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FOREWORD

Descriptions, instructions and parts listing pertaining to the Model QWT 85 are discussed throughout this manual under
the general headings Chassis, Pump and Ladder. Foldout illustrations and schematics are located at the rear of this
volume. The foldout format is provided in order that illustrations and schematics may be referred to while the supporting
text is being examined and studied.

A detailed description is given in the Introduction of each volume to assist the user in finding the information required to
maintain the equipment.
- Operator's Manual (TM 5-4210-227-10)
This manual is designed to provide the information necessary for a fire

fighter or mechanic to properly operate the truck, the pump and the ladder.

- Maintenance Manual (TM 5-4210-227-24&P)
This manual is divided into 8 volumes and contains the information necessary
for an experienced mechanic to-maintain and repair all facets of the appa-
ratus. Each volume is individually indexed for ease of reference. This
manual contains all the information necessary to obtain assemblies and sub-
assemblies or individual parts, required to repair and maintain the fire

truck.

i/(ii blank)



TABULATED DATA

a)

b)

c)

Fire Truck
Federal Stock Number:

Manufacturer 's Serial No.:

Registration Nos.:
Manufacturer:
Model:

Contract Number:
Truck Length:
Truck Width:
Truck Height:
Capacity or Payload:
Shipping Weight:
Ground Clearance:
Weight Loaded:
Front Axle

Rear Axle

Chassis
Manufacturer:
I.D. Number:

Model:
Wheel Base

Engine
Manufacturer:
Model:

Serial Number:
Fuel:

4210-00-965-1254

CM3653 through CM3664
Pierre Thibault Inc.
QWT 85
DAAJ10-84-A218
459"

108"

138"

51,000 GVWR
43,880

10.25"

45,940

19,740

26,200

Duplex

I.C. ID91 D31
D6F 1008468
D350

230"

Detroit Diesel
8V-71 Turbo
8VA437868
Diesel



d)

e)

f)

f)

f)

9)

9)

Transmission
Manufacturer:
Model:

Serial No.:
Capacity:

Firefighting Water Pump
Manufacturer:

Model:

Capacity:

Front Axle
Manufacturer:
Model:
Capacity:
Serial No.:

1. Front Shock Absorbers
Manufacturer:
Model:

2. Front Springs
Manufacturer

Model:

Rear Axle
Manufacturer:
Model:
Capacity:
Serial No.:

1. Rear Suspension
Manufacturer:
Model:

Allison
HT-740
2510087501
7 1/2 Gals

Hale
QSM FHD100
1000 GPM @ 150 psi

Rockwell International
FL 941 QX-70

20,000 lbs.

N766718

Duplex
7605-1258

Duplex
7804-6731

Rockwell International
U-170 PX-99

31,000 lbs.

NW 845892

Hendrickson
Single Axle RS-SA-340



h)

)

k)

1)

m)

n)

0)

Alternator
Manufacturer:
Model:

Amp.

Batteries
Manufacturer:
Model:
Voltage:

Battery Isolator

Manufacturer:
Model:
Rated Power:

Steering Gear
Manufacturer:

Model:

Power Steering Pump

Manufacturer:
Model:

Windshield Wipers

Manufacturer:
Model:

Type:

Radiator
Manufacturer:
Model:

Air Cleaner
Manufacturer:
Model:

Delco Remy

145

Harris
7605-0670
12

Sure Power
1602
3709 BHP @ 2,100 rpm

Sheppard
7605-5478

Vickers
7605-5256

American Bosch
WWC-12L
Electric

Blackstone
7605-3750

FAAR
62891-3



p)

Q)

y

s)

)

u)

Driver's Seat

Manufacturer:

Model:
Type:

Wheels
Front:

Manufacturer:

Size:
Rear:

Manufacturer:

Size:

Tires
Front:

Manufacturer:

Size:
Capacity:
Rear:

Manufacturer:

Size:
Capacity

Muffler

Manufacturer:

Model:

AC Inverter

Manufacturer:

Model:

Siren/PA

Manufacturer:

Model:

Bostrom
Four-way Adjustable
Standard

Firestone
22.5x16.5

Firestone
20x 8.5

Goodyear
16.5R 22.5- 18 P.R.
20,000 Ibs

Michelin
12:00 R 20X - 18 P.R.
31,000 Ibs.

Nelson
86130-21

Dynamote
A40-120

Code 3
3100



CAPABILITIES

Fire Truck
Turning Radius - Inside 31.5' - Outside 42.25'
Rated Power: 370 BHP @ 2,100 rpm
Engine Governor Setting: No Load - 2,100; Top
Speed 58 mph
Acceleration: 0 - 35 mph - 14 Seconds
Braking: 20 to 0 mph - 15 feet
Angle of Departure: Front - 15 degrees;
Rear - 15 degrees

Pump
Single Stage Centrifugal

Midship Mounted

Driven by the truck engine from the output shaft of
transmission

Min discharge - 1000 gpm @ 150 psi

Min discharge - 100 gpm @ 200 psi

Min discharge - 500 gpm @ 250 psi

From dry condition - take suction and discharge water in
30 sec. with a lift of 10 deg. through 20" of 6" suction
hose

12 VDC Priming Pump

Water Tank - 200 gals.

Ladder
Basic Weight - 11,560 Ibs.,
Outrigger Operation Speed
Lower: Front - 9 sec.  Rear - 18 sec.
Raise: Front - 9 sec. Rear - 18 sec.
Complete extension, elevation and 90 degrees rotation
within 60 sec.
Hydraulic Tank: 45 gals. (Imp.)

Vil



MAINTENANCE MANUAL

SECTION |

1. INTRODUCTION/TABULATED DATA

1.1 INTRODUCTION

1.1.1. TM 5-4210-227-24&P, Organizational, Direct Support, and General Support Maintenance Manual for the 85'
Aerial Ladder Fire Fighting Truck is divided into eight volumes. These eight volumes are further subdivided into
specific sections consisting of both Government and commercial literature.. TM 5-4210-227-10, Operator's Manual
for the 85" Aerial Ladder Fire Fighting Truck is one separate manual consisting of four separate sections.
1.1.2. This volume consists of 12 sections and is arranged as follows:

GENERAL INFORMATION

1. Engine (less major assemblies)

2. Fuel System and Governors

3. Air Intake Systems

4. Lubrication System

5. Cooling System

6. Exhaust System

7. Electrical Equipment, Instruments and Protective Systems

12. Special Equipment

13. Operation

14. Tune-Up

15. Preventive Maintenance, Troubleshooting and Storage

NOTE
For the Parts List for the 3V-71 Turbo Engine refer to duplex "Engine - Common-Parts" (on the

following page) and "DETROIT DIESEL ENGINES - V71 OPERATORS' MANUAL," Section 8, "BUILT
IN PARTS BOOK.1"

viii



IMPORTANT SAFETY NOTICE

Proper service and repair is important to the safe, reliable operation of all motor
vehicles. The service procedures recommended by Detroit Diesel Allison and
described in this service manual are effective methods for performing service
operations. Some of these service operations require the use of tools specially
designed for the purpose. The special tools should be used when and as
recommended. It is important to note that some warnings against the use of
specific service methods that can damage the vehicle or render it unsafe are
stated in this service manual. It is also important to understand these warnings
are not exhaustive. Detroit Diesel Allison could not possibly know, evaluate and
advise the service trade of all conceivable ways in which service might be done
or of the possible hazardous consequences of each way. Consequently, Detroit
Diesel Allison has not undertaken any such broad evaluation. Accordingly,
anyone who uses a service procedure or tool which is not recommended by
Detroit Diesel Allison must first satisfy himself thoroughly that neither his safety
nor vehicle safety will be jeopardized by the service method he selects.
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FOREWORD

This manual contains instructions on the overhaul, maintenance and operation of the basic V-71 Detroit
Diesel Engines.

Full benefit of the long life and dependability built into these engines can be realized through proper
operation and maintenance. Of equal importance is the use of proper procedures during engine
overhaul.

Personnel responsible for engine operation and maintenance should study the sections of the manual
pertaining to their particular duties. Similarly, before beginning a repair or overhaul job, the serviceman
should read the manual carefully to familiarize himself with the parts or sub-assemblies of the engine
with which he will be concerned.

The information, specifications and illustrations in this publication are based on the information in effect
at the time of approval for printing. This publication is revised and reprinted periodically. It is
recommended that users contact an authorized Detroit Diesel Service Outlet for information on the latest
revisions. The right is reserved to make changes at any time without obligation.
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General Information DETROIT DIESEL V-71 (Vehicle)

SCOPE AND USE OF THE MANUAL

This manual covers the basic V-71 on-highway vehicle diesel engines built by the Detroit Diesel Allison Division of
General Motors Corporation. Complete instructions on operation, adjustment (tune-up), preventive maintenance and
lubrication, and repair (including complete overhaul) are covered. The manual was written primarily for persons servicing
and overhauling the engine and, in addition, contains all of the instructions essential to the operators and users. Basic
maintenance and overhaul procedures are common to all V-71 engines and therefore apply to all engine models.

The manual is divided into numbered sections. The first section covers the engine (less major assemblies). The
following sections cover a complete system such as the fuel system, lubrication system or air system. Each section is
divided into subsections which contain complete maintenance and operating instructions for a specific subassembly on
the engine. For example, Section 1, which covers the basic engine, contains subsection 1.1 pertaining to the cylinder
block, subsection 1.2 covering the cylinder head, etc. The subjects and sections are listed in the Table of Contents on
the preceding page. Pages are numbered consecutively, starting with a new Page | at the beginning of each subsection.
The illustrations are also numbered consecutively, beginning with a new Figure | at the start of each subsection.

Information regarding a general subject, such as the lubrication system, can best be located by using the Table of
Contents. Opposite each subject in the Table of Contents is a section number which registers with a tab printed on the
first page of each section throughout the manual. Information on a specific subassembly or accessory can then be found
by consulting the list of contents on the first page of the section. For example, the cylinder liner is part of the basic
engine, therefore, it will be found in Section 1. Looking down the list of contents on the first page of Section 1, the
cylinder liner is found to be in subsection 1.6.3. An Alphabetical Index at the back of the manual has been provided as
an additional aid for locating information.

SERVICE PARTS AVAILABILITY

Genuine Detroit Diesel Allison service parts are available in the United States from authorized distributors and service
dealers throughout the world. A complete list of all distributors and dealers is available in the World Wide Parts and
Service Directory, 6SE280. This publication can be ordered from any authorized distributor.

CLEARANCES AND TORQUE SPECIFICATIONS

Clearances of new parts and wear limits on used parts are listed in tabular form at the end of each section throughout the
manual. It should be specifically noted that the "New Parts" clearances apply only when all new parts are used at the
point where the various specifications apply. This also applies to references within the text of the manual. The column
entitled "Limits" lists the amount of wear or increase in clearance which can be tolerated in used engine parts and still
assure satisfactory performance. It should be emphasized that the figures given as "Limits" must be qualified by the
judgment of personnel responsible for installing new parts. These wear limits are, in general, listed only for the parts
more frequently replaced in engine overhaul work. For additional information, refer to the paragraph entitled Inspection
under General Procedures in this section.

Bolt, nut and stud torque specifications are also listed in tabular form at the end of each section.

Page 4 © 1980 General Motors Corp.



General Information DETROIT DIESEL V-71 (Vehicle)

PRINCIPLES OF OPERATION

The diesel engine is an internal combustion power unit, in which the heat of fuel is converted into work in the cylinder of
the engine.

In the diesel engine, air alone is compressed in the cylinder; then, after the air has been compressed, a charge of fuel is
sprayed into the cylinder and ignition is accomplished by the heat of compression.

The Two-Cycle Principle

In the two-cycle engine, intake and exhaust take place during part of the compression and power strokes respectively as
shown in Fig. 1. In contrast, a four cycle engine requires four piston strokes to complete an operating cycle; thus, during
one half of its operation, the four-cycle engine functions merely as an air pump.

A blower is provided to force air into the cylinders for expelling the exhaust gases and to supply the cylinders with fresh
air for combustion. The cylinder wall contains a row of ports which are above the piston when it is at the bottom of its
stroke. These ports admit the air from the blower into the cylinder as soon as the rim of the piston uncovers the ports as
shown in Fig. 1 (scavenging).

The unidirectional flow of air toward 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
compression as shown in Fig. 1 (compression).

Shortly before the piston reaches its highest position, the required amount of fuel is sprayed into the combustion chamber
by the unit fuel injector as shown in Fig. 1 (power). The intense heat generated during the high compression of the air
ignites the fine fuel spray immediately. The combustion continues until the fuel injected has been burned.

The resulting pressure forces the piston downward on its power stroke. The exhaust valves are again opened when the
piston is about half way down, allowing the burned gases to escape into the exhaust manifold as shown in Fig. 1
(exhaust). Shortly thereafter, the downward moving piston uncovers the inlet ports and the cylinder is again swept with
clean scavenging air. This entire combustion cycle is completed in each cylinder for each revolution of the crankshaft, or,
in other words, in two strokes; hence, it is a "two-stroke cycle".

SCAVENGING COMPRESSION POWER EXHAUST
12240

FIG. 1 - The Two-Stroke Cycle

Page 5 © 1976 General Motors Corp. June 1976



General Information DETROIT DIESEL V-71 (Vehicle)

GENERAL DESCRIPTION

The two-cycle diesel engines covered in this manual are produced in 6, 8 and 12 cylinder models having the same bore
and stroke and many of the major working parts such as injectors, pistons, connecting rods, cylinder liners and other
parts that are interchangeable.

All cylinder blocks are symmetrical in design thus permitting oil cooler or starter installation on the same side or on
opposite sides of the engine, depending upon the installation requirements. The engines are built with right-hand or left-
hand crankshaft rotation. For example, the crankshaft in an RC engine, viewed from the flywheel end, will rotate
counterclockwise, the oil cooler will be mounted on the right-hand side of the engine and the starter will be on the left-
hand side (Fig. 2).

The meaning of each digit in the model numbering system is shown in Fig. 2. The letter L or R indicates left or right-
hand engine rotation as viewed from the front of the engine. The letter A, B, C or D designates the location of the starter
and oil cooler as viewed from the rear of the engine.

Cylinder heads with either two valves or four valves per cylinder are used, as designated by the engine model.

Each engine is equipped with an oil cooler, lubricating oil filter, fuel oil strainer, fuel oil filter, air cleaner, governor, fan
and radiator, and starting motor.

Full pressure lubrication is supplied to all main, connecting rod and camshaft bearings, and to other moving parts within
the engine. A gear-type pump draws oil from the oil pan through an intake screen, through the oil filter and then to the
oil cooler. From the oil cooler, the oil' flows through passages that connect with the oil galleries in the cylinder block and
cylinder heads for distribution to the bearings, rocker arm mechanism and other functional parts.

Coolant is circulated through the engine by a centrifugal-type water pump. Heat is removed from the coolant, which
circulates in a closed systern, by the radiator. Control of the engine temperature is accomplished by thermostats which
regulate the flow of the coolant within the cooling system. Fuel is drawn from the supply tank through the fuel strainer by
a gear-type fuel pump. It is then forced through a filter and into the fuel inlet manifolds in the cylinder heads and to the
injectors. Excess fuel is returned to the supply tank through the fuel outlet manifolds and connecting lines. Since the
fuel is constantly circulating through the injectors, it serves to cool the injectors and also carries off any air in the fuel
system.

Air for scavenging and combustion is supplied by a blower which pumps air into the engine cylinders via the air box and
cylinder liner ports. All air entering the blower first passes through an air cleaner. Engine starting is provided by an
electric starting motor energized by a storage battery. A battery- charging generator, with a suitable voltage regulator,
serves to keep the battery charged.

Engine speed is regulated by a mechanical governor.

Page 6 © 1976 General Motors Corp.



General Information DETROIT DIESEL V-71 (Vehicle)

7 06 -7 2 41

7
/

S;RlES 71 . NUMBER APPLICATION BASIC ENGINE DESIGN SPECIFIC
V Enci OF DESIGNATION ARRANGEMENT VARIATION MODEL
netnes CYLINDERS (see below! (see below) tsee belowl NUMBER

APPLICATION DESIGNATION: DESIGN VARIATIONS:

7067-7000  VEHICLE F-F 7067-7000  “N" ENGINE
7088-7000  VEHICLE F-F 7067-7100 2 VALVE HEAD ENGINE
7067-7200 4 VALVE HEAD ENGINE

BASIC ENGINE ARRANGEMENTS: 7067-7300  TURBOCHARGED ENGINE

7067-7400 TURBO-AFTERCOOLED ENGINE

7067-7500 CUSTOMER SPEC. ENGINE

Type: A-B-C-D designates location of starter and oil 70877800 CONSTANT HORSEPOWER ENCONOMY (TAE)
(CALIFORNIA CERTIFIED)

cooler as viewed from the rear Iflywheell end.
— 7087 -7700 CONSTANT HORSEPOWER (TT)

Rototion: L (leftl and R (right) designotes rotation
viewed from the front of the engine.

Cylinder Bank: Left and right cylinder banks are de- 7087 7900 CONSTANT HORSEPOWER ECONOMY (TTAE)
termined from rear of engine. z (CALIFORNIA CERTIFIED)
STARTER STARTER STARTER
olL
COOLER
oit
?(lleI.ER COOLER
Ltb (XXXX-gXXXJ RC (XXXX-7XXX) RD (XXXX-8XXX} L-11471

FIG. 2 - Model Numbering, Rotation and Accessory Arrangement

Page 7 © 1980 General Motors Corp. SEPTEMBER 1980



General Information DETROIT DIESEL V-71 (Vehicle)

6v 8v 12V
FRONT FRONT ) FRONT
O |« O]
: : @, |@
0|5 1E 3 2
= @ |z 2 @ |3 @
0 lal HOlmlE #HO|glt
| ® i ®|18 = ©) 3
= T
FIRING ® a5 @ 9
ORDER ' @ @ |=
RH-1L-3R-3L-2R-2L-1R @
LH-1L-1R-2L.2R-3L-3R FIRING @
ORDER
RH.1L-3R-3L-4R-4L-2R-2L-1R @
LH-1L-1R-2L-2R -4L-4R-3L-3R @
FIRING
ORDER
RH-1L-5L-3R-4R-3L.4L
-2R-6R-2L.6L-1R_5R
LH-1L-5R-1R-6L.-2L-6R-
2R-4L-3L-4R-3R-5L 11751
FIG. 3 -V-71 Engine Cylinder Designation and Firing Order
GENERAL SPECIFICATIONS
6V 8V 12v
1)/ L= PP USPPPPPPIN 2 Cycle 2 Cycle 2 Cycle
NUmMber of CYINAEIS ....eeeiie e e 6 8 12
BOre (INCHES) ..cvvieiie e e 4.25 4.25 4.25
BOre (IMIM) e e e e e e 108 108 108
SEroke (INCHES) ... e 5 5 5
SEOKE (IMIM) Lo et e et aaaee s 127 127 127
Compression Ratio (Nominal) (Std. & Turbo. Engines)........cccccceeeviieiien e, 17to1 17to1 17to1
Compression Ratio (Nominal) ("N" ENgines) .........cccviiiiiiimiiiiiiinieanieeans 18.7to 1 18.7to 1 18.7to 1
Total Displacement - cubic iINnChes ...........cooiiiiiii e, 426 568 852
Total Displacement - lItreS ........ooouuiuiiiiiiiiii e e 6.99 9.32 13.97
Number of Main BEANGS .......oooiiiiiiiiiii e e 4 5 7

Page 8 © 1980 General Motors Corp.



General Information

DETROIT DIESEL V-71 (Vehicle)

ENGINE MODEL, SERIAL NUMBER AND OPTION PLATE

FIG. 4 - Typical Engine Serial Number and
Model Number As Stamped on Cylinder Block

The engine serial number and the engine model number are
stamped on the right rear side of the cylinder block (Fig. 4). This
applies to former 6 and 8V-71 engines and current 12V-71
engines. To allow for easier engine serial number and model
number identification on 6 and 8V-71 engines the location has
been moved to the upper right front corner of the block.

NOTE: The 12V and 16V-71 engine
identification will continue to be stamped at the
former location, the right rear side of the
cylinder block.

An option plate, attached to one of the valve rocker covers, is
also stamped with the engine serial humber and model number
and. in addition, lists any optional

FIG. 5 - Option Plate

equipment used on the engine (Fig. 5).

An exhaust emission certification label. separate
from the option plate. is mounted permanently in the
option plate retainer. The current label includes
information relating to an engine family for the
maximum fuel injector size and maximum speed.
Due to Federal regulations, the exhaust emission
plate should not be removed. from the rocker cover.
Refer to Section 14 for further information regarding
emission regulations.

