinder liner change is necessary due to

either wear or scoring, the old liner may be removed

from the cylinder block and a new liner installed or

the old liner may be honed to either a .010" or .020"

oversize, and reinstalled. New cylinder liners are

furnished in standard size only. Oversized pistons

and rings should be used with oversized, rehoned

liners.

Cleaning Air Ports—Inspection, through air-box

covers, will indicate when it is necessary to clean air

ports. The length of time between cleanings is de-

pendent upon type of engine operation, i. e.: full load,

part load, etc. Inspections should be made at least

every 500 hours of engine operation. It is not nec-

essary to remove cylinder liners to clean air ports.

When liners are not to be removed, proceed as

follows:

1. Remove cylinder head. See Page 72, Sec. 9.

2. Remove air box covers and heater.

3. Hand crank engine until piston, in liner whose

ports are to be cleaned, is at bottom of stroke.

4. Using a %" bolt or a square stick of hard wood

sharpened to a tapering point, clean all ports

from the inside of the liner.

5. Remove all chunks of carbon from air box. Open

air box drains.
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WAV

Fig. 31—Removing Cylinder Liner with Tool J-1918.

1. Puller Rod.

2. Puller Weight.

3. Puller Clomp Release.

4. Puller Clamp—Upper.

5. Liner.

6. Block.

7. Puller Clamp—Lower.

8. Washer.

9. Nut.

6. Replace cylinder head. See Page 76, Sec. 9.

7. Replace air box heater and covers.

NOTE: With liners removed from the engine, ports may be

cleaned by soaking the liners in a hot caustic soda or lye solu-

tion long enough to loosen carbon deposits. Final cleaning

may then be accomplished by brushing away the loosened

deposits. To remove cylinder liner see below.

Remove Cylinder Liner—When occasion re-

quires, a cylinder liner may be removed from the

cylinder block as follows:

1. Remove the cylinder head. (See Page 72, Sec. 9.)

2. Remove the oil pan. (See Page 101, Sec. 12.)

3. If necessary, remove the lubricating oil pump and

connecting lines. (See Page 101, Sec. 12.)

4. Scrape the carbon from the upper inner diameter

of the cylinder liner.

5. Remove piston and connecting rod assembly.

(See Page 45, Sec. 6.)

6. Even though the cylinder liners are a loose fit in

the block, if the engine has been in service for

an extended period, considerable effort may be

required to loosen the liner from position. When

this condition exists, the liner may be removed by

using the special tool J-1918, shown in Fig. 31.

To use the tool:

(a) Slip the lower puller clamp up the puller rod

and off its tapered seat, and cock clamp on

rod so it will slide down through liner. When

rod is dropped down through liner, clamp

will drop back onto its seat in a horizontal

position.

(b) Slide the upper puller clamp down against

the top edges of the liner.
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TM5-5160

SEC. 3

(c) With tool so mounted, strike the upset head

on upper end of puller rod a sharp blow with

the puller weight, thus releasing the liner.

Honing Cylinder Liner—A cylinder liner may be

honed on the inside diameter with Tool KMO-1000-D

and used again if the honing operation is carried out

in the proper manner. The safest way of honing cyl-

inder liners, to be sure that none of the abrasive gets

into the air box or ports, is to remove the liners from

the cylinder block, place in a suitable honing fixture,

and then hone to the proper size. A satisfactory fix-

ture for this operation would be a discarded cylinder

block in which the cylinder bore, to be used as a

holding fixture, is not distorted or damaged. DO

NOT CLAMP IN VISE. After honing, removing from

the fixture and thoroughly cleaning, the liner may

then be replaced in the cylinder block.

XZ - LONGITUDINAL AXIS

(LENGTHWISE OF ENGINE)

WY . TRANSVERSE AXIS

(CROSSWISE OF ENGINEI

Fig.33— Checking Bore of Cylinder Liner with ToolKMO-913.

1. Dial Indicator.

2. Cylinder Liner in Place.

Fig. 32—Cylinder Liner Measurement Diagram

The ordinary medium honing stones used on soft

cylinder block bores are rather ineffective on these

hard cylinder liners. For rough honing, use a coarse

stone (46 GRIT). Obtain the smooth mirror finish re-

quired by using a fine stone (150 GRIT) for the last

operation.

An adjustment for setting the cutting radius of the

stones is preferable to spring loaded stones. Spring

loaded stones will follow, instead of removing irregu-

larities from the hard surface. Keep the stones

dressed and brush them frequently to prevent load-

ing. Follow the hone manufacturer's instructions re-

garding the use of oil or kerosene on the stones.

When liners are properly honed, they should be

straight from top to bottom within .0015" and round

on the inside diameter to within .0005", when the

liner is in place in the cylinder block. As the honing

operation progresses, the inside diameter of the liner

may be checked with the gage as shown in Fig. 33

and at the various positions throughout the length

of the liner as shown in Fig. 32.

Place the liner in the honing fixture; then insert the

hone and adjust the stones snugly to the most narrow

section. When correctly adjusted, the hone will not

shake in the liner, but will still drag freely up and

down while the hone is not turning.

After a cylinder liner has been honed and removed

from the honing fixture, it must be thoroughly washed

in a clean solvent and blown off with air before in-

stalling into the cylinder block. If this precaution is

not taken, some of the honing abrasive might be

drawn into and damage the engine.
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Replace Cylinder Liner—To replace a cylinder

liner, wipe outside of liner and be sure bore in

block is clean so liner will seat properly; then push

the liner into place by hand. When in place, top

face of liner upper flange will be from .000" to

.004' above top surface of cylinder block.

Check inside diameter of liner for out of round as

soon as it is in place in block. If more than .0005"

out (see measuring diagram), pull liner and turn 90°

and replace. Again measure and repeat turning

process until liner dimensions come within prescribed

limits. The inside dimensions of a standard cylinder

liner are 4.24924-.2507 inches. Finished dimensions

for a .010" oversize liner are 4.2592-4.2607 inches,

and for a .020" oversize liner, 4.2692-4.2707 inches.

Having replaced the cylinder liners, replace the

other engine parts by reversing the sequence of

operations as outlined under "Remove Cylinder

Liner," on Page 30.

After installing either new standard size, or honed

oversize liners, the engine should be operated on a

run-in schedule as outlined in Sec. 21. This is im-

portant to make sure that affected parts operate prop-

erly before being subjected to full load operation.
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SEC. 4

MAIN BEARINGS

Description—Large copper-lead-bronze main bear-

ing shells of the precision type are readily replace-

able without machining. The main bearing caps are

attached to the crankcase and carefully machined

in place to receive the precision bearing shells. Each

bearing cap is marked 1, 2, 3, etc., and when re-

moved should always be replaced in its respective

position.

Crankshaft thrust loads are taken by separate thrust

washers at the rear main bearing. The upper halves

of the main bearing shells are seated in the crank-

case. The lower halves are held in place by the

main bearing caps, each of which is bolted to the

crankcase by two special steel studs, as shown in

Fig. 34. Each half of the bearing shell is prevented

from endwise or radial movement by a tang at the

parting line on one side of the bearing. Each bearing

cap is locked from sidewise movement by a milled

slot in the crankcase.

All Upper Halves of the Main Bearing Shells

are Alike. These shells carry a circular groove

midway between the bearing edges which runs from

parting-line-to-parting line, and furnishes registra-

tion with the oil holes in the crankshaft journals at

all times. An oil hole in this groove midway between

the parting lines, as shown in Fig. 34, provides oil

registry with holes in the cylinder block, by way of

the bearing shells, to the drilled passages in the

crankshaft leading to the various connecting rod

bearings.

All lower halves of the main bearing shells are alike but have

no oil grooves; consequently, the upper and lower halves of

these bearing shells are not interchangeable.

A very effective oil seal (5), Fig. 35, has been incor-

porated at the rear main bearing. This seal consists

of a special treated leather ring (seal) set into the fly-

wheel housing with the rolled-over inner diameter of

the leather held snug against the crankshaft journal

by a coil spring. This seal prevents oil from creeping

along the journal into the flywheel compartment and

is readily replaceable.

An oil seal of the same design is used forward of the

front main bearing. This seal assembly is pressed

into the crankshaft front cover and the leather seal

bears against a removable sleeve on the end of the

crankshaft, next to the drive gear or sprocket for the

oil pump. (See Figs. 36 and 37.)

Service—All the main bearing load of these engines

is carried on the lower half of the bearings only. Any

chipping, pitting, scoring, or over-heating, of the

main bearing shells, therefore, may be observed by

removing the main bearing caps.

If main bearing trouble is suspicioned from the run-

ning of the engine, remove the oil pan; then remove

the main bearing caps—one at a time—and ex-

i— i

D

Fig. 34—Upper and Lower Main Bearing Shells, Bearing

Caps, and Rear Main Bearing Thrust Washer.

1. Bearing Cap—Main

(Intermediate).

2. Bearing Shell—Main (Lower).

3. Bearing Shell—Main (Upper).

4. Stud—Main Bearing.

5. Nut and Cotter Pin—Main

Bearing.

6. Thrust Washer—Rear Main

Bearing (Two Pieces).

Fig. 35—Rear Main Bearing Oil Seal.

1.' Bearing Shell—Main.

2. Flywheel.

4. Bolt—Flywheel to Crankshaft.

5. Oil Seal.

6. Flywheel Housing.

7. Crankshaft Timing Gear.
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 4

Fig. 36—Front Main Bearing Oil Seal.

(Models "B", "C", and "D")

1. Oil Seal Assembly.

2. Cover—Crankshaft Front.

3. Crankshaft.

4. Support—Engine Front.

5. Cooling Fan Assembly.

6. Sprocket—Oil Pump Drive.

7. Chain—Oil Pump Drive.

amine the bearing shells. As no load is imposed on

the upper half of the shell, this half may not require

changing. Bearing shells are furnished as upper or

lower halves separately.

In cases of main bearing shell changes, the crank-

shaft journal should be examined for over-heating,

scoring, or excessive wear. If crankshaft journals

have been over-heated, the crankshaft should be

changed. If they have been scored or worn and not

over-heated, they may be reground and undersize

main bearing shells used. (See Crankshaft Service,

Page 39, Sec. 5.)

Remove Crankshaft Main Bearing Shells

(Crankshaft in Place.) When removal of upper

half of main bearing shells becomes necessary and

the removal of the crankshaft is undesirable, this

operation can be performed by using the following

procedure as a guide and by referring to Figs. 39

and 40.

All main bearing journals except the rear are

drilled for an oil passage. The procedure, therefore,

for removing the upper half of the shells, with crank-

shaft in place, is somewhat different on the drilled

journals than on the one that is not drilled. The

method for removal of both types is shown below.

1. Remove the oil pan to expose the main bearing

caps. (See "Remove Oil Pan," Page 101, Sec. 12.)

2. The lubricating oil pump is bolted to Nos. 1 and 2

main bearing caps. Remove the oil pump and dis-

charge pipe assembly and remove main bearing

caps. (See Page 101, Sec. 12.)

Fig. 37—Front Main Bearing Oil Seal.

(Model "E")

1. Oil Seal Assembly.

2. Cover—Crankshaft Front.

3. Crankshaft.

4. Cooling Fan Assembly.

5. Gear—Oil Pump Drive.

6. Gear—Idler.

7. Gear—Oil Pump Driven.

NOTE: If shims are used between the oil pump mounting

brackets and bearing caps special care must be taken of

them so that they may be re-installed in exactly the same

location when re-installing the oil pump.

3. Two-piece thrust washers are used each side of

the rear main bearing. The lower halves of these

washers will be removed when removing the rear

main bearing cap. (See Fig. 44.) (Upper sections

Fig. 38—Removing Main Bearing Cap.

1. Bolts— ?s"—24.

2. Cylinder Block.

3. Stud—Main Bearing.

4. Bearing Cap—Main.

5. Prybars.

6. Crankshaft.
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MAIN BEARINGS

TM5-5160

SEC. 4

Fig. 39—Removing Main Bearing Upper Shell (Except Rear

Main)—Crankshaft in Place.

3. Bearing Shell—Main (Upper). 1 5. Bearing Shell Removing Tool.

of the washers can be removed upon removal of

bearing cap by pushing one end of washer with

a small rod, thus forcing washer around and out

on opposite side of bearing.

4. The bearing cap having been removed, insert a

W x 1" bolt with a 1/2" diameter and a l/(6" thick

head into the crankshaft main bearing oil hole,

then revolve the shaft to the right (clockwise) and

roll the bearing shell out of position, as shown in

Fig. 39. The head of the bolt should not extend

beyond the outside diameter of the shell.

The upper half of all the main bearing shells may

be removed in the above manner except the rear

main. On this bearing, the upper shell must be re-

moved by driving on the edge of the bearing shell

with a small curved rod, at the same time revolving

the crankshaft, thus rolling the shell from position,

as shown in Fig. 40.

Main Bearing Shell Inspection. As stated above,

the main bearing shells are of the precision type

and replaceable without machining. The clearance

between the main bearing shells and the crankshaft

journals is from .002" to .004" and should not exceed

.006". Main bearing shells are furnished in standard,

and also in undersizes. See parts list for undersize

parts available.

Bearing shells when in place have .001" larger

diameter at the parting line than 90° from the part-

ing line. Also, the thickness of the bearing shells 90°

from the parting line is .155". The two shells do not

form a true circle when not installed and when

measured for inside diameter should be .installed in

the caps and block, with caps bolted in place

(crankshaft removed).

Fig. 40—Removing Rear Main Bearing Upper Shell—Crank-

shaft in Place.

3. Bearing Shell—Main (Upper). 1 6. Rear Main Bearing Shell Re-

moving Tool.

The two halves of the shells have a squeeze fit in

the case and cap, and must be tight when the cap is

drawn down. The shells may be measured with

micrometers at the points marked "3" (Fig. 41) and

any variation from .155" will show the amount of

wear on the particular shell being measured.

The crankshaft journals may be inspected for scor-

ing or over-heating without removing the crankshaft.

To measure journal diameters, however, removal of

the crankshaft is necessary. (See Crankshaft Inspec-

tion, Page 41, Sec. 5.)

As previously outlined main bearing shells are made

to fit with a certain squeeze or "crush" against the

seats. The "crush" assures a tight, uniform contact

between the bearing shell and seat. Bearing shells

that do not have sufficient crush will not have uni-

form seat contact, as shown by shiny spots on the

bearing shell backs, and should be replaced.

Bearing clearance limits extend from .002" new to

.006" worn. Clearances may be quickly determined

by measurement of the thickness of soft lead wire or

foil that has been squeezed between journal and

bearing. Bearing clearance may also be checked by

progressive insertion of strips of 5,s" wide by 1" long

shim stock of .002", .004", etc., thicknesses across

center of the lower bearing shell, as shown in Fig. 43.
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 4

Fig. 41—Inside Diameter of Main Bearing Shell at Parting

Line and 90° to Parting Line.

1. Free Diameter.

2. Installed Diameter.

3. Bearing Thickness.

With the shim stock in position install the cap and

shell in place on the engine. Tighten the stud nuts to

full torque. The fit is correct if a slight drag is noticed

when the crankshaft is rotated by hand. Insert or

remove shims until the correct fit is obtained.

When the second method is used to determine clear-

ances, all main and connecting rod bearing caps,

except the one being checked, must be loosened

or removed.

Fig. 42—Measuring Thickness of Main Bearing Shell.

1. Bearing Shell—Main (Upper).

2. Sleeve.

3. Steel Ball or Roller.

4. Micrometer.

Fig. 43—Shims in Place to Check Main Bearing Clearance.

1. Bearing Cap. 3. Shim Stock s/4" x 1" x .002" to

2. Bearing Shell—Lower. .004" Thick.

Rear Main Bearing Thrust Washers—As will

be seen from Fig. 44, the crankshaft thrust washers

located at the rear main bearing consist of two

pieces on each side of the bearing. The lower portion

is doweled to the bearing cap in two places at each

side of the cap. If these washers have become scored,

or otherwise damaged, or if the crankshaft end thrust

is excessive they should be replaced. End thrust, as

measured between the crankshaft flange and thrust

washer, should be .004" to .011" and should not

exceed .018". Washers for replacement are avail-

able .005" oversize as well as standard size.
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MAIN BEARINGS

TM 5-5160

SEC. 4

Fig. 44—Rear Main Bearing Thrust Washer and Mounting.

2. Bearing Shell—Main—Lower

Half.

4. Stud—Main Bearing.

6. Thrust Washer—Rear Main

Bearing.

8. Crankshaft.

23. Bearing Cap—Rear Main.

Install Main Bearing Shells (Crankshaft in

Place) Clean bearing shells and caps thoroughly;

remove all burrs from the seating surfaces; apply

some clean engine oil to all crankshaft journals. To

install a main bearing shell with the crankshaft in

place, reverse sequence of operations for removal.

Upper and lower halves of the main bearing shells

are not alike; the upper shell is grooved and drilled

for lubrication—the lower shell is not. Be sure to in-

stall the grooved and drilled shell in the crankcase and the

plain shell in the bearing cap, otherwise the oil feed to the

upper end of connecting rod will be blocked off. Bearing

shells that are to be reinstalled should be assembled

to the same journal from which they were removed.

1. When replacing the upper half of main bearing

shells with crankshaft in place, start the end of

the shell having no tang around the crankshaft

journal, so that when shell is in place tang will

fit into groove in the shell support.

NOTE: Main bearing caps are bored in position and marked

It 2, 3, etc. Whenever bearing caps are removed, they

should be replaced in their original positions with marked

side of caps toward blower side of cylinder block.

2. Assemble crankshaft thrust washer before install-

ing rear main bearing cap. Clean both halves of

washer carefully and remove any burrs from

the seats—the slightest particle of dirt may decrease

clearance between washers and crankshaft beyond limits!

Slide upper half of washer—the half without

dowels—into place in its groove (See Fig. 44);

then assemble lower half over dowel pins in

bearing cap.

3. With lower half of bearing installed in bearing

cap, replace cap and draw tight. The caps

should first be drawn up snugly, then rapped

sharply to align the bearing shell. The cap stud

nuts may then be tightened uniformly and locked.

Tighten nuts to 155-185 Ib-ft. pull on a torque

wrench or to a full pull on a 16" length socket

bar.

NOTE 1: If bearings have been installed properly, the

crankshaft will turn freely with all main bearing caps

bolted tight.

NOTE 2: The wear of the lower halves of the main bearing

shells is, as a rule, quite uniform. When one lower bearing

shell is worn beyond the low limit, it generally means that

all lower shells need replacing. However, when one shell

is found to be damaged or scored and inspection reveals the

crankshaft and the other shells to be within specifications,

the damaged shell may be replaced provided the difference

in clearance between adjacent bearings is held to .0005".

Replace the damaged shell in the following manner:

1. Remove and discard the damaged shell.

2. Remove the shell from the No. 1 main bearing and

use it to replace the damaged shell.

3. Install a new shell in the No. 1 main bearing.

4. Check crankshaft end play at thrust washers.

Crankshaft side clearance with thrust washer

should be from .004" to .011". Insufficient clear-

ance will usually denote misalignment of rear

main bearing. Bearing cap should be loosened,

then tightened as described above. If lack of

clearance is still present, dirt or a burr on inner

face of one or more of the thrust washers may be

the cause.

5. Install lubricating oil pump assembly if removed.

(See Page 105 or 109, Sec. 12.)

NOTE: If shims were used between the pump mounting

brackets and the bearing caps, replace them before replac-

ing pump.

6. Install oil pan with new gasket.

After installing new bearing shells, the engine should

be operated on a run-in schedule as outlined in

Sec. 21.
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CRANKSHAFT

TM 5-5160

SEC. 5

CRANKSHAFT, CRANKSHAFT FRONT COVER

AND FLYWHEEL

234

2 5 14

8 9 10 9 11 9

6

7 9 11 9 10 912

1. Main Bearing Journal—Front.

2. Counterweight.

3. Main Bearing Journal—lnter-

mediate.

Fig. 45—Six-Cylinder Crankshaft and Flywheel.

4. Connecting Rod Journal—No. 3.

5. Main Bearing Journal—Rear.

6. Bolting Flange—Timing Gear,

7. Dowel—Flywheel.

8. Ring Gear.

9. Retaining Bolt Hole.

1 0. Dowel Hole.

1 1. Puller Screw Hole.

12. Flywheel.

14. This Face Toward Crankshaft.

Description — The rigid crankshaft is a high-carbon

steel drop forging, carefully heat-treated to insure

utmost strength and durability. All main and con-

necting rod bearing journal surfaces are electrically

hardened by the Tocco process.

Complete static and dynamic balance of the rotating

parts has been achieved by counterweights incor-

porated with the crankshaft as shown in Fig. 45.

Crankshaft thrust is taken through two-piece bronze

washers on each side of the rear main bearing. (See

Fig. 44, Sec. 4.) Full pressure lubrication to all con-

necting rod and main bearings is provided by drilled

passages within the crankshaft and cylinder block.

Two dowels are provided in the crankshaft flange at

the rear for locating the flywheel on the shaft. Six

tapped holes, one unequally spaced, are provided

for attaching the flywheel. Owing to this feature, a

flywheel can be attached in only one position.

The six -cylinder engine in the generating set has

seven main bearings, each 31/2" in diameter and

iys" long. The lower connecting rod bearings are

in diameter and 1%" long.

Service — Since bearing loads take place on the

lower half of the main bearing shells and the upper

half of the connecting rod bearing shells, wear on the

shells will take place at these points first. If, there-

fore, main bearing or connecting rod bearing trouble

is suspected, the oil pan and the main bearing

caps as well as the connecting rod bearing caps

should be removed, one at a time, and the lower half

of the main bearing shells and the upper half of the

connecting rod bearing shells inspected for scoring,

corrosion, chipping, cracking, or signs of overheat-

ing. If crankshaft has been overheated, examine the

journals for cracks. The backs of the bearing shells

should also be inspected for any bright spots. Bright

spots on backs of the shells will indicate that shells

have been shifting in their supports and are unfit for

further use.

If the crankshaft journals do not show signs of scor-

ing, overheating, or abnormal wear, it will be un-

necessary to remove the crankshaft as the condition

may be corrected by changing the worn half of the

bearing shells only, providing the opposite half is in

usable condition. (See "Remove Crankshaft Main

Bearing Shells," Page 34, Sec. 4, for removing upper

half of main bearing shells.)

Loose main bearings will be evidenced by the wob-

bling of the flywheel or a drop in oil pressure.

If the crankshaft journals show signs of overheating,

or are badly scored, then the crankshaft must be re-

moved and a new shaft substituted.
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 5

Remove Crankshaft—When crankshaft removal

becomes necessary, the operation may be performed

as follows:

1. Drain cooling system and oil pan.

2. Remove oil pan.

3. Remove the lubricating oil pump. (See Page 101,

Sec. 12.)

4. Remove flywheel. (See Page 43.)

5. Remove flywheel housing. (See Page 55, Sec. 7.)

6. Remove fan assembly and generator drive belt

as follows:

(a) Bend ear of lockwasher (2) back out of

slot in outer diameter of lock nut (1) on fan

drive hub (4). (See Fig. 173.)

(b) Remove fan lock nut (1) from fan drive hub

with spanner wrench as shown in Fig. 175,

Sec. 13. Remove lockwasher (2) from fan

drive hub (4).

(c) Strike rear face of fan blade hub with soft

hammer and remove blade assembly from

drive hub.

(d) Remove key (7) from fan drive hub.

(e) Remove six nuts (5) and lockwashers (6)

from bolts (12) holding fan drive hub to fan

drive coupling (11) and pull fan drive hub

and pulley away from coupling.

(f) Remove crankshaft pulley retainer bolt (9)

and retainer (10) from front end of crank-

shaft.

(g) Using a 2" x 4" (wood) at opposite side and

back of fan drive coupling, remove coupling

from crankshaft.

(h) Remove two Woodruff keys (13) from crank-

shaft.

(i) Remove oil seal spacer (14) from crank-

shaft. The outside diameter of this spacer

acts as a bearing surface for the crank-

shaft front oil seal as well as a spacer for

pulley coupling.

7. Remove Crankshaft Front Cover Assem-

bly as follows: (Oil Pan Removed)

(a) Remove seven cover to cylinder block at-

taching bolts and lockwashers.

(b) Strike rear face of ears on cover with soft

hammer to free cover from dowels. Pull

cover straight out off end of crankshaft.

Remove gasket.

8. Remove connecting rod bearing caps.

9. Remove the main bearing caps.

10. Remove thrust washers from each side of the

rear main bearings.

11. Remove crankshaft assembly, consisting of tim-

ing gear at rear and oil pump drive gear or

sprocket and drive chain, at the front.

Fig. 46—Crankshaft, Timing Gear, and Lube Oil Pump Drive Sprocket Assembly.

1. Sprocket or Gear—Oil Pump

Drive.

2. Oil Slinger (Front).

3. Journal—Connecting Rod.

4. Lubricating Oil Hole.

5. Timing Gear—Crankshaft.

6. Bolts—Crankshaft Timing Gear

Retainer.
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CRANKSHAFT

TM5-5160

SEC. 5

Crankshaft Inspection—When a crankshaft has

been removed for reconditioning for any reason

whatsoever, a thorough inspection should be carried

out before the shaft is again installed in the engine.

Such a check should include:

1. Blow out all oil passages with air.

2. Measure all main and connecting rod bearing

journals. The journals should be measured at

several places on the circumference in order to

determine the smallest diameter, in case the

journals have worn out of round.

3. Measure the thickness of the main bearing and

connecting rod bearing shells as described under

"Main Bearing Shell Inspection," Page 35, Sec.4.

If measurements show abnormal clearances, and

shells only show wear, substitute new shells. If

the crankshaft journals are worn excessively,

the crankshaft should be changed. Crocus cloth

can be used for polishing of crankshafts which

are slightly worn.

1. Lock Nut.

2. Lock Washer—Special.

3. Fan Blade Assembly.

4. Fan Drive Hub.

5. Nuts.

6. Lock Washers.

7. Key—Fon-to-Drive Hub.

8. Pulley.

9. Bolt—Retainer-to-Cronkshafl.

Fig. 47—Fan and Hub Assembly.

1 0. Retainer—Crankshaft Pulley.

11. Fan Drive Coupling.

12. Through Bolts.

1 3. Woodruff Keys.

1 4. Oil Seal Spacer.

1 5. Spider Clamp—Inner.

16. Hub Rubber Washer.

17. Spider Clamp—Outer.

1 8. Crankshaft.

1 2 3 10

Fig. 48—Crankshaft Front Cover and Lube Oil Pump Drive

Idler Gear Details.

(Model "E")

1. Hub—Oil Pump Drive Idler Gear.

2. Bushing—Oil Pump Idler Gear.

3. Gear—Oil Pump Drive Idler.

4. Mounting Pad.

5. Gasket—Front Cover.

6. Cover—Crankshaft Front.

7. Oil Seal—Crankshaft Front.

8. Lockwasher.

9. Nut.

1 0. Keyway.

1 1. Ball.

Install Crankshaft Assembly (Including Timing

Gear and Lube Oil Pump Drive Gear or Sprocket).

(Refer to Page 59, Sec. 7, for assembly of timing

gear.)

The crankshaft may be installed by reversing the

sequence of operations for removal as described

above.

The crankshaft main bearing upper shells are grooved

for lubrication. (See Fig. 34, Sec. 4.) The lower shells

are not grooved. When replacing shells, preparatory

to setting the crankshaft in place, see that the

grooved shells are placed in the cylinder block

(upper half) as shown in Fig. 34, Sec. 4. If the bear-

ing shells that were previously used are to be re-

placed, each shell should be installed in the same

bearing from which it was removed.

To install shaft:

1. After the upper shells have been placed in the

crankcase, apply some clean engine oil to all

crankshaft journals and set crankshaft assem-

bly in place. When setting crankshaft in place,

be sure that the timing marks "R" on the crank-

shaft timing gear and the gear train idler gear

are in line as shown in Fig. 67, Sec. 7.

2. Install the upper halves of the rear main bearing

thrust washers on each side of the bearing, and

the doweled lower halves on each side of the

rear main bearing cap.
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 5

3. Replace all main bearing caps as outlined on

Page 37, Sec. 4.

4. Replace all connecting rods and caps as out-

lined on Page 51, Sec. 6.

5. Affix new gaskets to bolting flange, also at

spacer hub and idler gear, as illustrated in

Fig. 77, Sec. 7, and install flywheel housing.

6. Replace flywheel. (See Page 44).

10

8

Fig. 49—Crankshaft Front Cover and Spacer Details.

(Models "B", "C", and "D")

7. Dowel Pin.

8. Oil Seal—Crankshaft Front.

1. Cover—Crankshaft Front.

3. Crankshaft.

4. Oil Slinger—Crankshaft.

5. Sprocket—Oil Pump Driven.

6. Gasket—Front Cover-to-End

Plate.

9. Sprocket—Oil Pump Driving.

1 0. Spacer.

7. Replace Crankshaft Front Cover as follows:

(a) The crankshaft front cover oil seal should

be carefully inspected. If the oil seal is

worn or damaged, as evidenced by any

drippings on the front cover, or by any

brittle or cracked sealing ring, replacement

is necessary.

1. To install new oil seal: first, wipe the oil

seal with a heavy grade of lube oil or

light grease. Second, assemble seal in

cover with lip of seal pointed toward

inner face of cover.

2. Seal must be pressed in flush and square

with the face of the crankshaft front

cover, as shown in Fig. 48.

(b) See that oil slinger is in place next to drive

sprocket with dished outer diameter of

slinger away from sprocket.

(c) Shellac new gasket to bolting flange of

crankshaft front cover and attach to cyl-

inder block with bolts and lockwashers—

Fig. 50—Crankshaft Front Cover and Lube Oil Pump Drive

1dler Gear Assembly

(Model "E")

1. Cover—Crankshaft Front.

2. Geoi Oil Pump Drive ldler.

3. Crankshaft.

4. Oil Slingei—Crankshaft.

5. Gear—Oil Pump Drive Driven.

6. Gasket—Crankshaft Cover.

7. Dowel Pin.

8. Oil Seal—Crankshaft Front.

9. Gear—Oil Pump Drive Driv-

ing.

10. Shaft—Oil Pump Drive ldler

Gear.

1 1. Spacer.

finger tight only. Do not tighten bolts until

after front spacer, shown in Figs. 49 and 50 is in

position.

(d) Replace spacer (2) on front end of crank-

shaft next to oil slinger as shown in Fig. 51.

NOTE: This spacer must not be put in place until after the

front cover has been located, as in "c" above. After re-

placing spacer, tighten front cover against cylinder block.

(e) Replace Woodruff keys in crankshaft for fan

drive coupling.

Fig. 51—Replacing Oil Seal Spacer on Front End of Crankshaft.

1. Front Cover—Crankshaft. 4. Oil Seal-

2. Oil Seal Spacer—Crankshaft. Cover.

3. Crankshaft.

Crankshaft Front
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FLYWHEEL

TM 5-5160

SEC. 5

8. Replace Fan Assembly— See Fig. 173.

(a) Install fan drive coupling by aligning the

keyway with the two Woodruff keys (on

shaft). Place end of 2" x 4" (wood) across

diameter of coupling and drive into place.

Coupling should be flush with end of crank-

shaft.

(b) Assemble retainer (10) and bolt (9) to end

of crankshaft (18) with 1%" socket wrench.

(c) Place charging generator drive pulley (8)

on fan drive coupling (11) and align bolt

holes.

(d) Place six bolts (12) through fan drive

coupling (11), heads toward engine, pul-

ley (8), and fan drive hub (4). Attach six

nuts (5) and lockwashers (6) to bolts and

tighten against fan drive hub (4).

(e) Place generator drive belt over generator

drive and driven pulleys.

(f) Place key (7) in fan drive hub keyway.

(g) Place fan blade assembly in position and

drive in place with soft hammer.

(h) Place lockwasher (2) on fan drive hub (4)

with inner tang in hub keyway. Place lock-

nut (1) in position and tighten with spanner

wrench. Bend one tang of lockwasher into

slot on outer diameter of lock nut.

(i) Adjust generator drive belt as described in

Sec. 18.

9. Install the lubricating oil pump assembly. (See

Pages 105 and 109, Sec. 12.)

10. Affix new cork gasket to bolting flange, and

bolt oil pan in place with bolts and lockwashers.

11. Before starting engine, be sure that crankcase

is filled to the proper /eve/ with oil and there are

no restrictions in the system to hamper lubrica-

tion.

12. After replacing main or connecting rod bear-

ings, or a new crankshaft, the engine should be

operated on a run-in schedule as outlined in

Sec. 21.

FLYWHEEL

Description—The even torque of the Model 71

engines permits the use of a relatively light, cast iron

flywheel, which insures exceptional operating flexibil-

ity. The flywheel is bolted securely to a flange on the

crankshaft with six bolts and doweled in two places.

One of the tapped holes being off-set, the flywheel

can be attached to the crankshaft flange in only one

position.

The drive side of the flywheel is countersunk, to per-

mit a true alignment of the generator driving disc

with the flywheel. The generator drive disc is fas-

tened securely to the flywheel with eight bolts and

'our dowels.

A starter ring gear made from heat-treated steel is

shrunk onto the rim of the flywheel. The ends of the

teeth that engage the starter pinion are chamfered.

Remove Flywheel—The generator and the driving

disc having been removed from the flywheel housing

and flywheel respectively, the flywheel may be re-

moved from the crankshaft flange by using two

puller bolts illustrated in Fig. 52. For removing gener-

ator, see Sec. 19. To remove flywheel:

1. Snip the lock wire from the six bolt heads and

remove bolts.

2. Screw two bolts (%"-14 x 4" American National

Thread) into the tapped holes provided at fly-

wheel bolting flange until inner ends of bolts

press against crankshaft flange. Continue to turn

bolts in until flywheel is about 3/j the distance off

dowels.

3. Fasten hook of chain fall in center hole of fly-

wheel with enough tension to keep the flywheel

Fig. 52—Removing Flywheel with Puller Bolts.

1. Flywheel. 2. Puller Bolts—%"-14-4".
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TM 5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC 5

from hitting the flywheel housing. Turn bolts in

until flywheel is free.

4. Supporting flywheel with chain, pull from engine.

Remove Flywheel Ring Gear—With flywheel re-

moved from crankshaft, the old ring gear may be

taken from the flywheel by grinding a notch through

the ring at the root of one tooth, then expanding the

ring and driving from position. Unless the ring gear

is already broken at the root of a tooth, no attempt

should be made to drive it from position without fol-

lowing out instructions as outlined above.

Replace Ring Gear on Flywheel—The ring gear

is shrunk on the flywheel by uniformly heating the

gear to 450° F. (red heat visible in the dark) then

placing it in position on the flywheel which is at

room temperature.

After heating, start ring gear onto flywheel so that

when flywheel is installed, the chamfered ends of

the teeth on the ring gear will face the cylinder

block. These edges of the teeth engage the pinion on

the starting motor. Drive gear down tight against

shoulder on flywheel. Let cool in air before using.

The ring gear should not be heated too high, as the

original heat treatment will be destroyed. On the

other hand, it must be heated sufficiently to expand

the ring and make a tight fit on the flywheel.

Replace Flywheel—The two puller bolts illus-

strated in Fig. 52, may be conveniently used to sup-

port the flywheel when it is being located on the

dowels. Due to one off-set hole in the crankshaft hold-

ing flange, the flywheel can be located in only one

position. Having located the flywheel on the dowels

in this manner, install and tighten the six retaining

bolts, then run a continuous wire through the head

of each bolt and twist ends together.
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PISTON

TM 5-5160

SEC 6

PISTON

Description—Malleable iron pistons with extra long

skirts, accurately ground the full length, are plated

with a protective coating of tin, which permits close

fitting. The top of the piston forms the combustion

chamber and is designed to displace the air into

close proximity to the fuel spray.

To add strength, rigidity, and cooling effect the head

of each piston is cast with ribs on the inside. The

ribbed head is cooled by lubricating oil forced from

a spray jet on the top of the connecting rod, as

shown in Fig. 128, Sec. 12.

Two steel-backed bronze bushings, with helical

grooved oil passages, are pressed into the piston to

provide a bearing for the hardened, floating piston

pin. After the piston pin has been installed, the hole

in the piston at each end of the pin is sealed with a

tight steel cap and locked in place with a lock ring.

Thus, lubricating oil returning from the sprayed pis-

ton head and working through the grooves in the

piston bushings is prevented from reaching the

cylinder walls. A balancing rib is provided on the

inside at the bottom of the piston skirt. Because of

this design, all pistons are balanced to close limits

whether the piston is standard or oversize. Because

of this feature, one or more oversize pistons may be

installed in an engine in which the other pistons are

standard size, without upsetting the engine balance.

Each piston is fitted with six cast iron rings of

the cut-joint type. Four 1/8" wide, tin-plated

grooved compression rings are placed above the pin

and two %" wide special oil-control rings scrape off

the excess lubricating oil thrown onto the cylinder

walls by the piston cooling oil or crankshaft and the

lower end of the connecting rod.

Service—Piston and Connecting Rod Removal

—When the engine condition necessitates a piston

inspection, the removal of the piston and connecting

rod assembly becomes necessary.

The piston and connecting rod are so closely associ-

ated from a service standpoint that one cannot be

entirely separated from the other; the two will, there-

fore, be treated collectively in the following dis-

cussion on pistons and connecting rods.

The piston and connecting rod as an assembly is

removed from the top of the cylinder block after re-

moval of the other necessary engine parts listed

below:

1. Separate engine from base and A.C. generator.

(See Sec. 19.)

2. Remove cylinder head. (See Page 72, Sec. 9.)

3. Remove oil pan.

4. Remove the lubricating oil pump and discharge

line assembly, where necessary. (See Page 101,

Sec. 12).

5. Remove the carbon from the upper inside diam-

eter of the cylinder liner.

6. Remove the cotter pins, nuts, and bearing cap

from the lower end of the connecting rod and

push the piston and rod assembly out through the

top of the cylinder block. Pistons cannot be re-

moved from bottom of cytinder block.

7. The piston rings may be inspected or changed,

also measurements taken on the outside diameter

of the piston skirt without further disassembly.

Fig. 53—Piston, Piston Pin Mounting, and Piston Ring Locations.

1. Rings—Oil.

2. Lock Ring.

3. Piston Pin.

4. Bushing—Piston Pin—Piston.

5. Vertical Strut.

6. Radial Rib.

7. Rings—Compression.

8. Cap—Piston Pin.

9. Piston.

10. Bushing—Piston Pin—Connect-

ing Rod.

1 1. Proper Assembly of Three-

Piece Oil Ring.

12. Ring Expander.

1 3. Lower Piece.

14. Upper Piece.

15. Balancing Rib.

1 6. Oil Drain Holes.

1

Piston and Piston Ring Inspection—As the

gummy deposits are not always easily removed from

the piston walls and ring grooves with fuel oil or

gasoline, these parts may be cleaned by using a

Simoniz-Chrome cleaner 01 its equivalent, and then

blowing off with dry compressed air. After cleaning,

the piston skirt, the piston rings and ring grooves

should be thoroughly inspected.

The protective coating on the skirt of the pistons is

from .00135" to .0016" thick. The presence of this

coating of soft metal will, therefore, indicate the

practical absence of wear. If, however, the coating

is worn off in spots, a careful examination should be

made for score marks or other indications of lack

of proper piston clearance. A badly scored piston should

not be used, whereas a piston only slightly scored

may be cleaned up and used again. Refer to Fig. 54

for a comparison of scored pistons.
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC 6

THIS PISTON SUITABLE FOR

INSTALLATION AS IS

SLIGHTLY SCORED, USE ONLY

AFTER REMOVING SCORE MARKS

BY POLISHING WITH FINE EMERY

OR HONING STONE

BADLY SCORED-UNFIT

FOR USE

Fig. 54—Comparison of Pistons.

Closely examine the inside of the piston for cracks

across the ribs or struts. Discard piston if such cracks

are present.

The standard clearance between cylinder liner and

piston skirt is from .006" to .008".

Fitting Pistons—Measurements of pistons and bore

for pistons in cylinder liners should be taken at room

temperature (70° F.).

Measurements should be taken on the piston skirt

lengthwise and crosswise of the piston pin.

Cylinder bores should be measured with a suitable

gauge, both lengthwise and crosswise of the piston

pin throughout the entire length of the cylinder liner,

as illustrated in Fig. 33, Sec. 3.

The piston should be round within .001". The cylinder

bore should be round and straight within .0015".

With these conditions existing, the clearance of the

piston in the bore may be checked crosswise of the

pin by using a l/z" wide, by 12" to 18" long feeler

ribbon between the piston and the cylinder liner as

shown in Fig. 55. Move feeler 90°andrecheck. Feeler

ribbons used for checking this clearance must be

perfectly flat and free from nicks and scratches.

With a .006" clearance between piston and liner, a

.005" feeler is withdrawn with a force not to exceed

6 pound pull at room temperature of 70° F.

As an alternate to the six-pound pull method, the fit is

correct if a bare piston (less rings and pin) will slide

through the liner of its own weight, with the .005"

feeler inserted in the bore. If bind exists, remove

piston and examine both the piston and liner for

burrs. A flat honing stone is the most suitable tool for

dressing out burrs. If, after removing burrs, piston

still fails to fit properly, uniformly wire brush the

piston area below the compression ring lands. Use a

medium size wire brush and continue brushing until

the specified .006" clearance is obtained.

Fig. 55—Measuring Piston Clearance.

1. Piston. 2. Feeler Ribbon.

Pistons are furnished standard size and also over-

size. Since the liners are furnished in standard size
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PISTON, CONNECTING ROD

TM5-5160

SEC. 6

Fig. 56—Removing and Replacing Piston Rings with

Tool KMO-232.

1. Piston.

2. Piston Ring.

3. Piston Ring Removing and Replac-

ing Tool—No. KMO-232.

only, the installation of oversize pistons becomes

necessary only when standard liners have been

rehoned. (See parts list for oversize parts available.)

The upper part of the piston (above the upper com-

pression ring) is somewhat smaller than the skirt.

(See Fig. 58.) If this part of the piston shows any coat-

ing of hard carbon, the rings must be removed and

the piston surface, as well as the ring grooves,

thoroughly cleaned. The piston head should be ab-

solutely clean on the outside as well as on the cool-

ing ribs on the underside. Any thick coating of car-

bon on underside of piston indicates failure of cooling

oil supply, and necessitates the cleaning of orifice

[Fig. 57—Measuring Piston Ring Gap with Feeler Gauge.

1. Piston Ring.

2. Feeler Gauge for Measuring Pis-

ton Ring Gap.

Compression Ring Gap—

.020"-.025".

Oil Ring Gap—

.010"-.020".

.1310

.1885

.1885

Fig. 58—Nominal Piston Dimensions—New

at lower end of connecting rod, spray jet at upper

end of connecting rod, and oil passage in the con-

necting rod; also inspect connecting rod bearings for

improper assembly of upper and lower halves of

shells, which if improperly assembled will block off

flow to drilled connecting rod.

Before disassembling the rings, they should be in-

spected for free fit in the grooves, side clearance,

and wear. The presence of the original tool marks

on the piston ring surfaces indicates the practical

absence of wear.

To avoid breakage, a piston ring replacing tool,

KMO-232, illustrated in Fig. 56, is recommended for

removing and replacing piston rings. By using this

tool, the rings will not be overstressed, if reasonable

care is exercised not to spread the rings more than

necessary to slip off and on the piston.

New piston rings should always be used with new

pistons; furthermore, if the engine has been in service

for some time, even though the same pistons are used

again, it is advisable to use new rings.

Inspect and measure the inside diameter of the pis-

ton pin bushings in the piston (see Fig. 58),and if worn

excessively, replace the piston assembly. The stand-
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 6

Fig. 59—Piston, Piston Rings, Pin, and Relative Location of

Parts.

2. Lock Ring. 1 2. Ring Expander.

3. Piston Pin. 1 3. Ring—Oil Control (Lower Half).

4. Bushing—Piston Pin—Piston. 1 4. Ring—Oil Control (Upper Half).

7. Rings'—Compression. 1 7. Ring Groove—Compression.

8. Cap—Piston Pin. 1 8. Ring Groove—Oil Control.

9. Piston.

ard clearance between piston pin and bushings in

connecting rod is .0025"-.0032". Worn clearances

up to .010" are permissible. _

Fitting Piston Rings—When fitting piston rings,

the gap between the ends of the rings should be

measured before installing on the piston. This is done

by inserting one ring at a time, inside the piston

liner and far enough down in the bore to be on the

wiping area of the rings when piston is installed. To

be sure ring is parallel with top of liner, use piston

to crowd ring into bore, then measure gap with

feeler as illustrated in Fig. 57.

Assembling Rings on Piston—The oil rings are

the three-piece type, and should be placed in the

piston grooves as shown in Fig. 53. This is important

to control piston lubrication properly. Refer to Fig. 59,

when installing rings on piston, and shift the rings

to stagger the gaps around the piston. Apply some

clean engine oil to piston walls, rings, and lower and

upper connecting rod bearings before replacing in

cylinder block.

Remove Connecting Rod from Piston—If in-

spection of the piston pin bushings or the connecting

rod upper shells is desired, the connecting rod must

be removed from the piston. This operation may be

performed in the following manner:

1. By means of a pair of small-nose pliers, dislodge

lock ring (2) which retains steel cap (8) at end of

piston pin. (See Fig. 59.)

2. Remove cap by tapping piston on wood block and

remove pin (3) through open pin hole.

CONNECTING ROD

Description—Each connecting rod is made of drop-

forged heat-treated carbon steel, and forged to an

"I" section with a closed hub at the upper end and

an integral cap at the lower end. The rod is rifle-

drilled for lubrication of the upper end, and is

equipped with an oil spray jet for cooling of the

piston head.

The lower end of the connecting rod shank is fitted

with an orifice which meters oil to the rifle-drilled

connecting rod. The crankpin bearings are steel-

backed lead-bronze-lined shells of the precision type,

without shim adjustments. The upper and lower halves

of the connecting rod bearing shells (crankpin—big end) are

different; therefore, are not interchangeable, but are re-

placeable without machining.

The upper bearing shell is grooved midway between

the bearing edges, part way up from each parting

line, with an oil hole through the shell at the termina-

tion of each groove. The lower shell has an oil

groove in line with that of the upper shell and

circling the shell from parting-line to parting-line.

These grooves maintain a continuous registry with

the oil holes in the crankpins, thereby providing a

constant supply of cooling oil through the hollow con-

necting rod to the piston pin bearings and the

spray jet.
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CONNECTING ROD

TM5-5160

SEC 6

A helically-grooved steel-backed bronze bushing is

pressed into each side of the connecting rod upper

end for the piston pin bearing. A cavity of approxi-

mately %" between the inner ends of these bushings,

registering with the oil passage in the connecting

rod, forms a duct around the piston pin whereby the

pin bearing is lubricated and oil also is forced to the

spray jet for piston cooling. The piston pin floats in

the bushings of both the piston and connecting rod.

Service—The connecting rod assembly includes the

lower bearing cap and retainers (less bearing shells),

the oil orifice, spray nozzle, and the upper piston pin

bushings pressed in place and bored to size.

The orifice and spray nozzle are not removable; the

lower bearing shells (upper and lower) are replace-

able without machining, and the upper piston pin

bushings are replaceable.

Fig. 60—Connecting Rod Assembly.

1. Piston Spray Nozzle.

2. Bushing—Piston Pin—Connecting

Rod.

3. Connecting Rod.

4. Bolts—Connecting Rod.

5. Bearing Shell (Upper).

6. Bearing Shell (Lower).

7. Bearing Cap—Connecting Rod.

8. Nuts—Connecting Rod.

1 0. Piston Pin.

1 1. Oil Passage Between Bushings.

1 2. Oil Passage Through Rod.

13. Orifice.

Inspection of Connecting Rod Assembly—After

washing connecting rod assembly in clean gasoline,

or fuel oil, the bushings at the upper end, oil pass-

ages, spray nozzle, etc., should be examined to see

if bushings need replacing or the rod itself is unsatis-

factory for further use. Such an inspection would

include:

(a) Measurements on outside diameter of piston pin

to determine wear. Standard dimensions for

piston pin diameter are 1.500"-1.4998".

(b) The standard inside diameter of the bushing in

the connecting rod is 1.5030"-1.5025". These

dimensions of pin and bushings provide a clear-

ance of .0025"-.0032". If bushings show ex-

cessive wear, they may be removed, replaced,

and reamed to size as outlined under these

various headings below. Worn clearances up

to .010" are permissible.

(c) Open holes in orifice at lower end, and spray

jet at upper end of connecting rod and blow

dry compressed air through rifle drilling in rod.

Be sure all oil passages are open.

(d) The connecting rod bearing shells (at lower end

of rod) are furnished in standard size, also .010",

.020", .030" undersizes. The inside diameters of

standard shells when installed in rod are 2.752"-

2.753".

(e) The connecting rod bearing load is on the upper

half of the shell only. Any wear, therefore, will

show only on upper half of shell. If connecting

rod bearing trouble is suspected from the run-

ning of the engine, the upper half of the shells

should be examined for scoring, chipping, cor-

rosion, cracking, or signs of overheating. The

backs of the bearing shells should also be in-

spected for any bright spots. Bright spots on the

backs of the shells will indicate that shells have

been moving in their supports and are unfit for

further use. If any of these conditions exist, the

shells must be changed. If crankshaft journals

are badly scored, if checks appear, or if journals

show signs of overheating so that heat treat-

ment has been nullified, the crankshaft should

be changed. (See "Crankshaft Inspection,"

Page 41, Sec. 5; also "Main Bearing Shell In-

spection," Page 35, Sec. 4).

Remove Piston Pin Bushings from Connecting

Hod—If the bushings at the upper end of the con-

necting rod need changing, they may be removed

from the piston by using Tool J-1513, as illustrated in

Fig. 61. To remove the bushings:

1. Support lower end of connecting rod on suitable

wooden block and place upper end of rod on

tool base (J-1513-1) so that bore in bushings align

with hole in base.

2. Using handle J-1513-2, and driver head J-1513-3,

drive bushings from rod.

Replace Piston Pin Bushings in Connecting

Rod—The piston pin bushings are replaced in the

connecting rod with the same tool, J-1513, that was

used for their removal, as illustrated in Fig. 61.

When replacing split bushings in the connecting rod, the

split or joint should be at the top as shown in Fig. 62. If split

bushings are replaced in the piston, the joint should

be at the bottom or directed away from the piston

head.

When replacing, drive each bushing in from the out-

side of the rod until outer end of bushing is flush
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TM5-5160

MODELS 6016-E, C, B, D, GENERATOR SETS

SEC. 6

Fig. 67—Removing or Replacing Piston Pin Bushings from

Connecting Rod, Using Tool J-1513.

1. Driving Bar—Tool No. J-l 513-2.

2. Driving Head—Tool

No. J-l 513-3.

3. V-Block—Tool No. J-1513-1.

4. Connecting Rod.

5. Wood Block.

with outer edge of rod; this will leave an oil space

of approximately %" between inner ends of bushings

for passage of oil to spray jet.

Reaming Piston Pin Bushings in Connecting

Rod—Since the inside diameter of replacement

bushings are smaller than the final finished diam-

eter, the bushing must be reamed after pressing into

place. This operation is accomplished with Tool

J-1686, as illustrated in Figs. 63 and 64, respectively.

Figure 63 illustrates how the connecting rod is placed

on the fixture preparatory to reaming. Figure 64

shows the actual reaming operation.

To use the tool:

(a) Place bore at lower end of rod over arbor (1)

on fixture (3), and draw bearing cap up tight.

(b) Slide bushing (2) into rear guide boss (13) of

fixture with hollow end facing slot in fixture for

upper end of connecting rod.

Fig. 63—Preparation for Reaming Piston Pin Bushings in

Connecting Rod with Tool J-1686.

1. Arbor.

2. Guide Bushing—Rear.

3. Body.

4. Flutes (Cutting Edges).

5. Guide Bushing—Front.

6. Handle.

7. Reamer.

8. Piston Pin Connecting Rod

Bushing.

9. Connecting Rod.

1 0. Connecting Rod Bolt.

1 1. Connecting Rod Cap.

1 2. Front Guide Boss.

13. Rear Guide Boss.

(c) Rotate connecting rod into position for reaming

so that upper end of rod rests on boss of tool bed.

(d) Install bushing (5) on reamer (7). Insert reamer

into front guide boss (12) and turn clockwise

with uniform motion. Do not crowd reamer too

hard as better results will be obtained by mod-

erate pressures when turning.

Fig. 62—Location of Joint in Piston Pin Bushings for Piston

and Connecting Rod.

1. Connecting Rod.

2. Piston Pin Bushing—Connecting

Rod.

3. Piston.

4. Piston Pin Bushing—Piston.

5. Split in Piston Pin Bushings.

Fig. 64—Reaming Piston Pin Bushings in Connecting Rod with

Tool J-1686.

2. Guide Bushing—Rear. 1 2. Front Guide Boss.

7. Reamer. 13. Rear Guide Boss.

9. Connecting Rod.

:0

G
e
n
e
ra

te
d
 o

n
 2

0
1

3
-1

2
-0

7
 0

7
:5

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
4

0
2

8
1

3
9

9
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



CONNECTING ROD TM5-5160
SEC. 6

Fig. 65— Connecting Rod Details and Relative Location
of Parts.

5. Bearing Shell (Upper).
6. Bearing Shell (Lower).
7. Bearing Cap—Connecting Rod.
8. Nut—Connecting Rod.
9. Carter Pin.

1. Piston Spray Nozzle.
2. Bushing— Piston Pin—Connecting
Rod.

3. Connecting Rod.
4. Bolrs—Connecting Rod.

(e) After reaming, inspect for good bearing in bush
ings, by a very light coating of Prussian Blue,
and slide a standard piston pin through the
bushings to check for clearance. If bearing is
good, and clearances are satisfactory, parts
may be lubricated and the connecting rod at
tached to the piston as outlined below.

Assemble Connecting Rod to Piston—The con
necting rod and piston parts having been inspected
and necessary parts replaced, the former may be
joined to the latter, as follows:

1 . Install one piston hole cap (8) and lock ring (2)
into either end of pin bore. (See Fig. 59).

2. Place upper end of connecting rod between pis
ton bosses in line with pin holes. Lubricate piston
pin with clean engine oil, and slide into position.

NOTE: Pin should slip readily into position without forcing
if fits are correct.

3. Install second piston pin hole cap, and lock ring,
at exposed end of pin.

Fig. 66— Installing Piston in Cylinder Bore with Tool KMO-231
to Compress Rings.

1. Piston 2. Piston Ring. 3. Piston Ring Compressing Tool.

Install Piston and Connecting Rod Assembly
into Engine—The lower end of each connecting
rod, as well as the caps, are stamped on one side—
1, 2, 3, etc. These numbers identify the caps with
the rods and show the particular cylinder with which
each rod is used. These positions should always be
maintained when rebuilding an engine; the marked
side of the rod always faces the blower side of the
cylinder block.

1. Stagger the piston ring gaps around the piston,
apply some clean engine oil to piston and rings,
then slide a piston ring compressor tool, KMO-23 1 ,
over the lower end of the piston skirt, with flared
end toward top of piston (see Fig. 66). Turn the
piston and rod assembly so that the identification
mark on lower end of the connecting rod is
toward the blower side of the cylinder block.
Align lower end of rod with crankshaft before
pushing piston in cylinder. By tapping on upper
end of piston with a wood block, drive the piston
in the cylinder bore.
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2. Wipe clean and lubricate each connecting rod
crankshaft journal. Install upper bearing shell
(5)—with the one short groove at each parting
line— in the connecting rod and position rod onto
crankshaft journal. (See Fig. 65).

3. Heeding the marks on the bearing caps, install
lower bearing shell (6)—with the one continuous
groove from parting-line to parting-line— into
bearing cap with tang of shell in groove of cap,
and put cap (7) and shell in place.

4. Lock cap securely in place with bearing cap
bolts (4) and nuts (8) and install cotter pins (9).

5. Install lubricating oil pump assembly. (See Pages
105 and 109, Sec. 12).

6. Attach oil pan.

7. Connect engine to base and service generator.

8. If new parts such as pistons, rings, main bear
ings, or connecting rods were installed, operate
unit on run-in schedule as outlined in Sec. 21.
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SEC. 7

GEAR TRAIN

Fig. 67—Gear Train and Timing Marks.
1. Gear—Blower Drive.
2. Camshaft Gear.
3. Integral Balance Weight.
4. Balancer Shaft Gear.
5. Dowels—Cylinder Block-to-Fly-
wheel Housing.
6. Hub— Idler Gear.
7. Dowels—Crankshaft-to-
Flywheel.
8. Crankshaft.

9. Spacer—Idler Gear Hole.
10. End Plate—Cylinder Block
(Rear).

11. Idler Gear— L. H. Helix.
12. Crankshaft Gear— R. H. Helix.
13. Support—Blower Drive Gear
Hub Bearing.

14. Pipe—Oil Filler.
1S. Cap—Oil Filler Pipe.

Description—Located at the rear end of each
engine is a completely enclosed train of five helical
gears, as shown in Fig. 67. A gear bolted to the
crankshaft flange drives the camshaft and balancer
shaft, as well as the blower drive gear, through an
idler gear mounted between the crankshaft and
balancer shaft gears.

The camshaft gear and balancer shaft gear mesh
with each other and run at the same speed as the
crankshaft. Since these two gears must be in time
with each other, and the two as a unit in time with
the crankshaft gear, an "O" is placed on one tooth
of one of the gears with a corresponding mark at the
root of the mating teeth of the other gear. The cam
shaft and balancer shaft gears are keyed to their
respective shafts and held securely against the
shoulder on the shaft by a special locking nut. View
ing the engine from the flywheel end, or gear train
end, the right-hand gear has left-hand helical teeth.

The idler gear is fitted with a bushing, and rotates
on a stationary hollow gear hub, which is accurately
located on the cylinder block end plate at the left
side of the engine, as viewed from the rear. Since,
as stated above, the cam and balancer shafts must
be in time with the crankshaft, identification marks

are located on two teeth of the idler gear with cor
responding marks on the crankshaft gear and the
balancer shaft gear, as shown in Fig. 67.

Two small weights, fastened to the inner face of each
balancer gear (camshaft and balancer shaft) are
important in maintaining perfect engine balance.
These are in addition to the weights cast integral
with the gears.

Blower Drive—Arranged on the blower side of the
engine is a blower drive gear which transmits power
to the blower and in turn to the governor, water
pump, and fuel pump. This drive is cushioned by a
spring-loaded flexible coupling insuring uniform
rotation to the blower rotors as shown in Fig. 68.
The camshaft and balancer shaft turn at crankshaft
speed, but the blower drive gear, having 40 teeth,
meshing with the camshaft gear, having 78 teeth,
turns at 1.95 times crankshaft speed.

15

14

31 1 30 29
26

17 18 1O 13 19 20 21 22 23

Fig. 68—Blower Drive Gear Assembly.
1. Gear —Blower Drive.
10. End Plate—Cylinder Block
(Rear).

13. Support—Blower Drive Gear
Hub Bearing.

14. Pipe— Oil Filler.
15. Cap—Oil Filler Pipe.
16. Snap Ring.
17. Retainer— Blower Coupling.
18. Flywheel Housing.
19. Oil Line.
20. Thrust Washer.
21. Lock Washer.
22. Covei—Drive Shaft.
23. Hub—Blower Rotor Gear.

24. Hub—Blower Drive Gear.
25. Shaft—Blower Drive.
26. Lock Nut.
27. Lock Ball.
28. Packing—Blower Drive Cover.
29. Gasket—Bearing Support-to-
End Plate.

30. Bearing— Blower Drive Gear
Hub.

3 1. Support—Blower Drive Spring.
32. Gasket—Small Hole Cover-to-
Flywheel Housing.

33. Cover— Small Hole.
34. Bolt—Retainer-to-Gear.
35. Com—Blower Drive.
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Gear Train Lubrication —The gear train is lubri
cated by overflow oil from the camshaft and balancer
shaft pockets, through communicating passages, into
the gear train cover. A certain amount of oil also
spills into the gear compartment from the camshaft,
balancer shaft, and idler gear bearings. The blower
drive gear bearing is lubricated through an external
pipe leading from the oil gallery in the cylinder
block to the gear hub bearing support as shown in
Fig. 71.

Service—The service instructions on the gear train
include crankshaft gear, idler gear, idler gear hole
spacer, and the blower drive gear assembly. The
camshaft and balancer shaft gears are dealt with
under "Camshaft," Sec. 8.
The gear train will be quiet if it has been properly
set up and the gears and bearings are in good con
dition. The backlash between the various mating
gears in the train ranges from .004" to .006" on a
new engine.

If the gears or bearings have become worn, this lash
will be increased and the gear train may become
noisy. Furthermore, if the gear teeth become chipped
or burred from careless handling, the gear train will
be noisy.

When these unusual conditions exist in the gear
train, the housing should be removed and careful in
spection made of gears and bearings. Lash between
any two gears should not exceed. 008".
The entire gear train is exposed when the flywheel
housing is removed from cylinder block rear end plate.

Remove and Replace Blower Drive Shaft—
If for any reason the blower drive shaft is to be
replaced and the shaft is not broken, it may be
removed by:
1. Taking out six bolts on the outer face of the fly
wheel housing that retain the cover to the housing.

2. Using a pair of small nose pliers, remove the
snap ring (item 16, Fig. 68), then screw a 5^e-24
x 2" bolt into outer end of shaft and pull shaft
straight out.

3. If blower drive shaft is broken and the pieces
cannot be removed as described in items 1 and 2
above, the blower must be removed as described
on Page 142, Sec. 14 and the broken pieces of
shaft removed.

4. A replacement shaft may be installed by revers
ing the sequence of operations for removal as
listed above.

If shaft is being replaced because of breakage,
such failure was no doubt the result of unusual
loading caused by bearing seizure or blower
irregularities, in which case the blower drive
and blower rotors and housing should be thor
oughly examined before replacing the drive
shaft. (See "Blower Inspection," Page 141,
Sec. 14.)

39

54

18
37

53

38

Fig. 69—Flywheel Housing Mounting.
(Model "B" Not Equipped with Item 54)

8. Crankshaft.
18. Flywheel Housing.
36. Bracket—Engine Lifter.
37. Bolt and Nut %— 24 x 3'/j".
38. Bolt and Nut H—24 x 5".
39. Bolt H— 24 x 3V4".
40. Bolting Boss—Idler Gear Hub.
41. Bolt H— 16 x 1".
42. Oil Seal— Crankshaft (Rear).
43. Bolting Flange— Flywheel
HouMng-to-Generator Field
Frame.

44. Dowel Hole—Flywheel Hous-
ing-to-Cylinder Block Dowel
Pin.

45. Bolt Yi— 13 x 3V4".

46. Bolt H— 16 x l'/•".
47. Bolting Boss— Idler Gear Hole
Spacer.

48. Bolt %;— 14 x '/•".
49. Cover — Flywheel Housing
Large Hole.

50. Bolt '/j— 13 x 1'/•".
51. Bolt H— 16 x '/•".
52. Bolt Holes— H— 16 (24
Holes).

53. Cover—Flywheel Housing
Small Hole.

54. Breather Oil Separator Assy.
55. Bolt Yi— 13 x IVi".
56. Bolt J}e— 14 x 1".

With the blower and drive shaft cover removed,
the blower drive gear assembly may be with
drawn from the front face of the cylinder block
end plate after removing two bolts holding the
gear hub bearing support to the cylinder block
end plate, and the bearing support oil line.

Although it may be convenient to remove the
blower drive gear assembly without taking off the
flywheel housing, it has been found that close in
spection of the entire gear train is advisable
when any one of the gears requires service.
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Remove Flywheel Housing—Engine Withdrawn
from Unit—The compact arrangement of the engine,
generator, and associated devices within the Package
Power Unit does not permit the removal of the flywheel
housing while the engine and generator are mounted
on the base. Therefore, the generator must be separ
ated from the engine and the engine withdrawn from
the Unit, as described in "Remove Engine From
Unit," Page 24, Sec. 2.
With the engine removed from the Unit, proceed as
follows:
1. Mount engine on overhaul stand, as described
on Page 25, Sec. 2.

2. Remove 34 bolts holding oil pan to crankcase
and remove pan.

3. Remove two bolts holding engine lifting bracket
to cylinder head. This will leave the lifter bracket
attached to the flywheel housing for convenience
in handling.

4. Remove three bolts holding starting motor to fly
wheel housing.

5. Remove lock wire and six bolts holding flywheel
to crankshaft flange, and remove flywheel. (See
Page 43, Sec. 5.)

6. Remove throttle control mechanism and breather
tube from breather oil separator and remove all
fuel lines, lube oil lines, and electrical con
ductors which will hinder free removal of the
housing.

NOTE: Model "B" is not equipped with breather oil sepa
rator. Throttle control is bolted to flywheel housing.

25 10

Fig. 70—Checking End Clearance of Blower Drive
Gear Assembly.

10. End Plate—Cylinder Block 25. Shaft—Blower Drive.
(Rear). 26. Lock Nut.

13. Support—Blower Drive Gear 30. Bearing.
Hub Bearing. 73. Feeler Gage.

20. Thrust Washer.

Fig. 77— Location of Oil Line from Cylinder Block to Blower
Drive Gear Bearing.

10. End Plate—Cylinder Block
(Rear).

13. Support—Blower Drive Gear
Hub Bearing.

19. Oil Line.

55. Cylinder Block.
56. Nuts—Oil Line.
57. Elbow—Bearing Support.
58. Elbow—Cylinder Block.

7. Remove bolts which attach the flywheel housing
to rear end of cylinder block, and remove hous
ing.

Remove Rlower Drive Gear Assembly—As will
be seen from Figs. 70 and 71, the blower drive gear
bearing support is bolted to the front face of the
cylinder block rear end plate, and the gear hub is
locked in position at front end of hub. Furthermore,
since the blower drive shaft cover slides over the
forward end of the blower drive gear housing, and
also bolts to the blower end plate cover, the blower
must be slid forward before the blower drive gear
assembly is removed from cylinder block end plate.
For loosening blower assembly from cylinder block,
see Page 142, Sec. 14.

In view of the above described construction, the fol
lowing procedure applies when removing and re
placing the blower drive gear assembly. To remove
the assembly, after flywheel housing has been re
moved:

1 . Loosen blower from cylinder block; also, from the
various other attaching points as described under
"Remove Blower," Page 142, Sec. 14. Refer to
Fig. 68 and remove the snap ring (16) from bore
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26 21 20 28 57 16 17 61 34

60

Fig. 72—Blower Drive Gear Unit Details and Relative Location of Parts.
1. Gear—Blower Drive.
13. Support—Blower Drive Gear
Hub Bearing.

16. Snap Ring.
17. Retainer—Blower Coupling.

20. Thrust Washer.
21. Lock Washer.
24. Gear Hub.
26. Lock Nut.
27. Lock Ball.

28. Packing— Blower Drive Cover.
29. Gasket.
30. Bearing.
31. Support— Blower Drive Spring.
34. Bolts— Retainer-to-Gear.

35. Cam— Blower Drive.
57. Elbow— Bearing Support.
59. Springs— Blower Drive.
60. Seats—Blower Drive Spring
61. Lock Washers.

of blower drive cam (35). Withdraw shaft from
cam and blower rotor gear hub (23).

2. Slide blower assembly forward, exposing lock
nut (26) on inner end of blower drive gear re
ferred to in Fig. 68.

3. Before loosening lock nut on gear hub, a check
should be made for end clearance between gear
hub bearing and thrust washer. (See Fig. 70.) If
end clearance is excessive, this condition alone
is sufficient reason for renewing the housing and
inner babbitt bearing assembly.

The specified end clearance between gear hub
and thrust shoulder of hub bearing is from .003"
to .006' and should not exceed .010".

4. If gear has not been removed from hub and still
engages the camshaft gear, the ears on lock-
washer (21, Fig. 68) may be straightened and
lock nut loosened before housing is completely
loosened from cylinder block end plate. If the
gear was previously removed, loosening of the
lock nut may follow removal of housing, by hold
ing the assembly in a bench vise.

5. Loosen nuts at each end of oil line leading from
cylinder block to blower drive gear bearing. The
oil line will be freed from the connectors when
gear housing is withdrawn. (See Fig. 71.)

6. Remove the two remaining bolts holding gear
bearing support to cylinder block end plate, and
tap the assembly forward away from the plate.

Disassemble Blower Drive Gear Unit —If blower
drive gear assembly is to be disassembled for in

spection or to change any parts, the following pro
cedure applies:

1. Remove the six bolts (34) securing drive gear (1),
spring support (31), and retainer (17) to gear
hub (24), and remove spring support. (See
Fig. 68.)

2. Press drive gear from gear hub.
3. Remove the previously loosened lock nut (26),
lockwasher (21), lock ball (27), and thrust washer
(20), from end of gear hub and withdraw hub
from bearing support.

4. If occasion requires, the packing (28) may be
removed from front end of bearing support.

5. If bearing support is to be changed, remove oil
line connection from housing.

Inspection of Parts Included in the Blower
Drive Gear Assembly—Before assembling blower
drive parts into support, all parts should be in
spected for wear. Such inspections should include:

1. Inspect the inside diameter and thrust faces of
bearings inside bearing support. If bearings show
score marks that would affect their efficiency, a
new housing and bearing assembly must be
installed. These bearings are diamond bored in
place; therefore, in case of failure, the housing
and bearing assembly must be replaced.

2. Check inside diameter of bearings for wear and
roundness; also, outside diameter of hub for
wear. The proper clearance between bearings
and hub is from .001" to .002", and must not
exceed .005". Should check show bearings or
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Fig. 73— Inserting Blower Drive Cam in Spring Pack, Using
Tool J-1471

15. Wood Blocks. 60. Seat—Blower Drive Spring.
31. Support—Blower Drive Spring. 74. Spring Spreader Tool—No
35. Cam— Blower Drive. J-1471.
59. Spring—Blower Drive (21
Each Pack).

hub worn to exceed .005" clearance, a new
housing and bearing assembly should be installed.

3. Inspect serrations on blower drive shaft and if
worn so that appreciable back-lash is felt when
shaft is inserted into flexible coupling or blower
rotor gear hub, worn or damaged parts should
be replaced.

4. Inspect driving springs and cam of flexible
coupling to see that springs are intact and cam
is not worn.

5. See that all oil holes are open and cavities free
from dirt.

Assemble Blower Drive Gear Unit—The relative
position of all parts constituting the blower drive
gear assembly is shown in Fig. 72. All parts hav
ing been cleaned and inspected, they may be
assembled as follows:

1 . Assemble drive springs and cam of flexible
couplings.
(a) Place drive spring support (31) on two
blocks of wood, as shown in Fig. 73.

(b) Grease springs (59) to hold the leaves to
gether, and slide two spring packs consist
ing of 21 springs each into spring support
with a drive spring seat (60) at both ends
of each spring pack. Locate spring seats so
rounded surface will set in corresponding
curve in spring support.

(c) Slide blower drive cam (35) over end of
Tool J-1471, then insert tool between spring

packs until lower edge of cam rests on
blocks beneath spring support.

2. Spread some engine oil on outside diameter of
drive gear hub (24) and slide hub into bearing
(30) from rear of bearing support.

3. Install locking ball (27) into gear hub, and slide
thrust washer (20) in place over ball, with large
diameter flat face of washer next to thrust face
of bearing.

4. Prevent hub from turning by inserting bolts in
two holes in hub, and holding with a bar. Install
a new lockwasher (21) next to thrust washer and
tighten lock nut (26) . Bend the ears of lockwasher
against flats on nut to prevent nut from loosen
ing.

5. Tap gear (1) into place on hub with flat finished
face of gear away from bearing support.

6. The outer end of the cam (35) is counterbored
about 14" on the inside diameter. With this
counterbore away from face of gear, place the
coupling retainer (17) against the outer face of
spring support with flange at center of retainer
(17) pointing away from spring support. Secure
retainer in place with lockwashers and bolts.

7. Install blower drive cover packing (28) into
groove provided at front end of bearing support.

8. Affix gasket (29) to finished face of bolting
flange on bearing support (13).

9. Apply some engine oil at each thrust shoulder
of hub bearing, and check end clearance, as
shown in Fig. 70.

10. Install lock ring in groove in cam, and slide
shaft into serrations of cam. (See Fig. 68.)

Attach Blower Drive Gear Assembly to Cylin
der Block Rear End Plate—With gasket affixed,
the blower drive gear assembly may be attached to
front face of cylinder block rear end plate by sliding
gear and hub through the hole in end plate, bringing
gasket on finished face of support up against end
plate. Then put oil line from gear bearing to cylinder
block into its two connections.

Replace the two bolts next to engine. The other four
through bolts will be put in place when flywheel
housing is installed. The two bolts, %" x '%" long,
must be used at this position. If the bolts are too long
and project inside gear housing, they will interfere
with the gears.

The blower may be installed at this time without
interfering with any other work to be performed on
the gear train. (See "Replace Blower," Page 152,
Sec. 14.) Before attempting to install the flywheel
housing, the operator should be thoroughly familiar
with the following service instructions pertaining to
the remainder of gear train.

Idler Gear Assembly—Description—As shown
in Figs. 74 and 75, the idler gear is mounted on a
hardened steel hub located on the left side of the
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engine as viewed from the gear train end of the
engine.

The stationary hub is prevented from rotating by a
hollow pin, one end of which is driven into the hub;
the other end enters a hole in the end plate and acts
as a locating dowel, and connects with one of the
vertical oil passages.

and a stationary hardened-steel

Fig. 74—1dler Gear Mounting.

6. Hub— ldler Gear.
10. End Plate—Cylinder Block
(Rear).

11. ldler Gear.
55. Cylinder Block.
62. Spacer— ldler Gear.
63. Oil Passage.

64. Dowel— ldler Gear Hub

(Hollow).
65. Gear Bearings.
66. Bolt— Hub-to-Block.
67. Lock Washer.

The gear is bushed with two combination radial and
thrust steel backed copper-lead bearings pressed
into the hub from each end. Outer gear thrust is
taken between the flanges of the gear bearing and
hardened hub, and inner thrust between the flanged

gear bearing
washer.

Lubrication —The idler gear bearing is pressure
lubricated through the hollow pin leading from the
oil passage in the cylinder block, through the sta
tionary gear hub, and into a recess between the
inner ends of the two-piece gear bearing.

Service—Since the idler gear bearing is of ample
size and pressure lubricated, necessity for service
on the assembly should be very infrequent if engine
has not been neglected.

If any of the idler gear parts need inspection or
replacement, the assembly is simply removed and
replaced, as follows:

Remove Idler Gear Assembly and Idler Gear
Hole Spacer (Flywheel Housing Removed) :
1. Remove the bolt and lockwasher from center of
idler gear hub, and withdraw hub and gear
assembly from cylinder block rear end plate.

2. If there is any call for doing so, the idler gear
hole spacer may also be removed at this time by
removing the one center retaining bolt and lock-
washer.

Inspection of Idler Gear and Hub Assembly
Parts—Before the parts of idler gear assembly are
put back in position, each part should be washed in
clean gasoline or fuel oil, inspected for wear and,
if necessary, worn parts replaced. Such inspections
should include:
1. Inspect the journal on gear hub for scoring and
also check diameter. Check inside diameter of
gear bearing also, for scoring. The clearance
between bearing in the gear and the journal
should be from .002" to .0035", and should not
exceed .006".

If the clearance exceeds .006", either the gear
and bearing assembly or the gear hub, or both,
should be changed, depending on which part or
parts are worn.

2. Examine the face of the steel washer, the flange
of the gear hub, and both thrust faces and inside
diameter of the gear bearing for scoring and
wear. If necessary, replace worn parts. The end
play of the idler gear assembly is from .003" to
.006", and should not exceed .008".

NOTE: The idler gear bearing is not removable/ there
fore, in case of bearing failure, the idler gear assembly must
be replaced.

Install Idler Gear—Before installing idler gear,
refer to Fig. 75, which shows relative position of each
part.

1. Having determined the relative positions of all
parts, apply a small amount of cup grease to one
face of the idler gear spacer (62) and set against
cylinder block end plate, with hole in steel washer
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in line with oil hole (70) . Grease is used on spacer
to hold it in place until hub and gear are installed.

2. Refer to Fig. 67, and position crankshaft gear and
the balancer shaft gear, so the timing marks
"R" on gear teeth and gear roots align with those
on idler gear, and roll idler gear into position; then
slide gear hub (6) into place through bore in gear.
Special care must be taken to have hollow pin in
inner face of gear hub register with hole in end plate,
which carries the oil to idler gear bearing.

Fig. 75— Idler Gear Mounting Details.
4. Balancer Gear — R. H. Helix 64. Dowel—Idler Gear Hub (Hollow).
(Balancer Shaft).
6. Hub—Idler Gear.
10. End Plate— Cylinder Block

(Rear).
11. Idler Gear—L. H. Helix.
12. Crankshaft Gear — R. H. Helix.
62. Spacer— Idler Gear.

65. Bearing—Idler Gear.
66. Bolt— Hub-to-Block.
67. Lock Washer.
69. Oil Hole.
70. Dowel Hole—Oil Passage from
Oil Gallery to Hollow Dowel.

5.

Be sure gear hub is tight against end plate and
then lock in place with lockwasher (67) and
bolt (66) in center of gear hub.
Attach idler gear hole spacer on side of engine
opposite to idler gear.

Check backlash between the various mating
gears in the train, which should be from .004'
to .006'.

Remove Crankshaft Timing Gear (Flywheel
Housing Removed) —The crankshaft gear is at

tached to crankshaft flange with six bolts. To remove
gear:

1. Remove all six bolts and lockwashers holding
gear to crankshaft.

2. Using two 7/(6-20 bolts 2%" long, screwed into
puller holes provided at bolting circle, as shown
in Fig. 76, alternately screw bolts through gear
and up against flange of crankshaft. Continue
turning bolts until gear is removed from shaft.

76 8

Fig. 76—Removing Crankshaft Timing Gear.
8. Crankshaft.
12. Crankshaft Gear -R. H. Helix.

76. Puller Bolt.
77. Wrench.

Replace Crankshaft Timing Gear—To replace
crankshaft timing gear, slide the timing gear onto
the crankshaft, with the flat finished face of the gear
toward the cylinder block. Position the gear so tim
ing mark "R" on gear tooth aligns with the cor
responding mark on the idler gear (See Fig. 67), and
slide gear up against flange on crankshaft. Due to
one offset hole in crankshaft flange, the riming gear
can be located in only one position on flange. Turn
either the crankshaft or gear train so bolt holes in
web of gear align with the six holes in crankshaft
flange, and install lockwashers and bolts, drawing
gear into place.

Replace Flywheel Housing—After all timing
gears have been installed and inspected as de
scribed in this section, and if camshaft or balancer
shaft assembly is not to be removed, then the fly
wheel housing may be replaced. To replace:

1. Remove any of the old gasket from the housing-
to-end plate bolting flange, and affix a new
gasket to the housing. Also, remove gaskets at
idler gear hole spacer and idler gear hub bolting
bosses, and affix new gaskets. (See Fig. 77.)
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Fig. 77—Rear Face of Flywheel Housing with
Gaskets Attached.

18. Flywheel Homing. 71. Gasket—Flywheel Housing.
42. Oil Seal—Crankshaft (Rear). 72. Gasket— Small (Flywheel Housing).

2. Examine oil seal at crankshaft location, and if
leather is scored or damaged in any way,
replace. If new seal is required, wipe the seal
with a heavy grade of lube oil or light grease.
Assemble seal in housing with lip of seal pointed
toward inner face of cover.

Refer to Sec. 4 and observe that the leather on
the oil seal points in towards the engine block
when the housing is in place. To successfully
pilot the leather of this seal over the crankshaft
flange, a tool should be used. The tool for this
purpose is No. J-1359, the use of which is illus
trated in Fig. 78. Also, to guide the housing to
position, four studs, J-1927, are screwed into
cylinder block, as illustrated in Fig. 78.

Set oil seal expander over dowels on end of
crankshaft, and with aligning studs in place,
slide housing into position tight up against end
plate and gaskets. Bolt in place, using lock-
washers and bolts.

3. Install large and small hole covers, using new
gaskets.

4. Replace oil pan, using new gasket, and draw
bolts tight against lock washers.

5. Loosen bolts holding lifting bracket to flywheel
housing. Use new gasket, then alternately tighten

18

Fig. 78— Installing Flywheel Housing, Using Tools J-1359
and J-1927, to Expand Oil Seal and Pilot Housing to Position,

Respectively.
18. Flywheel Housing.
42. Oil Seal—Crankshaft (Rear).
44. Dowel Hole—Flywheel Hous-
ing-to-Cylinder Block Dowel
Pin.

78. Expander—Crankshaft Rear
Oil Seal— Tool No. J-1359.

79. Aligning Stud—Flywheel Hous
ing—Tool No. J-1927.

80. Dowel Hole (Receive Crank
shaft Flywheel Dowel).

bracket-to-flywheel housing and cylinder head
bolts, thus drawing bracket into corner formed by
cylinder head and housing.

6. Replace starting motor, using three attaching
bolts.

7. Replace flywheel. (See Page 44, Sec. 5.)
8. If breather oil separator (58, Fig. 97, "C", "D"
and "E" models) was removed from housing,
replace it. Attach breather tube to the breather
oil separator.

9. Attach throttle control mechanism to the oil sepa
rator or flywheel housing and replace fuel lines,
lube oil pressure gauge line, and electrical
conductors.
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Fig. 79—Camshaft and Balancer Shaft Assemblies.
1. Balance Weights. 5. Balancer Gear—L. H. Helix (Camshaft). 9. Intermediate Bearings.
2. Hubs—Balance Weight. 6. Integral Balance Weights. 10. Bearings—Camshaft and
3. Balancer Shaft. 7. Balancer Gear—R. H. Helix Balancer Shaft (not Grooved).
4. Bearings—Cam and Balancer (Balancer Shaft). 11. Washers—Thrust (Loose).
Shaft (Grooved Bushings). 8. Surfaces—Hardened Cam. 12. Camshaft.

Description —The camshaft is a one-piece drop-
forging, case-hardened at cams and journal and is
located near the top of the cylinder block. A bearing
assembly with copper-lead, steel-backed bushings at
each end, and intermediate bearings between each
set of cams, provide a rigid support. On the thrust
ends of the shafts, the bearing bushings are grooved, but
are not grooved on the non-thrust ends. The camshaft
thrust is absorbed between a steel-backed bronze
loose washer at each end of the thrust bearing
assembly with the bronze faces of the washers facing
the shoulders on the shafts and the hubs of the
balance weights, respectively, as shown in Fig. 79.

As will be seen from Figs. 79 and 84, the intermediate
bearings are two-piece and held together by lock
rings, each bearing assembly being located and
locked in the cylinder block by a shouldered set-
screw sunk into a counterbore at the top of the block.

The cams are ground with parallel surfaces to insure
efficient, quiet roller action, and are heat-treated to
provide a hard wearing surface on the working
portion of the cams.

A balancer shaft, driven by the idler gear, is located
on the opposite side of the cylinder block and at the
same distance from the top of the block. The balancer
shaft is supported in the same manner as the cam-

Fig. 80— Balance Weight
(Modek "B", "C", and

(Model "E")
13. Bolts—Cover to End Plate 13.

(%'— 24 x 2%").
14. Bolts—Cover to End Plate 14.

(%"— 24 x 2%").
15. Bolts—Cover to Cyl.
(%'— 16 x 3 '/i ').

16. Bolts— Cover to Cyl. Block 16.

(%'— 16x1%').
17. Bolt—Cover to End
(H'— 24 x 1 '/j').

Block 15.

Plate 1 7.

Cover Mounting.
"D" Shown)
(Models "B", "C" and "D")
Bolts—Cover to End Plate

(%'— 24 x 2%').
Bolts—Cover to End Plate

(%'— 24x3'/4').
Bolts—Cover to Cyl. Block

Bolts—Cover to Cyl. Block
(H"—16xl%").
Bolt—Cover to End Plate
(%"— 24 x 1").
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Fig. 87— Loosening Nuts (Camshaft—Balancer Shaft) with
Standard P/a" Socket Wrench.

1. Balance Weights.
12. Camshaft.

22. Nut—Camshaft.
58. Socket Wrench (1%').

shaft except no intermediate bearings are used. The
end bearings, together with loose thrust washers at
the thrust end, are identical with those used on the
camshaft.

In addition to the counterweighted gears at the rear
end, balance weights are used at the front end of
both the camshaft and balancer shaft, as shown in
Figs. 79 and 82. These balancing members are
known as front balance-weight-and-hub assemblies.
The hub of each assembly is securely fastened to the
front ends of both camshaft and balancer shaft by
means of a Woodruff key and a self-locking nut. The
weight incorporates a bushing, bearing on the
hardened surface of the hub, which permits the
weight to oscillate (rock) on the hub. Torque varia
tions, developed in the shafts during speed or load
changes, are transmitted from the hubs to the weights
through the spacers and spring leaves. The bolt,
retainer, and nut maintain the correct relation
between the weights and hubs.

Lubrication —Ample lubrication is supplied to the
camshaft and balancer shaft end bearings from
four vertical oil passages in the cylinder block which
communicate with the main oil gallery. The camshaft
intermediate bearings are lubricated by oil from the
hollow camshaft.

Service—-If service on the camshaft gear or
balancer shaft gear necessitates removal of gears
from the shafts, the work can best be performed by
first removing shafts from engine.

Remove Camshaft and Balancer Shaft—

1. Remove cylinder head. See Page 72, Sec. 9.
2. Remove flywheel housing. See Page 55, Sec. 7.
3. Remove balance weight cover as follows:
(a) Refer to Fig. 202, Sec. 14, and separate flex
ible drive adapter (7) from adapter mounted
on balance weight cover.

(b) Refer to Fig. 89 and remove the two nuts (43)
holding overspeed trip drive adapter (45) to
the cover. Carefully pull adapter away from
studs (44) and drive shaft (39).

(c) Remove fifteen bolts ( 13, 14, 15, 16 and 17) ,
Fig. 80, holding balance weight cover to
cylinder block and front end plate. Loosen
cover from gasketed surface and remove,
being careful not to damage the overspeed
trip drive shaft (39).

4. Wedge a block of wood between balance weights
to prevent rotation, then loosen nuts at both ends
of shafts with IVjj" socket wrench, as shown in
Fig. 81.

Fig. 82—Removing Balance Weight Assemblies.
1. Balance Weights.
2. Hubs— Balance Weights.
4. Bearings—Camshaft and Bal
ancer Shaft (Grooved Bushings).

12. Camshaft.
34. Bolts— Bearing Retainer.
57. Screwdrivers or Pry Bars.
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5. Remove balance weight assemblies by using two
heavy screwdrivers, or pry bars, between heads
of bearing retainer bolts (34) and balance weight
hubs (2), as shown in Fig. 82. Remove Woodruff
keys.

6. Remove the special fillister-head screws from top
of cylinder block at each camshaft intermediate
bearing.

7. Remove three bolts from rear end of both cam
shaft and balancer shaft bearing cages by means
of a socket wrench inserted through hole in the
web of timing gears.

8. Remove the loose washers, located between the
bearing and the balance weight hubs, then
withdraw the balancer shaft and camshaft (with
balancer gears and bearings assembled) from
rear end of cylinder block.

NOTE: If the loose washers, located between the bearings
and the thrust shoulders on the shafts, are not removed

together with the shafts, then they should be removed when

removing the bearings as outlined in item 9 below.

9. Remove the three bolts at the front end of the
engine holding each balancer shaft and cam
shaft bearing to the end plate and remove bear
ings and loose washers from cylinder block. See
note in item 8 above relative to removal of loose
thrust washers with bearings.

Remove Parts from Camshaft and Balancer
Shaft, as follows:
1. Suitably support camshaft in soft jaws of bench
vise, being careful not to damage cams, and pull

gear from shaft, using puller tool J-1902, as
shown in Fig. 83. To use the tool:

(a) Back out puller screw in fixture and attach
puller to outer face of gear with the four
bolts provided.

(b) Turn puller screw down against end of shaft
and remove gear.

Fig. 84—Camshaft and Balancer Shaft Details
Helix

Fig 83—Removing Balancer Gear (Camshaft or Balancer
Shaft) with Tool J-1902.

5. Balancer Gea
12. Camshaft.
57. Bar.
58. Puller Tool No. J-1902.

H. Helix—Camshaft. 59. Wrench.
60. Clamp Bolts.
61. Puller Bracket.
62. Puller Screw.

18 19 21 20 1 22

1. Balance Weights.
2. Hubs—Balance Weight.
3. Balancer Shaft.
4. Bearings—Camshaft and Bol-
ancer Shaft (Grooved Bushings).
5. Balancer Gear—L H. Helix
(Camshaft).
6. Integral Balance Weights.

7. Balancer Gear — R. H.
(Balancer Shaft).
8. Hardened Cams.
9. Intermediate Bearings.
10. Bearings—Camshaft and Bal
ancer Shaft (Not Grooved).

11. Washers—Thrust (Loose).
12. Camshaft.
18. Bolts—Balance Weight.

19. Retainers— Balance Weight
Spring.

20. Springs— Balance Weight.
21. Spacers— Balance Weight
Spring.

22. Nuts—Camshaft—Balancer
Shaft.

23. Nuts— Balance Weight.
24. Cotter Pins.

25. Lock Rings—Camshaft Inter
mediate Bearings.

26. Holes— Lock— Bolt.
27. Oil Holes.
28. Thrust Shoulders.
29. Woodruff Keys.
30. Weights— Balancer Gear.
3 1. Bolts—Weight Retainer.
33. Journals— Camshaft Intermediate.
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2. After gears are removed, bearings may be with
drawn from shafts.

3. Remove lock rings from camshaft intermediate
bearings, also, remove the two halves of each
bearing.

Fig. 85—Replacing Balancer Gears (Camshaft or Balancer
Shaft) with Tool J-1903.

5. Balancer Gear
(Camshaft).

L H. Helix 12. Camshaft.
56. Tool No. J-1903.

18192021 1

3

/>£

1
Fig. 86—Details of Front Balance Weight.

1. Balance Weight.

2. Hub— Balance Weight.

18. Bolt— Balance Weight.

19. Retainer—Balance Weight.
20. Springs—Balance Weight.

21. Spacer—Balance Weight
Spring.

23. Nut—Balance Weight.
24. Cotter Pin.
35. Bushing—Balance Weight
36. Keyway.

Disassemble Balance Weight-and-Hub As
semblies. (See Fig. 86.)
1 . Remove cotter pin (24) from nut (23) and remove
nut.

2. Remove bolt (18) and retainer (19).
3. Separate balance weight (1) from hub (2).

4. Push springs (20) and spacer (21) from balance
weight.

5. If bushing (35) is badly worn, press bushing from
weight (1).

Fig. 87—1nstalling Spring Spacer in Spring Packs.
1. Balance Weight.
20. Springs—Balance Weight.
21. Spacer—Balance Weight Spring.

35. Bushing—Balance Weight.
55. Screwdriver.

Inspection of Camshaft and Balancer Shaft
Parts—All parts having been cleaned with gasoline
or fuel oil and dried by air, inspect all bearings and
journals for good bearing surfaces and wear before
replacing the parts.

Examine both faces of the cam and balancer shaft
bearing thrust washers and if either face is scored,
replace the washers. If both faces are smooth, the
washers are satisfactory for further use. Also,
examine surfaces against which thrust washers
contact and if these surfaces are scratched, but not
severely scored, they may be smoothed up with an
oil stone. However, score marks too deep to be
removed, or parts badly worn, necessitate the use
of new parts.

Should the thrust surface (side facing loose thrust
washer) of the balance weight hub be damaged, it
will be necessary to install an entire new balance
weight-and-hub assembly. The close limits of balance
maintained in this assembly necessitate the use of
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mated parts measured and machined as an as
sembled unit.

Radial clearance on camshaft and balancer shaft
bearings is from .0015" to .003" and should not
exceed .005". End clearance of the loose washer is
from .008' to .014". It should not exceed .016".

Camshaft intermediate bearings have a radial
clearance of from .0025" to .004".

Radial clearance between balance weight bushing
and balance weight hub is from .0035" to .005". End
clearance between weight and hub should be from
.010" to .016".

Should any of the bearings show scoring or be worn
so clearances exceed limits given above, install new
bearings. Examine cam surfaces for wear or scoring.
A shaft with scored cams should not be used.

Oil is fed through the hollow camshaft to its inter
mediate bearings; therefore, all oil holes should be
examined in both the shaft and bearings. Sludge
accumulations, which might restrict the oil flow,
should be removed.

Assemble Balance Weight and Hub—

1 . If old bushing was removed from balance weight,
press new split bushing into place, edge of bush
ing flush with shoulder on drilled (balancing
holes) side of weight.

2. Select sufficient springs (17 or 18 per pack) to
make four packs, each .253" to .255" thick.
Springs are available in two thicknesses: .0135"
to .0145"; .015" to .016". Pack thickness to be
determined while springs are tightly clamped
together in vise or arbor press.

CAUTION: Wash springs clean, and dry with compressed
air before making above measurements.

3. Lay weight (1), machined face down, flat on
clean work bench.

4. Dip spring pack into lubricating oil, completely
coating all springs.

5. Arrange two spring packs, one on each side of
spring cavity, in balance weight.

6. Place spacer (21) on blade of screwdriver. Enter
spring spacer, tapered end first, between spring
packs. As spacer becomes fully enclosed, tilt
spacer into upright position, bolt hole up. Press
spacer into place against work bench. (See Fig.
87.)

7. Place journal of hub (2) into bushing of balance
weight. Weight should swing freely on hub.
Burnish bushing ii required clearance (.0035"
to .005") is not available.

8. Place retainer (19) on spring spacer (21). Insert
bolt through retainer, spacer, and hub. Fasten
with castellated nut (23) locked with cotter pin
(24).

Fig. 88—Measuring Clearance Between Balance Weight
and Hub.

1. Balance Weights. 2. Hub— Balance Weight. 54. Feeler Gage.

9.fCheck clearance between weight and hub, as
shown in Fig. 88. Clearance should be from .010"
to .016". Adjust clearance by tightening or
loosening castellated nut. Lock in position with
cotter pin.

Install Parts on Camshaft and Balancer Shaft
—The camshaft and balancer shaft bearings at the
gear end of the shafts, and the timing gears should
be installed on the shafts before the shafts are
assembled into the cylinder block. As shown in Figs.
79 and 84, the camshaft and balancer shaft thrust is
taken at the front end on the shafts.

The thrust bearings may be identified from the non
thrust by the oil grooves in the bushings of the former
and no oil grooves in the latter. To install the bearings
on camshaft and balancer shaft.

1. The bearings with no oil grooves are used on the
gear end of the camshaft and balancer shaft.
Lubricate the shaft journals, and place the bear
ings on shaft journals, with bolting flange of bear
ing towards outer (gear) end of shafts, as shown
in Fig. 84.

2. Install Woodruff keys for balancer gears in both
shafts.

3. Note that the teeth on one balancer gear form a
right-hand and on the other a left-hand helix.
When viewing engine from the flywheel end,
the gear with right-hand helical teeth is located on

the left side and the gear with left-hand helical teeth
is located on the right side of the engine. With these
identifications in mind, rest non-gear end of
camshaft on wood block and start gear onto
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shaft by hand so keyway aligns with key and
with flat finished face of gear away from bearing.

(See Fig. 85.)

4. Using Tool J-1903 in the manner illustrated in
Fig. 85, drive gear (5) onto shaft tight against
shoulder on shaft. Drive the gear (7) on the
balancer shaft in the same manner.

5. Start nuts (22) on shafts by hand. Tighten later
after shafts are installed.

6. Install the intermediate bearings (9), Fig. 84, and
lock the two halves together with two lock rings

(25) on each bearing.

Install Balancer Shaft in Cylinder Block
(Balancer Gear and Rear Bearing Assembled to

Shaft).

1. Apply some heavy cup grease to the steel faces
of the thrust washers (11) and set a washer up
against each end of each bearing (4) as shown
in Fig. 84. Be sure steel faces of washers are next fo
bearing ends.

2. Install grooved bearings (4) for front end of cam
shaft and balancer shaft in cylinder block front
end plate and secure in place with lockwashers
and bolts.

Be careful not to dislodge loose washers on ends of

bearings when installing.

3. Start balancer shaft, including rear bearing and
gear assembly, into position at rear end of block
on the exhaust manifold side. Being careful that
thrust washer on inner end of front bearing is in

position, continue to push shaft into position to

the point where the gear teeth are about to

engage.

4. Correctly position crankshaft, idler, and balance
shaft gears so the "R" timing marks are adjacent
as shown in Fig. 67, Sec. 7; then slide balancer
shaft gear into mesh.

5. Secure balancer shaft rear bearing to engine
block end plate with three lockwashers and bolts.
These bolts are accessible through the web of
balancer gear.

6. Install Camshaft in Cylinder Block (Bal
ancer Gear and Rear Bearing Assembled to

Shaft) —After the balancer shaft is assembled in

the cylinder block, the camshaft may be assem
bled as follows:

(a) Start camshaft and gear assembly into cam
shaft bore in cylinder block, being careful
not to damage cams when installing shaft.
When teeth of camshaft gear are about to

engage balancer shaft gear, revolve gears,
if necessary, so the "0" marks on gears, as
shown in Fig. 67, Sec. 7, will match. Slide
gears into mesh. Be careful not to dislodge loose
washer on end of bearing when installing.

(b) Secure camshaft rear bearing to engine
block end plate with three lockwashers and
bolts. These bolts are accessible through the

web of balancer gear.

(c) Revolve the camshaft intermediate bearing
assembly so locking holes in bearings align
with holes in top of cylinder block, and
secure lockscrews in place.

7. Attach Balance Weights to Camshaft and
Balancer Shaft.

(a) Install Woodruff keys in keyways at front
end of camshaft and balancer shaft.

(b) Align keyway in hub with key in shaft and
place the balance weight-and-hub assembly
on the camshaft, with weight (1) and spring
retainer (19) facing away from engine.

(c) Similarly place balance weight-and-hub
assembly on balancer shaft. Start nuts (22)
on both shafts.

(d) Wedge a block of wood between balance
weights, as shown in Fig. 81, and tighten the
self-locking nuts, using a 11/a" socket wrench.

(e) Wedge a clean cloth between the balancer
gears, at the rear of the engine, and tighten
the self-locking nuts with the same wrench
used above.

8. Replace Flywheel Housing— The entire gear
train having been installed, the flywheel housing
may be put in place as outlined on Page 59,
Sec. 7.

9. Replace Balance Weight Cover (Cylinder
Head Removed)—The balance weight cover may
be replaced by reversing the sequence of oper
ations for removal and referring to Fig. 80 as a
guide, as follows:

(a) Remove any traces of the old gasket and
affix new gasket on cover-to-front end plate
bolting flange.

(b) Set cover into place and secure with 15 bolts
and lock washers. Refer to Fig. 80, for the lo
cation of different lengths of bolts to be used.
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OVERSPEED TRIP DRIVE

22 40 39

Fig. 89—Overspeed Trip Drive Assembly,
1. Balance Weight.
12. Camshaft.
22. Lock Nut.

42. Lock Washer.
43. Nut.
44. Stud.

39. Shaft—Overspeed Trip Drive. 45. Adapter—Overspeed Trip Drive.
40. Oil Slinger. 53. Cover—Balance Weight.

Description—The overspeed trip drive assembly
illustrated in Fig. 89 projects through the balance
weight cover at the front of the camshaft and serves
as a power take-off for the governor in the automatic
air shut-down assembly. (See "Automatic Air Shut-
Down," Page 152, Sec. 14.)

Service—Under ordinary conditions, the overspeed
trip drive shaft (39) may be considered part of the
camshaft assembly and left in place during removal
or replacing of the camshaft. However, should it be
come necessary to remove and replace the overspeed
trip drive shaft with the camshaft in place, the work
may be done as follows:

45

53

Fig. 90—Removing Overspeed Trip Drive Shaft
from Front of Camshaft,

39. Shaft—Overspeed Trip Drive.
45. End Wrench.
46. Puller Bolts.
47. Puller Tool, J-1917.
48. Set Screw.

53. Cover—Balance Weight.
63. Stud— Overspeed Trip Drive
Adapter.

65. Die (H-24).

1. Disconnect the flexible drive shaft and flexible
drive adapter (90° angle drive) from the adapter
(45) bolted to the balance weight cover (53).

2. Remove two nuts (43) and lockwashers (42) hold
ing the overspeed trip drive adapter (45) to the
balance weight cover, and pull adapter away
from cover and drive shaft.

3. Thread the 3/8.24 die (65) in Tool J-1917 (47)
onto the drive shaft and tighten the two puller
bolts (46) uniformly until the drive shaft is freed
from the end of the camshaft.

4. A replacement drive shaft may be driven back
into place in the camshaft with a soft faced ham
mer or by using a cushioning material to avoid
damaging the end of the shaft.

TACHOMETER DRIVE
(MODEL "B" ONLY)

Description—The engine speed of Model "B" is
indicated by a tachometer mounted on the control
cabinet panel. (Engine speeds of Models "C", "D"
and "E" are indicated by a frequency meter, which
is described in Sec. 20.

The tachometer is connected to the engine by means
of a flexible cable. Pressed into the rear of the bal
ancer shaft (3), Fig. 91, is a drive shaft (39) and

slinger assembly (40) turning at crankshaft speed.
The slotted end of the drive shaft extends through the
adapter (45), bolted to the cover (41), and carries
the drive key which fits into the flexible drive shaft.
The cable is fastened to the adapter by means of the
cable nut. The opposite end of the flexible cable is
similarly secured to the tachometer. The oil slinger,
pressed on the drive shaft, prevents oil, splashed
from the gear train, traveling up the flexible cable.
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Service—If occasion requires, the tachometer drive
adapter, as well as the shaft, may be easily removed
from the engine. While it is not absolutely necessary
to remove the adapter when removing the flywheel
housing, if care is not exercised in removing the
flywheel housing, the tachometer drive shaft may be
bent in the operation. A wise practice, therefore, is
to remove the adapter (45) before removing the
flywheel housing.

Remove Tachometer Drive—If occasion requires,
the tachometer drive shaft may be removed by using

51

Tool J-1917, as illustrated in Fig. 92, in the following
manner:

1. Disconnect the tachometer flexible drive cable
from the adapter at the engine.

2. Remove the two adapter-to-cover stud nuts, and
pull adapter away from cover.

3. Using Tool J-1917, back out the two puller screws
flush with inside of plate, and screw the die,
retained in plate, as far as possible onto the
adapter drive'shaft.

4. Turn screws on puller clockwise, and remove
shaft.

Replace Tachometer Drive—After pulling, the
old tachometer drive shaft (39) may be useless
because of the thread cut on the outer diameter by
the die in the puller. Whether the old or new shaft is
used, make certain the oil slinger, shown in Fig. 91,
is in position against shoulder on shaft, then drive
large end of shaft firmly into end of balance shaft up
against shoulder on shaft.

Replace adapter on cover and secure with two lock
washers and nuts. Connect tachometer flexible drive
cable to adapter, being sure that lug on flexible
shaft registers with slot in tachometer drive shaft.

Fig. 91—Tachometer Drive Assembly.
3. Balancer Shaft.
5. Balancer Gear.
22. Lock Nut—Balancer Shaft.
37. End Plate— Cylinder Block-
Rear.

38. Flywheel Housing.
39. Shaft—Tachometer Drive.
40. Oil Slinger.

41. Cover—Tachometer Drive.
42. Lock Washer.
43. Nut.
44. Stud.
45. Adapter —Tachometer Drive.
49. Gasket.
50. Bolt.
51. Lock Washer.

Fig. 92—Pulling Tachometer Drive from Balancer Shaft
with Tool J-1917.

38. Flywheel Housing.
39. Shaft—Tachometer Drive.
41. Cover— Tachometer Drive.
45 5/«"End Wrench
46. Puller Bolt.
47. Puller Tool, J-1917.

48. Set Screw.
63. Stud—Tachometer Drive
Adapter.

64. Cover—Flywheel Housing
Large Hole.
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FULL LOAD.
(THEORETICAL.)

CRANKSHAFT ROTATION
FROM FRONT END.

EXHAUST CAM
LIFT ENDS

EXHAUST VALVE CLOSES
.012VALVE LASH. B.D.C.

INJECTION ENDS.

ALSO ZERO FUEL.

INTAKE OPENS.

EXHAUST CAM
LIFT BEGINS.

RAMP.

EXHAUST VALVE OPENS.
.012VALVE LASH.

INJECTION DATA FOR"A" INJECTOR.
TIMING GAGE DIMENSION 1.484.

Fig. 93—Engine Timing Diagram;

Engine Tuning—When the engine is properly
timed, the markings on the gear train will appear
as shown in Fig. 67, Sec. 7.

The timing diagram, Fig. 93, shows the cycle in which
the opening and closing of the intake ports, the
operation of the exhaust valves, and the injection
of the fuel, take place.

Due to one off-set bolt, the flywheel can be attached
to the crankshaft flange in only one position.

Engine Balance—Both rotating and reciprocating
forces are completely balanced in these engines.
The eccentric rotating masses of the crankshaft and

connecting rod are balanced by counterweights on
the crankshaft cheeks.
The reciprocating masses (the piston and part of
the rod) produce an unbalanced couple by virtue
of an arrangement on the crankshaft in which
reciprocating masses, though equal, are not opposite.
This unbalanced couple, which tends to rock the
engine from end to end, is balanced by an arrange
ment of rotating counterweights, which produce a
couple equal and opposite in magnitude. Con
sequently, the engine will operate smoothly and in
perfect balance throughout the entire speed range.
The balance weights consist of two eccentric weights
at each end of the engine, as shown in Fig. 79. Each
set of weights rotates in opposite directions with
respect to each other.
When the two weights at either end of the engine are
in a vertical plane, their centrifugal forces are in
the same direction, and oppose the unbalanced
couple at the crankshaft. In a horizontal plane the
balance weight centrifugal forces are opposite, and
therefore cancel. The front balance weights are
eccentric in a direction opposite to the rear balance
weights; therefore, rotation will result in the desired
couple, effective only in a vertical plane. Three
balance weights are used on both the balancer
gears at the rear end of the engine. One weight is
cast integral with each gear; in addition, two small
weights are bolted to the front side of the weighted
part of each gear. The balance weights at the front
end of the engine consist of oscillating eccentric
masses mounted on the balance weight hubs. These
weights are spring-loaded and function also as
torsional vibration dampers.
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79 82

68 68

I /

D

Fig. 94—Cylinder Head Assembly.

1. Manifold —Water.
35. Cylinder Head.
45. Manifold — Fuel Intake.
65. Manifold —Fuel Return.

68. Bracket—Lifting.
79. Rocker Arm— Injector.
80. Rocker Arm—Valve.

81. Connectors— Fuel.
82. Pipes— Fuel.
83. Injector.

84. Gasket— Exhaust Manifold.
85. Spring—Valve.
86. Manifold Discharge Riser.

Description—The cylinder heads of all four models
are exactly alike. The removal of the head from the
engine and the servicing of the parts of the cylinder
head assembly are also alike. However, certain of
the operations performed preparatory to the re
moval of the head from the engine vary slightly be
tween the models. These variations are noted in their
proper disassembly and assembly sequence.

The cylinder head is a one-piece alloy iron casting
which can be removed from the engine as an as

sembly containing cam followers, guides, rocker
arms and valves. The head is securely held to upper
deck of cylinder block by heat-treated alloy steel studs .

Located in the head are two exhaust valves, a fuel
injector, and three rocker arms, for each cylinder.
One rocker arm operates the injector plunger; the
other two operate the exhaust valves.

Hardened exhaust valve seats are shrunk into the
cast iron cylinder head. These seats furnish accurate
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Fig. 95—Water Cooling Around Valves and Injector
in Cylinder Head.

1. Neoprene Seal.
2. Water Cooled Copper Injector
Hole Tube.

3. Water Passage from Block to
Head.

seating of the valves under varying conditions of
temperature, and materially prolong the life of the
cylinder head. The hardened seats are accurately
ground to very close limits and their freedom from
warpage, under ordinary working conditions, reduces
valve grinding to a minimum.

To insure efficient cooling, each fuel injector is
inserted into a thin-walled copper tube passing
through the water space in cylinder head. The lower
end of the copper tube is pressed into the cylinder
head and spun over; the upper end is flanged and
sealed with a Neoprene seal. The spun-over lower
end and sealed upper end, prevent any water leaks
around the copper tube.

Two exhaust passages from each cylinder lead
through a single port to the exhaust manifold. The

exhaust passages, exhaust valve seats, and injector
tubes are completely surrounded by cooling water.

To seal compression, a flat laminated gasket com
posed of steel sheets is provided between the cylinder
head and top of cylinder block.

A cork gasket around outer rim of head seals against
oil leaks. The top of the cylinder head is completely
enclosed by an easily removable pressed steel valve

rocker cover, which is held in place by four screws
fitted with hand knobs. The cover is sealed against
leakage by a gasket which is held in place by a
retainer and flanged edge of the cover.

Fig. 96—Valve Rocker Cover and Gasket
1. Reinforcement.
2. Rocker Cover Bolt.
3. Gasket.

4. Cotter Key.
5 Rocker Cover
6. Rocker Cover Knob.

Service—Certain service operations on the engine
require that the head be removed. Some of these
operations are:

1. Remove pistons.

2. Change cylinder head gasket.

3. Remove or replace valves.

This is true because the pistons must be removed
through the top of the cylinder block and the
valve seats into the lower side of the cylinder
head. When any service operations require
cylinder head removal, the operations may be
carried out as described below.

Remove Cylinder Head—Refer to Figs. 97, 98
and 99 when removing cylinder head and carry out
operations in the following manner:

1 . Drain cooling system by removing radiator filler
cap, opening vent valve (28), Fig. 98, and open
ing drain cock (17), Fig. 164, at lower radiator
tank. Drain valve in radiator is accessible
through hole in side of engine base.

2. Remove two tie-rods (29) between radiator (23)
and center hood support (30). Rods may be
removed after removing nuts at rear end of
rods and loosening nuts at radiator and hood
support; then slip rods from slots at radiator
tank.

3. Loosen hose clamps (27) on hose (17). This
hose connects radiator to thermostat housing
(3) . Slide hose and clamps forward.
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68

4O 43 23

1. Manifold —Water.
3. Housing—Thermostat.
6. Bolt—Thermostat Housing-to-
Water Manifold.

12. Covei—Balance Weight.
16. Tube—Water By-Pass.
17. Hose—Thermostat Housing-to-
Radiator.

23. Radiator.
27. Clamp—Hose.
31. Cover—Valve Rocker.
32. Fuel Rod—Governor.
33. Control Tube— Injector.

Fig. 97—Cylinder
35. Cylinder Head.
38. Manifold — Exhaust.
39. Wire—Solenoid-to-Starting
Motor.

40 Solenoid.
41. Governor Assembly.
42. Bolt—Solenoid-to-Governor.
43. Cover—Governor.
44. Spring — Speed Adjusting
Shaft Lever Return.

45. Manifold— Fuel Intake.
47. Sub-Cap—Governor.

Head Mounting.

48. Screws—Governor Cover-to-
Governor Sub-Cap.

49. Bracket—Throttle Rod.
50. Rod—Throttle.
52. Bolt—Lever-to-Throttle Rod.
53. Lever—Throttle Rod Rear.
54. Link— Throttle Rod-to-Speed
Adjusting Shaft.

55. Level—Throttle Rod Forward.
56. Bracket—Throttle Rod Rear.
57. Pipe— Breather.
58. Oil Separator.

59. Housing—Blower Air Intake.
60. Pipe—Fuel Intake Manifold-to-
Secondary Filter.

64. Pipe— Fuel— from Fuel Return
Manifold-to-Fuel Tank.

65. Manifold — Fuel Return.
66. Thermometer Bulb—Water
Manifold.

67. Bolt — Cylinder Head Lifting
Bracket-to- Flywheel Housing,
Also Balance Weight Cover.

68. Bracket—Lifting.
69. Housing—Flywheel.
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4. Remove two bolts (25), Fig. 98, holding water
by-pass pipe (16) to thermostat housing. Sepa
rate by-pass pipe flange from thermostat hous
ing and remove gasket (24).

5. Remove three bolts (6) holding thermostat hous-
. ing to water manifold (1). Pull thermostat hous
ing and thermostat (2), Fig. 105, straight for
ward away from manifold. Remove gasket (4)
and seal (5).

6. Remove cylinder head air inlet pipe "C", "D"
and "E" Models only (Fig. 98) as follows:
(a) Remove tubing nuts of inlet pipe (87) from
upper and lower elbows (Fig. 98).

(b) Remove two bolts (89) holding cover (88)
to cylinder head.

(c) Remove cover (88) and pipe (87) from
engine.

7. Remove valve rocker cover (31), Fig. 97.

8. Disconnect governor fuel rod (32) at injector
control tube (33), Fig. 99.

9. Loosen bolts (36), Fig. 99, holding injector con
trol tube brackets (34) to cylinder head (35)
and remove control tube assembly (33) by lift
ing straight up away from cylinder head. These
bolts are conveniently removed by using a %"
universal socket wrench, as shown in Fig. 99.

10. If cylinder head is to be stripped for recon
ditioning valves, or similar operations, then
it is advisable to remove the injector fuel
lines, injectors, valve operating mechanism,
water and exhaust manifolds at this stage of
the cylinder head removal. In this event, after
removing fuel lines from injectors and fuel con
nectors, and suitably protecting injector open
ings with shipping cap No. 5226416 to avoid
dirt entering injectors, the injectors may be
removed as outlined on Page 165, Sec. 15.

To remove valve rocker brackets, shafts, and
rocker arms, see Page 86, Sec. 1 1 .

To remove exhaust manifold, see Page 81,
Sec. 10.

Remove nuts and lock washers from water
manifold studs and lift manifold straight up.
Remove old gaskets from manifold and head.
If cylinder head removal was for the purpose
of pulling pistons, or similar operations, and
stripping was not required, above instructions
under item 10 may be disregarded and further
operations for removing cylinder head con
tinued as follows:

11. Remove Governor Sub-Cap and Cover
Assembly as follows:

(a) Disconnect wire (39) from terminal on
solenoid (40) closest to radiator. The

opposite end of this wire leads to the
solenoid on the engine base. See Fig. 97.

(b) Remove nuts from four bolts (42) and lift
solenoid from governor cover (43) .

(c) Unhook speed adjusting shaft lever return
spring (44) from lower fuel manifold (45) .

(d) Remove two bolts (46) Fig. 99, holding
governor sub-cap (47) to cylinder head (35) .

(e) Remove three screws (48) holding governor
cover (43) to governor sub-cap (47), Fig. 97.

(f
) Push fuel rod (32) IN and lift governor

cover and sub-cap assembly away from
governor housing, then pull straight out
away from cylinder head. Remove throttle
rod bracket (49) from forward end of
throttle rod (50). Also, remove two gaskets
(51), Fig. 99, from between bracket (49),
governor sub-cap bolting flange (47) and
cylinder head (35) respectively.

17 27 6 9

Fig. 98— Thermostat Housing Mounting.
(Model "B" Not Equipped with Item 87)

1
.

Manifold —Water.

3
.

Housing—Thermostat.
6. Bolt—Thermostat Housing-to-
Water Manifold.

7. lock Washer.
8. Plug—Air Vent.
9. Water Outlet—to Radiator.
12. Cover—Balance Weight.

1 4. Cover Plate—Water Manifold.
15. Pipe Plug.
16. Pipe— Water By-Pass.
17. Hose—Thermostat Housing-to-
Radiator.

18. Bolt—Water Manifold Cover
Plate-to Manifold.

19. Lock Washer—Water Mani
fold Cover Plate-to-Manifold.

20. Nut—Water Manifold-to-Cyl-
inder Head.

21. Lock Washer— Water Mani-
fold-to-Cylinder Head.

24. Gasket—Thermostat Housing.
to-By-Pass Tube.

25. Bolt—Thermostat Housing-to-
By-Pass Tube.

26. Lock Washer— Thermostat
Housing-to-By-Pass Tube.

27. Clamp—Hose.
28. Vent Valve
87. Pipe—Cylinder Head Air Inlet.
88. Cover—Cylinder Head Gov
ernor Hole.

89. Bolt—Cylinder Head Governor
Hole Cover-to-Cylinder Head.
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(g) Remove bolt (52) holding lever (53) on rear
end of throttle rod (50) and tap lever off
of rod. Disconnect link (54) from lever (55)
at forward end of governor throttle rod
(50) . Pull throttle rod forward from bracket
(56), Fig. 97.

12. Remove two bolts holding breather pipe (57)
to oil separator. Remove bolt in clip holding
breather pipe to rear of cylinder head. Remove
breather pipe from engine. Remove old gasket
from breather pipe bolting flange.
On "B" model engines which are not equipped
with oil separators, the breather pipe is con
nected to the cylinder head as shown in Fig. 102.
On these engines the breather pipe is removed
as follows:

Remove two bolts holding breather tube (57)
and breather tube extension (58) to rear end
of cylinder head. Pull breather tube away from
air intake housing (59). Remove two gaskets
(51), Fig. 102, at flanges of breather tube and
breather tube extension.

13. Disconnect fuel pipe (60), Fig. 97, leading from
secondary fuel filter (61) to intake fuel mani
fold (45), at fuel manifold; also, fuel pipe (64),
leading from fuel return manifold (65) to fuel
tank, at fuel manifold.

14. Remove thermometer bulb (66) from rear end of
water manifold (1).

15. Remove two bolts (67) holding lifting brackets
(68) to balance weight cover (12) and flywheel
housing (69), respectively. Back off two or three
turns on the two flywheel housing attaching
bolts directly below the rear lifting bracket.

16. Using a thin-walled 1%" socket wrench, remove
cylinder head hold-down stud nuts.

NOTE: A thin-walled socket wrench is necessary to remove
the cylinder head stud nuts on the camshaft side of the
engine if the fuel lines and rocker arm shaft brackets are
not first removed. If these parts have been removed, then
an ordinary socket wrench is suitable for removing all
cylinder head stud nuts.

17. With lifting hooks of hoist inserted in eyes of
cylinder head lifting brackets, pull cylinder
head straight up off of cylinder head studs. Re
move cylinder head gasket. On "E" models, re
move center hood support and diagonal brace
then lift cylinder head.
Since cam followers project below under side of
cylinder head (also injector tips— if injectors
were not removed) do not set cylinder head
assembly down on bench without first providing
suitable wood strips to raise bottom of cylinder
head above bench. Above mentioned parts
may be damaged unless such provision is made.

Remove Parts from Cylinder Head—Conditions
will arise when a cylinder head change becomes

32h-<36

Control Tube Bracket from
V," Socfcet Wrench.
47. Sub-Cap —Governor.
49. Bracket—Throttle Rod.
50. Rod—Throttle.
51. Gasket—Governor Sub-Cap
to-Bracket and Bracket to
Cylinder Head.

55. Lever—Throttle Rod—
Forward.

Fig. 99— Loosening Injector
Cylinder Head with

32. Fuel Rod—Governor.
33. Control Tube— Injector.
34. Bracket— Injector Control Tube.
35. Cylinder Head.
36. Bolt— Injector Control Tube
Bracket-to-Cylinder Head.

37. Wrench— Universal Socket%".
46. Bolt—Governor Sub-Cap-to-
Cylinder Head.

necessary. For such cases, the removal of all work
ing parts attached to cylinder head is necessary.
The parts to be removed from cylinder head after
head has been removed from engine are:
1. Fuel injectors, if not already removed.
2. Fuel oil connectors.
3. Fuel oil manifolds.
4. Valve and injector rocker arms, if not already
removed.

5. Cam followers, retainers, push rods and retainer
springs.

6. Valves and valve springs.
7. Cylinder head lifting brackets.
8. Water manifold.
9. Exhaust manifold.

Items 1, 2, and 3, above, are treated under "Fuel
System," Sec. 15, and items 4, 5 and 6, under
"Valve Operating Mechanism," Sec. 11.
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79

NUMBERS AT STUD HOLES INDICATE SEQUENCE FOR TIGHTENING STUD NUTS

1

68

65

Fig. 100—Cylinder Head Assembly Ready to be Installed.
1. Manifold—Water.
35. Cylinder Head.
45. Manifold— Fuel Intake.

65. Manifold—Fuel Return.
68. Bracket— Lifting.
79. Rocker Arm—Injector.

80. Rocker Arm—Valve.
81. Connectors— Fuel.
82. Pipes— Fuel.

The cylinder head lifting brackets may be detached
by removing the two bolts that hold brackets to
cylinder head. Remove lifting bracket gaskets.

Item 8 is further covered in Sec. 13. Item 9 is further
covered in Sec. 10.

Inspection of Cylinder Head Parts—In case of
a cylinder head change, the working parts removed
from the old cylinder head should be inspected be
fore they are installed in new head.

The proper procedure to be followed and the proper
clearances of the working parts will be found under
"Service," "Valve Operating Mechanism," Page 86,
Sec. 11.

Install Parts in Cylinder Head—New cylinder
heads are furnished with valve guides, studs, injector
copper tubes, and plugs. When a cylinder head
change is made, the used parts removed from the old
head, or new parts, must be installed in the head
before head is attached to the cylinder block. These
parts, or sub-assemblies, consist of the following:

1. Cylinder head lifting brackets.
2. Valves and valve springs.
3. Cam followers, retainers, push rods and retainer
springs.

4. Valve and injector rocker arms.
5. Fuel oil manifolds.
6. Fuel oil connectors.
7. Water manifold.
8. Exhaust manifold.

Items 1, 2, 3 and 4 are treated under "Valve Oper
ating Mechanism," Sec. 11, and Items 5 and 6
under "Fuel System," Sec. 15.

To install injectors, see Page 174, Sec. 15.

Refer to Sec. 13 for installation of water manifold.

Refer to Sec. 10 for installation of exhaust manifold.

When attaching cylinder head lifting brackets, use
new gaskets between brackets and cylinder head.
Note that gaskets under lifting brackets also rest be
tween the bracket and the flywheel housing at the
rear, and the bracket and the balance weight cover
at the front.

Replace Cylinder Head—After inspecting as out
lined above, the cylinder head may be replaced by
reversing the sequence of operations for removal.
Refer to Figs. 97, 100, 101, 102, 103, 104, and 105
as indicated in the text when replacing cylinder
head.

1. Be sure tops of pistons and upper surfaces of
cylinder block are clean.

2. Install new metal cylinder head gasket. The
gasket surface next to the cylinder head is
marked "Top"; also, the bead around openings
for combustion chambers is toward the cylinder
head.

3. Affix a new set of cork oil sealing gaskets to
top of cylinder block, using shellac or good
gasket cement.
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4. Wipe under side of cylinder head clean and by
means of the cylinder head lifting brackets and
suitable hoist, set cylinder head in place over
studs on cylinder block. After setting in place,
loosen lifting brackets at cylinder head. Do not
remove brackets. Beginning at the center and
working toward each end of the cylinder head,
as shown in Fig. 100, tighten all stud nuts as
tight as possible with a 16" wrench. If torque
wrench No. J-1264, as shown in Sec. 21, is
available, it may be used and the nuts drawn
down to 150-175-lbs.-ft. when engine is cold,
or 180 Ibs.-ft. when engine is hot.

5. Tighten two flywheel housing attaching bolts,
directly below the rear lifting bracket.
Attach lifting bracket (68) to balance weight
cover (12) and flywheel housing (69), respec
tively.

NOTE: Tighten bolts into cylinder head and balance weight
cover or flywheel housing alternately to pull brackets tight
into corners.

6. Replace thermometer bulb (66) in rear end of
water manifold (1).

7. Connect fuel pipe (64), leading from fuel return
manifold (65) to fuel tank, at fuel manifold; also,
connect fuel pipe (60), leading from secondary

fuel filter (61) to intake manifold (45), at fuel
manifold. (See Fig. 97.)

8. Replace breather pipe (57), "C", "D" and "E"
Models only as follows:

(a) Affix new gasket to bolting flange of
breather pipe.

(b) Position clip on breather pipe, with offset
toward cylinder head.

(c) Fasten breather pipe to oil separator (58)
with two bolts and lock washers.

(d) Tighten bolt (72) in pipe clip, securing clip
to cylinder head.

Fig. 101— Location and Position of Breather Tube.
Models "C," "D" and "I"

35. Cylinder Head. 59. Housing— Blower Air Intake.
57. Pipe—Breather. 72. Bolt— Pipe Clip-to-Cylinder
58. Oil Separator. Head.

Fig. 702—Location and Position of Breather Tube and
Breather Tube Extension.

Model "B"

35. Cylinder Head. 58. Tube Extension—Breather.
51. Gasket— Breather Tube and 59. Housing—Blower Air Intake.
Breather Tube Extension-to- 72. Bolts — Breather Tube and
Cylinder Head. Breather Tube Extension-to-

57. Tube—Breather. Cylinder Head.
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9. Note that throttle rod (50) has a flattened por
tion at one extreme end and a flattened portion
some distance in at the opposite end. The flat
tened portion at the extreme end is placed at
the flywheel end of the engine.

With this identification in mind, place throttle
rod along side of cylinder head and through
supporting bracket (56) attached to oil sepa
rator (58).

10. Refer to Fig. 103 and replace governor sub-ccp
as follows:

(c.) If throttle rod lever (55) was removed from
throttle rod (50), place lever on forward end
of shaft with clamp bolt at flattened portion
of rod.

(b) Place throttle rod bracket (49) over forward
end of throttle rod (50) with bolting flange
of bracket in registration with opening at
side of cylinder head as shown.

(c) With a gasket (51) between bracket (49)
and cylinder head, also between bracket
and governor sub-cap (47), put governor
fuel rod through the two gaskets, the bracket
and opening in cylinder head, at the same
time pushing in on fuel rod (32) so that
collar (71), back of the spring on governor
fuel rod, will be positioned inside of ter
minal lever (70) located in governor case.

Fig. 103—1nstalling Governor Sub-Cap.
32. Fuel Rod—Governor.
35. Cylinder Head.
41. Governor Assembly.
47. Sub-Cap—Governor.
49. Bracket—Throttle Rod.
50. Throttle Rod.
51. Gasket— Governor Sub-Cap-
to-Brocket and Brocket-to-
Cylinder Head.

54. Link—Throttle Rod-to-Governor
Speed Adjusting Shaft.

55. Lever—Throttle Rod— For
ward.

70. Terminal Lever.
71. Fuel Rod Collar— Large.
74. Lever, Speed Adjusting— lnner.
90. Lever—Governor Control.

(d) Refer to Fig. 99 and place a lock washer
over each governor sub-cap-to-cylinder
head retaining bolt (46) and start the two
bolts through bolting flange of sub-cap (47) ,
then through gasket (51), bracket (49), the
second gasket (51), and screw into cylinder
head (35). When tightening these bolts,
align bracket so that throttle rod (50) moves
easily in bracket bearings at each end of
rod.

1 1 . Refer to Fig. 97 and place lever (53) on rear end
of throttle rod (50) with clamp bolt in lever at
flattened portion of rod so that lever has slight
end clearance between bearing in bracket, and
rod may be moved endwise slightly to prevent
bind.

When rear lever (53) and forward lever (55)
are assembled, the two levers will have the
relative positions as shown in Fig. 97.

When link (54), shown in Fig. 103, is connected
between speed adjusting lever (90) and lever
(55) and throttle is in wide open position, the
link will be below center of a straight line
through the center of throttle rod (50) and
clevis pin in lever (90).

12. Refer to Fig. 97 and position governor cover on
sub-cap and replace three screws (48) hold
ing cover to sub-cap and sub-cap to governor
housing (41). Lockwashers are used under the
two outer screws only.

13. Hook speed adjusting shaft lever return spring
(44) to lower fuel manifold (45). The opposite
end of this spring hooks through the hole in the
clevis pin attaching link (54) to governor control
lever (90), Fig. 103.

14 . Position solenoid with the two electrical terminals
toward cylinder head and secure to governor
cover (43) with four bolts (42). Attach the short
ground wire from rear terminal of solenoid
under nut of one of the solenoid hold-down bolts
and wire (39)— from the solenoid on the engine
base— to the forward terminal of the solenoid.

15. Set injector control tube assembly, illustrated in
Fig. 104, in place on valve side of cylinder head
and tighten hold-down bolts finger tight. Be sure
when positioning control tube (33) that pins on
injector control rack lever (77) all engage slots
in injector control racks. With end of return
spring (74) hooked around one injector rack
lever and the other around the control tube
bracket (34), tighten bracket bolts to cylinder
head. This may be done with a l{§" universal
socket wrench, as illustrated in Fig. 99. After
tightening, revolve tube and see if return spring
pulls injector racks to "OFF" position after they
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have been moved way "IN" (FULL FUEL POSI
TION). If any bind exists in the mechanism,
loosen tube bracket hold-down bolts and shift
the assembly slightly to remove all bind. In
jector racks must return to OFF position freely by aid
of the return spring only. Do not bond the return
spring to bring about this condition.

78 76

77 33

Fig. 104— Injector Control Tube Assembly Ready for
Installation on Cylinder Head.

76. Ball Bearing—Control Tube
Bracket.

77. Pin—Rack Control Lever.
78. Lever—Control Tube.

33. Control Tube— Injector.
34. Bracket—Injector Control Tube.
74. Spring—Control Tube Return.
75. Lever— Rack Control.

16. Connect governor fuel rod (32) to injector con
trol tube lever (75).

17. Refer to Fig. 107, Page 81, for exhaust manifold
mounting. Using new gaskets over exhaust mani
fold studs, set exhaust manifold (38) over studs.
Place a special dished washer—dished side
towards manifold—on each manifold stud, and
tighten nuts up against washers. Draw nuts tight
with NO lockwashers.

18. Install cylinder head air inlet pipe (87), Fig. 98,
as follows:

(a) Connect lower end of pipe (87) to elbow
on air box cover.

(b) Affix new gasket to governor hole cover
(88). Start tubing nut into upper elbow

(elbow connected to cover (88) ).

(c) Secure cover (88) to cylinder head with
bolts (89) and lock washers. Tighten
tubing nuts.

19. Refer to Fig. 105 for names and relative location
of parts and replace thermostat and thermostat
housing as follows:

(a) Affix new gasket (4) to forward bolting
flange of water manifold (1).

(b) Place thermostat seal (5) in seat of housing
(3) for thermostat.

(c) Place thermostat (2) in housing up against

Fig. 10S—Water Thermostat and Housing Details and
Relative Location of Parts.

2. Thermostat.
3. Housing—Thermostat.
4. Gasket—Water Manifold-to-
Thermostat Housing.
5. Seal— Thermostat.
6. Bolt—Thermostat Housing-to-
Water Manifold.

7. Lock Washer—Thermostat
I 'ousing-to-Manifold.
8. Plug— Air Vent.
10. Bolting Pad—Water By-Pass
Pipe.

14. Cover—Water Manifold
Opening.

16. Pipe—Water By-Pass.
18. Bolt—Water Manifold Cove
Plate-to-Manifold.

19. Lock Washer—Water Mani
fold Cover Plate-to-Monifold.

20. Nut—Water Manifold-to-Cyl-
inder Head.

21. Lock Washer— Water Moni-
fold-to-Cylinder Head.

22. Gasket—Water Monifold-to-
Cylinder Head.

23. Radiator.
24. Gasket— Thermostat Housing-
to-By-Pass Tube.

25. Bolt—Thermostat Housing-to-
By-Pass Tube.

26. Lock Washer—Thermostat
Housing-to-By-Pass Tube.

28. Vent Valve.

seal so bellows of thermostat will project
into water manifold when assembled.

(d) Secure thermostat and housing to water
manifold up against gasket using three
bolts (6) and lockwashers (7).

20. Using new gasket (24), Fig. 105, affixed to by
pass pipe (16), attach pipe to lower side of
thermostat housing (3) using two bolts (25) and
lockwashers (26).

21. With hose clamps (27) over hose (17), attach
hose between thermostat housing and radiator.
Tighten hose clamp bolts water tight. See Fig. 98.
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22. Replace two tie-rods (29) between radiator (23)
and center hood support (30), as follows:

(a) With nut on each end of tie rod down to
limit of threads, insert end of tie rod through
bracket at hood support and opposite end
in slot of radiator upper tank. Tighten nut
on rod at radiator, then align radiator hood
support and tighten nuts after hood is in
place. Spacing between hood and hood
support should be uniform from top to bottom .

(b) Check throttle control adjustments as out
lined under "Throttle Controls —Adjust
ments," Page 179, Sec. 15.

23. Close drain cock (17), Fig. 164, at lower radiator
tank and fill cooling system with soft water or
suitable anti-freeze. Open vent valve (28), Fig.
172, in thermostat housing to release trapped
air. Close vent valve (28) when system is filled.

24. With throttle in OFF position, crank engine over
to see that all parts function properly.

25. Lash valves to .015" with engine cold and relash
to .011" GO— .013' NO GO after engine has
heated up to running temperature (at least 140°
F. water temperature).

'Timing Fuel Injectors,"26. Time injectors. (See
Page 174, Sec. 15.)

27. Position injector control racks. (See "Positioning
Injector Control Racks," Page 174, Sec. 15.)

28. If for any reason the fuel lines were loosened at the
top of the cylinder head, before replacing valve rocker
cover, open engine throttle to "Idle" position. Start
engine by operating starter button, and see that all
fuel line connections are tight so no fuel oil leaks into
cylinder head to dilute the lubricating oil. If lubricating

Fig. 106—Tightening Cylinder Head Stud Nuts with Engine
Hot, Using Tool J-1928.

1. Wrench Handle— '/j" Drive— 3. Cylinder Head Stud Nut.
16" Long. 4. Tube—Injector Control.

2. Stud Nut Wrench— J-1928.

oif is diluted with fuel oil, engine bearings will be
seriously damaged. •

29. All connections having been checked for leaks,
valve cover and gasket may be installed.

30. Before starting engine, check lubricating system
and see that oil flow is not hampered in any way.

31. After starting and warming up engine (at least
140° F.) a good practice is to tighten down cylin
der head stud nuts. This may be accomplished
on the injector control shaft side of cylinder head
by using the special wrench, J-1928, shown in
Fig. 106, and by using a thin-walled socket
wrench with a long shank, at the fuel manifold
side of the cylinder head.

32. Recheck valve lash to .012" with engine hot.
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Fig. 107—Exhaust Manifold Mounting.
1. Exhaust Manifold.
2. Clamp Washer—Special.
3. Stud Nut.
4. Stud—Engine-to-Manifold.
5. Exhaust Leg— From Each Cylin
der.
6 Stud—Manifold-to-Flange.

7. Gasket—Manifold Flange-to
Flexible Exhaust Pipe.
9. Flange.
10. Lock Washer.
11. Stud Nut.
12. Exhaust Pipe—Flexible.

Description —As illustrated in Fig. 107, a cast
exhaust manifold is attached to the cylinder head,
and on the same side as the water manifold.

Two exhaust passages from each cylinder lead
through a single port in the cylinder head to the ex
haust manifold. Studs in the cylinder head, located
between each exhaust port and at each end of the
two end ports, serve the dual purpose of supporting
and securing the manifold to the cylinder head by
means of special clamp washers and nuts. As a safe
guard against exhaust gas leaks, a two-piece heat-
resisting gasket, supported on the studs, is used be

tween the cylinder head and exhaust manifold.

A uniformly circular section at each end of the mani
fold terminates in a horizontal flange at the mid-
section where a flexible exhaust pipe is attached.

Exhaust Manifold Service—Owing to the nature
of material from which exhaust manifolds are made,
and the method of support, very little service should
be required on the parts unless the engine has met
with an accident.

Remove Exhaust Manifold —The exhaust mani
fold will usually be removed along with the cylinder
head; however, in case exhaust manifold gaskets are
to be replaced, the exhaust manifold may be re
moved without removing the cylinder head as follows:

1 . Remove exhaust muffler. (Refer to Page 82.)

2. Remove seven exhaust manifold-to-cylinder head

stud nuts (3), special washers (2), and pull ex
haust manifold straight out away from engine.

3. Remove manifold gaskets (8) Fig. 108, from
cylinder head and manifold flanges.

Replace Exhaust Manifold —The exhaust mani
fold may be replaced by reversing the sequence of
operation for removal as follows:

1. Place three piece gasket (8) over the studs (4).

2. Set manifold (1) over studs (4) and next to
gasket (8).

3. Set a clamp washer (2)—dished side toward
manifold—over each stud and next to manifold.

4. Replace nuts (3) and tighten in place.

Fig. 70S—Exhaust Manifold Details and Relative Location
of Parts.

1. Exhaust Manifold.
2. Clamp Washer.
3. Stud Nut.
6. Stud.
7. Gasket—Manifold Flange
Flexible Exhaust Pipe.
8. Gasket—Manifold to Engine.
9. Flange—Exhaust Pipe.

10. Lock Washer.
11. Stud Nut.
I 2. Exhaust Pipe—Flexible
13. Flange—Exhaust Pipe.
14. Gasket—Flexible Exhaust Pipe
to Shield.

15. Shield.
I 6. Gasket— Shield-to-Muffler.
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EXHAUST MUFFLER
Description—The exhaust muffler is connected to
the manifold with a flexible exhaust pipe. A steel
shield fastens to the muffler flange offering a pro
tective cover against the hot surface of the flexible
pipe. The exhaust muffler is a welded steel tank sup
ported by steel legs located on the top of the unit.
The muffler is divided by a baffle into two cylindrical
compartments, a large one at the inlet end and a
smaller one at the outlet. An outlet pipe is located
on the inside of the muffler, extending deep into the
large chamber. The exhaust gas is forced out of the
manifold into the large chamber and out through
the small pipe. A short tail pipe is located on the out
let flange. The muffler, manifold, and exhaust piping
are painted with a heat resisting paint (Thur-Ma-Lox
No. 7 Black) as a protective covering. A steel screen
is mounted on the outside diameter of the muffler and
clamped by means of two straps and bolts. The straps
can be loosened to enable the proper positioning of
the guard.

Exhaust Muffler Service—The rugged construc
tion of the muffler insures extended periods of trouble-
free service. However, if the muffler should be dam
aged, it may be removed and replaced as described
in the following discussion.

Remove Exhaust Muffler—The exhaust muffler
must be removed to replace the exhaust manifold or
when the engine is removed from the base. The pro
cedure is as follows. (See Fig. 110.)

1. Remove from stud (6) four stud nuts and lock-
washers holding flange (9) of flexible exhaust
pipe (12) to flange of exhaust manifold (1).

30 31 23 25 24

22 28

Fig. 109—Exhaust Muffler Assembly.
9. Flange—Exhaust Pipe— Lower.
l 2. Exhaust Pipe— Flexible.
13. Flange—Exhaust Pipe— Upper.
15. Shield.
21. Clamp Bolt— Front Mounting
Strap.

22. Tail Pipe.
23. Mounting Strap—Muffler Guard.

24. Muffler Guard.
25. Muffler.
28. Mounting Strap to Tail Pipe
— Front.

29. Mounting Strap— Rear.
30. Flange—Tail Pipe.
31. Flange—Muffler Outlet.

2. Remove two bolts (20) and lockwashers (10)
holding mounting strap (28) to radiator (18).

3. Remove two bolts (27) holding mounting strap to
center hood support (17).

4. Liftmuffler (25) and flexible pipe connection ( 12)
through the hole in the hood (19) and place on
a suitable bench for further disassembly.

No further disassembly is necessary unless the
muffler or flexible connection is to be replaced.
This being the case, proceed as follows:

5. Remove clamp bolt (26) from mounting strap
(29) and slide strap off end of muffler.

6. Remove clamp bolt (21) from mounting strap
(28) and slip off tail pipe (22).

7. Remove four stud nuts from studs of exhaust
muffler flange and pull flexible connection (12)
free of muffler.

8. Shield (15) and gaskets (14) and (16) will fall
free of studs.

9. Remove two clamp bolts from muffler guard
mounting straps (23) and slide off end of muffler.

10. Tail pipe flange can be removed by taking out
four bolts holding flange to muffler. Remove
gasket.

Replace Exhaust Muffler—The exhaust muffler
may be replaced by reversing the sequence of opera
tions for removal as follows:

1. Replace tail pipe flange by aligning four bolt
holes and bolt flanges together with gasket in
place.

2. Slide muffler guard mounting straps (23) over end
of muffler and secure in place with two clamp
bolts.

3. Place gasket (16), shield (15), gasket (14), and
flange (13) of flexible exhaust pipe (12) in place
on studs of muffler flange. Secure in place with
four lockwashers and four stud nuts.

4. Place mounting strap (28) on tail pipe (22) and
secure in place with clamp bolt (21).

5. Place mounting strap (29) over rear end of
muffler and fasten in place with clamp bolt (26) .

6. Place gasket (7) on manifold flange. Lift muffler
into position and lower flexible pipe (12) through
hole in hood (19) and over four studs (6) of ex
haust manifold (1). Secure in place with four
lockwashers and four nuts.

7. Bolt mounting strap (28) to top of radiator (18)
with two bolts (20) and two lockwashers (10).

8. Bolt mounting strap (29) to top of center hood
support (17) with two bolts (27) and two lock-
washers (10).
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18 17

Fig. 110—Exhaust Muffler Mounting.

1. Exhaust Manifold.
5. Exhaust Lcg— From Each Cylin
der.
6. Stud—Manifold-to-Flange.
7. Gasket—Manifold Flange-to-
Flexible Exhaust Pipe.
9. Flange—Exhaust Pipe—Lower.
10. Lock Washer—Mounting Strap
Bolts

12. Exhaust Pipe—Flexible.
13. Flange— Exhaust Pipe—
Upper.

14. Gasket—Exhaust Pipe-to-
Shield.

15. Shield.
16. Gasket—Shield-to-Muffler.
17. Center Hood Support.
18. Radiator.

19. Front Hood— Exhaust Side.
20. Bolts—Mounting Strap-to-
Radiator.

21. Clamp Boll—Front Mounting
Strop.

22. Tail Pipe.
23. Mounting Strap—Muffler
Guard.

24. Muffler Guard.

25. Muffler.
26. Clamp Bolt— Rear Mounting
Strap.

27. Bolt—Mounting Strap-to-Cen-
ter Hood Support.

28. Mounting Strap to Tail Pipe—

Front.
29. Mounting Strap to Muffler—

Rear.
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VALVE MECHANISM

Fig. Ill— Valve Operating Mechanism.
3. Cam Roller.
4. Cam Follower.
5. Retainer— Follower Spring
Seat.
6. Lock Nut—Push Rod.
7. Bracket—Rocker Shaft.
8. Bolt— Rocker Shaft.
9. Rocker Arm—Valve—Left.
12. Rocker Arm—Injector.
14. Ball Seat— Injecto r Rocker Arm.

16. Rocker Arm—Valve—Right.
21. Clevis— Push Rod.
23. Push Rod.
24. Spring Seat (Upper).
25. Follower Spring.
26. Spring Seat (Lower).
30. Spring— Injector Return.
31. Spring—Exhaust Valve.
32. Spring Cap.

Description—Three drop-forged rocker arms are
provided for each cylinder, the two outer arms
operating the exhaust valves and the center one the
fuel injector, as shown in Fig. 111.

Each set of three rocker arm assemblies operates on
a separate shaft supported by two cast iron brackets.
A single bolt fastens each bracket securely to the
top deck of the cylinder head. Consequently, the
removal of these two bolts and the shaft permits
raising the rocker arm assembly and gives easy
access to the fuel injector and the valve springs.

The injector end of each injector rocker arm is fitted
with a hardened ball stud and a ball seat which
form a universal joint. The ball seat transmits the
rocker arm motion to the fuel injector. The valve
end of each valve rocker arm is hardened and
ground to a cylindrical surface, which bears directly
on the end of the valve stem. The rocker arms are
operated from the camshaft through short push rods,
which permit high speed.

Contact between the cam follower and the cam is
effected by a casa-hardened steel roller, equipped
with steel back bronze bushings, which run di
rectly on a pin in the lower end of the cam follower,
each follower operates in a bore in the cylinder

Fig. 112—Assembly of Exhaust Valves and Guides.
1. Exhaust Valve.
2. Exhaust Valve Spring.
3. Exhaust Valve Guide.
4. Tapered Seat Lock.

5. Valve Spring Cap.
6. Valve Spring Seat.
7. Hardened Valve Seat Insert.

head. A drop-forged steel guide is provided for each
set of three cam followers. This guide, located on the
bottom of the cylinder head, keeps the follower
rollers in line with the cams and also serves as a
retainer during assembly and disassembly. A separ
ate coil spring, located inside of the hollow cam
follower, is held in place in the cylinder head by a
retainer washer and wire locking ring. Fig. Ill
illustrates the various parts of the valve operating
mechanism.

Exhaust Valves—Exhaust valves are silchrome
steel and carefully heat-treated to develop fully the
special properties required for valve service. Each
valve stem is accurately ground to size and hardened
at the end to provide the extreme hardness needed.
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Valve stem guides, made of fine-grained cast iron,
are pressed into the cylinder head and then reamed
for the desired fit in line with the seats.

A straight cylindrical valve spring, made of alloy
steel, is held in place by the valve spring cap and
a tapered two-piece seat lock. Valve springs are pre
vented from rotating by hardened pins extending
through the lower valve seats and engaging the
lower ends of the coils; also, indentations in the
upper spring caps which engage the upper ends oi
the coils.

Lubrication of Valve Operating Mechanism —
The valve operating mechanism is lubricated from a
longitudinal oil passage on the camshaft side of the
cylinder head, which communicates with the main
oil gallery in the cylinder block.

Fig. 113—Adjusting Valve Lash with Tools KMO-324
and KMO-233-B on a Series 77 Engine.

1. Adjusting Wrench—KMO-324.
2. Push Rod.

•3. Lock Nut.
4. Feeler Gauge — KMO-233-B.

Oil from this passage enters the hollow rocker arm
shafts through the rocker shaft brackets and hollow
bolts. Excess oil from the rocker arms lubricate
the valve ends and cam followers, and drains to the
pockets in the cylinder head, from which the cams
are lubricated. (See Fig. 127, Sec. 12.)

Service—Due to the sweep of air from the blower
past the exhaust valves each time the inlet ports are
uncovered, the valves in General Motors two-cycle
Diesel engines run much cooler than the valves in a
conventional gasoline engine; therefore, the atten
tion required by the valves is reduced to a minimum.
Several operations on the valve mechanism may be
performed without removing the cylinder head, while
the head must be removed for certain other oper
ations. The operations not requiring head removal
are:

1. Adjust valve lash (valve clearance).

2. Remove or replace a valve spring.
3. Remove or replace a rocker arm.
4. Remove or replace a rocker arm shaft or shaft
bracket.

It is also possible, if occasion requires, to remove or
replace a cam follower retainer spring, a cam
follower, follower spring, or a push rod, without
removing the cylinder head. These parts, however,
are more easily changed from the lower side of the
cylinder head when the head is off the engine. The
following discussion explains both methods.

The cylinder head should first be removed to perform
the following valve operations:

1. Remove or replace a valve.

2. Remove or replace a valve guide.

3. Recondition valves and valve seats.

Valve Lash Adjustment —Correct valve lash is
important due to the high compression pressure
employed in a Diesel engine.

Too little clearance causes a loss of compression,
missing cylinder, and eventual burning of valves
and valve seats.

Too much clearance between the valve stem and
the valve rocker arm results in noisy operation of the
engine, especially in the idling range.

The correct lash for exhaust valves is .011" GO—
.013" NO GO with engine hot.

Valve lash adjustment may be changed with Tools
KMO-324, KMO-233-B and J-1922 as illustrated in
Fig. 1 13 by loosening lock nut with Tool J-1922 and
turning the push-rod with Tool KMO-324 while the
feeler gauge, KMO-233-B, is held between the end
of the valve stem and the rocker arm. After tighten
ing lock nut again check clearance with feeler
gauge.

The valve lash should be taken on any cylinder
when the injector arm is depressing the injector
plunger for that particular cylinder.

CAUTION: Whenever a push rod has been disconnected
from the push rod clevis, the rod must be screwed back into
the clevis flush with the top of the threaded portion before
the valve lash is checked. If this is not done, the piston may
hit the head of the valve when the crankshaft is being turned,
owing to the small clearance between the valves and piston
head at the piston upper position.

Remove or Replace Rocker Arm or Shaft—
To remove any rocker arm or rocker arm shaft:
1 . Remove valve cover.
2. Disconnect and remove fuel feed lines from in
jector to fuel oil connectors.

3. Remove the two bolts holding the rocker arm
shaft brackets to the cylinder head and re
move brackets and shaft.
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4. Loosen the lock nut at upper end of push rod, next
to clevis, and unscrew the rocker arm from the
push rod.

5. Before replacing rocker arms or parts, inspect
the bushings inside the rocker arms for excessive
wear. Clean out oil holes in rocker arms, hollow
bracket bolt, and rocker shafts with gasoline, or
fuel oil—also use small wire, and dry com
pressed air.

6. Lubricate outside of rocker arm shafts with clean
engine oil and install rocker arms and shafts by
reversing the sequence of operations for removal.

7. Lash valves to .015" with engines cold and re-
lash to .011" GO— .013" NO GO after engine
has heated up to running temperature (at least
140° F. water temperature).

NOTE: After connecting the fuel feed lines to the injector
and the fuel oil connectors, do not install the valve cover
until after the engine has been started and all fuel oil con
nections inspected for leaks. Should fuel oil leak into the
cylinder head and dilute the lubricating oil, the engine bear

ings will be seriously damaged.

Remove and Replace Exhaust Valve Spring
(Cylinder Head Not Removed from Engine)—
An exhaust valve spring may be removed without
removing the cylinder head, as follows:

Fig. 115—Installing Valve Guide with Tool J-1233.

1. Cylinder Head.
2. Valve Guide.

3. Valve Guide Installing Tool No.
J-1233.

1 . Remove valve cover.

2. Crank engine until piston is at top of stroke,
which is indicated when the injector plunger
has traveled downward approximately %".

Disconnect and remove fuel feed lines from3.

injector to fuel oil connectors.

Fig. 114—Compressing Valve Spring to Remove Tapered
Seat Locks with Tools J-1227-1 and J-1227-2

1. Valve Spring Cap.
2. Exhaust Valve Spring.
3. Valve Spring Seat Lock.
4. Valve Stem.

5. Rocker Shaft Bolt
6. Valve Spring Depressor
No. J-1227-1.
7. Sleeve J-1227-2.

Tool

4. Remove the two bolts holding the rocker arm
shaft brackets to cylinder head and remove
brackets and shaft.

5. Depress valve spring with Tools 1-1227-1 and
J-1227-2, as illustrated in Fig. 1 14. To use these
tools:

(a) Install sleeve J-1227-2 on one of the rocker
arm shaft bracket bolts with straight end
of sleeve next to bolt head.

87



TM5-5160 MODELS 6016-E, C, B, D, GENERATOR SETS
SEC. 11

(b) Slide the bolt through hole in end of Tool
J-1227-1, with curved end of sleeve resting
on compressor tool. Screw bracket bolt into
bracket bolt hole in cylinder head adjacent
to spring being removed.

(c) Push on upper end of tool to compress valve
spring, and remove tapered seat locks.

6. Release tool and remove valve spring and
retainer.

7. The valve spring may be replaced by reversing
the sequence of operations for removal.

8. After replacing the valve spring, replace rocker
arm shaft and brackets.

9. Connect fuel feed lines to injector and fuel
connectors.

Fig. 776—Reaming and Cleaning Valve Guides with
Tools J-129-2, .341, and KMO-122.

1. Tap Handle.
2. Finish Reamer Tool J-129-2 on
rough reamer .341.

3. Cylinder Head.
4. Valve Guide Cleaning Tool
KMO-122.

10. Lash valves to .015" with engines cold and re-
lash to .011" GO— .013" NO GO after engine
has heated up to running temperature (at least
140° F. water temperature).

NOTE: After connecting the fuel feed lines to the injector

and the fuel oil connectors, do not install the valve cover

until after the engine has been started and all fuel oil con

nections inspected for leaks. Should fuel oil leak into the

cylinder head and dilute the lubricating oil, the engine bear

ings will be seriously damaged.

Remove and Replace Exhaust Valve Spring
(Cylinder Head Removed from Engine)—When
an exhaust valve spring is being removed with the
cylinder head off the engine, the operation is done
with the same tool as when the head is in place, and

in a similar manner. In order to hold the valves in
place, however, when the spring is being compressed,
the valve heads should rest on a block, which will
raise the cylinder head off the work bench.

Remove Exhaust Valves—The exhaust valves
may be removed as follows:

1. Remove cylinder head. (See Page 72, Sec. 9.)
2. Place the cylinder head on the work bench right
side up, with the valve heads resting on a 2"
thick block of wood, and release the valve spring
by removing the tapered seat lock with Tools
J- 1227-1 and J- 1227-2, as shown in Fig. 114. The
2" thick block is used to protect the cam followers
which project through the lower side of the
cylinder head.

3. Turn the cylinder head over and withdraw the
valves from the bottom.

Clean Valve Guides —After valves have been
removed and cylinder head thoroughly cleaned,
valve guides should be cleaned on the inside diam
eter with Tool KMO-122, as shown in Fig. 116. This
is an expanding device which may be rotated in the
valve guides to remove all gum or other foreign
deposits.

Remove Valve Guides —If inspection shows that
valve guide removal is necessary, they may be
driven out from the bottom of the cylinder head with
Tool J-1233, as shown in Fig. 1 15. To remove, support
cylinder head on blocks a suitable distance above
the work bench, and drive the guide out from the
bottom of the head.

Replace Valve Guides —The valve guides are
installed by driving into place from the bottom of the
cylinder head with the same tool (J-1233) that was
used for their removal. The collar on the tool serves
as a stop for properly positioning the guides in the
head.

Reaming Valve Guides —Valve guides must be
reamed in place after they have been installed in
the cylinder head. This operation is performed with
a roughing and finishing reamer, Tools .341 and
J-129-2, respectively. The roughing reamer should
always be used first, and the hole finished to the
correct dimension with the finishing reamer, as
shown in Fig. 116.

Valve Seat Inserts—Hardened steel valve seat
inserts are shrunk into the cylinder head, and in
order not to damage the head, the inserts must be
removed with a tool provided for that purpose; also,
unless the inserts are installed with care, and accord
ing to certain methods, the results will be unsatis
factory.

When reconditioning valves, the inserts in the
cylinder head should be inspected and, if unsatis-
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factory, they may be removed and replaced, then
ground for proper valve seating, as outlined below.

Remove Valve Seat Inserts—Since valve seat
inserts are shrunk into the cylinder head, a special
tool must be used for their removal. Tool J-1641,
illustrated in Fig. 117, is used for this purpose.

1 . With cylinder head removed, wash in clean
gasoline or fuel oil and dry with compressed air.

2. Lay cylinder head on bench, and insert the collet
of Tool J-1641 inside of valve insert so that lip at
bottom of collet flange is flush with bottom side of
valve insert. While holding collet in this position,
expand same by turning nut at top of tool. Be
swre that flange of collet is firmly entered just below
valve insert.

Fig. 117—Removing Valve Seat 1nserts with Tool J-1641.

1. Collet, Tool No. J-1641.
2. Body, Tool No. J-1641.
3. ThrustBearing, Tool No. J-1641.

4. Screw Head, Tool No. J-1641.
5. Cylinder Head.

3. Slide tool body over top of collet with Allen screw
of body in line with slot below threads on collet.
Turn Allen screw IN to engage slot and lock
screw on collet relative to body.

4. Put thrust bearing over top of collet and on top
of body.

5. Start screw thread of tool head onto collet and
continue to turn until valve insert is pulled from
cylinder head.

Replace Valve Seat Inserts—Particular care
must be exercised when replacing valve seat inserts.

The inserts are installed in the head with a drive-
shrink fit, and must be started in place true with
counterbore in head. This operation is performed
with driver J-1736, as illustrated in Fig. 118. To
install the inserts:

1. See that cylinder head is perfectly clean, par
ticularly the counterbore for inserts.

2. Immerse cylinder head for 30 minutes in water
at temperature of 180° to 200° F.

3. Place cylinder head bottom-side up on bench,
and lay an insert in counterbore —valve side up.

Fig. 118—Replacing Valve Seat 1nserts with Tool J-1736.
1. Tool No. J-1736. 3. Cylinder Head.
2. Valve Seat lnsert.

4. Using Tool J-1736, the lower end of which is
inserted in the valve guide, drive insert down
tight into counterbore.

This operation must be done quickly while the cylinder

head is hot, and the insert must not be allowed to be
come heated before It is driven into place.

5. Grind valve seats and check for concentricity
with valve guide, as outlined below.

Recondition Valves and Valve Seats— Before
either a new or used valve is installed, the seat in
the cylinder head for the valve should be examined
for proper valve seating. Furthermore, if valve once
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Fig. 779—Grinding Hardened Valve Seat 1nserts with
Tool KMO-167-D.

1. Pressure Handle.
2. Depth Regulator.
3. Grinding Stone.
4. Valve Seat lnsert.

5. Cylinder Head.
6. Valve Seat Grinding Tool Set
No. KMO-167-D.

Fig. 720—1ndicating Relative Concentricity of Valve Seat
1nsert with Relation to Valve Guide, Using Tool KMO-167-D.

1. Dial Gauge.
2. Pilot.
3. Valve Seat lndicator, Tool Set
No. KMO-167-D.

4. lndicator Bar.
5. Valve Seat lnsert.
6. Cylinder Head.

used is to be installed again, the valve stem should
be cleaned, and the seat reground to the recom
mended angle of 45 degrees. The valve guide should
be thoroughly cleaned with reamer. If bore in valve
guide is worn oblong, or if valve heads are warped
relative to the stem, the parts should be replaced.
The width of the valve seats in the cylinder head is
%" to %". When new valve inserts are installed, or
old inserts refaced, the work must be done with a
grinding wheel. The ordinary method of reaming
valve seats is ineffective on these engines because of
the very hard valve insert material. The tool recom
mended for this purpose is KMO-167-D, illustrated
in Fig. 119.

Fig. 121—Grinding Wheel Dressing Tool KMO-167-D.
1. Diamond- Point Cutter.
2. Angle Scale.
3. Operating Handle.

4. Adjusting Screw.
5. Dressing Tool Set No. KMO-
167-D.

The 45° grinding wheel is used for refacing the valve
seats, and the 30° and 60° wheels are used for nar
rowing the seats to the standard %" to %" width.
After the valve seats have been dressed with the
grinding wheel, the dial indicator KMO-167-D,
illustrated in Fig. 120, is used to check the concen
tricity of the valve seats relative to the valve guides.
Valve seats should be concentric within .001".
When occasion requires, the grinding wheel may be
dressed to maintain the desired seat angle, with the
dressing tool provided with the grinder set, as
illustrated in Fig. 121.
After the valve seats have been ground, the valves
should be put in place and lapped to perfect seats
with Tool KMO-239, shown in Fig. 122. After lapping,
contact between valves and seats may be checked
by wiping a thin film of Prussian Blue on the valve
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seats, setting valves in place, and bouncing valves
on seats.

Replace Exhaust Valves—The valve guides
heaving been checked or replaced, valves and valve
seats ground and lapped, the valves and springs
may be replaced by reversing the sequence of
operations for removal, as outlined above.

After the valves have been located in their proper
positions in the cylinder head, turn the head, valves
down, with valve heads resting on a wood block,

Fig. 122—topping Valves with Tool KMO-239.
1. Lapping Tool.
2. Exhaust Valve.

3. Suction Cup Drive Head.
4. Cylinder Head.

then compress the valve springs and insert the seat
locks, using Tools J- 1227-1 and J- 1227-2, as illustrated
in Fig. 114. If further service operations are to be
performed on the cylinder head, such as removing
cam followers, etc., such work should be carried out
before the head is installed in the engine. The
cylinder head may be replaced as outlined on
Page 76, Sec. 9.

Remove Cam Followers front the Lower Side
of the Cylinder Head—Cam followers may be
removed from either the top or the bottom of the
cylinder head. When they are removed from the
bottom, cylinder head removal is necessary. When
they are removed from the top, cylinder head

removal is unnecessary. If the cylinder head is off
the engine for any reason, the cam followers can
best be removed from the bottom of the head as
shown in Fig. 123. To remove followers:

1. Remove cylinder head if not already removed.
(See Page 72, Sec. 9.)

2. Lay the cy linder head edgewise on the bench,
as shown in Fig. 123, and remove the two bolts
(29) that attach the cam roller guide to cylinder
head. Remove guide.

3. Pull the cam followers from the bottom side of the
cy linder head.

4. Loosen lock nuts and unscrew push rods from
rocker arm clevises.

5. Pull push rods and retainer spring assemblies
from bottom of cylinder head.

The valve follower spring seat retainers (5), shown
in Fig. 124, still remain in the cylinder head. If the
head is to be changed, these retainers must be
removed; if not, they may be left in place.

Fig. 123—Cam Follower and Retainer Assembly.
4. Follower—Cam Roller. 29. Bolt.
27. Guide—Cam Roller. 30. Cylinder Head.

Inspect Cam Follower Assembly—After the cam
followers have been removed they should be cleaned
in gasoline, blown off with dry compressed air, and
inspected before being assembled into the cylinder
head.

The cam rollers must rotate smoothly and freely. If
cam rollers, bushings, or pins are worn sufficiently
to allow more than .005" radial movement of
roller, the follower assemblies should be renewed.
Rollers must be free from flat spots or scuff marks.
If these exist, or if rollers have not been rotating
freely, examine the cams on which rollers have
operated, and if scuffed, or noses of cams are worn,
replace camshaft.
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Fig. 124—Details of Valve and Injector Operating Mechanism.
1. Pin—Com Roller.
2 Bushing—Cam Roller
3. Cam Roller.
4. Follower—Cam Roller.
5. Retainer—Follower Spring
Seat.
6. Lock Nut— Push Rod.
7. Bracket—Rocker Shaft.
8. Bolt—Rocker Shaft.
9. Rocker Arm—Valve—Left.
10. Hardened Surface.
11. Bushing—Large.
12. Rocker Arm—Injector.
13. Ball—Injector Rocker Arm.
14. Ball Seat—Injector Rocker Arm.
15. Bushing (Large) — Injector
Rocker Arm.

16. Rocker Arm—Valve—Right.
17. Bushing—Small.
18. Oil Hole.
19. Rocker Shaft.
20. Pin— Push Rod Clevis.
21. Clevis— Push Rod.
22. Squared Shoulder for Lash
Adjustment.

23. Push Rod.
24. Spring Seat (Upper)— Follower.
25. Follower Spring.
26. Spring Seat (Lower)—Follower.
27. Guide—Cam Roller.
28. Lock Washer.
29. Bolt.

Rapid change in valve lash, if such condition has
existed, may be due to faulty cam follower assemblies.

NOTE: New or solvent cleaned bushing type cam follower
assemblies must be immersed in clean lubricating oil for at
least five minutes before assembly into cylinder head. This

will insure initial lubrication over the full length of the pin
which is essential to satisfactory follower performance.

Replace Cant Followers from the Bottom Side
of Cylinder Head—To assemble the cam followers
and push rod assemblies from the bottom of cylinder
head:

1. Remove lock nut from upper end of push rod;
then install in turn, over the rod, the lower spring
seat (26), follower spring (25), and upper spring
seat (24). With the spring seat retainer (5) in
place in the cylinder head, slide the push rod
and spring assemblies into position from bottom
of cylinder head. (See Fig. 124.)

Note that the injector rocker arm (the center arm
of the group) is different than the exhaust valve
rocker arms; also, that the boss for the shaft on

Fig. 125—Removing Push Rod from Upper Side of Cylinder
Head with Tool J-1245.

1. Push Rod.
2. Push Rod Remover J-1245.

3. Follower Spring Seat Retainer.
4. Push Rod Lock Nut.

the valve rocker arms is longer on one side of the
arm than on the other. The long side, or end, of
the boss must face the injector rocker arm.

2. Screw nut down on upper end of push rod as far
as possible, and screw push rod into clevis until
end of rod contacts rocker arm.

3. Note the oil hole in the bottom of the follower.
With this oil hole pointing away from the valves,
so that hole is not covered with the follower guide,
and with cam roller crosswise of cylinder head,
slide the followers into position from bottom
of head.

4. Attach follower guide to cylinder head to hold
the group of followers in place.

5. Attach cylinder head to cylinder block. (See
Page 76, Sec. 9.)

6. Lash valves to .015" with engines cold and re-
lash to .01 T GO— .013" NO GO after engine
has heated up to running temperature (at least
140° F. water temperature).

7. Install valve rocker cover.

Remove Push Rod or Cam Follower Without
Removing Cylinder Head—A push rod, a cam
follower, follower spring, spring retainer, and spring
seat may be removed from the top of the cylinder
head by using Tool J-1245, shown in Fig. 125. To use
the tool:
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1 . Remove valve rocker cover.

2. Remove fuel lines from injectors to fuel con
nectors.

3. Remove rocker arm brackets and rocker arm
shaft.

4. Loosen lock nut and unscrew the rocker arm
from the push rod to be removed.

5. Run nut out on push rod so that Tool J-1245 may
be inserted between the nut and the upper spring
seat, with lower end of tool resting on upper
spring seat.

6. Screw nut down on upper end of push rod, thus
compressing follower spring, and relieving spring
retainer.

7. By means of a screwdriver, or similar tool, re
move retainer from cylinder head.

8. Back off on nut at outer end of push rod, releasing
spring.

9. Pull retainers, spring, and cam follower out
through top of cylinder head.

Install Cam Follower, Follower Spring, and
Posh Rod with Cylinder Head Attached to
Block —After removal, and before installing cam
follower and associated parts, inspect cam roller,
follower, spring, and seats, and if these parts are
not in good working condition, replace. After in
spection, the parts may be replaced as follows:

1. With roller on lower end of follower crosswise of
cylinder head and the oil hole in the bottom of
the follower pointing away from the valves, insert
follower into bore in cylinder head.

2. Install lower spring seat (26), follower spring
(25), and upper spring seat (24) on push rod, and
set the assembly down into the cam follower.

3. Screw nut to outer end of push rod, and again
install Tool J-1245 beneath nut on push rod and
against upper spring seat. Screw down on nut,
and compress spring to the point where spring
retainer can be inserted in cylinder head. Par
tially collapse retainer (5) and install.

4. Back off nut at outer end of push rod and remove
tool.

5. Screw lock nut as far as possible down on push
rod, then screw clevis on rocker arm until push
rod touches rocker arm.

6. Replace rocker arm shaft and brackets.

7. Replace fuel lines from injectors to fuel con
nectors.

8. Lash valves to .015" with engines cold and re-
lash to .01 1' GO— .013" NO GO after engine
has heated up to running temperature (at least
140° F. water temperature).

9. After checking fuel lines, with engine running,
to see that there are no leaks, replace valve
rocker cover.
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LUBRICATION SYSTEM

Fig. 726—Schematic Lubrication Diagram (Model "E").
1. Oil Pan.
2. Screen—Oil Pump lntake.
3. Pressure Oil Pump.
4. Valve—Pressure Relief.

5. Oil Strainer.
6. Oil Cooler
7. Main Gallery in Cylinder Block.
8. Oil Filter.

9. By-Pass Valve.
10. By-Pass Around Strainer and
Cooler.

11. Passage to Cylinder Mead
Gallery.

12. Passages to Main Bearings.
13. Oil Pressure Regulator.
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1. Oil Pan.
2. Screen—Oil Pump Intake.
3. Pressure Oil Pump.