With any order for parts, the engine model number
and serial number must be given. In addition, if a
type number is shown on the option plate covering
the equipment required, this number should also be
included on the parts order.

All groups of parts used on an engine are standard
for the engine model unless otherwise listed on the
option plate.

Page 9
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General Information DETROIT DIESEL V-71 (Vehicle)

GENERAL PROCEDURE

In many cases, a serviceman is justified in replacing parts with new material rather than attempting repair. However,
there are times where a slight amount of reworking or reconditioning may save a customer considerable added
expense. Crankshafts, cylinder liners and other parts are in this category. For example, if a cylinder liner is only slightly
worn and within usable limits, a honing operation to remove the glaze may make it suitable for reuse, thereby saving the
expense of a new part. Exchange assemblies such as injectors, fuel pumps, water pumps and blowers are also desirable
service items.

Various factors such as the type of operation of the engine, hours in service and next overhaul period must be
considered when determining whether new parts are installed or used parts are reconditioned to provide trouble-free
operation.

For convenience and logical order in disassembly and assembly, the various subassemblies and other related parts
mounted on the cylinder block will be treated as separate items in the various sections of the manual.

DISASSEMBLY
Before any major disassembly, the engine must be drained of lubricating oil, water and fuel. Lubricating oil should also
be drained from any transmission attached to the engine.

To perform a major overhaul or other extensive repairs. the complete engine assembly, after removal from the vehicle
and transmission, should be mounted on an engine overhaul stand; then the various sub- assemblies should be removed
from the engine. When only a few items need replacement, it is not always necessary to mount the engine -on an
overhaul stand.

Parts removed from an individual engine should be kept together so they will be available for inspection and assembly.
Those items having machined faces, which might be easily damaged by steel or concrete, should be stored on suitable
wooden racks or blocks, or a parts dolly.

CLEANING

Before removing any of the subassemblies from the engine (but after removal of the electrical equipment), the exterior
of the engine should be thoroughly cleaned. Then, after each subassembly is removed and disassembled, the individual
parts should be cleaned. Thorough cleaning of each part is absolutely necessary before it can be satisfactorily inspected.
Various items of equipment needed for general cleaning are listed below.

The cleaning procedure used for all ordinary cast iron parts is outlined under Clean Cylinder Block in Section 1.1; any
special cleaning procedures will be mentioned in the text wherever required.
Steam Cleaning

A steam cleaner is a necessary item in a large shop and is most useful for removing heavy accumulations of grease and
dirt from the exterior of the engine and its subassembilies.

Solvent Tank Cleaning

A tank of sufficient size to accomodate the largest part that will require cleaning (usually the cylinder block) should be
provided and provisions made for heating the cleaning solution to 180 ° -200 0 F (82 ° -93 ° C).

Fill the tank with a commercial heavy-duty solvent which is heated to the above temperature. Lower large parts directly
into the tank with a hoist. Place small parts in a wire mesh basket and lower them into the tank. Immerse the parts long
enough to loosen all of the grease and dirt.

Rinsing Bath
Provide another tank of similar size containing hot water for rinsing the parts.
Drying

Parts may be dried with compressed air. The heat from the hot tanks will quite frequently complete the drying of the
parts without the use of compressed air.

Page 10 © 1980 General Motors Corp. SEPTEMBER 1980
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EMERGENCY SHUTDOWN CABLE
( 8V-7IN ONLY)

L]

MEWAA

———— 44

Engine — Common Parts
6V-92TA, 8V-71N, 8V-71TA, 8V-92TA

All Models

item __ Part No. Description Qty.
1 8867-1187 Hose Clamp S
2 7604-4244 1/2 Inv. Flare Elbow-1/4 NPT 1
3  8874-3044 3/4-16 x 3/8 NPT 90° Elbow 3
4 7604-4797 Cable Clamp 1
5 7804-9993 Shutdown Bracket 1
6 7605-0244 90°Hose Barb 3/8 NPT-5/8 Hose 1
7 7604-4693 #10-32 x 1/2 LG. Round Head Machine Screw 4
8  8855-1007 #10 Lockwasher .4
9  7604-5227 Cable Support (8V-71N Only) 1
10  7603-3837 Core Fitting (8V-71N Only) 1
11 7601-7020 H.H.C:S. 3/8-16 x 4-1/2 LG. 1
12 820-1048 H.H.C.S. 7/16-14 x 3/4 LG. 1
13 56-1012  7/16 Lockwasher 1
14 7604-4170 Hose Assembly 1
15  B820-1033 H.H.C.S. 3/8-16 x 3/4 LG. 1
16  B855-1011 3/8 Lockwasher 5
17  7808-0683 Support Strap 1
18  B820-1036 H.H.C.S. 3/8-16 x 1-1/4 LG. 4
19  7810-6316 Fuel Fiiter Bracket 1
20  8874-3074 7/8-14 x 3/8 NPT JIC Adaptor 1
21 7604-3252 Check Valve 1
22 8871-2013  3/8 NPT 90° Street Elbow 1
23 8871-1252 3/8 NPT Hex Head Pipe Plug 2
24  7605-1864 Hose Assembly 1
25 8874-3043 3/8. Tube x 1/4 NPT 90° Eibow 2
26 874-3060 1/2 Tube x 1/4 NPT 90° Eibow 1
27 604-4173 Hose Assembly 1
28 760474172 Hose Assembly 1
29  7604-7510 Pulse Generator 1
30 7604-7511 Drive Key 1
31 605-0573 Accelerator Bracket 1
32 B202-9592 Conduit Clamp (8V-71N Only) 1
33  8830-1193 #10-32 x 1/2 LG. Machine Screw (8V-71N Only) 2
34 855-1007 #10 Lockwasher (8V-71N Only) 2
35 20-1066 H.H.C.S. 1/2-13 x 1-1/4 LG. 4
36  Ref. Only Power Steering Pump 1
37 7603-2023 Drive Coupling 1
38 7601-6198 Gasket 1
38  7604-5985 Hose Assembly 1
40 7604-6228 Hose Assembly {8V's Only) 1
7605-2466 Hose Assembly (6V-92TA Only) 1
41 7604-5066 Jumper Wire Assembly 1
42 7810-5160 Ground Cable 1
43  7604-7213 Water Temperature Sender 1
44 604-7211  Water Temperature Switch 1
45 601-8899  Shutoff Valve — Heater 1
46  7605-1101 3/8 NPT Street Tee 1
47 8871-1383  1/2 NPT x 3/8 NPT Pipe Bushing 2
48  1605-1023 Nipple Rework 1
49 8871-2015 3/4 NPT 90° Street Elbow 1
50 8871-2033  3/8 NPT 45° Street Elbow 1
51 7605-0478  3/8 NPT x 1/4 NPT Coupling 1
52  8874-3003  1/2 Tube x 3/8 NPT Connector 1




DETROIT DIESEL V-71 (Vehicle)

General Information

Rust Preventive

If parts are not to be used immediately after cleaning, dip
them in a suitable rust preventive compound. The rust

preventive compound should be removed before installing
the parts in an engine.

INSPECTION

The purpose of parts inspection is to determine which
parts can be used and which must be replaced.

Although the engine overhaul specifications given
throughout the text will aid in determining which parts
should be replaced, considerable judgment must be
exercised by the inspector.

The guiding factors in determining the usability of worn
parts, which are otherwise in good condition, is the
clearance between the mating parts and the rate of wear
on each of the parts. If it is determined that the rate of
wear will maintain the clearances within the specified
maximum allowable until the next overhaul period, the
reinstallation of used parts may be justified. Rate of wear
of a part is determined by dividing the amount the part
has worn by the hours it has operated.

Many service replacement parts are available in various
undersize and/or oversize as well as standard sizes.
Also, service kits for reconditioning certain parts and
service sets which include all of the parts necessary to
complete a particular repair job are available.

A complete discussion of the proper methods of precision
measuring and inspection are outside the scope of this
manual. However, every shop should be equipped with
standard gages, such as dial bore gages, dial indicators,
and inside and outside micrometers.

In addition to measuring the used parts after cleaning, the
parts should be carefully inspected for cracks, scoring,
chipping and other defects. Following cleaning and
inspection, the engine should be assembled using new
parts as determined by the inspection.

ASSEMBLY

Following cleaning and inspection, the engine should be
assembled using new parts as determined by the
inspection.

Use of the proper equipment and tools makes the job
progress faster and produces better results. Likewise, a
suitable working space with proper lighting must be
provided. The time and money invested in providing the
proper tools, equipment and space will be repaid many
times.

Keep the working space, the equipment, tools and engine
assemblies and parts clean at all times. The area where
assembly operations take place should, if possible, be
located away from the disassembly and cleaning
operation. Also, any machining operations should be
removed as far as possible from the assembly area.

Particular attention should be paid to storing of parts and
sub-assemblies, after removal and cleaning and prior to
assembly, in such a place or manner as to keep them
clean. If there is any doubt as to the cleanliness of such
parts, they should be recleaned.

When assembling an engine or any part thereof, refer to
the table of torque specifications at the end of each
section for proper bolt, nut and stud torques.

To ensure a clean engine at time of rebuild, it is important
that any plug, fitting or fastener (including studs) that
intersects with a through hole and comes in contact with
oil, fuel or coolant must have a sealer

applied to the threads. A number of universal sealers are
commercially available. It is recommended that Loctite J
26558-92 pipe sealer with teflon, or equivalent, be used.

NOTE: Certain plugs, fittings and fastener
available from the Parts Depot already
have a sealer applied to the threads. This
pre-coating will not be affected when the
pipe sealer with teflon is also applied.

IMPORTANT: The sealer information
above must not be confused with
International Compound No. 2, which is a
lubricant applied before tightening certain
bolts. Use International Compound No. 2
only where specifically stated in the
manual.

© 1978 General Motors Corp.

October, 1978
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DETROIT DIESEL V-71 (Vehicle)

General Information

WORK SAFELY

A serviceman can be severely injured if caught in the
pulleys, belts or fan of an engine that is accidentally
started. To avoid such a misfortune, take these
precautions before starting to work on an engine:

Disconnect the battery from the starting system by
removing one or both of the battery cables. With the
electrical circuit disrupted, accidental contact with the

Some Safety Precautions To Observe When Working
On The Engine

1. Consider the hazards of the job and wear protective
gear such as safety glasses, safety shoes, hard hat, etc.
to provide adequate protection.

2. When lifting an engine, make sure the lifting device is
fastened securely. Be sure the item to be lifted does not
exceed the capacity of the lifting device.

3. Always use caution when using power tools.

4. When using compressed air to clean a component,
such as flushing a radiator or cleaning an air cleaner
element, use a safe amount of air. Recommendations
regarding the use of air are indicated throughout the
manual. Too much air can rupture or in some other way
damage a component and create a hazardous situation
that can lead to personal injury.

5. Avoid the use of carbon tetrachloride as a cleaning

starter button will not produce an engine start.

Make sure the mechanism provided at the governor for
stopping the engine is in the stop position. This will mean
the governor is in the no-fuel position. The possibility of
the engine firing by accidentally turning the fan or by
being bumped by another vehicle is minimized.

agent because of the harmful vapors that it releases. Use
perchlorethylene or trichlorethylene. However, while less
toxic than other chlorinated solvents, use these cleaning
agents with caution. Be sure the work area is adequately
ventilated and use protective gloves, goggles or face
shield and an apron. Exercise caution against burns
when using oxalic acid to clean the cooling passages of
the engine.

6. Use caution when welding on or near the fuel tank.
Possible explosion could result if heat build-up inside the
tank is sufficient.

7. Avoid excessive injection of ether into the engine
during start attempts. Follow the instructions on the
container or by the manufacturer of the starting aid.

8. When working on an engine that is running, accidental
contact with the hot exhaust manifold can cause severe
burns. Remain alert to the location of the rotating fan,
pulleys and belts. Avoid making contact across the two
terminals of a battery which can result in severe arcing.

© 1978 General Motors Corp.
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Three-Quarter Cutaway View of V-71 Engine (Dry Block)
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DETROIT DIESEL V-71 (Vehicle) General Information

Three-Quarter Cutaway View of V-71 engine (Water-Below-Port Block)
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&Y Bus Engine

&Y Truck Engine

gY Truck Engine
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SECTION 1

ENGINE (less major assemblies)
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CYLINDER BLOCK

The cylinder block serves as the main structural
part of the engine. Transverse webs provide rigidity and
strength and ensure alignment of the block bores and
bearings under load.

The block is bored to receive replaceable cylinder liners.
The current cylinder block is designated as a water-below-
port block and is designed to provide water cooling below
the air inlet port belt. The former cylinder block was
designated as a dry block.

An air box between the cylinder banks and extending
around the cylinders at the air inlet port belt conducts the
air from the blower to the cylinders. Air box openings on
each side of the block permit inspection of the pistons and
compression rings through the air inlet ports in the
cylinder liners. The air box openings in the current

cylinder block assembly are approximately 1 7/8" x 3 1/8"
and are covered with cast covers (Eig._2)l The stamped
steel covers used on the former cylinder block covered
openings which were approximately 3" x 6 1/2". To

prevent leakage at the air box covers, new gaskets and
- 12

bolts are now being used. The new polyacrylic and cork
gaskets replace the former asbestos gaskets. The

new lock and seal coated bolt replaces a stud, nut, flat
washer and lock washer. The former and new gaskets
are interchangeable on an engine, but only the new
gaskets are serviced.

The camshaft bores are located on the inner side of each
cylinder bank near the top of the block.

The upper halves of the main bearing supports are cast
integral with the block. The main bearing bores are line-
bored with the bearing caps in place to ensure longitudinal
alignment. Drilled passages in the block carry the
lubricating oil to all moving parts of the engine,
eliminating the need for external piping.

The top surface of each cylinder bank is grooved to
accommodate a block-to-head oil seal ring. Also, each
water or oil hole is counterbored to provide for individual
seal rings.

1. Cylinder Block 11. Oil Drain Passages to
2. Bore for Cylinder Liner Blower
3. Front Main Bearing Cap  12. Oil Drain Passages
4. Bores for Camshafts from Blower
5. Air Box 13. Oil Drain from Cylinder
6. Water into Block Head
7. Water Drain 14. Oil Drain Passages
8. Main Oil Gallery 15. Oil Passage (ldler Gear
9. Oil Passage from Pump Bearing)

to Oil Filter 16. Oil Return Passages to
10. Oil Passage from Oil Crankcase

Cooler

17. Crankcase Breather 24. Oil Gallery
Cavity 25. Oil Gallery

18. Crankcase Breather 26. Dipstick Hole or QOil
Outlet Return Passage to

19. Air Box Drain Crankcase

20. Inspection Hole 27. Core Hole for Water
Opening Jacket

21. Water Passages to 28. Oil Tube

Cylinder Head
22. Rear Main Bearing Cap
23. Oil Passage to Cylinder
Head

FIG. 1 - Cylinder Block (8V Engine)

© 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

1.1 Cylinder Block

WATER BELOW PORT
CYLINDER BLOCK

DRY
CYLINDER BLOCK

FIG. 2 Comparison of Current and former Cylinder Blocks

Each cylinder liner is retained in the block by a flange at
its upper end. The liner flange rests on an insert located
in the counterbore in the block bore. An individual
compression gasket is used at each cylinder.

When the cylinder heads are installed, the gaskets and
seal rings compress sufficiently to form a tight metal-to-
metal contact between the heads and the block.

New service replacement cylinder block assemblies
include the main bearing caps and bolts, dowels and the

FIG. 3 Engine Mounted on Overhaul Stand

necessary plugs. Since the cylinder block is the main
structural part of the engine, the various
subassemblies must be removed from the cylinder block
when an engine is overhauled.

The hydraulically operated overhaul stand
provides a convenient support when stripping a cylinder
block. The engine is mounted in an upright position. It
may then be tipped on its side, rotated in either direction
90°or 180°where it is locked in place and then, if desired,
tipped back with either end or the oil pan side up.

Remove and Disassemble Engine

Before mounting an engine on an overhaul stand, it must
be removed from the vehicle and disconnected from the
transmission. Details of this procedure will vary from one
application to another. However, the following steps will
be necessary.

1. Drain the cooling system.

2. Drain the lubricating oil.

3. Disconnect the fuel lines.

4. Remove the air cleaner and mounting brackets.

5. Remove the turbocharger, if used.

6. Disconnect the exhaust piping and remove the exhaust
manifolds.

7. Disconnect the throttle controls.

© 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Cylinder Block 1.1

8. Disconnect and remove the starting motor, battery-
charging generator or alternator and other electrical
equipment.

9. Remove the air compressor, if used.

10. Remove the radiator and fan guard and other related
cooling system parts.

11. Remove the air box drain tubes and fittings
12. Remove the air box covers.

13. Disconnect any other lubricating oil lines, fuel lines or
electrical connections.

14. Separate the engine from the transmission
15. Remove the engine mounting bolts.

16. Use a spreader bar with a suitable sling and adequate
chain hoist to lift the engine from its base (Fig. 4). To
prevent bending of the engine lifter brackets the lifting
device should be adjusted so the lifting hooks are vertical.
To ensure proper weight distribution, all engine lifter
brackets should be used to lift the engine

NOTE: Do not lift the engine by the webs in the air inlet
opening at the top of the cylinder block.

17. Mount the engine on the overhaul stand. For 6V and 8V
engines, use overhaul stand J 6837-C with adaptor J 8601-
01. For 12V engines, use overhaul stand J 9389-04 and
adaptor J 8650.

CAUTION: Check the fastenings carefully to be sure
the engine is securely mounted to the overhaul stand
before releasing the lifting sling. Severe injury to
personnel and destruction of engine parts will result if
the engine breaks away from the overhaul stand.

18. With the engine mounted on the overhaul stand,
remove all of the remaining subassemblies and parts from
the cylinder block.

The procedure for removing each subassembly from the
cylinder block, together with disassembly, inspection, repair
and reassembly of each, will be found in the various
sections of this manual.

After stripping, the cylinder block must be thoroughly
cleaned and inspected.

FIG. 4 - Lifting Engine with Spreader and Sling

© 1982 General Motors Corp.
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1.1 Cylinder Block

DETROIT DIESEL V-71 (Vehicle)

Clean Cylinder Block

Scrape all gasket material from the cylinder block. Then
remove all oil gallery plugs and core hole plugs (except
cup plugs) to allow the cleaning solution to contact the
inside of the oil and water passages. This permits more
efficient cleaning and eliminates the possibility of' the
cleaning solution attacking the aluminum core hole plug
gaskets (if used).

If a core hole plug is difficult to remove, hold a 3/4" drift
against the plug and give it a few sharp blows with a one
pound hammer. With a 1/2" flexible handle and a short
extension placed in the countersunk hole in the plug, turn
the plug slightly in the direction of tightening. Then turn it in
the opposite direction and back the plug out.

Clean the cylinder block as follows:

1. Remove the grease by agitating the cylinder block in a
hot bath of commercial heavy-duty alkaline solution.

2. Wash the block in hot water or steam clean it to remove
the alkaline solution.

3. It the water jackets are heavily scaled, proceed as s:
follow

a. Agitate the block in a bath of inhibited commercial
pickling acid.

b. Allow the block to remain in the acid bath until the
bubbling stops (approximately 30 minutes).

c. Lift the block, drain it and reimmerse it in the same
acid solution for 10 minutes.

d. Repeat Step "C" until all scale is removed.

e. Rinse the block in clear hot water to remove the acid
solution

f. Neutralize the acid that may cling to the casting by
immersing the block in an alkaline bath.

g. Wash the block in clean water or steam clean it.
4. Dry the cylinder block with compressed air

5. Make certain that all water passages, oil galleries and air
box drain openings have been thoroughly cleaned.

NOTE: The above cleaning procedure may be used
on all ordinary cast iron and steel parts of the engine.
Mention will be made of special cleaning procedures
whenever necessary.

6. After the block has been cleaned and dried, coat the
threads of the plugs and the gaskets with clean engine oil
and reinstall the air box core hole plugs or adaptor plug.
Tighten the 1 3/4"-16 plugs to 150-180 Ib-ft (204-244 Nm)
torque. Tighten the 2 1/2"-16 plugs or water inlet adaptor
plug (if used) to 230-270 Ib-ft (312- 366 Nm) torque using
tool J 23019.

A water inlet adaptor plug and gasket replaces the rear
(flywheel housing end) 2 1/2" core hole plug in the cylinder
block air box floor on engines built with an aftercooler
(refer to[Section 3.5.3). Use tool J 25275 to install or
remove this adaptor plug. Lubricate with clean engine oil
and tighten the adaptor plug to 230- 270 Ib-ft (312-366 Nm)
torque.