Fig. 130—Schematic Lubrication Diagram—Models "B", "C" and "D".

4. Valve— Pressure Relief.
5. Oil Strainer.
6. Oil Cooler.

7. Main Gallery in Cylinder Block.
8. Oil Filter.

9. By-Pass Valve.
10. By-Pass Around Strainer and
Cooler.
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Circulating System— (Model "E.") Fig. 126 gives
•a schematic arrangement of the units and valves
comprising the model "E" circulating system.
Circulation is provided by a gear-driven gear type
pressure pump mounted on Nos. 1 and 2 bearing
caps. An oil strainer (5) is introduced directly into
the system between the oil pump (3) and oil cooler
(6) . All oil from the pump is forced through the strain
er unless the strainer or cooler becomes clogged.
In such case the oil by-passes directly from the pump
to engine lubricating system by means of a spring-
loaded by-pass valve incorporated in the oil cooler
adapter. This valve opens when the pressure dif
ferential between the IN side of the cooler and OUT
side exceeds 40 pounds.

Upon leaving the cooler the oil stream is delivered
to the main gallery in the cylinder block. A pipe
from the main gallery continuously carries a portion
of the oil through an oil (sludge) filter containing a
removable "Military" type S 2N element and thence
to the crankcase.

A pressure regulator is located at the lower rear end
of the cylinder block to maintain a stabilized oil
pressure within the engine at all engine speeds re
gardless of oil temperature.

Circulating System— (Models "B", "C" and "D".)
'The lubrication system used in these models is
schematically displayed in Fig. 130 and consists of
pressure pump (3) with suitable relief valve, oil
-strainer (5), oil cooler (6), and lube oil filter (8).
This system varies from that used in Model "E" in
in that a chain-driven oil pump provides circula
tion. A spring-loaded by-pass valve is attached to the
lower front end of cylinder block and connected to
the oil pump by outlet pipe (15) instead of being
incorporated in the oil cooler adapter.

Also, a cleanable type lubricating oil filter (8) with
temperature control and shut-off valve is used.

Lubricating Oil Distribution Through Cylinder
Block and Bearings—Oil from the cooler is con
ducted by a vertical passage to a longitudinal main

gallery on the blower side of the crankcase. As
shown in Fig. 127, this gallery distributes the oil,
under pressure, to the main bearings, and to a
horizontal, transverse passage at each end of the
cylinder block. From these two horizontal passages,
two vertical bores at each end of the cylinder block
carry the oil to the end bearings of the camshaft and
balancer shaft, as well as to the oil passage in the
camshaft, which conducts the oil to the camshaft
intermediate bearings.

Oil for the lubrication of the connecting rod bear
ings, piston pins, and the cooling of the piston head,
is provided through the drilled crankshaft from the
adjacent forward main bearings. The gear train is
lubricated by the overflow of oil from the camshaft
pocket through a communicating passage into the
flywheel housing. A certain amount of oil spills into
the flywheel housing from the camshaft, balance
shaft, and idler gear bearings. The blower drive gear
bearing is lubricated through an external pipe from
the rear horizontal oil passage of the cylinder block.

A second longitudinal gallery is arranged on cam
shaft side of cylinder head and supplied with oil
from one of the vertical bores at each end of the
cylinder block. Oil from this gallery enters the hol
low rocker arm shafts through the rocker shaft
brackets, hollow bolts, and lubricates the rocker arm
bearings and push rod clevis bearings.

Excess oil from rocker arms lubricates the valve ends
and valve tappets and drains to cam pockets in
cylinder head from which cams are lubricated. As
shown in Fig. 128, after reaching a certain level, this
oil overflows through two holes at each end of the
blower housing, providing lubrication for blower
drive gears at rear end and governor drive gear at
the front. A dam in the blower housing cover main
tains an oil level which submerges the teeth of the
lower blower rotor timing gear. Lubricating oil re
turning from the hydraulic governor lubricates the
governor drive mechanism and blower rotor bear
ings and then returns, through the blower, to the
cylinder block and oil pan.

LUBRICATING OIL PUMPS
The gear type lubricating oil pumps used on Models "B", "C", "D", and "E" are functionally the same and
vary only in method of drive; the "B", "C" and "D" pumps being chain-driven while pump on

Model "E" is driven by means of gears from the crankshaft.

MODEL "E"
•(Note: For description, disassembly and assembly of lubricating oil pump used on Models "B", "C" and "D" refer to Page 106.)

Description—The lubricating oil pump used on
Model "E" and illustrated in Figs. 131 and 135 is

mounted on the first and second main bearing caps

and driven from the crankshaft by means of gears.

An integral plunger-type relief valve contained
within the pressure pump body by-passes oil to the
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3. Pump Body.
4. Valve—Pressure Relief.
13. Drive Shaft.
14. Woodruff Keys.
20. Bushing— Short Drive Shaft.
21. Cover—Oil Pump.

Fig. 131— Lubricating Oil Pump Assembly.

(Model "E")
22. Driven Gear and Bushing 30. Spring— Pressure Relief Valve.
Assembly. 36. Copper Gasket.

23. Drive Gear. 37. Plug— Relief Valve Retaining.
24. Shaft—Driven Gear. 49. Geai—Pump Drive, Driven.
25. Hollow Dowel—Cover-to- 50. Bushings—Long Drive Shaft.
Body.

51. Gear Cavity (Intake Side).
52. Oil Passage (Gear Cavity-to-
Pump Outlet).

53. Oil Passage (By-Pass to Intake
Side of Gear Cavity).

inlet side of the pump when the pressure in the
oil line exceeds 100 pounds, approximately, per
square inch.

An inlet screen is bolted to the third and fourth main
bearing caps and connected to the pump body by
an inlet pipe (19) as shown in Fig. 132. When the
engine is operating, the inlet screen assembly is
below the level of oil in the pan and serves to filter
out any foreign material which might damage the
pump.

Service—Due to the simplicity and ruggedness of
the lubricating oil pump, service operations on the
pump should seldom be necessary. However, certain
connecting rod and main bearing service operations
will require removal of the pump and inlet screen
from the main bearing caps.

Remove Lubricating Oil Pump—When oil pump
removal becomes necessary, it may be accomplished
with the engine on or off the base in the following
manner:

1. Remove drain plug and drain the lubricating oil
from the oil pan.

2. Remove the Oil Pan as Follows:
(a) Completely remove the drain hose located
between oil pan and engine base.

(Item (a) need be done only if the engine is stand
ing on the base.)

(b) Remove the 34 bolts holding pan to cylinder
block, crankshaft front cover, and flywheel
housing.

(c) Pry pan loose from block and maneuver
away from engine and base. Remove all
traces of old gasket.
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2. Screen— Pump lntake.
3. Pump Body.
4. Valve— Oil Pressure Relief.
15. Pipe—Oil Pump Outlet.

Fig. 732— Lubricating Oil Pump Mounting.

(Model "E")
16. Retainer—lntake Screen. 28. Pad Cover.
18. Bracket—Screen. 30. Spring— Relief Valve.
19. Pipe—Oil Pump lnlet. 36. Gasket—Copper.
21. Cover—Oil Pump. 37. Plug— Relief Valve.

49. Gear —Drive, Driven.
55. Bolt— Pump-to-Bearing Cop.
56. Gear—ldler.
57. Bolt—Outlet Pipe Attaching.

3. Unhook oil pump screen retainer (16) and
remove screen (2) from cover.

4. Loosen nuts from two bolts holding screen cover
to inlet pipe and two bolts holding inlet pipe to
pump body. Remove screen cover, inlet pipe and
gasket at pump cover.

5. Remove four bolts (57) and lock washers re
taining outlet pipe (19) to pump body (3) and
cylinder block. Remove outlet pipe together with
gaskets.

6. Loosen pump assembly from main bearing caps
and remove from engine.

NOTE: Check for shims which are used in some cases be
tween legs of pump and bearing caps to assure proper
backlash of .005" to .012" between pump drive gear and
idler gear. Either these shims or an equal number of new
ones must be used when reinstalling pumps on engines

originally equipped with same.

7. Remove inlet support brackets from bearing caps
if work is to be done on main bearings or con
necting rods.

Disassemble Oil Pump —If the oil pump is to be
disassembled for inspection or repairs, the work may
be carried out as follows:
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NOTE: Time will be saved when assembling the oil pump
if careful observation is made of the relative location of all
pump parts when disassembling.

1 . Remove the valve retaining plugs (37) and cop
per gaskets (36) from each side of pump body,
and jar relief valve assembly from body. (See
Fig. 132.)

2. Remove four bolts (55) and lock washers, and
separate pump cover from body.

3. Remove pump driven gear (22) from driven
shaft (24).

4. Support pump body and drive shaft assembly, in
cluding gear, in bench vise; then by means
of a gear puller, pull gear from pump shaft,
as shown in Fig. 133. Remove Woodruff key from
shaft, and withdraw shaft and drive gear
assembly from pump body.

5. If drive gear (23) is to be removed from drive
shaft (13), place gear and shaft assembly on
bed of arbor press with long end of shaft through
slot in bed plate and face of gear resting on
plate as shown in Fig. 134. With arbor on gear
end of shaft and under ram of press, press shaft
from gear.

Fig. 133—Removing Lubricating Oil Pump Drive-Driven Gear
from Shaft with Tool J-1931

(Model "E")
3. Lubricating Oil Pump Body. 43. Wrench—%".
42. Oil Pump Drive-Driven Gear 49. Oil Pump Drive-Driven Gear
Puller Tool No. J-1931.

Inspection of Lubricating Oil Pump Parts—
After washing all lubricating oil pump parts in clean
gasoline, all parts may be inspected before re
assembly.

Fig. 134—Removing Lubricating Oil Pump Drive Gear
from Shaft.

23. Gear—Oil Pump Drive.
44. Arbor Press.

45. Arbor or Steel Rod.

The principal wearing parts of the lubricating oil
pump are the gears. If the oil has been kept clean
the wear of these parts will be very slow. If

,

however,
dirt and sludge have been allowed to accumulate
in the lubricating system, oil pump gear wear may
be rather pronounced in a comparatively short time.
The oil pump, as well as the other wearing parts of
the engine, should be protected against abuse by
diligent attention to "Oil Filter Service," as out
lined on Pages 113 and 115.

Before assembling pump examine gear teeth, inside
of gear housing, and shaft bearings for wear. If gear
teeth are scored, or apparently much worn, replace.

If gear housing is scored, the pump body and cover
should be replaced. Gears should form a free run
ning fit inside housing with no perceptible looseness
for an efficient oil pump. Badly worn pump parts
will result in low engine oil pressure.

Inspect seat and plunger of by-pass valve (4), and
change if necessary.

Assemble Lubricating Oil Pump—Using new
parts where necessary, refer to Fig. 135, and as
semble the oil pump as follows:

1
. If drive gear (23) was removed from shaft (13),

lubricate the shaft and replace the gear, using
an arbor press in a manner similar to that shown
in Fig. 134. Start Woodruff key (14) into place be
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2. Screen—Pump Intake.
3. Pump Body.
4. Valve—Oil Pressure Relief.
13. Drive Shaft.
14. Woodruff Keys.
15. Pipe—Oil Pump Outlet.
16. Retainer— Intake Screen.
17. Cover—Screen.

Fig. 135— Lubricating Oil Pump Details and Relative Location of Parts.

(Model "E")
18. Bracket—Screen. 25. Dowel—Cover-to-Body. 36.
19. Pipe—Oil Pump Inlet. 26. Shims. 37.
20. Bushing—Drive Shaft. 27. Gasket—Inlet Pipe. 49.
21. Cover—Oil Pump. 28. Pad Cover. 54.
22. Driven Gear and Bushing 29. Gasket—Pad Cover. 55.
Assembly. 30. Spring— Relief Valve. 56.

23. Drive Gear. 35. Gasket—Outlet Pipe. 57.
24. Shaft—Driven. 58.

Gasket—Copper.
Plug— Relief Valve.
Gear—Drive-Driven.
Bolt—Pump Cover.
Bolt— Pump-to-Bearing Cap.
Gear — Idler.
Bolt—Outlet Pipe Attaching.
Boll Bracket- to-Bearing Cap.

fore pressing gear onto shaft. Gear must be posi
tioned 61%" from end of shaft, having keyway as
shown in Fig. 136.

2. Position drive gear and shaft assembly in pump
body and driven gear and bushing assembly (22)
over driven gear shaft (24).

3. Set pump cover (21) in place on dowels (25) and
fasten with four bolts and lock washers. No
gasket is used tet ween body and cover.

4. Support the drive shaft end projecting through
pump cover on the bed of an arbor press and
with Woodruff key (14) in place in shaft, press
pump driven gear (49) onto shaft. Hub side of
gear should face away from pump body. Insert
a .005" feeler ribbon between driven gear and
pump body to properly position gear on shaft and

press gear up to pump body just far enough to
allow .005" feeler to be readily slipped from place.

NOTE: A sleeve, hollowed to fit over hub of driven gear and
a brass hammer may be used for positioning gear if arbor
press is not available.

5. Screw relief valve plug (37), with copper gasket
(36), into place at side of pump body opposite
inlet opening. Then assemble valve (4) and spring
(30) into bore at inlet side of pump body as
shown in Fig. 132.

6. If pad cover (28) and gasket (27) were removed
from pump body, replace them and fasten with
two bolts and lock washers.

NOTE: Pump musf turn freely after assembly. If bind exists,
it must be removed before pump is replaced on engine.
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Fig. 136— Lubricating Oil Pump Drive Shaft and
Gear Assembly.

13. Drive Shaft. 23. Drive Gear.

Remove Lubricating Oil Pump Driving Gear
front Crankshaft —With the engine removed
from the base and the oil pan and lubricating oil
pump removed, the oil pump driving gear may be
removed from the crankshaft as follows:

1. Remove crankshaft front cover. (See "Remove
Crankshaft Front Cover Assembly," Page 40,
Sec. 5.)

2 . Remove oil slinger .
3. Using Tool J-1931, and puller jaws, as illustrated
in Fig. 137, pull pump driving gear from front end
of crankshaft as follows:

(a) Screw cone retainer bolt in tapped hole of
crankshaft.

49

(b) Attach jaws to body J-1931 and locate point
of puller screw in center hole of retainer
bolt.

(c) Turn puller screw clockwise, removing gear
from crankshaft.

4. Remove Woodruff key from crankshaft.

Replace Oil Pump Driving Gear on Crank
shaft—The lubricating oil pump driving gear (49)
may be driven on front end of crankshaft by using a
hollow pipe over end of crankshaft and up against
gear, as shown in Fig. 138, as follows:

1. Install Woodruff key in crankshaft, if key was
removed.

2. Position gear so that chamfer on hub is toward
main bearing cap and start gear on shaft and
over key.

3. Using a hollow pipe, as illustrated in Fig. 138,
drive gear tight against shoulder on crankshaft.

4. Replace oil slinger (4), illustrated in Fig. 50, Sec.
5, with dished outer diameter away from gear.

5. Replace crankshaft front cover as outlined in
Sec. 5.

Install Lubricating Oil Pump Assembly—
Refer to Fig. 132 and install the oil pump to bearing
caps as follows:
1 . Hold pump assembly against main bearing caps
so that pump shaft drive gear meshes with idler
gear on crankshaft front cover.

2. Insert four bolts (55) with lock washers through
legs of pump and into bearing caps. Pump must

Fig. 137—Removing LubricatingOil Pump Driving Gear from
Crankshaft with Tool Body J-1931 and Puller Jaws.

(Model "E")
41. Crankshaft. 49. Oil Pump Drive, Driving Gear.
42. Oil Pump Drive Driving Gear
Removing Tool No. J-1931.

Fig. 738—Replacing Lubricating Oil Pump Driving Gear on
Crankshaft.

(Model "E")
49. Oil Pump Drive, Driving Gear. 50. Hollow Pipe.
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be correctly aligned with teeth of driven gear
and idler gear parallel; then, tighten bolts and
check backlash between the gears with a
feeler gauge. Proper backlash is .005" to .012".

NOTE: 1f engine was originally equipped with shims be
tween legs of pump and bearing caps, replace old shims
or an equal number of new ones. Also, if bind exists be
tween the driven and idler gears with pump locked in
correct position, insert same number of shims under each
leg of pump to obtain proper backlash. The addition or
removal of a .005" shim at each leg will change the
backlash .0035".

3. Using new gaskets at each end, attach outlet
pipe (15) to pump body and cylinder block with
four bolts and lockwashers. Tighten bolts alter
nately so that pipe is free from strain.

CAUT1ON: The two bolts for oil outlet pipe-to-pump body
must not exceed V»" in length.

4. Position pump screen brackets (18) on the correct
main bearing caps and with lock washers on
bolts, start bolts in place. Do not tighten.

5. Using new gasket (27) at pump end, secure oil
inlet pipe to pump body.

6. Set screen cover (17) over casting at outer end
of oil inlet pipe (19) and bolt to casting and
brackets. Tighten inlst brackets (18) to bearing
caps.

Fig. 139—Checking Oil Pump Driving Gears for Lash on
the Series 71 Engine.

7. Attach oil screen (2) and lock in place with wire
retainer (16).

8. Re-check all bolts for tightness to make sure there
will be no oil leaks in connection with the pump
installation.

9. Replace oil pan and supply the proper viscosity
oil to the prescribed oil level as indicated on oil
gauge stick. (See "Lubricating Oil Specifica
tions," Page 122.)

MODELS "B" "C" AND "D"
NOTE: For description, disassembly and assembly of lubricating oil pump used on Model "E" refer to Page 100.

Description—The lubricating oil pump used on
Models "B", "C" and "D" and shown in Figs. 140
and 141 is mounted on the first and second main
bearing caps and driven by a roller chain from a
drive sprocket on the crankshaft.

An integral plunger-type relief valve by-passes ex
cess oil to the inlet side of the pump when the
pressure in the oil lines exceeds 60 pounds per
square inch. This corresponds to about 40 pounds
per square inch at the rear of the oil manifold.

An inlet pipe, bolted and gasketed to the inlet open
ing in the pump body, leads to the inlet screen which
is bolted to the third and fourth main bearing caps.
When the engine is operating, the inlet screen assem
bly is below the level of oil in the oil pan and serves
to filter out any foreign material which might damage
the pump.

The by-pass valve, enclosed in a cast housing which
is bolted to the lower face of the cylinder block and
serves as a terminating point for the pump outlet
pipe, protects the engine by allowing lubricating oil
from the pump to go directly to the oil galleries in

the cylinder block in case the oil strainer or cooler
becomes plugged.

Service—Service operations on these pumps vary
somewhat from those applicable to Model "E" due
to the use of a by-pass valve between the pump and
oil gallery.

Remove Lubricating Oil Pump—When oil pump
removal becomes necessary, it may be accomplished
with the engine on or off the base in the following
manner:

1 . Remove drain plug and drain the lubricating oil
from the oil pan.

2. Remove the Oil Pan as Follows:
(a) Completely remove the drain hose located
between oil pan and engine base.

(b) On Models "B" and "D" it will be neces
sary to remove the fuel oil line leading to the
air heater to facilitate removal of the
oil pan.

NOTE: 1tems (a) and (b) need be done only if the engine
is mounted on the base.
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Fig. 140— Lubricating Oil Pump Assembly.

3. Pump Body.
4. Valve—Pressure Relief.
12. Sprocket—Driven.
13. Drive Shaft.
14. Woodruff Keys.
15. Passage—Oil Pump Outlet.

(c)

20. Bushing— Short Drive Shaft.
21. Cover—Oil Pump.
22. Driven Gear and Bushing
Assembly.

23. Drive Gear.
24. Shaft—Driven Gear.

(Models "B", "C" and "D")
25. Hollow Dowel—Cover-to-
Body.

30. Spring—Pressure Relief Valve.
36. Copper Gasket.
37. Plug— Relief Valve Retaining.
50. Bushings— Long Drive Shaft.

51. Gear Cavity (Intake Side).
52. Oil Passage (Gear Cavlty-to-
Pump Outlet).

53. Oil Passage (By-Pass to Intake
Side of Gear Cavity).

5.

6.

Remove the 34 bolts holding pan to cylinder
block, crankshaft front cover, and flywheel
housing.

(d) Pry pan loose from block and maneuver
away from engine and base. Remove all
traces of old gasket.

Unfasten oil pump screen retainer and remove
screen from cover.

Loosen nuts from two bolts holding screen cover
to inlet pipe and two bolts holding inlet pipe to
pump body. Remove screen cover, inlet pipe and
gasket at pump cover.

Remove two bolts and lockwashers retaining by
pass valve housing to cylinder block, also two
bolts and lockwashers retaining oil outlet pipe to
pump body. Remove oil outlet pipe and by-pass
valve assembly, together with two gaskets.
Loosen pump assembly from main bearing caps
and then, tipping rear of pump to free sprocket

from drive chain, remove pump assembly from
engine.

7. Remove inlet support brackets from bearing caps
if work is to be done on main bearings or con
necting rods.

Disassemble, Inspect Parts, and Assemble
Oil Pump—If the oil pump used on Model "B",
"C" or "D" is to be disassembled for inspection or
repairs, the work may be carried out and pump
reassembled by following the same procedure given
for oil pumps used on Model "E" on Page 102.

NOTE: A driven sprocket is used on Models "B", "C" and
"D" pumps in place of driven gear (49) shown in Fig. 131.

NOTE: Before assembling an oil pump used on Model
"B", "C" or "D", observe relative location of parts shown
in Fig. 142.

Remove Lubricating Oil Pump Drive Sprocket
and Chain from Crankshaft—With the engine re-
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Fig. 141— Lubricating Oil Pump Mounting.

(Models "B", "C" and "D")
2. Screen— Pump Intake.
3. Pump Body.
4. Valve—Oil Pressure Relief.
5. Strainer—Lubricating Oil.
6. Housing—Oil Cooler.

9. Valve—By-Pass.
1I . Chain—Oil Pump Drive.
15. Pipe—Oil Pump Outlet.
16. Retainer—Intake Screen.

18. Bracket—Intake Screen Sup
port.

19. Pipe—Oil Pump Inlet.
30. Spring— Pressure Relief Valve.
36. Gasket—Copper.

37. Plug— Pressure Relief Valve.
38. Cylinder Block.
39. Main Bearing Caps.
40. Connecting Rod.
41. Crankshaft.

moved from the base and the oil pan and lubricating
oil pump removed, the oil pump drive sprocket and
chain may be removed from the crankshaft as follows:

1 . Remove crankshaft front cover. (See "Remove
Crankshaft Front Cover Assembly," Page 40,
Sec. 5.)

2. By means of a screwdriver inserted behind drive
sprocket as shown in Fig. 143, slide the drive
sprocket (49), oil slinger (47), and spacer (48),
off end of crankshaft. Drive chain may be held
onto the sprocket to facilitate removal. Remove
Woodruff key from crankshaft.

Replace Lubricating Oil Pump Drive Sprocket
and Chain on Crankshaft—

1 . The inner diameter of the crankshaft sprocket for
driving the oil pump is chamfered at one end.
This chamfered end must set next to the crank
shaft main bearing. With Woodruff key in place,
slide the sprocket (49) into position over crank
shaft and drop chain (11) over sprocket. (See
Fig. 144.)

2. Slide the oil slinger (47) over crankshaft with
dished side away from sprocket.

Do not put spacer next to oil slinger until after
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Fig. 142— Lubricating Oil Pump Details and Relative Location of Parts.
(Models "B", "C" and "D")

2. Inlet Screen.
3. Body.
4. Relief Valve.
9. Housing—By-Pass Valve.
11. Chain—Oil Pump Driving.
12. Sprocket—Driven.
13. Drive Shaft.
14. Woodruff Keys.
15. Pipe—Oil Pump Outlet.
16. Retainer—Screen-to-Cover.

17. Cover— Inlet Screen.
18. Bracket—Oil Pump Screen.
19. Pipe—Oil Pump Inlet.
20. Bushing—Short, Drive Shaft.
21. Pump Cover.
22. Driven Gear and Bushing
Assembly.

23. Drive Gear.
24. Shaft—Driven Gear.

25. Hollow Dowels— Body-to-
Cover.

26. Shims.
27. Gaskets—Pad Cover (or Inlet
Pipe)-to-Pump Body.

28. Pad Cover.
29. Gasket—Outlet Pipe-to-Pump
Body.

30. Spring— Relief Valve.

31. Valve— By-Pass.
32. Copper Gasket—By-Pass
Valve.

33. Spring— By-Pass Valve.
34. Plug—By-Pass Valve Retain
ing.

35. Gasket—By-Pass Valve Hous-
ing-to-Cylinder Block.

36. Copper Gasket—Relief Valve.
37. Plugs—Relief Valve Retaining.

the front cover has been put in place. The oil
seal in front cover may be damaged if slid over
the spacer. (See Fig. 49, Sec. 5.)

3. Slide the crankshaft front cover into position over
dowel pins and secure with lockwashers and
bolts. Note different sizes and different lengths of
bolts are used in the cover.

4. Slide the spacer (48) over crankshaft, through
the oil seal in cover, and up against the oil
slinger (47) as shown in Fig. 51, Sec. 5. See that
the outer diameter of the spacer is smooth, as
this surface rubs on the oil seal to prevent oil
leaks through the cover.

Replace Lubricating Oil Pump—With main
bearing caps in place and the pump drive chain in

position on the crankshaft sprocket, the lubricating
oil pump may be installed as follows:
1. Set pump assembly in place on bearing caps
with drive chain around drive and driven
sprockets. Insert .005" shims (26) (Fig. 142) under
pump feet to give proper chain tension, and then
secure pump in place with four bolts and lock-
washers. Tighten bolts finger tight only until after
inlet and outlet pipes have been connected.

2. Using new gasket, attach by-pass valve (9) to
cylinder block with two lockwashers and bolts.

3. Using new gasket at each end, attach oil outlet
pipe (15) to by-pass valve body and oil pump
body, with two lockwashers and bolts at each end.

CAUTION: The two bolts for oil outlet pipe-to-pump body
must not exceed 7/»" in length.
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Fig. 743—Removing Lubricating Oil Pump Drive Sprocket
from Crankshaft.

(Models "B", "C" and "D")
11. Chain—Oil Pump Drive. 48. Spacer.
41. Crankshaft. 49. Sprocket—Oil Pump Drive.
47. Oil Slinger.

4. Position inlet brackets (18) on the correct main
bearing caps and with lockwashers on bolts,
start bolts in place. Do not tighten.

5. Using new gasket (27) at pump end, secure oil
inlet pipe to pump body.

6. Set screen cover (17) over casting at outer end
of oil inlet pipe (19) and bolt to casting and
brackets. Tighten inlet brackets (18) to bearing
caps.

Fig. 144—Replacing Lubricating Oil Pump Drive Sprocket
on Crankshaft.

(Models "B", "C" and "D")
11. Chain—Oil Pump Drive.
41. Crankshaft.

47. Oil Slinger.
49. Sprocket— Oil Pump Drive.

7. Attach oil screen (2) and lock in place with wire
retainer (16).

8. Re-check all bolts for tightness to make sure there
will be no oil leaks in connection with the pump
installation.

9. Replace oil pan and supply the proper viscosity
oil to the prescribed oil level as indicated on oil
gauge stick. (See "Lubricating Oil Specifica
tions," Page 122.)

LUBRICATING OIL PRESSURE REGULATOR VALVE
Description —Stabilized lubricating oil pressure is
maintained within the engine at all speeds, regard
less of oil temperature, by means of a regulator valve
located at the rear end of the cylinder block and at
the termination of the oil gallery, as shown in Fig.
145.

The regulator valve assembly consists of a hollow
piston-type valve, a compression spring, a plug to
retain the spring and a valve body.

The valve is held on its seat by the spring, which is
held in compression by the plug screwed into the
valve opening in the valve body. The entire assem
bly is bolted to the lower flange of the cylinder block
and sealed against oil leaks by a gasket between the
two members. When conditions are such that the oil
pressure at the valve exceeds 45 pounds per square
inch, the valve is lifted from its seat and oil from the
engine gallery is by-passed to the engine crankcase.

Thus stabilized lubricating oil pressure is main
tained at all times regardless of oil temperature.

Service—Under normal conditions, the pressure
regulator valve should require very little attention.
If the lubricating system has been allowed to sludge
up, the regulator valve may not work freely, thereby
remaining open or failing to open at the normal
operating pressure.

Whenever the lubricating oil pump is removed for
inspection, the regulator valve and spring assembly
should also be removed, thoroughly cleaned in fuel
oil and inspected.

The valve assembly may be removed from the cyl
inder block and the valves from the body as outlined
below.

Remove Oil Regulator Valve Assembly from
Cylinder Block—To remove the regulator valve
assembly from the cylinder block:
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1.

2.

Remove the two valve body-to-cylinder block bolts
and lock washers.
Strike lower end of valve body lightly to separate
body from gasket and cylinder block. Remove
gasket.

Disassemble Oil Regulator Valve The regulator
valve may be disassembled as follows:
1. Clamp flange of valve body in bench vise and
remove plug from valve body.

2. Remove spring and valve from valve body.

Inspection —After removal and before assembly,
the regulator valve body and parts should be thor
oughly cleaned in fuel oil, oil passages cleaned,
parts and passages dried with compressed air, then
parts inspected before assembly.
All oil passages must be open and the valve free
from score marks. The valve must move freely in the
valve body.

Assemble Oil Regulator Valve All parts hav
ing been cleaned and inspected, refer to Fig. 145 for
relative location and position of parts and assemble
the lubricating oil regulator valve as follows:
1 . Apply some clean engine oil to outside of valve
(6) and position valve in valve body (3) with open
end of valve towards threaded end of valve
opening.
Put spring (7) inside valve (6), and while com
pressing spring, start plug (8) into valve body.
Tighten plug.

Attach Oil Regulator Valve Assembly to Cyl
inder Block—After assembly, and by reference to
Fig. 145, the lubricating oil regulator valve may be
attached to the cylinder block as follows:

2.

Fig. 145—Lubricating Oil Pressure Regulator Valve Mounting
and Details of Parts.

(Model "E")
1. Gasket Cylinder Block-to- 5. Lock Washer.
Valve Body. 6. Regulator Valve.
3. Regulator Valve Body. 7. Spring— Regulator Valve.
4. Bolt. 8. Plug— Valve Body.

1 . Remove all traces of old gasket from valve body
and cylinder block.

2. Affix new gasket (2) to regulator valve body so
that opening in gasket registers with hole in body.

3. Attach body to cylinder block with two bolts (4)
and lock washers (5). Draw body tight against
gasket.

LUBRICATING OIL STRAINER
Description —Shown in Fig. 146 is the oil strainer
used on the engine and attached to the lubricating

2 3

7.

Fig. 146— Lubricating Oil Strainer Assembly.
1. Housing.
2. Retainer Gasket.
3. Retainer.
4. Housing Gasket.
5 Element Assembly (Strainer).

6. Retainer Bolt.
7. Retainer Bolt Washer.
8. Drain Plug.
9. Oil Cooler Adaptor.

oil cooler adaptor (9). The strainer is introduced in
the lubricating system between the oil pressure pump
and the oil cooler so that all the warm oil delivered
by the pump passes through the strainer before it
passes through the cooler.

The strainer assembly consists of a housing (1) in
side of which is carried a strainer element (5)
(cleaner). These are held in position by a retaining
bolt (3) passing through the end of the housing,
through the center of the strainer element and screw
ing into the short retaining bolt (6) which passes
through the adaptor. Sealing washers (2) and (7)
are assembled under the heads of both bolts.
Operation—Oil discharged from the pressure pump
is introduced inside the housing and surrounds the
strainer. The .005" openings in the strainer permit
the clean oil to pass to the inside of the element while
any particles larger than the openings in the strainer
are retained on the outer surface.
Clean oil, leaving the chamber inside the screen,
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1. Housing.
2. Retainer Gasket.

Fig. 747— Lubricating Oil Strainer Details and Relative Location of Parts.
3. Retainer. 5. Element Assembly (Strainer). 7. Washer—Retainer Bolt.
4. Housing Gasket. 6. Retainer Bolt. 8. Drain Plug.

9. Adaptor —Oil Cooler.

passes out the opening at the lower end from where
it is forced through the oil cooler by the pump
pressure.

Service—The main purpose of the oil strainer is to
trap any particles that might pass through the screen
in the oil filler spout before such particles reach the
engine bearings and cause trouble. In addition to
being a collector of foreign particles, it is also a re
liable indicator of the suitability of the oil used in the
Diesel engines. Whenever the strainer coats up
rapidly with carbon and sludge deposits, such coat
ing usually indicates that unsatisfactory lubricating
oil is being used.

Cleaning Lubricating Oil Strainer—Lubricating
oil strainer should be reconditioned at each lubri
cating oil renewal period. This will be each 128 hours
of operation.

To clean the strainer refer to Fig. 147 and:

1. Remove plug (8) and drain oil from strainer
housing (1).

2. Loosen retainer (3) at the small end of the
strainer housing by turning counter-clockwise
on the acorn bolt head.

3. Pull housing (1), strainer (5), retainer (3) and

retainer gasket (2) away from oil cooler adap
tor (9).

4. Remove strainer element from retainer and
thoroughly wash inner and outer surfaces by
rinsing in clean fuel oil. Do not use stiff wire brush
for cleaning. Fine wire or bristle brush will be
satisfactory. Be sure strainer is clean before replac
ing.

5. Remove all sludge from inside of housing (1).
6. Examine large circular composition gasket (4)
—embedded in oil cooler adaptor—against
which the strainer housing seats. If gasket is
damaged so that tight seal cannot be main
tained between gasket and housing, replace
gasket.

7. Position strainer collar (5) into oil cooler
adaptor (9).

8. Install new gasket (2) under head of retainer
(3) and insert retainer through small end of
housing (1).

9. Set housing into adaptor and against gasket.
Tighten housing in place by turning acorn head
of retainer while holding retainer bolt (6).

10. Replace oil drain plug (8).
11. After starting engine, check for oil leaks.

LUBRICATING OIL FILTER
An oil filter is introduced into the lubricating system
through which a portion of the lubricating oil is
forced before returning to the engine crankcase.
This continuous filtering of the oil removes solids

and moisture from the system as long as the filter is
properly serviced. The filter assembly is mounted on
the manifold side of engine and connected to the
crankcase by inlet and outlet tubes.
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MODEL "E"
(NOTE: For description and service of lubricating oil filter used on Models "B", "C" and "D" refer to Page 114).

Fig. 148— Lubricating Oil Filter Mounting.

(Model "E")
I 9. Filter Housing. 26. Outlet Tube.
24. Inlet Tube. 29. Filter Base.

30. Valve— Shut-Off.

Description—The replaceable-element lubricating
oil filter assembly used on Model "E" consists of two
"Military" type S 2N elements (32), each contained
in a separate steel housing (19) and mounted on a
combination mounting bracket and base (29) as
shown in Figs. 148 and 149. When the housing is
in place, the filter element is restrained from move
ment by a coil spring (36) at the top. A hollow center
stud (34) serves as outlet passage from filter as well
as to retain housing to base.

Operation—The lubricating oil to be filtered is forced
by pump pressure through inlet tube (24) from oil
gallery to annular space (31) surrounding the filter
element. Impurities are absorbed within the element
(32) as the oil is forced through and into the central
chamber (33).

Tee passages in upper end of hollow center stud
(34) permit oil to flow in hollow passage (35), thence
to filter base. Passages within the base route the
oil to the second filter (that nearest air heater) and

36

Fig. 149— Lubricating Oil Filter Assembly.

(Model "E")
12. Drain Plug. 34. Center Stud.
19. Filter Housing. 35. Hollow Passage
29. Base. 36. Coil Spring.
31. Annular Space. 37. Housing Gasket.
32. Element. 38. Stud Gasket.
33. Central Chamber.

it is filtered again in the same manner as above and
returned to crankcase by outlet tube (26).

Service—Used elements cannot be cleaned by a
solvent wash or reverse flow, but must be replaced
at periodic intervals. As the life of a filter depends
upon engine operating conditions and character
istics of the lubricant, the time interval between
element renewals cannot be arbitrarily established.

The elements should be replaced when the color
of the lubricant begins to darken from sludge and
always at the time crankcase is drained. Also see
Lubrication Chart, Sec. 21.

Replace Filter Elements—Refer to Figs. 149 and
150 and install new S 2N elements as follows:
1. Close inlet valve (30) and drain lubricant from
filter assembly by removing drain plug (12) at
bottom of base (29) .

NOTE: Closing of inlet valve (30) permits replacement of
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1. Valve— By-Pass.
7. Outlet Elbow.
12. Drain Plug.
19. Housing.

Fig. 150— Lubricating Oil Filter and Details and Relative Location of Parts.

(Model "E")
21. Mounting Bolt. 32. Element. 37. Housing Gasket.
29. Base.
30. Valve -Shut-Off.

34. Center Stud.
36. Coil Spring.

38. Stud Gasket
39. Bushing

used elements by new ones either while engine is running
or shut down.

2. Remove filter housing (19) and element (32)
by backing out on center stud (34).

3. Withdraw used element from housing and install
new element on center stud.

4. Remove and discard old gasket (37) and install
a new one.

5. With element properly positioned on center stud
within housing (19), replace on base and tighten
center stud being sure not to damage gaskets (37)
and (38).

6. Replace drain plug (12) and open shut-off valve

(30).

7. Start engine and observe for oil leaks.

"E",
NOTE: For description and service of lubricating oil filter used on Model "E" refer to Page 113.

MODELS "B", "C" and "D"

Description—A Model E-712-C lubricating oil filter
is mounted on the exhaust manifold side of the cyl
inder block near the flywheel housing, as shown in
Fig. 151. Two supporting bands (17), firmly clamped
about the filter body (19), are securely fastened to
the cylinder block (27) by means of bolts (21),
washers (22), and spacers (20). The filter inlet tube
(24) supplies oil from the engine oil gallery, through
shut-off valve (23), to the inlet elbow (1 1) at the bot
tom of the filter. Clean oil is discharged from the top
of the filter, through control valve (6) and returned
to the engine oil pan through outlet tube (26) .

This by-pass type filter (continuously filtering a small
portion of the lubricating oil during engine opera
tion) has a cleaning element consisting of a group
of circular filter packs (10) as shown in Fig. 152.
Each pack is made up of a quantity of thin paper
discs stacked on coiled springs (8) fastened to the
division plate (2). The springs retain the discs under

compression, restricting the flow of oil to the extent
that only the clean oil passes between the discs, the
impurities being deposited on the outer edges of
the discs.

Operation—Oil from the engine oil gallery enters
the steel body (19), passes between the thin paper
discs (10), up the hollow center of the packs and
through the division plate (2). From the space be
tween the cover (18) and the division plate (2), the
clean oil passes through oil outlet nipple (3), control
valve (6), oil outlet (7), and the outlet tube and into
the crankcase.

A small amount of oil, the flow of which is regulated
by the control valve (6), is permitted to by-pass the
filter packs after entering the steel body. The reg
ulated flow determines the operating temperature of
the filter, and this temperature should be as close as
possible to that of the oil in the engine. Hot oil is
more effectively filtered than cool oil, the con
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6. Control Valve.
7. Oil Outlet.
11. Oil lnlet.
12. Plug—Oil Drain.

Fig. 757— Lubricating Oil Filter Mounting.

(Models "B", "C" and "D")
17. Mounting Bracket. 21. Bolt—Mounting Bracket.
18. Cover. 22. Lock Washar.
19. Steel Body. 23. Shut-Off Valve.
20. Spacer—Brocket-to-Block. 24. lnlet Tube.

25. Elbow—Outlet Tube-to-
Crankcase.

26. Outlet Tube.
27. Crankcase (Cylinder Block).

laminating solids being more readily separated from
the thinner liquid. Under ordinary conditions, the
needle valve should be open 1

/2 turn. Lower filter
operating temperatures indicate that the valve by
pass opening is clogged. In this event close valve,
then open 1

/3 turn.

The filter is bolted to the side of the engine crank-
case, as shown in Fig. 151, and connected, on the
intake side, from the engine oil gallery and, on the
discharge side, to the engine crankcase. The clean
ing element in this filter consists of a group of circular
filter packs, made up of a quantity of thin flexible
discs assembled on a head and stacked on circular
springs, which place the discs under compression.
These filter packs are contained inside a steel body
and mounted to the filter cover.

Service—Due to the impurities collecting on the
edges of the filter, the rate of oil flow slows up
gradually and it becomes necessary to remove the
collected impurities from the edges of the paper
discs. The time between cleaning is determined
entirely by the condition of the engine and the service

under which the engine is operated. Normally, clean
ing is advised every 128 hours of engine operation.

The normal life of the flexible paper filter discs or
pack is a year or more. If when the packs are being
cleaned by compressed air or when cleaning with
a brush, a crack in the pack is noticed, which
might be due to a torn flexible disc, the complete
pack unit should be changed. If the oil is not properly
cleaned during the normal operation of the engine,
and when frequent cleaning or blowing does not
restore the filter to its original filtering capacity, the
packs should be renewed.

Filter packs may be cleaned or renewed while the
unit is operating by closing the valve in the filter
inlet tine. This valve is located in the fitting next to
the cytinder block. Closing this valve stops all oil
flow to the filter assembly.

Cleaning Lubricating Oil Filter —

1
. Close shut-off valve (23), Fig. 151.

2. Remove drain plug (12) from bottom of steel body
(19) and drain out all oil and sludge.
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2 1

3 4

12

Fig. 152— Lubricating Oil Filter Assembly.
1. Valve—Air Relief.
2. Division Plate.
3. Nipple—Oil Outlet.
4. Gasket—Plate-to-Cover.
5. Gasket—Plate-to-Body.
6. Control Valve.
7. Oil Outlet.

8. Spring—Pack Compression.
9. Holder—Compression Spring.
10. Filter Pack.
11. Oil Inlet.
12. Plug—Oil Drain.
19. Steel Body.

3. Remove wing nuts at the top of the filter and lift
the complete assembly out of the steel body.

4. Filter packs may be cleaned as follows:
(a) When air pressure is available, attach
Schroder connection with a clip to the small
oil outlet located between the filtering packs
on the underside of the division plate. Allow
the air to blow through the filtering packs at
least ten minutes. The cake of impurities will
slide off the packs. When white foam appears
the entire length of the packs, they are clean,
and have been subjected to blowing for a
sufficient length of time. (See Fig. 154.)

12

17

Fig. 753— Lubricating Oil Filter Details and Relative
Location of Parts.

8. Spring— Pack Compression.
10. Filter Pack.
11. Oil Inlet.
12. Plug—Oil Drain.
17. Mounting Bracket.
18. Cover.

1. Valve— Air Relief.
2. Division Plate.
3. Nipple—Oil Outlet.
4. Gasket—Plate-to-Cover.
5. Gasket— Plate-to-Tank.
6. Control Valve.
7. Oil Outlet.

(b) If compressed air is not available, use
scraper and brush furnished with the equip
ment. Scrape off the heavy cake of solids
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Fig. 154—Cleaning Lubricating Oil Filter Packs
with Schroder Connection.

I 0. Filter Pack.
13. Schroder Connection.

14. Air Hose.

and other contaminations that have col
lected on the outer edge of the flexible paper
discs. Then using fuel oil, or kerosene, clean
the outside of the packs with the circular
brush supplied, so that the edge of the flexible
paper discs are clean and free from any con
taminations. (See Figs. 155 and 156.)

5. Thoroughly clean out all sludge and carbon from
interior of steel body. Flush out with fuel oil. Wipe
dry with lint-free cloth. Replace drain plug (12).

6. Affix new gasket (5) to top flange of steel body.

7. Return cleaned element to steel body and clamp
in place by evenly tightening the six winged nuts.

8. Open oil shut-off valve (23) at crankcase.

9. Open control valve (6), at top of filter, 1/2 turn.

Changing Filter Packs—

1 . Remove the wing nuts on top of the filter and lift
the complete assembly out of the steel body.

2. Remove the screws holding the plate assembly to
the filter cover and hold the plate assembly in a
vise. Using the special hook provided with the re
placement pack, pull the spring to release the
tension on the holding pin and remove the pin.
All the packs are removed in this manner. Re
move the old filter flexible paper discs from the
springs and wash springs thoroughly in kerosene,
gasoline, carbon tetrachloride or fuel oil.

3. Place the new filter pack assembly in the special
V blocks which are supplied with each replace
ment pack. Insert the spring through the center
hole in the paper discs, then place a second V
block on the pack assembly, and line this com
plete unit up with one of the holes in the plate
assembly. Push the special hook through the hole
in the plate assembly, hook it to the eye of the

Fig. 155—Cleaning Lubricating Oil Filter Packs
with Scraper (Operation 1

).

10. Filter Pock. 15. Scraper.

spring, then pull the pack assembly against the
plate so pin can be inserted in eye of spring.
Hold the V blocks around the packs firmly while
doing this to keep the discs in line. The rest of
the packs may be assembled in the same manner.

NOTE: Be sure tfiat the outer edges of the packs are abso
lutely smooth and in perfect alignment, as it aids in the

cleaning of the packs and giving proper filtration.

4. Affix new gasket (4) to bolting flange of cover.
Secure cover (18) to division plate (2) with 12
screws, evenly tightened.

5. Repeat items 5
,

6
,

7
, 8
,

9
, as listed under Clean
ing Lubricating Oil Filter.

NOTE: Be sure that the oil inlet valve is turned on. If this
valve is closed, no filtering of the oil takes place.

Fig. 156—Cleaning Lubricating Oil Filter Packs
with Brush (Operation 2).

1 0. Filter Pack 16. Brush.
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LUBRICATING OIL COOLER

1. Adaptor —Lubricating Oil
Cooler.
2. Bolt—Adoptor-to-Cylinder
Block.

Fig. 157— Lubricating Oil Cooler Mounting.

(Models "B", "C" and "D" Shown)
3. Gasket—Cooling Element-to- 6. Housing—Oil Cooler Element.
Housing. 7. Inlet—Cooling Water.
4. Bolt—Cooler Housing-to 8. Inlet—By-Passed Cooling Water.
Adaptor. 9. Gasket—Adaptor-to-
5. Element—Oil Cooling. Cylinder Block.

10. Seal and Clamp—Oil Cooler
Housing-to-Water Pump Inlet.

11. Gasket—Adaptor-to-Cooling
Element.

Description—The engine is equipped with an oil
cooler which not only cools the hot engine oil, but,
by means of the cooling water temperature control,
provides a means of rapidly raising the oil tempera
ture during the warm-up period. (See "Water
Temperature Control," Page 124, Sec. 13.) Hot oil,
discharged from the pressure pump, is first forced
through the oil strainer and then through the oil
cooler, since the oil strainer is introduced into the
lubricating system ahead of the oil cooler. Cooling
water drawn through the housing by the water pump
completely surrounds the cooling unit, as shown
in Fig. 158.

Oil to be cooled enters the unit at the bottom, flows
through the inside passages, and is discharged at
the top into the forward vertical passage in the
cylinder block.

A water by-pass pipe, as shown in Fig. 164, Sec. 13,
is attached to the thermostat housing at the upper
end, and to the front of the oil cooler housing at the
lower end. During the warm-up period, and while the

thermostats are still closed, water circulates through
the by-pass pipe, around the oil cooler element, and
returns to the cylinder block; thus quickly raising
the engine oil temperature during the engine warm-
up period.

To insure proper engine lubrication, should the
strainer or cooler element become clogged, a by
pass valve is incorporated in the oil cooler adaptor
in Model "E" as illustrated in Fig. 159 and by-passes
oil directly from the pump to engine oil gallery. In
Models "B", "C" and "D" the by-pass valve is
located at lower front end of cylinder block as shown
in Fig. 141.

Service—If occasion requires, the cooling unit may
be removed from the cooler housing or the cooler
adaptor may be removed from the cylinder block.
Since the unit, through which the oil passes while
being cooled, is surrounded by water inside a cast-
iron housing, the cooling element must be well sealed
against water getting into the oil or oil getting into
the water. Whenever, therefore, the oil cooler is dis-

118



LUBRICATING OIL COOLER TM5-5160

SEC. 12

Fig. 158— Lubricating Oil Cooler Assembly.
(Models "B", "C" and "D" Shown)

1. Adaptor— Lubricating Oil
Cooler.
2. Bolt—Adaptor-to-Cylinder
Block.
3. Gasket—Cooling Element-to
Housing.
4. Bolt—Cooler Housing-to-
Adoptor.
5. Element—Oil Cooling.
6. Housing—Cil Cooler Element.

7. Inlet—Cooling Water.
8. Inlet—By-Passed Cooling
Water.
9. Gasket—Adaptor-to-
Cylinder Block.

11. Gasket—Adaptor-to-Cooling
Element.

12. Cylinder Block.
13. Housing Outlet—Cooling
Water.

assembled, special care must be taken at assembly
to have the proper gaskets in place and the retain
ing bolts tight.

Remove Lubricating Oil Cooler —To remove the
lubricating oil cooler:
1. Drain cooling system.
2. Disconnect water inlet connection from radiator,
to lower end of oil cooler, at oil cooler.

3. Loosen clamp (10) and break seal connection
between the water pump and oil cooler.

4. Disconnect water by-pass tube from thermostat
housing to oil cooler, at cooler.

5. Remove the eight bolts (4) at the front, attaching the
oil cooler housing (6) to the adaptor (1) and
remove the housing and oil cooler element as an
assembly, as shown in Fig. 157. Be careful
when withdrawing the assembly not to drop or
damage the cooling unit. The above is all the
work necessary to remove the oil cooler unit.
If the adaptor is to be removed also, then con
tinue as follows:

6. Remove the seven bolts that hold the adaptor to
the cylinder block and remove adaptor. Remove
gaskets.

NOTE: A by-pass valve is incorporated in adaptor on Model
"E" as shown in Fig. 159. Upon removing adaptor the valve
parts may be removed, cleaned, and replaced in their
original positions.

Cleaning Oil Cooler —The function of the lubricat
ing oil cooler is to lower the oil temperature by
giving off its heat to the surrounding water during
the time the oil travels through the small passages
within the cooling unit. If these passages are allowed
to become clogged with sludge, the oil flow will be
restricted and the oil temperature will rise. If the
passages become entirely plugged, no cooling of the
oil can take place. It is absolutely necessary that the oil
cooler unit be kept clean for proper oil cooling.

(a) If live steam is available, a jet of steam, mixed
with a soapy substance, is a very effective
cleaner. After cleaning, remove all traces of
water with compressed air.

Fig. 159—Lubricating Oil Cooler Details and Relative
Location of Parts.

(Model "E")
1. Adaptor.
2. Bolts— Adaptor-to-Cylinder
Block.

3. Gasket—Element-to-Housing.
4. Bolts—Housing-to-Adaptor.
5. Element.
6. Housing.

9. Gasket—Adaptor-to-Cyl
inder Block.

11. Gasket—Adapter-to-Element.
14 Valve— By-Pass.
15. Spring.
16. Gasket—Plug.
17. Plug.
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Fig. 160— Lubricating Oil Cooler Details and Relative
Location of Parts.

(Models "B", "C" and "D")
1. Adaptor. 5. Element.
2. Bolt—Adaptor-to-Cylinder 6. Homing.
Block. 9. Gasket—Adaptor-to-Cyl-
3. Gasket—Element-to-Housing. inder Block.
4. Bolt—Housing-to- Adaptor. 11. Gasket—Adaptor-to-Element.

(b) If steam is not available, place the cooler unit
in a vessel and fill with carbon tetrachloride,
or with other suitable cleaner, to a level of at
least one inch above openings in the unit plate.
A force pump is suggested as a means of forcing
the cleaning solution back and forth through
the plates. This operation should be continued
until unit is cleaned.

CAUTION: Cleaning with carbon tetrachloride is to be done
in the open air or with adequate ventilation because of the
toxic qualities of the chemical.

Assembly and Mounting of Lubricating Oil
Cooler —The lubricating oil cooler is assembled and
mounted by reversing the sequence of operations for
removal and disassembly. Refer to Figs. 157, 159
and 160 for relative location of parts, then assemble
and mount cooler as follows:

1 . Clean the old gaskets from the adaptor-to-crank-
case bosses and affix new gaskets (9).

2. Place adaptor (1) up against cylinder block, and
attach with seven bolts (2) and lock washers.

3. Clean the old gasket from both sides of the flange
on the cooler unit (5), also from the finished faces
of the adaptor (1), and housing (6), and affix
new gasket (11) to side of unit facing adaptor.
Affix new gasket (3) to side of unit facing hous
ing (6).

4. Put cooler unit in position inside of housing; then
set housing with unit against adaptor, and se
cure with eight bolts (4) and lock washers from
front of housing.

NOTE: Slip the water pump inlet seal and clamp (10) up
under the water pump cover elbow before assembling
housing.

5. Connect water by-pass tube to cooler housing.
6. Fasten seal clamp between water pump and
cooler housing.

7. Secure water connection between radiator and
oil cooler housing.

8. Fill cooling system and check for leaks.

CRANKCASE VENTILATION

Crankcase vapors, conducive to the formation of
sludge, accelerating lubricating oil oxidation, and
affecting highly polished interior engine parts are
thoroughly and continuously removed during engine
operation.

A slight pressure is maintained in the engine crank-
case by the seepage past the piston rings of a small
amount of clean, fresh air from the air box. Thus
a movement of vapors is set up within the crankcase
and flywheel housing, flowing toward a point where
they may be readily removed. This natural move
ment is further assisted by the air induction system
at two separate locations.

Crankcase Ventilation—Models "C", "D" and
"E". On these models a %" diameter air inlet pipe
(1) is connected to the front handhole cover (8)
and at cylinder head governor hole beneath thermo
stat housing (13) as shown in Fig. 161.

Air from the air box enters the valve rocker compart
ment, sweeping it clear of vapors. The vapors are

conducted downward through the cored lifting
brackets, mounted at front and rear of cylinder head,
into the crankcase and flywheel housing.

A breather pipe (22) Fig. 162, mounted adjacent to
the air cleaner-silencer, provides an exit for the
escaping vapors from the flywheel housing (24) into
the blower intake air stream. Air rushing past the
breather pipe (22) into the cleaner-silencer, lowers the
pressure within the pipe and evacuates the vapors.

Suspended within the crankcase vapors are minute
particles of lubricating oil which must be separated,
before leaving the engine. To accomplish this, an
oil separator (15), Fig. 162, bolted to the large hole
opening in the flywheel housing (24), is connected
into the crankcase vapor stream. Contained within
this casting are two rolls of crimped wire (oil pads
(16) and (17)) forming an oil maze, to trap the
suspended particles of oil (oil fog). The entrance to
the separator (15) from the flywheel housing (24) is
covered by a heavy mesh screen embedded in a
gasket (23) sealing the separator body to the flywheel
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Fig. 161—Cylinder Head Air Inlet Pipe.

1. Pipe—Cylinder Head Air Inlet.
2. Nuts—Inverted Flare.
3. Elbow— Upper.
4. Pipe Nipple.
5. Cover— Cylinder Head Gov
ernor Hole.

7. Elbow—Lower.
8. Covei—Air Box Hand Hole.
9. Cylinder Block.
10. Cylinder Head.
11. Exhaust Manifold.
12. Water Manifold.

6. Bolt—Cover-to-Cylinder Head. 13. Thermostat Housing.

housing. All the vapors drawn from the crankcase
must pass through the wire oil maze before leaving
the engine. The oil separator body provides support
for the throttle linkage, but its operation is in no way
affected by these exterior parts.

Crankcase Ventilation— Model "B" On this
model the air inlet pipe to cylinder head and oil
separator are not used. However, the small amount
of clean air, which seeps past the piston rings into
the crankcase, sweeps up through flywheel housing
and cored lifter brackets (68), shown in Fig. 102,
Sec. 9, carrying crankcase vapors into the valve
compartment.

Then the ventilating air is sucked from valve com
partment into the blower housing (59) through
ventilating tube extension (58) and tube (57).
Thus, harmful vapors from the crankcase are forced
into the engine where they are burned, and expelled
through the exhaust.

26
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Fig. 762—Breather Oil Separator Assembly.
15. Body— Breather Oil Separator.
16. Pad—Breather Oil—Lower.
17. Pad—Breather Oil—Upper.

24. Flywheel Housing.
25. Shaft — Throttle Control —
Bracket-to-Governor.

18. Gasket—Breather-to-Oil Sep
arator.

19. Flange— Breather Pipe.
20. Lock Washer.
21. Bolt.
22. Breather Pipe.
23. Screen and Gasket— Breather
Oil Separator.

26. Brocket—Throttle Control.
27. Lever— Throttle Control—
Upper.

28. Lever— Throttle Control—
Lower.

29. Shaft—Throttle Control—Con
trol Cabinet-to-Engine.
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OIL CAPACITY

Kg. 763— Lubricating Oil Level Gauge.

A bayonet type oil gauge at the side of the engine
block is used to determine the quantity of oil in the
engine oil pan. As will be seen from Fig. 163, this

gauge is marked with the two designations, "Low"
and "Full." The oil should never be allowed to drop
below the Low mark, and no advantage is gained by
having the oil above the Full mark. Start and run
engine for a period of about ten minutes to warm
lubricating oil up to operating temperature. Then
stop engine, allow oil to settle for five minutes and
check oil level. If the level is taken before starting
the engine, which has stood for some time, some oil
will drain back into the crankcase from the engine
parts and filters, raise the level in the oil pan, and
the gauge will show a false high reading.

LUBRICATING OIL SPECIFICATIONS

Quality —Lubricating oils for Series "71" Diesel
engines must possess high oxidation resistance, and a
minimum tendency to leave hard deposits.

The suitability of an oil depends, to a great extent,
on the type of engine service. Straight mineral oils
of the automotive type can be satisfactorily used for
medium-duty service (intermittent full throttle opera
tion).

For more severe service, requiring sustained full
throttle operation, lubricants of higher heat resist
ance are needed. Suitable compounded oils for this
type of service are marketed as "Heavy Duty Bus
and Truck Lubricant."

These superior oils are available from most oil com
panies for service in high output Diesel and gasoline
engines, and provide not only better lubrication and
higher oxidation resistance, but also form less de
posits and permit longer periods between engine
overhauls. Any natural or artificial oxidation inhibi
tors, or other additive agents, must be of the non-
corrosive type, and the oil must remain non-corrosive
to copper-lead bearing material in actual engine
service.

Viscosity—The recommended viscosity grade for
all operating conditions is SAE No. 30.

Where prolonged exposure of the engine to tempera
tures below freezing is unavoidable, use of the fol
lowing lighter grades of oil is permitted to facilitate
cold-starting.

Atmospheric
Temperature

20°F to 0°F
Below 0°F

Viscosity
Grade

SAE 20-W
SAE 10-W

Suitable lubricants for heavy-duty service are covered by
the U. S. Army Specification No. 2-104A of April 9, 1942.

Renewal —All mineral oils deteriorate gradually in
service. Therefore, the crankcase content must be
discarded before the apparent end of its useful life.

These oil change periods depend on the quality of
the lubricant, the efficiency of filtration and the
severity of service.

The lubricating oil should be changed before the oil
becomes darkened from sludge. For heavy duty
service, changing oil after 128 hours of operation
should be satisfactory.

Filtration —Satisfactory engine lubrication requires
clean oil. Carbon, dust and metal particles, which
contaminate the oil in service, must be removed by
means of continuous filtration. Sufficiently large by
pass type sludge filters must be installed, whose
action shall be non-injurious to the oil or the engine.
The filter element should be cleaned or renewed at
regular intervals to keep the oil color clean. Clean
ing will be at each engine oil change.

The metal oil strainer elements should be cleaned
by brushing with fuel oil or any other suitable
solvent, simultaneously with oil changes.
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COOLING SYSTEM

10

-17

1. Cylinder Block.
2. Cylinder Head.
3. Water Manifold.
4. Thermostat.
5. Thermostat Housing.

Fig. 764—Engine Cooling System.
(Model "E" Shown)

6. Hose—Thermostat Housing to
Radiator.
7. Filler Cap—Radiator.
8. Upper Tank.
9. Core.
10. Lower Tank.

11. Hose— Radiator to Oil Cooler.
12. Oil Cooler.
13. Water Pump.
14. By-Pass—Thermostat Housing
to Oil Cooler

15. Fan.

16. Crankshaft.
17. Drain Plug.
18. Tie Rod.
19. Overflow Pipe.
20. Grille.
21. Guard — Fan.
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A sealed cooling system is used on Model "E",
while an open type cooling system is used on Models
"B", "C" and "D".

Cooling of the engine is accomplished by means of
water circulation through the cylinder block and
cylinder head by a centrifugal pump mounted on
the front end of the blower and driven by the lower
blower rotor shaft through a coupling.

The water pump works in conjunction with a ra
diator, through which the water passes in the process
of cooling. A cooling fan is provided which forces
air through the radiator core, thus lowering the
water temperature while passing from the top to the
bottom of the core. The water pump draws the cool
ing liquid through the oil cooler and discharges it
into the lower part of the cylinder block as shown
in Fig. 164. Openings in the water jacket around the
cylinder bores connect with corresponding openings
in the cylinder head, where the liquid circulates
around the valves and fuel injectors. A water mani
fold bolted to the cylinder head discharges the cool
ing water back into the radiator.

Water Temperature Control—The water tempera
ture in the engine cooling system is automatically

controlled by a by-pass type thermostat mounted in
a housing attached to the water manifold, as shown
in Fig. 164. The thermostat starts opening at approxi
mately 158°F. and is fully open at 185CF. Before the
thermostat starts opening, water circulation takes
place in the cylinder block, cylinder head and oil
cooler only, through a water by-pass pipe connect
ing the water manifold to the oil cooler. After the
thermostat starts opening and up until it is fully open
(185°F.) water circulation takes place through both
the by-pass pipe and through the radiator. After the
thermostat has fully opened, water circulation takes
place through the radiator and engine only—no
circulation taking place through the by-pass pipe.

Before the thermostat starts opening, therefore (dur
ing the warm-up period of the engine), the lubricat
ing oil passing through the oil cooler is rapidly
warmed due to the warm water circulation through
the by-pass pipe, thus insuring positive engine lubri
cation at all times, regardless of the outside tempera
ture in which the engine is being operated. Also, by
means of by-pass circulation, engine normal operat
ing temperatures are reached within a minimum
warm-up period.

WATER PUMP

26

28

Fig. 165—Water Pump Assembly.
\. Body—Water Pump.
3. Impeller.
4. Seal Washer.
5. Seal.
15. Cover— Body.
20. Plug.
21. Shaft Ring (SIingorI.
22. Ball Bearing.

23. Shaft.
24. Drive Coupling.
25. Oil Thrower.
26. Stake Points in Pump Body.
27. Studs.
28. Pump Inlet—From Radiator.
29. Drain Cavity.

Description—A centrifugal type water pump is
used for circulating the cooling liquid through the
cylinder block, cylinder head and the radiator. A
bronze impeller with straight blades is pressed onto
one end of the case-hardened steel shaft and a
pump drive coupling with an oil thrower is pressed
onto the opposite end. The oil thrower shrouds the
inner end of the pump body flange to prevent oil
from creeping along the shaft and through the shaft
bearing. The shaft is supported at the drive end on
a sealed double-row combination radial and thrust
ball bearing, and prevented from moving endwise
by peening the pump housing at the inner end of
the bearing as shown in Fig. 165.

Water is prevented from creeping along the shaft
from the impeller end by means of a spring loaded
Neoprene seal, retained in the impeller by a steel
stamping. A wire slinger is fitted on the shaft be
tween the pump housing and ball bearing to prevent
moisture from creeping along the shaft to the bear
ing. The pump shaft and bearing constitute one
assembly and are serviced as such, inasmuch as the
shaft serves as the inner race of the ball bearing.

Water Pump Lubrication —As the water pump
ball bearing is the "shielded" type and filled with
lubricant when assembled, no further lubrication is
necessary.
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Fig. 166—Loosening Inner Bolt from Water Pump
Mounting Flange with Too/ No. KMO-326-A.

1. Body—Water Pump.
15. Cover—Body.
20. Plug.
30. Blower.
31. Inlet Seal.
32. Housing—Oil Cooler.

33. Bolts—Water Pump-to-
Blower.

36. Hose Clamp.
37. Drain Cock.
38. Governor Drive Housing.
39. Wrench— Tool No.
KMO-326-A.

Service—The rugged construction of the water
pump and the care taken to prevent water getting
from the pump into the ball bearing is conducive to
long life with minimum attention. However, when
wear does occur, or if it becomes necessary to re
place parts in the water pump, the pump may be
removed from the engine and completely overhauled
as follows:

Remove Water Pump from Engine—

1. Drain Cooling System.

NOTE: When draining or filling cooling system, vent the
system by removing the radiator filler cap and opening
vent valve (28) shown in Fig. 172.

2. Loosen clamp (36) and slip inlet seal (31) down
on oil cooler neck.

3. Remove two bolts and flange holding pump out
let to cylinder block. (Fig. 167.) Move flange and
packing towards pump body.

4. Remove three bolts (33) holding pump to blower.
The inner bolt can be removed by using a half
moon wrench as shown in Fig. 166.

5. Free pump by jarring with palm of hand and
turn until the pump will clear the governor drive
housing (38) and oil cooler housing neck (32).

1. Body—Water Pump.
11. Flange—Outlet Packing.
15. Cover—Water Pump.
20. Plug.
30. Blower.
31. Inlet Seal.
32. Housing—Oil Cooler.

33. Bolt—Water Pump-to-Blower.
34. Lock Washer.
35. Bolt—Packing Flonge-to-
Cylinder Block.

36. Hose Clamp.
37. Drain Cock.
38. Housing— Governor Drive.

Fig. 167—Water Pump Mounting.

Fig. 768—Pressing Water Pump Impeller from Shaft.

1. Body—Water Pump.
3. Impeller.

40. Arbor.
41. Arbor Press.
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Fig. 169—Removing Water Pump Drive Coupling
from 1mpeller Shaft with Tool J-1930.

9. Assembly—Water Pump Drive
Coupling and Oil Thrower.

22. Ball Bearing.
23. Shaft—Water Pump Drive.

42. Steel Bar.
43. Tool No. J-1930— Water
Pump Drive Coupling and Oil
Thrower Assembly Removing.

Disassemble Water Pump—The water pump is
made up of the shaft and double-row bearing assem
bly, the seal assembly, seal washer, pump body,
pump cover, and drive coupling.

If removal of the spring seal assembly or the im
peller is necessary, the following sequence of opera
tions will apply:

1. Remove pump cover.

2. Support the water pump in an arbor press,
flange down, as shown in Fig. 168, and press the
shaft through the impeller. Shaft and bearing
assembly will also be removed from the body dur
ing this operation. If the water seal only is to be
inspected or changed, no further disassembly is
necessary and the new seal may be installed and
pump reassembled. The water seal is an assem
bly and sold with or without impeller.

3. If further disassembly is necessary, the pump
drive and oil thrower assembly may be forced
from the shaft with Tool J-1930, as shown in Fig.
169.

Assemble Water Pump—The water pump may be
assembled by reversing the sequence of operations
for disassembly. One feature in connection with im
peller and drive coupling is that these pieces are
pressed on the shaft and drive solely through the
press fits. The metal stretches when being pressed
onto the shafts, and if repeatedly used, may not re
sult in a satisfactory drive. This feature should be
checked after either the impeller or drive coupling
has been removed from the shaft. If necessary, in

stall new coupling or impeller to insure water circu
lation.

Before starting the pump assembly, study Fig. 170,
which shows the relative location of all parts in the
pump, and then carry out the assembly as follows:

1 . Support body-to-cover bolting flange of pump on
bench, and drive bearing of shaft assembly (7)
into inner end of bearing bore so that inner end
of bearing is flush with inner face of flange for
bearing bore as shown in Fig. 165. Stake pump
body flange at junction of bearing outer race in
three or four places to prevent bearing from
moving endwise.

2. Refer to Fig. 170 and assemble spring guide (8),
seal (5), clamp ring (10), and seal washer (4)
together. Insert spring (6) into impeller hub (3),
then set seal assembly next to spring and lock
the assembly in the impeller by driving retainer
cup (12) down over hub of impeller.

3. Set impeller and seal assembly onto outer end of
shaft; then support outer end of shaft on bed of
arbor press and press impeller onto and flush
with end of shaft. This operation is similar to re
moval of impeller as illustrated in Fig. 168.

4. Support impeller end of pump shaft on suitable
arbor, and using brass hammer, drive coupling
and oil thrower assembly (9) onto inner end of
shaft, flush with end of shaft.

5. Rotate shaft by hand for clearance between im
peller and pump body. A clearance of .005" to
.045" is satisfactory.

6. Affix gasket (13) to pump body at bolting flange
for combination cover and elbow (15). Set cover
over studs and up against body, so that elbow
points down when the pump outlet can be at
tached to the cylinder block. Tighten cover in
place with four nuts (16), and lockwashers (17).
Again turn pump shaft by hand for bind between
impeller and cover.

7. If water pump coupling and thrower assembly
were removed from the blower shaft, insert
splined end of coupling (19) into mating splines
of blower shaft and insert the %" Allen screw to
expand inner end of coupling. Be sure coupling
is fully in place before tightening Allen head
screw; otherwise, a preloading of the water pump
bearing may cause damage.

Install Water Pump to Engine—The water pump
may be installed to the engine by reversing the se
quence of operations for removal, as follows:

1. See that water pump coupling and thrower
assembly —item (4), Fig. 185, Sec. 14— is locked in
place with a %" Allen screw in end of blower shaft.

126



WATER MANIFOLD AND THERMOSTAT TM5-5160

SEC. 13

15 20

19 9 2 11 1 13 12 4 3 1O 8 6 3

Fig. 770—Water Pump Details and Relative Location of Parts.
1. Body—Water Pump.
2. Outlet Packing.
3. Impeller.
4. Seal Washer.
5. Seal.
6. Seal Spring.

7. Assembly—Shaft and Bearing.
8. Guide—Seal Spring.
9. Assembly—Pump Drive Coup
ling and Oil Thrower.

I 0. Ring— Seal Clamp.
11. Flange—Outlet Packing.

12. Cup—Seal Retaining.
13. Gasket—Water Pump Body-
to-Cover.

14. Stud.
15. Cover—Body.
16. Nut.

17. Lock Washer.
18. Drain Cock.
19. Assembly—Intermediate Shaft
Coupling and Slinger.

20. Plug.

2. Slip water outlet packing flange (11) over pump
outlet, with flat machined face away from pump
body. Slip packing (2) over outlet next to flange.

3. Slip hose clamp and water pump inlet seal over
pump inlet elbow. (See Fig. 166.)

4. Set pump assembly in place at end of blower
cover so that lugs register on the two drive
couplings when pump inlet elbow points down.
Secure with three bolts and lockwashers.

5. Slide water outlet packing and packing flange
up against cylinder block and secure with two
bolts and lockwashers.

6. Slide pump inlet seal and hose clamp in place
at junction of oil cooler and pump inlet elbow,
and tighten clamp screw.

7. Fill cooling system and check for water leaks.

NOTE: When filling or draining cooling system, vent tfie

system by removing the radiator filler cap and opening the
vent valve (28), shown in Fig. 172.

WATER MANIFOLD AND THERMOSTAT
Description —Cooling water leaving the cylinder
head through openings directly over each exhaust
port, enters the water manifold, which is attached
to the head with two nuts and lock washers at each
end of the six water openings, as shown in Fig. 171.
A separate gasket is used at each attaching flange
between the manifold and cylinder head.

A gradually increasing area in the cast manifold
from the rear end, terminates in a flange at the
front, where a thermostat housing is attached.

Unrestricted water flow through the circulating sys
tem is accomplished by the use of a blocking-type

thermostat, so positioned that when the thermostat
is closed free flow of water from the manifold takes
place through the sides of the thermostat cages and
to the by-pass pipe. (See Fig. 172.)

A water by-pass pipe leads from the thermostat
housing, in front of the engine, and connects to a
water opening at the front face of the oil cooler
housing. Before the thermostat starts opening (below
water temperature of approximately 158°F.), water
circulation takes place through the engine circulat
ing system only. After the thermostat starts opening
and until it is fully open (at approximately 185°F.),
water circulation takes place through the by-pass
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7. Affix new gasket (4) to manifold side of thermo
stat housing, and install housing, using three
bolts (6) and lockwashers (7).

8. Connect water by -pass tube (16) and use new
gasket, if necessary.

9. Connect radiator pipe to thermostat housing with
hose clamps. Fill cooling system and check for
leaks.

Remove Water Manifold.

1. Drain cooling system.

NOTE: When filling or draining cooling system, vent the
system by removing the radiator filler cap and opening the
vent valve (28), shown in Fig. 172.

2. Disconnect hose leading from thermostat housing
to radiator.

3. Remove thermostat housing, as described above.

4. Remove two bolts holding water by-pass pipe (16)
to bottom side of thermostat housing (3).

5. Remove water temperature gauge bulb from
adaptor at rear of manifold.

6. Remove twelve stud nuts (20) and washers (21)
holding water manifold to cylinder head.

7. Raise water manifold straight up off of studs.
Remove manifold-to-cylinder head gaskets.

Replace Water Manifold —The water manifold
may be replaced by reversing the sequence of opera
tion for removal and referring to Fig. 172 for rela
tive location of parts.

1. Remove all traces of old gaskets from the mani
fold, as well as the cylinder head.

2. Place one gasket (22) on cylinder head at each
water opening to manifold and set manifold in
place on gaskets. Replace lockwashers (21) and
nuts (20) and tighten nuts.

3. Install thermostat housing, with thermostat, on
water manifold, as described under Thermostat
Service.

4. Replace gasket if necessary, and connect water
by-pass pipe (16) to lower side of thermostat
housing (3).

5. Attach radiator connection to thermostat housing.

6. Replace water temperature gauge bulb in
adaptor at rear of manifold.

7. Fill the cooling system and check for leaks.

NOTE: When filling or draining cooling system, vent the

system by removing the radiator filler cap and opening the

vent valve (28), shown in Fig. 172.

COOLING FAN
Description —Normal engine operating tempera
tures are maintained by a cooling fan working in
conjunction with a radiator. When the engine is run
ning at normal operating temperatures, water dis
charged from the thermostat housing enters the
radiator core at the top, passes through the core and
is picked up by the water pump in the lower ra
diator tank. Air forced through the core by the fan
cools the water while passing from the top to the
bottom of the radiator core, thus maintaining normal
operating temperatures.

The six-blade cooling fan is mounted directly to the
front end of the crankshaft as shown in Fig. 173. The
fan is held in place by a key in the fan drive hub
and secured by a lockwasher and lock nut. The fan
drive hub and pulley is in turn bolted to the fan
drive coupling with six bolts. The fan drive coupling
is keyed to the crankshaft with two Woodruff keys
and held in place by an oil seal spacer and pulley
retainer.

The driving inner diameter of the fan blades proper
is retained between two rubber washers, one on
either side of the fan blades. Each of these rubber
washers is in turn bonded to a metal clamp, one of

which sets inside the fan blades and is keyed to the
fan hub extension; the other is pinned to the inner
metal clamp. The entire fan blade assembly, includ
ing rubber mounting, is retained on the fan hub ex
tension with a special nut and lockwasher.

Service—The cooling fan blades should run true
with the rear face of the radiator core. Bent fan
blades are not only conducive to inefficient cooling
but may throw the fan out of balance and, if badly
bent, are apt to damage the radiator core. DO NOT
ATTEMPT TO TURN THE ENGINE BY PULLING
ON THE FAN BLADES.

Generator Drive Belt Adjustment —The V-type
generator drive belt should be neither too tight nor
too loose. Too tight a belt imposes undue load on the
generator bearings and shortens the life of the belt.
Too loose a belt allows slippage and lowers the
generator speed.

The generator drive belt may be adjusted by loosen
ing the two bolts holding the generator tp the
generator bracket and by releasing the bolt holding
the generator to adjusting strap, and by moving
generator away from or towards engine. The
generator drive belt should have enough slack so
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Fig. 773—Fan and Hub Assembly.
1. Lock Nut.
2. Lock Washer—Special.
3. Assembly— Fan Blade.
4. Hub—Fan Drive.
5. Nut.
6. Lock Washer.
7. Key—Fan-to-Drive Hub.
8. Pulley—Charging Generator
Drive.

9. Bolt—Retainer-to-Crankshaft.

10. Retainer—Crankshaft Pulley.
I 1. Coupling— Fan Drive.
12. Through Bolts.
13. Woodruff Keys.
14. Spacer—Oil Seal.
15. Spider Clamp—Inner.
16. Rubber Washer— Hub.
17. Spider Clamp—Outer.
I 8. Crankshaft.

it can be pushed in approximately 1 " from the mid
point of a straight line between the rims of the two
pulleys, as shown in Fig. 174. This straight line can
be determined by placing a straight edge on the
rims of the pulleys.

Remove Fan Blades—Radiator Removed—Ra
diator must be removed to remove fan blades. See
"Remove Radiator," Page 134.

1. Bend ear of lockwasher
outer diameter of lock
hub (4). (See Fig. 173.)

(2) back out of slot in
nut (1) on fan drive

2. Remove fan lock nut (1) from fan drive hub with
spanner wrench as shown in Fig. 175. Remove
lockwasher (2) from fan drive hub (4).

3. Strike rear face of fan blade hub with soft ham
mer and remove blade assembly from drive hub.

Fig. 174—Generator Drive Belt Adjustment.
3. Assembly— Fan Blade.
8. Pulley—Generator Drive.
20. Bell—Generator Drive.
2 1. Pulley— Generator Driven.

22. Generator.
23. Rule.
24. Straight Edge.

•

Fig. 175—Removing Lock Nut from Fan Drive Hub
with Spanner Wrench.

1. Lock Nut. 25. Spanner Wrench.
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1. Lock Nut.
2. Lock Washer—Special.
3. Assembly— Fan Blade.
4. Hub— Fan Drive.

Fig. 176—Fan and Hub Details and Relative Location of Parts.
Generator5. Nut.

6. Lock Washer.
7. Key— Fan-to-Drive Hub.

8. Pulley—Charging
Drive.
9. Bolt—Retainer-to-Crankshaft.

10. Retainer—Crankshaft Pulley.
11. Coupling— Fan Drive.
12. Through Bolts.

4. Remove key (7) from fan drive hub (4).
5. Remove six nuts (5) and lockwashers (6) from
bolts (12) holding fan drive hub to fan drive
coupling (11) and pull fan drive hub and pulley
away from coupling.

6. Remove crankshaft pulley retainer bolt (9) and
retainer (10) from front end of crankshaft.

7. Using a 2" x 4" (wood) at opposite sides and back
of fan drive coupling (11), remove coupling from
crankshaft.

8. Remove two Woodruff keys (13) from crankshaft.

9. If necessary, remove oil seal spacer (14) from
crankshaft. The outside diameter of this spacer
acts as a bearing surface for the crankshaft
front oil seal as well as a spacer for fan drive
coupling.

Replace Fan Assembly—

Refer to Fig. 176 for relative location of parts.

1 .

2.

If oil seal spacer has been removed, inspect
before assembling, checking for any ir
regularities of spacer surface that would
cause oil seal to seat incorrectly. Install oil
seal spacer, making certain that leather of
oil seal seats firmly.
Install fan drive coupling by aligning the
keyway with the two Woodruff keys (on
shaft). Place end of 2" x 4" (wood) across
diameter of coupling and drive into place.
Coupling should be flush with end of crank
shaft.

Assemble retainer (10) and bolt (9) to end
of crankshaft (18) with 1%" socket wrench.

3.

4. Place charging generator drive pulley (8)
on fan drive coupling (11) and align bolt
holes.

5. Place six bolts (12) through fan drive coupling
(11) (heads toward engine) pulley (8), and
fan drive hub (4). Attach six nuts (5) and
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lockwashers (6) to bolts and tighten against
fan drive hub (4).
Place generator drive belt over generator
drive and driven pulleys.
Place key (7) in fan drive hub keyway.

8. Place blade assembly in position and drive
in place with soft hammer.

6.

7.

9. Place lockwasher (2) on fan drive hub (4)
with inner tang in hub keyway. Place lock
nut (1) in position and tighten with spanner
wrench. Bend one tang of lockwasher into
slot on outer diameter of lock nut.

10. Adjust generator drive belt as described on
Page 129.

RADIATOR

1. Water Inlet.
2. Attaching Bolts—Upper Tank.
3. Gasket—Radiator Upper and
Lower Tank Cover.

Fig. 177—Radiator Assembly.
(Model "E" Shown)

4. Core. 9. Grille.
6. Attaching Bolts—Lower Tank. 10. Side Member.
7. Water Outlet. 11. Fan Shroud.
8. Lower Tank. 12. Overflow Pipe.

13. Upper Tank.
16. Cap.
40. Fan Guard.
42. Strip— Anti-Squeak.
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Description —Effective engine cooling is insured by
a large radiator and six-bladed pusher type fan.

The radiator core and side members are bolted be
tween the upper and lower tanks with gaskets at
both top and bottom to prevent leaks. In order that
the fan may push all air, used for cooling, through
the radiator, a shroud is provided back of the core.
Also, a guard is assembled behind the core, en
closing the fan blades, eliminating the possibility of
pulling loose clothing or other objects into the fan
blades.

A grille in front of the core helps keep the radiator
fins free from obstructions, protects the core, and
adds to the finished appearance of the unit. Water
loss is prevented in the large upper tank by carrying
the discharge from the cylinder head under a baffle
plate located in the large upper tank of the radiator.

Located within the upper tank is a seamless copper
overflow pipe. This tube serves as an overflow for all
excess water above the baffle plate in the tank. The
overflow tube goes through the inside of the tank and
out the bottom, around the shroud, and down the
side of the radiator core, and then to waste. It is
supported on the side member by a metal clip. The
overflow pipe is of one piece construction and
soldered into place where it passes through the bot
tom of the upper tank.

Service —Radiator life will be prolonged greatly if
nothing but soft water is used in the cooling system.

An exception to this rule, however, is the use of an
anti-freeze in cold weather —below 32° F.

Because of the high reading thermostats (158° F.
start of opening— 185° F. fully open) used in these
engines, nothing but a permanent anti-freeze should
be used. Use nothing but clean, soft water or a permanent
anti-freeze, and avoid radiator and perhaps engine trouble
later.

Hard water will form scale, not only in the radiator
core, but in the engine block and head. These scale
formations cause hot spots within the engine and clog
the tubes in the radiator core. Dirty water also will
close the tubes in the core and restrict the water flow,
and in extreme cases, will collect in the engine and
cause overheating and eventual engine failure.

In the event that engine overheats and after the fan
and water level in upper tank have been found to
be satisfactory, it will be necessary to clean and
flush the entire cooling system to correct this un
desirable condition.

Scale formations should be removed by the use of
an effective and safe de-scaling solvent. Immediately
after using a de-scaling solvent the effects of the
solvent on the metallic parts of the cooling system
should be neutralized by the use of a neutralizes

After the solvent and neutralizer have been used
the engine and radiator should be completely
drained. Following this the system should be filled
with clean, soft water and the engine operated for
fifteen minutes. (Fill slowly to avoid rapid cooling
and distortion.) Completely drain entire system
again, then fill with clean, soft water or a permanent
anti-freeze. After filling system, closely inspect
radiator and engine for water leaks.

Drains are provided in the outlet elbow attached to
the lower tank of the radiator (a pipe and valve ex
tending through the right-front end of the engine

base) and at the water pump.

Fig. 778—Radiator Mounting.
(Models "B", "C" and "D")

2. Hose Clamp—Hose Connection. 51. Tie Rods.
8. Tank— Lower Radiator.
13. Tank— Upper Radiator.
14, Fan Guard—Upper Half.
15. Fan Guard — Lower Half.
25. Bolts— Fan Guard-to-Radiator.
28. Bolts—Radiator-to-Base.
46. Shim— Anti-Squeak
50. Hose Connection—Oil Cooler-
to-Radiator

53. Hex Nuts.
54. Square Nuts.
62. Engine Base.
63. Vent Plug on Thermostat Hous
ing.

64. Thermostat Housing.
65. Housing—Oil Cooler.
66. Lock Washer.
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In addition, all grease, oil, dirt, and any other
obstructions must be removed from the fins of the
radiator core so that the entire cooling area of the
core can readily transmit the heat of the cooling
water to the air stream.

The cleaning of the fins is accomplished by means
of an air blast carrying a grease solvent, such as
oleum spirits or carbon tetrachloride—never use
gasoline, fuel oil, or kerosene —directed at the front
(grille) side of the core and passing through to the
back, or fan side. The grille (9), fan guard (40), and
shroud (11) must be removed and the front end of the
engine covered before performing this operation.

NOTE: Secure adequate ventilation of the working area
to avoid possible toxic effects of the cleaning spray.

Replace fan shroud, guards, and grille before re
suming engine operation.

As will be noted in the preceding paragraphs, it has
not been necessary to remove or disassemble the
radiator for any of the above operations. However,
there may be occasions, other than complete tear-
down of package power unit, when it is desirable
to disassemble the radiator. Full instructions, ar
ranged in proper sequence, are contained in the
following paragraphs.

Remove Radiator—Refer to Fig. 178 for radiator
mounting and remove radiator as follows:

1. Drain cooling system.

NOTE: When draining or filling cooling system, vent the
system by removing radiator filler cap and opening vent
valve (28), shown in Fig. 772.

2. Loosen hose clamp (2) at upper radiator tank
(13). See Fig. 178.

3. Remove nine bolts (25) and lockwashers holding
fan guard back of fan. Separate upper half of
guard (14) from lower half (15) and remove the
two pieces.

4. Loosen hose clamp (2), at lower radiator tank
(8), from oil cooler. Remove hose (50) from oil
cooler. (See Fig. 178.)

5. Loosen drain cock pipe at lower right-hand side
of lower radiator tank, and remove cock and
pipe assembly out through hole in side of engine
base (62). Loosen pipe (not drain cock) with
pipe wrench.

6. Remove two bolts (28) at lower radiator tank
holding radiator assembly to engine base.

7. Loosen hex nuts (53) at both ends of tie rods (51).
Raise tie rods out of slots at radiator upper tank.

8. Using a chain and hoist in a manner similar to

that shown in Fig. 179, lift the radiator assembly
up enough to clear the engine base and then
move it straight forward and away from the
engine.

CAUTION: Be careful when lifting radiator not to damage
fan blades or shroud as shroud is very close to tips of fan
blades.

9. Remove anti-squeak (shims) from engine base at
each hold-down bolt.

Disassemble Radiator —The entire radiator as
sembly may be completely torn down if it is found
necessary to repair or replace the core (4), the
gaskets (3), etc. Partial disassembly, to that extent
which is required, may be advisable at other times
—when exterior parts, as grille or shroud, are to be
serviced. In any event, the following procedure shall
act as a guide. Refer to Figs. 177 and 180.

1. Stand radiator in upright position, lower tank
(8) resting on floor.

57

Fig. 179—Removing Radiator with Lifting Hooks
and Chain Hoist.

57. Chain Fall.
58. Eye Bolts— '/j"— 13—Ameri
can National Thread.

59. Nuts.
60. Tapped Holes—Muffler Mount
ing Strap.
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1. Pipe—Water Inlet.
2. Attaching Bolts—Core-to-Up-
per Tank.
3. Gasket— Radiator Upper and
Lower Tank-to-Core.
*. Core— Radiator.
5. Heatier Plates.
6. Attaching Bolts— Core-to-
Lower Tank.

Fig. 180—Radiator Details and Relative Location of Parts.
(Model "E" Shown)

18. Bolt—Woter Inlet-to-Rodiator.
19. Lock Washers.
20. Cover Plate— Upper Tank.
21. Bolt— Cover Plate-to-Upper
Tank.

22. Gaskets— Cover Plate-to-
Upper Tank.

23. Nut—Upper Tank-to-Side
Member.

7. Water Outlet.
8. Lower Tank.
9. Grille.
10. Side Member
11. Fan Shroud.
12. Overflow Pipe.
13. Upper Tank.
17. Gasket—Water Inlet-to-Radi-
ator.

24. Bolt— Side Member-to-Upper
Tank.

27. Screw—Grille-to-Side Member.
28. Bolt— Radiator-to-Base.
35. Nut— Lower Tank.
40. Fan Guard.
42. Strip—Anti-Squeak.
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2. Take out eight round-head screws (27) and re
move grille (9).

3. Unhook radiator cap (16) from its anchor
chain. (Models "C", "D", 'fend "B" only.)

4. Remove bolts, lockwashers and spacers and lift
off fan guard (40).

5. Remove remaining bolts holding shroud (11) to
side members (10). Release shroud clip and
remove shroud.

6. Remove attaching bolts (2) and (6) and hold-
down bars (38), holding upper and lower tanks
to radiator core, from front side of radiator only.

7. Remove anti-squeak strip (42) from side mem
bers (10) and upper tank (13).

8. Carefully lower radiator, laying it flat on floor.

9. Remove remaining bolts connecting upper and
lower tanks to core.

10. Insert putty knife between header plates (5) and
upper and lower tanks, cutting cork gasket (3).
Separate upper and lower tanks from core.

11. Remove bolts (30), lower tank cover plate (31),
and gasket (29).

12. Remove bolts (34), lower tank outlet pipe (7),
and gasket (29).

13. Remove bolts (21), cover plates (20), and
gaskets (22) from upper tank.

14. Remove bolts (18), inlet pipe (1), and gasket (17)
from upper tank.

Inspect Radiator Parts—Clean all parts thor
oughly, removing all dirt, scale, and other deposits.
Closely examine each part for cracks or other dam
age. Core fins should be straight and evenly spaced
to permit full flow of cooling air. All core tubes should
be straight, clean, both inside and outside, and have
no leaks.

Fig. 181—Radiator Pressure Control Cap Assembly.
(Model "£" only)

1. Pressure Valve Seat.
2. Vacuum Valve Seat.
3. Filler Neck.

4. Seal—Cap to Filler Neck.
5. Vents to Atmosphere.

In the event that no more than twelve core tubes are
damaged, these tubes may be soldered shut, at both
top and bottom header plates. Should a greater
number of tubes require this treatment, the installa
tion of a new core is necessary. Each tube blocked
off reduces the effective cooling area and capacity
of the radiator, and if carried beyond the above
stated limits will cause the engine to overheat.

Radiator Pressure-Control Cap— (Model "E"
only.) The closed cooling system incorporates a
radiator cap with a normally closed valve designed
to permit a pressure of approximately four pounds
in the system before opening. This pressure raises
the boiling point of the cooling liquid and permits
somewhat higher engine operating temperatures
without loss from boiling. To prevent the collapse of
hose and other parts which have no internal sup
port, a second valve in the radiator cap opens
under vacuum when the system cools. (See Fig. 181.)

CAUTION: Remove the cap slowly and carefully to avoid
possible flash of hot cooling liquid.

To avoid possible damage to the system from either
excessive pressure or vacuum, both valves in the
cap should have a periodic check of proper opening
and closing pressures and should be serviced or
replaced as required. Also, if radiator cap to radiator
seal is worn or damaged it should be replaced.

Models "B", "C" and "D" use a standard type filler
cap in place of the pressure cap used on Model "E".
No service is required on this cap. However, if seal
in radiator cap is worn or damaged it should be
replaced to prevent evaporation of coolant.

Assemble Radiator —In assembling the radiator,
exercise extreme care in handling the core and pro
tect it from all possible damage. (See Figs. 177 and
180.)

1. Replace inlet pipe (1) using new gasket (17).
Pipe should project to left (viewing from rear
side) of upper tank (13).

2 . Replace cover plates (20) , using new gaskets (22) .

3. Replace lower tank outlet pipe (7) on right-hand
opening, and cover plate on left-hand opening
(viewing from rear side), using new gaskets.

4. Cement new cork gaskets (3) to bolting flanges
of both upper and lower tanks.

5. Bring side members (10), large tapped hole at
bottom, over sides of and between header plates
of core. Hold in position with two bolts at top and
bottom of each side member.

6. Bolt upper and lower tanks to core and side
members, using hold-down bars on core header
plates (two at bottom— front and back, two at
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top— front and back). Position shroud clip on
center bolt at lower back side of core.

CAUTION: Carefully position upper tank over copper over
flow tube, guiding tube through hole in baffle.

7. Attach shroud (11), two notches opposite lower
tank outlets, with two bolts and lockwashers
and flat washers at upper right hand side, to
side member nearest lower tank outlet pipe (7).

8. Attach fan guard (40) with bolts, lockwashers,
flat washers and spacers. Place spacers over
bolts and between guard (40) and shroud (11).
Secure overflow pipe clip when attaching guard
and shroud.

9. Attach anchor chain to radiator cap (16).
(Models "C". "D" and "B" only.)

10. Replace grille (9), securing with four round
head screws (27) and lock washers.

1 1 . Cement new anti-squeak strip (42) around side
members and upper tank, as shown in Fig. 177.

Replace Radiator —With radiator completely as
sembled, it may now be replaced on the unit by the
following procedure:

1 . Replace anti-squeak shims (46) on engine base
(62) at each hold-down bolt, if removed.

2. Using chain hoist as shown in Fig. 179, lift ra
diator into position on engine base.

CAUTION: Be careful when replacing radiator not to
damage fan blades or shroud as shroud is very close to tips
of fan blades when assembled.

3. Replace two bolts (28) at lower radiator tank
holding radiator assembly to engine base (62).
Do not tighten bolts until after tie-rods are posi
tioned.

4. Replace drain cock and pipe at lower right-
hand side of lower radiator tank through hole in
side of engine base.

5. Replace hose (50) between lower tank and oil
cooler. Tighten hose clamps.

6. Replace lower fan guard (15) and hold in place
with two bolts (25) and lockwashers. Replace
upper guard (14) and fasten in place with seven
bolts (25) and lockwashers. Tighten all nine bolts
securely.

7. Replace hose between upper tank and thermo
stat housing. Tighten hose clamps (2).

8. With square nuts (54) positioned at ends of tie
rods (51) and hex nuts (53) backed away, slip
tie rod and square nut into the slots provided on
the upper radiator tank.

With tie rods now in place, adjust the rod lengths
so that the distance from radiator to center hood
support will be the same at the tie rods as it is
at the engine base. This paralleling is necessary
for the proper installation of the engine hood.

9. Fill cooling system with water.

NOTE: When filling or draining cooling system, vent the
system by removing the radiator filler cap and opening the
vent valve (28), shown in Fig. 172.
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AIR INTAKE SYSTEM
In the scavenging process employed in these two-
cycle engines, and illustrated in Fig. 182, a charge of
air, which is forced into the cylinders by the blower,
thoroughly sweeps out all of the burnt gases through
the exhaust valve ports and also helps to cool the
internal engine parts, particularly the exhaust
valves. At the beginning of the compression stroke,
therefore, each cylinder is filled with fresh, clean
air, which permits highly efficient combustion.

BLOWER
Description—The blower, designed especially for
efficient Diesel operation, supplies the fresh air
needed for combustion and scavenging. Its operation
is similar to that of a gear-type oil pump. Two
hollow rotors, each with three lobes, revolve with
very close clearances in a housing bolted to the side
of the engine. To provide continuous and uniform
displacement of air, the rotor lobes are made with
a twisted or helical form. (See Fig. 183.)

The air entering the blower inlet from the air cleaner
is picked up by the lobes and carried to the dis
charge side of the blower as indicated by the
arrows. The continuous discharge of fresh air from
the blower creates an air pressure of about eight
pounds per square inch in the air chamber of the
cylinder block at maximum engine speed. This
air sweeps through the intake ports, which start to
open at 48° before bottom dead center and close at
48° after bottom dead center.

The angle of the ports in the cylinder liners imparts
a rotational motion to the intake air as it enters the
cylinder. This rotation persists throughout the com
pression stroke and improves the combustion.

Two timing gears on the drive end of the rotor shafts
space the rotor lobes with a slight clearance.
Consequently, due to the fact that the rotors do not
touch each other at any time, they require no lubri
cation. Highly effective seals prevent air leakage at
the ends of the lobes, and also keep the oil used for
lubricating the timing gears and rotor shaft bearings
from entering the rotor compartment. The upper
rotor is driven at 1.95 times engine speed by the
blower driveshaft and the lower rotor is driven from
the upper rotor through the timing gears. The flexible
coupling attached to the blower drive gear, which
prevents the transmission of torque fluctuations to
the blower, is formed by an elliptical cam driven by
two bundles of leaf springs which ride on four semi-
cylindrical supports. Each rotor is supported on the
doweled end plates of the blower housing by a
single-row radial ball bearing at the front, and a
two-row pre-loaded radial and thrust ball bearing
at the gear end.

H

Fig. 782—Air Intake System Through Blower and Engine.
1. Rocker— Exhaust Valve.
2. Exhaust Valve.
3. Cylinder Head.
4. Exhaust Manifold.
5. Blower.
6. Piston.
7. Air Box.
8. Cooling-Water Passage.

9. Port—Admitting Air to Cylinder.
10. Cylinder Liner.
11. Cylinder Block.
12. Camshaft.
13. Push Rod.
14 Rocker Cover.
15. Cover—Hand Hole.
16. Water Manifold.

Blower Lubrication —The blower gears and bear
ings are lubricated from the oil which drains from
the valve operating mechanism on the cylinder
head and into the camshaft pockets in the cylinder
block. After this oil reaches a certain level in the
pockets, it overflows through a hole at each end of
the blower housing, providing lubrication for the
blower drive gears at rear end and governor and
water pump drives at the front. A dam in the blower
housing cover maintains an oil level which sub
merges the teeth of the lower rotor timing gear. A
slinger on the opposite end of the lower rotor throws
oil into the governor weight assembly. Surplus oil
passes from a hole in the end of the blower to the
oil pan through drilled holes in the cylinder block.

Service—The blower is not a delicate device.
Nevertheless, great care is taken when the unit is
assembled at the factory. The same care must be
exercised when the blower is serviced in the field.

As pointed out in the foregoing description, the
blower rotors revolve with a slight clearance between
the lobes, and also between the lobes and the blower
housing. Bearings are used at each end of the rotor
shafts and suitable oil seals are used back of each
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bearing to prevent engine oil entering the rotor
compartment. Selected double row ball bearings
provide proper end clearance between rotors and
end plates.

The blower rotors are timed by the two gears at the
rear end of the rotor shafts. This timing must be
correct; otherwise the required clearance between
rotor lobes will not be maintained.

Normal gear wear causes a decrease of rotor-to-
rotor clearance between the leading flanks of the
upper rotor lobes and the trailing flanks of the
lower rotor lobes. Clearance between the opposite
sides of the rotor lobes is increased correspondingly.

While rotor lobe clearance may be corrected by
adjustment, gear back-lash cannot. When gears
have worn to the point, therefore, where the back
lash exceeds .004", the gears should be changed.
The procedure for timing blower rotors for proper
clearance between lobes is outlined under "Blower
Timing," Page 150.

Because of the important part the blower plays in
the efficient operation of the Diesel engine, it is
recommended that an inspection of the unit be made
at intervals of every 1000 engine hours. If this
practice is followed, minor irregularities can usually
be detected and corrected before more serious diffi
culties develop. A blower may fail to function prop
erly because of any one or a combination of the fol
lowing reasons:

1. Dirt or foreign matter having been drawn through
the blower, thereby scoring the rotor lobes and
housing.

2. Worn oil seals, permitting lubricating oil to be
drawn into rotor compartment.

3. Worn blower drive coupling causing rattling
noise inside blower.

4. Loose rotor shafts, worn gear teeth or damaged
bearings, causing contact between rotor lobes,
rotors and end plates and between rotors and
housing.

5. Out of time—that is, due to timing gear wear,
the mating rotor lobes may not have sufficient
clearance at one side and too much clearance
on the opposite side. (See Fig. 200.)

Inspection of Blower Assembly— If the engine
is removed from the set, the blower may be inspected
for any of the above conditions without being re
moved from the engine.

Before examination of blower on the engine, remove
air cleaners, blower air inlet housing, or any other
parts interfering with free access to the blower.

An inspection to determine if any of the above
conditions exist in a used blower, may be carried
out as follows:

1. Dirt or Chips drawn through the blower will
cause deep scratches in the rotors and housing
and throw up burrs around such abrasions. If
burrs cause interference between rotors, or rotors
and housing, the blower should be removed
from the engine and parts dressed down to
eliminate interference, or rotors changed if too
badly scored.

2. Leaky Oil Seals are usually manifest by the
presence of oil on the blower rotors or inside the
housing. Oil on rotors is sometimes a result of
pull-over from overfilled air cleaners; therefore,
the two conditions should not be confused. To
check for oil seal leak:

With a strong light directed into rotor compartment,
observe end plates for thin oil film which will radiate
away from a leaky oil seal. See Fig. 183 for location
of blower oil seals.

3. Worn Blower Drive may be detected by grasp
ing the top rotor firmly and attempting to rotate.
Rotors should move from %" to %", measured at
lobe crown, with a springing action. When re
leased, rotors should move back at least 1/4".
Blower flexible drive coupling should be in
spected if rotors cannot be moved as directed
above or if rotors move too freely or can be
rattled.

If check shows drive coupling to be worn, the blower
drive gear assembly may be withdrawn from the
front of the cylinder block rear end plate after the
blower has been removed from the engine and the
drive gear housing-to-cylinder block end plate bolts
are removed.

4. If Loose Rotor Shafts or Damaged Bearings
are causing blower difficulties, such conditions
will be manifest by rubbing and scoring between
crowns of rotor lobes and mating rotor roots,
between rotors and end plates, or between rotors
and housing. Generally a combination of these
conditions exist. A loose shaft usually causes
rubbing between rotors and end plates. Worn or
damaged bearings will cause rubbing between
mating rotor lobes at some point or perhaps
allow rotor assemblies to rub blower housing.
This condition will usually show up at end of
rotors at which bearings have failed.

Excessive back-lash in blower timing gears
usually results in rotor lobes rubbing throughout
their entire length.

To correct any of the conditions cited in Items
1, 2, 3, or 4, above, the blower must be removed
from the engine and either repaired or replaced.
When conditions warrant removal of blower
from the engine for disassembly, inspection, and
rebuilding of the blower, the following instruc
tions may be used as a guide.
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Remove Blower Assembly from Cylinder
Block—In most oases, the removal of the blower
assembly, together with the governor drive, the water
pump, the fuel oil pump, and the blower drive shaft
cover, will be found most advantageous.

For removal of this assembly, the following may be
used as a guide:

1 . Drain water from cooling system.

2. Remove the governor assembly as directed in the
first seven items under "Remove Governor from
Engine," Page 207, Sec. 16.

3. Disconnect fuel lines at fuel pump.

4. Break water pump connections at oil cooler and
cylinder block.

5. Remove air cleaners and disconnect flexible
drive shaft cable from overspeed trip governor.
Remove air inlet housing, together with screen
and striker plate and attaching parts located be
tween inlet housing and blower.

6. Remove retaining bolts at top and bottom of
blower housing. (See Fig. 184.)

Fig. 184—Blower Mounting.
1. Air lnlet Housing.
2. Mounting Bolt.
3. Blower Housing.
4. Fuel Pump.
5. Cover—Blower Drive Shaft.
6. Support—Blower Drive Gear.

7. Flywheel Housing.
8. Cylinder Head.
9. Governor.
10. Cylinder Block.
11. Housing—Governor Drive.
12. Water Pump.

7. Raise front end of blower slightly to clear water
pump to oil cooler connection, and pull blower
assembly (including accessories) forward, with
drawing blower drive shaft cover from grommet
on drive gear support and drive shaft from drive
hub attached to blower upper rotor timing gear.

8. Remove blower drive shaft from flexible drive
coupling and out through blower drive gear hub.

Remove Accessories from Blower—After the
blower assembly has been removed from the engine,
the various accessories may be removed as follows
before the blower itself is disassembled:

1. Remove three bolts attaching fuel pump to
blower rear end cover, and remove fuel pump
and drive coupling.

2. Remove six bolts attaching blower drive shaft
cover to the blower rear cover, and remove cover.

3. Remove three bolts attaching water pump to
blower front cover, and remove pump by tapping
pump housing lightly with copper hammer.

4. Remove governor drive housing from blower front
cover.

Fig. 185—Removing Water Pump Coupling Expander Screw
from Blower Rotor Shaft with Tool J-1699.

1. Clean Cloth.
2. End Plate—Blower Front.
3. Slinger—Blower Oil.
4. Drive Coupling—Water Pump.

5. Allen Wrench, Tool J-1699.
6. lntermediate Shaft—Water
Pump.
7'. Blower— Front End.

Disassemble Blower—With blower removed from
engine, and accessories removed from blower end
plate covers, the blower assembly may be cleaned
with gasoline or fuel oil, dried with compressed air,
then disassembled. Do not c/ean in hot solvents, as such
will destroy the leather oil seals.

1. Remove 10 bolts in each blower end cover,
and by means of a copper hammer tap cover
off dowels at top and bottom of bolting flange.
Do not pry between cover and end plate, as gasket
surfaces may be damaged.

2. Using Tool J-1699, as shown in Fig. 185, loosen
expander screw at center and front end of
blower rotor shaft at water pump coupling, and
withdraw coupling from shaft.

3. Remove six bolts attaching blower rotor gear
hub to rear face of blower upper rotor timing
gear, and tap flange free of gear.
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4. Remove the bolts and washers at center of rear
end timing gears that lock the gears in place.

5. Remove Blower Rotor Timing Gears, using
Tool J-1682-C, as illustrated in Fig. 186, as fol
lows: The two timing gears must be pulled from the
rotor shafts at the same time.

Fig. 186—Removing Blower Rotor Timing Gears with Gear
Pullers and Puller Bolts from Tool Set J-1682-C.

I . Puller Studs.
1. Puller Plates.
3. Timing Gears.
4. End Plate— Front.

5. Cloth—to Prevent Rotor
Rotation.
6. Blower Housing.
7. End Plate—Rear.
8. Anchor Bolts.

(a) Back out puller studs (1) in puller plates
(2) as far as possible.

(b) Install two anchor bolts (8) in diametri
cally opposite holes of puller plates and
screw anchor bolts into gears as far as
possible so faces of plates are parallel
with face of blower.

(c) Turn the two puller studs (1) uniformly
clockwise, and withdraw gears from rotor
shafts.

Note number and thickness of shims on
each rotor shaft, if any are used. Remove
from shafts and replace accordingly when
assembling blower.

6. Remove three bolts at each bearing and rotor
shaft bearing retainers at both ends of blower.

1. Remove Rotor Shafts from Rear Bearings,
also Front End Plate from Housing, using
Anchor Bolts and Gear Pullers from Tool Set
J-1682-C, as illustrated in Fig. 187, as follows:
This procedure applies to blowers on which

the rotors and housing have not been scored
to the extent that withdrawal of rotors assembled
to the front end plate will further damage
rotors. If rotors and blower housing are badly
scored, rotor shafts should be pushed from bear
ings in front end plate before withdrawal, as
outlined in Item 8, below.

(a) Remove two fillister-head screws from front
end plate, and loosen the two fillister-head
screws in rear end plate about three turns.

Fig. 187—Removing Rotor Shafts from Rear Bearings and
Front End Plate from Housing. Using Anchor Bolts and Gear

Pullers from Tool Set J-1682-C.

1. End Plate—Rear.
2. Tool—Blower Service
J-1682-C.

3. Rotor Shaft—Rear.
4. Housing—RC Blower.
5. End Plate— Front.

(b) Back out puller studs in puller plate as
far as possible.

(c) Install the three anchor bolts in the three
equally spaced holes of each puller plate
and screw anchor bolts in holes from which
bearing retainer screws were removed so
faces of plates are parallel with face of
blower.

(d) Turn the two puller studs uniformly clock
wise and push rotor shafts from bearings
in rear plate. Front plate, with rotor shafts
still assembled in bearings, will be pushed
away from blower housing simultaneously.

(e) Remove tool from rear end plate and the
two fillister-head retaining screws, then
pull plate from position by hand. Withdraw
rotors and front end plate assembly from
blower housing, if rotors are not scored. If
rotors are scored, remove front end plate
from rotor bearings before withdrawing
rotors, as outlined in Item 8, below.
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8. Remove Rotor Shafts from Front End
Plate Bearings. The rotor shafts are removed
from the front end plate bearings with the
same tool and in exactly the same manner as
from the rear plate, as follows:

(a) Attach puller plates to blower front end
plate with anchor bolts screwed into holes
from which bearing retainer bolts were
removed—the same as in 7-C, above.

(b) Turn the two puller studs uniformly clock
wise and push rotor shafts from bearings.

9. Remove Rotor Shaft Bearings from Blower
End Plates/ with Seal Remover Tool from
Tool Set J-1682-C, as illustrated in Fig. 188. To
remove bearings from end plates:

1. Pilot.
2. Shoulder.
3. Collar.

Fig. 188—Removing Rotor Shah Bearings or Oil Seals from
Blower End Plate with Seal Remover from Tool Set J-1682-C.

4. Tool— No. J-1682-C.
5. End Plate—Blower.
6. Wood Block.

(a) Insert bearing removing tool through oil
seal from inner face of blower end plate, as
shown in Fig. 188 so pilot of tool enters bore
in inner race of bearing and shoulder of
tool rests against face of bearing inner
race. Support end plate approximately
two inches off bench and drive bearing
from position. Follow this same method on
all four bearings.

10. Remove Bearing Oil Seals from Blower
End Plates—Inspection of oil seals may be
accomplished after blower has been disas
sembled. If the leather is scored so that a tight
seal on shafts is impossible or the leathers have
become charred and hard, the seals should be

replaced. If change is necessary, the seals may
be removed from the end plates at the same
time the individual bearings are removed. This
is done by continuing to drive down on the tool,
shown in Fig. 188 until collar on tool rests on and
forces seal down and out of plate.

Inspect Blower Parts—After the blower has been
disassembled, all parts should be washed in clean
gasoline or fuel oil, blown off with dry compressed
air, and inspected before reassembly.

1 . Ball Bearing Inspection

(a) Wash the ball bearings by rotating the
bearings by hand in clean kerosene or fuel
oil until free from grease and foreign sub
stances.

(b) Clean the balls and races by directing air
through the bearing, at the same time rotat
ing the bearing by hand. Do not spin the
bearing with air pressure.

(c) If necessary, repeat cleaning operation to
be sure all foreign substance is removed.

(d) After cleaning thoroughly, again rotate by
hand and inspect for rough spots. The bear
ing should run free and show no indication
of roughness. The double-row bearings are
pre-loaded and have no end play; in fact, a
new double-row bearing will seem to have
considerable resistance to motion when re
volved by hand.

2. Check the oil seals in the end plates and, if
necessary, replace. Oil seals that have been
used should be lubricated with clean engine oil
at time of assembling blower. If new oil seals are
required, wipe the seals with a heavy grade of
lube oil or light grease before assembling in
blower.

3. Inspect blower rotor lobes for smoothness, and
shaft serrations and bearing surfaces for wear
or burrs.

4. See that end plate finished faces are smooth and
flat.

5. See that finished ends of blower housing, which
receive the end plates, are flat and free from
burrs. The end plates must set flat against the
blower housing.

6. Check blower gears for wear.

7. The rotors must revolve inside the blower housing
with a specified clearance between the housing
and rotor lobes. Inspect the inside of the housing
to see that the surfaces are smooth; also, the
rotor lobes to see that lobes do not contact.

8. Drive shaft should be straight and true. Serra
tions should be clean and straight.
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Fig. 789—Blower Details and Relative Location of Parts.
1. Cover—End Plate.
2. Gasket—End Plate-to-Cover.
3. Expanding Screw—Water Pump
Intermediate Shaft.

4. Assembly—Oil Slinger and
Water Pump Intermediate Shaft.
5. Bolt.
6. Lock Washer.
7. Bearing Retainer— Front.
8. Ball Bearing—Front.
9. Screw— End Plate Retainer

10. End Plate.
11. Oil Seal.
12. Dowel—End Plate.
13. Blower Housing.
14. Bolt—Housing Mounting.
15. Lock Washer.
16. Upper Rotor— R. H. Helix.
17. Lower Rotor— L. H. Helix.
18. Rear Shaft—Blower Rotor—
Serrated.

19. Boll Bearing— Rear— Double
Row—Thrust.

20. Bearing Retainer— Rear.
21. Shim— Placed Between Gear
and Bearing for Timing of
Rotors.

22. Rotor Gear— R. H. Helix.
23. Rotor Gear— L. H. Helix.
24. Washer—Gear Retaining.
25. Disc—Fuel Pump Coupling.
26. Lock Washer.
27. Bolt.

28. Hub—Blower Rotor Gear.
29. Lock Washer.
30. Bolt.
31. Boll—End Plate Cover-to-
Housing.

32. Lock Washer.
33. Gasket—Drive Shaft Cover to
End Plate Cover.

34. Cover—Drive Shaft.
35. Lock Washer.
36. Bolts.

Blower Assembly—All blower parts having been
inspected, assemble blower by reversing sequence
of operations for disassembly. Refer to Fig. 189 for the
relative position of all blower parts and assemble the
unit as follows:

1. Install Oil Seals in Blower End Plate, using
Gear Puller and Seal Assembly Collar from
Tool Set J-1682-C, as illustrated in Fig. 190.
The oil seals should be assembled into the end
plates with face of seals flush with inner,
finished face of plates and sealing edge of
leather pointing toward rotor bearings, as
shown in Fig. 183. The seals may be installed
properly with the tools shown in Fig. 190, as
follows:

(a) Support end plate between soft jaws in
bench vise. Back out puller stud (9) as far
as possible and push stud through bore for
bearing in end plate from the outer face
(rib side) with puller plate (10) resting
against outer face of blower end plate.

(b) With sealing edge of leather toward bear
ings, slide seal over head of stud and start
into bearing bore by hand.

(c) Slip pressure plate (6) over body and
next to head of puller stud and turn puller
stud (9) clockwise, forcing oil seal into
seat until pressure plate (6) sits tight
against inner face of blower end plate.
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Fig. 190— Installing Oil Seals in the Blower End Plate, Using
Gear Puller and Seal Assembly Collar from

Tool Set J-1682-C.
1. Outer Face (Ribbed).
2. End Plate—Blower.
3. Inner Face (Finished).
4. End Wrench.
5. Oil Seal.

6. Pressure Plate.
7. Vise Jaws—Soft.
8. Bench Vise.
9. Puller Stud.
10. Puller Plate.

Remove tool and install remainder of seals
in the same manner.

2. Install Blower Front End Plate— The top of
the blower may be identified by the flange which
supports the housing on top edge of cylinder
block. The end plate is semi-circular at the top,
as shown in Fig. 192 and is marked "TOP" on
outer ribbed side.

Even though the blower end plate is inter
changeable, front and rear, the plate at the
front end of the blower should be assembled to
the blower housing first, whereas, the rear end
plate should be assembled after rotors are in
place.
When viewing blower housing from cylinder
block side, the end plate for the front will be
assembled to the left hand end, as shown in Fig.
192. With these identifications clearly in mind,
attach end plate'to front fcnd of blower housing,
as follows:

2 3

Fig. 797—Blower End Plate and Oil Seal Locations.
1. Oil Hole—Supply to Blower 3. Dowel Pin.
Timing Gear. 4. Oil Hole— Return from Reservoir
2. Semi-Circular Top. to Crankcase.

5. Oil Seal.

231

Fig. 192—Position of Blower Front End Plate.
1. Blower Housing. 3. Top.
2. Dowel—Housing-to-End Plate-to-Cover. 4. End Plate—Front.
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(a) Start end plate dowels in dowel holes of
blower housing. Tap dowels and end plate
lightly with rawhide hammer to fit end
plate to housing.
Note that no gaskets are used between end
plates and housing; therefore, mating
surfaces must be perfectly flat and smooth.

(b) Lock end plate securely to housing with two
fillister-head screws. No /ockwashers.

(c) Inspect and see that dowels project %''
beyond outer face of end plate.

3. Before further assembly of the blower, certain
checking operations are necessary to insure
the proper relation of parts. The lobes on one
of the blower rotors and the teeth on one of the
timing gears form a right-hand helix and on
the mating parts a left-hand helix. The rotor
with the right-hand helix must be used with
gear having right-hand helical teeth and vice-
versa.

Fig. 193—Upper vs. Lower Rotors and Gears.
1. Upper Rotor— R. H. Helix.
2. Rotor Shaft—Rear—Serrated.
3. Omitted Serration—Timing
Marks.

4. Lower Rotor—L. H. Helix.
5. Rotor Gear—R.H.Helix— Upper.
6. Rotor Gear —L H.Helix— Lower.
7. Rotor Shaft—Front—Plain.

Rotor and gear with right-hand helices are the
upper units in the blower; and the parts with left-
hand helices, the lower units. Furthermore, for
convenience in blower timing, one serration is
omitted on the drive end of each blower shaft
with corresponding omissions in the gear.

Gears must be placed on the shafts with the ser
rations in registration. Rotors must be assembled

Fig. 194—Assembling Blower Rotors 1nto Housing Front End
Plate with Oil Seal Pilots from Tool Set J-1682-C.

1. Tool— Oil Seal Pilot— J-1682-C.
2. End Plate—Front.
3. Blower Housing.

4. Lower Rotor—L. H. Helix.
5. Upper Rotor— R. H. Helix.
6. Rotor Shaft—Rear—Serrated.

with the omitted serrations toward top on both rotor
shafts. (See Fig. 193.)

To avoid confusion when assembling, place the
right-hand rotor and right-hand gear together
on the bench; likewise, the left-hand rotor and
gear, as shown in Fig. 193.
Assemble Blower Rotors into Housing
Front End Plate, with Oil Seal Pilots, from
Tool Set J-1682-C, in place as shown in Fig. 195,
and with checks in mind, as outlined in Item 3,
above:

(a) Install one oil seal pilot (1) over short
end (non-splined) of each rotor shaft, and

1

Fig. 195—1nstalling Blower Rear End Plate with Oil
Seal Pilot from Tool Set J-1682-C.

1. Tool— Oil Seal Pilot— J-1682-C.

2. End Plate— Front.
3. Blower Housing

4. Lower Rotor—L. H. Helix.
5. Upper Rotor— R. H. Helix.
7. End Plate— Rear.
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with rotors in mesh and omitted serrations
toward top of blower housing, slip rotors
into housing.

(b) Remove oil seal pilots.

5. Install Blower Rear End Plate, using Oil
Seal Pilots from Tool Set J-1682-C, as illus
trated in Fig. 195. With rotors positioned in
housing as per Item 4 above:

(a) Install one oil seal pilot (1) over serrated
end of each rotor shaft.

(b) Identify top and bottom of end plate, as
described in Item 2, above, and shown in
Fig. 192, and start end plate dowels into
dowel holes in blower housing. Tap dowels
lightly to fit end plate to housing.

(c) Lock end plates securely to housing with
two fillister-head screws. No /ockwashers.

(d) Inspect and see that dowels project 3/8"
beyond outer face of end plate to accom
modate end cover.

(e) Remove oil seal pilots.

4321'

Fig. 196—Installing Blower Rotor Shaft Bearings Into End
Plate with Bearing Assembly Tool from Tool Set J-1682-C.

1. End Plate—Rear.
2. Rotor Shaft—Rear—Serrated.
3. Radial Bearing—Double Row—
Rear.

4. Tool—Bearing Installing—
J-1682-C.
5. Blower Housing.
6. End Plate—Front.

6. Install Blower Rotor Shaft Front Bearings
into End Plate with Bearing Assembly Tool
from Tool Set J-1682-C, as illustrated in Fig. 196.
Single-row ball bearings are used at the front
end of the blower rotor shafts and double-
row ball bearings at the rear (serrated) end.
The bearing number is stamped at one end of
the ball race only. When assembled the mark

ings are toward the outside face of the end
plate. With these identifications in mind:

(a) Start the single-row bearings onto front
end of rotor shafts (short end with internal
splines) .

(b) Using tool (J-1682-C) shown in Fig. 196, tap
bearings into end plates.

NOTE: Bearing retainers for single-row (front) bearings have

'i:-ni" inside diameter; and for double-row (rear) bearings,

7%" inside diameter.

(c) Install front bearing retainers with flange
at inner diameter of retainer directed
toward bearing. Lock each retainer with
three bolts and lock washers. (See Fig. 189.)

7. Install Rotor Shaft Rear Bearings. Install
the rear rotor shaft bearings exactly the same
way the fronts were installed and using the
same tool, except flange at inner diameter of
retainer is directed away from bearing. (See
Fig. 183.) Be sure markings on bearing race are
toward blower end cover. Use only bearing
No. 954307 at these positions.

8. Rotor-to-end plate clearances may be checked
atthistime, as described under 'Blower Timing,"
Page 150.

9. Press Blower Timing Gears onto Rotor
Shafts, using rotor gear retaining bolts as illus-

Fig. 197—Pressing Blower Timing Gears Onto Rotor Shafts
with Gear Retaining Bolts.

1. End Plate—Rear.
2. Special Lock Washer.
3. Disc— Fuel Pump Coupling.

4. Timing Gear—Lower Rotor-
L. H. Helix.
5. Timing Gear—Upper Rotor
R. H. Helix.

trated in Fig. 197. If blower once used is being
reassembled— shims were no doubt used back
of one, or perhaps both blower timing gears—

they should be installed in their original posi
tions before pressing gears onto shaft. If replace
ment of timing gears or rotors is necessary, both
the upper and lower gears or rotors must be
replaced as a set.
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If new gears or rotors were used, install without
shims, and use later if necessary, when timing
rotors.

Being sure that both rotor shafts with the
omitted serrations, as shown in Fig. 193, point
toward top of blower; that the drive gear (timing
gear) with six tapped holes in hub is located
on the upper rotor shaft; that original shims are
placed on their respective shafts, start both
gears onto shafts with omitted serrations on
shafts and gears registering. A center punch
mark is indented into end of shaft at omitted
serration to assist in locating gears properly.

Apply some engine oil at shaft serrations and
proceed to press gears onto shafts with bolt
shown in Fig. 197, as follows:

(a) Using timing gear retainer bolts am
washers to hold gears onto upper and lowe
shafts, respectively, install bolts and wast
ers into ends of shafts, and press the gear
uniformly into position tight against bearing
races.

(b) Remove retaining bolts from center c
shafts, which were used to pull gears int
place, and install special lockwasher nes
to head of each retainer bolt. Be sure tha
retainer washer at upper gear has piercei
lugs to engage slots in gear hub; then th
ears of the lockwasher will engage th
slots in the retaining washer. Draw retain
ing bolt tight with torque wrench J-1264
to a pull of from 55 to 65 pound feet.

RC BLOWER
I VIEW FROM GEAR END

SEE NOTE

OUTLET

A B C CC INLET OUTLET

e 7i
MIN' 007 .014 016 002 .016 .004-

6 7IMAX 006 i

OUTLET

SEE NOTE

AIR
INLET

RC BLOWER
I VIEW FROM GEAR END

NOTE TIME ROTORS TO DIMENSION ON CHART FOR

CLEARANCE BETWEEN TRAILING SIDE OF UPPER
ROTOR AND LEADING SIDE OF LOWER ROTOR ICCI
FROM BOTH OUTLET AND INLET SIDE OF BLOWER.

Fig. 198—Diagram of Blower Clearances.
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Fig. 799—Measuring "C" and "CC" Clearances Between Blower Rotor Lobes.
1. Leading Edge—Upper Rotor.
2. Trailing Edge—Lower Rolor.
3. R. C. Blower.

4. Feeler Ribbon— .01 6" Thick (Min.)
5. Exhaust Side of Blower.
6. Hub—Rotor Gear Drive.

For lower gear lock, install special lock-
washer and fuel pump coupling disc, on
retainer bolt so lock tangs of disc engage
slot in gear hub, and lockwasher ear en
gages slot in coupling disc. Draw retainer
bolt tight, with torque wrench J-1264, to a
pull of from 55 to 65 pound feet.

10. Blower Rotor Timing—At this stage of the

SHlM TOP GEAR
TO lNCREASE
CLEARANCE HERE

LEADlNG SlDE

SHlM BOTTOM
GEAR TO lNCREASE
CLEARANCE HERE

TRAlLlNG SlDE

CYLlNDER
BLOCK SlDE

(VlEW FROM GEAR END)

11.

7. Trailing Edge—Upper Rotor.
8. Leading Edge— Lower Rotor.
9. Feeler Ribbon— .004" Thick (Min,)

Fig. 200—Diagram Showing Proper Location of Shims for
Correct Rotor Lobe Clearances.

blower assembly, the blower rotors must be
"timed."
The three lobes on each blower rotor are located
spirally (helical) relative to the center line of
the rotor shaft. The teeth on the timing gears
are also helical, and, as previously stated, the
rotor with the right-hand helical lobe is driven
with a gear having right-hand helical teeth.
(See Fig. 193.)

The blower rotors, when properly positioned in
the housing, run with a slight clearance
between the lobes. This clearance may be
varied by moving one of the helical gears in or
out on the shaft relative to the other gear.

If the upper gear is moved oot, the upper rotor
will turn counter-clockwise when viewed from the
gear end. If the lower gear is moved out, the
lower rotor will turn clockwise when viewed
from the gear end. This positioning of the gear,
to obtain the proper clearance between the
rotor lobes, is known as Blower Timing.

Moving the gears OUT or IN on the rotors is
accomplished by adding or removing shims
between the gear hub and the bearing.

Check Rotor Lobe Clearance—The clearance
between rotor lobes may be checked with
various thickness feeler ribbons 1/2" wide, as
shown in Fig. 199. When measuring clearances
more than .005", laminated feelers made up of
.002", .003", or .005" are more practical and
suitable than one single thick feeler. Clearances
should be measured from both the inlet and
outlet side of the blower.

Time rotors to have from .004" to .006" clear
ance between the trailing side of the upper rotor
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and leading side of the lower rotor, measured from
both the inlet and outlet sides, as shown in Figs.
199 and 200. Then check clearance between
leading side of upper and trailing side of lower
rotors for a minimum of .016". In addition to the
.004" to .006" clearance, as noted above, the
.016" clearance should be held as an absolute
minimum. This should be closely adhered to
when using new rotors. Rotor-to-rotor measure
ments should be taken 1 " from governor end, at
center, and 1" from drive end.
Engines built previous to engine serial No.
67180507 are equipped with blower timing
gears which have a helix angle of 45°. Engines
built after the above serial number, including
all Model "E" engines, are equipped with
blower timing gears which have a helix angle
of 19°. Because of this difference in helix angle
the number of shims required for timing varies
as follows:

(a) A .001" shim in back of a 45° gear will
revolve the rotor .001".

(b) A .003" shim in back of a 19° gear will
revolve the rotor .001".

NOTE: The 19° gears are interchangeable with the 45°

gears as a set. However, additional shims are required for
timing as noted above.

Having determined the amount one rotor must
be revolved to produce the proper clearance
add shims back of either the upper or lower
gears as shown in Fig. 200 above, to produce
the desired result. When more or fewer shims are
required, both gears must be pulled from the
rotors, as directed in Item 5, under "Disassemble
Blower," Page 142.
Install the required thickness of shims back of
the proper gear and next to the bearing inner
race, and again press the gears tight in place.
Re-check clearances between rotor lobes.
After correct clearances are obtained, lock
gears in place as directed in Item 9 b, above,
under "Press Blower Timing Gears on Rotor
Shaft."

12. Check Rotor End Clearance— Insert feelers
as shown in Fig. 201, between end of rotors and
end plates. Determine minimum distance. This
operation must be performed at the ends of each
lobe, making 12 measurements in all. (See Fig.
198 for permissible dimension.)

13. Using the six bolts (30) and lockwashers (29),
attach blower rotor gear hub (28) to outer face
of upper rotor timing gear. (See Fig. 183.)

14. Insert splined end of water pump intermediate
shaft and coupling (4) into front end of blower
rotor shaft. Push shoulder of pump coupling
tight against end of shaft, and while held in this
position tighten expander screw inside coupling
with Tool 1-1699, as shown in Fig. 185.

Fig. 201—Measuring End Clearance Between Blower Rotors
and Housing.

3. Blower.
5. Exhaust Side of Blower.
7. Trailing Edge—Upper Rotor.

8. Leading Edge— Lower Rotor.
10. Feeler Ribbon— .007" Thick
(Min.).

15. Affix new gasket (2) to each blower end plate
cover (1), place a lockwasher (32) next to head
of the 10 attaching bolts (31), and attach covers
to blower end plates.

Attach Accessories to Blower—Time may be
saved and operations simplified if the various ac
cessories are assembled to the blower before the
blower is attached to the engine. This may be done
as follows:

1. Affix a new gasket to bolting flange of governor
drive housing, and insert drive shaft into serra
tions at front end of blower upper rotor shaft.
Secure to blower end plate cover with six bolts
and lockwashers, finger tight on//.

2. Affix new gasket to water pump bolting flange,
and, with intake elbow of pump pointing towards
bottom of blower, place water pump into position
at front end of blower lower rotor shaft, with
driving lugs on pump shaft coupling registering
with driving lugs of coupling on blower rotor
shaft. Lock securely to blower cover with three
bolts and lock washers.

3. Affix new gasket to bolting flange of blower
drive shaft cover and attach to blower rear
cover at upper shaft with six bolts and lock
washers, with threads just engaged. Do not
tighten.

4. The fuel pump must be attached to the blower in
only one way. The fuel pump is identified by the
marking "RH IN" at the inlet opening on the
pump cover. When the fuel pump is installed on
the blower, the inlet opening is always closer to
the outlet side of the blower—toward the cylinder
block.

151



TM5-5160 MODELS 601 6-E, C, B, D, GENERATOR SETS
SEC. 14

With this identification in mind, affix a new
gasket to pump bolting flange and set pump
drive coupling over squared end of pump shaft,
with outer end of coupling arms directed away
from pump. Set pump into position at rear of
blower lower rotor shaft, with intake and dis
charge openings at bottom, and markings on
pump cover toward cylinder block. Using three
bolts and lockwashers, secure pump to blower
cover. Do not force pump into place. Such treatment
is not necessary if the drive coupling registers
with mating member on rotor shaft.

Attach Blower Assembly to Cylinder Block
(Includes blower, fuel pump, blower drive shaft
cover, water pump and governor drive housing):

1. Install blower drive shaft through blower drive
gear hub and into flexible drive coupling.

2. Before attaching to engine, examine inside of
blower for any foreign material and revolve the
rotors by hand, checking for smooth operation.
Rough particles in the blower may score the
rotors and impair blower efficiency. Affix a new
gasket to the cylinder block at the blower pad,
using non-hardening gasket cement on block
side only.

3. Install a new rubber grommet in the groove of
the blower drive gear support, which acts as
an oil seal for the blower drive shaft cover.
Apply some soap to the rubber. Slip water
pump outlet packing flange—flat face out—
and packing over pump discharge; also, hose
clamp and seal over pump inlet.

4. Avoid damage to gasket at blower pad on
cylinder block, and slide the blower assembly
into position with drive shaft cover sliding over
rubber grommet in blower drive gear support.
Revolve rotors to engage drive shaft with coup-
ting on upper rotor timing gear. Attach blower
housing securely to cylinder block with lock
washers and bolts.

CAUTION: Damage to blower pad gasket will result in loss
of lubricating oil between the cylinder block and the
blower, high crankcase pressure, and lubricating oil leaks
into air box resulting in possible damage to engine.

5. Tighten bolts (36), Fig. 189, securing blower drive
shaft cover (34) to blower end plate cover (1).

6. Connect water pump intake to oil cooler cast
ing. Tighten hose clamp.

7. Connect water pump discharge to cylinder block,
using two bolts and lock washers and outlet
packing, recess of packing flange toward cyl
inder block.

8. Fill cooling system with soft water (also suitable
anti-freeze if necessary) and check for leaks.

9. The fuel line from the primary filter connects to
the intake (opening closest to cylinder block) of
the fuel pump and the discharge from the pump
leads to the intake of the secondary filter. With
these features in mind, properly connect fuel
lines.

10. Install governor as directed under "Install Gov
ernor," Sec. 16.

1 1 . Attach air inlet housing as directed on Page 157.

AIR INLET HOUSING AND AUTOMATIC AIR SHUT-DOWN
Automatic Air Shut-Down—Occasions may arise
when an emergency engine shut-down device is de
sirable. Such a condition will be brought about if
combustible liquids are introduced accidentally into
the engine combustion chamber by way of the air
box. Under such a condition, the hydraulic governor
has no control over engine speed. Such an emer
gency is provided for by an overspeed trip governor
of the flyball type actuating a spring loaded shut
down device. (See Fig. 202.)
Description—The air shut-down assembly may be
divided into two subassemblies —the valves and their
mounting and the overspeed trip governor and drive.
Operation—Twin flap valves (15) are set in the
outer wall of the blower air inlet housing (1). These
valves are suspended on a shaft (9) in conjunction
with a torsional spring (23), which tends to close the
valves. The end of the flap valve shaft (9), next to
the governor (5), extends through the air inlet hous
ing (1) and carries a reset lever (3) which indexes

with a latch (26) mounted on the governor mounting
bracket (2) and held in position by a pin in the end
of the governor plunger shaft. This contact between
the reset lever (3), latch (26), and plunger shaft pin
holds the flap valves (15) in a wide open position at
rated engine speeds. If

,

under the above-mentioned
conditions, the engine speed should exceed that
speed established by the hydraulic governor, then
this excess speed, transmitted to the overspeed trip
governor (5), causes the plunger of the latter to be
pushed out far enough so that the overspeed trip
latch (26) releases the reset lever (3). This permits
the overspeed trip spring (23) to close the flap valves
(15), thereby cutting off the supply of air to the
blower and stopping the engine. Before the engine
can be started again, after a stop from overspeed,
the flap valves (15) must be opened by again latch
ing the reset lever (3), held in position by the over-
speed trip latch (26) and the governor plunger
shaft pin.
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Fig. 202—Air Inlet Housing and Automatic Air Shut-Down Assembly.
\. Housing—Air Inlet.
2. Bracket—Overspeed Trip and
Governor Mounting.

3. Lever—Overspeed Trip Reset.
5. Governor—Overspeed Trip.
6. Shaft— Flexible Drive.

7. Adaptor—Flexible Drive.
9. Shaft—Overspeed Trip.
15. Flap Valves.

19. Gasket—Striker Plate.
20. Striker Plate.
2 1. Screen— Air Inlet Housing.

In order to stop the engine with the shut-down device,
the flap valves (15) must seat firmly and evenly
against the striker plate gasket (19). The striker
plate (20) is mounted between the blower and air
inlet housing with a gasket (19) affixed to the valve
side of the plate (20).

The drive for the governor, which actuates the over-
speed trip, is accomplished through an overspeed
trip drive shaft (39) pressed into the front end of the
camshaft and extending through an adapter (45)
mounted on the balance weight cover (53), as shown
in Fig. 89, Sec. 8. To this adapter (45) is connected

a flexible drive adapter (7) to which is fastened a
flexible shaft (6), terminating at the governor (5).
The excess engine speed, transmitted through this
flexible shaft (6), causes centrifugal weights within
the overspeed trip governor (5) to extend the plunger
shaft. The latch (26), moved from position by the pin
in the end of the plunger shaft, releases the reset
lever (3), thereby causing the overspeed trip spring
(23) to close the flap valves (15).
Lubrication —There are seven points in the auto
matic shut-down system which should be lubricated
at intervals designated on the Lubrication and
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Fig. 203—Automatic Air Shut-Down Mounting.
1. Housing—Air lnlet.
2. Bracket— Over-speed Trip and
Governor Mounting.

3. Lever—Overspeed Trip Reset.
4. Adjusting Screw—Governor
Overspeed.
5. Governor—Overspeed Trip.
6. Shaft— Flexible Drive.

7. Adaptor—Flexible Drive.
8. Blower.
9. Shaft—Overspeed Trip.
10. Clamp Bolt—Governor.
11. Lock Washer.
12. Clamp Bolt—Reset Lever.
13. Lock Washer.
14. Collar.

Maintenance Chart, Sec. 21. These seven points
(See Fig. 203), and the lubricants used, are as
follows:

1 & 2. Flexible drive adapter (7)—two fittings—
C. G.—O Grease— U. S. Army Spec. No. 2-106.

3. Flexible drive shaft (6)—C. G.—O Grease—
U. S. Army Spec. No. 2-106.

4. Overspeed trip governor (5)—hinged-cap oiler
—O. E. Oil—U. S. Army Spec. 2-104 A. Grade
SAE 10.

5. Overspeed trip shoulder screw (25)—O. E. Oil—
U. S. Army Spec. 2-104 A. Grade SAE 10.

6 & 7. Both ends of overspeed trip shaft (9) in
housing (1)—O. E. Oil—U. S. Army Spec.
2-104 A. Grade SAE 10.

Items 3, 5, 6, and 7 should receive attention at the
same time-interval as the remaining items listed
above. The flexible drive shaft (6) is lubricated as
follows:

1 . Remove flexible drive shaft from both adapter (7)
and governor (5).

2. Remove horseshoe retainer clip from adapter (7)
end of flexible shaft.

3. Pull flexible shaft from sheath and wash these
two parts in gasoline or fuel oil. Blow dry with
compressed air.

4. Apply liberal amount of specified grease to
flexible shaft and reassemble shaft in sheath.

5. Install flexible shaft (6) on governor (5) and
adaptor (7), being sure that drive keys engage
their respective mating shafts.

Service—The emergency shut-down is properly ad
justed before leaving the factory and should need
no further attention unless the device has been dis
assembled. Periodic disassembly and inspection, as
instructed in Lubrication and Maintenance Chart,
Sec. 21, are necessary and are carried out as
follows:

Disassembly of Automatic Air Shut Down
Mechanism —

A. Valves and Housing.

1. Remove air cleaner-silencers from air inlet
housing.

2. Disconnect flexible drive shaft (6) at governor (5)
and adapter (7).

3. Loosen clamp bolt (10), turn governor 90° and
pull straight out of bracket (2).

4. Remove six bolts (29) from air inlet housing. Re
move housing, striker plate (20), and screen (21)
from blower. Scrape old gasket (19) from striker
plate.

5. Remove two bolts (27) holding bracket to air inlet
housing and remove bracket.

6. Loosen clamp bolt (12) holding reset lever (3) on
overspeed trip shaft (9) and slide lever off shaft.

7. Using small pin punch, drive grooved pin (24)
through collar (14) and shaft (9). Remove collar.

8. Using same pin punch, drive four grooved pins
(22) from flapper valves (15) and shaft (9). Pull
shaft (9) from housing (1).

9. Remove shoulder screw (25) and take off trip
latch (26).

B. Overspeed Trip Governor and Flexible
Drive Shaft.

1. Remove two flat head screws from governor
cover.

2. Pull, and at the same time tap (with a fibre
hammer) the cover from the governor body. The
cover contains the plunger shaft, held under ad
justable tension by the coil spring and adjusting
arm.
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Fig. 204—Air 1nlet Housing and Automatic Air Shut-Down Details and Relative Location of Parts.
1. Housing— Air lnlet.
2. Brocket—Ovenpeed Trip and
Governor Mounting.

3. Lever—Ovenpeed Trip Reset.
5. Governor— Overspeed Trip.
6. Shaft—Flexible Drive.
7. Adapter—Flexible Drive.
9. Shaft—Overspeed Trip.

10. Clamp Bolt—Governor.
11. Lock Washer.
12. Clamp Bolt—Reset Lever.
13. Lock Washer.
14. Collar.
15. Flapper Valves.
16. Collar.
17. Flat Washer.

18. Felt Washer.
19. Gasket—Striker Plate.
20. Striker Plate.
21. Screen—Air lnlet Housing.
22. Grooved Pins (4).
23. Spring—Overspeed Trip.
24. Grooved Pins (2).
25. Shoulder Screw—Overspeed Trip.

26. Latch—Overspeed Trip.
27. Bolt— Bracket-to-Alr lnlet
Housing.

28. Lock Washer.
29. Bolts—Air lnlet Housing-to-
Blowar.

30. Lock Washers.
31. Key— Flexible Drive Shaft.

3. Pry retainer cap from end of plunger shaft, re
moving plunger shaft pilot and seven steel balls.

4. Pull cotter pin from plunger shaft, releasing
spring retainer and pilot bearing cup.

5. Remove pilot sleeve from governor flyball shaft.

6. Remove horseshoe retainer clip from wire-
armored end of flexible shaft.

7. Pull flexible shaft from sheath, square-drive end
first.

Inspection of Automatic Air Shut-Down
Mechanism —

A. Valves and Housing.
1. Clean all parts thoroughly in gasoline or fuel oil.
Dry with compressed air.

2. Inspect the striker plate (20) for warpage or
other surface irregularities.

3. Overspeed trip shaft (9) should be straight and
roll freely in air inlet housing (1).

4. Striker valves (15) must have smooth, even, con
tact surfaces and fit snugly on overspeed trip
shaft (9).

5. Felt washers (18) should form a tight seal at the
ends of the overspeed trip shaft (9) in the hous
ing (1).

6. Overspeed trip reset lever pin should not be worn
excessively or have a rough surface.

7. Notches in overspeed trip latch (26) should main
tain effective contact between governor plunger
shaft pin and overspeed trip reset lever pin.
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Latch (26) should move freely on shoulder
screw (25).

8. Air inlet housing screen (21) should be free of
any foreign matter and have no broken holes in
wire.

9. Inspect air inlet housing (1) and governor mount
ing bracket (2) for fractures or broken pieces
which may render the parts unsatisfactory for
further service.

B. Overspeed Trip Governor and Flexible
Drive Shaft.

1. Clean all parts thoroughly in gasoline or fuel
oil. Dry with compressed air.

2. Inspect drive keys in flexible drive adapter (7)
and in overspeed trip governor (5) for excessive
wear.

These pieces should maintain positive contact
with their respective mating parts; i.e., over-
speed trip drive shaft (39, Fig. 89) in camshaft,
flexible drive shaft (6) , overspeed trip governor (5) .

3. Pin in end of governor plunger shaft should be
centered and held tightly in the shaft.

4. The governor plunger shaft should operate with
a light push fit in bronze bushing in cover.

5. The seven steel balls in the plunger shaft pilot
should roll freely in their races.

6. The pilot sleeve has a loose fit in the governor
flyball shaft and should move freely from at-rest
to extended- weight position.

7. The plunger shaft tension spring should have

91/2 coils on a l1^" ^ree length.

8. The tension spring adjusting screw should turn
freely in the cover and arm.

9. The pilot bearing cup should provide a smooth
inner race for the seven steel balls.

10. Inspect flexible shaft for kinks or breaks in
strands. Driving and driven heads are crimped
on ends of the closely coiled flexible shaft and
should be tight. Fibre washer, under squared
driving head, acts as a thrust washer and should
be in such condition as to adequately protect
the driving head.

11. Inspect sheath and armor wire for any open
joints or sharp bends. This covering protects the
flexible shaft and retains the lubricant for the
flexible shaft.

Assembly

A. Valves and Housing.

1 . Place inlet housing (1) on work bench, with valve
opening facing up.

2. Place flap valves (15) in housing, with machined
face up and shaft bosses in line with shaft holes
in housing.

3. Place new felt washer (18) next to collar (16) on
shaft (9). Slide shaft into hole at rear of housing
(1) and into holes of first flap valve and through
first hole of second valve.

4. Place overspeed trip spring (23) on shaft (9),
with bent end of spring lying against inlet hous
ing (1). Continue sliding shaft until it extends
beyond end of inlet housing.

5. Place felt washer (18) on shaft and into housing
counterbore. Fasten valves (15) to shaft (9) with
four grooved pins (22).

6. Secure overspeed trip latch (26), hook toward
inlet housing (1), to mounting bracket (2) with
shoulder screw (25). Position governor bracket

(2) on housing and secure in place with two
bolts (27) and lockwashers (28).

7. Position collar (14) on shaft (9) and secure with
grooved pin (24). Slide reset lever (3) on shaft
(9), positioned so that head of clamp bolt (12)
will be away from cylinder block when housing
is attached to blower.

8. Hold flap valves (15) against inlet housing and
hook reset lever pin (3) in latch (26). Install and
tighten clamp bolt (12) and lockwasher (13).

B. Overspeed Trip Governor and Flexible
Drive Shalt.

1. Insert adjusting screw, slotted end first, into
underside of governor cover.

2. Lower adjusting arm over governor plunger
shaft.

3. Holding adjusting arm in alignment with adjust
ing screw, turn screw until arm reaches its
extreme innermost position.

4. Lower tension spring over governor plunger
shaft.

5. Place spring retainer over end of plunger shaft,
neck of retainer down in spring.

6. Insert shaft end of pilot bearing cup into end of
plunger shaft, aligning cotter pin holes.
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7. Insert cotter pin in cotter pin holes and lock in
position.

8. Grease seven balls and arrange on race-end of
plunger shaft pilot.

9. Lower pilot into bearing cup and lock in posi
tion with retainer cap.

10. Turn adjusting screw counter-clockwise until
inner end of screw is flush with adjusting arm,
creating maximum spring tension.

1 1 . Apply shellac, or non-hardening cement, to re
cessed surface of governor body, over which the
cover fits.

12. Replace cover assembly on governor body, with
adjusting screw adjacent to hinged-cap oiler.

13. Align screw holes in cover with tapped holes in
governor body. Secure cover in place with two
flat head screws, evenly tightened.

14. Pour four ounces of specified oil (see Lubrica
tion and Maintenance Chart, Sec. 21) into
hinged-cap oiler. Hold governor in horizontal
position, with oiler upright.

15. Apply liberal amount of specified grease (see
Lubrication and Maintenance Chart, Sec. 21) to
flexible cable and reassemble cable in sheath.
Replace horseshoe retainer clip.

C. Install Overspeed Trip Governor.
1. Place governor (5), pin in plunger shaft hori
zontal (hinged-cap oiler down), in mounting
bracket (2). Turn governor 90°, bringing oiler up
to face out, engaging pin in plunger shaft with
latch (26). Tighten clamp bolt (10) and lock
washer (11) securing governor in place.

CAUTION: Position governor so that plunger shaft pin is
centrally located in notch of latch (26).

Attach Blower Air Inlet Housing with Auto
matic Air Shut-Down—Since the function of the
shut-down device is to shut off the air to the blower
completely when the flap valves are closed, the
valves must set tight against the striker plate gasket
when in tripped (closed) position.

Before attaching the shut-down assembly to the
blower, therefore, lay a straight-edge lengthwise of
the finished flange of the air inlet housing and close
the valve against the straight-edge. The machined
edges ofboth valves must be setflat against the straight
edge when the latter is moved from top to bottom of
inlet housing flange. Turn straight-edge crosswise of
inlet housing flange and draw from end-to-end. The
machined edges of valves must rest against straight
edge throughout length of valves.

When attaching the air inlet housing:

1. Affix new gasket (19) to the striker plate (20).
Install lock washers (30) on center bolts (29),

upper bolt ^'-16 x 1J/S", lower bolt %'-\6 x
I1/, and insert bolts in center bolt holes in
blower inlet housing. With gasket (19) facing
valves, slide striker plate (20), then screen (21),
over inner ends of bolts and set housing in place.
Install remaining bolts and lock washers.

CAUTION: Make certain that proper length bolts are used.
If bolts are too long, they will extend inside blower housing
and damage rotors. Upper bolts should be 3/s— 76 x !7/»'
except one bolt on governor bracket which is 3/»"—

76 x 2V4", lower bolts should be %'—76 x P/i" except
one bolt on governor bracket which is % "— 16 x 2 ".
2. Service air cleaners as directed under "Air
Cleaner Service," below, and install cleaners.

Adjust Overspeed Trip Governor
The overspeed trip governor should be adjusted to
stop engine when the engine speed exceeds by 150
to 250 r.p.m. the generator rated speed. To adjust
the governor proceed as follows:

1 . Loosen nut (78) on solenoid stud (75) . See Fig. 275,
Sec. 16. Remove nut (85) and lock washer (86)
from guide bolt (83). Pull link (76) from guide
bolt and swing clear of shut-down knob (15).

2. See Operating Instructions, Sec. 21, and start
engine. Open field switch and main switch and
operate engine at NO LOAD.

3. Permit engine to warm up for short period, then
increase speed by pushing in on governor shut
down knob (15), to 200 RPM over generator rated
speed (check by hand tachometer).

4. Refer to Fig. 203 and turn overspeed trip gov
ernor adjusting screw, located in end of governor,
clockwise until latch (26) releases reset lever (3),
permitting flap valves (15) to close, thereby
stopping engine.

5. After engine is stopped, open flap valves, and
engage reset lever pin in hook of latch (26).

6. Return throttle to starting position and again
start engine. Increase speed to 200 RPM over
generator rated speed (check by hand tachom
eter).

7. Again turn adjusting screw—clockwise to de
crease speed, counterclockwise to increase speed
at which latch (26) releases reset lever (3),
thereby stopping engine.

8. When desired setting is obtained, turn adjusting
screw clockwise a sufficient amount to align slot
in screw with holes in screw sleeve. Secure screw
in this position with lock wire threaded through
holes and slot. Twist wire tightly.

9. Swing link (76) into position on guide bolt (83)
and secure with lock washer (86) and nut (85).
Tighten nut (78) on solenoid stud (75). See Fig.
275, Sec. 16.
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AIR CLEANER
Two oil bath air cleaner-silencers of the type shown in
Figs. 205 and 206 are used as standard equipment
on these units. The cleaner-silencer consists of a
metal wool cleaning element supported inside a
housing beneath which is contained a bath of oil.
The lower portion of the device is a hollow chamber
which serves as a silencer for the incoming air to the
blower. Air drawn into the cleaner by the blower
passes over the top of the oil bath, where a major
portion of the dirt is trapped, then up through the
metal wool, where the finer particles are removed,
thence down the central duct to the blower.

Fill the reservoir with O.K. Oil—U. S. Army Spec.
2-104A, Grade SAE 50. The oil level should not
be above the tips of the arrows stamped on the
inside of the reservoir, which level is just flush
with the top of the reservoir itself. If too much oil is
used, it will be pulled up into the metal wool, down
into the blower, and forced into the air box, thereby
causing excessive engine speeds.

Service—Air Cleaner—The air cleaner should be
reconditioned every 128 hours (more frequently
under severe working conditions) .Wash the metallic

Fig. 205—Oil Bath Air Cleaner Details and Relative Location of Parts.
(Model "E")

2. Element Assembly. 5. Retaining Screw.1. Bowl—Air Cleaner.

1. Bowl—Air Cleaner.
2. Element Assembly.

Fig. 206—Oil Bath Air Cleaner Details and Relative Location of Parts.
(Models "B", "C" and "D")

3. Gasket—Cover-to-Element. 6. Gasket—Bowl-to- Air lnlet 10. Gasket—Bowl-to-Element
4. Cover. Housing. Assembly.
5. Bolt.
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Fig. 207—Oil Bath Air Cleaner and Silencer Assembly.
(Model "E")

1. Air Cleaner Bowl. 6. Gasket—Bowl to Air Inlet Housing.
2. Element Assembly. 7. Air Inlet.
3. Gasket—Bowl to Element. 8. Oil Level.
5. Retaining Screw. 9. Oil Reservoir.

o

Fig. 208—Oil Bath Air Cleaner and Silencer Assembly.
(Model! "B", "C" and "D")

1. Bowl— Air Cleaner.
2. Element Assembly.
3. Gasket—Cover-to-Element.
4. Cover.
5. Retaining Screw.

6. Gasket—Bowl-to-Air Intake.
7. Air Inlet. ,
8. Oil Level.
9. Oil Reservoir.

wool elements in fuel oil to remove the dirt. Drain
dirty oil from oil reservoir and clean sludge from
bottom of reservoir. Refill with specified oil up to oil
level. Reassemble after filter element has thoroughly
drained. Check condition of gaskets before reas
sembly and replace if necessary.

AIR BOX DRAINS
Description—In normal operation, a slight amount
of vapor from the air charge condenses and settles
on the floor of the air box. This condensation is drawn
off through cored passages in the ends of the block
and openings in the side of the engine block below
the air box floor. Pipes from these openings lead to
a drain tank mounted on the engine block.

The tank illustrated in Fig. 211 consists of a vented
steel shell, a cover, a metal wool filtering element,
a removable retainer stud, which holds the shell and
filtering element to the cover, and an elbow.

If occasion requires, the unit may be disassembled
by removing the drain hose from the elbow at the
bottom of the tank and by removing the stud holding
the shell to the cover.

The above general description of the air box drain
system applies to all four models. However there are

differences between the Model "E" (Fig. 209) and
the Models "B", "C" and "D" (Fig. 210) as follows:
MODEL "E": The drain tank is mounted on the
exhaust manifold side of the engine. An inlet open
ing is provided in the top of the tank for the connec
tion of the drain tubes. Another is provided in the
bottom for the connection of the short length of drain
tubing, leading to atmosphere.

MODELS "B", "C" and "D": The drain tank is
mounted on the blower side of the engine. Two inlet
openings are provided in the top of the tank. One
inlet opening for air box drain connection and the
other for the fuel pump drain connection. The outlet
opening in the bottom of the drain tank is connected
to an inlet opening in the fuel supply tank by a
length of flexible hose.
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Fig. 209—Air Box Drain System.
(Model "E")

1. Drain Pipe—Front-to-Tank. 7. Drain Hose—Tank-to-
2. Drain Pipe— Rear-to-Tonk. Atmosphere.
3. Tee Connection. 8. Cylinder Block.
4. Drain Tank.

Service—Air box drains should be open at all times.
A wise practice is to examine the openings occasion
ally, and if necessary, clean the passages. An in
dication of plugged vents is liquid accumulation on
the air box floor. Such accumulations can be seen
when removing hand hole cover plates on the side
of the engine block. If accumulations appear,
thoroughly wipe out air box with rags, or blow out
with compressed air; then remove tube connectors

from vents and clean connectors and tubes thor
oughly, blowing out vents with compressed air.

Under normal conditions, only a small amount of
waste drains into the tank.

If removal of the shell becomes necessary, back out
stud by turning on head at bottom of tank.

Before replacing the stud and assembling the tank,
replace the filtering element and see that the gaskets
are between the head of the retainer stud and on the
stud and beneath the filtering element retainer,
respectively.

After some liquid has drained into tank, check for
leaks at gasket. If not leak-tight, replace gasket.

There is no gasket between shell and cover. On the
other hand, four slots are provided at top of shell to
afford a suitable vent for the tank.

Fig. 270—Air Box Drain System.
(Models "B", "C" and "D")

Fig. 277—Air Box Drain Tank Assembly.

1. Drain Pipe— Front to Tank.
2. Drain Pipe— Rear to Tank
3. Tee Connection.
4. Drain Tank.

5. Drain Pipe—Fuel Pump to Tank.
6. Fuel Pump.
7. Drain Hose—Tank to Supply.
8. Cylinder Block.

1. Steel Shell.
2. Cover.
3. Attaching Flange.
4. Vent.
5. lnlets for Waste from Air Box
or Fuel Pump.

7. Retainer Stud.
8. Gaskets.
9. Retainer—Filtering Element.
10. Drain Cock.
11. Drain Holes.
12. Filtering Element.
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FUEL SYSTEM
Description —Included in the fuel system are the
injectors, fuel oil pump, fuel oil filters, and the fuel
oil manifolds. Fuel is drawn from the supply tank,
through the primary filter by the fuel pump, which
is driven from the rear end of the blower lower rotor

shaft. From the pump, fuel is forced through the

secondary filter and to the fuel intake manifold,
which supplies the injectors. Surplus fuel, flowing
through the injectors, is returned through the fuel
outlet manifold to the supply tank.

11

12

13

14

15

Fig. 212— Fuel Injector Mounting.
\. Camshaft.
2. Cam Follower.
3. Follower Spring.
4. Injector Clamp
5. Push Rod.

6. Lock Nut.
7. Clevis.
8. Shaft—Rocker Arm.
9. Rocker Arm— Injector.
I 0. Ball Stud and Seat.

11. Injector Assembly.
12. Control Tube.
13. Lever—Rack Control.
I 4. Rack—Injector Control.
15. Copper Tube.
16. Cylinder Head.

17. Cylinder Liner.
18. Gasket—Cylinder Head.
I 9. Balancer Shaft.
20. Cylinder Block.
21. Sealing Ring—Copper Tube.
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1. Follower.
2. Follower Guide.
3. Plunger Spring.
4. Follower Pin.
5. Stop Pin.
6. Gear.
7. Rock.
6. Seal Ring.

Fig. 213— Fuel Injector Assembly.

9. Gear Retainer.
10. Upper Helix.
11. Metering Recess.
12. Upper Port.
13. Bushing.
14. Spill Deflector.
15. Spacer.

16. Check Valve.
17. Check Valve Seat.
18. Spray Tip Valve.
19. Valve Spring.
20. Valve Stop.
21. Filter Cap.
21A. Gasket— Filter Cap.
22. Filter Spring.

23. Filter Assembly.
24. Injector Body.
23. Injector Nut.
26. Injector Plunger.
27. Fuel Chamber.
28. Lower Helix.
29. Lower Port.
30. Spray Tip.
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To secure combustion, a small quantity of accurately
metered, finely atomized fuel must be mixed, at the
end of the compression stroke, with the charge of air
which has been forced into the cylinder by the
blower. This is accomplished by a high-pressure fuel
injection device.

Before injection can be effected, the fuel pressure
must be higher than that of the air charge in the
combustion chamber. Consequently, the fuel in
jector, shown in Fig. 213, performs a quadruple duty:
1st, metering and injecting fuel; 2nd, creating high
fuel pressure; 3rd, atomization; and 4th, continuous
by-pass of fuel through the injector body which acts
as a coolant and also eliminates air pockets. The
unit fuel injector, developed by General Motors and
used in this engine, combines in a single unit all of
the parts necessary to perform the above functions,

thus providing a complete and independent injection
system for each engine cylinder.

Fuel Injector Mounting —The injectors are
mounted in the cylinder head, with their spray tips
projecting slightly below the top of the inside surface
of the combustion chambers. A clamp, bolted to the
cylinder head and fitting into a machined recess in
each side of the injector body, holds the injector in
place in a water-cooled copper tube which passes
through the cylinder head. A dowel pin in the in
jector body registers with a hole in the cylinder head
for accurately locating the injector assembly.
A taper seat on the lower end of the injector when
seated in the copper tube, which is assembled in the
cy linder head for holding the injector, forms a tight
seal between the two parts to withstand the high
pressures inside the combustion chamber.

FUEL INJECTOR
Description—The cross section of the Model 71
Injector, illustrated in Fig. 213, shows the various fuel
injector parts. Fuel oil is supplied to the injector at a
pressure of about twenty pounds per square inch,
min., and enters the drop-forged steel body (24) at
the top through the filter cap (21). After passing
through the fine-grained filter element (23) in the
inlet passage, the fuel oil fills the annular supply
chamber (27) between the bushing (13) and the spill
deflector (14). The plunger (26) operates up and
down in this bushing, the bore of which is connected
to the fuel supply in the annular chamber by two
funnel-shaped ports (12 and 29).
The motion of the injector rocker arm is transmitted
to the plunger (26) by the follower (1) which bears
against the return spring (3). In addition to this
reciprocating motion, the plunger can be rotated,
in operation, around its axis by the gear (6), which
is in mesh with the rack (7). An upper helix and

a lower helix are machined into the lower end of
the plunger for metering purposes. The relation of
these helixes to the two ports (12 and 29) changes
with the rotation of the plunger. As the plunger
moves downward, the fuel oil in the high-pressure
cylinder or bushing is first displaced through the
ports (12 and 29) back into the supply chamber
(27) until the lower edge of the plunger closes the
lower port (29). The remaining oil is then forced
upward through the central passage in the plunger
into the recess between the two helixes from which
it can still flow back into the supply chamber until
the upper helix closes the upper port (12). The rota
tion of the plunger, by changing the position of the
helixes, retards or advances the closing of the ports
and the beginning and ending of the injection
period, at the same time increasing or decreasing
the desired amount of fuel which remains under the
plunger for injection into the cylinder.

EfTECtlVI
SHOKE

Fig. 214—Fuel Metering from FULL LOAD to NO LOAD
Produced by Rotating Plunger with Control Rack.

Fig. 215—Phases of Injector Operations by Vertical Travel of
Plunger.
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Fig. 214 shows the various plunger positions from
FULL INJECTION to NO INJECTION. With the con
trol rack pushed IN completely (full injection), the
upper port is closed shortly after the lower port has
been covered, thus producing a full effective stroke
and maximum injection. With the control rack pulled
OUT completely (no injection), the upper port is not
closed by the helix until after the lower port is un
covered. Consequently, with the control rack in this

13

— 30

Fig. 216— Injector Body, Plunger, and Bushing Identification
Markings.

7. Injector Rack.
13. Injector Bushing.
24. Injector Body.
25. Injector Nut.

26. Injector Plunger.
30. Spray Tip.
31. Shipping Cap.
32. Identification Mark.

position, all of the fuel charge is forced back into the
supply chamber, and no injection of fuel takes place.
From this NO INJECTION position to FULL INJEC
TION position (full rack movement) the contour of
the helixes advances the closing of the ports and the
beginning of injection.

Fig. 215 shows the four positions for the downward
travel of the plunger. On the downward travel of
the plunger in the pressure cylinder of the bushing,
the metered amount of fuel is forced through the
valve assembly, through the check valve (16), shown
in Fig. 213, and against the spray tip valve (18).

When sufficient fuel pressure is built up, the spray tip
valve is lifted off its seat and the fuel is forced through
six small orifices in the spray tip (30) and atom
ized in the combustion chamber. The check valve (16)
prevents air leakage from the combustion chamber
into the fuel system in case the valve (18) is accident
ally held open by a small particle of dirt, thus
allowing the injector to continue to operate until
the particle works through the valve. On the return
upward movement of the plunger, the high-pressure
cylinder is again filled with fuel oil through the
ports. The constant circulation of fresh, cool fuel
through the injectors, which renews the fuel supply
in the chamber (27), helps to maintain even operat
ing temperatures of the injectors, and also effec
tively removes all traces of air which might other
wise accumulate in the system and interfere with the
accurate metering of the fuel.

The fuel injector outlet opening, which returns the
excess fuel oil supplied by the fuel pump, is directly
adjacent to the inlet opening (21), and is protected
against dirt or other foreign matter by a fine-grained
filter element, exactly tike the one on the inlet side.
The injectors used in these engines carry an assembly
number and serial number on one side of the injec
tor body, and an identification plate on one other
side, as shown in Fig. 216. The injector plunger is
marked with the letter "A" or the figure "6" to
identify its type. Plunger and bushing are both
marked with corresponding serial numbers so that
they may be easily identified as mating parts.

Injectors, plungers, and bushings used in these engines must

have these identification markings to insure proper metering

of fuel.

Injector Control—Each injector control rack is
connected by an easily detachable joint to a lever
on a common control shaft, which, in turn, is linked
to the governor and throttle. These levers can be
rotated independently on the control tube by the
adjustment of two screws which permit a uniform
setting of all injector racks. (See Fig. 275, Sec. 16,
for governor to injector linkage.)

Injector Service—The injector is one of the most
important and carefully constructed parts of the
engine. On this unit depends the injection of the
correct amount of fuel at exactly the right time into
the combustion chamber. Due to the fact that the
injector works against high compression in the com
bustion chamber, efficient operation demands that
all injector parts be maintained in clean, first-class
condition at all times. This will necessitate the use of
only clean fuel in the injector, and the necessary
accurate metering of the fuel by the injector. The
same care must be exercised when servicing the
injector as was originally built into the unit by the
manufacturer.
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A mechanic should not attempt any service oper
ations on the injector without first acquiring a com
plete understanding of its construction and oper
ation. This section of the text thoroughly describes
the working principle, shows the construction, and
explains how to service the unit.

While a skilled mechanic may intelligently service
the injectors, using the instructions in this section as
a guide, time and expense may be saved by chang
ing the unit rather than attempting repairs, espe
cially in dirty surroundings.

Before starting to dismantle an injector, it is neces
sary to have an extremely clean workbench on
which to work and to store the parts. Cleanliness
for the injector and its parts is emphasized because
practically all injector service troubles are directly
traceable to dirt, loose particles, grit, or any other
foreign matter.

When preparing to assemble an injector, it is
absolutely essential to wash the hands thoroughly
and to clean all the injector parts in either clean
fuel oil or carbon tetrachloride. Parts should then
be blown dry by compressed air (filtered—free of
dust and moisture) making sure to blow through all
the passages in the injector body and all the drilled
holes, slots, etc., in the injector parts. Waste or rags
should never be used for cleaning the injector parts, since
this would leave lint and other particles which could
collect and clog parts of the injector when assembled.

Toilet tissue is a good and inexpensive material for
wiping any injector part, or on which to place in
jector parts after cleaning with liquid and blowing
dry with air. After the liquid wash and subsequent
blowing dry with air, it is essential that the parts are
placed in a clean place until assembled. Clean,
light oil should be used liberally on injector parts
during assembly to protect them from rust in case
the injector is not used immediately and to provide
initial lubrication before the regular engine lubricat
ing system supplies oil to these parts.

Care of Injectors— Because of the important part
the injector plays in the operation of the engine, the
necessity for proper care and cleanliness of these
units cannot be over-emphasized. The instructions
below should be carefully followed in connection
with injector service:

1. Whenever the fuel tines are removed from an
injector which is installed in the engine, protect
the two fuel fittings with the shipping cap, part
No. 5226414, to exclude dirt from the injector.

2. Do not dismantle an injector in dirty surround
ings or on a dirty workbench. Use clean paper
on the bench and, after the parts have been
removed from the injector, store the loose parts
in clean fuel oil as a protection against dirt and
corrosion.

3. With more than one injector disassembled, it is
not only good practice, but necessary, to keep
the parts of each injector separate. The plunger
must be fitted, always, with the same bushing. It is
advisable to keep the parts of the tip assembly —
the spring, stop, spray tip valve and seat, as a
unit, as it insures that the "pop" pressure and
calibration built into the injector will remain es
sentially the same as when it was first tested and
assembled.

4. After injectors have operated in an engine, the
filter caps or filters should not be removed from
the injector when the injector is in the engine.
If filter caps or filters are to be removed, the in
jector must be completely disassembled and
cleaned.

5. Whenever an injector has been removed and
reinstalled, or a new injector installed in the
engine, the injectors must be:

(a) Timed.

(b) Racks positioned.

(See "Timing Fuel Injectors," Page 174;
"Positioning Injector Control Racks," Page
174.)

6. Whenever an engine is to be out of service for
an extended period, the fuel system should be
purged, as outlined under "Engine Storage,"
Sec. 21.

7. When a repaired injector is to be placed in stock,
it should be primed with special oil, the proper
ties of which agree with those for purging the
fuel system, and described under "Engine Stor
age," Sec. 21.

8. Before installing any used or rebuilt injectors in
an engine, test each injector. (See "Testing In
jector," Page 172.)

Remove Injector —If it becomes necessary to
remove one of the fuel injectors for inspection or
replacement, follow the procedure given below:

1. Remove valve rocker cover.

2. Remove fuel lines (1) from both the injector (2)
and the fuel connectors (3).

Immediately after removal of the fuel lines from an
injector, the two fuel feed fittings should be protected
with the shipping cap, part number 5226474, to pre
vent dirt entering the injector.

3. If necessary, crank the engine with the starter
or a bar at the flywheel ring gear until the three
rocker arm clevis pins—at outer end of arms—

are in line.

4. Loosen the two rocker arm bracket bolts (4)
holding the brackets to the cylinder head (5)
and swing the rocker arm assembly over away
from valves and injector.
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Fig. 277—Removing Injector from Cylinder Head of Model
71 Engine, with Tool J-1227-1.