NOTE: Excessive torque applied to the core hole plugs
may result in cracks in the water jacket.

If for any reason the cup plugs in the water jackets were
removed, install new plugs as follows:

a. Clean the cup plug holes and apply Permatex No. |
sealant, or equivalent, to the outer diameter of the

plugs.

b. Drive the plugs in place with handle J 7079-2 and
adaptor J 24597 (2 1/2" diameter plugs,[Fig. 5)
adaptor J 21849 (for 2" diameter plugs) or adaptor J
21850 (for | 5/8" diameter plugs).

c. Drive the aftercooler adaptor plug in place, using tool
J 28711.

Pressure Test Cylinder Block

After the cylinder block has been cleaned, it must be
pressure tested for cracks or leaks by either one of two
methods.

Page 4
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DETROIT DIESEL V-71 (Vehicle) Cylinder Block 1.1

METHOD "A"

This method may be used when a large enough water
tank is available and the cylinder block is completely
stripped of all parts.

1. Seal off the water inlet and outlet holes air tight.
This can be done by using steel plates and suitable
rubber gaskets held in place by bolts. Drill and tap
one cover plate to provide a connection for an air line.

NOTE: A new service tool (J 29571) has been
released to aid in pressure testing V-71
aftercooled engine cylinder blocks. When
properly installed, the new tool seals- off the
aftercooler water inlet adaptor plug in the air
box floor.

2. Immerse the block for twenty minutes in a tank of
water heated to 180-200 F (82-93 °C).

3. Apply 40 psi (276 kPa) air pressure to the water
jacket and observe the water in the tank for bubbles
which' indicate the presence of cracks or leaks in the
block. A cracked cylinder block must be replaced by a
new block.

4. After the pressure test is completed, remove the
block from the water tank. Then remove the plates
and gaskets and dry the block with compressed air.

METHOD "B" FIG. 6 Honing Cylinder Block Bore

This method may be used when a large water tank is 5. After the test is completed, remove the plates, drain
unavallable,_ or when it is desired to _check the block the water jacket and blow out all of the passages in the
for cracks without removing the engine from the block with compressed air.

vehicle. However, it is necessary to remove the cylinder

heads, blower, oil cooler, air box covers and oil pan. Inspect Cylinder Block

1. Attach sealing plates and gaskets as in Method "A". After cleaning and pressure testing, inspect the
However, before attaching the last sealing plate, fill cylinder block.

the water jacket with a mixture of water and one
gallon of antifreeze. The antifreeze will penetrate
small cracks and its color will aid in detecting their

Since most of the engine cooling is accomplished by
heat transfer through the cylinder liners to the water
jacket, a good liner-to-block contact must exist when

presence. - 9% : ; X
the engine is operating. Whenever the cylinder liners

2. Install the remaining sealing plate and tighten it are removed from an engine, the block bores must be

securely. inspected.

3. Apply 40 psi (276 kPa) air pressure to the water NOTE: Before attempting to check the block

jacket and maintain this pressure for at least two hours bores, hone them throughout their entire length

to give the water and antifreeze mixture ample time to until about 75% of the area above the ports has

work its way through any cracks which may exist. been "cleaned-up”.

4. At the end of the test period, examine the cylinder 1. Hone the block bores as follows:

bores, air box, oil passages, crankcase and exterior of
the block for presence of the water and antifreeze b i a fixed I,
mixture which will indicate the presence of cracks. A stones can be set In a fixed position to remove

cracked cylinder block must be replaced by a new irregularities in the bore rather than following the
block. irregularities as with a spring-loaded hone. Clean

the stones frequently with a wire brush to prevent

a. Use a hone in which the cutting radius of the

© 1982 General Motors Corp. April, 1982 SEC. 1.1 Page 5
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DETROIT DIESEL V-71 (Vehicle)

PRESSUIRE S

FIG. 7 - High Pressure Areas on Cylinder Liner

stone loading. Follow the hone manufacturer's instructions
regarding the use of oil or kerosene on the stones. Do not
use such cutting agents with a dry hone. Use 120 grit
stones J 5902-14.

b. Insert the hone in the bore and adjust the stones snugly
to the narrowest section (Fig. 6). When correctly
adjusted, the hone will not shake in the bore, but will
drag freely up and down the bore when the hone is not
running.

c. Start the hone and "feel out" the bore for high spots
which will cause an increased drag on the stones.
Move the hone up and down the bore with short
overlapping strokes about | " long. Concentrate on the
high spots in the first cut. As these are removed, the
drag on the hone will become lighter and smoother. Do
not hone as long at the air inlet port area as in the rest
of the bore because this area, as a rule, cuts away
more rapidly. Feed lightly to avoid an excessive
increase in the bore diameter. Some stones cut rapidly
even under low tension.

d. When the bore is fairly clean, remove the hone,
inspect the stones and measure the bore. Determine
which spots must be honed most. Moving the hone
from the top to the bottom of the bore will not correct
an out-of-round condition. To remain in one spot too
long will cause the bore to become irregular. Where
and how much to hone can be judged by feel. A heavy
cut in a distorted bore produces a steady drag on

FIG. 8 - Checking Bore of Cylinder Block with
Tool J 5347001

the hone and makes it difficult to feel the high spots.
Therefore, use a light cut with frequent stone adjustments.

e. Wash the cylinder block thoroughly after the honing
operation is completed.

2. The cylinder liner is alternately expanding and
contracting, during engine operation, due to temperature
variations. This may result in irregularities in the block
bores (out-of-round and taper), the effects of which will be
seen as high pressure areas on the outside diameter of the
cylinder liner (Fig. 7)l A slight increase in block bore size is
normal with high mileage or long periods of engine
operation.

If a new liner and piston is installed in the block without
properly fitting the liner, galling and seizing of the piston
may result. This is caused by the new piston having to
travel over the irregularities without time to conform to the
particular shape of the block bore.

Check the cylinder block bores as follows:

a. Visually check the contact area as revealed by the
honed surface. There must not be any low spots which
are larger in area than a half dollar.

Page 6
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Cylinder Block 1.1

1~ TRANSVERSE AXIS J-LONGITUDINAL AXIS
ICROSSWISE OF ENGINE) (LENGTHWISE OF ENGINE)

ANE

EAS $IDE 1A
BORE AT PLACES A, 8,C

s

FIG. 9 Cylinder Block Bore Measurement
Diagram

b. Measure the entire bore of each cylinder with
cylinder bore gage J 5347-01 which has a
dial indicator calibrated in .0001 “ increments.
The standard block bore is 4.6260” to 4.6275".
Place the bore gage in the master ring gage
J 8386-01 which has an I.D. of 4.6270” and set
the dial to zero. Take measurements on the
cleaned-up surface only at positions A, B, C, D, E
and F in the bore on axes 45°apart (Fig. 9).

Read the measurements from the zero mark on
the gage. The readings may be recorded on a
form similar to the one illustrated (Fig. 10).

NOTE: Dial bore gage setting master tool
J 23059-01 may be used in place of the master

ring gage.

3. The liner-to-block clearance with new parts is zero
to .0015". With used parts, the maximum clearance is
.0025". After measuring the block bores, measure the
outside diameter of the cylinder liners (Section 1.6.3).
Then determine the block-to-liner clearance (refer to

Trans. 45° Long. 45°
1 2 3 4
A
B
C
Port
Belt
D

FIG. 10 Block Bore Measurement Record
Form

[Section 1.0 for the specified clearances) and whether it
will be necessary to bore the block for oversize
cylinder liners.

4. If necessary, bore the cylinder block as follows:

a. Each bore in a used block must not be out-of-
round or tapered more than .002". If the average
block bore is over 4.6285”, the block should be
bored oversize (refer to Tables | and 2).

For Average . To Give
Block Bore gseo Lnsr)er . A Liner=to-
1.D. Size of 0. dize Block Clearance of
44299, Standard .000" to .0025"
4020 001" Oversize 000" to .0025"
TABLE 1
Block Boring Liner O.D. Maximum Block Bore
Dimensions Size [.D.on a Used Block
223 .005" Oversize 4.6325"
$838° | 010" Ovensize 4.6375"
Lol .020" Oversize 4.6475"
#e3 .030" Oversize 4.6575"
TABLE 2

b. A typical commercially available portable boring
bar is illustrated in[Fig. 1. Instructions on
correct use of the boring bar are provided by the
manufacturer.

c. After boring the block for an oversize cylinder
liner, check the bore finish to be sure it is smooth
(120 RMS). Heat transfer from the cylinder liner
to the block will be adversely affected if the block
isn't smooth.

d. Wash the block thoroughly after the boring
operation.

e. When an oversize liner is used, stamp the size of
the liner on the top deck of the block adjacent to
the liner counterbore. An oversize liner insert

© 1980 General Motors Corp.
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Cylinder Block 1.1 DETROIT DIESEL V-71 (Vehicle)

FIG. 12 - Checking Top Surface of Cylinder
Block

- ;
FIG. 11 - Portable Boring Bar

. T ring grooves and counterbores. The cylinder head
must be installed whenever an oversize liner is

- | strip grooves must be .092" - .107" deep. The
[Section 1.6.3). oea
used [Section 1.6.3] large water hole counterbores (between the

5. Check the top of the block (cylinder head contact
surfaces) for flathess with an accurate straight edge
and a feeler gage (Fig. 12).

a. The cylinder head contact surfaces of the block
must not vary more than .003" transversely and
not over .006" (6V), .007" (8V) or .009" (12V)
longitudinally. It will be difficult to prevent water,
oil and compression leaks if these surfaces exceed
these tolerances.

b. If itis necessary to machine these surfaces to
correct for the above conditions, do not remove
more than .008" of metal. Stamp the amount of
stock removed on the face of the block. The
distance from the centerline of the crankshaft to
the top of the cylinder head surface of the block
must not be less than 16.176" [Fig. 13).

1878

FIG. 13 - Minimum Distance from Centerline of

c. If stock is removed from the cylinder head contact Crankshaft to Top of Cylinder Block

surfaces of the block, check the depth of the seal

Page 8 ©1980 General Motors Corp.
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Cylinder Block 1.1

FIG. 14 Checking Depth of Counterbore with
Toot J 22273

cylinders) must be .109" - .120" deep, and the
combination water and oil hole counterbores and
small water hole counterbores must be .087" -
.098" deep. If necessary, deepen the grooves or
counterbores to the specified limits to retain the
proper "crush" on the seal rings. It is not
necessary to deepen the counterbores for the
cylinder liners since .004" and .008" undersize
thickness inserts are available for adjusting the
liner position as outlined in Bection 1.6.3|under
Fitting Cylinder Liner in Block Bore.

6. Make sure the cylinder liner counterbores in the
block are clean and free of dirt. Then check the depth

MAIN BE}RING CAP FLYWHEEL END
o o fo 17) o ’3 [?) )
0o Oo ) O
3 [l
500 \ \
o o o o h? [} ‘}_/
BEARING NUMBERS 11670

FIG. 15 - Cylinder Block Markings

[Fig. 14). The depth must be .4770" to .4795'a and
must not vary more than .0015" throughout the entire
circumference. The counterbored surfaces must be
smooth and square with the cylinder bore within .001 "
total indicator reading. There must not be over .001"
difference between any two adjacent cylinder counter-
bores when measured along the cylinder longitudinal
centerline of the cylinder block.

7. Check the main bearing bores as follows:

a.

Check the bore diameters with the main bearing
caps in their original positions. Bearing caps are
numbered to correspond with their respective
positions in the cylinder block. It is imperative
that the bearing caps are reinstalled in their
original positions to maintain the main bearing
bore alignment. The number of the front main
bearing cap is also stamped on the face of the oil
pan mounting flange of the cylinder block,
adjacent to its permanent location in the engine
as established at the time of manufacture. The
No. I main bearing cap is always located at the
end opposite the flywheel end of the cylinder
block [(Fig. 15). Lubricate the bolt threads and
bolt head contact areas with a small quantity of
International Compound No. 2, or equivalent.
Then install and tighten the bolts to 165-175 Ib-ft
(224-238 Nm) torque. When making this check,
do not install the main bearing cap stabilizers.
The specified bore diameter is 4.812", to 4.813". If
the bores do not fall within these limits, the
cylinder block must be rejected.

NOTE: Main bearing cap bolts are especially
designed for this purpose and must not be
replaced by ordinary bolts.

Finished and unfinished main bearing caps are
available for replacing broken or damaged caps.
When fitting a finished replacement bearing cap,
it may be necessary to try several caps before one
will be found to provide the correct bore diameter
and bore alignment. If a replacement bearing cap
is installed, be sure to stamp the correct bearing
position number on the cap.

NOTE: Use the unfinished bearing caps for the
front and intermediate bearing positions. The
finished bearing caps, machined for the
crankshaft thrust washers, are to be used in the
rear bearing position.

Main bearing bores are line-bored with the
bearing caps in place and thus are in longitudinal
alignment. If a main bearing bore is more than
.001" maximum overall misalignment or .0005"
maximum misalignment between adjacent bores
the block must be line-bored (seel Section 1.0) or
scrapped. Misalignment may be caused by a
broken crankshaft, excessive heat or other
damage.

If the main bearing bores are not in alignment

© 1982 General Motors Corp.
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1.1 Cylinder Block

DETROIT DIESEL V-71 (Vehicle)

when a replacement bearing cap is used, the block
must be line-bored (see[Section 1.0).

8. Refer to the Cylinder Block Plugging Chart shown as
a fold-out at the end of this manual and install the
necessary plugs and dowels.

9. Replace loose or damaged dowel pins. The dowels at
the ends of the cylinder block must extend .630".

The dowels used to retain the crankshaft thrust
washers on the rear main bearing cap must extend
.110" to .120 " from the surface of the bearing cap.

NOTE: A stepped dowel pin is available to
replace loose pins in the rear main bearing cap.
Before installing the stepped pins, rebore the
dowel holes in the bearing cap with a No. Il
(-1910") or No. 12 (.1890") drill. After pressing
the pins into the bearing cap, remove all burrs
from the base of the dowel pins to ensure
proper seating of the thrust washers.

10. If used, replace damaged or broken cylinder head
studs. Drive new studs to a height of 4 3/8" + 1/32"
above the block at a minimum of 75 Ib-ft (102 Nm)
torque. Also examine the cylinder head retaining bolt
holes. If the threads are damaged, use a tap to "clean-
up" the threads or install a helical thread insert.

| 1. The tapped holes in the water-below-port cylinder
blocks may be tapped with a 5/8"-I | UNC3B thread
tap. The stud holes and unplugged bolt holes must
have the thread extending 1.850" below the block
surface. If the bolt hole in the block is plugged, the
plug must be a minimum of 2.040" below the surface
of the block and threaded the full distance (1.920" on
blocks prior to January, 1975). When replacing a bolt
hole plug in the current water-below-port block, refer

to Shop Notes in

12. Check the remaining cylinder block surfaces and
threaded holes. Check all of the mating surfaces, or
mounting pads, for flatness, nicks and burrs. Clean-up
damaged threads in tapped holes with a tap or install
helical thread inserts, if necessary.

13. After inspection, if the cylinder block is not to be
used immediately, spray the machined surfaces with
engine oil. If the block is to be stored for an extended
period of time, spray or dip it in a polar type rust
preventive such as Valvoline Oil Company's "Tectyl
502-C", or equivalent. Castings free of grease or oil
will rust when exposed to the atmosphere.

Assemble and Install Engine

After the cylinder block has been cleaned and
inspected, assemble the engine as follows:

NOTE: Before a reconditioned or new service
replacement cylinder block is used, steam clean
it to remove the rust preventive and blow out
the oil galleries with compressed air.

1. Mount the cylinder block on the overhaul stand.

2. If a new service replacement block is used, stamp
the engine serial number and model number on the
right-hand side of the cylinder block. Also stamp the
position numbers on the main bearing caps
and the position of the No. | bearing on the oil pan
mounting flange of the block.

3. Install all of the required cylinder block plugs and
drain cocks. Use a good grade of non-hardening
sealant on the threads of the plugs and drain cocks.
Install the plugs flush with or below the surface of the
block.

NOTE: Make sure the cup plug, which blocks
the oil cooler adaptor inlet from the adaptor
outlet, is installed in the vertical passage.

4. Check the cam pocket drain hole spring pin (if
used) in the front end of the block to be sure it is
installed with the slot up.

5. Clean and inspect all engine parts and subassem-
blies and, using new parts as required, install them on
the cylinder block by reversing the sequence of
disassembly. The procedures for inspecting and
installing the various parts and subassemblies are
outlined in the following sections of this manual.

6. Use a chain hoist and suitable sling to transfer the
engine to a dynamometer test stand.

7. Complete the engine build-up by installing all
remaining accessories, fuel lines, electrical connections,
controls etc.

8. Operate the engine on a dynamometer, following

the run-in procedure outlined in Section 13.2.1

9. Reinstall the engine in the vehicle.

Page 10
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111

CYLINDER BLOCK END PLATES

A flat steel plate, one bolted to each end of the
cylinder block, provides a support for the flywheel
housing at the rear and the balance weight cover at
the front of the engine. Gaskets are used between the
block and each end plate.

Inspection

When an end plate is removed, it is essential that all
of the old gasket material be removed from both
surfaces of the end plate and the cylinder block. Clean
the end plate as outlined under Clean Cylinder Block in

Inspect both surfaces of each end plate for nicks,
dents, scratches or score marks and check the end
plates for warpage. Check the plug nuts in the end
plates for cracks or damaged threads. If nicks or
scratches on the sealing surfaces of the end plates are
too deep to be cleaned up, or the plug nuts are
damaged, replace the end plates or plug nuts.

When installing a plug nut, support the end plate on a
solid flat surface to avoid distorting the plate. Then
press the nut in the end plate until the head on the nut
seats on the end plate.

COVER

REAR END GASKET
PLATE

Install Cylinder Block Breather Pads

A new breather pad, designed to improve crankcase
ventilation, was used beginning with engine 6VA-
16943, 8VA-7508 and 12VA-2332.

The new pad differs from the two former pads in

width only. To compensate for the decrease in width,
two retainers have been provided to hold the new pads
in the cavities behind the cylinder block rear end plate

NOTE: Turbocharged engines do not require
breather pads.

After cleaning the breather pads and prior to
installing the cylinder block rear end plate, reinstall
the breather pads and retainers, if used, in the block
as shown in

NOTE: Since the former breather pads were not
the same size, be sure to reinstall them in their
original locations.

The end plates, when assembled to -the block, will
apply pressure on the retainers and hold the pads in
position.

FRONT END

GASKETS S

sw

CYLINDER
BLOCK

FIG. 1 - Cylinder Block End Plates and Relative Location of Parts

©1981 General Motors Corp.
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1.1.1 End Plates

DETROIT DIESEL V-71 (Vehicle)

RETAINER
f SHORT

FIG. 2 - Current Breather Pads and Retainers -
Installed in Cylinder Block

Install End Plates

1. Affix new gaskets to the ends of the cylinder block,
using a non-hardening gasket cement. Also apply an
even coating of gasket cement to the outer surface of
each gasket (the surface next to the end plate). Also
attach the small round gasket to the corner at the front

end of the cylinder block (Fig. 1).

NOTE: Do not use the V-92 gasket on engines
built prior to January, 1977. Use the V-71 front
end plate gasket that has been reinstated for
service.

2. Attach the front end plate to the cylinder block with
bolts and lock washers. Tighten the bolts finger tight.

3. Wipe the excess gasket cement from the bores in the
end plate and the cylinder block.

4. Insert the right bank camshaft end bearing through
the SMALL bearing bore in the end plate and into the
bore of the block to accurately align the end plate with
the cylinder block as shown in[Fig. 3|

FIG. 3 - Installing Front End Plate (8V Engine)

NOTE: The holes in the front and rear end
plates for the camshaft end bearings are not the
same size. The smaller hole is accurately
machined for alignment purposes and is always
located on the right side of the engine as
viewed from the rear.

5. With the bearing in place. tighten the 1/2"-13 end
plate-to-cylinder block bolts to 71-75 Ib-ft (96-102 Nm)
torque. Tighten the 3/8"-16 bolts to 3(0-35 Ib-ft (41-47
Nm) torque. Then remove the camshaft bearing which
served as a pilot while attaching the front end plate.

NOTE: On former blocks, tighten the 3/8"-16
bolts which thread into the special water jacket
plugs in the cylinder block to 20-25 Ib-ft (27-34
Nm) torque. On certain engines, a special
washer is used with these bolts.

6. Install the rear end plate in the same manner as
outlined above for the front end plate.

NOTE: If used, attach the small cover to the
cylinder block side of the rear end plate with
two bolts and copper washers prior to installing
the end plate. Use a new gasket between the
cover and the end plate.

7. Trim off any excess gasket material.

Page 2
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1.1.2

AIR BOX DRAINS

During normal engine operation, water vapor from
the air charge, as well as a slight amount of fuel and
lubricating oil fumes, condenses and settles on the
bottom of the air box. This condensation is removed
by the air box pressure through air box drain tubes
mounted on the sides of the cylinder block [Fig. 1, 2
or 3).

Air box drains must be kept open at all times,
otherwise water and oil that may accumulate will be
drawn into the cylinders.

Certain 6 and 8V upright engines have the air box
drain tubes routed to the crankcase at the rear dipstick
holes at each side of the engine, rather than to the

atmosphere [(Eig. 2).

In conjunction with the new drain tubes, a check
(control) valve has been installed in the air box drain
fitting on each side of the engine to allow drainage
only at low air box pressures.

The check valve cutaway shows the valve operating at
engine idle speed (Figs. 2 and 3). As the engine speed
and air box pressure increase, the valve moves forward
and seats, blocking air-flow. The check valve is only
serviced as an assembly.

Effective with engines built approximately June, 1981,

] “ -

FIG. 1 - Air Box Drain Tube

the air box drains are being routed to the atmosphere
[Fig. 3). Engines which have a closed air box drain
system can be equipped with an open air box
system - see Shop Notes in Section 1.0.

Inspection

A periodic check for air flow from the air box drain

tubes should be made (refer to Bection 15. 1)).

NOTE: Engines built prior to January 18, 1979
which use a 1/8"-18 pipe nipple in the sides of
the air box drain system should be kept open. If
plugged, this could cause a loss of engine
lubricating oil.

Inspect the check valve for proper operation as
follows:

1. Disconnect the drain tube from the check
valve.

2. Run the engine and note the airflow through
the valve at idle speed.

3. If the check valve is operating properly, there
will be no airflow at engine speeds above idle.

To check the air box pressures on an engine
with a closed air box drain system, use an air
box cover with a tapped hole for a fitting.

el

DIPSTICK
ADAPTOR

COPPER
WASHER

FIG. 2 - Closed Design Air Box Drain Tube and
Check Valve System (6 and 8V Engines)

© 1982 General Motors Corp.
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1.1.2 Air Box Drains DETROIT DIESEL V-71 (Vehicle)

1. Remove the plug in the cover.
2. Install a fitting and short drain tube.
3. Attach a manometer to the end of the drain

tube and check the air box pressure as stated in
Section 13.2

Tt EI:

s e
SPRING PLUNGER -

ECK VALYE

FIG. 3 - Open Design Air Box Drain Tube and
Check Valve System
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DETROIT DIESEL V-71 (Vehicle) 1.2

CYLINDER HEAD

The cylinder head (Figs. 1, 2 and 3), one on each cylinder bank, is a one-piece casting securely held to the cylinder
block by special bolts.

The exhaust valves, fuel injectors and the valve and injector operating mechanism are located in the cylinder head.
Depending upon the engine application, either two or four exhaust valves are provided for each cylinder.

Exhaust valve seat inserts, pressed into the cylinder head, permit accurate seating of valves under varying conditions of
temperature and materially prolong the life of the cylinder head.

To ensure efficient cooling, each fuel injector is inserted into a thin-walled tube which passes through the water
space in the cylinder head. The lower end of the injector tube is pressed into the cylinder head and flared over; the upper
end is flanged and sealed with a neoprene seal. The sealed

EXHAUST e :
WATER MAMIFOLD EXHAUST

MNOZILES STUD INJECTOR o YALYES

FUEL

OlL ; (FUEL GUIDE ROCKER MANIFOLD CAM
. PASSAGE LINES ARMS COMMECTOR FOLLOWER

2d b5 H

FIG. 1 - Typical Cylinder Head Assembly (Two-Valve)
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1.2 Cylinder Head DETROIT DIESEL V-71(Vehicle)

Lo ErAUsT
WATER  ManiFOLD
. siup INJECTOR

-~ FUEL

olL FUEL MANIFOLD ~ ROCKER
. PASSAGE © LINES  CONMECTOR = ARMS.

FIG. 2 - Typical Cylinder Head Assembly (Four-Valve)
upper end and flared lower end of the injector tube prevent water and compression leaks.

The exhaust passages from the exhaust valves of each cylinder lead through a single port to the exhaust manifold. The
exhaust passages and the injector tubes are surrounded by engine coolant.

In addition, cooling of the above areas is further ensured by the use of water nozzles (Figs. 5 and 6) pressed into the
water inlet ports in the cylinder head.

The nozzles direct, the comparatively cool engine coolant at high velocity toward the sections of the cylinder head which
are subjected to the greatest heat.

The fuel inlet and outlet manifolds are cast as an integral part of the cylinder heads. Tapped holes are Page 2 provided
for connection of the fuel lines at various points along each manifold.

The water manifold is also cast as an integral part of the cylinder head for 6V and 8V engines and certain current 12V
engines.

To seal compression between the cylinder head and the cylinder liner,, separate laminated metal gaskets are provided at
each cylinder. Water and oil passages between the cylinder head and cylinder block are sealed with synthetic rubber
seal rings which fit into counterbored holes in the block. A synthetic rubber seal fits into a milled groove near the
perimeter of the block. When the cylinder head is drawn down, a positive leakproof metal-to-metal contact is assured
between the head and the block.

Page 2 (C) 1980 General Motors Corp.
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Cylinder Head 1.2

FIG. 3 - Cylinder Head Mounting

To make the cylinder heads more tolerant of abnormal
coolant temperature, relief areas have been cast in the
current four valve cylinder heads. These stress relief
areas, which are shaped like a "dog bone", are cast in the
fire deck of the cylinder head between the cylinders
[7). For visual identification of the current cylinder head on
an engine, two bosses (at a later date a raised boss the
shape of a "dog bone") are cast on the fuel manifold side
of the three cylinder heads (6V engines) and a raised boss
the shape of a "dog bone" is cast on the exhaust manifold
side of the four (8V engines) and six (12V engines)
cylinder heads

FIG. 4 - Coolant Passages Around Exhaust Valves and
Fuel Injectors (C 1980 General Motors Corp.

FIG. 5 - Water Nozzles in Two-Valve Cylinder Head

(Fig._8). The current service cylinder heads which
include the stress relief areas in the fire deck also
include the nonmagnetic turbo exhaust valve inserts
identified by the letter "T" stamped on the face of the
cylinder head.

NOTE: Production non-turbocharged cylinder
heads include cast steel exhaust valve seat inerts
which have magnetic qualities. An easy method
for determining the type of exhaust valve seat
insert in a cylinder head is with a magnet. The
magnet will be attracted to the non-turbo insert
(will stick). The magnet will not be attracted to the
turbo insert, it will jump to the cyliner head.

Cylinder Head Maintenance

The engine operating temperature should be maintained
between 160 '-185 °F (71 °-85 °C) and the cooling
system should be inspected daily and kept full at all
times. The cylinder head fire deck will overheat and
crack in a short time if the coolant does not cover the fire
deck surface. When necessary, add coolant slowly to a
hot engine to avoid rapid cooling which can result in
distortion and cracking of the cylinder head (and cylinder
block).

(c) 1980 General Motor Corp.
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SINGLE.JET
HOTILE

FIG. 6 - Water Nozzles in Four-Valve Cylinder Head

Abnormal operating conditions or neglect of certain
maintenance items may cause cracks to develop in the
cylinder head. If this type of failure occurs, a careful
inspection should be made to find the cause and avoid
a recurrence of the failure.

Unsuitable water in the cooling system may result in
lime and scale formation and prevent proper cooling.
The cylinder head should be inspected around the
exhaust valve water jackets. This can be done by
removing an injector tube. Where inspection discloses
such deposits, use a reliable non-corrosive scale
remover to remove the deposits from the cooling
system of the engine, since a similar condition will exist
in the cylinder block and other components of the
engine. Refer td Section 13.3 for engine coolant
recommendations.

Loose or improperly seated injector tubes may result in
compression leaks into the cooling system and also
result in loss of engine coolant. The tubes must be tight

to be properly seated. Refer to|Section 2.1.4

Overtightened injector clamp bolts may also cause head
cracks. Always use a torque wrench to tighten the bolts
to the specified torque.

STRESS RELIEF - i Emg

FIG. 7 - Current Four Valve Cylinder Head

Other conditions which may eventually result in cylinder head
cracks are:

1. Excess fuel in the cylinders caused by leaking injectors.

2. Slipping fan belts can cause overheating by reducing air
flow through the radiator.

3. Accumulation of dirt on the radiator core which will reduce
the flow of air and slow the transfer of heat from the coolant to
the air.

4. Inoperative radiator cap which will result in loss of coolant.

Remove Cylinder Head

Certain service operations on the engine require removal of
the cylinder head:

Remove and install pistons.

n

Remove and install cylinder liners.

Remove and install exhaust valves.

BOSSES

I :
IDENTIFICATION

FIG. 8 - Current Four Valve Cylinder Head Identification

Page 4
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Cylinder Head 1.2

Remove and install exhaust valve guides.

Replace fuel injector tubes.
Install new cylinder head gaskets and seals.
Remove and install camshaft.

© N O A

Due to the various optional and accessory equipment
used, only the general steps for removal of the
cylinder head are covered. If the engine is equipped
with accessories that affect cylinder head removal,
note the position of each before disconnecting or
removing them to ensure correct reinstallation. Then
remove the cylinder head as follows:

1. Drain the cooling system.

2. Disconnect the exhaust piping at the exhaust
manifold. On turbocharged engines, remove the
connections from the exhaust manifold to the
turbocharger. Remove the turbocharger, if
necessary.

3. Disconnect the fuel lines at the cylinder head.

4. Loosen the hose clamps and remove the hose
attached to the thermostat housing cover.

5. Loosen the hose clamps at each end of the water
bypass tube and remove the tube.

6. Remove the thermostat housing assembly.

7. Clean and remove the valve rocker cover and
governor cover.

8. Disconnect the fuel rod from the injector control
tube lever and the governor. Remove the fuel rod.

9. Loosen the fuel rod cover hose clamps. Then
slide the hose up on the fuel rod cover toward the
governor.

10. Remove the exhaust manifold.
11. Remove the water manifold, if used.

12. Remove the injector control tube and brackets as
an assembly.

13. If the cylinder head is to be disassembled for
reconditioning of the exhaust valves and valve seat
inserts or for a complete overhaul, remove the fuel

pipes and injectors at this time. Refer to|Section 2.1
or 2.1.1 for removal of the injectors.

14. Check the torque on the cylinder head bolts and
stud nuts (if used) before removing the head. Then
remove the bolts and stud nuts (if used) and lift the
cylinder head from the cylinder block with tool

Recondition exhaust valves and valve seat inserts.

FIG. 9 Removing or Installing Cylinder Head with
Tool J 22062-01

J 22062-01 (Fig. 9). If interference is encountered between the
rear end of the right-bank cylinder head and any of the flywheel
housing attaching bolts, loosen the bolts. Checking the torque
before removing the head bolts and' examining the condition of
the compression gaskets and seals after the head is removed
may reveal the causes of any cylinder head problems.

NOTE: When placing the cylinder head assembly on a
bench, protect the cam followers and injector spray tips,
if the injectors were not

FIG. 10 - Cylinder Head Mounted on Holding
Plates (J 3087-01)

(c) 1982 General Motor Corp.
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SERIES 71{4 CYLINDER HEAD)

LONG END LOMG CENTER HOLD DOWN
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FIG. 11 - Cylinder Head Prepared for Pressure
Testing using Tool J 28454

removed, by resting the valve side of the head
on 2 " wood blocks.

15. Place the cylinder head on its side and remove
the engine lifter brackets and gaskets. Then attach
the cylinder head holding plates J 3087-01 (Fig._10)
to raise the head above the work bench.

16. Remove and discard the cylinder head
compression gaskets, oil seals and water seals.

17. After the cylinder head has been removed, drain
the lubricating oil from the engine. Draining the oil at
this time will remove any coolant that may have
worked its way to the oil pan when the head was
removed.

Disassemble Cylinder Head

If complete disassembly of the cylinder head is
necessary, refer to Sections 1.2.1 and 1.2.2 for
removal of the exhaust valve and injector operating
mechanism.

Clean Cylinder Head

After the cylinder head has been disassembled and all of the
plugs (except cup plugs) have been removed, thoroughly steam
clean the head. If the water passages are heavily coated with
scale, remove the injector tubes and water nozzles. Then clean
the cylinder head in the same manner as outlined for cleaning

the cylinder block (Section 1.7).

Clean all of the cylinder head components with fuel oil and dry
them with compressed air.

Inspect Cylinder Head

1. Before a cylinder head can be reused, it must be inspected
for cracks. Five prescribed methods for checking a cylinder
head for cracks are as follows:

NOTE: If any method reveals cracks, the cylinder head
should be considered unacceptable for reuse.

Magnetic Particle Method: The cylinder head is magnetized
and then covered with a fine magnetic powder or solution.
Flaws, such as cracks, form a small local magnet which cause
the magnetic particles in the powder or solution to gather there,
effectively marking the crack. The cylinder head must be
demagnetized after the test.

FIG. 12 - Checking Bottom Face of Cylinder Head

Page 6
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Cylinder Head 1.2

Fluorescent Magnetic Particle Method: This
method is similar to the magnetic particle method, but
is more

sensitive since it uses fluorescent magnetic particles
which glow under a "Black Light". Very fine cracks,
especially on discolored or dark surfaces, that may be
missed using the Magnetic Particle Method will be
disclosed under the "Black Light".

Fluorescent Penetrant Method: A highly fluorescent
liquid penetrant is applied to the area in question.
Then the excess penetrant is wiped off the surface
and

the part is dried. A developing powder is then applied
which helps to draw the penetrant out of the flaws by
capillary action. Inspection to find the crack is carried
out using a "Black Light".

Non-Fluorescent Penetrant Method: The test area
being inspected is sprayed with "Spotcheck" or Dye
Check. Allow one to thirty minutes to dry. Remove
the excess surface penetrant with clean cloths
premoisened with cleaner / remover. DO NOT flush
surface with cleaner / remover because this will
impair -sensitivity. Repeat this procedure with
additional wipings until residual surface penetrant has
been removed. Shake developer thoroughly until
agaitator rattles. Invert spray can and spray short
bursts to clear valve. Then spray this developer film
evenly over the test area being inspected. Allow
developer film to dry completely before inspecting.
Recommended developing time is 5 to 15 minutes.

The above four methods provide basic instructions.
Specific details should be obtained from the supplier
of the equipment or material.

Pressure Check Method: Pressure check the cylinder
head as follows:

a. To seal off the water holes in the cylinder head.
assemble tool set J 28454 as follows (Fig. 11}:

FIG. 13 - Minimum Distance Between Top and
Bottom Faces of Cylinder Head

1. Install the rubber stoppers on the bridges.

a. Large stoppers are installed on the long center bridge feet
opposite the notch and on the long end bridge feet closest
together.

b. Small stoppers are installed opposite the large stoppers on
center bridge and end bridge feet and on all short bridges.

2. Install the necessary parts, loosely, on the cylinder head.

3. Tighten the hold down bolts until the stoppers start to distort.
A 5 Ib-ft (7 Nm) torque is usually sufficient.

NOTE: Do not overtighten the hold down bolts. The
rubber stopper could distort enough to seal both the
inner and outer diameter of the water nozzles. If the
outer diameter is sealed, a leak from the outer diameter
would not be detected.

4. Install the air supply plate.

NOTE: Do not hook onto the pressure checking tool, or
any part of it, to move the cylinder head from one
location to another. If this is done it could result in
permanent damage to the tool.

b. Install scrap or dummy injectors to ensure proper seating of
the injector tubes. Dummy injectors may be made from
old injector nuts and bodies --the injector spray tips are not
necessary. Tighten the injector clamp bolts to 20-25 Ib-ft
(27-34 Nm) torque.

c. Apply 40 psi (276 kPa) air pressure to the water jacket.
Then immerse the cylinder head in a tank of water,
previously heated to 180°-200 F (82' -93°C), for about
twenty minutes to thoroughly heat the head. Observe the
water in the tank for bubbles which indicate a leak or
crack. Check for leaks at the top and bottom of the
injector tubes, oil gallery, exhaust ports, fuel manifolds
and at the top and bottom of the cylinder head.

d. Relieve the air pressure and remove the cylinder head
from the water tank. Then remove the palates, gaskets
and injectors and dry the head with compressed air.

2. Check the bottom (fire deck) of the cylinder head f(or
flatness:

(c) 1982 General Motor Corp.
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Cylinder Head

DETROIT DIESEL V-71(Vehicle)

Maximum Maximum
Engine Longitudinal Transverse
Warpage Warpage
6V .0055" .004"
8Vv .008" .00411
12v 010" 004"
TABLE 1

advisability of reinstalling the head on the engine or of
refacing it. The number of times a cylinder head may be
refaced will depend upon the amount of stock previously
removed.

c. If the cylinder head is to be refaced, remove the injector
tubes prior to machining. Do not remove more metal from
the fire deck of any cylinder head below the minimum
distance of 3.536"

NOTE: When a cylinder head has been refaced, critical
dimensions such as the protrusion of valve seat inserts,
exhaust valves, injector tubes and injector spray tips
must be checked and corrected. The push rods must
also be adjusted to prevent the exhaust valves from
striking the pistons after the cylinder head is reinstalled
in the engine. Also, deburr the water nozzles.

FIG. 14 - Correct Installation of Water Nozzles
in Two-Valve Cylinder Head

a. Use a hedvy, accurate straight-edge and
feeler gages, tool J 3172, to check for transverse
warpage at each end and between all cylinders.
Also check for longitudinal warpage in six places
as shown in[Fig. 12 Refer to Table | for
maximum allowable warpage.

3. Install new injector tubes (Section 2.1.4) if the old tubes
leaked or the cylinder head was refaced.

b. Use the measurements obtained and the limits
given in Table | as a guide to determine the

4. Inspect the exhaust valve seat inserts and valve guides

(refer to [Section 1.2.2).

5. Inspect the cam follower bores in the cylinder head for
scoring or wear. Light score marks may be cleaned up with
crocus cloth wet with fuel oil. Measure the bore diameters with a
telescope gage and micrometer and record the readings.
Measure the diameter of the cam followers with a micrometer.
Record and compare the readings of the followers and bores to
determine the can follower-to-bore clearances. The clearance
must not exceed .006" with used parts (refer to Section 1.() for
specifications). If the bores are excessively scored or worn,
replace the cylinder head.

6. Check the water hole nozzles to be sure they are not loose.
If necessary, replace the nozzles as follows:

B W ATER NOZZLES

a. Remove the old nozzles.

b. Make sure the water inlet ports in the cylinder head are
clean and free of scale. The water holes at each end of
the head may be cleaned up with a 1/2" drill and the
intermediate holes may be cleaned up with a 13/16" drill.
Break the edges of the holes slightly.

FIG. 15 - Correct Installation of Water Nozzles
in Four-Valve Cylinder Head

c. Press the nozzles in place with the nozzle openings

Page 8 (C) 1982 General Motors Corp.



DETROIT DIESEL V-71 (Vehicle)

Cylinder Head 1.2

parallel to the longitudinal centerline of the two-
valve cylinder head (Fig. 14). Install the 1/2"
diameter nozzles at the ends of the cylinder head
with their openings toward the center of the engine.
For the positioning of the nozzles in a four-valve
cylinder head, refer to Press the nozzles
flush to .0312" recessed below the surface of the
cylinder head.

d. Check to make sure the nozzles fit tight. If
necessary, use a wood plug or other suitable tool to
expand the nozzles, or tin the outside diameter
with solder to provide a tight fit. If solder is used,
make sure the orifices in the nozzles are not closed
with solder.

7. Replace broken or damaged studs. Apply sealant to
the threads of new studs and drive them to 10-25 Ib-ft (14-
34 Nm) torque (water manifold cover studs) or to 25-40 Ib-
ft (34-54 Nm) torque (exhaust manifold studs).

8. Pilot sleeves have been added to the head mounting
bolt holes at each end of the four-valve cylinder heads (on
the camshaft side of current heads or exhaust side of
former heads). Make sure the sleeves are flush or
recessed below the fire deck of the cylinder head. Replace
damaged sleeves. Pilot sleeves can be installed on early
cylinder heads by reaming the end bolt holes (camshaft
side of head) to .687"-.688" diameter by .750" deep and
pressing the sleeves flush or slightly recessed below the
fire deck. The sleeves, which act as a hollow dowel to
provide a closer fit between the mounting bolts and the
cylinder head, help to guide the head in place without
disturbing the seals and gaskets.