1. Fuel Lines.
2. Injector.
3. Fuel Connectors.
*. Bolts—Rocker Arm Shaft
Brocket-to-Cylinder Head.
5. Cylinder Head.
6. Brockets—Rocker Arm Shaft.
7. Clamp— Injector Hold-down.

5.

8. Nut—Injector Hold-down Stud.
9. Washer — Injector Hold-down
Clamp.

10. Tool—Injector Removing—
J-1227-1.

11. Rack—Injector Control.
12. Shipping Cap, No. 5226414.
13. Tube— Injector Control.

Remove injector hold-down stud nut (8), special
washer (9) and injector clamp (7).

6. Using Tool J-1227-1, as illustrated in Fig. 217, pry
injector from its seat.

7. Lift injector from seat; at the same time disengage
the control rack linkage.

Inspecting and Cleaning Injector Spray Tip—
With the injector removed from the engine, the
injector spray tip and allied parts may be removed,
cleaned, and replaced without disassembling the
entire injector. Before removing the spray tip, check
to see if the plunger works freely in the bushing, and

that the control rack moves back and forth freely.
Free movement of plunger may be checked by
depressing the plunger follower with the thumbs and
forefingers.

If these parts stick or bind in operation, the injectoi
should be completely overhauled and cleaned. The
purpose of depressing the plunger and follower with
the hands is because any binding or sticking can be
more easily detected than if tools were used.
If plunger follower and control rack are in good
working order, the failure of an injector may be due
to one or more of three causes:

1. Plugged fuel passages in spray tip.
2. Inoperative spray tip valve.
3. Plugged injector filters.
These parts may be inspected and cleaned as
follows after the injector has been removed from the
cylinder head:

1. Clamp the injector in the holding fixture, J-1261.
and using wrench J-1238, as illustrated in Fig.
218, loosen nut from injector body.

2. Finish removing injector nut by hand. When nut
is removed, the spray tip, valves, valve seats, and
spring will be released. Retain these parts in a
clean receptacle until ready for reassembly.

3. Removing Injector Spray Tip front Nat—
After the injector has been in use for some time,
the spray tip, even though clean on the outside,
may not be pushed readily from the nut with the
ringers. In this event the nut may be supported
on a wood block, and the tip driven down through
the nut with a hollow steel rod or, if available,
Tool J- 1291 -A, as illustrated in Fig. 219, maybe
used.

Fig. 278—Removing Injector Nut with Tools J-1238 and
J-1261.

25. Injector Nut.
31. Wrench— Injector Nut-
No. J-1238.

-Tool
32. Fixture—Injector Holding
Tool No. J-1261.
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Fig. 279—Removing Injector Spray Tip from Nut with Tool
J-7297-A.

25. Injector Nut. 33. Tool No. J-1291-A.
30. Spray Tip.

After removal, the seat in the nut for the spray
tip should be thoroughly cleaned with one of the
brushes provided in the injector cleaning tool
set, J-1241-AS, illustrated in Fig. 220.

4. Thoroughly wash and inspect the check valve
for flat, smooth surfaces, the spacer for smooth
ness and chips, the check valve seat for smooth
ness and chips and the spray tip valve and valve
stop for smoothness. (See (Fig. 213 for identifica
tion of parts.)
If the check valve or its seat on the spacer are
damaged or scored, or if the spray tip valve and
its seat are chipped, pitted, or otherwise dam
aged, the parts must be replaced.
If the adjoining surfaces of the spray tip valve
and valve seat show discoloration only, they may
be lapped on a lapping block, tool J-1330 or

36 37 35 34 38

Fig. 220— Injector Cleaning Tool Set, J-1241-AS.
39. Brush.
40. Brush.
41. Kit— Injector Service
J-1241-AS.

34. Reamer— Spray Tip.
35. .006' Wire.
36. Pin Vise.
37. Gauge — Injector Timing.
38. Emery Stone.

equivalent, as shown in Fig. 221. Carborundum
H-40 medium lapping cream, or equivalent,
should be used.
Extreme care must be exercised in lapping these
parts to keep the surface smooth and flat from
edge to edge and perpendicular to the center
line.

5. Reconditioning Spray Tip and Assembly—
(a) Holding injector spray tip in the fingers, as
illustrated in Fig. 223, ream tip with tool
J-1243.
While reaming, hold spray tip in fingers,
insert reamer down into tip, press lightly
and turn with fingers to remove any carbon
or foreign matter. After thoroughly reaming,
blow out tip with compressed air to remove
any loose particles.

Fig. 227— Lapping Flat Surface of Check Valve
on Tool J-1330.
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fig. 222—Removing Filter Cap w/t/l <>/,<-,"Socket Wrench or
Tools KMO-240 and J-1261.

2. %' Wrench— Tool KMO-240.
3. Injector.

1. Fixture— Injector Holding—Tool
No. J-1261.

(b) Holding spray tip in fingers, as illustrated in
Fig. 224, clean the six spray tip orifices with
Tool KMO-235.

NOTE: The spray tip is marked (6— .006-755) on the end.
Always use spray tips so marked for the injectors used in
these engines.

Before using the tool, the sharp burrs should
be removed from the wire on a honing stone
furnished with cleaning set J-1241 -AS.
After reaming, clean the six spray tip holes
with the .006" wire and blow out with
compressed air, re-ream the tip, again clean
the holes, then wash with carbon tetra-
chloride or fuel oil and again blow out with
compressed air.

Observe the cautions on cleanliness at the
beginning of this chapter, then assemble the
valves and spray tip into the injector nut

and onto the injector, as described in Item
3, Page 171.

(c) Test injector as outlined on Page 172.

(d) Install injector as outlined on Page 174,
providing test described in Item 3 is satis
factory. If the injector requires further recon
ditioning, including complete overhaul, the
unit may be disassembled, cleaned, and
reassembled, as outlined below.

Injector Disassembly—Complete —The injector
may be completely disassembled as follows:

1 . Support the injector in the holding fixture, right
side up, and loosen (not remove) the two filter

17
24

Fig. 223—Reaming Injector Spray Tip with Tool J-1243.
15. Spacer.
16. Check Valve.
17. Check Valve Seat.
18. Spray Tip Valve.
19. Valve Spring.
20. Valve Stop.

24. Injector.
25. Injector Nut.
30. Spray Tip.
34. Tool— Reaming—Part of Serv
ice Set J- 1241 -AS.

caps with Tool KMO-240 while holding in
clamping fixture J-1261 as shown in Fig. 222.

2. Using a screw driver or similar tool, shown in
Fig. 225, beneath follower spring, raise spring
away from stop pin and withdraw the pin, while
holding hand over follower to allow spring to
assume free length position.

3. Remove the plunger, follower guide, follower
and follower pin from the injector body.

4. Remove the follower pin from the follower guide
and separate the parts mentioned in Item 3.

5. Invert the injector in the holding fixture, un
screw the nut as shown in Fig. 218 and lift away
from the injector body, being careful not to
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dislodge the spray tip and the other small parts
resting on the end of the plunger bushing.
If the injector has been in use for some time,
the spray tip will possibly be removed with the
nut.

6. Carefully lift the spray tip— if tip was not
removed with nut—valve stop, valve spring,
spray tip valve, valve seat, check valve, and
spacer from the plunger bushing.

7. If spray tip sticks in nut, remove by driving on
outer end of tip with a hollow steel rod, or if
available, use Tool J- 129 1-A as shown in Fig. 219.
Do not drive on end of tip as such treatment will
damage the part.

8. Jar the spill deflector from the nut.
9. Remove plunger bushing from body.

Fig. 224—Cleaning the Six Spray Tip Orifices with Tool
KMO-235.

30. Spray Tip.
30A. .006" I.D. Hole.

35. Wire—.006' Piano (Steel).
36. Tool KMO-235.

10. Jar the retainer and gear from the injector body.
11. Pull the rack from the injector body.

12. Remove the two fuel filter caps, filters and
springs from injector body.

Inspect Injector Parts—Many of the close-fitting
parts in the injector are carefully lapped; if

,

there
fore, any of the internal working parts of the injector
become scored or damaged, these parts are unfit for
further use and should be replaced.

After the injector has been disassembled and all
parts carefully cleaned in carbon tetrachloride or
fuel oil, they should be protected from dirt by storing
in fuel oil until replaced in the injector.

Examine the adjoining surfaces of the spacer and
the valve seat (pieces (15) and (17) in Fig. 213), and

if necessary, lap surfaces as outlined under "In
specting and Cleaning Injector Spray Tip," Page
166.

Clean the injector plunger bushing by immersing
in a tank containing carbon tetrachloride or fuel oil
and working a brush through the bushing. Blow

Fig. 225—Removing Stop Pin from Injector Follower.

3
.

Spring—Plunger Follower. 32. Vise—Injector Body.
5. Stop Pin. 42. Screw Driver.
24. Injector. 43. Bench Vise.

out with compressed air and again wash in clean
carbon tetrachloride or fuel oil. For final cleaning,
wrap cleaning tissue around Tool J- 1291 -A, or
some similar rod, and rotate in and out through
bushing, as illustrated in Fig. 226.

Injector Assembly— Before starting to assemble
an injector, it is necessary to have an extremely
clean workbench on which to work and store the
parts. Care must be taken when assembling to place
the various parts in their proper relative positions.
The various figures accompanying the build-up of
the injector, therefore should be thoroughly studied
before attempting the assembly.

Fig. 226—Cleaning Injector Plunger Bushing with
Tool J-1291-A.

1 3
.

Bushing. 33. Tool J- 1291 -A. 44. Soft Tissue.
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21A

Fig. 227— Injector Filters—Spring and Caps—Details and
Relative Location of Parts.

21. Filter Cap. 23. Filter.
21A. Gasket—Filter Cap. 24. Injector Body.
22. Filter Spring. 47. Bottom Side.

For purposes of simplicity, the injector assembly has
been subdivided into four sub-assemblies and will
be so treated in the injector assembly. These sub-
assemblies are:

1 . Filter assembly.

2. Rack and gear assembly.

3. Spray tip assembly.
4. Plunger and follower assembly.
1. Filter Assembly—When reassembling injector
filters that have been used, even though they
have been thoroughly cleaned in carbon tetra-
chloride, or fuel oil and dried with compressed
air, it is desirable to reassemble the filters in the
respective openings from which they were re
moved; that is, the filter that was formerly used
on the inlet side of the injector, and the one that
was used on the outlet side, should be replaced
in the same positions. This will guard against
small particles that may have lodged on the inner
surface of the outlet filter from being washed into
the injector if used on the inlet side.

(a) Holding the injector body (24) right side up,
place one of the filters (23) in each of the
fuel cavities in the top of the injector body.
(See Fig. 227.)
Note that the fuel filters are made of sintered
bronze with a copper washer on the largest
end. The fuel entering the injector body
surrounds the filter elements, passes through
the elements, and is discharged through the
concave section in the lower part of the
filter. When assembling the filters, always
have the washer at the bottom as shown in
Figs. 213 and 227.

(b) Place a spring (22) above each filter, a
copper gasket (21 A) up against the shoulder
of each filter cap (21), lubricate the threads
and tighten the filter cap in place in the in
jector body. Whenever a filter cap is removed
from the injector body, use a new copper gasket
under each cap to insure a tight joint.

2. Rack and Gear Assembly— Refer to Fig. 228
and note that two of the teeth of the injector rack
(7) have a drill spot mark; also one tooth of the
mating gear (6) is similarly marked. When the
rack and gear are assembled, the marked tooth
of the gear engages between the two marked
teeth on the rack. This relation of rack and gear
must be maintained for proper timing of the
injectors.

(a) Hold the injector body bottom end up and
slide the rack (7) through the % inch (ap
proximately) hole in the body so the two
marked teeth can be observed when looking
from the bottom into the bore for the gear.

(b) The injector rack can be placed in the
injector body in only one position and have
the teeth marks show in the opening for the
gear.

(c) Holding the rack in position so the teeth
marks show, slide the gear (6) into proper
engagement with the rack.
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(d) Slide gear retainer (9) down on top of gear
and plunger bushing (13) down onto re
tainer with locating pin in bushing guided
into slot of injector body.

(e) Slide the spill deflector (14) down into nut
(25), and the rubber seal ring (8) on the
injector body.

3. Spray Tip Assembly— Refer to Fig. 228 before
assembling the following parts.

(a) Place spacer (15) flat down on clean piece
of paper. Place check valve (16) on spacer,
and valve seat (17) recessed side down over
check valve. Note that one surface of the
valve seat has a recess to accommodate the
check valve while the opposite surface has
only a smooth, flat seat for the spray tip
valve.

(b) Position valve spring (19) over shank of
valve stop (20), and place the shank of the
spray tip valve (18) into the other end of the
valve spring (19). Holding the spray tip (30)
in a horizontal position, assemble valve stop,
valve spring, and spray tip valve into the
tip, with the head of the spray tip valve
toward the flanged end of spray tip.

(c) Hold injector body in the vise—bottom end
up— then centrally place the check valve
assembly, parts (15), (16), and (17), on the
end of the plunger bushing (13), and the tip
assembly, parts (30), (20), (19), and (18) on
the top of the valve assembly.

(d) Lubricate threads and carefully place the
nut (25), containing the spill deflector (14),
down over the top of the tip, and check
valve assemblies so the tip will slide through
the small hole in small end of the nut.

(e) Screw the nut in place by hand. (Don't use
wrench at this time), making sure that the
check valve assembly has not shifted. If
check valve assembly is not centrally located
on end of bushing, the check valve seat and
the spacer will not register into counterbore
of injector nut. This registration can be made
by turning end of spray tip with the fingers
while screwing the nut into place by hand.

4. Plunger and Follower Assembly—

(a) Refer to Fig. 229, and slide the plunger (26)—
large end up— into the follower guide (2);
place follower (1)—large end up—on plun
ger; slide follower pin (4) through hole in
follower guide and follower. Drop this as
sembly through plunger spring (3) for
assembly to injector.

(b) Invert the position of the injector in the hold
ing fixture — connector side up—push the
rack (7) way IN, then assemble the plunger

Fig. 228— Injector Rack, Gear, and Spray Tip Details, am
Relative Location of Parts.

6. Gear.
7. Rack.
8. Ring— Rubber Seal.
9. Gear Retainer.
13. Plunger Bushing.
14. Spill Deflector.
15. Spacer.
16. Check Valve.

17. Valve Seat.
18. Spray Tip Valve.
19. Valve Spring.
20. Valve Stop.
24. Injector Body.
25. Nut.
30. Spray Tip.
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26

Fig. 229— Injector Plunger and Follower Details and Relative
Location of Parts.

1. Follower.
2. Follower Guide.
3. Plunger Spring.

4. Follower Pin.
5. Stop Pin.
7. Rack.

24. Injector Body.
25. Injector Nut.
26. Plunger.
30. Spray Tip.

assembly parts (26), (2), (1), (4), and (3) into
top of injector body, as follows:

(c) Start stop pin (5) into position in injector
body so that bottom coil of follower spring
(3) rests on the narrow flange on the stop
pin. Then, with holes in the follower guide
and the injector body in alignment for the
stop pin, and flat side of plunger positioned
to engage flattened side of gear, press down
on top of follower and at the same time press
follower stop pin into position with the thumb.
The stop pin will slip into position as soon as
holes in follower guide and injector body
come in alignment. When in place, the
spring will hold the stop pin in position.

12

14

13

Fig. 230—Pressure Checking Injector.
1. Injector. 8. Cap.
2. Popping Fixture. 11. Handle—"Popping" Fixture.
3. Pipe Line—Fuel Supply. 12. Pressure Gauge.
4. Hydraulic Pump. 13. Spray Tip.
5. Fuel Opening — "Fuel In". 14. Injector Nut.
6. Spout—Pump Filler. 15. Fuel Valve.
7. Handle—Hydraulic Pump. 16. Beaker.

(d) Invert the injector assembly in the holding
fixture, Tool No. J-1261, and by means of the
special wrench, J- 1238, shown in Fig. 218,
screw nut (25) tight. Check for free move
ment of the injector control rack. Holding the
injector in a horizontal position, the rack
must fall by its own weight if plunger and
bushing are properly assembled.

Testing Injector —After an injector has been
repaired or overhauled, it should be tested before
it is installed in an engine or put aside for future use.
Also, when in doubt about an injector functioning
properly, a test will usually indicate the difficulties
quickly.
Two tests are recommended on the injector: (1) a
"popping" test and (2) a pressure test. The special
testing fixture J-1920, shown in Figs. 230 and 231, is
used to make these tests.
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A "popping" test is to operate the plunger, see that
all parts are functioning properly and open the
spray tip valve suddenly, which will usually remove
any small particles in the fuel or on adjacent parts
that might prevent proper operation.

A pressure test is to determine if the check valve is
seating properly and that there are no leaks at any
of the gaskets.

Refer to Figs. 230 and 231 and test the injector as
follows:

1. Place the injector (1) in the popping fixture (2)
with dowel on underside of injector body located
in hole of fixture.

2. Connect fuel supply pipe line (3) from hydraulic
pump (4) to "fuel in" side of injector (5) as
shown in Fig. 230.

3. Fill the hydraulic pump through filler (6) then
pump the hydraulic handle (7) and force all
the air from the injector.

4. Screw cap (8) on "fuel out" side (9) of injector
(1).

5. Work hydraulic handle (7) up and down a few
times to check fuel supply line and "fuel out"
cap (8) for leaks.

6. Push the injector rack (10) way IN to full fuel
position and "pop" the injector sharply three
or four times with the popping handle (11) as
shown in Fig. 231.

7. Check "popping" pressure by working the
hydraulic pump handle (7) up and down with
smooth even strokes, at the same time watching
the pressure gauge (12) and note at what pres
sure the injector sprays fuel. This pressure should
be from 350 to 700 pounds per square inch.

CAUTION: Always use beaker and keep hands away from
spray tip when "popping" injector; otherwise. THE FUEL

FROM SPRAY TIP WILL PENETRATE THE SKIN AND MAY
CAUSE IMMEDIATE BLOOD POISONING.

8. Work hydraulic pump handle again and note
if all six spray tip holes at (13) are open and
spray pattern is even.

9. Check for leaks around injector body seal
ring, rack, spray tip and fuel connections (5)
and (9) by working hydraulic pump handle (7)
and bringing pressure up to just below the
"popping" pressure. If a slight dribble is seen
at the spray tip, "pop" the injector several
times sharply with the "popping" handle (11),
which will usually clear the injector of any
small particles and allow the spray tip valve to
seat properly. If dribble cannot be stopped in
this manner, remove nut (14) and clean spray

tip as outlined under "Inspecting and Cleaning
Spray Tips," Page 166.

10. Check Test Fixture J-1920 To avoid the
possibility of a leak in the test fixture being
attributed to an injector under test (see Para
graph 1 1, below), periodically check the fixture
as follows:

Install a dummy fitting on the end of the flexible
tube (3). Pump the hydraulic handle (7) with
the fuel valve (15) open, to bring the pressure
up to approximately the "pop" pressure of in
jectors to be tested. Close valve (15) and observe
gauge for 60 seconds. If pressure does not drop
within this time, fixture is satisfactory. However,
if drop in pressure does occur, the seat and
packing of valve (15), as well as all fittings
between the valve and the end of the flexible
tube, must be checked to locate leak. Repair or
replace parts as necessary to stop leak.

11 12

Fig. 231— "Popping" the Injector.

1. Injector. 9. "Fuel Out" Fuel Opening.
2. Popping Fixture. 10. Injector Rack.
3. Pipe Line—Fuel Supply. 11. Handle—"Popping" Fixture.
4. Hydraulic Pump. 12. Pressure Gauge.
5. "Fuel In" Fuel Opening. 14. Injector Nut.
6. Spout—Pump Filler. 15. Fuel Valve.
7. Handle—Hydraulic Pump. 16. Beaker.

1 1 . Check Pressure Drop in the injector by pump
ing the hydraulic handle (7) to bring the pressure
up to just below the pressure at which the in
jector sprays fuel. Close valve (15) and observe
dial gauge for drop in pressure. A drop in
pressure not to exceed 200 pounds in 50 seconds
on a new injector, or the same drop in 35
seconds on a used injector is permissible. If
drop exceeds these limits, before condemning
injector, see Paragraph 10, above.
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12. Remove cap (8) from the "fuel out" side of the
injector.

13. If the injector functions satisfactorily throughout
the above tests, it may be used. If not, dis
assemble, inspect and reassemble as directed
in this section.

NOTE: Never remove filters from injector unless unit is
entirely disassembled because there is a possibility of dirt
entering injector when filters are removed.

Install Injector —The injector is installed in the
cylinder head by reversing the sequence of oper
ations for removal. A dowel, provided on the injec
tor body, registers with a hole in the cylinder head,
so the injector can be located in only one position.
After locating the injector, tighten in place with the
hold-down clamp, spherical washer, and nut, and
attach fuel lines to injector and fuel connectors.

Timing Fuel Injectors—After installation, injec
tors must always be checked and adjusted before
the engine is run.

The ignition in each cylinder is governed by the
proper inject'on of the fuel into the combustion
chamber.

Fig. 232— Timing Fuel Injectors of Model 71 Engine with
Tool J-1242.

1. Wrench—Push Rod Adjusting.
2. Timing Gauge J-1242.
3. Guide— Injector Follower.

4. Arm—Injector Rocker.
5. Injector Body.
6. Gauge Head.

To insure the proper timing of the injection, the
plunger follower of each injector has to be adjusted
to a certain position in relation to the injector body.
If the injectors are not properly timed, the engine
operation will be "ragged."

The injectors should be timed as follows:

1 . Remove valve rocker cover.

2. Turn throttle control to "off" position.
3. Crank engine by turning flywheel by hand or by
means of the starting motor, until the exhaust
valves of the cylinder to be timed are fully open.

4. Place the injector timing gauge, J-1242, in tim
ing gauge hole on the top of the injector body,
as shown in Fig. 232.

5. Adjust the injector rocker arm, by means of the
screw adjustment on the upper end of the push
rod, until the lowest surface of the timing gauge
head is just passing over the top surface of the
plunger follower guide. Tighten lock nut on push
rod. Recheck with timing gauge.

NOTE: The timing gauge has a round, knurled head. The

distance between the lower surface of the head and the
shoulder on the stem at the lower end should be 1.484",
as shown in Fig. 232.

6. If the above timing operation was carried out on
an injector just installed in the engine, do not
run the engine until after the injector racks have
been positioned as outlined below.

Position Injector Control Rack or Racks—Two
different conditions will arise when it will be neces
sary to position the injector control racks:

Fig. 233—Positioning Injector Control Racks.
1. Adjusting Screw—Inner.
2. Adjusting Screw—Outer.
3. Lever— Rack Control.
6. Lever—Control Tube.

10. Clevis Pin.
12. Spring—Control Tube Return.
13. Fuel Rod.
15. Knob—Governor Shut-Down.
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I. When only one injector has been replaced and
the other injectors or the governor adjustment
have not been disturbed.

II. When more than one injector has been replaced,
or when tuning engine.

In the first condition, the injector may be installed,
valves lashed, injector timed, and its rack positioned
to correspond with that of the other racks without
repositioning the racks of the remaining injectors.
In the second condition, valve lash should be checked,
injectors timed, and racks positioned on all cylinders.

Procedure for both of these conditions is given below.
I. To Position Injector Control Rack When
Only One Injector Has Been Replaced, and
remaining injector racks have not been dis
turbed:

1. Back off several turns on both adjusting
screws (1) and (2) in rack control lever (3) at
the injector being adjusted. (See Fig. 233.)

2. Hold the injector racks all the way IN (full-
fuel position) by pushing on the shut-down
knob (15) on the end of fuel rod (13) as shown
in Fig. 233 and adjust rack control lever (3) to
the full IN position by slowly turning down
inner adjusting screw (1) until injector rack
can just be felt striking "bottom" and the
other racks can be seen to just begin moving
OUTWARD. Then tighten down outer adjust
ing screw (2) and lock inner screw (1). See
Fig. 275, Sec. 16, for additional information
on these adjusting screws.

3. After setting the rack, visual inspection should
show that the shoulders on all injector racks
extend approximately JV from the injector
body, when the racks are held in the NO-
FUEL position (shut-down knob released) .

4. After positioning rack control lever, check to
see that the other racks have not moved out.
This may be done by
inserting a screw
driver under the con
trol tube (2) and press
ing inward on the
end of the rack (1) of
an adjacent injector as

shown in Fig. 234.
There should be no
further inward travel
of any of the remain
ing racks, with this in
jector rack in the full
IN position. If the other
levers can be moved
in, the lever being
positioned — on the in
jector just installed —
has been moved in too

far and should be readjusted by backing out
on inner screw (1) and tightening outer
screw (2).

II. Position Injector Control Racks When More
Than One Injector Has Been Replaced or
When Tuning Engine.

When more than one injector has been
replaced in the engine, the control racks must
be correctly positioned so that all cylinders
carry an equal share of the load, and so that the
injector racks are in correct relationship with the
governor. The amount of fuel injected into each
cylinder is controlled by the position of the injector
rack. The maximum amount of fuel is injected
when the racks are all the way IN, and no fuel is
injected when the racks are all the way OUT.

Since positioning the injector control racks is
closely associated with governor adjustments and
the latter should be checked before positioning
the injector racks, the complete procedure for
positioning the racks and adjusting the governor
is outlined on Pages 217 and 218, Sec. 16, under
"Governor Adjustments."

Helpful Hints When Positioning Injector
Control Racks—If the injector control tube has
been removed, care should be exercised when re

Fig. 234— Checking
Injector Control Rack

Position.

1. Rack— Injector Control.
2. Tube—Injector Control.
3. Lever—Rack Control.
4. Screwdriver.
5. Injector.

Fig. 235—Depressing Injector Follower with Screwdriver.
1. Follower—Injector Plunger.
3. Screwdriver.

4. Arms— Valve Rocker.
9. Arm— Injector Rocker.

175



TM5-5160 MODELS 601 6-E, C, B, D, GENERATOR SETS
SEC 15

placing the tube assembly to be sure that no bind
exists between the tube levers and the injector racks
to hamper free operation of the latter. When the
adjusting screw and levers are tightened, the levers
should be so positioned on the tube, on which they
are free to move endwise, that the operating lug at
the lower end of the lever does not bind in the slot
of the injector rack. Furthermore, the brackets hold
ing the tube assembly to the cylinder head should be
so positioned that, with fuel rod (13) disconnected,
the coil spring on the control tube will return the
racks to the NO FUEL position freely.

If bind exists, the control tube and bracket assembly
may be shifted by loosening bracket-to-cylinder head
bolts and tapping brackets lightly to change their
positions on the cylinder head.

When an injector has been used over a long period
of time without cleaning, the rack or the plunger
may become sticky and not move as freely as it
should. If this condition is suspected and all chances
of bind in the control tube assembly are eliminated
as outlined above, the injectors may be checked as
follows:

1. Crank engine so that the rocker arm of the in
jector to be tested is in the non-injection position
(exhaust valve rocker arms fully depressed).

2. Disconnect fuel rod (13) from control tube lever

(6) and loosen adjusting screws (1) and (2) on
all rack control levers. (See Fig. 233.)

3. Check Plunger for Freeness by alternately
depressing and releasing follower a few times,
using a screwdriver as shown in Fig. 235. Check
plunger in this manner with the rack in both

FULL FUEL and NO FUEL position. If plunger is
free the follower will move up and down with a
definite snap action.

4. Check Rack for Freeness by uniformly tighten
ing adjusting screws (1) and (2) and then moving
rack into full fuel position. If rack is free, the
tension of the control tube return spring will
cause the rack to be pulled out into the NO FUEL
position. Depress follower with screwdriver (see
Fig. 235) and recheck as outlined above.

5. When one injector has been checked, loosen ad
justing screws (1) and (2) on that injector and
repeat above procedure, until all injectors have
been checked.

Repair or replace defective injectors. Reset racks as
outlined on Pages 217 and 218, Sec. 16 under "Gov
ernor Adjustments."

Remove Injector Copper Tube front Cylinder
Head—As shown in Fig. 212, the bore in the cylinder
head for the fuel injector is directly through the water
jacket of the head. To prevent cooling water from
contacting the injector, and still maintain maximum
cooling of the injector, a copper injector tube, or

Fig. 236—Removing Injector Copper Tube from Cylinder
Head with Tool J-1891 (Operation 1
).

Fig. 237—Removing Injector Copper Tube from Cylinder
Head with Tool J-1891 (Operation 2).

1 . Tool—Injector Hole Tube Remov
ing— J-1891.

2
.

Copper Tube-
3. Valve Guide.

-Injector.

1 . Tool—Injector Tube Removing—
No. J-1891— Rod.

2. Tool—Injector Tube Removing—
No. J-1891— Tap.

3
.

Cylinder Head.
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Fig. 238— Installing Injector Copper Tube in Cylinder Head
with Tool J-1229-1 (Operation 1

).

1 . Tool— Injector Copper Tube In

serting— J-l 229-1.
3. Cylinder Head.

15. Copper Tube.
21. Sealing Ring.

sheath, is pressed into the injector bore. This tube
is sealed at the top with a neoprene ring and spun
into a flare on the lower side of the cylinder head to
form water-tight joints at top and bottom. When re
moval of an injector copper tube becomes necessary,
the operations may be carried out with the tools and
in the manner given below, as follows:

1 . Remove cylinder head. (See Page 72, Sec. 9.)
2. Remove rocker shaft brackets and rocker arm
shafts, and unscrew rocker arras from push rods.
(See Page 92, Sec. 11.)

3. Remove exhaust valves from cylinder head. (See
Page 88, Sec. 11.)

4. Remove injector or injectors from cylinders in
question.

5. Suitably support cylinder head, right side up,
and screw Tool J-1 891 down into upper end of
copper tube, as shown in Fig. 236.

6. Invert cylinder head, and by means of Tool
J-1 891 (rod), driven down through bottom end of
copper tube and against Tool J-1 891 (tap),
screwed into upper end of the copper tube, drive
tube out through top of cylinder head, as shown
in Fig. 237.

Install Copper Tube in Cylinder Head—To in
stall the copper tube in the cylinder head:

1
. Install a copper tube sealing ring (21) Fig. 238,
over injector copper tube (15) and crowd ring

Fig. 239— Installing Injector Copper Tube in Cylinder Head
with Tools J-1229-1, J-1229-2 and J-1229-5 (Operation 2).

\ . Tool— Injector Copper Tube
Flaring— J-1229-2.
2. Tool— Injector Copper Tube
Driving—J-1229-1.

3. Copper Tube.
4. Cylinder Head.
6. Tool—Clamping Fixture-
J-l 229-5.

and tube assembly into injector opening in cyl-
•nder head. The flange at upper end of tube will
seat on ring and into counterbore when copper
tube is in position.

2. Suitably support cylinder head right side up and
insert Tool J-1 229 into copper tube and drive
tube into position as shown in Fig. 238.

3. After driving tube in position, flare lower end at
spray tip with Tools J-1229-2, J-1229-1 and
J-1229-5, as shown in Fig. 239, as follows:

(a) Support edge of cylinder head on work
bench and install tube driving Tool J-1229-1
inside of copper tube.

(b) Using the two hold-down bolts provided in
feet of clamp fixture J-1229-5, attach clamp
to top of cylinder head using two of the
cylinder head-to-block stud holes, and with
screw thread in clamp over top of driving
tool.
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(c) Loosen lock nuts on screw thread and turn
screw down against top of driving tool so
that copper tube is firmly seated in cylinder
head and against sealing ring. Fix screw
thread in position with lock nuts.

(d) Install flaring Tool J- 1229-2 over lower end
of driving tool and upset copper tube into
counterbore at lower side of cylinder head.

Reaming Copper Tube in Cylinder Head for
Injector Body Nut and Spray Tip—After copper
tube has been installed in the cylinder head, it must
be reamed, first, to receive the injector body nut and
spray tip; and second, for good seating of the bevel
on the lower end of the injector nut. The reaming
for the nut and spray tip is accomplished with Tool
J-1231-1, as illustrated in Fig. 240. To ream, insert
the reamer down into the copper tube, which will
ream the lower end to the proper size for the injector
spray tip, and also the upper end of the injector
body nut.

Fig. 240—Reaming Copper Tube in Cylinder Head for Injector
Body Nut and Spray Tip with Tool J-1231-1.

1. Reamer— Injector Nut—Tool
J-1231-1.
2. Reamer—Injector Spray Tip
Tool J-1231-1.

3. Copper Tube.
4. Cylinder Head.

Reaming Bevel Seat in Injector Copper Tube
for Injector Nut—This reaming operation, illus
trated in Fig. 241, is performed with Tool J- 123 1-5,
as follows:

1. Install reamer into copper tube, and set fixture
on cylinder head, with hole in tool body over
tapped hole for rocker arm shaft bracket bolt,
and feed screw in overhanging portion of tool
directly over center of reamer.

2. Clamp fixture to cylinder head, and turn feed
screw down finger tight only. Do not turn feed screw
too tight.

3. Using a cutting compound consisting of equal
parts of cutting oil and kerosene, ream seat for
spray tip so that shoulder on tip is just flush with
under surface of cylinder head, as shown in

Fig. 241—Reaming Bevel Seat in Injector Copper Tube for
Injector Nut with Tool J-1231-5.

1. Feed Screw (Cone Point).
2. Clamp Bolt.
3. Tool— Feed Plate (Steel)— No.
J- 123 1-5.
4. Block—Wood or Iron.
5. Reaming Tool No. J-1231-2.

6. Cylinder Head.
7. Pilot Shoulder.
8. Cutting Flutes—Bevel Seat
Reamer.

9. Copper Tube.

Fig. 242. During the reaming operation, check
depth of cut by installing an injector in the tube
and taking measurements.

Fig. 242—Checking Location of Injector Spray Tip Relative to
Lower Surface of Cylinder Head.

1. Spray Tip. 3. Cylinder Head
2. Orifice— Injector Spray Tip— 4. Straight Edge— Steel
6 Holes .006" Diameter.
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THROTTLE CONTROL
"B", "C", "D" and "E"Models

14 13 12 11 10 9

65432

Fig. 243—Vernier Throttle Control Details and Relative Location of Parts.
1. Cover.
2. Worm Gear.
3. Key—Woodruff.
4. Shaft—Vernier Throttle Control.
5. Housing.

6. Lock Spring.
7. Lock Button.
8. Knob—Vernier Throttle Control
9. Pin— Lock Button. •
10. Worm.

11. Lock Washers.
I 2. Screws— Plate-to-Bracket.
13. Plate.
14. Bracket—Throttle Control.
15. Screws— Vernier Lock Spring-
to-Housing.

16. Spring—Vernier Lock.
17. Bushing.
18. Lock Washer.
19. Nut.

Description —Fig. 244 illustrates the unique throttle
control arrangement of rods, levers, and links from
the throttle knob at the control panel to the speed
adjusting shaft of the governor. The throttle control
arrangement is identical on all four models.

The throttle knob located on the control cabinet is
supported by a shaft extending through a bracket
on the rear of the panel. The shaft is fastened by
connectors and a rod to a linkage on the flywheel
housing which in turn is fastened to a lever and
shaft located at the side of the cylinder head.

The throttle control shaft operates the system of link
ages which tends to move towards the closed throttle
position due to the tension provided by the governor
control tension spring.

Two positions, "RUN" and "STOP," are designated
on the throttle knob, also an arrow showing the cor
rect rotation to attain these positions. Incorporated
in the throttle knob is a vernier adjustment, operated

by means of a worm, in mesh with a worm gear, to
attain fine adjustments for constant speed, so de
sirous in generator operation.

Service—The throttle control system is so con
structed that service is not required. Since most of
the mechanism is made up of levers, links, and rods,
any damaged piece may be removed and replaced
with a new part. If adjustment is necessary, follow
the procedure outlined below.

Adjustment —Throttle Control—Any time the
throttle control has been removed from the engine,
the vernier hand control disconnected from the
throttle shaft, or the levers removed from the shafts,
the throttle control adjustment should be checked
before the engine is run to determine correct posi
tions of levers on shafts.

The important feature to bear in mind when check
ing the throttle adjustment, is that: when the vernier
hand throttle (1), is in the full "RUN" position, clevis
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pin (36) must be below a straight line extending
between clevis pin (37) and throttle shaft (26).

The two throttle shafts (21) and (26) are flat-spotted
for the clamp bolts of the levers and sleeves, insur
ing proper assembly of the parts to the shafts. How
ever, the levers may be moved slightly on the shafts
to bring about proper adjustment at the governor as
mentioned above.

Adjust for Engine Maximum Speed —With the
linkage set as described above:

1. Open the throttle to full "RUN" position and
warm up engine to normal operating temperature.

2. Refer to Page 220, Sec. 16, and adjust engine
maximum speed as outlined.

3. Check to see that link (29) does not move above
center as described above.

Disassembly—Vernier Throttle Control.
1 . Loosen screw (nearest control panel) of coupling
(20), Fig. 244, holding vernier throttle control to
panel, and pull assembly straight out.

2. Lift lock button (7) and spring (6) (Fig. 243) from
housing. Pin (9) can be removed by driving it
out of lock button with drift pin.

3. Remove cap (1) by prying with screw driver at
slot in bottom of housing (5).

4. Remove worm gear (2) and shaft (4) by tapping
shaft with brass hammer.

5. Worm gear (2) is keyed to shaft (4) with Wood
ruff key (3). Gear can be removed from shaft by
setting hub of gear between jaws of vise and
driving shaft through gear with drift pin.

6. Remove two screws (15) and take vernier lock
spring (16) from housing (5).

7. Remove nut (19)—with %" wrench — then lock
washer (18) and bushing (17) will fall free of
housing (5).

8. Pull throttle control knob (8) straight out of
housing.

9. The worm (10) is a press fit on the tapered shaft
of the throttle control knob (8) and if damaged
can be removed by pressing shaft through worm.

Assemble Vernier Throttle Control—

1. If worm has been removed, it can be replaced
by pressing shaft into worm on arbor press

2. Position knob (8) in housing (5), insert bushing
(17) from bottom and secure in place with lock-
washer (18) and nut (19).

3. Fasten vernier lock spring (16) to housing (5)
with two screws (15).

4. Place key (3) in keyway of shaft (4) and align
gear with key. Press gear on shaft until hub of
gear contacts shoulder on shaft.

5. Insert shaft (4) and worm gear (2) into housing
(5), meshing teeth of worm (10) with worm
gear (2).

6. Drive pin (9) into lock button (7) about }/£ . Place
spring and lock button into housing (5) and con
tinue driving pin (9) until it is flush with rear face
of housing (5).

7. Align slit in cover (1) with notch in housing (5)
and tap cover in place.

8. Install vernier throttle control on control panel
and fasten coupling (20) to shaft (4) by tightening
set screw.

FUEL PUMP
Description—The fuel oil pump shown in Fig. 245
is the positive displacement vane type, having a
capacity of approximately 22 gallons per hour at
1200 engine RPM. The pump is bolted to the rear
end of the blower cover, and driven from the lower
blower rotor shaft through a U-shaped steel stamp
ing which acts as a universal joint. An integral steel
rotor and shaft, supported in the pump flange and
cover, revolves in a housing, the bore of which is
eccentric to the shaft.

Two spring-loaded vanes, carried in the rotor, re
volve inside the eccentric housing, thus displacing
the liquid from the inlet to the outlet port. Two oil
seals are used inside the flange at the inner end of
the rotor shaft. One seal retains the fuel oil under
pressure, the other prevents the lubricating oil in the
blower timing gear compartment from creeping
along the pump shaft.

The seals are located approximately V\§ apart and
the feather edge of the leather on the inner seal faces
the blower and that on the outer seal faces the pump
body. A drain hole located between the two seals
connects to a length of tubing emptying into the
fuel supply tank.

A spring-loaded, horizontal relief valve is provided
in the cover of the pump, connecting the inlet and
outlet ports, which opens at a pressure of approxi
mately 55 pounds per square inch. This valve nor
mally does not open since its purpose is to relieve
excessive pump pressure in case any of the fuel lines
or filters become plugged and build up an extremely
high pressure in the pump. When the valve opens,
fuel passes from the discharge side (pressure side)
to the suction side of the pump. The fuel pump is
identified by the marking "RH IN" at the inlet open
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Fig. 246—Connections for Measuring Quantity of Fuel and Checking Air in Fuel System from Fuel Return Manifold.
\. Return Fuel Valve.
3. Hose Line Plug.
4. Rubber Hose or Flexible Tube.

5. Container—Three or Four
Gallon.
6. Watch with Second Hand.

7. Foam on Surface of Fuel in
Container.

8. Fuel Line from Return Manifold.

fuel pressure on gauge introduced in the fuel system,
as shown in Fig. 247. If gauge shows a reading of 10
or more pounds at 600 to 800 RPM, flow tests out
lined below need not be run, and difficulties should
be looked for elsewhere.

1 and 2. Check for Choked Fuel Oil Filter Ele
ments and Admission of Air, as follows:
(a) Start and run engine at approximately 1200
RPM, and measure fuel being returned from
fuel return manifold. At 1200 engine RPM,
the return should be approximately one-hall
gallon per minute. (See Fig. 246.)

When checking flow, observe if air is being

pumped through the fuel system, which will
be indicated by air bubbles mixed with the
fuel and will appear as foam on the fuel.
If air is present, correct this condition by
tightening all fuel connections on suction
side of fuel pump, or locating air leak else
where in fuel pump suction line; then run
engine for smooth operation and power be
fore conducting further tests.

Air in fuel may be observed if fuel in return
line is run into a large container, with the
end of the line held beneath the surface of
the fuel.
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Fig. 247—Checking Fuel Pressure Between Secondary Filter
and Fuel Inlet Manifold.

1. Fuel Line—Secondary Filter-to
Inlet Manifold.
2. Fuel Filter— Primary.
3. Fuel Line—Pump-to-Secondary
Filter.

4. Fuel Filter—Secondary.
5. Outlet—Secondary Filter (Used).
9. Pressure Gauge.
11. Fuel Line— Primary Filter-to-
Fuel Pump.

(b) Stop engine and remove element from pri
mary fuel filter and again run flow test as
in (a). An increased flow with filter element
removed indicates proportionate choking of
filter element. If check indicates choked ele
ment, either clean or install new element.

(c) If fuel flow is still insufficient, repeat opera
tion (b) on secondary fuel filter.

3. Check for Dirt or Chips in Fuel Line by
Removing Each Line in Turn and Blowing
Out with Dry Compressed Air.

4. If fuel flow is still insufficient after corrections as
per Items 1, 2, and 3, above, or if chips have been
drawn through the fuel oil pump, remove fuel
pump. The relief valve in the pump should be
removed, valve seat and valve parts thoroughly
washed, then reassembled and flow test con
ducted.

If cleaning pump relief valve does not correct the
pump condition, overhaul pump, as directed
below.

Fig. 248—Cutting Out an Injector While Engine is Running.
1. Follower—Injector Plunger.
3 Screw Driver.

4. Arms— Valve Rocker.
9. Arm— Injector Rocker.

12 13

Fig. 249—Fuel Pump Relief Valve Assembled in Pump.
6. Pump Cover.
7. Valve Cage.
8. Valve Spring.
9. Valve.
10. Valve Seat.

11. Retaining Spring.
12. Gasket.
13. Retaining Screw.
20. Outlet Port.
21. Inlet Port.
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Fig. 250—Fuel Pump Mounting and Removal of Boh with
Tool KMO-326-A.

1. Wrench—KMO-326-A.
2. Bolt.

3. Fuel Pump.

5. Check for Choked Injector Filters— If engine
still runs "ragged" with suitable fuel return, one
or more injector filters may be faulty, in which
case:

(a) Run engine at idling speed and cut out each
injector in turn to determine faulty cylinder.
Injector is cut out by holding down follower
with screwdriver while engine is running.
(See Fig. 248.)

(b) Stop engine and remove fuel line from in
jector to return manifold.

Fig. 251—Removing Oil Seals from Fuel Pump Flange with
Tool J-1508-1.

1. Tool— Fuel Oil Pump Seal
Removing— J-1 508-1.

2. Flange— Fuel Pump.

(c) Hold finger over injector fuel outlet and
crank engine with starter. Gush of fuel at
injector while starter is turning engine indi
cates ample fuel supply.

Service—If fuel oil pump is to be reconditioned, the
pump assembly must be removed from the blower,
as directed below.

Remove Fuel Oil Pump Front Blower—In case
the pump fails to rotate when blower is running, the
cause may be due to a broken drive fork on the end
of the fuel pump shaft. This condition may be dis
covered by inserting a small wire through drain hole
in pump flange and against shaft. Vibration will be
felt if shaft is turning. If shaft does not turn, remove
the pump from the blower, as follows:

1. Disconnect both the intake and discharge fuel
pipes from the pump.

2. Disconnect drain line.
3. Remove the three pump flange-to-blower end
cover bolts. The bolt next to the cylinder block
can be removed readily with special wrench,
KMO-326-A, as illustrated in Fig. 250. Withdraw
pump straight out from blower rear cover.

4. After the pump has been removed, rotate the
shaft by hand to see if parts rotate freely. If the
pump is binding or sticking, it should be dis
assembled and thoroughly inspected as outlined
below.

Disassemble Fuel Oil Pump (Pump Removed
from Engine) —When disassembling the pump, the
rotor shaft must not be pulled from the seals in the
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Fig. 252—Fuel Oil Pump Details and Relative Location of Parti.
1. Oil Seals.
2. Flange.
3. Gaskets.

4. Body.
5. Dowels.
6. Cover.

7. Cage.
8. Spring.
9. Valve

10. Seat.
11. Retainer Spring.
12. Gasket.

13. Retainer Screw.
14. Vane.
l 5. Spring.

16. Guide.
17. Rotor.
18. Bolt—Cover-lo-Body.
19. Lock Washer

pump flange unless an oil seal expander is avail
able for guiding the rotor shaft back into the seals.
If tool is not used to guide shaft through the seals,
the end of the shaft will destroy the feather edges of
the leathers in the seals and the pump will leak.

The relief valve assembly may be removed from the
pump cover without disassembling the other parts
of the pump by backing out the retaining screw and
jarring the valve parts from the cover.

When removing this valve assembly, note the relative posi

tion of each part so the parts may be reassemb/ed in their
correct positions. Refer to Fig. 249 for position of relief
valve parts.

If relief valve only is to be inspected, no further dis
assembly is necessary. If entire pump is to be dis
mantled, proceed as follows:

1. Remove three cover-to-body bolts and install
three bolts %—20 x 3" long, so that heads of
bolts are about *±" from pump cover.

2. Holding the pump assembly in the hand, tap on

the heads of the screws with a soft hammer,
driving the flange off the dowels.

3. Withdraw the rotor assembly and separate the
pump body from the cover.

4. Drive dowels from the pump cover, if necessary,
using a small punch and hammer.

5. Using Tool J-1508-1, as shown in Fig. 251, screw
threaded end of tool shaft into inner oil seal of
pump flange (seal closest to bolting flange), and
tap head on shaft with sliding weight and remove
seal. Repeat this operation to remove the outer
seal.

Inspection of Fuel Oil Pump Parts—All pump
parts should be washed in fuel oil or gasoline, and
carefully inspected before assembly. The oil seals,
once pulled from the flange, should not be used
again. If the feather edges of the leather seals are
damaged in any way so they do not form a perfect
seal around the shaft, either a fuel oil or lubricating
oil leak will result.
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Fig. 253—1nstalling Oil Seals in Fuel Pump Flange
with Tool J-1508-2 (Operation 1

).

1 . Oil Seal.
2. Pump Flange.

3
.

Tool J-1508-2.

The paper gaskets used on either side of the pump
body are of the proper thickness to produce the cor
rect clearance for the rotor and vanes between the
pump cover and flange. If these gaskets are not
usable, replace with a new gasket of the same thick
ness. The rotor shaft and vanes should be inspected
before replacement, and changed if necessary. This
is particularly true of the wiping surface of the vanes
and the inside surface of the pump body. The rotor
shaft bears directly in the cast-iron flange and cover.

The bearing surfaces of the flange, cover, and rotor
shaft should be inspected for scores, scratches, or
burrs. The clearance of the shaft in its bearings is
.0015". If clearance is increased above this figure,
by reaming or honing, the pump will not operate.
Complete pump replacement is necessary when
shaft or bearing surfaces are damaged. If the relief
valve does not form a tight seal with its seat, no
attempt should be made to lap the valve or the seat;
rather, use new parts.

Assemble Fuel Oil Pump—Refer to Fig. 252 for
relative location of parts, and assemble the fuel
pump, as follows:

1
. Using Tool J-1508-2, install outer oil seal (1) into

pump flange (2), as illustrated in Fig. 253, in the
following manner:

Fig. 254—1nstalling Oil Seals in Fuel Pump Flange with Tool
J-1508-2 (Operation 2).

1
.

Tool J- 1508-2. 2
.

Pump Flange.

(a) With leather of seal pointing toward pump
body, start seal into pump flange.

(b) Set driver head onto seal, with long portion
of head toward seal; then slide handle
through driver head and drive seal into
place down tight into counterbore of flange.

(c) Position inner oil seal ( 1 ) with leather pointed
away from pump body, as shown in Fig. 253;
then reverse driver head on seal, and drive
seal into position, as shown in Fig. 254. The
short end of the driver head will locate this
seal the proper distance from the outer
seal, which was first driven into the flange.

2. Supporting holding Tool J-1934 vertically in
bench vise, set pump flange (2) on the three pins
of the tool, as shown in Fig. 255 and place the
two special guide pins (22), Tool J-1933, in the
dowel pin holes.

3. Place a paper gasket (3) in position on the face
of the pump flange (2), then place the pump
body in position over the guide pins, as shown in
Fig. 255.
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Fig. 255—1nstalling Rotor Shaft Through Oil Seal in Pump
Flange with Tools J-1508-3, J-1933 and J-1934.

2. Pump Flange.
4. Pump Body.
14. Vane.
17. Rotor.
22. Tool—Fuel Pump Guide Pin
No. J-1933.

23. Tool—Holding Fixture-
No. J-1934.

24. Tool— Oil Seal Pilot-
No. J-1508-3.

4. Assemble the vane guide (16), vane spring (15),
and vanes (14), in rotor (17) and hold them in
place with the fingers.

5. Place the oil seal pilot, Tool J-1508-3 (24), over
the square end of the pump shaft (17) as shown
in Fig. 255. Lubricate pilot tool with clean engine
oil, and while holding the pump vanes (14) in
position in the rotor, insert the rotor (17) into
place in the pump body (4).

6. Install a new paper gasket (3), then the pump
cover (6), over the guide pins (22).

7. Replace the cover-to-body bolts (18), and draw
ringer tight only. Remove the special guide pins,
and drive the two dowels (5), shown in Fig. 256,
into place.

8. Tighten the cover-to-body bolts. Turn the pump
shaft by hand, and test for bind. The rotors should

Fig. 256—Replacing Pump Body and Cover in Fuel Pump
While Holding Pump in Fixture— Tool J-1934.

5 Dowel Pin.
6. Cover—Fuel Pump.
18. Bolts.

23. Tool—Holding Fixture
No. J-1934.

turn smoothly, with a slight drag, but should not
bind or have tight spots.

9. Replace the relief valve parts, including cage
(7), spring (8), valve (9), seat (10), and retainer
spring (11), being sure that the valve points
away from the retainer screw. Slip washer (12)
over retainer screw (13) and replace retainer
screw. (See Fig. 252.)

Attach Fuel Oil Pump to Blower—The fuel oil
pump is attached to the engine at the rear of the
blower, and driven by a coupling fork from the lower
blower rotor shaft. To attach the fuel oil pump:
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Put the drive coupling fork (arms out) on the
squared outer end of the pump shaft, and a new
paper gasket on the pump supporting flange.

Set the pump assembly up against the blower
end cover, being sure that the drive fork engages
the slots in the driving plate. The lugs will engage
the plate when the pump body sets tight up
against the blower end cover.

Check to be sure that the end of the valve seat
housing casting marked "IN" faces the cylinder
block, then slide the pump assembly into place
and secure with three bolts and lockwashers.

2. Connect the fuel intake and discharge pipes to
the pump.

3. Connect drain line.

FUEL OIL FILTERS

Injector parts are protected against harmful solid
material, which may be in the fuel, by two small
niters within the injector body. These filters are not
intended for separation of foreign matter from the
engine fuel, but as an extra precaution against
damage to injectors. It is therefore necessary to use
additional filters in the supply lines to the engine
fuel inlet manifold. To meet this condition, a primary
filter is used between the supply tank and fuel pump,
and a secondary filter is used between the fuel
pump and the engine inlet manifold. Since the
primary filter is between the tank and the pump, it
is working under suction; whereas, the secondary
filter, being placed between the pump and the fuel
manifold, is under pressure.

The length of time that fuel oil filters may be used
before cleaning (primary filter), or the element re
newed (secondary filter), will be governed largely
by operating conditions and cleanliness of the fuel.
A safe rule to follow is to clean the primary filter
element or renew the secondary filter element every
500 hours of engine operation.

Should the engine operation indicate shortage of
fuel, which would be manifest by erratic firing or
missing on the various cylinders, a fuel pressure
check, described on Page 182, is a reliable indicator
of fuel filter condition.

In addition to the cleaning and element renewals
mentioned above, about % pint of fuel should be
drained from each filter bowl daily to remove dirt
and water accumulations. A drain plug is provided
in the bottom of the filter bowls for this purpose.

All four models are equipped with fuel oil filters
introduced into the fuel system as described above.
There are, however, certain differences between the
filters used on the Model "E" and those used on the
Models "B," "C" and "D." (See Figs. 259 and 260.)
The filters used on the Model "E" are treated in the
immediately following text. Refer to Pages 192 and
194 for description of filters used on Models "B," "C"
and "D."

PRIMARY FUEL OIL FILTER
(MODEL "E")

Description—The cleanable element type primary
filter assembly, shown in Fig. 259, consists of the
combination double cover and mounting bracket (3),
a filter element (11), a steel bowl or housing which
includes a center stud, a retainer bolt (14), a re
tainer bolt gasket (15), a seating spring (16), an
element gasket (17), a cover gasket (18) and a drain
Plug (27).

The filter element consists of an assembly plate to
which are riveted two evenly spaced rods. Upon
these rods, stamped metal filter discs .002 thick, are
loosely stacked and squeezed together by a spring
on the filter bowl stud when the element is installed
in the filter bowl.

Operation—Primary Filter —Unfiltered fuel enters
through the inlet passage (10) in the top, and flows
into the filter bowl and surrounds element (11).
Suction created by the pump draws the fuel through
the laminations of the element into the inner passage
where it passes to the combination cover and mount
ing bracket, and out the passage (12) to the fuel
pump. Filtered fuel is fed to the air heater pump
through passage (13).

Clean Primary Filter —When it becomes neces
sary to clean the element in the primary filter, the
procedure should be as follows:

1 . With engine stopped, remove drain plug (27) at
bottom of filter bowl and with a suitable con
tainer, catch drainings until bowl is empty. Re
place the drain plug.

2. Remove filter bowl (1) by backing out on retainer
bolt (14) at top of mounting bracket (3).

3. Remove bolt (14) and bolt sealing gasket (15)
and withdraw bowl (1), and filter element (11)
from mounting bracket (3).

4. Remove element from bowl and wash in gasoline
or fuel oil until the discs are clean and loose.
Care should be taken to prevent damage to the

189



TM5-5160 MODELS 601 6-E, C, B, D, GENERATOR SETS
SEC 15

Fig. 257—Mounting of Primary and Secondary Fuel Oil
Filters.

(Model "E")

1. Primary Filter.
2. Secondary Filter.
3. Combination Double Cover and
Mounting Brocket.
4. Fuel Line—Pump-to-Secondary
Filter.

5. Fuel Line— Secondary Filter-to-
Inlet Manifold.

6. Fuel Line—Supply Tank-to-Pri-
mary Filter.

7. Fuel Line—Primary Filter-to-
Pump.

8. Fuel Line— Return Manifold-to-
Supply Tank.
9. Fuel Line— Primary Filter-to-Air
Heater Pump.

39. Bracket—Engine-to-Filter
Cover.

40. Bolts— Bracket Mountings.
41. Clips—Fuel Lines-to-Engine.
42. Fuel Inlet Manifold.
43. Fuel Outlet Manifold.
44. Mounting Flange— Starting
Motor.

filter disc. UNDER NO CIRCUMSTANCES
SHOULD THE DISCS BE SCRAPED OR SCRUB
BED. Such treatment will bend the discs and
greatly reduce the effectiveness of the filters.

Fig. 258—Mounting of Primary and Secondary Fuel Oil Filters
(Models "B," "C" and "D")

1. Primary Filter. 5. Fuel Line—Secondary Filter-to-
2. Secondary Filter. Inlet Manifold.
3. Mounting Bracket. 6. Fuel Line—Supply Tank-to-
4. Fuel Line—Pump-to-Secondary Primary Filter.
Filter. 7. Fuel Line—Primary Filter-to-

Pump.

5. Before replacing element and bowl, wash out
the latter with clean fuel oil, then install new
filter bowl gaskets (17) and (18) between ele
ment and cover and bowl and cover, respectively.

FILL FILTER BOWL WITH CLEAN FUEL OIL.
6. Replace retainer bolt (14) and gasket (15).

SECONDARY FUEL OIL FILTER
(MODEL "E")

Description—The replaceable element type sec
ondary filter assembly shown in Fig. 259 consists of
the combination double cover and mounting bracket
(3), a filter element (gaskets attached) (19), a steel
bowl or housing which includes a center stud and
element seat (2), a housing gasket (20), a retaining
bolt (21), a retaining bolt gasket (22), and a drain
plug (23).

The filter element is permanently assembled and is
comprised of two perforated metal cylinders between
which is packed the wool fabric filtering material.
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27

Fig. 259 —Primary and Secondary Fuel Filter Assemblies.
(Model E)

1. Housing—Primary Filter.
2. Housing— Secondary Filter.
3. Combination Double Cover and
Mounting Bracket.

10. Inlet—From Fuel Tank.
11. Element—Primary Filter.

12. Outlet—To Fuel Pump.
I 3. Outlet—To Air Heater Pump.
14. Bolt— Element Retaining.
15. Gasket— Retaining Bolt-to
Cover.

I 6. Spring— Element Compression.

17. Gasket— Element-to-Cover.
18. Gasket—Housing-to-Cover.
19. Element— Secondary Filter.
20. Gasket—Housing-to-Cover.
21. Bolt—Element Retaining.
22. Gasket— Retaining Bolt-to-
Cover.

23. Drain Plug.
24. Inlet— From Fuel Pump.
25. Outlet—To Fuel Manifold.
26. Filler Plug.
27. Drain Plug.

Two circular plates, to which the element seals are
cemented, are welded to the ends of both the inner
and outer cylinders.

When assembled, the element is retained inside the
housing with the bottom seal resting on the center
tube element seat, and the top seal bearing against
the element seat in the cover. The gaskets between
the retaining bolt and cover and between the hous
ing and cover form a leakproof seal between the
two members.

Operation—Fuel from the pump enters through the
inlet passage (24) in the top, and flows into the filter
bowl (2). Pressure created by the pump forces the
fuel through the filter element (19) where dirt
particles are removed. Clean fuel flows through the
perforations of the filter element inner cylinder and
up to the outlet (25) in the top of the cover.

Renew Element—Secondary Fuel Filter- When
it becomes necessary to renew the element in the
secondary filter, the procedure should be as follows:
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1 . With engine stopped, remove drain plug (23) at
bottom of filter bowl and with a suitable con
tainer, catch drainings until bowl is empty. Re
place the drain plug.

2. Remove the retainer bolt (21) holding bowl to
filter head. Lift bowl (2) away from engine.

3. Remove and discard old element (19) and wash
bowl thoroughly in clean fuel oil. After setting
new element into place over the center stud and
onto the element seat, fill the area between
element and bowl with clean fuel oil until bowl
is about two-thirds full.

4. Using new seal (20) between bowl and cover, set

the bowl into place and draw up tight with the
retainer bolt (21).

5. Remove the plug (26) on the top surface of the
filter cover, and using a small funnel, fill the re
maining space in filter bowl with clean fuel oil.
After running engine for a few minutes, inspect
the filter for leaks.

PRIMARY FUEL OIL FILTER
(MODELS "H," "C" and "D")

Description—As seen in Fig. 261, the replaceable-
element, "Fulflo" primary filter consists of a cast
iron head (1) serving to direct the flow of fuel and

10

Fig. 260—Primary and Secondary Fuel Oil Filter Details and
Relative Location of Parts.

(Model "E")

1. Housing— Primary Filter.
2. Housing— Secondary Filter.
3. Combination Double Cover and
Mounting Bracket.

11. Element—Primary Filter.
14. Bolt—Element Retaining.
15. Gasket—Retaining Bolt-to-
Cover.

I 6. Spring—Element Compression.
17. Gasket—Element-to-Cover.

18. Gasket—Housing-to-Cover.
19. Element— Secondary Filter.
20. Gasket—Housing-to-Cover.
21. Bolt—Element Retaining.
22. Gasket— Retaining Bolt-to-
Cover.

23. Drain Plug.
26. Filler Plug.
27. Drain Plug.

Fig. 261—Primary Fuel Oil Filter Assembly.

1. Filter Head.
3. Outlet Port.
4. Filter Element.
5. Seal.
6. Filter Bowl.

(Models "B," "C" and "D")
7. Drain Plug.
B. Pipe Plug.
9. Bolt.
10. Lock washers.
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support the entire assembly; a replaceable fabric
element (4); a bowl (6), acting as a container for
fuel and the element; and a seal (5) insuring a tight
connection between bowl and head. These parts are
held together by four bolts (9) which pass through
the head and thread into the bowl. A drain plug (7)
is provided at the bottom of the bowl for drawing off
any moisture accumulations.

The replaceable-element consists of soft cotton string
tightly wound on a wire mesh core. Once this ele
ment has become saturated with impurities, it can
not be cleaned, but must be replaced.

Operation—Primary Filter —Vacuum maintained
in the nlter by the fuel pump, draws fuel from the
supply tank through the inlet port to that area of the
bowl on the outside of the filter element. The fuel is
then drawn, by the pump, through the filter element,
where most impurities are removed; up the central
passage of the element, through the filter outlet, and
to the fuel pump. (See Fig. 261.)

Moisture which may have been mixed with the fuel
will settle to the bottom of the filter bowl where it
can be drawn off by loosening the drain plug.

Service—Primary Filter —The length of time that
the fuel oil filter may be used before replacing the
element should be governed largely by operating
conditions and cleanliness of fuel. A safe rule to
follow is to replace the element every 512 hours of
engine operation.

Should the engine operation indicate shortage of
fuel, which would be manifest by erratic firing or
missing on the various cylinders, a fuel pressure
check, described on Page 182, is a reliable indicator
of fuel filter condition.

In addition to the element renewals mentioned above,
about J4 pint of fuel should be drained from each
filter bowl daily to remove dirt and water accumula
tions. A drain plug is provided in the bottom of the
filter bowl for this purpose.

Renew Element—Primary Fuel Filter —When
it becomes necessary to renew the element in the
primary filter, the procedure should be as follows:
(See Figs. 261 and 262.)
1. With engine stopped, open drain at bottom of
filter bowl and with a suitable container catch
drainings until tank is about half empty. Close
drain.

2. Remove four bolts (9) holding bowl (6) to filter
head (1). Lift bowl away from engine.

3. Remove old element (4) and wash bowl thor
oughly in clean fuel oil. After setting new ele
ment into place, fill the area between element
and bowl with clean fuel oil until bowl is about
two-thirds full.

Fig. 262—Primary Fuel Filter Details and Relative Location
of Parts.

(Models "B," "C" and "D")
1. Filter Head. 6. Filter Bowl.
2. Inlet Port. 7. Drain Plug.
3. Outlet Port. 8. Pipe Plug.
4. Filter Element. 9. Bolts.
5. Seal. 11. Connectors— Fuel Line.
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4. Using new seal (5) if necessary, set bowl into
place under head and secure with the four
bolts (9).

5. Remove small pipe plug (8) in top surface of
filter head, and with a small funnel, fill remain
ing space in filter bowl with clean fuel oil. After
running engine for a few minutes, inspect filter
for leaks.

SECONDARY FUEL OIL FILTER
(MODELS "B/' "C" and "D")

Description— The Model "T-1" Filter assembly
shown in Fig. 263 consists of a combination head and

14 13

11

Fig. 263—Secondary Fuel Oil Filter Assembly.
(Models "B," "C" and "D")

1. Filter Head. 7. Seal— Bowl-to-Head.
2. Bowl Assembly. 8. Retainer Bolt.
3. Replaceable Element. l 2. Center Stud.
4. Drain Cock. 13. lnlet Passage.
5. Spring. 14. Outlet Passage.
6. Seal— Element-to-Heod.

Fig. 264—Secondary Fuel Filter Details and Relative Location
of Parts.

1. Filter Head.
2. Bowl Assembly.
3. Replaceable Element.
4 Drain Cock.
5. Spring.
6. Seal—Element-to-Mead.

(Models "B," "C" and "D")
7. Seal— Bowl-to-Head.
8. Retainer Bolt.
9. Plug.
10. Plug.
11. Connections— Fuel Line.
l 2. Center Stud.
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4. Using new seal (5) if necessary, set bowl into
place under head and secure with the four
bolts (9).

5. Remove small pipe plug (8) in top surface of
filter head, and with a small funnel, fill remain
ing space in filter bowl with clean fuel oil. After
running engine for a few minutes, inspect filter
for leaks.

SECONDARY FUEL OIL FILTER
(MODELS "B/' "C" and "D")

Description— The Model "T-1" Filter assembly
shown in Fig. 263 consists of a combination head and

14 13

11

Fig. 263—Secondary Fuel Oil Filter Assembly.
(Models "B," "C" and "D")

1. Filter Head. 7. Seal— Bowl-to-Head.
2. Bowl Assembly. 8. Retainer Bolt.
3. Replaceable Element. l 2. Center Stud.
4. Drain Cock. 13. lnlet Passage.
5. Spring. 14. Outlet Passage.
6. Seal— Element-to-Heod.

Fig. 264—Secondary Fuel Filter Details and Relative Location
of Parts.

1. Filter Head.
2. Bowl Assembly.
3. Replaceable Element.
4 Drain Cock.
5. Spring.
6. Seal—Element-to-Mead.

(Models "B," "C" and "D")
7. Seal— Bowl-to-Head.
8. Retainer Bolt.
9. Plug.
10. Plug.
11. Connections— Fuel Line.
l 2. Center Stud.
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mounting bracket (1), a replaceable filter element
(3), a steel bowl or element housing (2), a spring (5),
and suitable seals, plugs, and connections.

The filter element is placed inside the filter bowl
over a steel center stud. A coil spring, placed over
the center stud and between the bottom of the bowl
and the element, holds the element securely in place
against the head of the filter. A gasket built into the
replaceable element on the bottom side seals the
connection between element and center shaft, while
another gasket, placed in a recess at the top of the
element, seals the connection between the element
and the filter head. The filter head contains passages
for incoming and outgoing fuel, these passages
being marked on the outside of the casting. The
filter element is composed of a shell of filtering
material called "Igneonite," mounted around a per
forated metal cylinder. Suitable metal end retainers
are attached to the cylinder and "Igneonite" layer
to complete the replaceable element.

Operation—Unfiltered fuel enters through the inlet
passage (13) in the head and flows into the filter
bowl. Pressure created by the fuel pump forces fuel
through the Igneonite layer where dirt particles are
removed.

The clean fuel is then forced up through the central
portion of the filtering element and into the outlet
passage (14) of the filter head and then on to the
inlet manifold of the engine.

Service—Secondary Fuel Filter —The length of
time that this fuel oil filter may be used, before re
placing the element, should be governed largely by
operating conditions and cleanliness of fuel. A safe
rule to follow is to replace the element every 512
hours of engine operation. Should the engine opera

tion indicate shortage of fuel, which would be mani
fest by erractic firing or missing on the various
cylinders, a fuel pressure check, described on Page
182, is a reliable indicator of fuel filter condition. In
addition to the element renewals mentioned above,
about J^ pint of fuel should be drained from each
filter bowl daily to remove dirt and water accumula
tions. A drain cock is provided at the bottom of the
filter bowl for this purpose.

Renew Element—Secondary Fuel Filter —
When it becomes necessary to renew the element in
the secondary filter, the procedure should be as
follows:

1 . With engine stopped, open drain cock (4) at bot
tom of filter bowl and with a suitable container,
catch drainings until tank is about Yi empty.
Close the drain cock.

2. Remove the retainer bolt (8) holding bowl to
filter head. Lift bowl (2) away from engine.

3. Remove and discard old element (3) and wash
bowl thoroughly in clean fuel oil. After setting
new element into place over the coil spring (5),
fill the area between element and bowl with
clean fuel oil until bowl is about two-thirds full.

4. Using new seals (6) and (7), if necessary, be
tween element and filter head and also between
bowl and filter head respectively, set the bowl
into place and draw up tight with the retainer
bolt (8).

5. Remove the plug on the top surface of the filter
head, located just in front of the retainer bolt,
and using a small funnel, fill the remaining
space in filter bowl with clean fuel oil. After run
ning engine for a few minutes, inspect the filter
for leaks.

FUEL MANIFOLDS

Description—Fuel injectors are supplied with fuel
oil by the pump through the lower of two fuel mani
folds located on the blower side of the cylinder head
and connected to the injectors by short steel lines, as
shown in Fig. 265. The upper manifold returns the
excess fuel from the injectors through tubing to the
fuel tank. Both manifolds are locked in position at
the side of the cylinder head by fuel connectors
which set into tapered seats in the manifold fittings.

Service—Since the manifolds are positioned and
locked with the tapered-seat fuel connectors, care
must be exercised when a connector is removed, to
see that tapered seats are perfectly clean and prop
erly positioned in the manifold fittings.

Remove Fuel Oil Manifold —When occasion re
quires, either fuel oil manifold may be removed, as
follows. Before removing, refer to Fig. 265 for mani
fold assembly, and Fig. 266 for relative location of
manifold parts. To remove:

1. Remove valve rocker cover.

2. Disconnect fuel oil pipes (3) and (4) from injectors
to fuel connectors (5).

3. Disconnect fuel lines from manifolds at (6) and (7) .

4. Unscrew lock nuts (11) on connectors, a few
turns.

5. Remove connectors from head and discard copper
washer (12).
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Fig. 265—Fuel Oil Manifold Assembly.
1. Manifold (Outlet) Upper Fuel.
2. Manifold (lnlet) Lower Fuel.
3. Fuel Pipe (Outlet from lnjector).
4. Fuel Pipe (lnlet to lnjector).
5. Fuel Connector.
6. Tubing Fining (lnlet Manifold).

7. Tubing Elbow (Outlet Mani

fold).
8. Taper Seat.
10. Fuel Passage.
11. Lock Nut.
12. Copper Washer.

6. Remove manifold, being careful not to bind tee
connectors (9) in head.

Replace Fuel Oil Manifolds —The fuel oil mani
folds are replaced by reversing the sequence of
operations for removal. Refer to Fig. 266, and note
that the 'T" connectors (9) on the manifolds (1) and
(2) leading into the cylinder head are on the top
side of the lower (inlet) manifold (2) and on the bot
tom side of the upper (return) manifold (1). These
manifolds are not interchangeable, due to location
of tapered hole. To install:

1 . Clean holes in cylinder head for fuel connectors
and manifold fittings.

2. Guide manifold "T" connectors (9) attached to
fuel manifold (1), into openings at side of cylinder
head so that tapered seat is in approximate

Fig. 266—Fuel Oil Manifold and Connected Part Details and
Relative Location of the Various Parts.

1. Manifold (Outlet) Upper Fuel.
2. Manifold (lnlet) Lower Fuel.
5. Connector and Nut Assembly.
6. Tubing Fitting (lnlet Manifold).
7. Tubing Elbow (Outlet Mani

fold).

9. "T" Connectors.
11. Lock Nut.
12. Copper Washer.
13. Fuel Connector.

alignment with the hole in the top of the head for
the fuel connector (13).

3. Centralize 1T" connectors (9) with fuel con
nectors (13) by alternately turning connectors
and moving manifold. This is an important operation
and is necessary to insure leak-proof joints.

4. Tighten fuel connectors equally and secure lock
nuts (11) against copper washer (12). Special
lock nuts contain a fibre insert which seals the
threads against leakage.

5. Attach fuel oil lines (3) and (4) at fuel connectors
(13) and injectors.

6. Connect fuel line to manifolds at (6) and (7).
7. BEFORE REPLACING VALVE COVER, RUN EN
GINE AND SEE THAT ALL FUEL LINE CON
NECTIONS ARE TIGHT, SO THAT NO FUEL
OIL LEAKS INTO CYLINDER HEAD TO DILUTE
THE LUBRICATING OIL. IF LUBRICATING OIL
IS DILUTED WITH FUEL OIL, ENGINE BEAR
INGS WILL BE SERIOUSLY DAMAGED.

8. Replace valve rocker cover.

NOTE: Any leakage between fuel connectors and tapered
seats of manifold would be observed at holes on outside of
cylinder head.

FUEL CONTROL VALVES
(Model "£" Only)

Two three-way fuel control valves are mounted on
the engine base as shown in Fig. 267. The valves are
the pack type and depend upon a close barrel-to-
body fit to prevent internal leakage. Each valve has
three tapped openings for the connection of fuel
lines. In normal operation, only two of the openings
are used, the third being sealed by a plug attached
to the mounting plate by a short length of chain. The
valves are independently attached to the engine

base by two bolts each, which fit into matching holes
in the engine base and valve body mounting flanges.

Two 28-foot lengths of flexible hose are furnished
with the unit, coiled on brackets attached to the in
side of one of the generator side panels. (See Fig.
268.) Threaded fittings are attached to the ends of
each length of hose to permit connections as out
lined below.
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Fig. 267—Fuel Control Valves.
1. Fuel Line—Supply Valve to Pri
mary Filter.
2. Fuel Line—Engine Tank to Sup
ply Valve.
3. Fuel Line— Return Manifold to
Return Valve.
4. Fuel Line—Return Valve to En
gine Tank.

5. Supply Valve.
6. Return Valve.
7. Fuel Drain Line—Fuel Pump to
Engine Tank.
8. Engine Fuel Tank.
9. Engine Base.
10. Starting Motor.

Operation—There are five different positions in
which the valves may be set to control the flow of
fuel. As stated above, in normal operation one open
ing in each valve is plugged. Under these conditions
the valves control the flow of fuel to and from the
fuel manifold only.

These are the "ON" and "OFF" valve positions
shown in Figs. 269 and 270, respectively.

When the engine is running there is a constant flow
of fuel from the supply tank through the fuel mani
fold and injectors and back to the supply tank.
Hence it is possible to supply the engine with fuel
and at the same time fill or drain the fuel tank in
the engine base.

Fig. 271 illustrates the correct valve positions and
hose connections for filling the tank. When connec
tions are made in this manner, the engine fuel is
supplied from an outside source and the surplus or
return fuel is directed into the supply tank. The sup
ply tank will be filled at the approximate rate of 22

Fig. 268—Fuel Hose Coiled on Brackets.
I . Generator Side Panel. 2. Fuel Hose—Two Lengths.

Fig. 269—Normal Operation —Fuel Supply to Engine "ON."
1. Fuel Line—Supply Valve to Pri- 4. Fuel Line— Return Valve to En-
mary Filter. gine Tank.
2. Fuel Line—Engine Tank to Sup- 7. Fuel Drain Line from Fuel Pump
ply Valve. to Engine Tank.
3. Fuel Line— Return Manifold to
Return Valve.
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Fig. 270— Fuel Supply to Engine "OFF".

1. Fuel Line—Supply Valve to Pri
mary Filter.
2. Fuel Line—Engine Tank to Sup
ply Valve.
3. Fuel Line—Return Manifold to
Return Valve.

4. Fuel Line— Return Valve to En
gine Tank.
7. Fuel Drain Line from Fuel Pump
to Engine Tank.

gallons per hour. Care should be exercised to avoid
overfilling the tank.

Fig. 272 illustrates the correct valve position and hose
connections for draining the tank. With this arrange
ment the engine fuel system is supplied from the
supply tank and the surplus or return fuel is directed
into a suitable outside container. When all of the
fuel has been transferred the engine will stop for
lack of fuel.

When it becomes necessary or desirable to supply
the engine with fuel from an outside source, inde
pendent of the engine supply tank, the valves should
be positioned and the hoses connected as shown in
Fig. 273.

Service—Individual parts of the valves cannot be
serviced separately because of the close tolerance
between the valve body and the barrel. When either
valve becomes worn or damaged, it must be re
placed as a unit. Minor leaks around the valve stem
can be stopped by tightening the packing nut.
Tighten the nut only enough to stop leakage. Over
tightening will cause the valve stem to seize in
one position.

When it becomes necessary to remove either one or
both of the fuel control valves, proceed as follows:

Fig. 277—Filling Supply Tank—Fuel Supply to Engine "ON."
\ . Fuel Line—Supply Valve to Pri- 4. Fuel Line—Return Volve to En-
mary Filter. gine Tank.

2. Fuel Line—Engine Tank to Sup- 5. Flexible Hose—Fuel Drum to
ply Valve. Supply Valve.
3. Fuel Line— Return Manifold to 7. Fuel Drain Line— Fuel Pump to
Return Valve. Engine Tank.

Remove Fuel Control Valve.
1 . Refer to Fig. 272 and disconnect two fuel lines (1)
and (2) or (3) and (4).

Fig. 272—Draining Supply Tank—Fuel Supply to Engine
"ON".

1. Fuel Line— Supply Valve to Pri- 4. Fuel Line— Return Valve to En-
mary Filter. gine Tank.
2. Fuel Line— Engine Tank to Sup- 6. Flexible Hose—Return Valve to
ply Valve. Fuel Drum.
3. Fuel Line— Return Manifold to 7. Fuel Drain Line— Fuel Pump to
Return Valve. Engine Tank.
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2. Remove plug.

3. Remove nuts and lockwashers from two attaching
bolts and remove bolts.

4. Back out handle retaining screw. Remove screw
and pull handle straight up off valve stem.

5. Remove nuts and lockwashers from two attaching
bolts and remove bolts.

6. Lower valve until stem clears hole in mounting
plate and remove valve.

Replace Fuel Control Valve.
1 . Guide valve stem up through center hole in
mounting plate. Line up mounting holes in plate
with matching holes in valve body mounting
flange.

2. Drop bolts into mounting holes. Using lock
washers and nuts, lock valve securely in position.

3. Observe handle and valve stem; note that one
side of stem is rounded off. Also note rounded side
of hole in handle. With the rounded portions of
both members in line, set the handle over the
stem and lock in position with lock washer under
retaining screw.

4. Connect fuel lines (1) and (2) or (3) and (4).

5. Replace plug.

Fig. 273—Supplying Engine from Outside Source —Fuel
Supply to Engine "ON."

1. Fuel Line—Supply Valve to Pri
mary Filter.
2. Fuel Line— Engine Tank to Sup
ply Valve.
3. Fuel Line—Return Manifold to
Return Valve.
4. Fuel Line—Return Valve to En
gine Tank.

5. Flexible Hose—Fuel Drum to
Supply Valve.
6. Flexible Hose—Return Valve to
Fuel Drum.
7. Fuel Drain Line—Fuel Pump to
Engine Tank.
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FUEL TANK

Description—The fuel oil tank is located beneath
the engine in the base. The filler pipe is at the
radiator end of the unit and is equipped with a finely
meshed wire screen for straining the fuel oil. At the
side of the filler pipe is a float type gauge to designate
the quantity of fuel by quarter tanks. The approxi
mate capacity of the tank when the gauge reads
"FULL" is sixty-three U. S. gallons. The tank is
mounted to the base with four clamps and anti-

squeak material. A drain is provided at the bottom
of the tank and three openings at the top for line
connections to the engine.

Service—The tank is pressure tested, at the factory,
before installation. Service is not required unless
tank has been accidentally punctured. This being
the case, the tank may be replaced. Sediment will
collect on the bottom of tank and can be eliminated
by an occasional drain.

14 13

10

Fig. 274—Fuel Oil Tank Details and Relative Location of Parts.

1. Tank— Fuel Oil.
2. Gauge—Fuel Oil.
3. Chain.
4. Cap—Fuel Oil Tank

5. Strainer Assembly.
6. Fitting— Fuel Return.
7. Fitting—Fuel Supply.
8. Fittings—Drain from Fuel Pump.

9. Anti-Squeak—Tank-to-Base.
10. Pipe Cap.
11. Clamp.
12. Anti-Squeak—Clamp-to-Tank.

13. Bolt—Clamp-to-Base.
14. Lock Washer.
15. Pipe Nipple.
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FUEL OIL SPECIFICATIONS

PROPERTY LIMIT TEST METHOD

Ignition Quality
Volatility
90% Distilled at. . .
Final Boiling Point.
Pour Point
Viscosity at 100° F. . .

No. I-D

50 Cetane, Min.

590° F
0°F.*

Water and Sediment 0.05% Max.
Ash Content 0.01% Max
Carbon Residue on 10% Residuum.. . .
Total Sulphur Content 0.50% Max.
Corrosive Sulphur Pass Test @ 212° F.
Flash Point 100° F. Min. (Or Legal)
Alkali and Mineral Acid. None

No. 2-D

45 Cetane, Min.

650° F., Max.
700° F., Max.
20° F., Max.*
32.6 SSU Min. **

SSU Max.
Max.
Max.
Max.
Max.

Pass Test @ 212° F.
140° F. Min.
None

ASTM D-613

ASTM D-158

45.5

0.05%
0.01%
0.20%
1.00%

ASTM
ASTM
ASTM
ASTM
ASTM
ASTM
ASTM
ASTM
ASTM
ASTM

D-97
D-445
D-88
D-96
D-482
D-189
D-129
D-130
D-93
D-188

NOTES:
"For satisfactory fuel flow through lines and filters in cold weather, the Pour Point of the fuel must be at least 10° F., below
the lowest atmospheric temperature to which the fuel is exposed.
"At temperatures below 0° F., a lowering of the minimum viscosity limit may be necessary in order to comply with the above
Pour Point requirements.

1.

2.

Fuel oils for General Motors Two-Cycle Diesel
Engines, Series 71, must be completely distilled
petroleum products.

Suitable fuels must comply with the above
classification limits established by the American
Society for Testing Materials for the No. 1-D or
No. 2-D grades of Diesel fuel oil.

3. Fuel properties of foremost importance for satis
factory engine operation are Ignition Quality
and Volatility.

High Cetane Number shortens the ignition
delay period, thereby facilitating starting, im
proving combustion smoothness, and minimizing
deposit formation.

High Volatility causes more complete vaporiza
tion of the fuel, cleaner combustion, and less
residue formation.

Since both of these fuel properties influence the

combustion process simultaneously, a low value
of one can be counteracted by a high value of
the other one. Best results will be obtained from
a fuel with low final boiling point and reasonably
high cetane rating.

4. The suitability of a fuel oil depends very much
on the engine operating conditions. When
frequent speed and load changes are encountered,
cleaner burning fuels should be chosen rather
than those satisfactory for constant speed oper

ation.

5. The above specifications are conforming to U. S.
Army Specifications No. 2— 102B of October 2,
1941, for "Diesel Fuel Oil for High-Speed Auto
motive-Type Diesel Engines."
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Cotter Pin—% x H".
Spring Seat.
Spacer Cap.
Lock Wire.
Spring Fork.
Gasket—Governor Case-to-
Governor Base.
Gasket— Cover-to-Sub Cap
and Sub Cap-to-Case.
Thrust Bearing.
Oil Seal.
Dowel Pin.
Thrust Washer.
Collar—Drive Shaft.
Pipe Plug.
Screws—Cover and Sub Cap-
to-Case.
Screw — High Speed Limit
Adjusting.
Screw — Maximum Fuel Ad
justing.
Speeder Spring.
Gear—Pump Idler.
Gear —Pump Drive.
Lock Nut.

Fig. 275—Governor Assembly Including Starting Solenoid and Governor Drive Mechanism.