9. Inspect all removed from the
cylinder head.

other components

If a service replacement cylinder head is to be installed, it
must be thoroughly cleaned of all rust preventive
compound, particularly inside the integral fuel manifolds,
before installing the plugs. A simple method of removing
the rust preventive compound is to immerse the head in a
mineral spirits based solvent or fuel oil, then scrub the
head and go through all of the openings with a soft bristle
brush. A suitable brush for cleaning the various passages
in the head can be made by attaching a 1/8" diameter
brass rod to brush J 8152. After cleaning, dry the cylinder
head with compressed air.

A service replacement cylinder head includes the exhaust
valve guides, valve seat inserts, water nozzles, injector
tubes, pilot sleeves, bridge guides, valve spring seats and
the necessary plugs. In addition, studs, cover plates,
gaskets, lock washers and nuts are provided to seal the
water outlet openings that are not required on

SEAL COMPRESSION

RitG

SEAL RING

4T

FIG. 16 - Cylinder Head Seals and Gaskets

certain engines. A length of flexible fuel hose and fittings
are also included where required.

Assemble Cylinder Head

After cleaning and inspection, assemble the cylinder head
as follows:

1. Coat the threads of the plugs with Loctite Pipe Sealant
with Teflon, then install the necessary plugs and tighten
them to the specified torque (Bection 1.0)] Drive headless
plugs flush to .0625" below the surface of the cylinder
head. The 3/8" socket head oil gallery plug, at each end of
the head, must not protrude more than .0625", and a
.2187" diameter rod placed in the vertical oil feed hole
must pass the inner face of the plug. Refer to the Cylinder
Head Plugging Charts shown as fold-outs at the end of this
manual.

2. After the following parts are cleaned, inspected and
replaced, if necessary, reinstall them in the old cylinder
head or transfer them to the new head.

a. Exhaust valves, valve seat inserts and springs

Section 1.2.2).

b. Cam followers, guides, push rods, springs,
retainers, rocker arms, shafts, brackets and other

related parts (Section 1.2.1).

c. Place new washers on the fuel connectors. The
install the connectors and tighten them to 40-45 Ib-
ft (54-61 Nm) torque.

d. The fuel injectors, fuel pipes, injector control tube
assembly and water manifold, if used, can be
installed at this time or after the cylinder head is
installed on the engine.

O 1982 General, Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Cylinder Head 1.2

OPTIONAL
. DESIGN

FIG. 17 Compression Gasket Mounting in Cylinder Block

Pre-Installation Inspection

Make the following inspections just prior to installing the
cylinder head whether the head was removed to service
only the head or to facilitate other repairs to the engine.

1. Check the cylinder liner flange heights with relationship
to the cylinder block (Section 1.6.3).

2. Make sure the piston crowns are clean and free of
foreign material.

3. Make sure that each push rod is threaded into its clevis
until the end of the push rod projects through the clevis.
This is important since serious engine damage will be
prevented when the crankshaft is rotated during engine
tune-up.

4. Check the cylinder block and cylinder head gasket
surfaces, counterbores and seal grooves to be sure they
are clean and free of foreign material. Also check to
ensure that there are no burrs or sharp edges in the
counterbores.

5. Inspect the cylinder head bolt holes in the block for
accumulation of water, oil or any foreign material. Clean
the bolt holes thoroughly and check for damaged threads.

NOTE: The 2.00" diameter cup plug (thermostat
housing end) in a new two-valve service head for the
6V and 12V engine or the 3/4" pipe plug at the front
end of the 12V four-valve service head must be
removed prior to installation to prevent blocking the
coolant flow out of the head. Before installing a new
four- valve cylinder head, remove the 2.00)" plug from
the 6V and 8V cylinder heads.

Install Cylinder Head

1. Refer tb Fig. 16 and install the water and oil seal rings
and compression gaskets as follows:

NOTE: Never install used gaskets or seals.

a. Place a new compression gasket on top of each
cylinder liner. A new cylinder liner compression
gasket with improved sealing capabilities is now
being used The new gasket can be
identified by GM-MC-H, GM-VG-H or GM-FP-H.
The compression gasket is also color coded black,
orange or white. The service gasket kits will only
include a single color (black or orange). Only one
color compression gaskets (seal) can be used
under a single cylinder head to provide proper
clamping.

NOTE: The new cylinder liner compression gasket is
not interchangeable on an engine under the same
cylinder head with the former compression gasket.
Mixing of the former gasket with the new gasket could
result in uneven loading.

b. Place new seal rings in the counterbores of the
water and oil holes in the cylinder block. Silicone-
composition water hole seals can be damaged if
they move out of position in the cylinder block
counterbore during engine rebuild. In turn,
damaged seals can allow engine coolant to
contaminate lube oil and cause serious engine
damage. To prevent this, a spray adhesive may be
used to hold seals in place if the following
precautions are taken:

1. Attach a mask or template to the cylinder block
fire deck to minimize overspray.

2. Using a high-tack, spray tube adhesive suitable
for synthetic rubber seals (3M Company Super-
Tack Gasket Adhesive #8082, or equivalent),
spray a light, uniform coating of adhesive into
the seal counterbores. Keep the adhesive off
of adjacent block surfaces and wipe off any
that gets on the fire deck or liner bores.

O 1982 General Motors Corp.
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Cylinder Head 1.2
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FIG. 18 - Cylinder Head Bolt Tightening Sequence

3. Allow the adhesive to dry to a high-tack
consistency (stickiness) before installing the
seal. This permits the evaporation of the liquid
propellant used with the adhesive. Do not
apply adhesive directly to the seal. The
adhesive will coat the I.D. of the seal and the
spray propellant may cause the seal to swell
temporarily.

c. Install a new oil seal in the groove at the perimeter
of the cylinder block. The seal must lay flat in the
groove and must not be twisted or stretched when
installed. Installing the seal strip in the groove with
the colored stripe facing away from the cylinder
bores can improve its sealing capabilities.

NOTE: 3M Company Super-Tack Gasket adhesive
#8082 or equivalent may also be used to hold the
peripheral head-to-block oil seals in place during
engine rebuild.

2. To install the cylinder head on the engine without
disturbing the gaskets and seals. install guide studs J 9665
[Fig._9) in two corner bolt holes in the cylinder block.

NOTE: Current four-valve cylinder heads have piloting
sleeves installed in the corner bolt holes on the
camshaft side of the head (former heads had the
piloting sleeves on the exhaust side). The sleeves
provide more accurate alignment of

the cylinder head with the block bores. Do not install the
guide studs in the bolt holes which line- up with the piloting
sleeves in the head. The guide studs are not required on
early engines which include cylinder head studs in the
block.

3. Attach lifting tool J 22062-01 to the cylinder head and
lift the head into position above the cylinder block.

4. Make a final visual check of the compression gaskets
and seals to ensure that they are in place before the
cylinder head is lowered. this is a very important check.
Gaskets and seals which are not seated properly will
cause leaks and "blow-by" and result in poor engine
performance and damage to the engine.

5. Wipe the bottom o(' the cylinder head clean. Then
lower the head until it is about 1/2" from the surface of the
cylinder block.

6. Apply a small amount of International Compound No.
2, or equivalent. to the threads and underside of the head
of all cylinder head attaching bolts (to stud threads and
head contact surface of stud nuts, if used). Then install a
bo3t through each piloting sleeve (four-valve heads) at the
corners of the head and thread them finger tight into the
cylinder block. Continue to tighten these bolts (finger tight)
as the head is lowered into position on the cylinder block.

O 1982 General Motors Corp.
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Cylinder Head 1.2

NOTE: Cylinder head bolts are especially designed for
this purpose and must not be replaced by ordinary
bolts.

7. After the head is in place, remove the guide studs and
chain hoist and install the remaining bolts. running all bolts
down snug tight with a speed handle (15-20 Ib-ft or 20-27
Nm torque). However, before tightening the bolts, loosen
the lifter bracket-to-cylinder head attaching bolts, otherwise
the head may be prevented from seating properly on the
cylinder block. A similar condition could exist if the
exhaust manifold is attached to the cylinder head.
Clearance must be assured between the exhaust manifold
and the bosses on the cylinder block. On some engine
models, these bosses serve as a rest for the exhaust
manifold after the cylinder head has been installed on the
cylinder block.

8. Tighten the bolts to 175-185 Ib-ft (238-251 Nm) torque
in 50 Ib-ft (68 Nm) increments with a torque wrench, in the
sequence shown in Fig. 171 Repeat the tightening
sequence at least once, because the first bolts tightened in
the sequence tend to lose significant clamp load during
tightening of the remaining bolts. Apply a steady pressure
for two or three seconds at the prescribed torque to allow
the bolts to turn while the gaskets yield to their final
designed thickness. Begin on the cam follower side of the
head to take up tension in the push rod springs. Tighten
the bolts to the high side of the torque specification, but do
not exceed the limit or the bolts may stretch beyond their
elastic limits. Attempting to tighten the bolts in one step
may result in trouble and consequent loss of' time in
diagnosis and correction of difficulties, such as
compression leaks, when the engine is put into operation.

NOTE: Tightening the cylinder head bolts will not
correct a leaking compression gasket or seal. The
head must be removed and the damaged gasket or
seal replaced.

9. If the fuel injectors were not previously installed, refer
to[Section 2.1 or 2.1.1 and install them at this time.

10. On a four-valve cylinder head, adjust the exhaust
valve bridges as outlined in[Section 1.2.2

11. Tighten the rocker arm bracket bolts to the specified

torque (Section 1.0).

12. Align the fuel pipes and connect them to the injectors
and the fuel connectors. Use socket J 8932-01 to tighten
the connections to 12-15 Ib-ft (16-20 Nm) torque.

NOTE: Do not bend the fuel pipes and do not exceed
the specified torque. Excessive tightening will twist or
fracture the flared ends of' the fuel pipes and result in
leaks. Lubricating oil diluted by fuel oil can cause
serious damage to the engine bearings (refer to
Pressurize Fuel System -Check for Leaks in[Section|
[2.0).

13. Set the injector control tube assembly in place on the
cylinder head and install the attaching bolts finger tight.
When positioning the control tube, be sure the ball end of
each injector rack control lever engages the slot in the
corresponding injector control rack. With one end of the
control tube return spring hooked around an injector rack
control lever and the other end hooked around a control
tube bracket, tighten the bracket bolts to 10-12 Ib-ft (14-16
Nm) torque.

14. After tightening the bolts, revolve the injector control
tube to be sure the return spring pulls the injector racks out
(no-fuel position) after they have been moved all the way
in (full-fuel position). Since the injector control tube is
mounted in self-aligning bearings, tapping the tube lightly
will remove any bind that may exist. The injector racks
must return to the no-fuel position freely by aid of the
return spring only. Do not bend the spring. If necessary.
replace the spring.

15. Install the fuel rods. Then slide the fuel rod cover
hoses in place and tighten the clamps.

16. Connect the fuel lines.

17. Install the thermostat housing and thermostat.

18. Install the water manifold, if used.

19. Install the water bypass tube, hoses and clamps.

20 Install the thermostat housing cover, hose and clamps.

21. Install the exhaust manifold and connect the exhaust
piping.

22. Install
removed.

any other equipment that was previously

23. Refer to| Section 13.1 under Preparation for Starting
Engine First Time and fill the cooling system and
lubrication system.

24. Before starting the engine. perform an engine tune-up
as outlined in Section 14.

O 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

1.2.1

VALVE AND INJECTOR OPERATING MECHANISM

Three rocker arms are provided for each cylinder; the two
outer arms operate the exhaust valves and the center arm
operates the fuel injector.

Each set of three rocker arms pivots on a shaft supported
by two brackets. A single bolt secures each bracket to the
top of the cylinder head. Removal of the two bracket bolts
permits the rocker arm assembly for one cylinder to be
raised, providing easy access to the fuel injector and the
exhaust valve springs.

The rocker arms are operated by a camshaft through cam
followers and short push rods extending through the

cylinder head (Fig._1).

Each cam follower operates in a bore in the cylinder head.
A guide for each set of three cam followers is attached to
the bottom of the cylinder head to retain the cam followers
in place and to align the cam follower rollers with the
camshaft lobes.

A coil spring, inside of each cam follower, maintains a pre-
determined load on the cam follower to ensure contact of
the cam roller on the camshaft lobe at all times.

YALYE
' BRIDGE

Lubrication

The valve and injector operating mechanism is lubricated
by oil from a longitudinal oil passage on the camshaft side
of the cylinder head, which connects with the main oil
gallery in the cylinder block. Oil from this passage flows
through drilled passages in the rocker shaft bracket bolts to
the passages in the rocker arm shaft to lubricate the rocker

arms (Fig._2).

Overflow oil from the rocker arms lubricates the exhaust
valves, valve bridges and cam followers. The oil then
drains from the top deck of the cylinder head through oil
holes in the cam followers, into the camshaft pockets in the
cylinder block and back to the oil pan.

The cam follower rollers are lubricated with oil from the
cam followers, oil picked up by the camshaft lobes and by
oil emitted under pressure from milled slots in the camshaft
intermediate bearings.

ROCKER ARM

FIG. 1 Valve and Injector Operating Mechanism (Four-Valve Head)

O 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Valve Operating Mechanism 1.2.1

FIG. 2 - Lubrication of Valve Operating Mechanism

Service

Some service operations may be performed on the valve
and injector operating mechanism without removing the
cylinder head:

1. Adjust valve clearance.

2. Replace a valve spring.

3. Replace or adjust an exhaust valve bridge or replace a
valve bridge guide (four-valve head).

4. Replace arocker arm.

5. Replace a rocker arm shaft or bracket.

6. Replace a fuel injector.

It is also possible to replace a push rod, push rod spring,
the spring seats or a cam follower without removing the
cylinder head. However, these parts are more easily
changed from the lower side when the cylinder head is off

the engine. Both methods are covered in this section.

To replace the exhaust valves, valve guides and valve
seat inserts, the cylinder head must be removed (refer to

Section 1.2.2).
Remove Rocker Arms and Shaft
1. Clean and remove the valve rocker cover.

2. Remove the fuel pipes from the injector and the fuel
connectors.

NOTE: Immediately after removing the fuel

pipes, cover the injector fuel inlet and outlet openings
with shipping caps to prevent dirt or foreign material
from entering.

3. Turn the crankshaft, or crank the engine with the
starting motor, to bring the injector and valve rocker arms
in line horizontally.

NOTE: Do not bar the crankshaft in a left- hand
direction of rotation with a wrench or barring tool on the
crankshaft bolt, or the bolt may be loosened.

4. Remove the two bolts which secure the rocker arm
shaft brackets to the cylinder head. Remove the brackets
and shaft.

NOTE: When removing the rocker arm shaft, fold
the three rocker arms back just far enough so the shaft
can be removed. Do not force the rocker arms all the
way back with the shaft in place as this may impose a
load that could bend the push rods.

5. Loosen the lock nuts at the upper ends of the push
rods, next to the clevises, and unscrew the rocker arms
from the push rods.

NOTE: If the rocker arms and shafts from two or more
cylinders are to be removed, tag them so they may be
reinstalled in their original positions.

Inspection

Wash the rocker arms, shaft, brackets and bolts with clean
fuel oil. Use a small wire to clean out the drilled oil
passages in the rocker arms and rocker shaft bolts. Dry
the parts with compressed air.

Inspect the rocker arm shaft and rocker arm bushings for
wear. A maximum shaft to bushing clearance of .004" is
allowable with used parts (refer to Service
replacement bushings must be reamed to size after
installation.

The current injector rocker arm used on coach engines
does not use a bushing at the push rod clevis. The bore
area is "lubrited" to provide improved lubrication in this
area.

Inspect the rocker arms for galling or wear on the pallets
(valve or injector contact surfaces). If worn, the surface
may be refaced up to a maximum of .101". However,
proceed with caution when surface grinding to avoid
overheating the rocker arm. Maintain the radius and finish
as close to the original surface as possible. Also inspect
the valve bridges (four-valve head) for wear.

O 1980 General Motors Corp.
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Cylinder Head 1.2.1

FIG. 3 - Removing Push Rod from Upper Side of
Cylinder Head

Remove Cam Follower and Push Rod (with Cylinder
Head on Engine)

When removing the cam followers and associated parts,
tag them so they may be reinstalled in their original
location.

To remove a push rod, spring, spring seats and cam
follower from the top of the cylinder head, proceed as
follows:

1. Remove the rocker arm shaft and brackets as outlined
under Remove Rocker Arms and Shaft.

2. Loosen the lock nut and unscrew the rocker arm from
the push rod to be removed. Remove the lock nut.

3. Install remover J 3092-01, a flat washer and the lock
nut on the push rod, with the lower end of the tool resting
on the upper spring seat.

4. Thread the nut down to compress the spring.

5. Remove the spring seat retainer from the groove in the
cylinder head

6. Unscrew the lock nut to release the spring. Then
remove the nut, flat washer and tool from the push rod.

7. Pull the push rod, spring, spring seats and cam follower
out of the cylinder head.

CAM FOLLOWER BORE
CAM FOLLOWER

S "% T CAM FOLLOWER GUIDE

¢4

FIG. 4 - Cam Followers and Guide

W

Remove Cam Follower and Push Rod (Cylinder Head
Removed)

When removing the cam followers and associated parts,
tag them so they may be reinstalled in their original
location.

1. Rest the cylinder head on its side and remove
the cam follower guide.

2. Pull the cam follower out of the cylinder head.

3. Remove the fuel pipes from the injector and the fuel
connectors.

NOTE: Immediately after removing the fuel pipes,
cover the injector fuel inlet and outlet openings with
shipping caps to prevent dirt or foreign material from
entering.

4. Loosen the push rod lock nut and unscrew the push rod
from the rocker arm clevis.

5. Pull the push rod and spring assembly from the bottom
of the cylinder head.

6. Remove the push rod lock nut, spring and spring seats
from the push rod.

If the cylinder head is to be replaced, remove the spring
retainers and install them in the new head.

O 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Cylinder Head 1.2.1

Inspection

Proper inspection and service of the cam follower is very
necessary to obtain continued efficient engine
performance. When any appreciable change in injector
timing or exhaust valve clearance occurs during engine
operation, remove the cam followers and their related parts
and inspect them for excessive wear. This change in
injector timing or valve clearance can usually be detected
by excessive noise at idle speed.

Wash the cam followers with lubricating oil or Cindol 1705
and wipe dry. Do not use fuel oil. Fuel oil working its way
in between the cam roller bushing and pin may cause
scoring on initial start-up of the engine since fuel oil does
not provide adequate lubrication. The push rods, springs
and spring seats may be washed with clean fuel oil and
dried with compressed air.

Examine the cam follower rollers for scoring, pitting or flat
spots. The rollers must turn freely on their pins. Measure
the total diametric clearance and side clearance. Install a
new roller and pin if the clearances exceed those specified
in Cam followers stamped with the letter "S" on the
pin, roller and follower body are equipped with an oversize
pin and roller. The same clearances apply to either a
standard or oversize cam follower assembly.

Examine the camshaft lobes for scoring, pitting or flat
spots. Replace the camshaft if necessary.

Measure the cam follower bores in the cylinder head with a
telescope gage and micrometer and record the readings.
Measure the diameter of the cam followers with a
micrometer. Record the readings and compare

N g
010" TOTAL (MAX) tL 011" 0 .023" !}.,
DIAMETRIC ! TOTAL SIDE |

CLEARANCE CLEARANCE

11578A

FIG. 5 Cam Roller Clearances

© 1980 General Motors Corp.

the readings of the followers and bores to determine the
cam follower-to-bore clearances (refer to Section 1.0 for

specifications).

Inspect the push rods and spring seats for wear. The
current push rods have milled wrench flats and a bright
"turned” finish and the lower spring seats are serrated
along the push rod contact surfaces (Fig._6).

NOTE: When replacing a push rod or lower spring
seat, do not use a plain spring seat (Fig. _6) with a
current type push rod. Any other combination of spring
seat and push rod may be used.

Examine the cam follower springs for wear or damage and
check the spring load. Replace a spring when a load of
less than 172 Ibs. (765 N) will compress it to a length of
2.125". Use spring tester J 22738-02 to check the spring
load (Fig. 7).

Replace Cam Roller and Pin
To replace a cam roller and pin, proceed as follows:

NOTE: Do not attempt to bore out the legs of a
standard cam follower for an oversize pin.

1. Clamp fixture J 5840-01 securely in a vise as shown in
[Fig. 8. Then place the cam follower in the groove in the
top of the fixture, with the follower pin resting on top of the
corresponding size plunger in the fixture.

2. Drive the pin from the roller with a suitable drift.
Exercise caution in removing the cam follower body and
roller from the fixture as the roller pin is seated on a spring-
loaded plunger in the fixture.

3. Before installing the new roller and pin, remove the
preservative by washing the parts with clean lubricating oil
or Cindol 1705 and wipe dry. Do not use fuel oil After
washing the parts, lubricate the roller and pin with Cindol
1705.

4. Position the cam follower body in the groove of the
fixture, with the small plunger extending through the roller
pin hole in the lower leg of the follower body.

5. Position the new cam roller in the cam follower body.
When released, the plunger will extend into the roller
bushing and align the roller with the cam follower body.,

6. Start the new pin in the cam follower body, then
carefully tap it in until it is centered in the cam follower
body.

7. Remove the cam follower from the fixture and
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FIG. 6 - Comparison of Push Rods and Lower Spring Seats

check the side clearance (Fig. 5). The clearance must be
.011" to .023 ".

Install Cam Follower and Push Rod
If new cam follower assemblies are to be installed, remove

the preservative by washing with Cindol 1705 and wipe dry.
Do not use fuel oil.

1 22738-02

5507

FIG. 7 - Testing Cam Follower Spring

Before cam followers are installed, immerse them in clean
Cindol 1705 (heated to 100-125°F or 38-52°C) for at least
one hour to ensure initial lubrication of the cam roller pins
and bushings. Rotate the cam rollers during the soaking
period to purge any air from the bushing-roller area. The
heated Cindol oil results in better penetration as it is less
viscous than engine oil and flows more easily between the
cam roller bushing and pin. After the cam followers are
removed from the heated Cindol 1705, the cooling action
of any air trapped in the bushing and pin area will tend to
pull the lubricant into the cavity.

NOTE: Heat the Cindol 1705 in a small pail with a
screen insert. The screen will prevent the cam
followers from touching the bottom of the pail and
avoid the possibility of contamination.

Install used cam followers and push rods in their original
locations. Refer td Fig. 9 and proceed as follows:

CYLINDER HEAD ON ENGINE:

1. Note the oil hole in the bottom of the cam follower.
With the oil hole directed away from the exhaust valves
[Fig. 10), slide the cam follower in position in the cylinder
head.

O 1980 General Motors Corp.

September, 1980 SEC. 1.2.1 Page 5



DETROIT DIESEL V-71 (Vehicle)

Cylinder Head 1.2.1

FIG. 8- Removing or Installing Cam Follower Roller and Pin

2. Assemble the serrated lower spring seat (Eig. 6),
spring and upper spring seat on the push rod.

3. Place a flat washer over the upper spring seat and start
the lock nut on the push rod. Place tool J 3092-01 on the
push rod between the washer and the upper spring seat
and place the push rod assembly in the cam follower.
Then thread the lock nut on the push rod until the spring is
compressed sufficiently to permit the spring retainer to be
installed. Install the retainer with the tangs facing the notch
in the cylinder head.

4. Remove the nut, flat washer and tool. Then reinstall
the lock nut and thread it as far as possible on the push
rod.

CYLINDER HEAD REMOVED FROM ENGINE:

Refer to[Fig._9land install the cam follower and push rod
as follows:

1. Assemble the serrated lower spring seat (Fig. _6),
spring, upper spring seat and lock nut on the push rod.

2. With the spring retainer in place in the cylinder head,
slide the push rod assembly in position from the bottom of
the head.

3. Note the oil hole in the bottom of the cam follower.

With the oil hole directed away from the exhaust valves
(Eig.__10)] slide the cam follower in position from the
bottom of the head.

4. Attach the follower guide to the cylinder head to hold
the group of three cam followers in place. Tighten the
guide bolts to 12-15 Ib-ft (16-20 Nm) torque. Check to be
sure there is at least .005" clearance between the cam
follower legs and the cam follower guide (Fig._11)). If there
is insufficient clearance, loosen the guide bolts slightly and
tap each corner of the guide with a brass rod (Fig. 12).
Then retighten the bolts to the specified torque.

NOTE: It is important to use the correct bolts as
prescribed in the Parts -Book. The hardened bolt is
necessary to obtain the proper torque and to withstand
the stress imposed on it during engine operation.

Install Rocker Arms and Shaft

Note that the injector rocker arm (center arm of the group)
is slightly different from the exhaust valve rocker arms; the
boss for the shaft on the left and right-hand valve rocker
arms is longer on one side. The extended boss of each
valve rocker arm must face toward the injector rocker arm.

© 1980 General Motors Corp.
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ROCKER ARMS

BRACKET SHAFT
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SEAT

LOWER SPRING
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3128

FIG. 9 Valve and Injector Operating Mechanism and
Relative Location of Parts

1. Thread each rocker arm on its push rod until the end of
the push rod is flush with or above the inner side of the
clevis yoke. This will provide sufficient initial clearance
between the exhaust valve and the

PUSH ROD
FOLLOWER

1/8" HOLE

SIDE

FIG. 10. - Installation of Cam Followers

FEELER GAGES.

B

FIG. 11 Checking Cam Follower to Guide Clearance

piston when the crankshaft is turned during the valve
clearance adjustment procedure.

2. If removed, install the cylinder head on the engine

(refer to Section 1.2}.

3. Lubricate the valve bridge guides (four-valve cylinder
head) with sulphurized oil (E.P. type) and position the
valve bridges in place on the guides.

FIG. 12 - Adjusting Cam Follower Guide

O 1980 General Motors Corp.
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Refer to Exhaust Valve Bridge Adjustment in Section|
and adjust the valve bridges.

4. If removed, install the fuel injectors.

5. Apply clean engine oil to the rocker arm shaft and slide
the shaft through the rocker arms. Then place a bracket
over each end of the shaft, with the finished face of the
bracket next to the rocker arm.

6. Insert the rocker arm bracket bolts through the brackets

and the shaft. Tighten the bolts to the specified torque
(efer o Section 1.0

7. Align the fuel pipes and connect them to the injectors
and fuel connectors. Tighten the fuel pipe

nuts to 12-15 Ib-ft (16-20 Nm) torque using socket J 8932-
01.

NOTE: Do not bend the fuel pipes and do not exceed
the specified torque. Excessive tightening will twist or
fracture the flared ends of the fuel pipes and result in
leaks. Lubri6ating oil diluted by fuel oil can cause
serious damage to the engine bearings.

8. Fill the cooling system.

9. Adjust the exhaust valve clearance |(Section 14.1)) and
time the injectors (Section 14.2)

10. If necessary, perform an engine tune-up.

© 1980 General Motors Corp.
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1.2.2

EXHAUST VALVES

Two or four exhaust valves are provided for each cylinder
(Figs. | and 2), depending upon the engine model. The
valve heads are heat treated and ground to the proper seat
angle and diameter. The valve stems are ground to size
and hardened at the end which contacts the rocker arm
(two-valve head) or the exhaust valve bridge (four-valve
head).

The exhaust valve stems are contained within exhaust
valve guides which are pressed into the cylinder head
[3). Certain engines are equipped with exhaust valve guide
oil seals.

Exhaust valve seat inserts (Eig._3), pressed into the
cylinder head. permit accurate seating of the exhaust
valves under varying conditions of temperature and
materially prolong the life of the cylinder head. The
exhaust valves are ground to a 30° seating angle while the
exhaust valve seat inserts are ground to a 31° seating
angle.

The exhaust valve springs are held in place by the valve
spring caps and tapered two-piece valve locks.

Excess oil from the rocker arms lubricates the exhaust
valve stems. The valves are cooled by the flow of air from
the blower past the valves each time the air inlet ports are
uncovered.

FIG. 1 Location of Exhaust Valves (Two-Valve
Cylinder Head)

Exhaust Valve Maintenance

Efficient combustion in the engine requires that the exhaust
valves be maintained in good operating condition. Valve
seats must be true and unpitted to assure leakproof
seating, valve stems must work freely and smoothly within
the valve guides and the correct valve clearance
14.1) must be maintained.

Proper maintenance and operation of the engine is
important to long valve life. Engine operating temperatures
should be maintained between 160-185°F (71-85°C). Low
operating temperatures (usually due to extended periods of
idling or light engine loads) result in incomplete
combustion, formation of excessive carbon deposits and
fuel lacquers on valves and related parts, and a greater
tendency for lubricating oil to sludge.

Unsuitable fuels may also cause formation of deposits on
the valves, especially when operating at low temperatures.

When carbon deposits, due to partially burned fuel, build
up around the valve stems and extend to that portion of the
stem which operates in the valve guide, sticking valves will
result. Thus, the valves cannot seat properly and pitted and
burned valves and valve seats and loss of compression will
result.

FIG. 2 Location of Exhaust Valves (Four-Valve
Cylinder Head)

© 1980 General Motors Corp.
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1.2.2

FIG. 3 Assembly of Exhaust Valves and Guides

Lubricating oil and oil filters should be changed periodically
to avoid the accumulation of sludge.

Valve sticking may also result from valve stems which
have been scored due to foreign matter in the lubricating
oil, leakage of antifreeze (glycol) into the lubricating oil
which forms a soft sticky carbon and gums the valve
stems, and bent or worn valve guides. Sticking valves
may eventually be struck by the piston and become bent or
broken.

It is highly important that injector timing and valve
clearance be accurately adjusted and checked periodically.
Improperly timed injectors or tightly adjusted valves will
have adverse effects upon combustion.

Valve Head

Remove Exhaust

Installed)

Spring (Cylinder

An exhaust valve spring may be removed, without
removing the cylinder head from the engine, as
follows:

1. Clean and remove the valve rocker cover.

2. Crank the engine over to bring the valve and injector
rocker arms in line horizontally.

IMPORTANT: When using a wrench on the crankshaft
bolt at the front of the engine, do not turn the
crankshaft in a left-hand direction of rotation or the bolt
will be loosened.

NOTE: Tool J 22582 bolts to the flywheel housing in
place of the engine starting motor. Gear teeth on one
end of the tool mesh with the flywheel ring gear. The
crankshaft can then be rotated by hand with the aid of
a 3/4" drive and ratchet.

© 1980 General Motors Corp

3. Disconnect and remove the fuel pipes from the
injector and the fuel connectors.

NOTE: Immediately after removing the fuel pipes, cover
each injector opening with a shipping cap to prevent dirt
or other foreign matter from entering the injector.

4. Remove the two bolts holding the rocker arm shaft
brackets to the cylinder head. Then remove the brackets
and shaft.

5. Remove the exhaust valve bridge (four-valve cylinder
head only) and bridge spring (if used).

6. Remove the cylinder block air box cover so that piston
travel may be observed, then turn the crankshaft until the
piston is at the top of its stroke.

7. Thread the valve spring compressor adaptor J 7455- 7
into the rocker arm bracket bolt holes in the cylinder head
(Fig._4). Then compress the valve spring and remove the
two-piece tapered valve lock.

8. Release the tool .and remove the valve spring cap,
valve spring and spring seat.

Remove Exhaust Valves and Valve Springs (Cylinder
Head Removed)

With the cylinder head removed from the engine, remove
the exhaust valves and springs as follows:

FIG. 4 - Removing Exhaust Valve Sprin (Four-
Valve Head Shown)

Page 2
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1.2.2

EXHAUST VALVES

FIG. 5 Testing Exhaust Valve Spring

1. Support the cylinder head on 2" thick wood blocks to
keep the cam followers clear of the bench.

2. Remove the fuel pipes from the injectors and the fuel
connectors.

NOTE: Immediately after removing the fuel pipes, cover
each injector opening with a shipping cap to prevent dirt or
other foreign matter from entering the injector.

3. Remove the two bolts holding the rocker arm shaft
brackets to the cylinder head. Then remove the brackets
and the shaft.

4. Remove the fuel injectors.

5. Remove the exhaust valve bridges (four-valve cylinder
head) and bridge springs.

6. Place a block of wood under the cylinder head to
support the exhaust valves. Remove the exhaust valve
springs as outlined in Steps 7 and 8 above.

7. Turn the cylinder head over, using care to keep the
valves from falling out of the head. If the valves are to be
reused, number each valve to facilitate reinstallation in the
same location. Then withdraw the valves from the cylinder
head.

8. Remove the cam followers and push rod assemblies as
outlined in [Section 1.2.1 | under Remove Cam Follower
and Push Rod Assembly (Cylinder Head Removed from
Engine).

Inspection

Clean the springs with fuel oil, dry them with compressed
air and inspect them. Replace a pitted or fractured spring.

Use spring tester J 22738-02 to check the spring load
[5). Replace a two-valve cylinder head exhaust valve spring
when a load of less than 25 pounds (111 N) will compress it
to 2.20" (installed length). The exhaust valve spring used
on the current four-valve cylinder head has an outside,
diameter of approximately .953". Replace this spring when
a load of less than 25 pounds ( 111 N) will compress it to
1.80" (installed length). On former four-valve cylinder
heads, a lighter exhaust valve spring (.859" O.D.) was used
for each valve and also for the valve bridge. Replace this
spring when a load of less than 79 pounds (351 N) will
compress it to a length of 1.416". When replacement of
either the exhaust valve spring or valve bridge spring is
required, it will be necessary to use the current larger
exhaust valve springs, spring seats and caps as the valve
bridge spring is no longer required.

NOTE: When an exhaust valve spring is replaced on a
four-valve head, both springs under a valve bridge
should be replaced at the same time to ensure balanced
valve operation.

© 1980 General Motors Corp.

September, 1980 SEC. 1.2.2 Page 3



DETRIOT DIESEL V-71 (Vehicle)

1.2.2

EXHAUST VALVES

Inspect the valve spring seats and caps for wear. If worn,
replace with new parts.

Carbon on the face of a valve could indicate blow-by due
to a faulty seat. Black carbon deposits extending from the
valve seats to the valve guides may result from cold
operation due to light loads or the use of too heavy a grade
of fuel. Rusty brown valve heads with carbon deposits
forming narrow collars near the valve guides is evidence of
high operating temperatures. High operating temperatures
are normally due to overloads, inadequate cooling or
improper timing which results in carbonization of the
lubricating oil.

If there is evidence of engine oil running down the exhaust
valve stem into the exhaust chamber, creating a high oil
consumption condition because of excessive idling and
resultant low engine exhaust back pressure, replace the
valve guide oil seals or, if not previously used, install valve
guide oil seals.

Clean the carbon from the valve stems and wash the
valves with fuel oil. The valve stems must be free from
scratches or scuff marks and the valve faces must be free
from ridges, cracks or pitting. If necessary, reface the
valves or install new valves. If the valve heads are warped,
replace the valves.

I

Clean the inside diameter of the valve guides with brush J
5437 (Fig. 6). This brush will remove all gum or carbon
deposits from the valve guides, including the spiral
grooves.

Inspect the valve guides for fractures, chipping, scoring or
excessive wear. Measure the valve guide inside diameter
with a pin gage or inside micrometer and record the
readings. After inspecting and cleaning the exhaust
valves, measure the outside diameter of the valve stems
with a micrometer and record the readings. Compare the
readings to obtain the valve-to-guide clearance. If the
clearance exceeds .006" (two-valve head) or .005" (four-
valve head), replace the valve guides.

FIG. 7 Removing Exhaust Valve Guide

arbor press and install the valve guide as
follows:

1 . Insert the internally threaded end of the valve guide in
the proper valve guide installing tool (refer to Table 1). Be
sure to use the correct tool to avoid damage to the valve
guide, and to locate the valve guide to the proper
dimension.

When replacing the valve guides in a four-valve cylinder
head, the current guide which is machined for use with a
valve guide seal should be used in place of the 45°
chamfered valve guide[(Eig. §). The current

. Tool Cylinder Valve Distance of
Replace Exhaust Valve Guide No. Head Guide Guide Above
. Top of Head
Remove an exhaust valve guide as follows: 79530 > Valve 02230?""
J 21520 4 - Valve machined .690”
1. Remove and discard the oil seal, if used.
2. Support the cylinder head, bottom side up, on 3" thick TABLE 1
wood blocks.
3. Drive the valve guide out of the cylinder head with
valve guide remover J 267 (two-valve head) or J 6569
(four-valve head) as shown in[Fig. 7]
Place the cylinder head right side up on the bed of an
© 1980 General Motors Corp. Page 4
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EXHAUST VALVES
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FIG. 8 - Former and Current Valve Guides

guide will facilitate field installation of valve guide seals
when it is felt their use will be beneficial.

When replacing the valve guides in a two-valve cylinder
head, use valve guide installer J 4144 with the former thick
exhaust valve insert (.268"-.272") and use J 9530 with the
current thin exhaust valve insert (.2465"-.2505") or when a
valve guide oil seal is used.

2. Position the valve guide squarely in the bore in the
cylinder head and press the installing tool gently to start the
guide in place [(Eig._9). Then press the guide in until the
tool contacts the cylinder head.

FIG. 9 - Installing Valve Guide

NOTE: Do not use the valve guides as a means of
turning the cylinder head over or in handling the cylinder
head.

Service replacement valve guides are completely finish
reamed during manufacture and, therefore, do not require
reaming after installation.

A service replacement valve guide which is .016" oversize
on the outside diameter is also provided for service (two-
valve cylinder head only).

3. Install a new valve guide oil seal, if used (refer to Iltem 5
under Install Exhaust Valves and Springs).

Inspect Exhaust Valve Bridge and Guide (Four-Valve
Cylinder Head)

Inspect the valve bridge guide, valve bridge and adjusting
screw for wear. Replace excessively worn parts.

The former threaded exhaust valve bridge guides have
been replaced by press-fit bridge guides in the four-valve
cylinder heads . To conform with this change,
current cylinder heads incorporate reamed bridge guide
holes in place of the 7/16"-14 tapped holes. The former
threaded bridge guide had an integral spring seat to
accommodate the valve bridge spring. To permit the use
of spring-loaded valve bridges on a replacement cylinder
head which incorporates the press-fit guides, separate
valve bridge spring seats were used.

The current press-fit valve bridge guide is hardened steel
while the valve bridge is relatively soft steel. The former
threaded valve bridge guide was of soft steel and was used
with a hardened steel valve bridge. The soft valve bridge
may be identified by the letter "S" forged on one side of the
bridge.

Avoid a combination of a soft steel guide and soft steel
bridge, otherwise premature wear of the bridge and guide
will occur. For service requirements, a threaded valve
bridge guide of hardened steel is available and is identified
by 3/16" or 1/4" drill spot in the top end.

Two designs of the valve bridge are used. One has a
drilled oil hole and the other has a forged oil hole in the
side. The two bridges are interchangeable and can be
mixed in an engine.

In addition, a new valve bridge adjusting screw with a
redesigned valve contact surface replaces the former
adjusting screw. The new screw may be identified by the
machined (undercut) surface at the lower end of the screw.
Only the new adjusting screw is available

© 1980 General Motors Corp.
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FIG. 11 - Removing Press-Fit Exhaust Valve Bridge Guide

for service. Replace the former adjusting screws at the
time of an engine overhaul.

Remove Exhaust Valve Bridge Guide

Remove the valve bridge guide from a four-valve
cylinder head as follows:

1. Remove the former threaded guide, identified by the
hexagon section at the lower end, with socket J 6846.

2. Remove the press-fit guide[ (Fig. 11) with tool set J
7091-01 as follows:

a. File or grind two diametrically opposite notches 1/16"
deep in the side of the guide, approximately 1-1/4" to 1-
1/2" from the upper end.

b. Place spacer J 7091-3 over the guide. Then slide the
guide remover J 7091-5 over the guide and

align the set screws with the notches in the guide.
Tighten the set screws to hold the tool securely.

c. Place spacer J 7091-4 over the guide remover. Thread
the nut on the guide remover and turn it clockwise to
withdraw the guide from the cylinder head.

To remove a broken valve bridge guide, drill a hole
approximately 1/2" deep in the end of the guide with a No.
3 (.2130") drill. Then tap the guide with a 1/4"- 28
bottoming tap. Thread remover J 7453 into the guide and
attach slide hammer J 2619-01 to the remover tool. One
or two sharp blows with the puller weight will remove the

broken guide [Fig. 12}.

Install Exhaust Valve Bridge Guide

Install the former threaded valve bridge guide with thin-wall
socket J 6846. Lubricate the threads and nylon insert
before installing the guide. Tighten the guide to 46-50 Ib-ft
(62-68 Nm) torque.

 REMOVE GUIDE o

FIG..11 Removing Press Fit Exhaust Valve bridge Guide

© 1980 General Motors Corp.