1. Limit Pin. 43.
13. Fuel Rod. 44.
14. Fuel Rod Collar—Small. 46.
15. Knob— Shut-Down. 48.
16. Lock Nut—Shut-Down Knob. 49.
17. Sub Cap. 51.
20. Spacer— Fuel Rod.
21. Bushing—Fuel Rod. 52.
23. Spring—Fuel Rod.
24. Short Spring. 53.
25. Ballhead. 54.
26. Pin— Ball Arm. 55.
27. Flyweight. 56.
29. Base. 57.
30. Servomotor Piston. 58.
31. Terminal Lever. 60.
32. Droop Adjusting Bracket.
33. Plunger—Pilot Valve. 63.
34. Speed Adjusting Sleeve.
36. Governor Case. 64.
37. Shaft—Speed Adjusting.
38. Lock Nut. 65.
39. Droop Adjusting Screw. 66.
40. Governor Cover. 67.
41. Cotter Pin. 72.

74. Solenoid—Starting. 99.
75. Stud. 100.
76. Link. 101.
77. Spacer. 102.
78. Nut—Link-to-Stud. 103.
79. Adapter — Starting Solenoid 104.
to-Governor Cover.

80. Bolts. 105.
81. Lock Washers.
82. Nuts. 107.
83. Bolt.
84. Spring. 108.
85. Nut.
86. Lock Washer. 109.
87. Housing— Governor Drive. 114.
90. Pipe Plug. 115.
91. Gear — Governor Drive —
Driven. 120.

92. Bearing—Driven Gear. 121.
93. Sleeve-—Driven Gear. 122.
94. Groove Pin. 125.
95. Bolts— Conical Point. 132.
96. Washer (Leather). 133.
97. Lock Wire. 141.
98. Gear — Drive (Governor Drive). 142.

Bearing—Drive Gear.
Pin.
Bolt—Bearing Retaining.
Lock Washer.
Spacer.
Plain Washer—Bearing Re
taining.
Gasket—Governor Assembly-
to-Governor Drive Assembly.
Gasket—Governor Drlve-to-
Blower Assembly.
Bolts— Governor Drive-to-
Blower Assembly.
Lock Washers.
Lock Washers.
Bolts—Sub Cop-to-Cylinder
Head.
Lever—Speed Adjusting.
Floating Lever.
Relief Valve Assembly.
Thrust Washer—Upper.
Injector Control Tube.
Lever—Injector Control Tube.
Fuel Injector.
Conductor— Solenoid-To-
G round.
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GOVERNOR
A Hydraulic Governor with speed droop stabiliza
tion is used on these generator sets. Governors are
the same on all models, with the exception that the
speed droop adjusting bracket is on the outside of

the governor used on Model "B", and on the inside
of governors used on Models "C", "D" and "E".
Speed droop adjustment is featured separately for
each model under "Governor Adjustments."

TO INCREASE FUEL
LOOSEN THIS SCREW— 132

TIGHTEN THIS
SCREW

74 77 78

75

76

99
103

107

108

109

Fig. 275—Governor Assembly Including Starting Solenoid and Governor Drive Mechanism.
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Description—Since the horsepower requirements
on the Diesel engine continually vary due to fluctuat
ing loads on the generator, some means must be
provided to control the amount of fuel required and
thus hold the engine at a reasonably constant speed
during these load variations. This control is provided
by a speed governor which is mechanically con
nected to the fuel injectors of the engine.

The governor displayed in Fig. 275, is the hydraulic
type with speed droop stabilization. The hydraulic
feature is brought about by oil from the engine
lubricating system being admitted, under pressure,
to an auxiliary oil pump in the governor. The auxil
iary pump furnishes the necessary oil pressure to
actuate the governor mechanism. (See Schematic
Diagram, Fig. 276.)

121
13

Fig. 276—Schematic Diagram Showing Working Principle of
the Hydraulic Governor.

9. Plunger—Relief Valve. 37. Shaft—Speed Adjusting.
13. Fuel Rod. 49. Spring Fork.
23. Spring. 65. Speeder Spring.
27. Flyweight. 66. Gear — Pump Idler.
30. Servo Piston. 67. Gear—Pump Drive.
31. Terminal Lever. 120. Lever— Speed Adjusting.
33. Plunger—Pilot Valve. 121. Floating Lever.

In this governor, the fuel is decreased by action of
a fuel rod spring and increased by the opposing
action of a hydraulic servo cylinder, the admission
of oil to which is controlled by a pilot valve. The
pilot valve is controlled by the flyweights of the
governor. The flyweights are mounted on a vertical
shaft and driven through a pair of miter gears from
the upper rotor shaft of the blower at 1.9375 times
engine speed. (See Fig. 183.) The centrifugal force of
these flyweights in rotation is opposed by a so-called
"speeder spring," the compression of which deter
mines the speed at which the governor will control
the engine. The compression on the speeder spring
is varied by the throttle on the control cabinet panel.

In order that the governor operation may be stable,
(that is, without hunting) "speed droop," adjustable
in amount, is introduced into the governing system.
By speed droop is meant, the characteristic of de
creasing speed with increasing load. The desired
magnitude of this speed droop may easily be ad
justed to suit conditions as will be described in a
later paragraph.

The mechanical connection of the governor to the
fuel injectors is by means of a fuel rod or link at
tached to a lever on the injector control tube. When
the engine is stopped, the fuel rod spring forces the
fuel rod, and with it the injector racks, to the "Fuel
Off" position.

In starting a cold engine, it takes considerable
time for the lubricating oil pressure to become
great enough to operate the governor and thus
open the throttle so the engine can start. As this
delay in starting is considered objectionable, the
starting time can be shortened by pressing in on
the knob which projects from the side of the governor.
This knob is on the fuel rod, which connects directly
to the injector control tube, and pushing the knob
in takes the control away from the governor. To
accomplish this, a starting solenoid is provided as

122

67
PRESSUREOIL

Oil FROMENGINESUPPLY

REGULATINGOIL

Fig. 277—Cross Section of Governor Showing Function
of Pressure Relief Valve.

25. Bullhead.
27. Flyweights.
29. Governor Base.
36. Governor Case.
49. Spring Fork.

57. Collar— Drive Shaft.
65. Speeder Spring.
67. Gear — Pump Drive.
I 22. Relief Valve Assembly.
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shown in Fig. 275. This solenoid is wired directly to
the starting motor and is actuated each time the
starting motor is used.
In a similar manner, the engine can be stopped, re
gardless of the governor, by pulling out on the fuel
rod knob. Considerable force must be exerted to do
this as the oil pressure against the servo piston
must be overcome. The knob thus functions also as a
stopping device for the engine.

Aside from its function of holding the engine speed
constant under varying load conditions, the hy
draulic governor acts as an automatic engine
shut-down device in case of lubricating oil pressure
failure. Should the engine fail to supply oil to the
governor, the servo-piston will drop, letting the fuel
rod return to "NO FUEL" position, thus shutting
down the engine.
Operation—As the engine runs, oil from the lubri
cating system is admitted to the gear pump in the
governor base. The governor gear pump then
raises the oil pressure to a value determined by the
spring in the relief valve assembly opposing the
relief valve plunger as shown in Fig. 277. The oil, now
under pressure, is maintained in the annular space
between the small diameter of the pilot valve plunger
(33) and the bore in the ballhead (25) as shown in
Fig. 278.

66

For any given throttle setting, the speeder spring
(65) has a definite compression force which is
opposed by the centrifugal force of the flyweights
(27) . When these two forces are in equilibrium, the
land on the pilot valve plunger exactly covers the
lower ports in the ballhead, thus producing a con
stant speed condition as shown in Fig. 278.
Refer to Fig. 279 and assume now that a load in
crease is applied to the engine. The engine speed
will drop and the governor flyweights will be forced
inward, thus lowering the pilot valve plunger. Oil
under pressure of the pump will now be admitted
underneath the servo piston which will rise. Upward
motion of the piston is transmitted through the
terminal lever (31) and fuel rod (13) to the injector
control racks, causing the fuel setting of the engine
to be increased.
Simultaneous with the upward movement of the
servo piston, the pin on the droop adjusting bracket
(32) moves upward and raises the floating lever
(121) which pivots about the spring fork pin (42) in
the speed adjusting lever (120).
When the load was increased the engine speed
began to drop and as a consequence the centrifugal
force on the flyweights decreased, allowing them to
move inward under the opposing force of the speeder
spring. Now as the floating lever rises, the compres-

66 .•
REGULATINGOH

fig. 278—Stable Position of Governor Mechanism When
Load on Engine is Constant.

25. Ballhead. 65. Speeder Spring.
27. Flyweight. 66. Gear—Pump Driven.
30. Servo PIfton. 67. Gear — Pump Drive.
31. Terminal Lever. 120. Lever—Speed Adjusting.
33. Plunger—Pilot Valve. 121. Floating Lever.
49. Spring Fork.

Fig. 279—Position of Governor Mechanism as Load In
creases and Engine Speed Tends to Decrease

25. Ballhead. 49. Spring Fork.
27. Flyweight. 65. Speeder Spring.
30. Servo Piston. 66. Gear—Pump Driven.
31. Terminal Lever. 67. Gear—Pump Drive.
33. Plunger— Pilot Valve.
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sion load on the speeder spring is reduced, which
enables the flyweights to again move out and assume
their normal vertical position. The land on the pilot
valve plunger then again exactly covers the ports
in the ballhead and the servo piston stops moving at
a position corresponding to an increased fuel setting
of the engine. The engine now carries the increased
load at a slightly reduced speed because of the
slight decrease in speeder spring compression.
Fig. 280 illustrates the reaction of the governor as
the load on the engine is decreased and the engine
speed starts to increase.
Lubrication —The governor is lubricated by oil
seeping into the governor housing past the servo
piston and pilot valve plunger, where it is broken
up into a fog by the governor flyweights. Oil which
collects on the floor of the governor drains into the
bevel gear drive beneath the governor. After reach
ing a certain level in the governor drive housing,
the oil returns through the drive gear bearings to
the oil reservoir in the blower housing, thence to
the engine oil pan.

Service—Governor faults are usually manifest in speed
variations of the engine, but it does not necessarily follow
that all such speed variations indicate governor faults.
Therefore, when improper speed variations appear,
the following procedure should be carried out:

66 "67

Fig. 280—Position of Governor Mechanism as Load De
creases and Engine Speed Tends to Increase.

25. Ballhead. 49. Spring Fork.
27. Flyweight. 65. Speeder Spring.
30. Servo Piston. 66. Gear — Pump Driven.
31. Terminal Lever. 67. Gear—Pump Drive.
33. Plunger— Pilot Valve.

1 . Check the load to be sure that the speed changes
observed are not the result of load fluctuations.

2. If the load is uniform, carefully check the engine
to be sure that all cylinders are firing properly.

3. See that no bind exists in any of the governor
mechanism or operating linkage between gov
ernor and engine; also, that no bind is manifest
in the injector control tube or its mounting
brackets.

If all cylinders are not firing properly, remove and
check the injector from the faulty cylinder. See
"Testing Injector," Page 172, Sec. 15. If these tests
show injector difficulties, service the injector as
described under "Injector Service," Page 164, Sec.
15. With the governor control link connected to the
injector rack control tube, the mechanism should
be free from bind throughout the entire travel of
injector racks. Should friction exist in the mecha
nism, it may be located and eliminated as follows:
1. Injector racks may stick or move too hard. This
may be due to the injector hold down crab being
too tight or not positioned properly, and can
often be eliminated by tapping the foot of the
crab lightly with a small hammer and a long
punch or screwdriver. An injector which has
been in service a long time may get sticky due
to an accumulation of gum and sludge. This can
be corrected by washing in a pail of clean
gasoline. (See Injector Service, Page 164, Sec.
15.)

2. Injector rack may stick due to being cramped by
the rack control lever being out of position or
cocked. Loosen the screws in the rack control
lever, and if this relieves the binding, move the
lever endways on the control tube until the rack
control lever no longer cramps the injector rack.
Cocking of the rack control lever may also be
due to damage to the ends of the adjusting screws
or the surfaces which they contact, and may be
corrected by filing. After the trouble has been
remedied, the rack control lever must again be
adjusted for proper position.

3. Control shaft may stick or turn hard in its small
ball bearings. These bearings must be free from
chips, dirt, or sludge, and must be lubricated.
Binding due to poor alignment of the bearing
supports can be corrected by loosening the bear
ing support bolts and realigning the bearing
supports.

When the injector rack control tube is free of
bind and operating the injector racks, the tube
should return freely to the NO FUEL position by
the tube return spring only. Any time the control
tube bearing supports have been loosened, the
adjustment of rack control levers should be
checked.

CAUTION! Never stretch or tamper with rack control spring
to change the tension. If spring is not standard, replace.
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121 49 48 120

13

13. Fuel Rod.
14. Fuel Rod Collar— Small.
17. Sub Cap.
22. Fuel Rod Collar— Large.
23. Long Spring.

Fig. 287— Top View of Governor With Cover Removed.
24. Short Spring. 39. Screw— Droop Adjusting.
31. Terminal Lever. 48. Lock Wire.
32. Bracket—Droop Adjusting. 49. Spring Fork.
34. Sleeve— Speed Adjusting. 63. Screw — High Speed Limit
37. Shaft—Speed Adjusting. Adjusting.

64. Screw—Maximum Fuel Ad
justing.

120. Level— Speed Adjusting.
121. Floating Lever.

4. Control shaft may have too much friction due to
control shaft spring being bent. Replace with a
standard spring.

5. Pin in link connecting governor to control tube
may be binding in the control tube lever. Re
move bind.

If neither load nor engine irregularities are found
to be the cause of the speed variations, it may be
either in the governor or the drive. If the speed
changes in regular oscillations (a hunt) this can
possibly be corrected by increasing the droop. This
applies only in cases of governor overhaul or where
the droop adjustment has been changed from the
original factory setting. All governors are set with
the correct droop before leaving the factory. When
governor is overhauled, see "Governor Adjustments"
at conclusion of this section for correct droop ad
justment.

If the speed variations are erratic but small in
magnitude, the fault may lie in the governor drive.
Excessive back-lash in the coupling or the miter
drive gears, or too tight meshing of the latter, may
cause this condition. If

,

for any reason, such as
worn blower rotor bearings or rubbing of the rotors
on the housing, or the load on the flexible coupling

between the blower and the engine varies er
ratically, this variation will be transmitted to the
governor as a speed change, and it, in turn, will
attempt to compensate for this by changing the fuel
rod position. No amount of adjustment or other work
on the governor can correct this condition.

If the speed variations are large and erratic, and
unaffected (except, perhaps, in magnitude) by
changes of speed droop adjustment, or if the governor
fails to control at all, it should be repaired or re
placed.
As a last resort, to prove whether the governor or
engine is at fault, a master governor may be in
stalled on the engine. If this is done, see that the
master governor bears the same type number as the
one being removed.

If the above checks show that a governor overhaul
is necessary, the instructions outlined below will
apply.

Remove Governor front Engine—In cases of
major repairs or a complete governor change, the
unit may be removed from the engine as follows:

1 . Remove the valve rocker cover and the clevis pin
which holds the fuel rod (13) to the injector con
trol tube lever (133). (See Fig. 282.)
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2. Disconnect, at the governor, the oil line (129)
between cylinder block and governor case.

3. Disconnect conductor (131) from the solenoid.

4. Lift end of retriever spring from the clevis pin in
the throttle-to-governor linkage and remove the
clevis pin, leaving the governor control lever
attached to the speed adjusting shaft of the
governor.

5. Remove four nuts (82) and lock washers (81)
holding starting solenoid to the adaptor on the
governor cap. Also remove nut (85) and lock
washer holding link (76) in place on the guide
bolt. Lift the starting solenoid assembly off and
away from the governor.

6. Remove three screws (60) and two lock washers
(4) (Fig. 287) holding governor cap and subcap

fVg. 282—Governor Mounting.
13. Fuel Rod.
74. Starting Solenoid Assembly.
76. Link.
77. Spacer.
60. Bolt—Solenoid Assembly-to-
Adapter.

81. Lock Washer.
82. Nut.
85. Nut— Link-to-Guide Bolt.
106. Stud Nuts — Governor-to-
Governor Drive Assembly.

115. Bolts— Govemor-to-Cylinder
Head.

122. Relief Valve Assembly.
129. Oil Line—To Governor.
130A. Lever—Governor Control.
130B. Link—Throttle Control.
131. Conductor — Starting Sole-
noid-to-Startlng Motor.

132. Injector Control Tube.
133. Injector Control Tube Lever.
134. Governor Drive Assembly.
135. Slower Assembly.

to the governor case and 'also remove the two
bolts (115) and lock washers holding governor
subcap to the cylinder head. Lift up on the sub-
cap assembly until a definite snap indicates that
the fuel rod has been released from the terminal
lever within the governor case and then remove
the subcap assembly, pulling the fuel rod out of
the hole in the cylinder head. Remove gasket be
tween subcap and governor case.

7. Remove the four stud nuts (106) holding governor
assembly to governor drive assembly and lift the
governor off the studs and away from engine.
Remove the gasket between governor and gov
ernor drive.

NOTE; At all times use care in handling and setting down of
the governor; especially avoid striking the end of the drive
shaft a sharp blow. Such treatment might move the collar
on the drive shaft and result in excessive end play of the
ballhead and shaft.

Disassemble Governor—After removal from the
engine, refer to Figs. 275 and 287 and disassemble
the governor as follows:

1. Disassemble Sub-Cap as follows:

(a) Unscrew shut-down knob (15) and lock nut
(16) from fuel rod (13). Remove fuel rod
spacer (20).

(b) Pull shut-down rod from sub-cap through
neck where sub-cap bolts to cylinder head,
thus separating rod from fuel rod collar
(22), short spring (24), collar (14), and
long spring (23).

(c) Remove fuel rod seal (59) from counter bore
at outer face of sub-cap.

(d) If bushing is worn sufficiently to need re
placing, support sub-cap in arbor press as
shown in Fig. 283 and press bushing (21)
from place, using a suitable %" diameter
bar on outer end of bushing.

(e) If there is any call for doing so, support sub-
cap in arbor press with inner end resting
on bed of press as shown in Fig. 284 and
press sub-cap plug (19) from sub-cap.

(f
) Loosen jam nut (38) and back out maximum

fuel screw (64).

2. Remove the nut, lock washer and clamp bolt
holding governor control lever (130A), Fig. 282
on speed adjusting shaft (37) and pull lever off
shaft.

3. Remove limit pin (1) from speed adjusting lever
(120).

208



GOVERNOR TM5-5160

SEC. 16

4. Unscrew speed adjusting sleeve (34) and re
move together with copper washer (68). Remove
two neoprene seals (54) from sleeve. Unscrew
and remove spacer cap (46) and copper washer

(68) in the same manner.

5. Remove speed droop adjusting screw (39) and
plain washer (70), then droop adjusting bracket
assembly (32) from terminal lever (31).

6. Remove cotter pin (43) holding speed adjusting
shaft (37) to speed adjusting lever (120).

7. Remove two cotter pins (41) locking terminal
lever (31) to short terminal shaft (50) and long
terminal shaft (71), respectively.

8. Remove speed adjusting shaft (37) from speed
adjusting lever (120).

9. Lift pilot valve assembly, including plunger (33),
bearing (53), spring seat (56), spring fork (49),
lever (120), floating lever (121), fork pins (42)

and lock wire (48) straight up out of case (36)
and ball head (25).

10. If speeder spring (65) or plunger (33) are to be
changed, unscrew spring seat (44) from spring

and then spring from spring fork (49).

11. If there is any call for doing so, the lock wire

(48) may be removed from the speed adjusting
lever (120) and floating lever (121), then the
two pins (42) separating parts (120), (121) and

(49).

12. Remove Terminal Lever as follows:

(a) Support governor case between soft jaws in
bench vise as shown in Fig. 285, and using
a Y% or Yi bar on inner end and at open
ing in terminal lever, strike bar sharply with
hammer and drive adjusting sleeve (35)
flush with inner wall of governor case.

Fig. 283—Removing Fuel Rod Bushing from Sub-Cap.

17. Sub-Cap. 137. Bushing Removing Tool.
136. Arbor Preu.

Fig. 284—Removing Sub-Cap Plug from Sub-Cap.
137. Plug Removing Tool.17. Sub-Cap.

136. Arbor Press.
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Fig. 285—Removing Terminal Sleeve and Welch Plug from
Governor Case. (Operation 1

.)

31. Terminal Lever.
35. Terminal Sleeves.

1 26. Hammer.

136. Vise.

1 37. Driving Tool.

(b) Now using special driving bar against
shoulder on sleeve (35), as shown in Fig.
286, drive sleeve and welch plug (73) as an
assembly from the case. Remove opposite
sleeve and welch plug in the same manner.
Shafts (50) and (71) may now be removed
from the case.

13. If there is any call for doing so, the welch plugs
(73) may be driven from the terminal shafts by

Fig. 286—Removing Terminal Sleeve and Welch Plug from
Governor Case. (Operation 2.)

31. Terminal Lever. 1 36. Vise.
35. Terminal Sleeves- 1 37. Driving Tool.

1 26. Hammer.

inserting a bar into inner end of shaft and
against plug, then striking with a hammer.

14. Withdraw servo piston (30) from governor case.

15. With a % socket wrench, remove relief valve
assembly (122) and copper gasket (68). No at
tempt should be made to disassemble the relief
valve. If the valve is inoperative, the entire as
sembly should be replaced.

Fig. 287—Hydraulic Governor Details and Relative Location of Parts.

\ . Limit Pin.
4. Lock Washers.

1 3. Fuel Rod.

1 4. Fuel Rod Collar—Small.

1 5. Knob— Shut-Down.
16. Lock Nut—Shut-Down Knob.
17. Sub Cap.

1 9. Sub Cap Plug.
20. Spacer—Fuel Rod.
21. Bushing—Fuel Rod.
22. Fuel Rod Collar—Large.
23. Long Spring.
24. Short Spring.
25. Ballheod.
26. Pin—Ball Arm.
27. Flyweight.
29. Base.
30. Servomotor Piston.
31. Terminal Lever.
32. Droop Adjusting Bracket.
33. Plunger—Pilot Valve.
34. Speed Adjusting Sleeve.
35. Terminal Sleeve.
36. Governor Case.
37. Shaft—Speed Adjusting.
38. Jam Nut.
39. Droop Adjusting Screw.
40. Governor Cover.

4 1 . Cotter Pin.

42. Spring Fork Pins. 67.
43. Cotter Pin %" x %". 68.
44. Spring Seat. 69.
45. Plug.
46. Spacer Cap. 70.
47. Idler Gear Stud.
48. Lock Wire. 71.
49. Spring Fork. 72.
50. Short Terminal Shaft. 73.
51. Gasket — Governor Case-to- 74.
Governor Base. 75.

52. Gasket —Cover-to-Sub-Cap 76.
and Sub-Cap-to-Case. 77.

53. Thrust Bearing. 78.
54. Neoprene Oil Seal. 79.
55. Dowel Pin.
56. Thrust Washer. 80.
57. Collar— Drive Shaft. 81.
58. Pipe Plug. 82.
59. Fuel Rod Seal. 83.
60. Screws—Cover and Sub-Cap- 84.
to-Case. 85.

62. Screws — Governor Base-to- 86.
Governor Case. 87.

63. Screw—High Speed Limit Ad- 88.
justing.

64. Maximum Fuel Adjusting Screw. 89.
65. Speeder Spring. 90.
66. Gear—Pump Idler.

Gear—Pump Drive. 91.
Copper Gasket.
Lock Washer — Governor to 92.
Drive Stud Nut. 93.
Washer — Droop Adjusting 94.
Screw. 95.
Long Terminal Shaft. 96.
Lock Nut. 98.
Welch Plugs.
Solenoid— Starting. 99.
Stud. 1 00.
Link. 101.
Spacer. 1 02.
Nut—Link-to-Stud. 1 03.
Adapter — Starting Solenoid- 1 04.
to-Governor Cover. 1 05.
Bolts.
Lock Washers.
Nuts. 1 06.
Bolts.
Spring. 1 07.
Nut.
Lock Washer. 1 08.
Housing—Governor Drive.
Studs— Governor Case-to- 1 09.
Drive Assembly. 120.
Pipe Plug— '/•". 121.
Pipe Plug— '/i ". 122.

125.

Gear — Governor Drive —
Driven.
Bearing—Driven Gear.
Sleeve—Driven Gear.
Groove Pin.
Bolts—Conical Point.
Washer—Leather.
Gear—Governor Drive—
Drive.
Bearing— Drive Gear.
Pin.
Bolt.
Lock Washer.
Spacer.
Plain Washer.
Gasket — Governor Assem-
bly-to-Governor Drive Assem-
bly.
Stud Nut— Governor-to-
Drive.
Gasket—Governor Drive-to-
Blower Assembly.
Bolts — Governor Drive-to-
Blower Assembly.
Lock Washer.
Lever—Speed Adjusting.
Floating Lever.
Relief Valve Assembly.
Thrust Washer—Upper.
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Fig. 287—Hydraulic Governor Details and Relative Location of Parts. 21
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16. Set governor case, top side down, on bench and
with a soft hammer and a brass rod, drive the
shaft of the ball head (25) out of the drive shaft
collar (57) (as shown in Fig. 288) and remove
ball head and collar from case.

17. Remove three fillister head screws (62) holding
base (29) (oil pump gear housing) to governor
case. Base is doweled to governor case and

Fig. 288—Separating Ballhead Drive Shaft from
Drive Shaft Collar

25. Shaft—Ballhead Drive.
36. Governor Case.
57. Collar— Drive Shaft.

126. Hammer.
127. Brass Rod.
128. Bench.

18.

must be tapped and pried away from the case
carefully so dowels will not be bent or damaged.
Oil pump drive and idler gear (66) and (67)
may now be lifted from place, being careful not
to damage the sharp edges of the gears.

The remaining plugs and screws may be remov
ed to assist in cleaning the governor case.

NOTE: For disassembly and details of starting solenoid see
Page 253, Sec. 78.

Inspection —Before reassembling the governor,
wash all parts in clean gasoline and carefully in
spect for wear.

The servo piston should move freely in the cylinder.
The pilot valve plunger should move freely in the
governor ball head shaft. If the plunger has become
damaged or scratched on the outside surface, it
may be dressed off with crocus cloth. If crocus cloth
is used the sharp edges of the cut-off, at the lower
end of the plunger, should not be rounded.

The governor ball head should rotate freely in the
governor body when the governor base, including
the oil pump, is installed. Bind might occur in the
ball head shaft either from slight misalignment of
the governor base with the governor body, or from
the collar, rubbing against the governor base at
lower end of the shaft. This latter condition may be
corrected by tapping the lower end of the shaft with
a block of wood. The collar should be pressed onto
the shaft just far enough to provide free shaft move
ment without shaft end play.

The flyweights should work freely on their supporting
pins for satisfactory governor action. All joints and
bearings in connection with the floating lever, speed
droop adjusting link, and speed adjusting shaft,
should move freely when in place.

Governor Assembly—All parts having been
cleaned and inspected, the governor may be as
sembled. As the various moving parts are assembled,
dip in clean gasoline (i
f cloth is used, beware of

lint) and lubricate with engine oil to insure free
movement. Furthermore, after the governor has been
completely assembled, apply a liberal amount of
good clean engine oil over all the moving parts of
the governor, thus insuring initial lubrication. Refer
to Figs. 275 and 287, and assemble the governor in
the following manner:

1 . Replace the two oil pump gears (66) and (67) in
the governor base (either side up); wipe the ad
joining surfaces of base and governor body
clean; see that gasket is in place between base
and governor case and not damaged; then,
holding base and gears face up, set body onto
base with dowels in base registering with holes
in body. Temporarily, slide ballhead shaft (25)
down through body and base, to align the two
pieces, then replace the three fillister head
screws through base and draw up evenly. Re
volve the ballhead shaft during the tightening
process to make sure shaft revolves freely.

2. With ballhead assembly (25) down in governor
body, support piece of ]/%" rod in bench vise, as
shown in Fig. 289. With upper end of shaft rest
ing on rod install collar (57) over end of shaft
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Fig. 289—Replacing Drive Shaft Collar on Drive Shaft
of Ballhead.

29. Governor Base.
36. Governor Case.
57. Collar— Drive Shaft.
I 26. Soft Hammer.

127. Rod— Yi" Brass.
136. Vise.
137. Driving Tool (Hollow Sleeve).

and tap into position with convenient hollow
sleeve and hammer. The collar must not be
be driven too far onto shaft, neither should end
play exist. The shaft should turn freely.

3. Moisten surface with oil and drop servo piston
(30) into place, cone end down.

4. Replace Terminal Lever as follows:

(a) Place the terminal lever (3 1) in the governor
case with convex bearing surface for servo
piston next to piston and holes for terminal
shafts in alignment with holes in case.

(b) Place the short terminal shaft (50) in left-
hand opening and long terminal shaft (71)
in right-hand opening —as viewed from
front side of case where serial number plate
is attached— with holes of cotter pins in
shafts in alignment with holes in terminal
lever, as shown in Fig. 290.

(c) Slide the serrated ends of the two terminal
shafts into the terminal lever (31) and in
stall the two cotter pins (41). Spread cotter
pins.

(d) Drive a welch plug (73) into outer end of
each terminal sleeve (35).

(e) Place the governor case on bed of arbor
press as shown in Fig. 291 and press ter
minal sleeve (35) and welch plug (73) as
sembly into case and over outer end of
shaft. Install terminal sleeve and welch
plug assembly in opposite side of case and
over shaft in the same manner and tight
against case.

NOTE: When pressing terminal sleeve into case, be sure
case is flat on bed of press. Line up with shim as shown in
Fig. 291

5. If disassembled, the speed adjusting lever (120),
floating lever (121) and spring fork (49) may
be reassembled as follows:

(a) Place tines of spring fork (49) over floating
lever (121) with holes for fork pin in line.
Install pin (42).

(b) Place tines of speed adjusting lever (120)
over non-slotted end of floating lever (121)
and install the second pin (42).

(c) Turn pins (42), if necessary, and lock pins
in adjusting lever and floating lever with

Fig. 290—Correct Relation of Holes in Terminal Shafts
to Holes in Terminal Lever.

3 1. Terminal Lever.
36. Governor Case.
50. Shaft— Short Terminal.

71. Shaft—Long Terminal.
136. Vise.
138. Pin Holes.
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Fig. 291—Replacing Terminal Sleeve in Governor Case.
31. Terminal Lever.
35. Terminal Sleeve.
50. Shaft—Short Terminal.

136. Arbor Press.
139. Shim.

lock wire (48). Bend over lower end of
lock wire.

6. Screw small end of speeder spring (65) onto
lower end of spring fork (49) and spring seat
(44) onto large end of spring.

7. Place thrust bearing assembly (125, 53, and 56)
over lower end of pilot valve plunger (33) with
small washer next to spring seat.

8. Holding governor case assembly horizontally,
lubricate pilot valve plunger and set plunger
and bearing assembly down into case with
plunger entering opening in ball head (25).

NOTE: Wfien entering pilot va/ve plunger into ball head,
keep the ball bearing assembly next to spring seat and
have flyweights at outer position and then plunger assem

bly will slip readily into place.

9. With undercut in non-serrated end of speed ad
justing shaft (37) towards bottom of governor
case and hole in serrated end of shaft in align
ment with hole in speed adjusting lever (120),
install shaft through left side of case—as viewed
from serial number side of case—and into lever.
Install and spread cotter pin (43) holding shaft
in place.

10. With flat face of droop adjusting bracket assem
bly (32) next to bolting surface of terminal lever
(31) and with pin on opposite face in slot of
floating lever (121), attach bracket to terminal

lever with bolt (39) and plain washer (70)
through slot in bracket.

1 1 . Install a copper washer (68) next to head, then
place speed adjusting sleeve (34) over shaft (37)
and screw into governor case tight against
washer.

12. Install two neoprene seals (54) over shaft and
into counter bore of speed adjusting sleeve (34).

13. With copper washer (68) next to head, install
spacer cap (46) into governor case at hole in
line with and at opposite side of the case to the
speed adjusting shaft.

14. Place limit pin (1) in speed adjusting lever (120)
with head of pin toward cover.

15. With copper gasket (68) next to head, install
plug (45) into right side of governor case—as
viewed from serial number side of governor- —

opposite to the by-pass valve assembly.

16. With a copper gasket (68) over body, install the
by-pass valve assembly (122) into left side of
governor case opposite plug (45).

17. Screw a lock nut (72) well down on the high
speed limit adjusting screw (63), then install
screw in back face of governor case just back
of the speed adjusting lever (120). See "Throttle
Adjustment," Page 179, Sec. 15, to adjust this
screw. Adjustment takes place after the governor
is installed on the engine.

18. Assemble Sub-Cap as follows:

(a) If removed, replace sub-cap plug (19) into
counter bore of governor sub-cap at bolting
flange of sub-cap to cylinder head. Start
plug straight in casting, then force into
position with an arbor press.

(b) If removed, replace bushing (21) into
counter bore for fuel rod of sub-cap.

Start bushing straight in bore of casting,
then force into position with an arbor press
until outer end of bushing is flush with bot
tom of counter bore.

(c) Place the long fuel rod spring (23) inside
the neck of the sub-cap—flared end first.

(d) Holding the sub-cap between soft jaws of
bench vise as shown in Fig. 292, insert
threaded end of fuel rod (13) through spring
(23) until about 1/2" extends beyond spring.

(e) Place fuel rod collar (14) over threaded end
of fuel rod with flat face next to spring.

(f
) Insert large fuel rod collar (22) inside of

short spring (24) (emergency shut-down)
and pilot this assembly over the fuel rod,
thus compressing the long spring until the
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Fig. 292—Placing Fuel Rod, Springs and Collars in
Governor Sub-Cap.

13. Fuel Rod.
I 4. Collar—Fuel Rod— Small.
17. Sub Cap.
12. Collar—Fuel Rod—Large.
23. Long Spring.

24. Short Spring.
64. Screw — Maximum Fuel
Adjusting.

136. Vise.

flat face of the large collar (22) rests
against the boss on the inside of the sub-
cap, as shown in Fig. 293. Push fuel rod
through both springs, collars and the outer
bushing of the sub-cap.

(g) Install fuel rod seal (59) over thread end
of fuel rod and into sub-cap.

(h) Place fuel rod spacer (20) over threaded
end of fuel rod, followed by lock nut (16)
and shut-down knob (15). Knob need not be
locked as it will be properly positioned when
the governor is installed on the engine.

(i
) Screw nut (38) on maximum fuel screw (64)

and install screw into back face of sub-cap.
This screw will be adjusted after governor

is installed on the engine. (See 'Throttle
Control Adjustments," Page 179, Sec. 15.)

NOTE: Sub-cap assembly need not be replaced at this time
unless governor is to be completely assembled and placed
in stock as it has to be removed from governor when
governor is installed on the engine.

19. If sub-cap is to be attached—

(a) Affix a gasket (52) to top of governor case,
then place sub-cap assembly down on case
by pressing in on fuel rod knob so that
collar (22) on fuel rod will rest against
front working face of terminal lever (31),
as shown in Fig. 294.

(b) Attach starting solenoid adaptor (79) to
governor cover (40) by inserting four bolts

(80) into adaptor-to-solenoid bolt holes,
with threaded portion of bolts pointing up;
then place adaptor on top of governor

Fig. 293—Position of Fuel Rod Springs and Allied
Parts in Governor Sub-Cap.

1 3. Fuel Rod. 24. Short Spring.
14. Collar—Fuel Rod— Small. 64. Screw — Maximum Fuel
17. Sub Cap. Adjusting.
22. Collar— Fuel Rod— Large. 136. Vise.
23. Long Spring.

cover with bolting pad on adaptor for link
(76) at front face of governor case. Insert
two bolts (80) into center holes of bottom
side of governor cover, up through holes of
solenoid adaptor. Secure with two washers
(79) and nuts (82). See Fig. 287.)

(c) With the two wire terminal screws of
solenoid toward back face of governor, at
tach solenoid (74) to adaptor on top of
cover with four bolts (80), lock washers (81)
and nuts (82).

13 17 23 14

36

145

Fig. 294— Installing Sub-Cap on Governor Case.
34.
35
36.
37
64.

1 3. Fuel Rod.

1 4. Fuel Rod Collar— Small.
15. Knob—Shut-Down.

1 6. Lock Nut—Shut-Down Knob.
17. Sub Cap.
20. Spacer— Fuel Rod.

73.

Speed Adjusting Sleeve.
Terminal Sleeves.
Governor Case.
Shaft—Speed Adjusting.
Screw — Maximum Fuel
Adjusting.

22. Fuel Rod Collar — Large.
23. Long Spring.
24. Short Spring.

3 1 . Terminal Lever.

122.
145.

Welch Plugs.
Relief Valve Assembly.
Plug—Shipping and Storage.
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Fig. 295— Installing Governor Sub-Cap and Governor
on Engine—Cover Removed from Sub-Cap.

13. Fuel Rod.
15. Knob— Shut-Down.
16. Lock Nut— Shut-Down Knob.
17. Governor Sub Cap.
22. Collai— Fuel Rod— Large.
31. Terminal Lever.
52. Gasket—Sub Cap-to-Cover.
105. Gasket — Drive Mechanism-
to-Governor Base.

129. Oil Line.
130A. Lever—Governor Control.
130B. Link—Throttle Control.
132. Tube—Injector Control.
133. Lever^lnjector Control Tube.
138. Gaskets— Sub Cap-to-Cylin-
der Head.

139. Bracket—Throttle Control.
140. Cylinder Head.

(d) Affix a new gasket (52), if necessary, on
upper surface of sub-cap and set cover (40)
down on sub-cap. Using a lockwasher (4)
on the two forward screws (60), place the
three screws through the coverand sub-cap,
then screw into case. Tighten screws.

(e) Place bolt (83) through hole in up-turned
flange of solenoid adaptor (79), then spring
(84), nut (85), lock washers (86) in turn on
bolt (83).

(f
) Place pilot of link (76) over stud (75) of the

solenoid and lower hole in link over bolt
(83). Secure link with nut (78) at solenoid
stud, also, lock washer (86) and nut (85) at
bolt (83).

(g) Attach one end of ground wire (142) to rear
terminal of solenoid (74) and the other end
under one of the solenoid hold-down bolts.

Replace Governor on Engine— If a governor as
sembly less the governor drive is to be installed on
the engine and the drive is attached to the blower,
remove the drive then attach governor to drive be
fore installing the governor. The governor must be at-
tached to the drive before the governor is attached to the

engine to make sure the splined drive shaft of the
governor ballhead is in exact alignment with the
coupling sleeve of the drive.

1
. When attaching governor to drive, place a
gasket (105), Fig. 287, down over studs (88) of

the drive housing flange, then set governor as
sembly down onto drive flange with opening for
oil line into governor pointing in the same direc
tion as the drive shaft of the drive housing.

2. Secure governor assembly to drive housing using
a lock washer and nut (106) at each of the four
studs. Draw nuts down uniformly and after
tightening, revolve drive shaft of the governor
drive, also the ballhead of the governor, for any
bind. Parts must move freely without bind.

3. If installed, remove governor cover and sub-cap.

4.

5.

6.

7.

8.

If governor and drive assembly revolve freely,
affix a gasket (107) to the governor drive hous
ing flange, then set the assembly against end of
blower with splines on drive shaft registering
with those inside blower shaft. Install governor
drive housing to blower bolts (108)—finger tight
only—with lock washer (109) on each bolt.

Affix a gasket (52) to top bolting flange of
governor case.

Holding throttle control bracket (139) in place
with throttle shaft in bearing of bracket and a
gasket (138) each side of the bracket as shown
in Fig. 295, insert the long projecting end of the
fuel rod (13) through the bracket, gaskets and
cylinder head flange.

Line up bolt holes for sub-cap-to-cylinder head
bolts and then, using lock washers, turn bolts
into place finger tight only.

Pour about 1
/2 pint of lubricating oil over the

governor mechanism for initial lubrication.

9. Place a gasket (52)—in good condition, or new
—in position on top of the governor case.

10. With solenoid adaptor (79) bolted in place on
governor cover and attaching bolts (80) for
solenoid also in position, set governor cover (40)
down onto sub-cap. Start three attaching screws
(60) through cover and sub-cap and into gov
ernor case. (Use lock washers (4) on the two
forward screws only.) Tighten screws holding
cover and sub-cap to case. Also, tighten bolts
holding sub-cap to cylinder head and bolts
holding governor drive to blower.

1 1 . With bolt completely removed from governor con
trol lever (130A), slip lever onto speed adjusting
shaft in a position as shown in Fig. 295. Put bolt
in place and fasten lever securely to shaft with
lock washer and nut. Slip the clevis link (130B)
of the throttle control linkage over end of gov
ernor control lever (130A) and push clevis pin
into place. Stretch out throttle retriever spring
and insert spring end through hole in clevis pin.

12. If solenoid link guide bolt (83) and spring (84)
were removed from solenoid adapter, insert bolt
through hole in adapter, slip spring over bolt,
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and turn one nut (85) onto bolt. Place one lock
washer (86) in position on bolt. Set starting
solenoid and link assembly onto the four attach
ing bolts in the adapter, at the same time guiding
link (76) over guide bolt and against lock
washer already positioned on bolt. (See Fig. 275
for details of assembly.) Slip ground conductor
over nearest solenoid-to-adapter bolt, push sol
enoid well back toward engine, and secure to
adapter with four nuts (82) and lock washers
(81). (See Page 252, Sec. 18 for service opera
tions on the Starting Solenoid Assembly.) Attach
conductor from starting motor to open terminal
of solenoid.

Fig. 296—Adjusting Fuel Rod—Hydraulic Governor.
133a. Lever—Injector Rack

Control.
133b. Adjusting Screw— Rack Con

trol Lever—Inner.
I 33c. Adjusting Screw—Rack Con

trol Lever—Outer.

6. Lever—Injector Control Tube.
13. Fuel Rod.
16. Lock Nut— Shut Down Knob.
17. Subcap.
36. Governor Case.
60. Screw—Cover and Subcap-to-
Case.

13. Start oil line fitting into tee at pressure relief
valve and draw up tight enough to be leak proof.

14. After installing governor on engine and before
engine is started for making governor adjust
ments, the fuel injectors must be properly timed
(see "Timing Injectors," Page 174, Sec. 15) and
the exhaust valve lash must be carefully checked
at .011" "GO" and .013" "NO GO." (See "Ad
just Valve Lash," Page 86, Sec. 11.)
If these operations were carried out just before
removal of the governor, it should not be neces
sary to repeat them at this time.

15. Before starting engine, the throttle control
mechanism must be adjusted as outlined under
"Adjustments—Throttle Control," Page 179,
Sec. 15.

Governor Adjustments—After installing a gov
ernor, the four governor adjustments enumerated be
low should be carried out in the order shown. All
adjustments are made with the engine stopped. The
governor adjustments are:

Fig. |297
—Positioning Governor Terminal Lever for Wide

Open Throttle.

13. Fuel Rod.
17. Subcap.
17a. Boss—Governor Subcap.
22. Collar— Fuel Rod.
31. Terminal Lever.
38. Lock Nut—Maximum Fuel Ad
justing Screw.

64. Screw—Maximum Fuel Ad
justing (Load Limit).

133o. Lever— Injector Rack
Control.

I33b. Adjusting Screw—Rack Con
trol Lever—Inner.

133c. Adjusting Screw— Rack
Control Lever—Outer.

1. Fuel Rod Adjustment.

2. Maximum Fuel Adjustment (Load Limit).

3. Speed Droop Adjustment.

4. Maximum Speed Adjustment.

Fuel Rod Adjustment —

1. Remove governor cover and replace two screws
(60) through subcap (17) and into governor case
(36) to hold subcap in position, as shown in
Fig. 296.

2. Remove valve rocker cover, then with throttle at
control cabinet in "Stop" position, loosen adjust
ing screws (133b) and (133c) in all six injector
rack control levers (133a) four turns.
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Fig. 298—Sett/ng Maximum Fuel Adjusting Screw
(Load Limit)

13. Fuel Rod.
17. Subcap.
17a. Boss— Governor Subcap.
22. Collar— Fuel Rod.
3 1. Terminal Lever.

38. Lock Nut—Maximum Fuel Ad
justing Screw.

64. Screw—Maximum Fuel Adjust
ing (Load Limit).

3. Loosen fuel rod lock nut (16) and remove shut
down knob.

4. Turn lock nut (16) to such a position that %" of
the fuel rod (13) extends beyond nut.

5. Replace fuel rod knob against nut and tighten
lock nut (16).

6. Refer to Figs. 297 and 298 and loosen lock nut
(38) on maximum fuel adjusting (load limit) screw
(64) and back screw out flush with outer face
of boss (17a). While holding the fuel rod (13)
way in and the terminal lever (31) tight against
the boss, as shown in Fig. 297, turn inner rack
control adjusting screw (133b) down until fuel
rod collar (22) contacts terminal lever (31) and
the terminal lever just starts to leave the boss
(17a) in the subcap. Tighten outer rack control
adjusting screw (133c).

7. Maximum Fuel Adjustment (Load Limit).
Again, while holding fuel rod way in (Full Fuel
position of injector racks) with terminal lever
(31) up against fuel rod collar (22), as shown in
Fig. 298, turn fuel adjusting screw (64) in until
.020" space exists between terminal lever (31)
and collar (22). Tighten lock nut (38).

CAUT1ON: The purpose of turning the fuel screw (load
limit) (64) in to contact the terminal lever is to move the
injector rack out slightly from the Full Fuel position so the

gear tooth does not strike the end tooth of the injector rack.
To move the screw in too far will prevent full open position
of the injector racks. TH1S MUST BE AVO1DED. The screw
is in the proper distance when a .020" feeler gauge fits
snugly between the fuel rod collar (22), Fig. 298, and the
terminal lever (31) with the fuel rod (13) way in and the
terminal lever tight against fuel adjusting screw (64).

8 . Position Remaining Injector Control Racks-
Disconnect fuel rod (13) from control tube lever

(6) by removing clevis pin. Push control tube lever
(6), thus holding No. 1 injector rack all the way
IN and adjust each of the remaining rack con
trol levers (133a) in turn to the full IN position
by: turning down on inner adjusting screw (133b)
until the injector rack can be felt striking "bot
tom" and No. 1 rack can be seen to just begin
movement outward. Then tighten outer screw

(133c) and lock inner screw (133b). After
positioning each rack lever, check to see that
No. 1 rack has not moved out. If No. 1 rack has
moved out, the lever just positioned has been
moved in too far and should be readjusted by
loosening the inner adjusting screw (133b) and
tightening outer adjusting screw (133c).

9. Release control tube lever (6), permitting control
tube spring to return racks to no-fuel position.
Injector racks being in no-fuel position, check
the distance between the body of the injector and
the edge of the rack coupling. This distance
should be approximately J/£". Be sure that no-
fuel position can be reached, otherwise engine
cannot be stopped when throttle is closed.

Speed Droop

Speed droop is that governor characteristic which
allows engine speed to increase with decrease in
load.

Speed droop on the governors which control engines driving

generators in parallel must be practically the same/ other
wise, the electrical load will not be properly divided
between units.

Governor droop is checked and set at the factory
before engines are shipped and no further adjust
ment should be necessary for satisfactory engine
operation. However, if a governor has had major
repairs or been otherwise disturbed, the speed droop
should be readjusted after the governor has been
installed on the engine. The purpose of adjusting is
to establish a definite engine speed at no load with
a known speed at full rated load.

Owing to the different generator characteristics and
engine speeds, the amount of speed droop will be
different on Model "B" than on Model "D". The
droop will be the same on Models "C" and "E",
but different from either Model "B" or "D". The
droop for each model is outlined below.

218



GOVERNOR TM5-5160

SEC. 16

Having adjusted the fuel rod and the maximum fuel
screw, the speed droop may be adjusted as follows:

Speed Droop Adjustment for Models "E" and

1 . With the engine stopped, remove the governor
cover.

2. Loosen droop bracket adjusting screw (39) shown
in Fig. 299, and move bracket (32) so that screw
is midway between ends of slot in bracket.
Tighten screw.

3. Loosen lock nut (72) on the maximum speed ad
justing screw (63) shown in Fig. 301 and back
screw out to expose at least 5 s" of screw threads.

4. Since the speed droop on the governors which con
trol engines driving generators in parallel must
be the same to properly divide the electrical load
between the units, the surest way to check engine
speed when setting the governor droop is with an
accurate speed counter. To set the speed droop:

Start and warm the engine up to operating tem
perature, then adjust the vernier control at the
throttle in the control cabinet so that the engine
speed— checked with an accurate speed counter
— is 1255 r.p.m. for 60 cycle operation or 1045
r.p.m. for 50 cycle operation.

NOTE: The governor will, no doubt, hunt when the engine is
cold due to cold lubricating oil. Hunting will cease as engine
worms up.

5. Move main switch to "ON" position and throw the
full rated generator load of 60 KW (for 60 cycle
operation) or 50 KW (for 50 cycle operation) on
the engine, and, if necessary, again adjust ver
nier so engine speed is 1200 r.p.m. for 60 cycle
operation or 1000 r.p.m. for 50 cycle operation.

6. Move main switch to "OFF" position, thus remov
ing generator rated load from engine and note
engine speed after speed stabilizes with no load.
If droop is satisfactory, the engine speed will now
read 1255 r.p.m. for 60 cycle operation or 1045
r.p.m. for 50 cycle operation. If engine speed is
too high, stop the engine and again loosen screw
(39), Fig. 299, and decrease droop by moving
droop adjusting bracket (32) "IN" toward the
engine. To increase droop, move bracket "OUT"
away from engine.

Repeat this process until engine speed is 1200
r.p.m. with rated capacity generator load, and
1255 r.p.m. with no load for 60 cycle operation.
For 50 cycle operation, engine speed will be 1000
r.p.m. with capacity generator load and 1045
r.p.m. with no load.

NOTE: 1f an accurate speed counter is not available, an

alternate and less reliable method is to determine speed
with the frequency meter in the control cabinet. At 60 cycles

31

32

Fig. 299—Adjusting Speed Droop
(Models

3 1. Terminal Lever.
32. Bracket—Droop Adjusting.
39. Screw—-Droop Adjusting.

•C", "D" and E")

70. Washer — Droop
Screw.

137. Wrench.

Adjusting

on the frequency meter, the engine speed is 1200 r.p.m.

At 61 cycles the engine speed is 1220 r.p.m. Thus, each
change in frequency of one cycle represents a change in
engine speed of 20 r.p.m. At full load we suggest setting the
engine r.p.m. to 1180 or 59 cycles so that at no load the en
gine speed does not exceed 1255 at 6lVi cycles, which is
just within the working range of the frequency meter. For
50 cycle operation, set the engine r.p.m. to 980 or 49 cycles
so that at no load the engine speed does not exceed 1045
or 57'/2 cycles. The full load speed and governor droop
adjustments are made as described above.

Speed Droop Adjustment for Model "D"
1. With the engine stopped, remove the governor
cover.

2. Loosen droop bracket adjusting screw (39) shown
in Fig. 299, and move bracket (32) so that screw
is midway between ends of slot in bracket.
Tighten screw.

3. Loosen lock nut (72) on the maximum speed ad
justing screw (63) shown in Fig. 301 and back
screw out to expose at least 5 s" of screw threads.
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4. Start and warm up the engine and adjust the
vernier control at the throttle in the control cab
inet so the frequency meter in the cabinet reads
52 cycles (1560 engine RPM).

NOTE: The governor will, no doubt, hunt when the engine is
cold due to cold lubricating oil. Hunting will cease as engine
warms up.

5. Move main switch to "ON" position, and throw
the full rated generator load of 75 K.W. on the
engine and, if necessary, again adjust vernier
to read 50 cycles (1500 engine RPM).

6. Remove generator load from engine, move main
switch to "OFF" position, and note frequency
meter reading after engine speed stabilizes with
no load. If droop is satisfactory, the frequency
meter will read 52 cycles. If frequency meter
reads high, stop the engine and again loosen
screw (39), Fig. 299, and decrease droop by
moving droop adjusting bracket (32), in toward
the engine. To increase droop, move bracket out
away from engine.

Repeat this prooess until frequency meter reads
50 cycles with capacity generator load and 52
cycles at no load.

Speed Droop Adjustment for Model "B"—
The speed droop is adjusted on Model "B" by move
ment of the slotted speed droop adjusting lever (147),
Fig. 300, located at the side of the governor case.
The lever must be raised to decrease, and lowered

to increase the speed droop. Loosening lock screw
(148) will allow the adjusting lever to be moved
freely. Tighten lock screw after each setting until
the most desirable position is found.

1 . Start and warm the engine and then adjust the
vernier control at the throttle in the control
cabinet panel so that the engine speed is ap
proximately 1240 RPM.

NOTE: The governor will, no doubt, hunt when the engine
is cold due to cold lubricating oil. Hunting will cease as
engine warms up.

2. Loosen lock nut (72) on the maximum speed
adjusting screw (63) shown in Fig. 301 and back
screw out to expose at least %" of screw threads.

3. Move the main switch to "ON" position, thus
throwing the full-rated generator load on the
engine and, if necessary, again adjust vernier
so engine speed is exactly 1200 RPM.

4. Remove generator load from engine, move main
switch to "OFF" position, and note engine speed
after speed stabilizes with no load. If droop is
satisfactory, the engine will show approximately
1240 RPM. If engine speed exceeds 1240 RPM,
raise lever (147) to decrease the speed droop.
If engine speed is less than 1240 RPM, lower
lever (147) to increase the speed droop.

Fig. 300—Adjusting Speed Droop.
(Model "B" only)

Fig. 301—Setting Maximum Speed Adjusting Screw.

147. Lever—Speed Droop Ad
justing.

l 48. Lock Screw.

149. Spacer.
150. Screwdriver.

38. Lock Nut—Maximum Fuel Ad
justing Screw.

63. Screw— Maximum Speed Limit
Adjusting

64. Screw—Maximum Fuel Ad
justing (Load Limit)

72. Lock Nul—Maximum Speed
Limit Adjusting Screw.

137. Wrench.
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Repeat this process, if necessary, until governor
droop is within the range of 1240 RPM no load,
1200 RPM full load.

Maximum Speed Adjustment —The maximum
speed adjusting screw (63), shown in Fig. 301, limits
the travel of the governor speed adjusting shaft,
which is in turn connected, through linkage, to the
throttle at the control cabinet. Moving the screw IN
will decrease—and OUT will increase—the maxi
mum engine speed.

This adjustment should be made after the fuel rod,
maximum fuel and the speed droop adjustments
have been made and in the following manner:

Models "E" and "C"—
1. Loosen lock nut (72) on screw (63) and with en
gine heated up to normal operating temperature
and running at no load, turn screw (63) in until
engine speed is from 1275 to 1300 r.p.m., for 60

cycle operation, or'1075 to 1100 r.p.m. for 50
cycle operation. A hand tachometer may be used
by removing the ventilating panel just below1 the
control cabinet and holding tachometer shaft
against exposed end of armature shaft. Tighten
lock nut. (See also Page 179, Sec. 15.)

Model "D"—
1. Loosen lock nut (72) on screw (63), and with
engine at normal operating temperature and
running at no load, turn screw in until frequency
meter reads 52 cycles (1560 engine RPM).

Tighten lock nut. (See also Page 179, Sec. 15.)

Model "B"—
1. Loosen lock nut (72) on screw (63), and with
engine at normal operating temperature and
running at no load, turn screw in until engine
speed is 1240 RPM. Tighten lock nut. (See also
Page 179, Sec. 15.)

GOVERNOR DRIVE

104 102 101

96 93 89 87 108 109

87. Housing—Governor Drive.
88. Stud—Governor-to-Drive
Housing.

89. Pipe Plugs—7/!".
90. Pipe Plug— '/j".

91. Gear—Driven.
92. Bearing—Driven Gear.

Fig. 302—Governor Drive Details and Relative Location of Parts.
93. Sleeve— Driven Geor.
94. Groove Pin—Driven Gear.
95. Bolts—Conical Point.
96. Washer— Leather.
98. Gear—Drive.
99. Bearings—Drive Gear.
100. Pin—Drive Bearing Thrust.

101. Bolts— Bearing Retaining.
102. LockWashers—Retainer Bolts.
103. Spacer—Drive Gear Bearing.
104. Plain Washers— Bearing Re
taining.

105. Gasket—Governor Assembly-
to-Drive Assembly.

107. Gasket—Governor Drive-to-
Blower.

108. Bolts—Drive Assembly-to-
Blower.

109. Lock Washers—Drive Auem-
bly-to-Blower.
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Description—As will be seen from Fig. 275, the
hydraulic governor drive consists of a combined
horizontal drive shaft and bevel gear and a com
bined vertical driven shaft and bevel gear; both
mounted on ball bearings and retained inside a cast
iron housing.

Drive to the horizontal shaft is by means of serrations
on end of the shaft to mating serrations inside the
upper rotor shaft of the blower. By the same method
the governor ballhead shaft is driven off the vertical
shaft by means of splines inside a sleeve pressed on
and pinned to the vertical shaft.

The bearings on the horizontal shaft are positioned
by removable retainer bolts, and on the vertical
shaft by two lock screws. The housing flange at the
drive shaft is gasketed and bolted to the blower front
end plate, while the governor proper is gasketed and
bolted to the flange at opening for the driven shaft.

Lubrication —Gears and bearings of the governor
drive assembly are lubricated by drain back from
the governor proper which spills over the moving
parts and then drains into the blower end-cover
compartment.

Service— If the governor and drive have had con
siderable use and the governor fails to control the
engine speed properly, the fault may lie in either the
governor or the drive. To function properly the back
lash in the bevel gear drive should not exceed .003",
and .002" is more desirable. On the other hand, the
gear teeth must not bottom so no lash exists. This
feature may be checked by removing the screw
plugs at bottom and side of housing and by means
of a screw driver or similar tool, check for shaft end
play as well as gear lash. In case parts need re
placing in the governor drive, the governor proper
should be removed from the drive assembly, as
directed under "Remove Governor from Engine,"
Page 207, and then the drive assembly removed from
the blower.

Remove Governor Drive Assembly—After the
governor has been removed, the drive assembly may
be removed from the blower by backing out the six
housing-to-blower retaining bolts and pulling the
assembly straight forward until drive shaft is free
of the blower shaft.

Special wrench, Tool KMO-326A, may be used to
advantage for removing the rear attaching bolts
between drive assembly and cylinder head. (See
Fig. 250, Sec. 15, for illustration of Tool KMO-326A.)
The gasket between the drive and blower can
usually be preserved if care is exercised in removal.

Disassemble Governor Drive—Should disassem
bly of the governor drive mechanism be necessary,
refer to Figs. 275 and 302 and proceed as follows:

1. Remove two drive shaft and bearing retaining
bolts (101) with lock washers (102) and plain
washers (104). As bearings are slip fitted into
the housing, the drive gear (98) and two bear
ings (99), along with spacer (103) may now be
lifted from the housing. If bearings stick, jar
housing on bench to loosen.

2. Remove bearings from drive gear.

(a) Lift bearing (99) near serrated end of shaft
off shaft and remove spacer (103).

(b) Drive pin (100) out of place behind second
bearing (99). This bearing may now be
pulled or tapped off shaft. In some cases,
this bearing may be too tight to tap from
position and it may be necessary to use a
bearing puller or arbor press to remove it.

3. Clip lock wire (97) and remove two conical-
pointed bolts (95) with leather washers (96) from
drive housing. Lift or jar the following pieces from
the housing as an assembly: Driven gear (91),
bearing (92), sleeve (93), and groove pin (94).

4. Disassemble driven gear assembly.

(a) Drive groove pin (94) from place in sleeve
(93) and gear (91).

(b) Separate sleeve and bearing from driven
gear. If necessary, bearing may be sup
ported in a vise and the driven gear tapped
out of bearing and sleeve, using a brass rod
and hammer.

5. Two plugs (89) and one plug (90) may be re
moved from housing to facilitate cleaning and in
spection.

Inspection —After disassembly wash parts in clean
gasoline before inspecting.

Examine gear teeth for rough marks, chipping, or
scoring. Any one of these conditions will render the
gears unfit for further use.

After washing and blowing out with dry air, revolve
the bearings slowly by hand for rough spots. Bearing
should roll freely and smoothly. Slight end play is
not objectionable in single row annular ball bear
ings. In fact, they are built with that characteristic.

If inspection shows bearings to be satisfactory, lubri
cate each one with engine oil preparatory to as
sembly. If bearings are found to be unsatisfactory
for further use, as is rarely the case, new bearings
must be substituted.

Assemble Governor Drive—After inspection and
substitution of the necessary parts, if substitutions
were necessary the governor drive may be assembled
by reversing the sequence of operations for dis
assembly, as follows:
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1. Press bearing (92) onto driven gear (91), and
slip sleeve (93) into position over gear shaft and
against bearing. Line up pin holes in sleeve and
shaft and tap groove pin (94) into place.

2. Slip driven gear assembly into position in housing
and lock in place with two conical-pointed bolts
(95). Be sure leather washers (96) are in place
under each bolt head; then draw bolts up just
tight enough to strike on outer race of bearing.
Thread lock win through bolt heads to secure.

3. Slip one bearing (99) over drive end of drive
gear (98) and tap or press into position against
shoulder on gear. Start thrust pin (100) into gear
shaft and drive up tight. Insert gear, bearing
and pin assembly into position in housing. Set
bearing spacer (103) into place in housing and
position other bearing (99) over shaft end into
housing. Screw two retainer bolts (101) into
housing, using plain washers (104) and lock
washers (102).

4. After assembly, support drive shaft between cop
per jaws of bench vise, and check end movement
of shaft assemblies, also back lash of gears.
There should be no end movement of shafts, and
desired back lash is .002" with a maximum of

.003". Make sure that assembly operates freely
by spinning drive gear shaft by hand. Replace
inspection plugs (89) and (90). In case one new
gear has been installed and bind is evidenced
due to insufficient back lash, the lash may be
increased by placing a .001' or .002" shim be
tween bearing (92) or (99) and housing.

Attach Governor Drive Assembly to Engine—
1. Set governor drive-to-blower gasket (107) in
place on drive housing and start shaft of drive
gear (98) into place in upper blower rotor shaft.
Rotate shaft slightly to make serrations match.
Set housing in position against blower end plate
cover and attach with six bolts (108) and lock
washers (109). Tighten bolts finger tight only,
until after governor assembly has been attached
to cylinder head.

Special wrench KMO-326-A may be used to ad
vantage for tightening inside bolts. (See Fig. 250,
Sec. 15, for Tool KMO-326-A.)

2. Install governor assembly as outlined on Page
216, and check governor adjustments as dis
cussed on Page 217.
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ENGINE MOUNTING

Fig 303—Engine Mounting —Front Support (Model 6016-E)
I. Bolt(s/4"— 18 x 3%') Support-
to-Base.

3. Bolt ('A"— 20 x 314"
to-Front Cover.

Support-

Description —The engine and generator is solidly
supported at both the flywheel and fan ends of the
engine.

On Model 6016-E a front support, shown in Fig. 303,
is bolted to the crankshaft front cover and is mounted
on two steel spacers and bolted directly to the base.

On Models 6016-C-D-B the front support, shown in
Fig. 304, is bolted to the balance weight cover flange

of the engine and to the base.

The generator for all models is mounted on two steel
spacer blocks and bolted directly to the base. The

generator frame is in turn bolted to the flywheel
housing of the engine, thus supporting the flywheel
end. The base, shown in Figs. 304 and 305, is so con
structed to allow space for a fuel tank and battery
under the engine. A skid is bolted to the engine
base to allow easy maneuverability of the unit.

See Sec. 19 for generator mounting.

Service—The base and skid should never need any
service. If for any reason the skid needs to be re

moved, it can be accomplished by removing six

bolts (3) holding base to skid. (Figs. 304 and 305).

Fig. 304—Engine Mounting —Front Support

(Models 6016-C-D-B).
1. Balance Weight Cover.
2. Nut.
3. Lock Washer.
4. Spacer—Front Support.
5. Bolts (7/u"—20 x 5") Front Sup-
port-to-Balance Weight Cover.

6. Bolts (%"— 18 x S'/j") Front
Support-to-Base.
7. Engine Base.
8. Front Support.

63452
Fig. 305—Engine and Generator Base and Skid

(Models 6016-C-D-B).
1. Base— Engine and Generator.
2. Skid—Engine Mounting.
3. Bolt (%"— 16 x 3 JO Base-to-
Skid.

4. Lock Washer.
5. Flat Washer.
6. Battery Compartment.
7. Anti-Squeak Shim.
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ENGINE STARTING SYSTEM
MODEL "E"

Fig. 306— Location and Mounting of Units in the Electrical Starting System.
1. Storage Batteries.
2. Generator —Battery Charging.
3. Regulator Assembly.

4. Starting Motor Assembly.
6. Bell—Generator Drive.
7. Bracket—Generator Mounting.

8. Adjusting Strap—Generator
Belt Tension.

121. Air Heater.

122. Wiring Harness.
123. Control Cabinet.
124. Solenoid— Relay.
125. Solenoid—Gov. Actuating.
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Description—The 24-volt electrical starting system
used on the Model 601 6-E is comprised of a battery
charging generator, a regulator assembly for con
trolling generator output, four six-volt batteries con

nected in series, a Bendix Drive Starting Motor, a

governor fuel rod actuating solenoid and a solenoid

starting motor switch. (See Page 258 for starting
system used on Models "B," "C" and "D."
A starting motor switch, a charging current ammeter
and an air heater switch (used for cold weather
starting) are mounted on the control panel. These
units are all connected together to form an insulated
circuit as shown in the wiring diagram on Page 256.

BATTERIES

Description—Four six-volt storage batteries con
nected in series supply the 24 volt current required
by the starting system. They are housed in the engine
base on a flanged, heavy gauge, metal tray as
shown in Fig. 307. The batteries are connected in
series with short cables which connect the positive
(+) and negative (— ) terminals of adjacent bat
teries together.

A metal frame, into the ends of which are fitted two
thumbscrews, encompasses the tops of the batteries
to prevent their shifting. The entire assembly is
secured in place by the thumbscrews which are
turned up to bear against the engine base after the
assembly is positioned in the base.

Fig. 307—Battery Mounting.
1. Batteries. 126. Cable.

124. Upper Frame. 127. Battery Tray.

125. Thumbscrews. 129. Filler Caps.

Service—The storage batteries are a rugged,
trouble-free source of electrical energy only when
they are properly cared for. The level of the elec
trolyte and the specific gravity of the solution should
be checked at least once each week. Fig. 308 illus
trates the method of checking the specific gravity
with a hydrometer (128). Hydrometer should show
a reading of not less than 1.270 at 60° F. for each

Fig. 308— Checking Specific Gravity.
1. Battery.
128. Hydrometer.

129. Filler Cap.

cell of a battery in good condition. If the reading
falls below 1.225 at 60° F. the battery or batteries,
if more than one, should be charged from an outside
source. The electrolyte should always be maintained
at a level approximately %" above the top of the
plates. Add pure distilled water as necessary to
maintain this level.

Unmixed water in a battery may freeze and burst
the cells, causing severe damage, necessitating
major repairs or even replacement. Therefore, when
batteries are exposed to freezing weather, add
water just before the unit is to be run long enough to
bring the batteries up to charge.

Since the batteries are accessible from either side
of the engine the above routine service operations
may be performed without disturbing the battery
connections. However, when it becomes necessary
to remove the batteries from the engine, proceed as
follows:

Remove Battery Tray and Batteries.
1. Disconnect battery to starting motor cable at
negative (—) battery terminal.
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125

124

12-7

Fig. 309—Batteries Withdrawn from Engine Base.
F 1. Batteries. 127. Battery Troy.
124. Upper Frame. 129. Filler Cap.
125. Thumbscrews.

2. Disconnect battery to solenoid switch cable at
positive (+ ) battery terminal.

3. Release four thumbscrews (125) by turning to

left. Tray (127) and batteries (1) may now be
drawn out from either side of engine.

NOTE: Some means of supporting the outer end of the tray,
such as is shown in Fig. 309, should be prepared before the
batteries are withdrawn from the engine.

4. Remove upper frame ( 124) and disconnect cables
(126) as necessary.

Install Battery Tray and Batteries.
1. Install battery tray and batteries by reversing
operation sequence for removal.

Battery terminals and connections should be pre
vented from corroding by cleaning the cable clamp
and terminal post separately, using medium steel
wool. After cleaning, clamp together firmly; then,
coat with vaseline. These connections should be kept
free of water and dirt. Batteries not used for long
periods should be checked for electrolyte level, and
specific gravity, at least once a month. In addition,
such batteries should be given a booster charge of
one ampere per positive plate per cell every 30 days
in order to compensate for the self-discharge which
is characteristic of all lead-acid storage batteries.

BATTERY CHARGING GENERATOR
Description— The Delco Remy, Model 1106513,
generator is a 24-volt, bi-polar unit controlled
externally by a regulator assembly. The armature

Fig. 310—Generator Mounting.
2. Generator.
3. Pulley—Generator Drive.
5. Oil Cup.
7. Bracket—Generator Mounting.
8. Adjusting Strap—Generator.

19. Cover Band.
48. Terminal—Field.
53. Terminal—Armature (+ ).
130. Terminal— Armature( —).
131. Belt—Generator Drive.

120

5. Oilers—Hinge Cap.
6. End Frame—Drive.
9. Ball Bearing.
19. Cover Band.
21. Armature.
21A. Commutator.
23. Field Coil.

Fig. 311—Generator Assembly.
28. Brush.
36. End Frame Commutator.
48. Terminal— Field.
53. Terminal—Armature (—).
120. Bolt
121. Oil Wick.
130. Terminal—Armature (-J-).

shaft is supported at both ends by ball bearings
mounted in the end frames. The drive end of the
armature shaft carries a pulley for a V-belt drive.
(See Figs. 310 and 311.) The brushes are held in
reaction type holders and bear on the commutator
with a pressure of 25 ounces.
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The generator is mounted on a bracket attached to
the side of the cylinder block, and driven by a V-belt
from a pulley mounted on the front end of the crank
shaft. The generator, which revolves at 1.75 times
engine crankshaft speed, is mounted on the side of
the engine opposite to the blower.

To provide a simple drive belt adjustment, the gener
ator is hinged from the front and rear generator end
plates to the top of a supporting bracket, and is held
in any desired position (within the limitations of the
belt) by a clamp screw which slides in a second
slotted bracket.

As shown in Fig. 312, the output of the generator is
regulated at 12 amps. (1200 RPM— cold, or 1300
RPM—hot). As a steady charging rate would soon
destroy the storage battery, an output controlling
device becomes necessary. To accomplish this a
regulator assembly is wired into the generator
circuit. (See Fig. 306.)

BOOi 1200 1600 2000
GENERATOR fc.P.MTl

Fig. 312—Generator Output Curve.

Since the output of a shunt-type generator is con
trolled entirely by its current and voltage regulator
unit, all adjustments are made on the regulator.
(See Page 238.)

Generator Output—The generator output varies
as the demands upon the system change, and is con
trolled by the voltage and current regulator and
cut-out relay.

Generator Maintenance —

1 . Lubrication —The generator bearings are lubri
cated through hinged cap oilers. The application
of 5 drops of engine oil every 128 hours of oper
ation provides sufficient lubrication to keep the
bearings in good condition.

2. Generator Drive Belt Adjustment— The V-
type generator drive belt should be neither too

tight nor too loose. Too tight a belt imposes undue
load on the generator bearings and shortens the

life of the belt, Too loose a belt allows slippage
and lowers the generator speed.

The generator drive belt may be adjusted by
loosening the two bolts holding the generator to
the generator bracket and by releasing the bolt
holding the generator to adjusting strap, and by
moving generator away from or towards engine.
The generator drive belt should have enough
slack so it can be pushed in approximately 1"
from the midpoint of a straight line between the
rims of the two pulleys, as shown in Fig. 174,
Sec. 13. This straight line can be determined by
placing a straight edge on the rims of the pulleys.

3 . Inspection —Remove the cover band and inspect
the brushes and commutator. If the commutator
is dirty, clean with fine sandpaper and remove
dust. NEVER USE EMERY CLOTH. If the commu
tator is rough, out of round, or has high mica, it
should be turned down in a lathe and the mica
undercut.

NOTE: 1n turning down commutator, the armature should be
run at a speed of 2100 RPM. At this speed—maximum
service speed—distortion, due to centrifugal force, is
greatest. Commutator finished smoothly at this speed will
remain uniform throughout its operating range.

Check brush spring tension, which should be
approximately 25 ounces. Excessive tension will
cause rapid commutator and brush wear; low
tension will cause arcing at the brushes and
commutator and a reduced generator output.

Worn brushes should be replaced. New brushes
may be seated with a brush seating stone. The
brush seating stone is an abrasive material
which, when held against the revolving commu
tator, carries under and seats the brushes in a
few seconds. Blow out dust. NEVER USE EMERY
CLOTH.

Every 1000 hours, the generator should be re
moved from the power plant for a thorough in
spection and cleaning. (See "Generator Dis
assembly," for further information regarding
detailed inspection.)

After 1000 operating hours or after testing has
proved it necessary, the generator may be removed
from the engine and disassembled as follows:

Remove Generator from Engine—

1. With hood side panel on exhaust manifold side
of engine removed, refer to Fig. 306 and discon
nect three leads (48), (53) and (130) from gener
ator terminals.

?. Remove the belt-tension-adjusting bolt from the
drive end frame at front of generator and drop
adjusting arm out of way against cylinder block.
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3. With generator suitably supported, remove the
two bolts, nuts, and washers holding generator
to mounting bracket, free generator from drive
belt and remove to work bench.

Disassemble Generator—The generator may be
torn down for repair and rebuilding by referring to
Figs. 311 and 315 and proceeding as follows:

1. Unsnap and remove cover band assembly (19).
Disconnect field lead (24) and armature terminal
lead (18) from one brush, and armature lead (18)
from the other brush, by removing brush lead
screws (64) and lock washers (65). The brushes
(27) and (28) may be removed at this time.

2. Remove two through bolts (46) and lock washers
(47) and gently tap commutator away from field
frame and armature.

3. Disassemble Commutator End Frame—

(a) Remove three screws (30) and lock washers
(31) holding brush plate (33) to end frame
and remove entire plate assembly.

(b) Remove three screws (44) and lock washers
(45) holding cover (43) to commutator end
frame. Remove gasket (42).

(c) Ball bearing (38) may now be removed by
jarring the end frame on a block of wood.
The felt oil-distributing washer (7) and its
retainer (8) may also be removed at this
time. The retainer is staked in place and
can be loosened by filing away the staking
metal.

(d) Brush tension arms (25) and tension springs
(26) may be removed if necessary by releas
ing the tension on the spring with a pair of
needle-nose pliers and then sliding the two
pieces off the hinge pin along with the small
spacing washer (29).

4. Separate field frame and coil assembly from
drive end frame and armature by tapping lightly
with a soft hammer. Then, with armature sup
ported in soft jaws of a bench vise, loosen and
remove cotter key, lock nut (1) and washer (2)
and with a suitable gear puller remove pulley
(3) and key (66) from armature shaft. The drive
end frame assembly may now be separated from
the armature and the two loose spacers (4) and
(14) removed from the end frame.

5. Disassemble Drive End Frame—

(a) Remove three screws (12) and lock washers
(13) holding bearing retainer (11) and
gasket (10) to end frame and remove re
tainer and gasket.

(b) Ball bearing (9), which is a slip fit in the
end frame, may be lifted from place. The

<

\
Fig. 313—Wiring Diagram for Checking Grounded Armature

1. 110 or 220 Volt Line.
2. Test Points.
3. Insulated Handles.

4. Flexible Leads.
5. Light Bulb.

felt oil-distributing washer (7) and its
retainer (8) may also be removed at this
time. The retainer is staked in place and
can be loosened by filing away the staking
metal.

6. Disassemble Field Frame—

(a) With a dab of paint, mark the location of
pole pieces (22) and field windings (23)
within the field frame.

(b) From the field terminal stud (48) on outside

Fig. 314—Checking Generator Armature with "Growler"

1. Laminated Iron Core.
2. Steel Strip Held Over Slot in
Armature.
3. Armature.

4. Winding.
5. Wires Connected to 110 Volt

A.C. Line.
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of frame remove nut (52), lock washer (51),
plain washer (50), and insulating washer
(49) then press the terminal stud down and
into Held frame. If necessary, remove in
sulating bushing (132), terminal stud lock
clip (133) and terminal stud insulating strip
(134) from terminal stud on inside of field
frame. The armature studs (53) and (130)
with leads (18) attached may be removed
through inside of frame by removing the
same parts from these studs as were removed
from the field terminal studs,

(c) Using a heavy socket screwdriver, or if
necessary, a drift punch, loosen the four
pole piece screws and remove. Pole pieces
and field coils may now be removed from
the frame.

NOTE; Care should be taken not to break or damage the
insulated connection between the two field coils.

Cleaning and Inspection of Parts—

After disassembly, all parts should be cleaned,
examined, and defective parts replaced. The pro
cedure of cleaning and inspecting parts is as follows:

1. Armature —Do not clean the armature by any
degreasing method, since this would damage the
insulation and might ruin the armature. Wipe
with a clean cloth slightly dampened with carbon
tetrachloride or similar solvent. If commutator
is rough, out of round, worn, has high mica, filled
slots, or is burned, it must be turned down in a
lathe and the mica undercut. Armature may be
checked for ground, open or short circuit, as
follows:

(a) Ground—Check with test lamp and test
points (Fig. 313) from the commutator to the
armature shaft or lamination. If the lamp
lights, indicating ground, and if the ground
is not readily apparent and repairable, the
armature must be replaced.

(b) Open Circuit —An open circuited arma
ture is easily detectable, since this condi
tion produces badly burned commutator
bars. The bars connected to the open coils
in the armature soon burn since every time
they pass under the brushes they interrupt
a flow of current so that heavy arcing
occurs. If the bars are not too badly burned,
the armature may often be saved. (See
Armature Repair, below.)

(c) Short Circuit—A shorted armature may be
detected on a growler. (Fig. 314). The growler
is a strong electromagnet connected to a
source of alternating current. When shorted
• armature is placed on the growler, and a
hacksaw blade held above the shorted coils

in the armature, the blade will be alternately
attracted to and repelled from the armature,
causing the blade to buzz against the arma
ture. Rotate armature to check all coils.
Before discarding an armature testing
shorted, inspect the commutator slots care
fully, since copper or brush dust sometimes
collects in the slots and shorts adjacent bars.

2. Fields—The fields should not be cleaned by any
degreasing method, since this would damage
the insulation and might ruin the windings. Clean
by wiping with a clean, dry cloth. Be careful
in handling the winding assembly to avoid
breaking or weakening the connecting lead be
tween the two windings. Test the field current
drawn by connecting a 24-volt battery and an
ammeter in series with the two field leads. The
current draw should be .59 to .63 amperes at
24 volts. Replace windings if they do not meet
specifications. The field insulation should be in
good condition. If it is charred or worn away so
that the wire is exposed, it is sometimes possible
to re-wrap the windings with insulating tape and
paint them with insulating compound. All
soldered connections should be made with rosin
flux solder. If the terminal stud or clip is dam
aged, replace.

3. Brushes—If the brushes are worn down to ^fe"
(original length %"), replace. New brushes may
be seated with a brush seating stone. The brush
seating stone is an abrasive material which,
held against a revolving commutator, disinte
grates, carries under the brushes and seats
them in a second or two. After seating brushes,
blow out with air.

4. Brush Springs—The brush springs should have
sufficient tension to provide the proper pressure
between the brushes and commutator after the
unit is assembled. This may be checked by
assembling the brushes, brush springs, and arms
to the commutator end frame, placing the com
mutator in position in the end frame and then
checking with a spring gauge the amount of pull
required to raise the brush arms from the brushes.
Replace springs if tension is not approximately
25 ozs.

5. Bearing—If the bearing appears to roll roughly,
or sloppily, replace it. Otherwise, the bearing
may be cleaned by rotating it in carbon tetra
chloride, drying it with air, and immediately re-
lubricating with ball bearing grease.

6. Brush Plate— If the brush plate, brush arm
pins, brush holders, spring stop pins are damaged
(bent, warped, cracked, insulation burned, etc.),
replace. The plate is of a riveted construction so
that it must be serviced as a unit.
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7. Miscellaneous —Any defective insulator, screw,
washer, lead, stud, retainer, plate, etc., should
be replaced. Cracked, bent, battered, worn,
burned insulators and washers are defective.
Screws or studs which are bent, battered, broken,
or which have crossed or damaged threads, are
defective. Leads which have broken strands,
badly frayed insulation, are defective.

Generator Repair Operations—

1 . Armature —Conditions in the armature requir
ing repair are:

(a) Commutator worn, dirty, etc. — If the
commutator is rough, worn, out of round, has
high mica, filled slots, burned spots, place
the armature in a lathe and turn down the
commutator. Make cut no deeper than neces
sary. Undercut mica l/fa".

If it is necessary to turn the commutator
down so much that the commutator segments
are less than '/fg" thick, discard the armature.

(b) Armature Open —Some bars badly burned,
with other bars fairly clean, indicates an
open-circuited armature. The open circuit
will usually be found at the commutator riser
bars and is often a result of generator over
load— the consequence of an excessively
high generator output resulting from an
incorrectly set regulator. If the bars are
not too badly burned, the armature may
sometimes be saved by resoldering the leads
in the riser bars with rosin flux, turning the
commutator down and undercutting the
mica.

2. Fields—Conditions in the field windings requir
ing repair are:

(a) Field Insulation Defective If the field
insulation is defective, charred or worn
away, so the field circuit is, or could become,
grounded, it may sometimes be repaired by
re-wrapping the field windings with insulat
ing tape. This operation must be executed
with care and neatness, since excessive
bulkiness of the tape will prevent reassem
bling the windings under the pole shoes in
the proper manner. All soldered connections
should be made with rosin flux solder.

Assemble Generator—Having made all necessary
repairs and using new parts where required, refer
to Fig. 315 and assemble the generator as follows:

1 . Assemble Field Frame—

(a) Set field coils (23) and pols pieces (22) in
position inside of frame (16) as indicated by
the paint dabs placed on pieces at disassem

bly and secure in place with four heavy
screws (17). After assembly, field coils must
be far enough away from ends of frame to
allow proper positioning of the two end frame
assemblies. The field terminal stud (48)
must be at drive end of field frame.

(b) Place insulating strip (134), stud lock clip
(133A) and insulating bushing (132) over
terminal stud (48) of field coil. Slip stud in
opening in frame marked "F," with tang on
clip (133A) in hole adjacent to terminal stud,
and then place over the stud an insulating
washer (49), a plain washer (50) and a
lock washer (51). Secure in place with nut
(52). The armature terminal studs (53), with
brush leads (18) attached, may be inserted
from inside frame through the two remaining
holes and secured in place, using parts
identical to those on the field terminal stud
except that clip (133) is used on armature
instead of clip (133A).

2. Assemble Drive End Frame—

(a) Place felt oil-distributing washer (7) into
bore of end frame followed by the metal felt
retainer (8). Stake retainer in place. Lower
ball bearing assembly (9) into place in
frame.

(b) Set bearing retainer gasket (10) and re
tainer (11) in place over bearing and fasten
with three screws (12) and lock washers (13).

(c) Spacers (4) and (14) may be set in place,
awaiting assembly of drive end frame to
armature shaft and field frame.

3. Assemble Commutator End Frame—

(a) If bearing (38) was removed from end frame
(36), it may now be lowered into place in
the end frame. Place felt oil-distributing
washer (7) into bore of end frame, followed
by metal retainer (8). Stake retainer in
place.

(b) Oil wick (41), if removed, may be pushed
into the oil wick bore. If a new wick is used,
it should be soaked in oil before installing.

(c) Replace gasket (42) and cover (43) and
secure with three screws and lock washers
(44) and (45).

(d) If removed, tension arms (25), space washers
(29) and brush springs (26) must now be
assembled onto the hinge pins of the brush
plate.

Slip a washer (29) over each hinge pin and
then with a spring and tension arm held
properly together (straight end of spring
through hole in arm) slide the two pieces

234



BATTERY CHARGING GENERATOR— "E" MODEL TM5-5160

SEC. 18

over the hinge pin. With pliers or a hooked
tool, compress spring and snap spring arm
over catch on plate to lock in place.

(e) Locate brush plate (33) on end frame and
fasten with three screws and lock washers
(30) and (31).

(f
) The two brushes may now be inserted in the

holders. Brushes must be put in holders so
that the bottom surface properly fits the
commutator as it rotates. To assure this
contact, pigtail leads must be on side of
brush away from end frame. Connect brush
leads to holders temporarily with retaining
screws and lock washers (64) and (65) and
tip brushes in box holders so that commu
tator may easily be inserted between them.
To tip brushes, raise brush out of box until
tension arm rests on side of brush rather
than the top.

4. Support armature—commutator down—in soft
jaws of vise with shaft end resting on vise frame.
Slip narrow spacer (14) over shaft followed by
the drive end frame assembly. Set large spacer
(4) in position over shaft and against inner bear
ing race and tap end frame into position against
shoulder on armature shaft.

Place Woodruff key (66) in keyway and start
pulley (3) onto shaft. Using a short sleeve, tap
pulley into position on shaft leaving .015" to .020"
clearance between pulley and spacer (4) . Secure
pulley with slotted nut and washer (1) and (2).
Lock nut securely in position with cotter pin.

5
. Stand assembled armature and drive end frame

on outer pulley face and slip field frame assem
bly (16) over armature and into place against
drive end frame. Be sure dowel (15) is in place in
field frame.

6
. Place commutator end frame assembly over shaft

and commutator and up against field frame
matching dowel of end frame to dowel hole in
field frame.

Release the tipped brushes and set them in
place against the commutator, making sure they
are in proper position for clockwise rotation
looking at drive pulley end of generator.

Connect field coil lead wire (24) and positive
(4-) armature terminal lead wire (18) to one
brush. Connect the negative (

—

) armature ter
minal lead to the other brush. If necessary, the
commutator end frame may be backed out of
the dowel hole and rotated to make these con
nections.

7
.

Tighten all brush lead or retaining screws (64)
securely, making sure lock washer (65) is in
place on each screw. Then replace the two
through bolts (46) and lock washers (47) to hold

Fig. 376—Battery Charging Generator Mounting and
Belt Tension Adjustment.

2. Battery Charging Generator.
6. Generator Drive Belt.
7. Generator Mounting Bracket.

8. Belt Tension Adjusting Strap
122. Wiring Harness.

entire generator assembly together and tighten
bolts firmly. Brush pigtails must be positioned so
they will not interfere with rotating parts.

Rotate generator by hand to check for free move
ment of armature in bearings. Brushes may be
lifted for double check if generator seems to turn
too hard.

8. If a test stand is available, make tests and ad
justments as outlined on Pages 230 and 231
before installing generator on engine.

With no test stand, the generator must be in
stalled on the engine and then tested and ad
justed before continuous operation is attempted.

Replace Generator on Engine—

1
. Hang generator assembly to mounting bracket

with two bolts, lock washers, and nuts as shown
in Fig. 316.

2. Fasten adjusting strap (8) to bottom extension
of drive end frame and adjust drive belt tension
as outlined on Page 230.

3. Refer to Fig. 310 and attach leads to generator
terminals. Leads are identified by color as follows:

(a) Black lead to field terminal stud.

(b) Natural lead to positive (+) armature
terminal stud.

(c) Natural lead with red-cross tr. to negative

(

—

) armature terminal stud.

INSTALLATION CAUTION—
After any generator repairs or tests, or at any
time after leads have been disconnected and then
reconnected to the generator, generator must be
repolarized to make sure that it has the correct
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polarity with respect to the system. THIS MUST
BE DONE BEFORE THE ENGINE IS STARTED.
To repolarize the generator, refer to Fig. 310 and
disconnect the lead from the generator field ter
minal on the regulator assembly and momentarily
touch this lead to each of the battery terminals in
turn (current will flow from one battery terminal
only). This allows a flash of current to flow
through the generator field windings, which cor
rectly polarizes the generator. Failure to do this
may cause severe damage to the regulator as-

4.

sembly since reversed generator polarity causes
vibration, heavy arcing and burning of the cut
out relay contact current.
Never operate the generator on open circuit. To do
so will allow it to build up a dangerously high
voltage which will probably result in complete
generator failure.
Run tests and make adjustments on generator
and regulator control as outlined on Pages 230
and 23 1 before putting generator into continuous
operation.

CUT-OUT RELAY, VOLTAGE AND CURRENT REGULATOR
The Delco-Remy Model 1118497 Regulator shown
in Figs. 318, 319 and 320, is a heavy-duty, 12
ampere, 24-volt unit designed for operation with an
insulated system.

Fig. 317—Regulator Mounting.
1. Regulator Assembly.
2. Regulator Mounting Bracket.
3. AC Power Generator.
5. Engine Base.

6. Regulator Foot.
7. Bolt—Regulator to Bracket.
8. Lock Washer.
9. Nut.

Specifications .
Cut-Out Relay -Air Gap 057"
Cut-Out Relay— Point Opening 020"
Cut-Out Relay- Closing Voltage 26.0 Volt
Points Open with Reverse Current of 0 to 3.0 Amp.
Voltage Regulator —Point Opening 015"
Voltage Regulator Voltage Setting 30.0 Volt
Current Regulator —Point Opening 015"
Current Regulator —Current Setting. . . . 12.0 Amp.

137

144

Fig. 378—Regulator Assembly —Complete.
84. Regulator Cover.
137. Cover Retainer Nut.
138. Regulator Base.

139. Ground Screw.
144. Generator Armature Termi-
nal (+).

This unit, consisting of a cut-out relay, a voltage
regulator, and a current regulator, is mounted on
the inside of the control cabinet shell, midway
between the control panel and the engine base, as
shown in Fig. 317.

Service—All electrical checks must be made with
the generator and regulator control AT OPERATING
TEMPERATURE (145° F.). These may be checked at
the end of a run, or after the unit has been operated
for 45 minutes, or until operating temperature has
been reached. The regulator must be in the actual
operating position (horizontal, vertical, etc.) when
the checks are made.

Use the proper tools and the following instruments
when adjusting and testing the regulator control:

1. An accurate 0-25 ampere ammeter.
2. An accurate 0-60 volt voltmeter.
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5514054

144 141

Fig. 379—Regulator Assembly —Cover and Shield Removed.
54. Voltage Regulator.
55. Cut-Out Relay.
139. Ground Screw.
140. Current Regulator.
141. "Armature" Terminal (—).

142. "Field" Terminal.
143. "Battery" Terminal.
144. Generator Armature Termi
nal (+ ).

CUT-OUT RELAY
The Cut-Out Relay closes the circuit between the
generator and the battery when the generator volt
age has built up to a value sufficient to charge the
battery. The cut-out relay opens the circuit when the

13

17

16

Fig. 320—Schematic Diagram of Regulator-Generator
Circuit

5. Armature.
6. Brush (Positive).
7. Brush (Negative).
8. Field Coil.
9. Resistor.
12. Field Current Winding.
13. Reverse Winding.

14. Voltage Winding.
15. Series Winding.
16. Pole Shoe.
17. Generator.
54. Voltage Regulator.
55. Cut-Out Relay.
140. Current Regulator.

929114814014915015115276 153

Fig. 327—Regulator Assembly —Adjustment Side.
148. Resistor.
149. Fiber Insulator.
150. Contact Screw.
151. Lock Nut.
152. Lower Contact Bracket.
153. Core Bracket.
154. Spiral Spring.
155. Spring Adjusting Plate.

54. Voltage Regulator.
76. Upper Armature Stop.
88. Armature Contact Points.
91. Armature.
92. Upper Contact Spring.
140. Current Regulator.
145. Lock Screw.
146. Eccentric Screw.
147. Armature Bracket.

generator slows or stops and current begins to flow
back from the battery into the generator. (See Fig.
320.).

This unit has two windings—a current or series wind
ing consisting of a few turns of heavy wire through
which the entire output of the generator must flow,
and a voltage or shunt winding consisting of a great
many turns of fine wire through which, due to its
high resistance, only a small amount of current
can flow.

The function of the cut-out relay is to close the circuit
between the generator and the battery when the
generator armature is revolving at generating speed
and to open the circuit when the generator armature
falls below generating speed.

When the generator is at rest, the cut-out relay con
tact points are open. As the engine is started, and
the generator speed increases, there is but one path,
external to the generator, through which the current
can flow. This is through the current winding of the
relay, then the voltage winding, to battery. The
generator voltage increases with increased speed,
which causes more current to flow through the cut
out relay windings. When the voltage reaches the
value for which the relay has been set, it is forcing
enough current through the windings to create in the
core sufficient magnetism to overcome the armature
spring tension. The armature is pulled down toward
the core, the contact points are closed, and current
flows through the points to the battery. This current
flows through the current winding in the right direc-
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Fig. 322—Cut-out Relay Air Gap Adjustment.
55. Cut-Out Relay.
75. Armature.
152. Lower Contact Bracket.

156. Adjusting Screws.
157. Core.
158. Gap Gauge — .057"

tion to add to the magnetic force holding the arma
ture down and the points closed.

Should the generator armature slow to below gener
ating speed, or stop, current will begin to flow from
the battery to the generator. The direction of current

Fig. 323—Cut-out Relay Point Opening Adjustment.
75. Armature.
76. Upper Armature Stop.
80. Contact Points.
152. Lower Contact Bracket.

154. Spiral Spring.
159. Bending Tool.
160. Feeler Gauge.

flow in the voltage winding is always the same, to
battery; therefore, its magnetic field is always in the
same direction. But with the direction of current flow
in the current winding reversed, its magnetic field
is reversed.

The two magnetic fields of the two windings now buck
each other and the resultant magnetic field is no
longer strong enough to hold down the armature. The
armature is pulled up by its spring tension; the circuit
is broken. Thus, a cut-out relay is a magnetic switch
which opens or closes a circuit in accordance with
the voltage in the circuit.
t
Cut-Out Relay Adjustments.

1 . Air Gap—With regulator disconnected measure
AIR GAP between armature (75) and core (157)
(not between brass pin in armature and core)
with points held closed. To adjust, loosen the two
ADJUSTING SCREWS (156) and raise or lower
the lower contact bracket (152), as required.
Tighten screws after adjustment. (See Fig. 322.)

2. Point Opening—Bend the UPPER ARMATURE
STOP (76) to adjust POINT OPENING. If both sets
of points (80) do not close at the same time, bend
the spring fingers slightly until they do. (See
Fig. 323.)

3. Closing Voltage—Connect a test voltmeter be
tween the ARMATURE terminal and the terminal
at the end of the regulator, as shown in Fig. 324.
Gradually increase generator speed and note
the voltage at which the cut-out relay points
close. To adjust, loosen the LOCK SCREW (145),
Fig. 321, and turn the ECCENTRIC SCREW (146)
to change the spiral spring tension. Increasing
the tension increases the closing voltage; de
creasing the spring tension lowers the closing
voltage. Check setting by bringing generator to

REGULATOR

ft

FIELD

ARMATURE (-)

BATTERY

ARMATURE (+)

VOLTMETER

BATTERY
GENERATOR

Fig. 324—Relay Closing Voltage Check.
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a stop, then slowly increasing speed until points
close. Relay closing voltage must be below the
voltage regulator setting; otherwise, the voltage
regulator will operate and hold the voltage below
the value required to close the cut-out relay.

VOLTAGE REGULATOR
The Voltage Regulator, of the vibrating type, pre
vents the voltage from ever exceeding a predeter
mined value, regardless of the generator output, thus
protecting the battery and other units in the electrical
system. The vibrating pair of contact points alter
nately insert and remove a resistance in the genera
tor field circuit This maintains a constant potential
at the battery. As the resistance of the battery in
creases, due to its coming up to charge, this constant
voltage is less and less able to overcome the re
sistance and force a charge through the battery.
Thus, the charging rate is reduced in direct propor
tion to the condition of charge of the battery.

The voltage regulator has four windings, which func
tion as follows when the voltage regulator operates.
(See Fig. 320.)

Fig. 325— Voltage Regulator Point Opening Adjustment.
54. Voltage Regulator.
91. Armature.
161. Contact Screw.

162. Lock Nut.
163. Feeler Gage— .015"

Field Current Winding conducts the field current
from the "hot" side of the system to the field circuit
when the regulator points are closed, thus providing
some magnetic strength to aid in opening the points.
When the points open, the magnetic field of the field
current winding collapses, since the current stops
flowing in this winding.

Reverse Winding magnetic field aids in opening
the points, since it is connected across the genera

tor, and generator voltage is impressed on it. When
the points open, the reverse winding becomes con
nected in series with the generator field circuit. The
inductance of the generator field circuit is sufficiently
great to cause a reversal of current in the reverse
current winding. This causes a more rapid collapse
of the magnetic field, thus producing a more rapid
closing of the contact points.

Voltage Winding maintains its magnetic field in
the same direction, although as the points open the
somewhat reduced generator voltage causes a re
duction of the voltage winding magnetic field. The
fourth winding, which is nothing more than a turn of
heavy wire carrying full generator output, is merely
an additional safeguard against overloading the
generator. It does not enter into the regulator action.

Voltage Regulator Adjustments.

1. Point Opening The regulator POINT OPEN
ING is checked with the armature (91) held
down against the core. To adjust, loosen the
LOCK NUT (162) and turn the CONTACT
SCREW (161). The spring holding the upper
contact screw should rise slightly above the
fibre insulator when the points come together.
This provides a wiping action which improves
their operation. (See Fig. 325.)

2. Voltage Setting—Connect a test voltmeter
between the ARMATURE TERMINAL and the
terminal at the end of the regulator, and dis
connect the lead from the BATTERY TERMINAL
as shown in Fig. 326. With the unit hot—at operat
ing temperature —run the generator at about
1720 RPM (1200 RPM engine speed), and note
voltage setting. (See "Specifications," Page 236.)
To adjust, loosen the LOCK SCREW (145) and
turn the ECCENTRIC SCREW (146) (see Fig. 327)

REGULATOR

a

FIELD

ARMATURE (-)

BATTERY

ARMATURE (+)

VOLTMETER

TO BATTERY
GENERATOR

Fig. 326— Voltage Regulator Cheek.

239



TM5-5160 MODELS 6016-E, C, B, D, GENERATOR SETS
SEC. 18

to change the spiral spring (343) tension. In
creasing the tension raises the voltage setting;
decreasing the spring tension lowers the voltage
setting. After tightening the lock screw, check the
setting by slowing down the generator until the
cut-out relay points open, then bring the gener
ator back up to speed. The voltage regulator
setting must always be above the cut-out relay
setting; otherwise, the voltage regulator would
operate and prevent the voltage from reaching
a value sufficient to cause the cutout relay to
operate.

Fig. 327—Voltage Regulator Setting Adjustment.
54. Voltage Regulator.
88. Points.
91. Armature.
145. Lock Screw.

146. Eccentric Screw.
164. Gap Between Spring
Insulator.

343. Spiral Spring.

and

CURRENT REGULATOR
The Current Regulator limits the generator out
put to a safe value. It is, in effect, a current limiting
device which operates when the generator output
increases to its safe maximum and prevents the
generator from exceeding this value. The coil wind
ings of this switch are composed of a few turns of
heavy wire, and carry the entire output of the
generator. (Refer to Fig. 320.)

The contact points are normally held closed by spring
tension, which retains the armature in the up position
and the generator field current is conducted directly
to the field windings through these points. When the
current flowing through the current regulator wind
ing, which is total generator output, reaches the
value for which the regulator has been set, sufficient
magnetic force is created in the regulator core to
overcome the armature spring tension. The armature
is attracted downward toward the regulator core,
and the contact points are separated. With the points
separated, the resistance is inserted into the genera
tor field and the generator output is reduced.

The instant the current flowing through the regulator
winding begins to drop off, the magnetic field created
by this current begins to weaken. It is quickly re
duced to a value at which it can no longer retain
the armature in the down or open point position, and
the armature spring pulls it up, closing the points.
This shorts the resistance out of the generator field
circuit, and the generator output increases. When it
reaches the value for which the regulator is set, the
armature is once more pulled down, and the resist
ance again inserted into the generator field circuit.
This is a vibrating action which takes place so
rapidly that the armature cannot be observed to
move, regulating for a constant current output.
The current regulator unit operates only at the value
for which it has been set. It is used with the generator
which has a 12 ampere maximum rated output, and
the regulator is set for this output, operating only
when the generator attempts to exceed the 12 am
pere setting.

Current Regulator Adjustments.
1. Point Opening— The regulator POINT OPEN
ING on the current regulator is checked and
adjusted in exactly the same manner as the volt
age regulator POINT OPENING, discussed on
Page 239.

2. Current Setting— Before making any check or
adjustment of the current regulator, the system
must be protected against high voltage. Two
methods which provide adequate protection are
outlined below. Either method may be used;
however, the Load Method requires a resistance
unit of some kind, such as a fixed resistor or a
bank of lights, while the Jumper Lead Method
requires no special equipment.

Juntper Lead Method—Discharge the battery by
operating the starting motor four or five times with
the engine throttle in the "OFF" position. The start
ing motor should be operated at three minute inter
vals and not longer than 15 seconds at a time.
Bridge the voltage regulator contact points with a
jumper lead to prevent it from operating, as illus
trated in Fig. 328.

Load Method—Place a load approximating cur
rent regulator setting (15 amps.) across battery
terminals, as illustrated in Fig. 329.

After connections have been made as outlined
above, connect a test ammeter into the circuit at
the BATTERY TERMINAL and operate the generator
at a medium engine speed— 1200 RPM (regulator
at operating temperature) and note the current
setting. To adjust, loosen the lock screw and turn
the eccentric screw to change the spiral spring
tension. This is done in the same manner as setting
the voltage regulator adjustment. Decreasing the
spring tension lowers the current setting.
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REGULATOR
-JUMPER LEAD BRlDGlNG VOLTAGE
REGULATOR CONTACT POlNTS

ARMATURE

FlELD

BATTERY

ARMATURE (

AMMETER

BATTERY
GENERATOR

Fig. 328—Current Regulator Check (Jumper Lead Method)

Cleaning Contact Points—If the voltage or the
current regulator contact points appear to arc ex
cessively, it is possible they have become oxidized,
and the points should be cleaned. Emery cloth or sand
paper must never be used to clean the contacts, since
particles of emery or sand might imbed in the point
surface and prevent normal operation. Use a fine-
cut contact file. The contact file should not be
allowed to become greasy, and should not be used
to file other metals. File contact points only enough
to clean surfaces.

After any regulator repairs or tests, or at any time
after leads have been disconnected and then re

connected to the regulator, generator must be
repolarized to make sure that it has the correct
polarity with respect to the system. THIS MUST BE
DONE BEFORE THE ENGINE IS STARTED. To re-
polarize the generator, refer to Fig. 319 and discon
nect the lead from the generator field terminal at
the regulator assembly and momentarily touch this
lead to each of the battery terminals in turn (current
will flow from one battery terminal only) . This allows
a flash of current to flow through the generator field
windings, which correctly polarizes the generator.
Failure to do this may cause severe damage to the
regulator assembly since reversed regulator polarity
causes vibration, heavy arcing and burning of the
cutout relay contact current.

REGULATOR

LOAD BATTERY
ARMATURES)

GENERATOR
z* AMMETER

Fig. 329— Current Regulator Check (Load Method)

ABNORMAL GENERATOR OPERATION
Dependable generator performance is the result of
a systematic maintenance program. Should ab
normal operating conditions arise; such as, No Out
put, Unsteady or Low Output, Excessive Output, or
Noisy Generator, the regulator-generator system
should first be checked as a whole to isolate the
trouble. Then, if the trouble is found to be in the
generator, proceed as follows:

1 . No Output—Remove cover band and check for
sticking or worn brushes, and burned commutator
bars. Burned bars, with other bars fairly clean,
indicate open circuited armature coils. If brushes
are making good contact with commutator, and
commutator looks okay, the generator should be
removed from the engine and checked.

NOTE: 1n insulated systems, one ground can have no effect
on the operation of the system. Two grounds of opposite
polarity are necessary if trouble is to be experienced due
to grounds.

(a) With a set of test points and a 1 10 volt test
lamp, test for grounds by checking from the
"A" generator terminal to the generator
frame. If lamp does not light, no grounds
exist anywhere in the generator or regula
tor. If lamp lights, raise all brushes, insulate
them from the commutator with pieces of
cardboard, and recheck with test points from
commutator to generator frame. If lamp now
lights, armature is grounded; if not, check
for ground elsewhere.

(b) With brushes raised and insulated and with
generator "F" lead disconnected, test with
lamp from generator "F" terminal to gener
ator frame. If lamp lights, field is grounded.

(c) Check for grounded regulator by discon
necting all regulator leads and checking
with test points from "ARM" terminal to
regulator base. Light indicates ground.
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Fig. 330— Voltage Regulator Details and Relative Location of Parts.

54. Voltage Regulator.
55. Cut-Out Relay.
57. Cover Gasket.
72. Cut-Out Relay Terminal.
73. Cut-Out Relay Armature
Mounting Screw.

75. Cut-Out Relay Armature.
76. Cut-Out Relay Armature Stop
Bracket.

84. Cover.
91. Voltage Regulator Armature
(Tungsten).

96. Voltage Regulator Terminal.
138. Regulator Base.
140. Current Regulator.
145. Armature Adjustment Locking
Screw.

150. Contact Screw.
151. Lock Nut.
154. Cut-Out Relay Spiral Spring.
161. Voltage Regulator Contact
Screw (Platinum).

162. Voltage Regulator Contact
Screw Lock Nut.

165. Mounting Plate Screw (10-32
x%).

166. Mounting Plate Screw (10-32
x '/it.

167. Mounting Plate Screw Lock
Washer.

168. Mounting Plate Screw Washer.
169. Cover Stud.
170. Terminal Stud Insulating Plate
Attaching Screw.

171. Terminal Stud Insulating Plate
Attaching Screw Lock Washer.

172. Terminal Stud Insulating Plate
Attaching Screw Plain.

173. Ground Screw.
174. Ground Screw Lock Washer.
175. Ground Screw Plain Washer.
176. Terminal Connector Insulating
Bushing.

177. Terminal Connector Insulating
Washer.

178. Return Circuit Terminal Screw.
179. Return Circuit Terminal Lead.
180. Return Circuit Terminal Screw
Plain Washer.

181. Return Circuit Terminal Screw
Insulating Bushing.

182. Return Circuit Terminal Screw
Insulating Washer.

183. Return Circuit Terminal Screw
Lock Washer.

184. Return Circuit Terminal Screw
Nut.

185. Terminal Stud Nut C/fc" Thick).

186. Terminal Stud Nut Lock
Washer.

187. Terminal Stud Nut ( 'V' Thick).
188. Terminal Stud Nut Plain
Washer.

189. Terminal Stud Insulating Plate.
190. Terminal Stud Insulating Plate
Gasket.

191. Current Regulator Terminal.
192. Cut-Out Relay Contact Bracket
and Points.

193. Cut-Out Relay Contact Bracket
Attaching Screw.

194. Cut-Out Relay Contact Bracket
Attaching Screw LockWasher.

195. Cut-Out Relay Contact Bracket
Attaching Screw Washer.

196. Cut-Out Relay Armature At
taching Screw Lock Washer.

197. Cut-Out Relay ShuntWinding.
198. Cut-Out Relay Winding.
199. Cut-Out Relay Shunt Winding
Insulator.

300. Cut-Out Relay Frame As
sembly.

301. Cut-Out Relay Post Nut.
302. Armature Adjustment Locking
Screw Washer.

303. Armature Adjustment Locking
Screw Lock Washer.

304. Current Regulator Contact
Screw Lock Washer (Shake-
proof).

305. Current Regulator Contact
Terminal Screw Nut.

306. Current Regulator Contact
Terminal Screw Nut Lock
Washer.

307. Current Regulator Contact
Bracket Attaching Screw.

308. Current Regulator Contact
Bracket Attaching Screw Lock
Washer.

309. Current Regulator Contact
Bracket Attaching Screw
Washer.

3 10. Current Regulator Contact
Bracket.

311. Current Regulator Contact
Terminal Screw Nut Lock
Washer (Shakeproof).

312. Current Regulator Contact
Terminal Screw.

3 13. Current Regulator Armature
(Tungsten).

3 14. Current Regulator Contact
Bracket Support.

315. Current Regulator Contact
Bracket Support Attaching
Screw.

3 16. Current Regulator Contact
Bracket Support Attaching
Screw Lock Washer.

317. Current Regulator Armature
Attaching Screw.

318. Current Regulator Armature.
Attaching Screw Lock Washer.

319. Current Regulator Armature
Attaching Screw Washer.

320. Current Regulator Shunt
Winding.

321. Current Regulator Winding.
322. Current Regulator Shunt
Winding Insulator.

323. Current Regulator Armature
Spring.

324. Current Regulator Frame As
sembly.

325. Current Regulator Post Nut.
326. Voltage Regulator Contact
Screw Lock Washer (Shake-
proof).

327. Voltage Regulator Contact
Terminal Screw Nut.

328. Voltage Regulator Contact
Terminal Screw Lock Washer.

329. Voltage Regulator Contact
Bracket.

330. Voltage Regulator Contact
Bracket Attaching Screw.

331. Voltage Regulator Contact
Bracket Attaching Screw Lock
Washer.

332. Voltage Regulator Contact
Bracket Attaching Screw
Washer.

333. Voltage Regulator Contact
Terminal Screw Lock Washer
(Shakeproof).

334. Voltage Regulator Contact
Terminal Screw.

335. Voltage Regulator Contact
Bracket Support.

336. Voltage Regulator Armature
Attaching Screw.

337. Voltage Regulator Armature
Attaching Screw Lock Washer.

338. Voltage Regulator Armature
Attaching Screw Washer.

339. Voltage Regulator Contact
Bracket Support Attaching
Screw.

340. Voltage
Bracket

Regulator Contact
Support Attaching

Screw Lock Washer.

341. Voltage Regulator Winding.
342. Voltage Regulator Series Coil.
343. Voltage Regulator Armature
Spring.

344. Voltage Regulator Frame
Assembly.

345. Voltage Regulator Post Nut.
346. Cut-Out Relay Mounting Nut.
347. Cut-Out Relay Mounting Nut
Lock Washer.

348. Current Regulator Mounting
Nut.

349. Current Regulator Mounting
Nut Lock Washer.

350. Current Regulator Mounting
Nut Plain Washer.

351. Voltage Regulator Mounting
Nut.

352. Voltage Regulator Mounting
Nut Washer.

353. Mounting Plate.

354. Lead Attaching Screw—
Return Circuit.

355. Lead Attaching Screw Plain
Washer.

356. Relay and Regulating Lead
Screw Lock Washer to Mount
ing Plate.

357. Relay and Regulating Lead
Screw Washer— '/»" O.D.

358. Relay and Regulating Lead
Screw Washer— fl*" O.D.

359. Relay and Regulating Lead
Screw.

360. Resistance Unit Lead.

361. Lead Attaching Screw Lock
Washer— Return Circuit.

362. Lead Attaching Screw Nut—
Return Circuit.

363. Return Circuit Terminal Lead
Nut Lock Washer.

364. Return Circuit Terminal Lead
Nut.

365. Resistance Unit Lead Attach
ing Screw Lock Washer.

366. Resistance Unit Lead Attach
ing Screw.

367. Resistance Unit Attaching
Screw Lock Washer.

368. Resistance Unit Attaching
Screw.

369. Resistance Unit.

370. Resistance Unit Terminal Nut
Lock Washer.

371. Resistance Unit Terminal Nut.
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Wiring, etc., may be checked by isolating
the section to be checked and testing from
any exposed conductor to ground.

(d) If the field is not open, check for shorts in
the field by checking the field current. Use a
24-volt battery and an ammeter, connected
in series with the fields. Proceed with care
in this check, since a shorted field may draw
an excessively high current. The field cur
rent draw should not be greater than 0.59 to
0.63 amperes. If a shorted field is found,
check the regulator contacts, since they may
be burned or oxidized from these conditions.

(e) Inspect the commutator bars, since an open
circuit in the armature, which would result
in a low or no output, will cause the com
mutator bars connected to the open circuited
coils to burn.

(f
) If the trouble has not yet been located, check

the armature for short circuit, using a growler
charged from all 0-volt source; a thin strip
of steel, held in place over the armature core
as it is revolved, will vibrate if a short cir
cuit exists. If short-circuited, replace with
new armature.

2. Unsteady or Low Output—Check as follows:

(a) Check generator charging circuit for poor
connection and loose or broken wires. Clean
corroded fastenings and resolder broken
joints.

A poor connection will cause the generator
to build up excessive voltage which may re
sult in burned field or armature windings.

(b) Low spring tension will cause a reduced
generator output and arcing and burning of
the commutator and brushes. Check pigtail
lead connections at brushes to see that they
are tight. Check brush spring tension and
brushes for sticking. Spring tension is 25 oz.

(c) Inspect commutator for roughness, grease,
and dirt; dirt in slots, high mica, out of round,
and burned bars. With any of these condi
tions, the commutator must be turned down
in a lathe (see "NOTE" in Item 2

, under
"Generator Maintenance"), and the mica
under-cut.

3. Noisy Generator —Noisy generator may be
caused by worn bearings, worn brushes, worn or
broken drive coupling, or loose mounting. Bear
ings may be replaced by new ones. Using a brush
seating stone will eliminate new-brush chatter
and will quiet old brushes if not too badly worn.

STARTING MOTOR

Fig. 331—Starting Motor Mounting.
4. Starting Motor.
264. Nut.
265. Lock Washer.
282. Lead—Magnetic Switch to
Starting Motor.

283. Lead—Battery to Storting
Motor.

284. Mounting Bolt.
285. Lock Washer.
286. Lead—Ammeter to Starting
Motor.

Description—The Delco Remy Model 845 starting
motor, mounted on the flywheel housing, as shown
in Fig. 331, is a 12 brush, 24 volt, six pole, heavy
duty unit with the armature and Bendix drive

supported by three bushings at the drive end, center,
and commutator end. The unit employs a Bendix
drive to mesh the drive pinion with the flywheel for
cranking the engine and to demesh the drive pinion
when the engine begins to operate. When the start
ing motor solenoid switch (see Fig. 335) is energized,
the armature begins to revolve, the drive pinion is
shifted into mesh with the flywheel and the cranking
operation is started. As soon as the engine operates,
the engine drives the pinion back out of mesh so
excessive speeds cannot be transmitted back to the
cranking motor armature.

The cranking motor consists of a commutator end
frame assembly, field frame assembly, armature,
center bearing, Bendix drive, and drive end assembly.
The commutator end frame assembly consists of an
end frame with a bushing, terminal, and brush plate
assembly assembled to it. The brush plate assembly
has six pairs of brushes placed 60° apart. Three of
the brush sets are connected through a ring to the
terminal, while the other three brush sets are in
sulated from the first three sets and are connected
by leads to the field coils. Current from the battery
enters the terminal, passes through the starting
motor field coils, through three brush sets into the
armature, from the armature through the other three
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brush sets, then back to the battery. Springs hold the
brushes against the armature commutator with the
proper tension to provide good contact. A cover
band on the commutator end frame covers windows
in the end frame, and can be removed so that the
condition of the brushes and commutator may be
noted.

The field frame assembly consists of six field coils,
assembled to the field frame by pole shoes and pole
shoe screws. The coils are series connected into
three sets, that is, two of the coils are connected in
series, the other four are also connected in series of
twos and the three sets are connected in parallel
from the brushes to the cranking motor terminal.

The armature consists of a shaft on which lamination
is pressed. The lamination is laterally slotted and
into the slots are assembled the armature windings.
The windings are connected to the commutator
segments so that current from the brushes can be
fed into the windings and back out again. The
armature is supported on two bushings.

The drive end housing consists of the drive end
housing and bushing. The bushing supports one
end of the spiral splined Bendix drive shaft, the
other end being attached to the armature shaft.

200
230 205

271

268 269

Fig. 332—Starting Motor Assembly.
200. Terminal Stud Nut.
205. Field Coil—R.H.
206. Pole Shoe.
207. Field Terminal Stud.
210. Housing— Field Frame.
212. Bendix Drive Assembly.
2 13. Commutator.
214. Armature.
229. Commutator End Frame.

230. Commutator End Frame Bush
ing.

238. Brush.
266. Cover Band.
268. Motor Drive Housing.
269. Motor Drive Housing Bushing.
271. Oil Wick.
276. Center Bearing Plate.
277. Center Bearing Bushing.
282. Cushion Spring.

Specifications:

Clockwise rotation viewing drive end.
Brush spring tension 36-40 ounces.

No load—90 amperes at 23.3 volts at 6800 RPM.
Lock test— 60 lb. ft. at 800 amperes at 4.35 volts.

Service—Preventive Maintenance consisting
of:

1. Operational Maintenance Checks —Oper
ational maintenance checks may be defined as
the checks which may be made during the

operation of the equipment. These checks give
the operator some idea as to the condition of the
starting motor so that if some abnormal condition
of operation is noted, corrections may be made
before complete failure of the unit takes place,
with a consequent failure to start the engine.
During starting, the action of the starting motor
should be noted. The starting motor should take
hold promptly and spin the engine at normal
cranking speeds (approximately 80 RPM). After
the engine starts and the starting motor solenoid
switch is opened, the starting motor should stop
operating. If the starting motor cranks the engine
slowly or not at all, the equipment should be
checked as outlined on page 248. Failure to crank
normally can be due to a low battery, defective
battery cables, poor connections in the starting
motor to battery circuit (including control switch
circuit) defective starting motor, low temperatures,
or various conditions in the engine.

CAUT1ON: The starting motor must never be used for more
than 30 seconds at any one time without a pause of several
minutes to wait until the starting motor cools off. Failure
to observe this rule may result in complete failure of the
starting motor.

2. Inspection Checks—Inspection checks include
a periodic investigation every 100 hours of the
condition of the battery, battery cables and con
nections, starting motor, control switch circuit,
commutator, brushes, lead connections and
mounting.

(a) Battery—The condition of charge of the
battery should be checked as outlined on
Page 228.

(b) Commutator—The armature commutator
may be observed by removing the starting
motor cover band. It should be clean, not
out of round or excessively worn, without
high mica or burned bars. Armature leads
must be properly connected to the commu
tator riser bars, and banding wire should
be in place. Failure to meet these specifica
tions requires that the armature be removed
and the commutator serviced as outlined
on Page 250.

(c) Brushes—The brushes must be making
good contact with the commutator and must
not be worn any shorter than % inch (from
an original length of ' 2 inch). If worn down
to, or almost to, this length, replace.

(d) Lead Connections—Lead connections must
be tight and in good condition.

(e) Mounting —Mounting bolts must be tight.

(f
) Drive Assembly—The drive assembly can

not be observed with the starting motor
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mounted on the engine, but its action can
be noted by observing the operation of the
starting motor as outlined on Page 245.

3. Periodic Disassembly—At periodic intervals of
about a year (six months when unit is operat
ed intermittently and starts are more numer
ous), the starting motor should be removed
from the engine, disassembled and all parts
cleaned, oiled and inspected as outlined on
Page 249. This guards against failure of the
equipment at some critical instant, and must
be considered an important part of the pre
ventive maintenance routine.

Checking Defective Starting Motor — If the
starting motor is considered to be defective and the
trouble (brushes, commutator, connections) is not
readily apparent, the starting motor should be
removed from the vehicle and checked on the no-
load and torque tests and with a test lamp and
points. (Fig. 313.)

1 . Remove Starting Motor.

(a) Disconnect switch-to-starting motor cable
(282) by removing nut (264) and lock washer
(265).

(b) Disconnect battery-to-starting motor cable
(286) and ammeter-to-starting motor lead
(283) by removing nut (222) and lock
washer (221).

(c) Remove three bolts (284) and lock washers
(285) and remove starting motor.

2. Check Starting Motor.

(a) No Load Test—Connect the starting motor
in series with a battery of the specified
voltage and an ammeter capable of reading
several hundred amperes. If an RPM in
dicator is available, read the armature
RPM as well as the current draw with the
unit running free speed or no load.

(b) Torque Test —Torque testing equipment is
required for conducting a stall torque test
of the starting motor. The torque developed,
current draw, and voltage are checked
together.

Interpretation of No Load and Torque Test.

1. Rated torque, current draw, and no load
speed indicates normal condition of the starting
motor.

2. Low free speed and high current draw with low
developed torque may result from:

(a) Tight, dirty, worn bearings, loose field poles
which allow armature to drag.

(b) Grounded armature or field. Check by rais

ing brushes from armature commutator and
testing with test lamp and points from start
ing motor terminal to frame and from com
mutator to frame. If the lamp lights, a ground
exists.

(c) Shorted armature. Check armature on
growler.

3. Failure to operate with high current draw:

(a) Direct ground in switch, at terminal or
brushes.

(b) Frozen shaft bearings which prevent arma
ture from turning.

4. Failure to operate with no current draw:

(a) Open field circuit. Trace with test lamp and
points.

(b) Open armature coils.

(c) Broken or weakened brush springs, worn
brushes, high commutator mica, or other
conditions which would prevent good con
tact between brushes and commutator.

5. Low no-load speed with low torque and low
current draw indicates:

(a) Open field. Trace circuit with test lamp and
points.

(b) High internal resistance due to worn brushes,
dirty commutator, weak or worn springs, and
other causes of poor contact between com
mutators and brushes.

(c) Defective leads, connections.

6. High free speed with low developed torque and
high current draw indicates shorted fields. It is
difficult to detect shorted fields with ordinary
testing instruments, since the field resistance is
originally low. If shorted fields are suspected,
install new fields and check for improvement in
performance.

If the tests show the starting motor to be defective,
the motor should be disassembled and the damaged
or worn parts replaced.

Disassemble Starting Motor—Before dismantling
the motor, a scribe mark should be drawn or
scratched across the field frame, center bearing
and drive housing and also across the field frame
and commutator end frame. Scribing the parts in
this manner assists in properly locating the parts
when reassembling the motor.

1 . Disassemble Drive Housing
(a) Refer to Fig. 333 and detach drive housing
assembly by bending up tangs on six locking
washers (273) and removing six screws
(272), washers (274) and locking washers.
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Tap housing (268), with armature away
from field frame, using a soft hammer.
Discard locking washers, as they must not
be used a second time.

(b) Lift armature (214), with center bearing and
Bendix drive assembly, out of field frame.

(c) To detach commutator end frame assembly:
Remove cover band (266) by removing two
screws (267). Note relationship of brush
leads and brushes. Disconnect three leads
from field coil conductors by removing three
screws (240) and lock washers (241). Bend
up tangs on locking washers (236) and
remove six screws (235), washers (237) and
locking washers. Tap commutator end
frame assembly (229) free, using a soft
hammer. Discard locking washers.

2. Disassemble Commutator End Frame As
sembly—

(a) Remove brush plate assembly as follows:
From terminal, remove nut (264), lock
washer (265), lead clip (281), nut (263),
lock washer (265) and flat washer (262)
and insulator (261). Remove three screws
(256), lock washers (257) and flat washers
(258) and lift brush plate assembly (239)
from commutator end frame assembly. Re
move from terminal, insulating bushing
(260) and two insulating washers (259).

(b) Disassemble brush plate as follows: Remove
nine brush lead attaching screws (240) and
lock washers (241), lift up on brush springs
and remove twelve brushes (238).

NOTE: Further disassembly will not be required normally
unless insulators, brush holders, springs, or plates require
replacement.

Remove three insulated brush holders to
which were attached field coil leads by
unscrewing brush spring pin (251) and
brush holder screw (252). Two springs will
come off with each brush spring pin. There
are one each lock washers (253) under the
pin and screw. Parts will come off in this
order: brush holder (245), thin space plate
(248), brush holder insulating plate (246),
four insulating washers (254), and (from
opposite side after all three insulated
holders are detached) brass brush holder
support plate (255) and brush plate insulat
ing plate (243). Remove other three brush
holders from brush plate and stud assembly
by unscrewing brush spring pin (251) and
brush holder screw (252). Under each will
be a lock washer (253). Brush holders and
thick spacer plate will come off. Two brush
springs will come off on pin.

(c) If the bushing (230) is worn, it may be
pressed out in an arbor press and a new
one installed. The plug (233) must first be
removed. Remove pipe plug (231) and
replace oil wick (232) if necessary.

(d) If necessary remove old brake washer (2 15)
and install new one. Shellac in place.

3. Disassemble Field Frame Assembly—

(a) Disconnect field coils from field terminal
(207) by unsoldering three leads. Terminal
stud may be removed by removing nut (222),
lock washer (221), nut (223), lock washer
(221), flat washer (220), insulator (219),
insulating bushing (218), insulating washer
(217) and stud.

(b) Remove field coils (205, 224 and 225) from
field frame by removing 12 pole shoe screws
(216) using pole shoe screwdriver, 6 pole
shoes (206) and coils. Be careful with coils
to avoid bending lead connections or damag
ing insulation. Note how the long insulating
strip is placed to avoid grounding of the
field coil leads against frame. This strip is
varnished in place and will adhere to the
field frame when motor is disassembled.

4. Disassemble Drive Housing Assembly—

(a) Pull armature (214) with Bendix drive
attached out of drive housing (268).

(b) If the bushing is defective, it may be pressed
out in an arbor press and a new one in
stalled. (See Page 250, "Bushings.") Remove
plug (270) and install new oil wick (271)
if necessary.

5. Disassemble Bendix Drive and Armature
Assembly—

(a) Remove Bendix drive (280) from armature
shaft. This may be done by referring to Fig.
333 and moving to one side the snap ring
which fits in the slotted head of the set-screw
at the armature end of the drive. Back out
the set-screw and remove the Bendix drive
assembly from the armature shaft. Be care
ful to note the two Woodruff keys (275) and
cushion spring (282).

NOTE: Bendix drive is serviced as a unit and no attempt
should be made to disassemble it.

(b) Replace bushing in center bearings, if
necessary, using an arbor press. (See "Bush
ings," Page 250.) Remove plug from center
bearing (face of center bearing next to field
frame) and lubricate oil wick.

Inspection— After disassembly, all parts should be
cleaned, examined, and defective parts replaced.
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The procedure of cleaning and inspecting parts is
given in the following paragraphs

1 . Armature —Do not clean the armature by any
degreasing method, since this would damage the
insulation and might ruin the armature. Wipe
with a clean cloth slightly dampened with carbon
tetrachloride or similar solvent. If the commutator
is worn, dirty, rough, out of round, has high mica,
filled slots, burned spots, place the armature in a
lathe and turn down the commutator. Make cut
no deeper than necessary. Minimum diameter of
commutator should be 2^ in. (original 2% in.).
If it is necessary to turn commutator down below
this diameter, discard armature. Undercut mica
\$t inch. Armature may be checked for ground,
open, or short circuit as follows:

(a) Ground—Check with test lamp (See Fig.
313) and test points from the commutator to
the armature shaft or lamination. If the lamp
lights, indicating ground, and if the ground
is not readily apparent and repairable, the
armature must be replaced.

(b) Open—An open circuited armature is often
easy to detect, since this condition produces
badly burned commutator bars. The bars
connected to the open armature windings
soon burn in operation since every time they
pass under the brushes they interrupt a flow
of current so that heavy arcing occurs. If
the bars are not too badly burned, the
armature may often be saved. Some bars
badly burned, with other bars fairly clean,
indicates an open circuited armature. The
open will usually be found at the com
mutator riser bars and is often a result of
excessively long cranking periods which
overheat the unit and cause the connections
to become bad. Since the armature is of a
welded construction, such a condition will
be rare.

(c) Short—A shorted armature may be detected
on a growler. (See Fig. 314.) The growler is a
strong electromagnet connected to a source
of alternating current. When a shorted
armature is placed on the growler, and a
hacksaw blade held above the shorted coils
in the armature, the blade will be alternately
attracted to and repelled from the armature,
causing the blade to buzz against the
armature. Before discarding an armature
testing shorted, inspect the commutator slots
carefully, since copper or brush dust some
times collects in the slots and shorts adjacent
bars.

(d) Armature Banding Wire Loose—If the
banding wire has loosened, it may sometimes

be repaired by rewrapping tightly and
resoldering (silver solder).

2. Fields—The fields should not be cleaned by any
degreasing method, since this would damage the
insulation and might ruin the windings. Clean
by wiping with a clean, dry cloth. Be careful in
handling the windings to avoid breaking or
weakening the connecting straps between wind
ings. If the field insulation is charred or chafed
so that the windings are exposed, it is sometimes
possible to rewrap them with insulating tape and
paint them with insulating compound. It must be
remembered that if the wrapping is done care
lessly so the insulation bulks up too large, it will
be impossible to reassemble the coils under the
pole shoes. All soldered connections should be
made with rosin flux solder.

3. Brushes—If the brushes are worn down to %
inch (original length l/

i in.), replace. Make sure
that the pigtail leads are tight in the brushes and
that the clips are fastened well to the leads.

4. Brush Springs—The brush springs should have
sufficient tension to provide the proper pressure
between the brushes and commutator after the
unit is assembled. This may be checked by
placing the armature and commutator end frame
together in their normal operating position and
then placing the brushes in their holders with
the springs in place so that the tension of the
springs against the brushes can be measured
with a spring gauge. Spring tension should be
36 to 40 ozs. Replace springs if the tension is not
correct.

5. Bushings— If the bushings are worn, they should
be replaced. Wear will not be even, but on the
side which sustains the greatest thrust during
cranking. After a bushing is pressed in and
reamed to size, the oil wick hole must be drilled
out. This throws up a burr, which must be removed
with a burnishing tool of the same size as the
reamer. Bushings must be reamed concentric
with machined registers on castings.

6. Brush Holders— If the brush holders, spacer
plates, insulators, etc., are bent, warped, cracked,
burned, or otherwise damaged, replace.

7. Bendix Drive Parts—Pinion teeth must not be
worn, burred, or chipped excessively. If defective,
replace unit.

8. Miscellaneous —Any defective insulator, screw,
washer, lead, stud, plate, etc., should be re
placed. Cracked, bent, worn, burned insulators
or washers are defective. Studs or screws which
are bent, battered, broken, or which have
crossed or damaged threads, are defective. Leads
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which have broken strands, frayed insulation,
are defective.

Assemble Armature and Bendix Drive As
sembly —

1 . Slip the center bearing (276) on the armature
shaft. Place the two Woodruff keys (275) in the
armature shaft and the cushion spring in the
drive assembly so that it will seat again at the
end of the armature shaft. Place the drive
assembly on the shaft and secure in place with
the set-screw. Set-screw should enter hole pro
vided in shaft. The snap ring should fit in the
slotted head of the set-screw.

Assemble Field Frame Assembly—

1 . Put insulating washer (2 17) and insulating bush
ing (218) on terminal stud (207), check position
of insulating strip, put stud in position in frame
and secure with insulator (219), flat washer
(220), lock washer (221), nut (223), lock washer
(221), nut (222). Slot in stud heat must be aligned
with frame, and insulating strip so placed as to
protect the coil leads from touching the frame.

2. Place field coils (205, 224 and 225) in position
in frame with pole shoes (206). Insert pole shoe
screws and tighten securely (two per shoe) . Stake
screws after tightening. Solder three field coil
leads into slot in stud.

Assemble Commutator End Frame Assembly—

1. Fasten three brush holders (245) to brush plate
and stud assembly (242) with brush spring pins
(251) and brush holder screws (252). One brush
holder is assembled directly above stud, while
other two are assembled 120° from it. Pins (251)
and screws (252) are identified by their short
threaded sections. Thick spacers (247) go under
holders and lock washers (253) go under screws
and pins. Springs should go on pins with hooked
ends toward brush plate and down in holders.
Put insulating plate (243) in position on opposite
side of brush plate and stud assembly, and place
brass brush holder support plate (255) next to it.
Secure by fastening other three brush holders
with pins and screws. Two insulating washers
(254) go in each screw hole to insulate pins and
screws from plate and stud assembly. Above
these go the insulating plate (246), thin spacer
washer (248), brush holder (245), lock washers
(253), pin (249) and screw (250). Springs should
go on pins with hooked ends toward brush plate
and down in holders. Place twelve brushes (238)
in holders and secure nine of the brush lead
clips to brush holders with screws (240) and lock
washers (241). Do not install the three screws

which also fasten field leads to holders. (These
are the insulated holders 60° and 180° from
stud.)

2. Attach brush plate assembly as follows: Place
two insulating washers (259) and insulating
bushing (260) on terminal stud. Put brush plate
assembly in position to commutator end frame
and secure with three screws (256), flat washers
(258) and lock washers (257). Place on terminal,
stud insulator (261), flat washer (262), lock
washer (265), nut (263), lead clip (281), lock
washer (265) and nut (264).

Assemble Starting Motor—

1. Place commutator end frame and field frame
together with scribe marks aligned, or if parts
were not scribed, place them together so that
terminal on commutator end is 35° to right of
center, as viewed from commutator end. Fasten
with six screws (235) and washers (237) and
locking washers (236). Use new locking washers.
Bend one tang up against screw head. Bend
other tang down against frame. Connect three
field coil leads to brush holders with screw and
lock washer. This also fastens brush lead clips to
brush holders. Lift brushes and cock them in their
holders so they will clear commutator.

2. Armature, with center bearing and Bendix drive,
may be placed in position in the drive and hous
ing. Align scribe marks or bring in housing at an
angle so that the oil plug on the drive end housing
is 60° to the right of field terminal on frame,
looking at the drive end. Establish correct rela
tionship of center bearing and drive housing as
determined by scribe mark on center bearing.
Bring field frame with commutator end and the
drive housing with armature together. Align
scribe marks or refer to terminal and oil plug
relations above. Secure with six. screws (272),

washers (274) and locking washers (273). Use
new locking washers. Bend one tang up against
screw head and other down against frame.

Release brushes in holders and place on com
mutator in operating position. Check and inspect
for freeness of brushes in holders and proper
position of brush springs on brushes; also check
clearance of brush leads to frame. Replace cover
band.

Lubricate —Remove plugs C.E. and D.E. and fill
well with medium engine oil. Replace plug.

Before installing starting motor in engine, recheck
the unit in accordance with procedure under "Check
Starting Motor," page 248.

Install Starting Motor—Refer to Page 248 and
reverse sequence of operations for removal.
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SOLENOID SWITCH

Fig. 334—Solenoid Switch Mounting and Wiring.
376. Terminal Stud—Battery.
377. Terminal Stud— Switch.
378. Terminal Stud—Switch.
379. Terminal Stud— Starting
Motor.

417. Cable—Solenoid to Battery.
418. Cable—Solenoid to Start
ing Motor.

419. Fuse.
420. Mounting Bolt.
421. Nut.
422. Lock Washer.
423. Plain Washer.
424. Mounting Bracket.
425. Screw—Bracket to
Base.

Engine

Description—A Delco Remy Model 1118085, 24
volt, electrically operated solenoid switch is included
in the starting system to provide a positive means of
opening and closing the circuit between the starting
motor and the battery, during the cranking oper
ation. The switch is mounted on a plate which in
turn is attached to the engine base with two bolts
countersunk in the engine base rail, as shown in
Fig. 334.

The switch specifications are as follows:

"Pull-In" Voltage. A voltage potential of 15
volts, plus or minus one volt, is required to pull the
plunger into operating position.

"Hold-In" Voltage. A voltage potential of not
less than 3.5 volts is required to hold the plunger in
its operating position.

"Resistance of Solenoid Winding/7 The re
sistance of the solenoid winding is from 3.8 to 4.0
ohms.

Four terminals are provided on the switch, two of
which are at the lower end for the connection of the
battery and starting motor leads. The two smaller
terminals, one on each side of the switch, are pro
vided for the connection of the leads from the starting
switch on the control panel. Insulating bushings
and washers are used to completely insulate the
terminals from the switch body.

The starting motor-battery circuit is opened or closed
inside the switch body by means of a circular plate

which is attached to, but insulated from, a plunger
free to move up or down within the body. When in
the non-operating position, the contact plate is held
away from the terminals by the tension of a spring,
bearing against a cup attached to the upper end of
the plunger.

Operation—When the control panel starting switch
contacts are closed, a circuit is completed across the
solenoid switch terminals (377) and (378) and
through the coil (373), Fig. 339. The resultant mag
netic field created in the core of the coil overcomes
the tension of the return spring and the plunger (374)
is drawn downward into the magnetic field carrying
the contact plate (375) with it. When the contact
plate touches the contacts (376) and (379), the
circuit between the starting motor and battery is
completed and the cranking operation begins.

The cranking operation continues until the circuit is
broken by releasing the starting switch on the control
panel. When this happens, the circuit through the
coil is broken and the magnetic field collapses.
This allows the return spring (380) to pull the plunger
out of the coil core and the contact plate away from
the battery and starting motor contacts.

Service—The switch will require little attention
other than to periodically inspect all terminals to
make sure all connections are clean and tight.
Should it become necessary, the switch may be
removed from the engine, disassembled and in
spected as outlined below.

Remove Solenoid Switch—
1. Disconnect battery cable (417) from terminal

379 380 381 413

376

374 416

Fig. 335—Solenoid Switch Assembly

373. Coil.
374. Plunger.
375. Plate—Contact.
376. Terminal— Starting Motor.
377. Terminal—Coil.
378. Terminal—Coil.

379. Terminal— Battery.
380. Spring— Plunger Return.
381. Cover-Plunger.
4 13. Cup— Return Spring Retainer.
416. Gasket—Plunger Cover.
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383 375 388 4O1 39O 403 402

Fig. 336—Solenoid Switch Details and Relative Location of Parts.
374. Plunger and Rod Assembly.
375. Disc—Contact.
376. Stud—Terminal.
377. Stud—Switch Terminal.
378. Stud—Switch Terminal.
379. Stud—Terminal.
380. Spring—Return.
381. Cover—Plunger.
382. Spring—Contact.
383. Washer — Spring Retainer
(Cupped).

384. Washer — Spring Retainer
(Cupped—Slotted).

385. Washei—Plain.
386. Washer—Space.
387. Nut.
388. Cotter Pin.
390. Terminal Plate Assembly.
391. Plate—Terminal.
392. Strip— Insulating (Inside).
393. Washer—Insulating Bushing.
394. Washer— Insulating.
395. Washei—Insulating (Outside).

396. Washer—Plain.
397. Washei—Lock.
398. Nut Wit' thick).
399. Nut (W thick).
400. Clip—Terminal (Large).
401. Gasket—Terminal Plate.
402. Screw—Terminal Plate At
taching.

403. Washei—Terminal Plate At
taching Screw Lock.

405. Washer—Plain (Inside).

406. Strip—Insulating (Small In
side).

407. Washer—Bushing.
408. Washer—Insulating.
409. Washei—Plain.
410. Washer— Lock.

41 1. Nut—Terminal Stud.
413. Cup— Return Spring Retainer.
414. Cotter Pin.

416. Gasket—Plunger Cover.
417. Case and Coil Assembly.

(376), also starting motor cable (418) from ter
minal (379).

2. Remove leads from switch terminals (377) and
(378). Tag leads for identification.

3. Remove four nuts (421), lock washers (422), plain
washers (423) and bolts (420) and remove
solenoid switch.

Disassemble Solenoid Switch—

1 . Remove four screws (402) and lock washers (403)
holding terminal plate assembly (390) to switch
housing (417). Remove terminal plate and gasket
(401). (See Figs. 335 and 336).

2. Remove cotter pin (388), unscrew nut (387) and
remove contact disc (375) from plunger rod.
Note that disc is insulated from plunger rod by
fiber insulators which are riveted in place. No
attempt should be made to remove the insulators.

3. Remove spring retainer (383), spring (382) and
plain washer (385) by lifting straight up and off
plunger rod.

4. The slotted spring retainer washer (384) fits into

a groove in the plunger rod. Remove this washer
by moving it sideways out of plunger rod groove.
The spacer washer (386) can then be lifted
straight up and removed.

5. Remove cap (381) and gasket (416). The plunger
(374), return spring retainer cup (413), keyed to
plunger with cotter pin (414), and return spring
may now be withdrawn from switch housing.

6. If replacement of either terminal stud (377) or
(378) is necessary, unsolder coil lead from stud
head and remove nut (411), lock washer (410),
nut (41 1), lock washer (410), plain washer (409),
insulating washer (408), three insulating bushing
washers (407), insulating strip (406) and plain
washer (405). Identical parts are used on both
studs.

7. If replacement of either terminal stud (376) or
(379) is necessary, remove the terminals from
the terminal plate (391) by removing nut (399),
lock washer (397), nut (398), lock washer (397),
plain washer (396), insulating washer (395),
insulating washer (394) and bushing (393).
Identical parts are used on both studs. If the
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above parts are removed from both insulating
studs, the insulating strip (392) may be removed.

Inspection—All parts should be cleaned in solvent
—carbon tetrachloride or equivalent—and in
spected. Check plunger for free movement in the
coil core. Check contact disc and terminal stud
heads for evidence of burning. Repair or replace
all damaged parts.

The test hookup shown in Fig. 313 can be used to
check the coil winding for short or open circuit.

To Test For Open—Touch each of the coil lead
wires with one point of the test leads. If the lamp does
not light, it indicates an open circuit and the coil
and housing assembly should be replaced.

To Test For Ground—Touch one of the points to the
bare metal of the housing and the other point to each
of the coil lead wires in turn. If the lamp lights, the
coil is grounded and replacement of the housing and
coil assembly is necessary.

Assemble Solenoid Switch—When all parts have
been cleaned and inspected and any damaged
parts replaced, the switch may be reassembled as
follows:

1. Reinstall switch terminal studs (377) and (378)
in turn, by fitting plain washer (405) and insulat
ing strip (406) over stud. Fit threaded end of
stud through stud opening in side of switch hous
ing. Slide three insulating bushing washers (407)
over stud. Position the washers to center the stud
in the hole. Continue assembling by installing
insulating washer (408), plain washer (409),
lock washer (410), nut (411), lock washer (410)
and nut (411). Solder one coil lead to each stud
head. (Use rosin core solder only).

2. Set return spring in place on switch housing,
align tang on housing with slot in plunger and
lower plunger with spring retaining cup (413)
and cotter pin (414) attached, into coil core.

3. Stand assembly on end on plunger spring retain

ing cup and drop spacer washer (386) over
plunger rod and down against housing. Slightly
compress return spring and slide slotted spring
retaining washer into slot of plunger rod with
cupped side of washer up. Fit plain washer (385)
and spring (382) over plunger rod and down
into cupped section of slotted washer. Drop plain
cupped washer (383), cupped side down over
stud and against contact disc springs.

4. Set contact disc (375) over plunger rod and
secure in place with nut (387). Tighten nut until
the distance between the face of the contact
plate and the end of the switch housing is% of
an inch, with plunger in the retracted position.
(See Fig. 335.) When plate is properly positioned,
lock nut in place with cotter pin (388).

5. Install terminal studs (376) and (379) on ter
minal plate by fitting each stud in turn through
insulating strip (392) and terminal plate (391).
On each of the studs place an insulating bushing
(393), insulating washer (394), insulating washer
(395), plain washer (396), lockwasher (397), nut
(398), lock washer (397) and nut (399).

6. Attach terminal plate assembly (390) to switch
housing with four bolts (402) and lock washers
(403).

7. Install plunger cover (381) and gasket (416).

Install Solenoid Switch—When the switch has
been assembled and tested, it may be reinstalled on
the engine as outlined below:

1. Attach switch to mounting plate (424) with four
bolts (420), plain washers (423), lock washers
(422) and nuts (421).

2. Connect battery cable (417) to terminal (376)
and starting motor cable (418) to terminal (379).

3. Connect leads to switch terminals (377) and
(378) also connect ground leads to mounting
bolts. If leads are not identified by tags, refer to
wiring diagram on Page 256.

STARTING SOLENOID
(Governor Actuating)

Description—The solenoid assembly shown in
Fig. 338 mounted on top of the hydraulic governor
is wired into the electrical starting system as shown
in the wiring diagram on Page 256. The action of
the solenoid plunger when energized is transmitted
through the stud (7) and link (9), Fig. 338 to the fuel
rod of the governor and serves to move the rod from
NO FUEL to FULL FUEL position and thus effect
rapid starting. The solenoid remains energized until

the engine has started and the governor has picked
up control of the throttle mechanism. (See Sec. 16
for details of solenoid operation.)
The solenoid is a rugged, heavy duty unit, consisting
principally of a core (10) and windings (1) which,
when energized, act to move the plunger (2) from its
extended at-rest position in and against the cone of
the core. The three major parts are suitably housed
and supported in a sheet metal case to which is
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Fig. 337—Governor Actuating Solenoid Mounting.
3. Studs—Terminal.
14. Bolt— Solenoid Mounting.
425. Solenoid—Governor Actuating.

426. Knob— Fuel Rod.
427. Governor.

welded a mounting bracket. Leads from the sealed-
in windings are attached to the terminal studs (3)
which are fully insulated from the solenoid case. A
removable metal cover (12) is provided at the termi
nal end of the case to protect leads, studs, and insu
lators from possible damage, while a rubber shield
(4), opposite the terminal end, serves to keep dirt
and foreign matter away from the plunger.

Lubrication —While no lubrication is required on
the solenoid, it may be advisable to occasionally
place a drop or two of engine oil on the guide bolt
(16) at the hole in the adaptor. Oil at this point will
help prevent occurrence of any bind.

Service—Because of the heavy construction of the

starting solenoid, and its mechanical simplicity,
service operations on this part are unnecessary.
However, should difficulty be encountered, or the
solenoid damaged through accident, it will be
necessary to replace the entire assembly as a unit.

The solenoid may be removed from the governor by
removing the nuts and lock washers from the four
solenoid-to-adapter bolts (14), disconnecting the
leads to the solenoid switch on the engine base,
removing the nut and lock washer from the guide
bolt (16) and then lifting the assembly off the gover
nor and adaptor.

The remaining attached parts—stud (7), spacer (8),
and link (9)—may be removed from the inoperative
solenoid, attached to the new service parts, and the
entire assembly then replaced on the governor by
reversing the procedure for removal.

13 10 14 15

Fig. 338—Starting Solenoid Assembly.
1. Winding.
2. Plunger.
3. Terminal.
4. Rubber Shield.
5. Retainer—Rubber Shield.
6. Retainer Screw.
7. Stud.
8. Spacer.
9. Link.
10. Solenoid Core.

11. Solenoid Case.
l 2. Cover—Terminal Stud.
13. Adaptor — Solenoid-to-Gover-
nor Cap.

14. Bolts— Solenoid-to-Adaptor
Attaching.

15. Governor Cap.
16. Guide Bolt.
l 7. Spring— Plunger Return.
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WIRING

301

84 83

436

Fig. 339— Electrical Starting System Wiring Diagram —Model 6016-E.

9. SwiteK— Air Heater.

13. Block—Regulator Accessory
Box.

I 6. Ammeter—Battery Charging.
17. Switch—Starting Motor.
21. Control—Terminal Block.

50. Wire—White with Red Tracer
—Starting Motor Switch to Air
Heater Switch Through Battery
Charging Ammeter.

58. Wire—Red—From Starting
Motor Switch to Control Ter
minal Block.

61. Wire—Red with White Tracer
—From Battery Charging Am
meter to Control Terminal
Block.

62. Wire —Orange — From Air
Heater Switch to Control Ter

minal Block.

66. Wire—White with Red Tracer
—Battery Charging Ammeter
to Control Terminal Block.

82. Wire—Red with Natural
Tracer—Control Terminal
Block to "Bat" Terminal on

Voltage Regulator.

83. Wire—Natural with Red
Tracer—Control Terminal
Block to Starting Motor.

84. Wire—Red—Control Termi
nal Block to Solenoid Switch

and Governor Actuating Sole

noid.

88. Wire — Orange— Terminal
Block to Air Heater Coil on

Cylinder Block

299. Generator — Battery Charg
ing.

300. Voltage Control Unit.

301. Governor Actuating Solenoid.

302. Solenoid Switch.

303. Storage Battery.

304. Cable—Storage Battery-to-
Starting Motor.

305. Starting Motor Assembly.

306. Cable—Starting Motor-to-
Solenoid Switch.

307. Coil—Air Heater.
308. Electrode—Air Heater.
309. Fuse.

310. Cable —Storage Battery-to-
Solenoid Switch.

430. Wire—Natural —Regulator
to "B

"
on Terminal Block to

Solenoid Switch.

431. Wire— Natural— "A -(-"Termi
nal of Battery Charging Gen
erator to Return Circuit Termi
nal of Voltage Regulator
Unit.

432. Wire—Black— "A-" Terminal
of Battery Charging Genera
tor to "ARM" Terminal of
Voltage Regulator Unit.

433. Wire— Natural with Red
Cross Tracer—"F" Terminal
of Battery Charging Gener
ator to "F" Terminal of Volt
age Regular Unit.

434. Jumper Wire—Battery Termi
nal to Switch Terminal of
Solenoid Switch.

435. Fuse Lead—to Ground.
436. Condenser—Radio Noise Sup
pressing.

256



WIRING—"E" MODEL TM5-5160

SEC. 18

Wiring—Fig. 339 illustrates the manner in which the
various assemblies comprising the electrical starting
system are wired together.

The starting motor (305), storage battery (303), bat
tery charging generator (299), voltage control unit
(300) and solenoid switch (301) as well as the
governor actuating solenoid, have been fully dis
cussed in the preceding pages of this section. The
eight point terminal block (21), ammeter (16), start
ing motor switch (17), and air heater switch (9) are
all mounted on the panel of the control cabinet and
fully treated in Sec. 20. Air heater switch (9), coil
(307), and electrode (308) comprise the complete
air heater assembly which is used to assist in start
ing the engine at low temperatures and is fully dis
cussed under "Cold Weather Starting," Sec. 21.

The starting system is protected against a possible
overload by two 20 ampere fuses contained within

push-turn connectors. One of these connectors is
installed in the wire leading to ground connection
at the magnetic switch. The other connector is
installed in the wire leading from the starting motor
to the terminal block.

All wires and conductors between the various units
of the starting system and the terminal block on the
control cabinet are properly supported at points of
strain and insulated where necessary with loom for
protection against friction and oil. Terminal points
are protected against possible shorting by insulating
with tape and shellac.

Five radio noise suppressing condensers (436) are
included in the starting system to prevent radio inter
ference. See wiring diagram on Page 256 for con
denser locations. Complete information on wiring
and circuits for the Diesel Electric Power Unit may
be had by referring to the wiring diagrams in Sec. 20.
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ENGINE STARTING SYSTEM
Models "B", "C" and "D"

Fig. 340— Location and Mounting of Units in the Electrical Starting System.
\. Storage Battery. 4. Starting Motor Assembly. 6. Belt—Generator Drive. 8. Adjusting Strep—Generator
2. Generator—Battery Charging. 5. Solenoid Starting Shift and 7. Bracket—Generator Mounting. Belt Tension.
3. Step-Voltage Control Assembly. Switch.

Description—The 12 volt electrical starting system
used on Models "B", "C" and "D" consists of a
battery charging generator, complete with cut-out
relay and step voltage control, a solenoid operated
starting motor, and a governor actuating solenoid,
all mounted on the engine proper.
A 12 volt storage battery is housed in the steel base
(Fig. 340) while a starting motor switch and charg

ing current ammeter are mounted on the unit control
panel. These units are all connected together to form
a circuit as shown in the wiring diagram on Page 280.

In this system the positive (+ ) terminal of the battery
is grounded and the negative (—) terminal is con
nected to the "BAT" terminal of the solenoid starting
switch on the cranking motor.

BATTERY
Battery Care—The storage battery is a rugged,
trouble-free source of electrical energy only when
it is properly cared for. Batteries should be checked
with hydrometer at least once a week and the
electrolyte must be maintained at the proper level
—
3/8
' above the plates.

Battery terminals and connections should be pre
vented from corroding by cleaning the cable clamp
and terminal post separately, using medium steel
wool. After cleaning, clamp together firmly; then,
coat with vaseline. These connections should be kept

free of water and dirt.

Filler plugs should be kept tight at all times, and
the top of the battery kept dry. The electrolyte should
always be maintained at the proper level, and pure
distilled water added to each cell until the solution
is about %

" above the top of the plates. This should
be done each 256 hours-—summer and winter.

Adding water to the battery in freezing weather
should be done only before the engine is run for a
period long enough to bring up the battery charge.
Unmixed water in the battery may freeze and burst
the cells, causing severe damage, necessitating
major repairs or even replacement. Periodical
hydrometer check is advisable, and should show a
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reading of not less than 1.270 for a battery in good
condition. If the reading falls below 1.225, the bat
tery should be charged from an outside source. Bat
teries not used for long periods should be checked
for electrolyte level, and specific gravity, at least

once a month. In addition, such batteries should be
given a booster charge of one ampere per positive
plate per cell every 30 days in order to compensate
for the self-discharge which is characteristic of all
lead-acid storage batteries.

BATTERY CHARGING GENERATOR AND STEP-VOLTAGE
CONTROL UNIT

Description— The Delco Remy, Model 1101730,
generator is a 12-volt bi-polar unit controlled in
ternally by an adjustable third brush and externally
by a step-voltage control. The armature shaft is sup
ported at the drive end by a ball bearing and at the
commutator end by a bronze bearing. The drive end
of the armature shaft carries a pulley for a V-belt
drive. (See Figs. 341 and 342.) The brushes are held
in reaction type holders and bear on the commutator
with a pressure of 25 ounces. The third brush bears
on the commutator with a pressure of 17 ounces.

21

Fig. 347—Generator Assembly.
5. Oilers— Hinge Cap. 23. Field Coil.
6. Drive End Frame.
9. Ball Bearing.
19. Cover Bond Assembly.
21. Armature.
21A. Commutator.

28. Brush.
36. End Frame—Commutator.
46. Through Bolts.
48. Stud— Field Terminal.
53. Stud—Armature Terminal.

The generator is mounted on a bracket attached to
the side of the cylinder block, and driven by a V-belt
from a pulley mounted on the front end of the crank
shaft. The generator, which revolves at 1.75 times
engine crankshaft speed, is mounted on the side of
the engine opposite to the blower.

To provide a simple drive belt adjustment, the gener
ator is hinged from the front and rear generator end
plates to the top of a supporting bracket, and is held
in any desired position (within the limitations of the
belt) by a clamp screw which slides in a second
slotted bracket.

\
19

Fig. 342—Battery Charging Generator with Drive Pulley
and Step Voltage Control Unit Attached

3. Drive Pulley.
5. Oiler—Hinge Cop.
6. Drive End Frame.
16. Field Frame.

19. Cover Band.
36. Commutator End Frame.
53. "ARM" Terminal Stud.
l 06. Step-Voltage Control Unit.

As shown in Fig. 343, the output of the generator is
8-10 Amps, when cold and 6-8 Amps, when hot at
2400 armature RPM. As a steady charging rate of
6-8 Amps, would soon destroy the storage battery,
an output controlling device becomes necessary. To

too izbo Tioo 2000 z«o zeco 1200
GENERATORRPM

Fig. 343—Generator Output Curve.
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Fig. 344— Step-Voltage Control Unit and Cut-Out Relay.

72. "GEN" Terminal.
73. Screws—Cut-Out Relay Arma
ture Mounting.

74. Spring—Cut-Out Relay Arma
ture.

75. Armature—Cut-Out Relay.
76. Armature Stop—Upper Cut-
Out Relay.

77. "BAT" Terminal.
78. Air Gap —Cut-Out Relay.

79. Spring Post—Cut-Out Relay.
80. Contact Points—Cut-Out Relay.
81. Gasket—Rubber.
83. Screw—Cover-to-Base.
84. Cover.

85. Spring Hanger—Lower—Step-
Voltage Control.

86. Armature Spring—Step-Volt
age Control.

87. Air Gap—Step-Voltage Con
trol.

88. Contact Points—Step-Voltage
Control.

89. Fibre Bumper.

90. Bumper Stop.

91. Armature—Step-Voltage Con
trol.

92. Contact Spring—Step-Voltage
Control.

93. Armature Stop—Upper—
Step-Voltage Control.

94. Armature Stop— Lower—
Step-Voltage Control.

95. Resistance.

96. "F" Terminal.

accomplish this, a step-voltage control together with
a cut-out relay is wired into the generator circuit.

The step-voltage control unit is mounted on the
generator field frame as shown in Fig. 342, and con
nected into the circuit as shown in the wiring dia
gram on Page 280.

The purpose of the step-voltage control is to increase
or decrease the generator output in accordance with
the requirements of the battery and the connected
electrical load. When the battery becomes properly
charged, a set of contact points in the control open
and shunt the generator field circuit through a re
sistance unit to ground.

With the resistance unit in the field circuit, the gen
erator maximum output is reduced approximately 5
to 7 amperes. If the battery should become partially
discharged, the contact points in the control close,
removing the resistance from the field circuit, and

the generator output increases to its maximum, de
pending upon the setting of the third brush.

The voltage control does not increase the maximum
output of the generator, as this is dependent entirely
upon the design of the generator and the position of
the third brush. Should the generator output be too
high, the output should be reduced by adjusting the
third brush to just meet the requirements. The voltage
control unit will then reduce the output to a safe
value when the battery becomes fully charged, and
prevent high voltages within the electrical system.

The cut-out relay, a component part of the voltage
control unit, closes the circuit between the generator
and the battery only when the generator voltage has
built up to a value sufficient to charge the battery.
The cut-out relay opens the circuit when the gen
erator slows or stops and current begins to flow back
from the battery into the generator.
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107

Fig. 345—Ammeter and Voltmeter Connections to Step-
Voltage Control for Cheeking and Adjusting

Generator Output.

48. Field Terminal (F)—Generator.
53. Armature Terminal (A)— Gen
erator.

72. "GEN" Terminal on Control.
77. "BAT" Terminal on Control.
82. Cable to Control Cabinet.
96. "F" Terminal on Control.

106. Step-Voltage Control As
sembly.

107. Generator — Battery Charg
ing.

109. Voltmeter
110. Ammeter.
111. Variable Resistance.

When the generator is at rest, the cut-out relay con
tact points are open. As the engine is started, and
the generator speed increases, there is but one path,
external to the generator, through which the current
can flow. This is through the current winding of the
relay, then the voltage winding, to ground. The
generator voltage increases with increased speed,
which causes more current to flow through the cut
out relay windings. When the voltage reaches the
value for which the relay has been set, it is forcing
enough current through the windings to create in
the core sufficient magnetism to overcome the ar
mature spring tension. The armature is pulled down
toward the core, the contact points are closed, and
current flows through the points to the battery. This
current flows through the current winding in the
right direction to add to the magnetic force holding
the armature down and the points closed.

Should the generator slow to below generating
speed, or stop, current will begin to flow from the
battery to the generator. The direction of current
flow in the voltage winding is always the same, to
ground; therefore, its magnetic field is always in the
same direction. But with the direction of current flow
in the current winding reversed, its magnetic field
is reversed.

The magnetic fields of the two windings now buck
each other and the resultant magnetic field is no
longer strong enough to hold down the armature.
The armature is pulled up by its spring tension; the
circuit is broken. Thus, a cut-out relay may be
thought of as an electrical check valve which per
mits current to flow in only one direction—from
generator to battery.

Generator Lubrication —The generator bearings
are lubricated through hinged cap oilers. The appli

cation of 5 drops of engine oil every 128 hours of
operation provides sufficient lubrication to keep the
bearings in good condition.

Service—Testing and Adjusting Generator Cir
cuit—No attempt should be made to test or adjust
any part of the generator circuit without dependable
instruments.

To check the generator, an accurate 0-10 or 0-20
ampere ammeter, an accurate 0-20 volt voltmeter,
and a 2-ohm variable resistance of sufficient capac
ity to carry 10 amperes continuously, are needed.
DO NOT RUN OR TEST GENERATOR ON OPEN
CIRCUIT. TO DO SO MAY DESTROY CONTROL
OR GENERATOR.

Quick Generator Step-Voltage Control Checks.
1 . A low charging rate with a fully charged battery
indicates proper operation.

2. Excessive gassing of the battery indicates over
charge. The voltage control is designed to reduce
the generator charging rate to approximately 2
amperes at 2000 generator RPM (approximately
1200 engine RPM) when the battery has ap
proached a fully charged condition. Check the
voltage control action by stopping the engine
and connecting ammeter into the charging cir
cuit, as shown in Fig. 345. Disconnect load from
"BAT." terminal of voltage control and connect
negative ammeter lead to this terminal. Connect
positive ammeter lead to disconnected lead. With
the ammeter connected and the engine restarted,
there should be 6 to 8 amperes charge for a short
time (up to 30 minutes with a charged battery).
As the current used in starting is replaced in the
battery, it will come up in voltage until the volt
age control operates. This should reduce the
charging rate to about two amperes. Failure of
the units to operate in this manner will necessitate
their being taken off the engine for further check
and adjustment as described on Page 262.

3. A low battery, and a low or no charging rate,
indicate either the third brush of the generator
or the voltage control is out of adjustment. Loose
connections in the charging circuit, particularly
at the battery terminals, may also cause a low
charging rate with a low battery. Connect am
meter in the charging circuit as described above.
With the generator operating at about 2000
RPM (approximately 1200 engine RPM) and a
low battery, the output should be 6 to 8 amperes.
If less than 5 amperes is obtained, connect a
jumper lead from the "F" terminal of the voltage
control to ground (base of voltage control is satis
factory). If the output increases to 6 or 8 amperes,
the trouble is in the voltage control. If the output
does not increase to 6 to 8 amperes with the
jumper lead connected from the "F" terminal of
the voltage control to ground, the generator is at
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fault, and it must be checked further, as dis
cussed under "Checking Generator Output."

Checking Generator Output.

1 . Refer to Fig. 345 and disconnect lead from "BAT."
terminal of voltage control and connect to one
terminal of the variable resistance. Connect
positive ammeter lead to "BAT." voltage control
terminal. Connect negative ammeter lead to
other terminal of the variable resistance. Con
nect negative voltmeter lead to "BAT." voltage
control terminal and positive lead to ground
(base of voltage control or generator frame).

2. Connect a jumper lead (not shown in diagram)
between the "F" terminal of the voltage control
unit and the ground to eliminate the voltage-
control resistance.

3. Operate engine at rated speed.

4. Adjust variable resistance until voltmeter reads
14.1 to 14.5 volts. The output should be approxi
mately 6 to 8 amperes with the generator at
operating temperature. Adjust the generator out
put by shifting the third brush in the direction of
rotation to increase the output, and in the op
posite direction to decrease the output. Adjust the
variable resistance after shifting third brush to
maintain 14.1 to 14.5 volts before taking ampere
reading.

Before moving the third brush, it is neces
sary to loosen the clamp screw on the face of
the commutator end frame. Do not loosen this
screw more than one or two turns. Considerable
force may be required to move the third brush

106

96-

107
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109 110

Fig. 346—Ammeter and Voltmeter Connections for
Checking and Adjusting Cut-Out Relay.

48. Field Terminal (F)—Generator.

53. Armature Terminal (A)— Gen
erator.

72. "GEN" Terminal on Control.
77. "BAT" Terminal on Control.

82. Cable to Control Cabinet.

96. "F" Terminal on Control.
106. Voltage Control Unit.
107. Generator — Battery Charg
ing.

109. Voltmeter.
110. Ammeter.

due to the construction of its mounting. (See Fig.
349 for details.)

CAUTION: Never under any circumstances, set the gen
erator output above 8 amperes at 14.1 to 14.5 volts.

5. If unable to obtain 6 to 8 amperes by shifting the
third brush, remove the generator and voltage
control and service them in the manner described
in the following pages of this section.

Checking Cut-Out Relay —Connect the test leads
of an ammeter and voltmeter into electrical system
as shown in Fig. 346. Start engine, gradually in
crease speed, and note the relay closing voltage. The
reading should be 12.9 volts to 13.9 volts.

Decrease the engine speed and note on ammeter
the reverse current necessary to open the points.
This reading should be from 0 to 4.0 amperes. If
adjustments are necessary, disconnect the regulator,
remove the cover and make adjustments as described
under "Adjustments—Cut-Out Relay," Page 267.

Remove Generator from Engine—With hood
side panel on exhaust side of engine removed, the
generator and step- voltage control assembly may
be taken off the engine as follows:

1. Disconnect from "BAT." terminal of voltage
regulator the lead wire to the control cabinet.

2. Remove the belt-tension-adjusting bolt from the
drive end frame at front of generator and drop
adjusting arm out of way against cylinder block.

3. With generator suitably supported, remove the
two bolts, nuts, and washers holding generator
to mounting bracket, free generator from drive
belt and remove to work bench.

Disassemble Generator —After testing has proved
it necessary, the generator may be torn down for
repair and rebuilding by referring to Fig. 349 and
proceeding as follows:

1. Remove nut (52) and lockwasher (51) from each
generator terminal stud (48) and (53) and dis
connect leads (63) to regulator assembly. Re
move two regulator mounting screws (60) with
toothed lockwasher (61) and plain washer (62)
and remove regulator assembly from generator.

2. Remove cover band assembly (19) by taking out
retaining screw (20). Disconnect field terminal
lead (24) from movable brush and armature
terminal lead (18) from one stationary brush by
removing brush lead screws (64) and lock
washers (65). The two loose brushes (27) and

(28) may be removed at this time.

3. Remove two through bolts (46) and gently tap
commutator end frame away from field frame
and armature.
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4. Disassemble Commutator End Frame—

(a) Remove three screws (30) and lockwashers
(31) holding stationary brush holder assem
bly (33) to end frame and remove entire
holder assembly along with tension spring
(32). Remove third brush locking screw (39),
and clamp (35), then with a screwdriver, lift
third brush mounting ring (34) off hub of
end frame.

(b) Remove three screws (44) and lockwashers
(45) holding corer (43) to commutator end
frame. Remove gasket (42). Oil wick (41)
may now be pulled from place. .

(c) If necessary, bushing (38) may be removed
from the frame by pressing out in an arbor
press or a suitable bench vise. Hollow sleeves
of the proper diameter are necessary for
this operation.

(d) The remaining stationary brush may now
be removed by taking out the brush lead
screw (64). Brush tension arms and tension
springs can be removed if necessary by re
leasing the tension on the spring with a pair
of needle-nose pliers and then sliding the two
pieces off the hinge pin along with the small
spacing washer (29).

5. Separate field frame and coil assembly from
drive end frame and armature by tapping
lightly with a soft hammer. Then, with arma
ture supported in soft jaws of a bench vise, loosen
and remove lock nut (1) and lockwasher (2) and
with a suitable gear puller, remove pulley (3)
and key (66) from armature shaft. The drive end
frame assembly may now be separated from the
armature and the two loose spacers (4) and (14)
removed from the end frame.

6. Disassemble Drive End Frame—

(a) Remove three screws (12) and lockwashers
(13) holding bearing retainer and gasket to
end frame and remove retainer and gasket.

(b) Ball bearing (9), which is a slip fit in the
end frame, may be lifted from place along
with felt oil-distributing washer (7) and its
retainer (8).

7 Disassemble Field Frame—

(a) With a dab of paint, mark the location of
pole pieces (22) and field windings (23)
within the field frame.

(b) From the field terminal stud (48) on outside
of frame remove nut (52), lockwasher (51),
plain washer (50), and insulating washer
(49); then press the terminal stud down and
into field frame. If necessary, the armature
stud (53) with lead (18) attached may be
removed through inside of frame by taking

'<

Fig. 347—Wiring Diagram for Checking Grounded Armature.

1. 110 or 220 Volt Line.
2. Test Points.
3. Insulated Handles.

4. Flexible Leads.
5. Light Bulb.

off nut (52), lockwasher (51), plain washer
(50) and insulating washer (49).