Page 6



DETRIOT DIESEL V-71 (Vehicle)

1.2.2

EXHAUST VALVES

CENTER FUNCH

REMOVE GUIDE

FIG. 12 Removing Broken Exhaust Valve Bridge Guide

Install the current press-fit bridge guide as follows:

1. Start the guide (undercut end first) into the cylinder
head.

2. Place the installer J 7482 over the guide and drive it
into place. The installer will properly position the guide to
the correct height in the cylinder head (2.040).

FIG. 13 - Removing Valve Seat Insert

Inspect Exhaust Valve Seat Insert

Inspect the valve seat inserts for excessive wear, pitting,
cracking or an improper seat angle.

Remove Exhaust Valve Seat Insert

The valve seat inserts are pressed into the cylinder head
and must be removed as outlined in the following
procedure to avoid damage to the cylinder head:

1. Place the cylinder head on its side as shown in[Eig. 13l
2. Place the collet of tool J 4824-03 (two-valve head) or J
6567-02 (four-valve head) inside of the valve seat insert so
that the bottom of the collet is flush with the bottom of the
insert.

3. Hold the collet handle and turn the T handle to expand
the collet cone until the insert is held securely by the tool.

4. Insert the drive bar of the tool through the valve guide.

5. Tap the drive bar once or twice to move the insert about
I/16" away from its seat in the cylinder head.

© 1980 General motors Corp.
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FIG. 14 Installing Valve Seat Insert
6. Turn the T handle to loosen the collet cone and move
the tool into the insert slightly so the narrow flange at the
bottom of the collet is below the valve seat insert.

7. Tighten the collet cone and continue to drive the insert
out of the cylinder head.

NOTE: In place of the above procedure, a new cam
operated insert remover J 23479-15 and collet J
23479-9 (two-valve head) or J 23479-10 (four-valve
head) can be used to remove the exhaust valve seat
insert from the cylinder head.

Install Exhaust Valve Seat Insert

1. Clean the valve seat insert counterbores in the cylinder
head with trichloroethylene or other suitable solvent. Also
wash the valve seat inserts with the same solvent. Dry the
counterbores and the inserts with compressed air.

2. Inspect the counterbores in the cylinder head for
cleanliness, concentricity, flatness and cracks. The
counterbores in a two-valve cylinder head have a diameter
of 1.626" to 1.627" and a depth of .3705" to .3845". The
counterbores in a four-valve cylinder head have a diameter
of 1.260" to 1.261" and a depth of .338" to .352". The
counterbores must be concentric

with the valve guides within .003" total indicator reading.
Valve seat inserts which are .010" oversize on the outside
diameter are available, if required.

3. Immerse the cylinder head for at least 30 minutes in
water heated to 180-200 ° F (82-93 ° C).

4. Rest the cylinder head, bottom side up, on a bench and
place an insert in the counterbore valve seat side up.
Install the insert in the cylinder head while the head is still
hot and the insert is at room temperature, otherwise
installation will be difficult and the parts may be damaged.

5. Drive the insert in place with installer J 1736 (two- valve
head) or J 6568 (four-valve head) as shown i until
it seats solidly in the cylinder head.

6. Grind the valve seat inserts and check them for
concentricity in relation to the valve guides as outlined
below.

Recondition Exhaust Valve and Valve Seat

An exhaust valve which is to be reused may be refaced, if
necessary [(Fig. 15). To provide sufficient valve strength
and spring tension, the edge of the valve at the valve head
must not be less than .031 " in thickness and must still be
within the specifications shown in[Eig. 18lafter refacing.

NOTE: The seating area of the exhaust valve used on
certain turbocharged engines is aluminized, which gives
the valve seat a dull finish. Do not remove the aluminum
coating on a new valve. However, a used valve may be
refaced if necessary.

Before either a new or used valve is installed, examine the
valve seat insert in the cylinder head for proper valve
seating. The proper angle for the seating face of the valve
is 300 and for the valve seat insert it is 31 .

When a new valve seat insert is installed or an old insert is
reconditioned, the work must be done with a grinding wheel

(Eig. 16).

The eccentric grinding method for reconditioning valve
seat inserts is recommended. This method produces a
finer, more accurate finish since only one point of the
grinding wheel is in contact with the valve seat at any time.
A micrometer feed permits feeding the grinding wheel into
the work .001 " at a time.

Eccentric valve seat grinder set J 7040, which includes the
grinder, dress stand and pilot, and dial gage, is used to
grind the inserts. An adaptor set which includes the
grinding wheels and pilot is used with the grinder.

© 1980 General Motors Corp.
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Exhaust Valves 1.2.2

FIG. 15 Refacing Exhaust Valve

Adaptor set J 6390-02, used for the four-valve head,
consists of the following:

1. Pilot, tool J 7 659-1.

2. Grinding wheel (15° ), tool J 6390-2.
3. Grinding wheel (31° ), tool J 6390-3.
4. Grinding wheel (60° ) tool J 6390-4.

Adaptor set J 8165-8, used for the two-valve cylinder head,
consists of the following:

Reconditioning Valve Seat Insert

FIG. 16

1. Pilot, tool J 8165-3.

2. Grinding wheel (15°), tool J 8165-4.
3. Grinding wheel (31°), tool J 8165-5.
4. Grinding wheel (60°), tool J 8165-7.
Grind the inserts as follows:

1. First apply the 31° grinding wheel on the valve seat
insert.

2. Use the 60° grinding wheel to open the throat of the
insert.

3. Grind the top surface of the insert with the 15° wheel
to narrow the width of the seat to the dimensions shown in
The 31 'face of the insert may be adjusted relative
to the center of the valve face with the 15° and 60°
grinding wheels.

NOTE: Do not permit the grinding wheel to contact
the cylinder head when grinding the insert. When
an insert has been ground to the extent that the
grinding wheel will contact the cylinder head, install
a new insert.

The maximum amount the exhaust valve should
protrude beyond the cylinder head (when the valve is
closed) and still maintain the proper piston-to-valve
clearance is shown in[Fig. 18. Grinding will reduce the
thickness of the valve seat insert and cause the valve to
recede into the cylinder head. If, after several grinding
operations, the valve recedes beyond the specified limits,
replace the valve seat insert.

FIG. 17 Determining Concentricity of Valve Seat Insert
with Dial Indicator

© 1980 General Motors Corp.
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MAX.
YALVE 028"
ABOVE HEAD

A e
WALYE 002" gpge
BELOYW HEAD =S

s CYLINDER HEAD
FORMER 2 AND 4 VALVE

A,
VALYE 006"
ABOYE HEAD

VALVE

BELOW HEAD
(O3B USED PARTS) -

~EAT b CYLINDER HEAD
CURRENT 2 AND 4 VALVE 1543

FIG. 18 - Relationship Between New Exhaust Valve, Insert and Cylinder Head (Both Exhaust Valve Seats Inserts
Shown)

NOTE: Engines with 18.7:1 compression ratios
must incorporate valve seat inserts that are no
more than .251" thick to ensure adequate
clearance between the pistons and the exhaust
valves.

When occasion requires, the grinding wheel may be
dressed to maintain the desired seat angle with the
dressing tool provided with the grinder set (Eig. 19).

4. After grinding has been completed, clean the valve
seat insert thoroughly with fuel oil and dry it with
compressed air. Set the dial indicator J 8165-2 in position
as shown in and rotate it to determine the
concentricity of each valve seat insert relative to the valve
guide. If the runout exceeds .002", check for a bent valve
guide before regrinding the insert.

After the valve seat insert has been ground, determine

GRINDER
DRESSING

FIG. 19 - Grinding Wheel Dressing Tool of Set J 8165-1

the position of the contact area between the valve and the
valve seat insert as follows:

1. Apply a light coat of Prussian blue, or a similar paste,
to the valve seat insert.

2. Lower the stem of the valve in the valve guide and
"bounce” the valve on the seat. Do not rotate the valve.
This procedure will show the area of contact on the valve
face. The most desirable area of contact is at the center of
the valve face.

NOTE: The use of valve lapping compounds is not
recommended.

After the valve seat inserts have been ground and
checked, clean the cylinder head before installing the
valves.

Install Exhaust Valves and Springs

On four-valve cylinder heads that incorporate a spring-
loaded valve bridge, a spring with 9-3/4 coils and an
outside diameter of .859" is used with each exhaust valve
and valve bridge. On cylinder heads that do not
incorporate the spring-loaded valve bridge, a heavier
spring with 8-3/4 coils and an outside diameter of
approximately .953" is used on the exhaust valves only.
Valve spring caps and seats of a corresponding diameter
must be used with the valve springs. Since the current
service cylinder heads are counterbored for use of the
larger diameter spring, a service valve spring seat with a
larger diameter and a raised center section is provided
when the smaller spring is used.

Install the exhaust valves as follows:
1. Clean the valve guides.

2.  Lubricate the valve stems with sulphurized oil (E.P.
type) and slide the valves all the way into the guides.

© 1980 General Motors Corp
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Exhaust Valves 1.2.2

IMPORTANT : If reconditioned valves are used,
install them in the same relative location from
which they were removed.

3. Hold the valves in place temporarily with a strip of
masking tape. Then turn the cylinder head right side up on
the work bench. Place a board under the head to support
the valves and to provide clearance between the cam
followers and the bench.

4. Install the valve spring seats.

5. Install the valve guide oil seals, if used, on the valve
guides as follows:

a. Place the plastic seal installation cap on the end of
the valve stem. If the cap extends more than 1/ 16"
below the groove on the valve stem, remove the
cap and cut off the excess length.

b. Lubricate the installation cap and start the seal
carefully over the valve stem. Push the seal down
slowly until it rests on top of the valve guide.

c. Remove the installation cap.
6. Install the valve springs and valve spring caps.

NOTE: The current four-valve cylinder head
valve spring caps have a ridge for identification
purposes on the upper tapered surface
[ 20).

7. Thread the valve spring compressor J 7455 into one
of the rocker shaft bolt holes in the cylinder head (Fig. 4).

8. Apply pressure to the free end of the tool to
compress the valve spring and install the two-piece tapered
valve lock. Exercise care to avoid scoring the valve stem
with the valve cap when compressing the spring.

NOTE: If valve guide oil seals are used,
compress the valve spring only enough to
permit installation of the valve locks.
Compressing the spring too far may result in
damage to the oil seal.

9. Release the tool and install the valve locks on the
remaining exhaust valves in the same manner.

10. Check the position of the exhaust valves|(Fig. 18).
Support the cylinder head at each end with wood blocks
and remove the masking tape so that the exhaust valves
are free. Then give the ends of the valve stem a sharp tap
with a plastic hammer to seat the valve locks. This will aid

in the proper seating of the valve locks and reduce the
chances of failure.

IDENTIFICATION
RIDGE

FORMER

FIG. 20 - Former and Current Exhaust Valve Spring Caps
(Four-Valve Heads)

11. With the exhaust valves installed in the cylinder head,
use spring checking gage J 25076-01 and note the gage
reading the moment the exhaust valve starts to open
[21). The minimum allowable pressure required to start to
open the exhaust valve must not be less than 15 pounds
(67 N) for a two-valve cylinder head or 20 pounds (89 N)
for a four-valve cylinder head (two-spring design).

12. Install the injectors, rocker arms, shafts, brackets and
any other parts previously removed from the cylinder head.
13.

Install the cylinder head. Refer to Pre-Installation

Inspection and Install Cylinder Head in If the

engine is equippe

d wi

i

E

th a four-valve cylinder

=3

b

FIG. 21 - Checking Pressure Required to Open the
Exhaust Valve in Cylinder Head
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Exhaust Valves 1.2.2

! o
SN EXHAUST VALVE BRID
% BRIDGE GUIDE
il AR

Ig |
dg Adjstmnt (our-VaIe Cylinder
Head)

FIG. 22 Valve Bri
head, adjust the exhaust valve bridges as outlined below.

Exhaust Valve Bridge Adjustment

On an engine equipped with a four-valve cylinder head, the
exhaust valve bridge assembly is adjusted and the
adjustment screw is locked securely after the cylinder head
is installed on the engine. Until wear occurs, or the
cylinder head is reconditioned, no further adjustment is
required on the valve bridge. A complete valve bridge
adjustment is performed as follows:

1. Place the valve bridge in a vise or bridge holding
fixture J 21772 and loosen the lock nut on the bridge
adjusting screw.

NOTE: Loosening or tightening the lock nut with
the bridge in place may result in a bent bridge
guide or bent rear valve stem.

2. Install the valve bridge on the valve bridge guide,
without the spring (if a spring-loaded bridge is used).

3. While firmly pressing straight down on the-e pallet
surface of the valve bridge, turn the adjusting screw

clockwise until it just touches the valve stem. Then turn
the screw an additional 1/8 to 1/4 turn clockwise and
tighten the lock nut finger tight (Fig. 22).

4. Remove the valve bridge and place it in a vise. Use a
screw driver to hold the adjustment screw from turning and
tighten the lock nut to 20-25 Ib-ft (27-34 Nm) torque.

5. Lubricate the valve bridge guide and the valve bridge
with engine oil.

6. Reinstall the valve bridge in its original position,
without the spring (if a spring-loaded bridge is used).

7. Place a .0015" feeler gage (J 23185) under each end
of the valve bridge or use a narrow strip cut from .0015"
feeler stock to fit in the bridge locating groove over the
inner exhaust valve. While pressing down on the pallet
surface of the valve bridge, both feeler gages must be
tight. If both of the feeler gages are not tight, readjust the
adjusting screw as outlined in Steps 3 and 4.

8. Remove the valve bridge and reinstall it in its original
position with the spring in place (if a spring loaded bridge is
used).

9. Adjust the remaining valve bridges in the same
manner.

10. Swing the rocker arm assembly into position, making
sure the valve bridges are properly positioned on the rear
valve stems. This precaution is necessary to prevent valve
damage due to mislocated valve bridges. Tighten the
rocker arm shaft bracket bolts to the torque specified in
Section 1.0. After the cylinder head is installed and the
valve bridges adjusted (four-valve head), proceed' as
follows:

1. Refer ko Section 2.1 or 2.1.1 under Install Injector and
install the fuel pipes.

2.  Fill the cooling system.

NOTE: Remove the vent plug from the
thermostat housing or open the vent valve when
filling the cooling system.
3. Adjust the exhaust valve clearance and time the
injectors (Sections 14.1 and 14.2).

4. Start the engine and check for leaks in the fuel,
cooling and lubrication systems,.

5. Perform a complete engine tune-up as outlined in
Section 14.

© 1980 General Motors Corp.
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1.2.4

VALVE ROCKER COVER

The valve rocker cover assembly completely
encloses the valve and injector rocker arm compartment at
the top of the cylinder head. The top of the cylinder head
is sealed against oil leakage by a gasket located in the
groove of the lower rail of the current die cast rocker cover
or in the flanged edge of the former stamped metal rocker
cover.

An option plate is inserted in a retainer attached to one of
the valve rocker covers.

The current die cast rocker cover is held in place
by 3/8 "-16 twelve-point head shoulder bolts with a steel
washer and silicone isolator. The bolts have a shoulder
which bottoms out against the

@

COVER . GASKET
GASKET
SEAL
HEAD
RAIL
DRAIN
TUBE

BREATHER N
HOUSING \\\\\ CHAIN
\%
soLT
FILLER
RETAINER TUBE
WASHER ‘ SEAL
ISOLATOR E |
1 _ @)
[ Siest

CAP

(®

STRAINER

3\ SCREW
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PLATE

g'-— SCREW

[EERREY

FIG. 1 - Typical Current Valve Rocker Cover Assembly
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1.2.4 Valve Rocker Cover

GASKET

""gi:-u FII.I..ER

KNOB WALYE ROCKER COVER

GPTION PLATE RETAINER

FIG. 2 Typical Former Valve Rocker Cover Assembly

cylinder head or throttle delay bracket. The isolators and
gasket use low compression-set materials which provide
long sealing life and minimize engine noise levels. Tighten
the bolts to 15-20 Ib-ft (20-27 Nm) torque. The former
stamped metal rocker cover is held in place with hold-down

knobs [(Fig. 2).

NOTE: The shorter rocker cover bolt, which
threads into the throttle delay bracket, can crack
the bracket if overtightened.

IMPORTANT: The rocker cover bolt is
especially designed for this purpose and must
not be replaced by an ordinary bolt.

The valve rocker cover assembly on certain engines may
include a breather assembly or an oil filler, depending upon
the engine application.

The former stamped metal rocker covers and the current
die cast rocker covers are interchangeable. Only the
current covers will be serviced. The former rocker cover
gaskets, hold-down knob and studs, and

components of the former ventilating system and oil filler
will be available for service on early engines. When
replacing a former stamped rocker cover with the new die
cast aluminum rocker cover, remove the studs (adaptor)
from the cylinder head. The new bolts are installed directly
into the tapped holes in the cylinder head. A short (2.90"
long) bolt is used when the engine is equipped with a
throttle delay or fuel modulator mechanism.

The current rocker cover gasket and the current holddown
bolts can only be used with the current die cast rocker
cover. Do not use the former gasket and holddown knobs
with the die cast cover.

Remove and Install Valve Rocker Cover

Clean the valve rocker covers and around the covers
before removing them from the engine to avoid dust or dirt
from entering the valve mechanism. Then loosen the bolts
(current engines) or the knobs (former engines) and lift
each cover straight up from the cylinder head. Use new
gaskets when reinstalling the covers.

Before a die cast rocker cover is installed on a cylinder
head, it is important that the silicone gasket be properly
installed in its groove in the rocker cover.

1. Clean and blow out the groove in the rocker cover with
compressed air. Oil in the rocker cover groove or on the
silicone gasket will make it difficult to install.

2. Press the stem side of the new T shaped gasket down
into the groove at the four corners of the cover first. Then
press the remainder of the gasket into place in the groove
(Fig. 1). Be sure the stem of the entire gasket bottoms in
the groove.

NOTE: When the gasket is completely installed in
the groove it should not fall out.

3. Before installing the rocker cover, lubricate the
cylinder head rail and the flat surface of the gasket with a
thin film of engine oil. This will keep the gasket from
sticking to the cylinder head rail.

© 1980 General Motors Corp
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1.3

CRANKSHAFT

The crankshaft is a one-piece steel forging, heat treated to
ensure strength and durability (Fig._1).] The main and
connecting rod bearing journal surfaces and fillets on all
current crankshafts are induction hardened.

Complete static and dynamic balance of the crankshaft has
been achieved by counterweights incorporated in the
crankshaft.

The crankshaft end play is controlled by thrust washers
located at the rear main bearing cap of the engine. Full
pressure lubrication to all connecting rod and main
bearings is provided by drilled passages within the
crankshaft and cylinder block.

Two dowels and six tapped holes are provided in the rear
end of the crankshaft for locating and attaching the
flywheel (Fig. 1). One hole is unequally spaced so that the
flywheel can be attached in only one position.

Effective with engine serial number 8VA-352893 a new
crankshaft with eight (8) flywheel bolt holes in the butt end
is used. The former dowel holes are now threaded the
same as the other six holes, to provide for the additional
two bolts.

NOTE: Do not attempt to drive dowels in a new
crankshaft or serious damage could occur.

The former and new crankshafts are interchangeable in an
8V-71 engine. However, when replacing a former
crankshaft with a new crankshaft include two additional
flywheel attaching bolts. To allow additional socket
clearance, to aid in tightening the flywheel

bolts, new step-head bolts are also being used with the new
8V-71 crankshaft.

To rework an 8V-71 crankshaft with a six flywheel bolt
holes into an eight flywheel bolt hole 8V-71 crankshaft refer

to|Section 1.0

To standardize, the current crankshaft will no longer
incorporate the two dowels in the flywheel end of the
crankshaft. The former and current crankshafts are
interchangeable.

CAUTION: Extreme caution should be used when
removing a flywheel by either leaving one or two
bolts in the flywheel, or installing two suitable guide
pins to support the flywheel until a lifting tool or
some other suitable safe lifting device is attached to
the flywheel.

Each main bearing journal is 4-1/2 " in diameter and each
connecting rod journal is 3 " in diameter.

Remove Crankshaft

When removal of the crankshaft becomes necessary, first
remove the transmission, then proceed as follows:

1. Clean the exterior of the engine.
2. Drain the cooling system.
3. Drain the engine crankcase.

4. Remove all engine to base attaching bolts. Then, with
a chain hoist and sling attached to the lifter

COUMTERWEIGHT

REAR MAIN
BEARING JOURMNAL

'+ TIMING GEAR

CONMECTING
ROD JOURNAL

WOODRUFF KEY

Ol PUMP

LUBRICATING i
' DRIVE GEAR

oL HOLE ae

FIG. 1 - Typical 6V-71 Crankshaft
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brackets or eye bolts at each end of the engine,
remove the engine from the vehicle.