(c) Using a heavy socket screwdriver, or if
necessary, a drift punch, loosen the two
pole piece screws and remove. Pole pieces
and field coils may now be removed from
the frame.

NOTE: Care should be taken not to break or damage the
insulated connection between the two field coils.

Fig. 348—Checking Generator Armature with "Growler"

\ . Laminated Iron Core.
2. Steel Strip Held Over Slot in
Armature.
3. Armature.

4. Winding.
5. Wires Connected to 110 Volt
A.C. Line.
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Cleaning and Inspection of Parts— (a)

After disassembly, all parts should be cleaned,
examined, and defective parts replaced. The pro
cedure of cleaning and inspecting parts is as follows:

1. Armature —Do not clean the armature by any
degreasing method, since this would damage the
insulation and might ruin the armature. Wipe (b)
with a clean cloth slightly dampened with carbon
tetrachloride or similar solvent. H commutator
is rough, out of round, worn, has high mica, filled
slots, or is burned, it must be turned down in a
lathe and the mica undercut. Armature may be
checked for ground, open or short circuit, as
follows:

Ground—Check with test lamp and test
points from the commutator to the armature
shaft or lamination. If the lamp lights, indi
cating ground, and if the ground is not
readily apparent and repairable, the arma
ture must be replaced.

Open Circuit—An open circuited arma
ture is easily detectable, since this condi
tion produces badly burned commutator
bars. The bars connected to the open coils
in the armature soon burn since every time
they pass under the brushes they interrupt
a flow of current so that heavy arcing
occurs. If the bars are not too badly burned,

Fig. 349—Battery Charging Generator Details and Relative Location of Parts.

46 43 47 42 41 39 36 34 32

35 33 31 29 26

1. Lock Nut. 20.
2. Lock Washer 21.
3. Drive Pulley. 22.
4. Spacei—Thick. 23.
5. Oiler. 24.
6. End Frame—Drive. 25.
7. Washer— Felt Oil Distributing. 26.
8. Retainer—Felt Oil Washer. 27.
9. Ball Bearing. 28.
10. Gasket—Bearing Retainer. 29.
11. Bearing Retainer. 30.
12. Screw—Bearing Retaining.
13. Lock Washer—Bearing Retain- 31.
ing Screw. 32.

14. Spacer—Thin.
15. Dowel— Field Frame to Drive 33.
End Frame. 34.

16. Field Frame.
17. Screw— Pole Shoe. 35.
18. Lead— Armature Terminal.
l 9. Cover Band Assembly. 36.

Screw—Cover Band.
Armature.
Pole Piece.
Field Coils.
Lead— Field Coil to Brush.
BrushTension Arm.
Spring—Main BrushTension.
Brush—Stationary.
Brush—Movable.
Spacer—Brush Retainer.
Screw—BrushHolder Assembly-
to-Commutator End Frame.
Lock Washer.
Tension Spring—Movable
Brush Ring.
BrushHolder Assembly.
Mounting Ring—Movable
Brush.
Clamp— Movable Brush Lock
ing.
End Frame—Commutator.

37. Dowel—Commutator End 53.
Frame-to-Field Frame. 54.

38. Bushing—Commutator End 55.
Frame. 56.

39. Screw—Movable Brush Lock- 57.
ing Clamp.

40. Lock Washer. 58.
41. Oil Wick—Commutator End.
42. Gasket—Commutator End 59.
Cover to Frame. 60.

43. Cover—Commutator End
Frame. 61.

44. Screw—Cover Retaining. 62.
45. Lock Washer. 63.
46. Through Bolts.
47. Lock Washers. 64.
48. Terminal Stud— FlELD. 65.
49. Washei—lnsulating. 66.
50. Flat Washer. 67.
51. Lock Washer.
52. Nut—Terminal Stud. 68.

Terminal Stud— ARMATURE.
Step-Voltage Control.
Cut-Out Relay.
Cover—Regulator Assembly.
Gasket—Regulator Assembly
Cover-to-Base.
Screw—Regulator Assembly
Cover Hold-Down.
Lock Washer.
Screw—Regulator Assembly
Mounting.
Lock Washei—Toothed.
Washer— Plain.
Leads—Regulator-to-Gen-
erator Terminals.
Screws— Brush Retaining.
Lock Washers.
Woodruff Key— Shaft-to-Pulley.
Connecting Lead Between Field
Coils.
Spring—Third Brush Tension.
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the armature may often be saved. (See
Armature Repair, below.)

(c) Short Circuit —A shorted armature may be
detected on a growler. The growler is a
strong electromagnet connected to a source
of alternating current. When shorted arma
ture is placed on the growler, and a hack
saw blade held above the shorted coils in
the armature, the blade will be alternately
attracted to and repelled from the armature,
causing the blade to buzz against the arma
ture. Before discarding an armature test
ing shorted, inspect the commutator slots
carefully, since copper or brush dust some
times collects in the slots and shorts adjacent
bars.

2. Fields—The fields should not be cleaned by any
degreasing method, since this would damage
the insulation and might ruin the windings. Clean
by wiping with a clean, dry cloth. Be careful
in handling the winding assembly to avoid
breaking or weakening the connecting lead be
tween the two windings. Test the field current
draw by connecting a 12-volt battery and an
ammeter in series with the two field leads. The
current draw should be 1.5 to 1.67 amperes at
12 volts. Replace windings if they do not meet
specifications. The field insulation should be in
good condition. If it is charred or worn away so
that the wire is exposed, it is sometimes possible
to re-wrap the windings with insulating tape and
paint them with insulating compound. All
soldered connections should be made with rosin
flux solder. If the terminal stud or clip is dam
aged, replace.

3. Brushes—If the brushes are worn down to %"
(original length %"), replace. New brushes may
be seated with a brush seating stone. The brush
seating stone is an abrasive material which,
held against a revolving commutator, disinte
grates, carries under the brushes and seats
them in a second or two. After seating brushes,
blow out with air.

4. Brush Springs—The brush springs should have
sufficient tension to provide the proper pressure
between the brushes and commutator after the
unit is assembled. This may be checked by
assembling the brushes, brush springs, and arms
to the commutator end frame placing the com
mutator in position in the end frame and then
checking with a spring gauge the amount of pull
required to raise the brush arms from the brushes.
Replace springs if tension is not 25 ozs. on the
main brushes and 17 ozs. on the movable third
brush.

5. Securing—If the bearing appears to roll roughly,
or sloppily, replace it. Otherwise, the bearing

may be cleaned by rotating it in carbon tetra-
chloride, drying it with air, and immediately re-
lubricating with ball bearing grease.

6. Brush Ring—If the brush ring, brush arm pins,
brush holders, spring stop pins are damaged
(bent, warped, cracked, insulation burned, etc.),
replace. The ring is of a riveted construction so
that it must be serviced as a unit.

7. Miscellaneous —Any defective insulator, screw,
washer, lead, stud, retainer, plate, etc., should
be replaced. Cracked, bent, battered, worn,
burned insulators and washers are defective.
Screws or studs which are bent, battered, broken,
or which have crossed or damaged threads, are
defective. Leads which have broken strands,
badly frayed insulation, are defective.

Generator Repair Operations—

1. Armature —Conditions in the armature requir
ing repair are:

(a) Commutator worn, dirty, etc.—If the
commutator is rough, worn, out of round, has
high mica, filled slots, burned spots, place
the armature in a lathe and turn down the
commutator. Make cut no deeper than neces
sary. Minimum diameter of commutator
should be 1.675 ". If it is necessary to turn
the commutator below this diameter, discard
the armature. Undercut mica \&.

(b) Armature Open—Some bars badly burned,
with other bars fairly clean, indicates an
open-circuited armature. The open circuit
will usually be found at the commutator riser
bars and is often a result of generator over
load—the consequence of an excessively
high generator output resulting from a too
advanced third brush adjustment. If the bars
are not too badly burned, the armature may
sometimes be saved by resoldering the leads
in the riser bars with rosin flux, turning the
commutator down and undercutting the
mica. Make sure the third brush is adjusted
according to specifications.

2. Fields—Conditions in the field windings requir
ing repair are:

(a) Field Insulation Defective— If the field
insulation is defective, charred or worn
away, so the field circuit is, or could become,
grounded, it may sometimes be repaired by
re-wrapping the field windings with insulat
ing paint. This operation must be executed
with care and neatness, since excessive
bulkiness of the tape will prevent reassem
bling the windings under the pole shoes in
the proper manner. All soldered connection*
should be made with rosin flux solder.
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Fig. 350— Step-Voltage Control Assembly Showing Details of Cut-Out Relay (LEFT) and Step-Voltage Control (RIGHT).

72. "GEN" Terminal. 78.
73. Screw—Cut-Out Relay Arma
ture Mounting. 79.

74. Spring—Cut-Out Relay Arma- 80.
ture. 85.

75. Armature—Cut-Out Relay.
76. Armature Stop—Upper Cut- 86.
Out Relay.

77. "BAT" Terminal. 87.

Air Gap—Cut-Out Relay (.01 5
Inch).
Spring Post—Cut-Out Relay.
Contact Points—Cut-Out Relay.
Spring Hanger—Lower—Step-
Voltage Control.
Armature Spring—Step-Volt
age Control.
Air Gap—Step-Voltage Con
trol.

88. Contact Points—Step-Voltage
Control.

89. Fibre Bumper.
90. Bumper Stop.
92. Contact Spring—Step-Voltage
Control.

93. Armature Stop—Upper—Step-
Voltage Control.

94. Armature Stop—Lower—Step-
Voltage Control.

95. Resistance.
96. "F" Terminal.
97. Screws—ResistanceMounting.
98. Screws—Armature Mounting
—Step-Voltage Control.

103. Contact Point Opening Cut-
Out Relay (.020 inch).

104. Contact Point Opening Step-
Voltage Control (.015 inch).

Service—Step-Voltage Control Assembly—As a
rule, the voltage regulator should not be disassem
bled. The only exception is where some part such
as the cut-out relay or step-voltage control armature
requires replacement. The adjustments of the unit
are delicate and must be made with great precision
in order to obtain normal operation of the unit.
Actually, only a few parts can be removed from the
unit, since the windings, terminals, etc., are assem
bled by riveting.

Disassemble Step-Voltage Control—

1. Remove cover by removing screw (83) and
washer. (See Figs. 344 and 349.)

2. Remove resistance by unscrewing two screws (97)
and lockwashers. This also disconnects lead
soldered to voltage control armature.

3. Detach voltage control armature (91) by remov
ing spring (86), two screws (98), lockwashers and
washers. Lead may be unsoldered from armature.

4. Remove two screws (73) and lockwashers and
remove cut-out relay armature (75) and flat two
hole washers. It is not necessary to unsolder lead
from the two hole clip washer.

Inspection of Parts—General—All parts should
be examined, with particular emphasis on the con
tact points in both the cut-out relay and the voltage
control unit. Points which are dirty, burned, or oxi
dized should be cleaned. The point and fibre bumper
on the flat spring on the voltage control armature,
and the point on the cut-out relay armature should
be assembled tightly. Leads, windings, insulators,
screws, washers, must all be in good condition. If the
windings, stationary cut-out relay contact point,
insulators, are burned or otherwise defective, re
place the complete step-voltage control. The step-
voltage control is mostly of riveted construction and
only the parts now disassembled are serviceable
items.

Repair—Step-Voltage Control Assembly—Con
tact Points—which are pitted, rough, dirty, or
burned may be cleaned with a stroke or two of a
clean, fine-cut contact file. Blow out all dust. Be care
ful in cleaning the voltage control unit contact points
to avoid bending or distorting the flat armature
spring. The spring should hold the two points in con
tact with the proper spring tension. Never use emery
cloth or sandpaper to clean the points, since small
particles of emery or sand might embed in the points
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surfaces and prevent good contact. Do not touch the
points surfaces after cleaning them, since any trace
of oil or grease may cause the points to burn.

Assemble Step-Voltage Control—

1. Attach cut-out relay armature (75) with two
screws (73) and lockwashers. Thick two hole
washer goes under relay armature, while thin
two hole clip washer goes over armature.

2. Attach voltage control armature (91) with two
screws (98), lockwashers and washers. Solder
lead to armature if it has been unsoldered and
hook spiral spring (86) between armature and
lower spring support. Use only rosin flux solder
where required.

3. Attach resistance (95) with two screws (97) and
lockwashers. This also attaches other end of lead
from voltage control armature. Lead should be
attached under screw and lockwasher nearest
voltage control unit.

4. Attach cover with screw and washer.

Cut-Out Relay Adjustments —

1. Air gap (.015 inch) —With the contact points
held closed, check the air gap between the arma
ture and the center of the core. To adjust, loosen
the two screws at the back of the relay and raise
or lower the armature as required. Tighten
screws securely after adjustment.

2. Point Opening (.020 inch) —Measure point
opening with points open. Adjust by bending the
upper armature stop.

3. Closing Voltage (12.9 to 13.9 volts)— Connect
voltage control to generator and battery in
normal manner to check relay closing voltage.
Connect voltmeter from "GEN" terminal to volt
age control base. It is not necessary to connect
ammeter into circuit unless it is desired to meas
ure generator output. Gradually increase gen
erator speed and note voltage at which relay
points close. Adjust by bending up on the spring
post to increase the spring tension and raise the
closing voltage. Bend down to lower closing
voltage.

Step-Voltage Control Adjustments —

1. Contact spring tension (0.7-1.4 oz.)—The flat
contact spring (92) tension is measured at the
contacts (88) with the armature and spring just
separated from the upper stop (93). The pull
required to separate the points should be care
fully measured with a spring gauge. Adjust by
slightly bending the flat spring.

2. Air Gap (.045 in.)—The air gap is measured
between the center of the core and the armature
with the armature (91) held down against the

lower armature stop (94). Bend the lower arma
ture stop to adjust.

3. Armature Travel (.045 in.)—Release the arma
ture and gauge the distance between the arma
ture and the lower armature stop. Adjust by
bending the upper armature stop.

4. Point Opening (.015 in.)—With the armature
held down against the lower armature stop,
measure the contact point opening (104). Adjust
by bending bumper stop (90).

5. Voltage Setting— The opening voltage (14.1-
14.7 with unit hot— 180° F.) of the contact points
is checked by connecting the meters and !<

£

ohm
variable resistance, as illustrated in Fig. 345, to
the voltage control, generator and battery. In
crease generator speed slowly and note the volt
age at which the contact points of the voltage con
trol unit open. The moment at which the contact
points open will be indicated by the sudden drop
in charging rate as shown by the ammeter.
STEP- VOLTAGE CONTROL MUST BE AT OP
ERATING TEMPERATURE AND COVER MUST
BE IN PLACE. If the battery is low, the voltage
control may not operate. To obtain sufficient
voltage to cause the voltage control points to
open, operate the generator at medium speed
and slowly cut in resistance until the voltage
control points open. Note voltage. To adjust,
bend the spiral spring hanger down to increase
the opening voltage setting. Bend up to lower
the setting.

The closing voltage (12.0 max. volts) is checked by
reducing the generator speed or cutting out
resistance so the voltage drops to the value at
which the points close. Adjust by adjusting the air
gap, as described above. Increase the air gap to
raise the closing voltage, or decrease the air gap
to lower the closing voltage. After readjusting the
air gap, readjustment of the contact point open
ing may be required.

Assemble Generator—Having made all necessary
repairs and using new parts where required, refer
to Fig. 349 and assemble the generator as follows:

1 . Assemble Field Frame—

(a) Set field coils (23) and pole pieces (22) in
position inside of frame (16) as indicated by
the paint dabs placed on pieces at disassem
bly and secure in place with two heavy
screws (17). After assembly, field coils must
be far enough away from ends of frame to
allow proper positioning of the two end frame
assemblies. The field terminal stud (48),
brush lead (18), and coil connecting lead
(67) must be at commutator end of field
frame.
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(b) Place terminal stud (48) of field coil through
opening in frame marked "F" and then
place over the stud an insulating washer
(49), a plain washer (50), and a lock washer
(51). Secure in place with nut (52). The
armature terminal stud (53), with brush lead
(18) attached, may be inserted from inside
frame through the remaining hole, marked
"A" and secured in place using parts
identical to those on the field terminal stud.

2. Assemble Drive End Frame—

(a) Place felt oil -distributing washer (7) into
bore of end frame followed by the metal felt
retainer (8). Concave side of retainer must
be toward felt. Lower ball bearing assembly
(9) into place in frame.

(b) Set bearing retainer gasket (10) and re
tainer (1 1) in place over bearing and fasten
with three screws ( 12) and lock washers (13).

(c) Spacers (4) and (14) may be set in place,
awaiting assembly of drive end frame to
armature shaft and field frame.

3. Assemble Commutator End Frame—

(a) If bushing (38) was removed from end frame
(36), it may now be pressed into place with
an arbor press or bench vise. Do not attempt
to drive bushing into end frame. When install
ing bushing be sure oil cut in bushing lines up
with bore in frame for oil wick.

(b) Oil wick (41) may be pushed into the oil
wick bore with some sharp tool that can be
hooked into the felt. If a new wick is used, it
should be soaked in oil before installing.

(c) Replace gasket (42) and cover (43) and
secure with three screws and lock washers
(44) and (45).

(d) If removed, tension arms (25), space washers
(29) and brush springs (26) and (68) must
now be assembled onto the hinge pins of the
brush holder assembly. Note that the tension
spring for the movable third brush is differ
ent irom the two springs for the main brushes
and may be recognized by its cadmium
finish contrasting with the copper finish of
the main brush springs.

Slip a washer (29) over each hinge pin and
then with a spring and tension arm held
properly together (straight end of spring
through hole in arm) slide the two pieces
over the hinge pin. With pliers or a hooked
tool, compress spring and snap spring arm
over catch on holder assembly to lock in
place.

(e) Place movable brush mounting ring (34) in
place over hub of end frame with brush box

near mounting extension. Fasten clamp (35)
in place over ring with clamp screw and
lock washer (39) and (40).
Locate main brush holder assembly (33) on
end frame and fasten with three screws and
lock washers (30) and (31). Be sure flat
tension spring (32) is in position under center
screw and bearing against movable brush
mounting ring as shown in Fig. 349.

(f
) Two carbon brushes (27) and one carbon

brush (28) may now be inserted in the hold
ers. Note that the movable brush differs from
the main brush and may be distinguished
by a notch on the top surface into which the
tension arm fits. Brushes must be put in
holders so that the bottom surface properly
fits the commutator as it rotates. To assure
this contact, pigtail leads must be on side of
brush away from end frame. Connect brush
leads to holders temporarily with retaining
screws and lockwashers (64) and (65) and
tip brushes in box holders so that commu
tator may easily be inserted between them.
To tip brushes, raise brush out of box until
tension arm rests on side of brush rather
than the top.

4. Support armature — commutator down—in soft
jaws of vise with shaft end resting on vise frame.
Slip narrow spacer (14) over shaft followed by
the drive end frame assembly. Set large spacer
(4) in position over shaft and against inner bear
ing race and tap end frame into position against
shoulder on armature shaft.
Place Woodruff key (66) in keyway and start
pulley (3) onto shaft. Using a short sleeve, tap
pulley into position on shah leaving .015" to .020"
clearance between pulley and spacer (4) . Secure
pulley with nut and lock washer (1) and (2).

5. Stand assembled armature and drive end frame
on outer pulley face and slip field frame ass m-
bly over armature and into place against drive
end frame. Be sure dowel (15) is in place in
field frame.

6. Place commutator end frame assembly over shaft
and commutator and up against field frame
matching dowel of end frame to dowel hole in
field frame.
Release the three tipped brushes and set them in
place against the commutator making sure they
are in proper position for clockwise rotation
looking at drive pulley end of generator.
Connect lead wire (24) from field coil to brush
lead screw on movable third brush and connect
lead (18) from "A" terminal (53) to insulated
main brush. If necessary, commutator end frame
may be backed out of dowel hole and rotated
to make these connections.
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7. Tighten all brush lead or retaining screws (64)
securely, making sure lock washer (65) is in
place on each screw. Then replace the two
through bolts (46) and lock washers (47) to hold
entire generator assembly together and tighten
bolts firmly. Brush pigtails must be positioned so
they will not interfere with rotating parts.

8. A new or rebuilt voltage control unit assembly
(see Pages 266 and 267) may now be attached to
the field frame, using screws (60), lock washers
(61) and flat washers (62).

NOTE: One hole in the field frame is plugged with an extra
set of control unit mounting washers and screw. Control unit
must be positioned so as to set in a horizontal position

when installed on engine.

Fig. 351—Battery Charging Generator Mounting and
Belt Tension Adjustment.

6. Drive End Frame.
69. Bracket— Generator Mounting.
70. Strap—Generator Adjusting.

71. Belt—Generator Drive.
82. Cable—Voltage Control Unit-
to-Control Cabinet.

Using the two leads (63), connect "F" terminal of
generator to "F" terminal of control unit and
"A" terminal to "GEN" terminal.
Rotate generator by hand to check for free move
ment of armature in bearings. Brushes may be
lifted for double check if generator seems to turn
too hard.

9. If a test stand is available, make tests and ad
justments as outlined on Pages 261 and 262 be
fore installing generator on engine.

With no test stand, the generator must be in
stalled on the engine and then tested and ad
justed before continuous operation is attempted.

Replace Generator on Engine—

1. Hang generator assembly to mounting bracket
with two bolts, lock washers, and nuts as shown
in Fig. 351.

2. Fasten adjusting strap (70) to bottom extension
of drive end frame (6), and adjust drive belt
tension as outlined on Page 129, Sec. 13.

3. Attach cable (82) from control cabinet to "BAT"
terminal on voltage control unit.

INSTALLATION CAUTION—
After the generator is re-installed on the engine,
or at any time after leads have been disconnected
and then reconnected to the generator, a jumper
lead should be connected momentarily between
the battery "BAT" and armature "GEN." ter
minals of the voltage control unit before starting
the engine.

This allows a momentary surge of current from
the battery to the generator which correctly
polarizes the generator with respect to the bat
tery it is to charge.

Never operate the generator on open circuit. To do
so will allow it to build up a dangerously high
voltage which will probably result in complete
generator failure.

4. Run tests and make adjustments on generator
and voltage control unit as outlined on Pages
261 and 262 before putting generator into con
tinuous operation.

STARTING MOTOR
The starting motor, Model No. 1108726, is a 4-pole,
8-brush, 12-volt, series wound, heavy-duty unit. A
solenoid starting shift and switch is mounted on the
motor and is operated by remote control from the
control cabinet. The armature shaft is supported
on three plain bearings provided with wick oilers.
The Dyer Drive, at the rear end of the shaft, is used

to transmit the power of the starting motor to the

engine flywheel. (See Fig. 352.)

Operating Characteristics —Starting Motor—
The starting motor, running free (no load test), draws
100 amperes maximum at 11.6 volts at a speed of

5000 RPM; and with the armature locked, the motor
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draws a maximum of 570 amperes at 2.2 volts and
develops 20 Ibs. ft. torque.

Solenoid Starting Shift and Switch— The sole
noid starting shift and switch is mounted on the start
ing motor and connected to the batteries and starting
motor, as shown in Figs. 352 and 365. Remote control
starting is accomplished by means of a starter switch
in the control cabinet, which, upon being closed,
energizes the starter solenoid. Inside the solenoid is
a heavy plunger, which is connected by linkage to
the pinion shift lever, which operates the Dyer Drive.
When the starter switch (in control cabinet) is
closed, the battery energizes both the PULL-IN and
HOLD-IN coils. (See Fig. 353.) The PULL-IN coil,
which draws a comparatively heavy current for a
short interval, moves the plunger which pulls the
pinion into mesh with the flywheel ring gear. The
HOLD-IN coil also assists in this operation. Continua
tion of the plunger movement closes the solenoid
switch contacts permitting the starting motor to crank
the engine. During the cranking operation, only the
HOLD-IN coil, drawing but a few amperes, is
energized.

Starting Motor and Dyer Drive— The Dyer Drive,
which transmits the power of the starting motor to
the engine flywheel, consists of the splined portion
of the armature shaft, the shift sleeve, the pinion
guide, the pinion, the pinion stop, washers, and
springs. The thrust washers furnish a thrust bearing
for the shift sleeve when it is in the returned position;
the springs aid in the lock operation and in the en
gagement action. The entire drive is contained in the
starting motor drive housing, and is operated by a
remotely controlled solenoid. The movement of the
pinion is controlled by means of a shift lever which is

106A

Fig. 353—Solenoid Switch Electrical Circuit.
3. Solenoid Cable.
6. Shifter Link.
75. Shifter Lever.
82A. Hold-ln Coil.
82B. Pull-in Coil.
106A. "MOTOR" Terminal.

106B. "BAT" Terminal.
113. Switch Terminal.
115. Starter Button.
116. Battery.
1l 7. Starting Motor.

connected directly to the shift sleeve. (See Figs. 352
and 354.) The Dyer Drive provides for positive en
gagement of the starting motor pinion with the engine
flywheel before the starting motor switch contacts are
closed or the armature is rotated. The pinion is
thrown out of mesh with the flywheel by the reversal
of torque as the engine starts.

Starting Motor Lubrication- —The starting motor
bearings are lubricated through hinged-cap oilers.
Application of five drops of engine oil every 512
hours of operation provides sufficient lubrication to
keep the bearings in good condition.

Oil is applied to three oilers located along the length
of the starting motor, as follows:

1. Front, or commutator, end of motor.

2. Center, just beneath link end of solenoid.

3. Rear end of motor drive housing. Available
through plugged hole in outer surface of flywheel
housing.

23 4 11 16 13 12 27 30

Fig. 352—Starting Motor Assembly.
1. Cover Band.
2. Frame Assembly— Commutator
End.

3. Cable—Solenoid-to-Starting
Motor.
4. Frame Assembly—Field.
5. Solenoid Switch.
6. Link Assembly.
7. Pin— Shift Lever.
11. Plate Assembly—Center Bear
ing.

12. Housing Assembl y—D y e r
Drive.

13. Bolts—Drive Housing.
16. Bushing—Center Bearing Plate.
17. Oiler—Center Plate Bearing.
23. Armature.
27. Shift Sleeve.
30. Pinion—Motor Drive.
31. Collar—Motor Drive Pinion
Stop.

Fig. 354—Complete Dyer Drive and 1ts Component Parts.
23. Armature Shaft.
25. Space Washer—Ploin.
26. Space Washer— Cupped.
27. Shift Sleeve.
28. Pinion Guide.

29. Pinion Spring.
30. Pinion.
31. Pinion Stop.
32. Cotter Pin.
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Starting Motor Service—The starting motor
cover band should be removed, when the engine is
overhauled, for inspection of the commutator and
brush connections. If the commutator is dirty, it
should be cleaned with No. 00 sandpaper. Never
use emery paper to clean the commutator. A glazed or
blued commutator does not indicate a condition re
quiring service, as this is a normal and satisfactory
condition on a used unit. The brushes should be
examined and replaced if unduly worn. All the
electrical connections should be kept clean and
tight, and the brush spring tension maintained at
34 to 40 ounces. When the engine is operating in
very dusty surroundings, the starting motor should
be periodically removed and thoroughly blown out
with dry compressed air. If dust and dirt accumula
tions are allowed to collect inside the motor, such
accumulations will interfere with the operation of
both the motor and the Dyer Drive.

CAUTION 1: Never put oil on the commutator or brushes.

CAUTION 2: Never crank an engine with the batteries over
30 seconds at any one time. If the engine does not start
in this length of time, locate the trouble and make cor
rections.

Solenoid Service— If the starting motor solenoid
fails to operate when the starter switch is closed and
the external wiring is in order, the PULL-IN coil is
defective. If the plunger pulls in and immediately
releases, repeatedly, the HOLD-IN coil is defective.
In either case, replace the coil and shell assembly.

Starting Motor Disassembly:
For purposes of simplicity in disassembly, inspection,
repair, and re-assembly of the starting motor assem
bly, the following procedure may be followed. First
the starting motor will be torn down into six sub-
assemblies and then each sub-assembly in turn will
be disassembled, repaired, and reassembled.

I. Disassembly into Main Sub-Assemblies—
1 . Unscrew terminal nuts (33) (See Figs .355 and 356)

12

22 -23 ^ / ' x24-^ 25' 26 X27 "30

fig. 355—Starting Motor Disassembled into Main Sub-Assemblies.
20. Screw— Brush Lead.
21. Bolts—Commutator End Frame
Attaching.
Washer —Armature Brake22.

27. Shift Sleeve.
28. Guide—Motor Drive Pinion.
29. Spring —Motor Drive Pinion
Meshing.

\. Cover Band.
2. Frame Assembly—Commutator
End.
3. Cable— Solenoid Connector.
4. Reid Frame Assembly.
5. Solenoid Switch.
6. Link Assembly.
7. Pin—Shift Lever.
8. Cotter Pin.
9. Screws—Solenoid Switch
Mounting.

"enter Bear-
10. Lock Washers.
11. Plate Assembly-
ing.

12. Housing Assembly—Dyer Drive.
13. Bolts—Drive Housing.
14. Plain Washers.
15. Lock Washers.
16. Bushing—Center Bearing Plate.
17. Oiler—Center Plate Bearing.
19. Lock Washer — Brush Lead
Screw.

Shoe.
23. Armature.
24. Space Collar.
25. Space Washer.
26. Space Washer.

30. Pinion—Motor Drive.
31. Collar —Motor Drive Pinion
Stop.

32. Cotter Pin—Motor Drive Pinion
Stop Collar.
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33 34 35 34 36 37 38 40
39

' 0

49 48 47

Fig. 356—Commutator End Frame Sub-Assembly.
19. Lock Washer — Brush Lead
Screw.

20. Screw— Brush Lead.
33. Nut—Terminal Stud.
34. Lock Washer—Terminal Stud
Nut.

35. Nut —Terminal Stud.

50

Fig. 357—Brush Plate Details and Relative Location of Parts.

20 19 46

I *

36. Washer — Plain — Terminal
Stud.

37. Washer— Insulating—Terminal
Stud.

38. Washer—Insulating— Terminal
Stud.

39. Oiler—Commutator End Frame.

40. Oil Wick — Commutator End
Frame.

41. End Plug.
42. Bushing —Commutator End
Frame.

43. Brake Washer.
44. Frame—Commutator End.
45. Brush Plate Assembly.

46. Brush.
47. Screws—Brush Plate Insulating
Plate Attaching.

48. Lock Washers—Brush Plate In
sulating Plate Attaching Screw.

49. Washer—Plain—BrushPlate In
sulating Plate Attaching Screw.

55 52

57

50. Plate—BrushHolder Screw Sup
port.

51. Plate— Brush Plate Insulating.
52. Washer—Brush Plate Screw In
sulating.

53. Screw—Brush Holder— (Long-
Grounded Brush).

54. Screw— Brush Holder— (Short-
Grounded Brush).

55. Plate—Brush Holder Space—
(2 Hole—Grounded Brush).

56. Screw— Brush Holder— (Short
—Insulated Brush).

57. Screw—BrushHolder—(Long—
Insulated Brush).

58. Brush Spring.
59. Lock Washer — Brush Holder
Screw.

60. Brush Holder.

61. Plate—Brush Holder Spac
(2 Hole— Insulated Brush).

62. Plate—Brush Holder Insulating
—(2 Hole).

63. Brush Plate and Terminal Stud
Assembly.
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and (97), Fig. 361, remove lock washers (34) and
(98). Cable assembly (3) may now be removed.

2. Remove cotter key (8) and pull pin (7).

3. Unscrew four solenoid mounting screws (9) and
remove four lock washers (10). Solenoid assem
bly (5) may now be removed from field frame
assembly (4).

4. Unscrew five motor drive housing screws (13)
and remove five plain washers (14) and five
lock washers (15). Lock washers (15) should be
discarded. Grasp drive end housing (12) and
pull away from field frame assembly (4). When
armature shaft (23) is free of bushing (80) (see
Fig. 359) manipulation of the drive end housing
(12) will free the stud on the Dyer shift lever (75)
from the slot in the shift sleeve (27). Drive end
housing (12) with shift lever attached, can then
be removed.

5. Remove motor drive pinion stop collar cotter pin
(32). Pinion stop collar (31) may now be removed
from armature shaft.

6. Grasp shift sleeve (27) and pull shift sleeve away
from armature core. Motor drive pinion (30),
motor drive pinion meshing spring (29), and
motor drive pinion guide (28) will turn off the
armature shaft along with the shift sleeve (27).
Cupped space washer (26) can now be slipped
from armature shaft along with space washer (25) .

7. Grasp center bearing (11) and pull away from
armature core. Space collar (24) can now be
pulled from armature shaft. Press bushing (16)
from center bearing. Oiler (17) and oil wick (18)
can be removed.

8. Remove cover band (1) by prying under snap
with a screw driver. Unscrew two brush lead
screws (20) which connect ends of two field coils
to brush lead clips. Remove two lock washers
(19). Unscrew four commutator end frame attach
ing screws (21), remove four plain washers (14)
and four lock washers (15). (Discard lock wash
ers (15). Commutator end frame assembly (2)
may be removed from field frame assembly (4).

II. Disassemble Commutator End Frame—

1 . Refer to Fig. 356 and unscrew terminal stud nut
(35) and remove lock washer (34), plain washer
(36), two insulation washers (37) and eight in
sulation washers (38). Unscrew six brush lead
attaching screws (20), remove six lock washers
(19). This allows brushes (46) to be removed from
brush holders (60). Refer to (8) under "Dis
assembly Into Main Sub- Assemblies," for removal
of other two brush lead screws (20) and lock
washers (19). Unscrew three brush plate attach
ing screws (47), remove three lock washers (48)

,64

'66

Fig. 358—Field Frame Details and Relative
Location of Parts.

64. Field Frame.
65. Field Coil Assembly.
66. Pole Shoes.
67. Lock Washer— Field Coil Ground
Screw.

68. Screw— Field Coil Ground.
69. Insulation Strip—Field Coil.
70. Insulation Strip (Triangular)
Field Coil.

71. Screw— Pole Shoe.

and plain washers (49). Brush plate (45) may
now be lifted from commutator end frame (44)
and two insulating washers (37) removed from
terminal stud.

Fig. 359—Motor Drive Housing Details and Relative
Location of Parts.

72. Screw—Motor Drive Housing
Cover Plate.

73. Lock Washer-Motor Drive
Housing Cover Plate Screw.

74. Cap.
75. Shift Lever.

76. Spring—Shift Lever.
77. Housing—Motor Drive.
78. Oiler.
79. Oil Wick.
80. Bushing.
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III. Disassemble Brush Plate Assembly—

1. For two insulated brushes unscrew two brush
holder screws (56) and (57), (two long and two
short). Remove two brush springs (58) from the
two long screws (57) also four lock washers (59),
two brush holders (60), two brush plates (61), and
two insulating plates (62) can also be removed.
(See Fig. 357.)

2. For two ground brushes unscrew four brush
holder screws (53) and (54) (two long and two
short). Remove four brush springs (58) from the
two long screws (57), also four lock washers (59).
Two brush holders (60), two brush plates (55)
may now be removed.

3. Remove brush plate and terminal stud (63) and
pull out eight brush holder screw insulating
bushing washers (52). These washers are for the
four insulated brush holder screws (56) and (57).

4. Separate brush holder screw support plate (50)
from brush plate insulating plate (51).

IV. Disassemble Field Frame Assembly—

1. Unscrew two field coil ground screws (68) (See
Fig. 358) and remove two lock washers (67) . Us
ing screwbit and brace unscrew eight pole shoe
screws (71). The four pole shoes (66), two field
coil assemblies (65), two triangular insulation
strips (70), and two square insulation strips (69)
may now be lifted out of frame (64).

V. Disassemble Motor Drive Housing—

1 . Remove end of shift lever spring (76) from slot in
shift lever (75). (See Fig. 359.)

2. Unscrew four cap attaching screws (72) and re
move four lock washers (73). Cap (74) and shift
lever (75) may be removed.

3. Remove oiler (78) and oil wick (79). Bushing (80)
may be pressed from housing (77).

VI. Disassemble Solenoid Switch— (Refer to Figs.
360 and 361.)

1 . Unscrew link assembly (6) from solenoid plunger.
(See Fig. 355.)

2. Tilt solenoid case assembly (82) (Fig. 360) and
plunger (81) will fall out.

3. Remove terminal end cover (92) by removing
bolts (93) and lock washers (94).

4. Remove terminal nut (97) (Fig. 361), lock washer
(98), lock nut (99), lock washer (98), plain
washer (100), and insulating washer (101) from
both copper terminal studs (106).

5. Remove stud nut (107), lock washer (108), nut
(107), lock washer (108), plain washer (109) and
two insulating washers (110) from insulating stud
(1 13). Remove insulating plate (102) from bracket

(103). Remove insulating washer (111) from ter
minal stud (113).

Remove terminal stud (113) and motor terminal
stud "M" from the two wire terminals attached
to the end of the solenoid case assembly.

8i 82 83 84 85 <86 87 88 89 91 92

' —. ° ^

n ;r
90 9695 9493

Fig, 360—Solenoid Switch Details and Relative
Location of Parts.

81. Plunger.
82. Case and Coil Assembly.
83. Push Rod.
84. Washer—Contact Spring Re
taining—Cupped and Slotted.

85. Washer— Contact Spring Re
taining—Plain.

86. Spring—Contact Cushion.
87. Washer—Contact Spring Re
taining—Cupped.

88. Contact Disc.

89. Washer—Contact PushRod Re
taining—Cupped and Slotted.

90. Spring—Plunger Return.
91. Terminal Bracket Assembly.
92. Cover—Terminal End.
93. Screw—Terminal and Cover.
94. Lock Washer—Terminal and
Cover Screw.

95. Screw—Terminal Bracket At
taching.

96. LockWasher—Terminal Bracket
Attaching Screw.

6. Remove two screws (95) (Fig. 360) and lock
washer (96) and withdraw bracket (103) (Fig.
361) and insulating plate (104), together with
battery terminal (106) and plain washer (114)
away from end of solenoid case assembly (82).

97 98 99 98 100 101 102 103

107 108 107 108 109 110 111 112 113

Fig. 367—Solenoid Switch Terminal Bracket Details and
Relative Location of Parts.

97. Nut—Terminal Stud.
98. Lock washer—Terminal Stud.
99. Nut—Terminal Stud.
100. Washer— Plain —Terminal
Stud (Outside).

101. Washer—Terminal Stud Bush
ing.

102. Plate—Terminal Stud Insulat
ing (Outside).

103. Terminal Bracket.
104. Plate—Terminal Stud Insulat
ing (Inside).

105. Terminal Clip.

106. Terminal Stud.
107. Nut—Terminal Stud.
108. Lock washer—Terminal Stud.
109. Washer— Plain — Terminal
Stud.

110. Washer—Terminal Stud In
sulating Bushing.

111. Bushing—Terminal Stud Insul
ating.

I 12. Terminal Clip—Small.
I 13. Terminal Stud.
114. Washer— Plain— Terminal
Stud.
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7. Remove spring (90) from end of push rod (83);
also retainer washer (89).

8. Remove contact disc (88), retainer washer (87),
spring (86), flat washer (85) and retainer washer
(84) from push rod (83).

VII. Disassemble Solenoid Switch Terminal
Bracket—

1 . Unscrew two terminal stud nuts (99) and remove
two lock washers (98) . Slide two plain washers
(100) from two terminal studs (106). Next re
move two insulating washers (101). (See Fig. 36 1 .)

2. Unscrew terminal stud nut (107) and remove lock
washer (108). Unscrew next terminal stud nut
(107) and lock washer (108). Slide plain washer
(109) and two insulating washers (110) from
terminal stud (113).

3. Remove two terminal studs (106) and stud (113).
Clips (105) and (112) may be removed along
with plain washer (114). Pull insulating plates
(102) and (104) from bracket (103). Remove in
sulating washer (111) from metal terminal
bracket (103).

Inspection —Commutator End Frame.

1 . If bushing is badly worn or damaged, install new
bushing.

2. Inspect brake washer. If badly worn or dam
aged, cement new washer in place.

3. See that all insulating plates and washers are
clean, dry and unbroken. Replace all insulation
that is not serviceable.

4 Brush holders should permit free action of brushes
and be perpendicular to brush plate. Replace if
damaged. Screws, short and long, should be
straight and have good threads.

5. Brush plate (stud attached) should be smooth and
flat. See that stud is securely welded in place.
Clean threaded holes with tap if necessary.

6. Springs should be full length, and of proper
tension. Use new springs if in doubt.

7. Brush pigtails should be firmly anchored in
brushes and in connecting plate. New brush
length is 1/2"- If brushes are worn shorter than
J^", replace with new Delco-Remy part.

Inspection —Field Frame.
1. Inspect field coil insulation for breaks. If coil
windings are found exposed where they should
be covered, replace with new coils.

2. Tapped holes in pole shoes should have full,
clean threads. Great torque reaction demands
that pole shoes be securely held to frame.

3. See that all tapped holes (at commutator end,
at drive housing end, and at solenoid) are clean
and have good threads.

4. Make sure that oil cup is clean and cap is firmly
seated.

Inspection —Motor Drive Housing.

1. If drive housing bushing is badly worn or dam
aged, install new bushing.

2. Center bearing plate bushing should be treated
as above. Normally, the clearance of the shaft
in this bushing is .010" (.005" on a side). Replace
only if bushing wall thickness is reduced to an
extremely low figure. (.020"-.030".)

3. If necessary, clean threaded holes with tap.
Registering surfaces (machined faces — flywheel
housing side—field frame side) should be smooth
and clean.

4. Shift lever return spring should be inspected for
cracks. Coil should be 5H turns, with shaft
locking end parallel to and pointing in same
direction as long end that seats on housing. If
spring appears to be weak, replace with new part.

Inspection —Solenoid.

1. Examine all insulating strips and washers for
charring, oil, grease, dirt, or moisture. Replace
parts if necessary.

2. Clean contacts of studs with stiff wire brush. DO
NOT GRIND. This insert is tungsten— a valuable
metal, and no advantage will be gained by
creating a flat surface. Remove scale and dirt
only! If pit holes extend down through insert, re
place with new terminal studs.

3. Treat contactor disc in like manner. Generally,
parts excessively worn, or cracked or broken,
should be replaced by new service parts.

4. If wires in terminal housing are damaged beyond
repair (broken off short) it will be necessary to
use a new solenoid case and coil assembly.

5. Felt seal on end of plunger should make firm
contact with passageway in coil. Felt seal pre
vents dirt and foreign matter from entering
plunger tube, and is necessary for continued
operation. Felt seal is anchored in place by
spunover plunger end, and is a factory process.
If felt is badly worn, use a new plunger-seal
assembly.

Inspection —Armature.
1. Inspect armature shaft journal for wear. If
badly worn or scratched, use new armature
assembly.

2. Brake shoe surface should be clean and smooth.

3. Commutator should be trued up in a lathe, and
mica under-cut.

4. Make certain that soldered joints are clean and
tight.
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5. Check coil windings for ground, with one test
point on any commutator segment, and the other
test point on field laminations. Test armature on
growler for continuity.

Inspection—Dyer Drive.
1. Replace thrust washers if badly worn.

2. Shift sleeve, as an assembly, if badly worn, should
be replaced with a new unit.

3. Pinion guide should slip freely on shaft. Lugs
should not be bent or grooved. Replace with new
part if badly worn.

4. If pinion has damaged splines or broken teeth,
replace with new part.

5. Pinion spring should have seven full turns and a
free length of 2%".

6. If splines on shaft are worn excessively, replace
with new armature assembly.

Starting Motor Assembly — All parts having
been inspected the starting motor may be assem
bled by reversing the sequence of operations for dis
assembly and referring to Figs. 355 through 361,
which are referred to in connection with the build-up
of the various sub-assemblies. Illustrations referred
to also show the relative positions of the various
sub-assemblies.

With these references assemble the starting motor
as follows:

VII- A and VI-A. Assemble Solenoid Switch— Refer
to Figs. 360 and 361 and assemble solenoid switch
as follows:

1. Place following parts on push rod (83) in the
sequence given: Retaining washer (84) over
center slot in push rod (83), plain washer (85)
against retaining washer, spring (86) against
washer (85), retainer washer (87) with cup side
next to spring, contact disc (88) and retainer
washer (89).

2. Install push rod assembly into front face of
solenoid (82).

3. Place spring (90) over outer end of push rod (83) .

4. With flat face of head on motor terminal stud
(106) away from contact disc (88) on push rod,
place stud on large terminal of wire on face of
solenoid. Place terminal stud (113) in other
wire terminal.

5. Lay insulating plate (104) down on inside of
terminal bracket (103) with holes in plate and
bracket in alignment. Put battery terminal stud
(106) down through plate and bracket with
flattened portion of head on stud away from cen
ter of plate.

6. Holding "B" terminal to prevent plate from leav
ing bracket, set bracket and plate assembly

onto end of solenoid with motor terminal stud
entering hole in bracket.

7. Attach bracket assembly to end of solenoid
using lock washers (96) and screws (95).

8. Set solenoid on bench resting solenoid on sup
ports and once more check terminal (106) to see
that flattened portion of head is away from disc
on solenoid push rod.

9. Install insulating washer (111) over stud (113)
and down into counter-bore of bracket (103).

10. Place insulating plate (102) over studs and next
to bracket (103).

1 1 . Assemble the following pieces in turn over stud
(113):

Two insulating washers (110), one flat steel
washer (109), one lock washer (108), one nut
(107), one lock washer (108) and another nut
(107).

12. Install the following pieces in turn over each
terminal stud (106):

One insulating washer (101), one flat washer
(100), one lock washer (98), one nut (99), one
lock washer (98) and one nut (97).

13. Place cover (92) over terminals and next to end
of solenoid (82) and attach with two lock wash
ers (94) and screws (93).

14. Screw link assembly (6) (Fig. 355) into solenoid
plunger (81) (Fig. 360) and install plunger into
solenoid.

75. CAUTION: Any time thai the link assembly is removed
from the solenoid plunger, or the original adjustment
of the link changed in the plunger, the Dyer drive
must be readjusted before operating the solenoid

switch. (See "Dyer Drive Adjustment", page 278.)

V-A. Assemble Motor Drive Housing—Refer to
Fig. 359 and assemble drive housing as follows:

1 . Place oil wick (79) into oil wick channel of hous
ing (77) and install oiler (78) over top of wick.
Tap oiler into place lightly with wood block to
prevent damage to oiler cap.

2. Locate shift lever assembly (75) with long end of
lever inside housing (77).

3. Using a lock washer (73) on each bolt (72), install
cap (74) and tighten bolts.

4. Replace spring (76) on shaft of lever (75) so that
bent end of spring will enter slot in end of shaft
and straight end of spring will rest on boss of hous
ing (77). When spring is properly installed, ten
sion of spring will hold lower end of lever toward
field frame of starting motor.

IV- A. Assemble Field Frame— Refer to Fig. 358
and assemble field frame as follows:
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1. Place a pole shoe (66) into each field coil (65)
from the inside.

2. Replace two triangular insulating strips (70) and
two square insulating strips (69) in the end of the
field frame opposite to which the field coils attach
to the field frame. The triangular strips are used
between field frame and coil at the junction of the
coil connections. The square strips are used be
neath the terminals of the coils which attach to
the brush holders.

3. Heeding marks placed on pole shoes, coils and
field frame at disassembly, place the coil and
shoe assembly inside field frame (64) and attach
the two terminals of field coil to field frame with
screw (68) and lock washer (67).

4. Thread pole shoe screws (71) through field frame
and into pole shoes. Draw screws tight.

III-A. Assemble Brush Plate Assembly—Refer
to Fig. 357 and assemble brush plate assembly as
follows:

1. Align support plate (50) brush plate insulating
plate (51), and brush plate and terminal stud
(63) so stud passes through stud opening in (51).

2. Place eight brush holder screw insulating wash
ers (52) in four large holes of brush plate (63).

3. Place small brush plate (61) and small insulating
plate (62) against brush holder (60) with holes in
alignment on the three pieces. Place this assem
bly up against brush plate (63) so as to align
holes with insulating washers (52).

4. Place lock washer (59) on holder screw (56), and
thread screw through brush holder (60), small
brush plate (61), small insulating plate (62),
brush plate (63), insulating washers (52), insu
lating plate (51) and into support plate (50).
Attach other grounded brush holder in the same
manner.

5. Place lock washer (59) over threaded end of long
screw (57) and place two springs (58) over body
of screw. Position springs on screw so straight
ends of spring are up against flat face of brush
holder (60); then thread screw into position in
holder plate (50) in the same manner as screw
(56).

6. Follow above procedure on the other insulated
brush holder.

7. Locate two non-insulated brush holders the same
as the two insulated brush holders mentioned in
Item 5, except, that small insulator plate (62) and
insulator washers (52) are omitted and the screws
(53 and (54) thread into the large brush plate
(63). Install the second non-insulated brush
holder in the same manner.

8. Pull the brush terminals up through the brush

holders from the inside with the groove in the
brushes in line with the track in the holder. Do
not position brushes in holders as yet. Fasten
brush terminals (46) to brush holders with lock-
washer (19) (Fig. 356) and screw (20) at each
brush. Repeat this operation on all eight brushes.

1I-A. Assemble Commutator End Frame—Refer
to Fig. 356 and assemble commutator end frame as
follows:

1. Place two insulating washers (37), then eight
insulating washers (38), over threaded terminal
on brush holder plate (45).

2. Locate brush holder assembly (45) into end frame
(44) with terminal stud of (45) passing through
rear face of (44).

3. Place two insulating washers (37), one flat
washer (36) and one lock washer (34) over termi
nal stud (45) and replace nut (35) finger tight
only.

4. Place lock washer (48) and one plain washer (39)
over each of the brush plate attaching screws
(47) and thread screws through brush plate into
rear face of commutator end frame. Tighten nut
(35) on terminal stud.

5. While holding curled end of brush spring (58),
Fig. 357 up and back, slide each brush up into
holder so bottom face of brush is approximately
half way up into holder. When spring is released
contact will be made at side of brush and spring
tension will keep brush suspended in this manner.

I-A. Assemble Starting Motor Assembly to
Field Frame—Refer to Fig. 355 and assemble start
ing motor as follows:

1. Heeding the marks originally scribed on the
field frame and commutator end frame to estab
lish relationship between parts, assemble com
mutator end frame (2) to field frame (4) so that
terminals of field coils may be attached to the
two brush holders. Attach the two field coil ter
minals to brush holders using lock washers (19)
and screws (20).

2. Being sure that brushes are held up in brush
holders with springs, as previously mentioned,
lubricate bearing and armature shaft and slide
armature (23) through coils in field frame with
journal entering bearing in commutator end
frame (2).

3. Place spacing collar (24) over drive end of
armature shaft and next to end of armature.

4. Lubricate shaft with clean engine oil before
attaching center bearing. With ribs on center
bearing plate assembly (11) facing armature,
slide center bearing onto shaft and up against
field frame.
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5. Install plain washers (14), new lock washers
(15), on the four bolts (21) and attach the com
mutator end frame (2) to field frame (4). After
tightening bolts, bend ears of lockwashers to
prevent bolts from turning.

6. Using small-nosed pliers to relieve tension on
brush springs, push brushes into place against
commutator with ends of springs resting on top
faces of brushes.

7. Assemble Dyer Drive as Follows— (See Fig.
355).
(a) Place the following parts, in sequence given
on the drive end of the commutator shaft:
Plain washer (25), cupped space washer
(26), with cup side of washer away from
field frame as shown in Fig. 355, and shift
sleeve (27). Place spring (29) inside of
hollow pinion (30) with drive pinion guide
(28) next to spring with ears on outside
diameter of guide facing pinion. Start ears
into slots in pinion and hold guide approxi
mately half the distance down slots, then
start pinion guide and spring assembly onto
splines of armature shaft. Pinion and guide
assembly cannot be started onto shaft un
less ears on guide are held down into slots
in pinion.

(b) Slip pinion stop (31) in place with cotter pin
hole toward end of shaft. When lugs on
stop enter groove on shaft, rotate stop until
cotter pin holes align. Insert cotter pin (32)
and secure in place.

8. Slip the drive end housing assembly (12) over
end of armature shaft and against center bear
ing plate (11), guiding finger of shift lever (75)
into slot of shift sleeve (27). (See Fig. 359.)

9. Put plain washer (14), then a new lock washer
(15) over each bolt (13) and attach parts (12)
and (11) to field frame (4).

10. Replace cover band (1) over openings in com
mutator end frame (2) .

11. Attach solenoid assembly (5) to field frame (4).

12. Adjust Dyer Drive as outlined below:

Dyer Drive—Adjustments —The Dyer Drive is
properly adjusted before leaving the factory.

When the shift lever is in the extreme forward posi
tion and the switch contacts in the solenoid are
closed, there should be at least ys" to %" travel of
the pinion against the pinion spring pressure, as indi
cated in Fig. 362. This adjustment can be checked
easily by disconnecting the lead from the solenoid to
the starting motor and using the battery current
through the solenoid to hold the shift lever in the for
ward position. Since disconnecting this lead opens
the pull-in coil of the solenoid, it may be necessary

to assist the movement of the plunger by hand, to
assure that the plunger will reach its extreme travel
position, closing the switch contacts. The starting
motor armature will not revolve with this lead dis
connected. The pinion travel can be checked by
pushing the pinion back against the spring pressure.
Since observing the pinion engagement with the fly
wheel is very difficult with starting motor in place,
the motor assembly may be removed and supported
in a bench vise to conduct this test. A storage battery
may be connected as described above to conduct the
test. The adjustment can be changed by temporarily dis
connecting the shift lever from the plunger linkage and
turning stud IN or OUT of the solenoid plunger as necessary.

A test can be made to determine if the engagement
action is being completed before the switch contacts

SPIRAL SLOT
IN SHIFT SLEEVE
SHIFT SLEEVE SPRING

J/&-TRAVE.LOF PINION

PINION STOP

ENGINE FLYWHEEL L^cS

ENGAGEMENT ACTION COMPLETED

Fig. 362—Adjustment for Dyer Drive Pinion Travel.

CLEARANCE

ENGINE FLYWHEEL

OPERATING POSITION

Fig. 363—Clearance Between Pinion Guide and Slot for
Proper Pinion Engagement.
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are closed. This can be done by placing a %" spacer
between the pinion and the pinion stop. The shift
lever can then be moved forward, forcing the pinion
against the spacer. It should not be possible to close
the switch contacts with the spacer inserted. For this
check, reconnect the lead from the solenoid to the
starting motor so armature will turn if switch con
tacts are made before pinion strikes the :V spacer.
This adjustment can be changed by screwing the
solenoid plunger in or out as mentioned above.

When the pinion is in the driving position, as shown
in Fig. 363, there should be clearance between the

pinion guide and the bottom of the slot, as indicated.
If there is no clearance at this point, the drive will
be taken directly from the lugs on the pinion guide
rather than from the heavy spline in the pinion itself.
If it is found that there is no clearance at this point,
the pinion and the pinion guide should be replaced.
The pinion with its lock and lock spring is released
by moving the pinion shift sleeve forward and along
the splines of the shaft. In reassembling the parts, the
pinion lock lugs should be in the slots in the pinion
hub with the lugs toward the pinion, or it will not be
in the proper position to lock on the shaft.

STARTING SOLENOID
(Governor Actuating)

Description — The solenoid assembly shown in
Fig. 364 is mounted on top of the hydraulic governor
and wired into the electrical starting system as
shown in the wiring diagram on Page 280. The
action of the solenoid plunger when energized is
transmitted through the stud (7) and link (9) to the
fuel rod of the governor and serves to move the rod
from NO FUEL to FULL FUEL position and thus effect
rapid starting. The solenoid remains energized until
the engine has started and the governor has picked
up control of the throttle mechanism. (See Sec. 16
for details of solenoid operation.)

13 10 14 15

Fig. 364—Starting Solenoid Assembly.

1. Winding.
2. Plunger.
3. Terminal.
4. Rubber Shield.
5. Retainer— Rubber Shield.
6. Retainer Screw.
7. Stud.
8. Spacer.
9. Link.
10. Solenoid Core.

11. Solenoid Case.
12. Cover—Terminal Stud.
13. Adaptor — Solenoid-to-Gover-
nor Cap.

14. Bolts—Solenoid -to -Adaptor
Attaching.

15. Governor Cap.
16. Guide Bolt.
17. Spring— Plunger Return.

The solenoid is a rugged, heavy duty unit, consisting
principally of a core (10) and windings (1) which,
when energized, act to move the plunger (2) from its
extended at-rest position in and against the cone of
the core. The three major parts are suitably housed
and supported in a sheet metal case to which is
welded a mounting bracket. Leads from the sealed-
in windings are attached to the terminal studs (3)
which are fully insulated from the solenoid case. A
removable metal cover (12) is provided at the termi
nal end of the case to protect leads, studs, and insu
lators from possible damage, while a rubber shield
(4), opposite the terminal end, serves to keep dirt
and foreign matter away from the plunger.

Lubrication —While no lubrication is required on
the solenoid, it may be advisable to occasionally
place a drop or two of engine oil on the guide bolt
(16) at the hole in the adaptor. Oil at this point will
help prevent occurrence of any bind.

Service—Because of the heavy construction of the
starting solenoid, and itsmechanical simplicity, serv
ice operations on this part are unnecessary. How
ever, should difficulty be encountered, or the sole
noid damaged through accident, it will be necessary
to replace the entire assembly as a unit.

The solenoid may be removed from the governor by
removing the nuts and lock washers from the four
solenoid-to-adapter bolts (14), disconnecting the
cable leading to the starting motor, removing the nut
and lock washer from the guide bolt (16) and then
lifting the assembly off the governor and adaptor.

The remaining attached parts—stud (7), spacer (8),
and link (9)—may be removed from the inoperative
solenoid, attached to the new service part, and the
entire assembly then replaced on the governor by
reversing the procedure for removal.
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WIRING

21 299

Fig. 365—Electrical Starting System Wiring Diagram —Models 6076-8, C and D.

302. Ground Lead— Starting Sole
noid.

303. Storage Battery.
304. Cable—Storage Battery-to-
Starting Motor.

305. Starting Motor Assembly.
306. Cable— Starting Motor
Solenoid Starting Switch.

0000000000000000
BAT AM SM H A2 At Ft fi

9. Switch—Air Heater.
16. Ammeter—Battery Charging.
17. Switch—Starting Motor.
2 1. Block—Control Terminal.
50. Wire—White with Red Tracer
—Battery Charging Ammeter-
to-Air Heater Switch-to-Starter
Switch.

58. Wire— Red— Starter Switch to
Control Terminal Block (21)—
Marked "SW".

61. Wire—Red with White Tracer
—Battery Charging Ammeter-
to-Control Terminal Block (21)
—Marked "AM".

62. Wire—Orange —Air Heater
Switch to Control Terminal
Block (21)— Marked "H".

66. Wire—White with Red Tracer
— Battery Charging Ammeter
to Control Terminal Block (21)
—Marked "B".

82. Wire—To Step-Voltage Con
trol on Battery Charging Gen
erator—Marked "AM".

83. Wire — To Solenoid Terminal
on Starting Motor—Marked
"BAT".

84. Wire —To Small Terminal on
Starting Motor Solenoid and
Governor Solenoid—Marked
"SW".

88. Wire— To Air Heater Coil on
Cylinder Block.

299. Generator—Battery Charg
ing.

300. Voltage Control Unit.
301. Starting Solenoid Assembly.

307. Coil— Air Heater.
308. Electrode—Air Heater
309. Fuse—20 amp.
310. Cable— Storage Battery
Ground.

to
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Wiring—Fig. 365 illustrates the manner in which
the various assemblies comprising the electrical
starting system are wired together.

The starting motor (305), storage battery (303), bat
tery charging generator (299), voltage control unit
(300) and starting solenoid (301), have been fully
discussed in the preceding pages of this section. The
eight point terminal block (21), ammeter (16), start
ing motor switch (17), and air heater switch (9) are
all mounted on the panel of the control cabinet and
fully treated in Sec. 20. Air heater switch (9), coil
(307), and electrode (308) comprise the complete
air heater assembly which is used to assist in start
ing the engine at low temperatures and is fully dis
cussed under "Cold Weather Starting," Sec. 21.

Located within a push-turn connector on wire (83)

between the starting shift and switch solenoid and
the eight point terminal block is a 20 amp fuse (309)
which serves to protect the starting motor from pos
sible overload.

All wires and conductors between the various units
of the starting system and the terminal block on the
control cabinet are properly supported at points of
strain and insulated where necessary with loom for
protection against friction and oil. Terminal points
are protected against possible shorting by insulating
with tape and shellac.

Complete information on wiring and circuits for the
Diesel Electric Power Unit may be had by referring
to the wiring diagrams on the final pages of the
sections covering the Control Cabinet used on each
model.
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This section includes three somewhat different A. C.
Generators, Model 1- 110, Model 1-335, and Model
1-3850. Model 1- 1 10 is used on Generator Sets Model
6016-E and 6016-C. Model 1-335 is used on Gener
ator Set Model 6016-D, and 1-3850 is used on
Generator Set Model 6016-B.

A. C. GENERATORS
On Models 1- 110 and 1-335 the bearing for the

revolving field shaft is mounted on the extreme outer

end of the shaft, while on the 1-3850 the bearing is

mounted between the exciter armature and the slip

rings of the alternator.

57 39 61 63 64 63 81 26 68 67 66 22 1 83 69 lS 70 71 14 73 72 74 78 76 77 78

Fig. 366—Mode/ M 70, 50-60 KW Alternating Current Generator Assembly.
\.
2.
3.
4.

5.
6.
7.
8.

Shaft—Generator. 23.
Bolt—Driving Disc-Fan Mounting. 24.
Lock Washer.
Block—Driving Disc-to-Fan 25.
Spacer. 26.
Bolt—Fan-to-Disc-to-Flywheel. 27.
Flywheel. 28.
Driving Disc. 29.
Lock Washer. 30.

Bolt—Armature Mounting. 43.
Coil—Exciter Armature
Rotating. 44.
Laminations—Armature. 45.
Coil— Exciter Field Shunt. 46.
Pole Piece— Field Coil— Exciter. 47.
Lock Washer. 48.
Bolt—End Frame Mounting. 49.
Brush—Commutator. 50.

Bolt— Bearing Retaining 62.
Washer. 63.
Washer—Cylinder Plug. 64.
Cylinder Plug. 65.
Cop—Oil Filler Cup. 66.
Cup—Oil Filler. 67.
Oil Level. 68.
Drain Plug. 69.
Bearing. 70.

Bolt—Exciter Frame Mounting.
Lock Washer.
Screen—End Frame Cover.
Wing Bolts.
Frame—Exciter Field Coil.
Bolts—Pole Piece Mounting.
Leads—Stator Coil.
Pole Piece— Rotating Field Coil.
Bolt—End Bar Retaining.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Screen (Cover Band). 31.
Fan—Ventilating. 32.
Stud— Balance Weight. 33.
Nut. 34.
Lock Washer. 35.
Balance Weights. 36.
Coil— Rotating Field. 37.
Bolt— Pole Piece Retaining. 38.
Bar— Pole Piece Mounting. 39.
Stator. 40.
Eye Bolt (Lifting).
Frame—Generator Main. 41.
lnsulator—Coil Slot.
Coil—Stator. 42.

Brush Holder. 51.
Bolt—Brush Holder Clamp. 52.
Spring—Brush Tension. 53.
Pig Tail—Brush.
Bolt— Pig Tail. 54.
Slip (Collector) Ring— lnner. 55.
Slip (Collector) Ring—Outer. 56.
Lock Washer. 57.
Bolt— Bearing Retaining Cap. 58.
Washer—Bearing Retainer— 59.
lnner.
Washer— Bearing Retainer— 60.
Outer.
Lock Washer. 61.

End Frame. 71.
Collar—Bearing Retaining. 72.
Gasket— Bearing Retaining 73.
Cap. 74.
Cap— Bearing Retaining. 75.
Sleeve—Armature. 76.
Sleeve—Slip Ring lnsulating. 77.
Sleeve— lron 78.
Commutator. 79.
Sleeve— Commutator 80.
Mounting. 81.
lnsulator—Commutator 82.
Segment. 83.
Commutator Segment.

End Bar - Amortisseur Winding.
Lock Washer.
Boll—Cover Plate Retaining.
Gasket—Cover Plate.
Cover Plate—Generator Foot.
Nut.
Lock Washer.
Bolt—Cover Band Clamp.
Clamp—Cover Bond.
Leads—Exciter Field Coil.
Ring—Exciter Frame Mounting
Lock Washer.
Key— Stator-to- Frame
Locking.
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26

27

Fig. 367—Exciter Field Coi/s and Leads.

26. Coil—Exciter Field Shunt.
27. Pole Piece—Exciter Field Coil.
66. Frame—Exciter Field Coil.
67. Bolts— Pole Piece Mounting.
82. Lock Washer.

87. lnterpole Coil Assembly— Right.
88. lnterpole Coil Assembly— Left.
89. Lead— Shunt Coil.
90. Lead— lnterpole Coil— Right.
91. Lead—lnterpole Coil— Left.

MODEL 1-110 A. C. GENERATOR
(USED ON MODEL 6016-E AND C)

General Description—The component parts of the
Model 1- 110, 60 KW, 60 Cycle at 1200 RPM, or 50
KW, 50 cycle at 1000 RPM, Generator, illustrated
in Fig. 366, are the alternator and the exciter, re
spectively. The alternator may be sub-divided into
the revolving field and the stationary armature (sta-
tor). The exciter may be further sub-divided into the
rotating armature and the stationary field coils. The
exciter armature and the alternator revolving field
are both carried on the main generator shaft which
is supported by an annular ball bearing at the ex
citer end and by the engine crankshaft at the gen
erator fan end.

Detailed Description—An alternator, illustrated
in Fig. 366, is an electrical machine for producing
alternating currents from mechanical rotative power.
Since any flow of electrical current creates a force
which tends to oppose the force which generates it

,

mechanical power equal to the resulting electrical
power, plus the losses of generation, are necessary
to start and maintain the flow of electrical current.
The power is generated in the alternator armature
(stator). The magnetic lines which induce this power,
are carried to the stator by the alternator field poles,
which rotate inside the armature. The poles of the
alternator are alternately north and south in polarity
around the rotor. The current in a given stator coil
alternates as it is passed by a pole of opposite

polarity. The polarity of the field poles does not
change. (See Fig. 369).

There is a definite relation between the speed, the
number of poles built into the alternator, and the
generated frequency. Rated speed must be main
tained to produce specified frequency.

To maintain the polarity of the field poles at a
strength necessary to give the desired voltage, and
counteract the opposing demagnetizing effect when
power is taken from the alternator, a direct current
excitation is required in the field pole windings. For
this purpose a small direct current generator called
the exciter is built into the alternator. The excitation
current to the alternator poles (69) is carried by
brushes (30) and collector (slip) rings (36) and (37).
Since there is considerable voltage variance in the
exciter in meeting the load requirements of the
alternator, a rheostat and voltage regulator are
inserted in the exciter field circuit to control the
excitation. A transfer switch permits the use of either
one singly, providing either manual or automatic
voltage control.

Exciter Stationary Field Coils— These coils con
sist of four separate shunt coils (26) and two sepa
rate interpole coils (87) and (88), all six of which are
independent of each other, except for connections,
and may be replaced separately in service. The coils
encircle a laminated steel stack-up known as a pole
piece (27). The complete assemblies are held in
place by inserting bolts (67) through the exciter
frame (66) into the pole pieces. The exciter armature
(Fig. 368) revolves inside these pole piece assemblies;
suitable clearance (air gap) being allowed between
these and the armature.

59 86

Fig. 368— Exciter Armature Assembly.
25. Laminations— Armature.
36. Slip (Collector) Ring— lnner.
37. Slip (Collector) Ring—Outer.
55. Sleeve—Armature.
56. Sleeve— Slip Ring lnsulating.
57. Sleeve— lron.
59. Sleeve—Commutator
Mounting.

60. lnsulator—Commutator
Segment.

61. Commutator Segments.
84. Coil Leads.
85. lnsulator—Slot—Top.
86. Leads— Slip Ring-to-Rotating
Field.

1 1 5. Clip.

1 1 6. Bolt.
117. Lock Washer.
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1. Shaft—Generator.
11. Stud— Balance Weight.
12. Nut
13. Lock Washer.
14. Balance Weights.

Fig. 370—Rotating Field Assembly.
15. Coil— Rotating Field. 71. End Ban—Amortisseur
16. Bolt—Pole Piece Retaining. Winding.
69. Pole Piece— Rotating Field 92. Hole—Armature Mounting
Coil. Bolt.

70. Bolt—End Bar Retaining. 93. Leads—Coil— Connect to Slip
Ring Leads.

94. Spot Weld (Bolt Retaining).
95. Amortisseur Rods (Welded to
End Bars).

96. Leads— lnterconnecting Coil.
108. Sleeve— Lead Connecting.
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Fig. 371—Stator, Coifs, and Frame Assembly.

18. Stator Core (Riveted Stack-Up
of Steel Laminations).

19. Eye Bolt (Lifting).
20. Frame—Generator Main.

21. Insulator—Coil Slot— Side.
22. Coils (2 per slot).
98. Coil Leads.

99. Generator Leads "1", "2"
"3", "4", "5", "o", "7"
"8", "9", "0".

100. Insulating Bushing.
101. Marker— Lead Identification.

Exciter Armature —The exciter armature assem
bly (Fig. 368) consists of a stack-up of steel lamina
tions (25) provided with slots into which the armature
coils are wound. These laminations are shrunk on a
sleeve (59) which, in turn, is held in position on the
generator shaft (1) by a bolt (23) (Fig. 366). The coil

ends are connected each to the proper commutator
segments (61). A pair of brushes (30) are provided
for the conduction of current from the commutator.
One commutator brush is connected in series with
the right-hand interpole coil (87) as shown in Fig.
373.
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A commutator brush lead (A 2— , Figs. 368 and 374),
extending into the generator left foot and marked
Aj — , connects to the remaining commutator brush
(30). The brushes of the outer slip ring (37) connect
to the left-hand interpole coil (88), to which is
attached a lead running to the generator left foot
and marked Al+.
The exciter field and armature leads are connected,
in the generator left foot, to colored wires which ter
minate in the control terminal block (21, Fig. 492,
Sec. 20). Connected to these wires in the control
terminal block are the exciter field rheostat, pro
viding manual control of generated voltage; the
voltage regulator, which automatically controls the
alternator voltage; and a regulator switch, permit
ting the use of either manual or automatic voltage
control.

Revolving Field—The revolving field of a six pole
alternating current generator consists of six field
coils (15) wound on separate stacks of steel lamina
tions (pole pieces) (69). (See Fig. 370.) Four bolts (16)
in each coil mount the coils on the generator shaft
(1). Except for the electrical connections, the coils
are independent of each other and may be replaced
separately for service purposes. If the coils are re
placed, balance weights (14) may be added to the
ends of the coils to bring the entire revolving field
and shaft into dynamic balance. An amortisseur or
damper winding (95) is embedded in the pole pieces
(69) of the revolving field. The damper winding is
intended to absorb any oscillation set up by hunting
effect when two or more generators are operated in
parallel, and by so doing limits the oscillations to a
negligible amount.

Stationary Armature (Stator)—Refer to Figs. 371
and 372 and note that the stationary core (18) is
mounted in the main frame (20) of the generator.
The armature is made up of individual coils (22)
placed in the laminated steel armature core (18)
which is designed with special heed to ventilating
and cooling properties. Power is transmitted to the
tines by leads (98) from the stationary armature.

Main Shaft and Bearing—The main shaft is sup
ported at the fan end by the engine crankshaft and
at the exciter end by an annular ball bearing.
Lubrication for the bearing is provided through an
oil fillar (47) on the end of the generatorend frame (51).

Mounting —The main cast frame is designed with a
flange structure by which it is bolted to the flywheel
housing. The exciter frame is also cast in a flange
design and bolted to the end frame of the generator.

The shaft and rotating parts of the generator are
attached by bolts to the flywheel of the engine by
means of a circular steel disc. This driving disc is
bolted to the generator main shaft.

There is a screen around the main frame at the
openings on the fan end, also at the commutator end.
This screen is intended to give protection from foreign
particles entering the generator and at the same
time permit satisfactory ventilation.

Generator Circuits—Wires from the generator to
the control cabinet are properly attached before the
units are shipped. However, in case the wires are
disconnected for removal of the control cabinet or
other causes, the wires must be attached in their
original positions.

Ten cables in the generator foot are marked "1",
"2", "3", "4", "5", "6", "7", "8", "9" and "0"
as shown in Fig. 371. These wires attach to the ter
minals of the change over block in the control cabinet
similarly marked, as shown in Fig. 567, Sec. 20.
Also, four small wires from the exciter in the gener
ator foot are marked Al+ , Aj— , Fl+ and Fj— .
These wires are connected to the four terminals of
the control terminal block [(21), Fig. 555, Sec. 20],
in the control cabinet marked "A,", "A,", "F," and
"Fj", respectively.

Since this generator is designed for 60 cycles, 220
volts, also 50 cycles, 400 volts operation, provision is
made on the change over block to change the
bar positions, as shown on the voltage change over

Fig. 372—Stator and Coil Assembly.

18. Stator (Riveted Stack-Up of
Steel Laminations).

22. Coils (2 per slot).

98. Coil Leads.
102. Rivets (Clamping Steel
Laminations Together).
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ALTERNATOR
FIELD

86

Fig. 373—Schematic Diagram of Generator Circuits.

85. Wire—Exciter Lead on Gen
erator Marked "Fi".

86. Wire—Exciter Lead on Gen
erator Marked "A8".

87. Wire—Exciter Lead on Gen
erator Marked "Ai".

87a. Wire —Exciter Lead on Gen
erator Marked "F|".

instruction plate, to accommodate these voltages.
Even though the bars are changed, the cables from
the generator foot marked "1", "2", "3", etc.,
attach to the same terminals of the change over
block for both voltages.

Lubrication —There is only one point to lubricate
on the generator. This is the ball bearing on the
generator shaft which is lubricated through an oil
cup on the end of the generator end frame. Before
starting a new generator, remove top of oil cup (46),
Fig. 366, and see if oil is up to top edge of cup. This is
the proper oil level. On generators with glass in
dicators, oil should come to mark on glass. Always
replenish oil to proper level when the generator is
not running, otherwise a false oil level indication will
be obtained. Use lubricating oil as specified on
Lubrication Chart, Fig. 644, Sec. 21.

CAUTION: Do not fill above level indicated, as churning of
the oil and overheating of the bearing will result.

Operation—Alternating current generators require
a direct current excitation on their pole windings
(rotating field) to produce the magnetic lines, which,
in turn, induce the alternating current. The polarity
of these poles alternates between north and south.
In addition, a flow of power from the alternator
causes a demagnetizing effect which must be
balanced by an additional direct current excitation
to prevent the voltage from dropping. This direct

current is provided by the exciter, the output of which
is taken off the commutator by the brushes and
delivered to the rotating field of the alternator by
slip-ring brushes and leads.

Variations in excitation required by the alternator
are accomplished by varying the output of the ex
citer. The exciter, being self-excited, has its field
windings connected across its own armature with a
field rheostat in series. The variations in output are
controlled by this field rheostat. Increasing the value
of the resistance of the field rheostat decreases the
amount of current flowing in the exciter field and
decreases the voltage output of the exciter.

The above functions are accomplished by a voltage
regulator which, in turn, is actuated by the alternator
voltage and automatically inserts the correct resist
ance value in the exciter field. No rheostat is neces
sary in the alternator field, as all control can be
obtained by varying the exciter output as described
above.

Brush Tension—There are two commutator brushes
and four collector ring brushes (2 per ring). The ends
of the brushes must be carefully fitted to the curvature
of their respective commutator or slip rings.

Brush Seating—To seat a brush, slide a piece of
sandpaper (never use emery cloth) between the
brushes on the commutator or slip ring with rough
side of the sandpaper toward the brush. With the
brush in the brush holder and under pressure, pull

Kt-FZ-

Fig. 374—Generator Internal Circuits.
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the sandpaper in the direction of rotation following
the curvature of the commutator or slip ring. Release
the pressure on the brush before returning the sand
paper for the next stroke. Brushes should be seated
when replaced or after any adjustment of brush
holder position. BRUSHES SHOULD BE REPLACED
WHEN THEY ARE WORN TO AN OVERALL LENGTH
OF 1". Inspect brushes frequently while in operation
for sparking. Hot sparks indicate the need of atten
tion to prevent damage to the machine.

The pressure of each brush should be 15 ounces to
18 ounces. The brush pressure may be measured by
a small spring scale, being careful to pull parallel
to the sides of the brush. The pressure is adjustable
by moving the curled end of the spring to the various
notches provided in the holder. The brush holders
should clear the commutator or slip rings by about

}
/% inch.

Before Starting a Generator —

1
. See that the brushes are in place and properly

seated to give perfect contact to the commutator
and slip rings.

2. If dusty, blow out the brush compartment with
compressed air.

3. Be sure all electrical connections are tight.

4. Check the wiring to the control cabinet to see
that all connections have been made properly.
(See Sec. 20.)

5. Inspect all moving parts to see that nothing will
interfere with free movement of rotating parts.

Megger Check— If the generator has been inactive
for some time, the resistance of the insulation should
be checked before putting the machine in operation.
This may be done with an instrument known as a
"megger," and in the following manner. Check by
separate tests on one of the power leads, 1

, 2
, 3

and 7
;

one of the exciter armature leads AI+ or
Aj— , one of the exciter field leads, FI + or TV— .
The brushes should be in place for this test. The
minimum insulation resistance should be 1.3 meg
ohms. If the insulation resistance is lower than this,
the machine requires attention. If dirty, it must be
cleaned. If wet, it must be dried out. Loose dirt
should be blown out, being careful not to blow
metallic particles further into the insulation. Greasy
dirt may be removed with carbon tetrachloride.
After a major cleaning, the windings should be
treated with insulating varnish. If baking facilities
are not available, be sure to use the air-dry variety.

Insulation resistance of a stator winding of an
alternator and exciter field in good condition is

usually not less than the results arrived at by the
following formula:

Insulation Resistance
(in megohms)

Voltage at
terminals x 3

Rating in KVA + 1000
The megger readings on a new alternator of this
size in good, dry condition would be about 30 meg
ohms at 70 degrees F. with a 500 volt megger.

A record of the readings over a period of time is of value.
An extraordinary change would indicate attention is neces
sary.

Drying Generator —Drying out of the generator
may be done in the following manner:

1 . The generator may be driven at a normal speed
with all phases of the armature windings short
circuited. Start with all resistance in the field
rheostats and each hour decrease the total field
resistance in the field rheostats by 10%, thus in
creasing the excitation until the windings feel
warm. Then stop the generator and examine all
windings.

2. The drying operation must be done slowly. Run
for six hours keeping the winding temperature
well under a point that would be uncomfortably
warm to the touch, or not to exceed 150 degrees
F. when checked with a thermometer.

3. When drying out a generator, 60% to 100% of
the normal current can be used.

Starting and Running —

1
. Check the oil level and make sure the oil is up

to top of oil filler or mark on indicating glass.
2. When starting one new generator, or two or more
sets running in parallel, follow "Operating In
structions" carefully, as outlined in Sec. 21.

3. If excessive sparking occurs at the commutator,
check the surface for smoothness and brush ten
sion. If it is found to be smooth, either the inter-
pole or armature is partly shorted out.

4. Keep the generator clean by occasionally blow
ing out with dry compressed air.

5. Brushes should be replaced when they are worn
down to the overall length of 1".

6. Brush tension—There are two commutator
brushes and four collector ring brushes (2 per
ring). The ends of the brushes must be carefully
fitted to the curvature of their respective com
mutator or rings.

To seat a brush, see page 290.

If there is harmful sparking at the brushes, look
for the following causes:

(a) Brushes are worn too short.

(b) Brush pressure may be wrong, or brushes do
not move freely in brush holders.

(c) Commutator or slip rings are rough and
need truing up.

(d) Interpole coil may be shorted.
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7. Keep the outside of the generator clean; and
before removing the oil filler cup cap (46), cover
band (9), or any cover plates (75), wipe all loose
dirt from parts to prevent foreign materials from
entering the compartments being exposed.

Generator sets may be run as a single unit, or
two or more generator sets may be installed to
operate in parallel. In either case, the generator
line wires are connected to a control panel and
definite procedure must be followed when start
ing a unit and throwing the electrical load on the
bus bars. This procedure is outlined both for a
single unit and one or more units operating in
parallel.

Starting a Single Unit—Before putting a gener
ator set into operation, consult "Operating Instruc
tions," Sec. 21.

Paralleling Two or More Generator Sets—Refer
to "Operating Instructions," Page 535, Sec. 21,
when paralleling two or more generator sets.

Load Distribution —The effects of changing the
excitation on any one machine is to change the
division of current and the line voltage. Any in
equality of excitation is counteracted by a circulat
ing current which transfers the excitation from the
over-excited machine to the under-excited one. The
terminal voltage will be determined in any case by
the total excitation of all machines and by the
magnitude and power factor of the load. The power
developed by a generator in parallel with other
generators is determined by the engine speed and
not by the generator itself.

When generators are to run in parallel, it should be pre

determined that the engines will all run at the same speed
at the same load over the complete load range. If gen
erators in parallel do not divide the load properly
according to their respective ratings, the engine
governor should have the speed droop adjusted as
described in Sec. 16. The speed droop on the gover
nors which control engines driving generators in parallel
must be identical; otherwise, the electrical load will not be
properly divided between units.

If the excitation setting of generators in parallel is
not that required to give the same voltage, there will
be a circulating current between the alternators,
which has the effect of transferring excitation from
one machine to the other. Since the current has a
relatively large heating effect without doing any
useful work, this is an inefficient operating condition.
To correct this, set the field rheostats to give a min
imum of current output from each alternator as well
as the correct line voltage. Decreasing the resistance
in the rheostat will increase the voltage but may
increase or decrease the circulating current, de

pending upon the relative excitations of the machines
in parallel. The voltage regulator has a cross cur
rent compensation feature to automatically keep
these currents at a minimum. See the "Voltage Reg
ulator," Sec. 20, for regulator adjustments.

For normal generator operation on a multiple unit
installation, the voltage regulator switches may be
left in the "ON" position. Each voltage adjusting
rheostat should remain in the position that causes
the regulators to hold normal voltage when their
respective alternators are operating at no load, that
is, at normal speed with the circuit breakers open.
If raising or lowering the voltage of the installation
is desired, the rheostat on each regulator must be
moved the same amount so as to maintain the same
relative settings. Otherwise, undesirable circulating
currents will reduce the effective capacity of the
generators to supply the load.

Service—The simplicity in the design and construc
tion of the generator lends itself to easy removal of
various parts, should inspection and repairs become
necessary. Unnecessary and perhaps costly repairs
can be avoided in many cases by heeding the
various items mentioned under "STARTING AND
RUNNING."

Keep the outside of the generator clean at all times.
Before removing the oil plug, or any cover plates,
wipe all loose dirt from parts to prevent foreign
materials from entering the compartments being ex
posed. Keep inside of the generator clean by
occasionally blowing out with air.

Remove Generator—Control Cabinet Removed
—The generator need not be disconnected from the
engine to remove the following parts:

1. Generator end frame (including exciter frame
and coil assembly).

2. Bearing and bearing retaining collar and cap.

3. Exciter armature, slip ring and sleeve assembly.

The generator must be disconnected from the engine
to remove the rotating field and shaft and the fan
and disc assembly.

The generator may be removed from the engine as

follows:

1. See "Remove Control Cabinet," Sec. 20.

2. Refer to Fig. 375 for location of parts and remove
cover plates at both generator feet, then the
bolts holding generator to engine base.

3. Loosen bolts in front engine supports at the engine
base.

4. Attach a chain hoist at lilting eye bolt of gen
erator as shown in Fig. 376 and raise generator
just enough so that engine rear support (4) part
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