5. Remove all of the accessories and assemblies
with their attaching parts as necessary to permit the
engine to be mounted on an overhaul stand.

6. Mount the engine on an overhaul stand and
fasten it securely to the mounting plate.

CAUTION: Be absolutely sure the engine is
securely attached to the stand before releasing
the lifting sling. Severe injury to personnel and
destruction of engine parts will result if the
engine breaks away from the stand.

7. Remove the oil pan.

8. Remove the lubricating oil pump, if the pump is
mounted on the main bearing caps.

9. Remove the flywheel and flywheel housing.

10. Remove the crankshaft cap or pulley retaining
bolt and washer at the front end of the crankshaft.
Then remove the pulley, if used.

I 1. Remove the vibration damper, if used.

12.  Remove the front engine support.

13. Remove the crankshaft front cover and oil pump
assembly.

14. Remove the vibration damper inner cone or oil
seal spacer.

15. Remove the cylinder heads.

FIG. 2 Removing or installing Crankshatt

16. Remove the connecting rod bearing caps.
17. Remove the main bearing caps and stabilizers.

18. Remove the thrust washers from each side of the
rear main bearing.

19. Remove the pistons, connecting rods and liners.

20. Remove the crankshaft, including the timing gear
and oil pump drive gear [Fig. 2).

21. Refer tol[ Section 1.7.5 | for

crankshaft timing gear.

removal of the

22. Remove the oil pump drive gear and Woodruff
keys from the crankshaft.

Inspection

After the crankshaft has been removed, clean and
inspect it thoroughly before reinstalling it in the engine.

Remove the plugs and clean out the oil passages
thoroughly with a stiff wire brush. Clean the crankshaft
with fuel oil and dry it with compressed air. Then
reinstall the plug’s.

Inspect the keyways for evidence of cracks or wear.
Replace the crankshaft, if necessary.

If the crankshaft shows evidence of excessive
overheating, replace the crankshaft since the heat
treatment has probably been destroyed.

Used crankshafts will sometimes show a certain
amount of ridging caused by the groove in the upper
main bearing shell or lower connecting rod bearing
shell (Eig._3). Ridges exceeding .0002” must be
removed. If the ridges are not removed, localized high
unit pressures on new bearing shells will result during
engine operation.

The ridges may be removed by working crocus cloth,
wet with fuel oil, around the circumference of the
crankshaft journal. If the ridges are greater than .0005",
first use 120 grit emery cloth to clean up the ridge, 240
grit emery cloth for finishing and wet crocus cloth for
polishing. Use of a piece of rawhide or other suitable
rope wrapped around the emery cloth or crocus cloth
and drawn back and forth will minimize the possibility
of an out-of-round condition developing (keep the
strands of rawhide apart to avoid bind). If rawhide or
rope is not used, the crankshaft should be rotated at
intervals. If the ridges are greater than .001", the
crankshaft may have to be reground.

Carefully inspect the rear end of the crankshaft in the
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H946

FIG. 3 - Typical Ridging of Crankshaft

area of the oil seal contact surface for evidence of a rough
or grooved condition. Any imperfections of the oil seal
contact surface will result in oil leakage at this point.

Slight ridges on the crankshaft oil seal contact surface may
be cleaned up with emery cloth and crocus cloth in the
same manner as detailed for the crankshaft journals. If the
crankshaft cannot be cleaned up satisfactorily. the oil seal
may be repositioned in the flywheel housing as outlined in

Check the crankshaft thrust surfaces for excessive wear or
grooving. If only slightly worn, the surfaces may be dressed
with a stone. Otherwise it will be necessary to regrind the
thrust surfaces.

Check the oil pump drive gear and the crankshaft timing
gear for worn or chipped teeth. Replace the gears, if
necessary.

Check the crankshaft dowel extension. The dowels must
not extend more than 1/2" from the crankshaft.

Inspect the crankshaft for cracks as outlined under
Inspection for Cracks.

Crankshaft Measurements

Support the crankshaft on its front and rear journals on V-
blocks, in a lathe or the inverted engine block

with only the front and rear upper bearing shells in place
and check the alignment at the adjacent intermediate main
journals with a dial indicator.

When the high spots of runout on the adjacent journals
is in opposite directions, the sum must not exceed .003"
total indicator reading. When the high spots of runout on
the adjacent journals is in the same direction, the
difference must not exceed .003" total indicator reading.
When the high spots of runout on the adjacent journals are
at right angles to each other, the sum must not exceed
.()04" total indicator reading or .002" on each journal. If the
runout limit is greater than given in the crankshaft
must be replaced.

Max. Run=Out
Engine Journals (Total indicator
" reading)

6V-71 On No. 2 and No. 3 002"
8v-71 On No. 2 and No. 4 .002"
On No. 3 004"
12v-71 On No. 2 and No. 6 002"
On No. 3 and No. 5 004"
On No. 4 006"

TABLE 1

Measure all of' the main and connecting rod bearing
journals Measure the journals at several places on
the circumference so that taper, out-of-round and bearing
clearances can be determined. If the crankshaft is worn so
that the maximum connecting rod or main bearing journal-
to-bearing shell clearance (with new shells) exceeds .0045"
(connecting rod journal) or .0055" (main bearing journals),
the crankshaft must be reground. Measurements of' the
crankshaft should be accurate to the nearest .0002". Also,
if the main bearing journal taper of a used crankshaft
exceeds .0006" or the out-of-round is greater than .0005",
the crankshaft must be reground.

Also measure the crankshaft thrust surfaces [Fig. 8).
Inspection for Cracks

Carefully check the crankshaft for cracks which start at an
oil hole and follow the journal surface at an angle of 45 °to
the axis. Any crankshaft with such cracks must be
rejected. Several methods of determining the presence of
minute cracks not visible to the eye are outlined below.

Magnetic Particle Method: The part is magnetized and
then covered with a fine magnetic powder or solution.
Flaws, such as cracks. form a small local magnet which
causes the magnetic particles in the
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powder or solution to gather there, effectively marking the
crack. The crankshaft must be de-magnetized after the
test.

Florescent Magnetic Particle Method: This method is
similar to the magnetic particle method, but is more
sensitive since it employs magnetic particles which are
fluorescent and glow under "black light". Very fine cracks
that may be missed under the first method, specialty on
discolored or dark surfaces, will be disclosed under the
"black light".

Fluorescent Penetrate Method: This is a method which
may be used on both non-magnetic and magnetic materials
A highly fluorescent liquid penetrate is applied to the part.
Then the excess penetrate is removed from the surface
and the part is dried. A developing powder is then applied
which helps to draw the penetrate out of the flaws by
capillary action. Inspection is carried out under "black
light".

A majority of indications revealed by the above inspection
methods are normal and harmless and only in a small
percentage of cases is reliability of the part impaired when
indications are found. Since inspection reveals the
harmless indications with the same intensity as the harmful
ones, detection of the indications is but a first step in the
procedure. Interpretation of the indications is the most
important step.

All Detroit Diesel crankshafts are magnetic particle
inspected after manufacture to ensure against any shafts
with harmful indications getting into the original equipment
or factory parts stock.

Crankshaft failures are rare and when one cracks or

1947

FIG. 4 - Critical Crankshaft Loading Zones

breaks completely, it is very important to make a thorough
inspection for contributory factors.  Unless abnormal
conditions are discovered and corrected, there will be a
repetition of the failure.

There are two types of loads imposed on a crankshaft in
service -- a bending force and a twisting force. The design,
of the shaft is such that these forces produce practically no
stress over most of the surface. Certain small areas,
designated as critical areas, sustain most of the load

[4).

Bending fatigue failures result from bending of the
crankshaft which takes place once per revolution.

The crankshaft is supported between each of the cylinders
by a main bearing and the load imposed by the gas
pressure on top of the piston is divided between the
adjacent bearings. An abnormal bending stress in the
crankshaft, particularly in the crank fillet, may be a result of
misalignment of the main bearing bores, improperly fitted
bearings, bearing failures, a loose or broken bearing cap,
or -unbalanced pulleys. Also, drive belts which are too
tight may impose a bending load upon the crankshaft.

Failures resulting from bending start at the pin fillet and
progress throughout the crank cheek, sometimes extending
into the journal fillet. If main bearings are replaced due to
one or more badly damaged bearings, a careful inspection
must be made to determine if any cracks have started in
the crankshaft. These cracks are most likely to occur on
either side of the damaged bearing.

Torsional fatigue failures result from torsional vibration
which takes place at high frequency.

A combination of abnormal speed and load conditions may
cause the twisting forces to set up a vibration, referred to
as torsional vibration, which imposes high stresses at the

locations shown in[Fig. 4|

Torsional stresses may produce a fracture in either the
connecting rod journal or the crank cheek. Connecting rod
journal failures are usually at the fillet at 450 to the axis of
the shaft.

A loose, damaged or defective vibration damper, a loose
flywheel or the introduction of improper or additional
pulleys or couplings are usual causes of this type of failure.
Also, overspeeding of the engine or resetting the governor
at a different speed than intended for the engine
application may be contributory factors.

As previously mentioned, most of the indications found-
during inspection or the crankshaft are harmless. The two
types of indications to look for are circumferential fillet
cracks at the critical areas and
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FIG. 5 - Crankshaft Fatigue Cracks

45° cracks (45 with the axis of the shaft) starting from
either the critical fillet locations or the connecting rod
journal holes as shown in Replace the crankshaft
when cracks of this nature are found.

Crankshaft Grinding

In addition to the standard size main and connecting rod
bearings, .002"t, .010", .020" and .030" undersize bearings
are available.

NOTE: The .002" undersize bearings are used
only to compensate for slight wear on
crankshafts on which regrinding is unnecessary.

If the crankshaft is to be reground, proceed as follows:

1. Compare the crankshaft journal measurements taken
during inspection with the dimensions in[Table 2| and[Fig. 6|
and determine the size to which the journals are to be
reground.

Bearing Conn. Rod Main Bearing
Size Journal Dia. Journal Dia.
standard 2.9985"/3.0002" 4.4985"/4.5002
.002" 2.9970"/2.9982" 4.4970"/4.4982"
010" *2.9885"/2.9902" *4.4885"/4.4902"
020" *2.9785'/2.9802" *4.4785"/4.4802"
030" *2.9685"/2.9702" *4.4685"/4.4702"

*Dimension of reground crankshaft.

TABLE 2

FIG. 6 - Dimensions of Crankshaft Journals

2. If one or more main or connecting rod journals require
grinding, then grind all of the main journals or all of the
connecting rod journals to the same required size.

3. All journal fillets must have a .100" to .130" radius
between the crank cheek and the journal and must not
have any sharp grind marks The fillet must blend
smoothly into the journal and the crank cheek and must be
free of scratches. The radius may be checked with a fillet

gage.

NOTE: The journals and fillets on current
crankshafts are induction hardened and the fillets
do not require rolling after regrinding.

4. Care must be taken to avoid localized heating which
often produces grinding cracks. Cool the crankshaft while
grinding, using coolant generously. Do not crowd the
grinding wheel into the work.

5. Polish the ground surfaces to an 8-12 R.M.S. finish.
The reground journals will be subject to excessive wear
unless polished smooth.

AVOID
SHARP
CORNERS

INSUFFICIENT
FILLET

100 TO .130

12903

WRONG WRONG

RIGHT

FIG. 7 - Crankshaft Journal Fillets
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FIG. 8 - Standard Dimensions at Crankshaft Thrust
Surfaces
6. If the thrust surfaces of the crankshaft are worn or

grooved excessively, they must be reground and polished
(Eig._8). Care must be taken to leave a .100" to .130"
radius between each thrust surface and the bearing journal.

7. Stone the edge of all oil holes in the main journal
surfaces smooth to provide a radius of approximately
3/64". All other journal surfaces should be stoned smooth
to provide a radius of approximately 3/32".

8. After grinding has been completed, inspect the
crankshaft by the magnetic particle method to determine
whether cracks have originated due to the grinding
operation.

9. Demagnetize the crankshaft.

10. Remove the plugs and clean the crankshaft and oil
passages thoroughly with fuel oil. Dry the shaft with,
compressed air and reinstall the plugs.

For additional information refer to DDA Manual 6SE453.
Install Crankshaft

If a new crankshaft is to be installed, steam clean it to
remove the rust preventive, blow out the oil passages with

compressed air and reinstall the plugs. Then install the
crankshaft as follows:

1. Assemble the crankshaft timing gear[(Section 1.7.5)
and the oil pump drive gear on the

crankshaft.

2. Refer td_Section 1.3.4 for main bearing details and
install the upper grooved main bearing shells in the block.
If the old bearing shells are to be used again, install them
in the same locations from which they were removed.

NOTE: When a new or reground crankshaft is
installed, ALL new main and connecting rod (upper
and lower) hearing shells and new thrust washers
must also be installed.

3.  Apply clean engine oil 360" around all crankshaft
bearing journals and install the crankshaft in place so that
the timing marks on the crankshaft timing gear and the
idler gear match. Refer to[Section 1.7.1 for the correct
method of timing the gear train.

4. Install the upper halves of the crankshaft thrust
washers on each side of the rear main bearing support and
the doweled lower halves on each side of the rear main
bearing cap. The grooved side of the thrust washer must
face toward the crankshaft thrust surfaces.

NOTE: If the crankshaft thrust surfaces were
reground, it may be necessary to install oversize
thrust washers on one or both sides of the rear main

journal. Refer td Fig. 8 and Table 3.

. Thrust Washer
Ng?::g! Thickngss
Min, Max,
Standard L1190" .1220"
005" Oversize 240" - 270"
010" Oversize .1290" .1320"

5. Install the lower bearing shells (no oil grooves) in the
bearing caps. If the old bearing shells are to be used again,
install them in the same bearing caps from which they were
removed.

6. Install the bearing caps and lower bearing shells as
outlined under Install Main Bearing Shells in

Section 1.3.4

NOTE: If the bearings have been installed properly,
the crankshaft will turn freely with all of the main
bearing cap bolts drawn to the specified torque.

7. Check the crankshaft end play by moving the
crankshaft toward the gage with a small (less than 12") pry
bar (Fig. 9). Keep a constant pressure on the pry bar and
set the dial indicator to zero. Then remove and insert the
pry bar on the other side of the bearing cap. Force the
crankshaft in the opposite direction and note the amount of
end play on the dial. The end play

© 1982 General Motors Corp
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Crankshaft 1.3

FIG. 9 - Checking Crankshaft End Play

should be .004 to .0 11 " with new parts or a maximum of
.018" with used parts. Insufficient end play can be the
result of a misaligned rear main bearing or a burr or dirt on
the inner face of one or more of the thrust washers.

8. Install the cylinder liner, piston and connecting rod

assemblies|(Section 1.6.3).

9. Install the cylinder heads (Section 1.2). 10. Install the
flywheel housing (Section 1.5), then install the flywheel
[Section 1.4). 1 1. Install the crankshaft front cover and oil

pump assembly.
NOTE: Install the oil seal spacer or inner cone
after the crankshaft front cover is in place to
avoid damage to the oil seal lip.

12. Install the engine front support.

13. Install the vibration damper inner cone or oil seal
spacer.

14. Install the vibration damper assembly, if used.

15. Install the crankshaft cap or pulley.

16. Install the lubricating oil pump assembly ).
17. Check the crankshaft for distortion at the rear

connecting rod journal counterweights before and after
installing the transmission. An improperly installed

FIG. 10 - Crankshaft Distortion Measuring Gage Mounted
on Crankshaft

transmission can distort the crankshaft and cause a
crankshaft failure. Overtightened drive belts can also

cause crankshaft distortion. See | Section 15.1| for

recommended belt tensions.

NOTE: While in each case one must be guided by the
individual circumstances and facts that evolve, generally
speaking Detroit Diesel Allison cannot be responsible for
system damage caused by engine-to-driven component
interference and/or distortion. Consequently, the engine
crankshaft end play check and crankshaft distortion check
are musts

Check the crankshaft distortion as follows:

a. Rotate the crankshaft clockwise until the crankshaft
counterweights at the rear connecting rod journal
are in the six o'clock position.

b. Center punch a hole in the inside face of each
counterweight cheek, one quarter of an inch from
the lower end of each counterweight, to support the

gage.

c. Install a gage (Starrett Co. No. 696, or equivalent) in
the center punch holes in the cheek of each

counterweight as shown in[Fig. 10|

d. Set the dial indicator at zero, then rotate the
crankshaft approximately 90° in both directions. Do
not allow the gage to contact the connecting rod
caps or bolts. Note and record the dial indicator
readings at the 3, 6 and 9 o'clock

© 1982 General Motors Corp
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crankshaft counterweight positions. The maximum
allowable variation is .0045a total indicator reading.

NOTE: Remove the tool that was used to rotate
the crankshaft when taking the dial indicator
readings.

e. If the reading on the gage exceeds .0045", check
the transmission for improper installation and
realign as necessary.

18. Affix a new gasket to the oil pan flange and install
the oil pan.

19. Use a chain hoist and sling attached to the lifting
bracket or eye bolts at each end of the engine and remove
the engine from the overhaul stand.

20. Install all of the accessories that were removed.

21. After the engine has been completely reassembled,
refer to the Lubrication Specifications in |Section 13.3| and

refill the crankcase to the proper level on the dipstick.
22. Close all of the drains and fill the cooling system.
23. After replacing the main or connecting rod bearings or

installing a new or reground crankshaft, operate the engine

as outlined in the run-in schedule (Section 13.2.1).

© 1982 General Motors Corp
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1.3.2

CRANKSHAFT OIL SEALS

An oil seal is used at each end of the crankshaft to retain
the lubricating oil in the crankcase. The sealing lips of the
oil seals are held firmly, but not tight, against the
crankshaft sealing surfaces by a coil spring.

The front oil seal (Fig. 1) is pressed into the crankshaft front
cover with the lip of the seal bearing against a removable
spacer or vibration damper inner cone on the end of the
crankshatft.

A single-lip oil seal is used at the rear end of the crankshaft
on some engines. A double-lip oil seal is used in engines
where there is oil on both sides of the oil seal; the lips of
the seal face in opposite directions. The rear oil seal is
pressed into the flywheel housing [Fig. 2.

Oil leaks indicate worn or damaged oil seals. Oil seals
may become worn or damaged due to improper
installation, excessive main bearing clearances, excessive
flywheel housing bore runout or grooved sealing surfaces
on the crankshaft or oil seal spacers. To prevent a
repetition of any oil seal leaks, these conditions must be
checked and corrected.

Remove Crankshaft Oil Seals

Remove the crankshaft front cover (Section 1.3.5) and the
flywheel housing and remove the oil seals as
follows:

NOTE: Various crankshaft front covers are used

FIG. 1 Typical Crankshaft Front Oil Seal Mounting

FIG. 2 - Crankshaft Rear Oil Seal Mounting

on 12V engines. Whether the oil seal is located
in a bore or counterbore in the front cover
depends upon which cover is used. Note the
location prior to removing the oil seal to ensure
proper installation of the new seal.

1. Support the outer face of the front cover or the rear
face of the flywheel housing on wood blocks.

2. Drive the oil seal out and clean the seal bore in the
front cover or flywheel housing. Discard the oil seal.

When necessary, an oil seal may be removed without
removing the front cover or flywheel housing (except a
front cover that is used with trunnion mounts - this cover
must be removed). This may be done by drilling
diametrically opposite holes in the seal casing and
threading metal screws, backed by flat washers, into the
casing. Remove the seal by prying against the washers
with pry bars.

Inspection

Inspect the rear end of the crankshaft for wear due to the
rubbing action of the oil seal, dirt build-up or fretting by the
action of the flywheel. The crankshaft surface must be
clean and smooth to prevent damage to the seal lip when a
new oil seal is installed. Slight

© 1978 General Motors Corp.
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FIG. 3 - Use of Rear Oil Seal Spacer or Sleeve on Grooved Crankshaft

ridges may be removed from the crankshaft as outlined

under Inspection in

The maximum runout of the oil seal bore in the flywheel
housing is .008 ". The bore may be checked with a dial
indicator mounted on the end of the crankshaft in a manner
similar to the procedure for checking the flywheel housing
concentricity as outlined in This check must
be made with the flywheel housing in place on the engine
and the oil seal removed.

If the crankshaft rear oil seal surface is grooved
excessively, an oil seal spacer [(Fig. 3) may be installed
between the counterbore in the flywheel housing and the oil
seal. The spacer changes the relative position of the seal
and establishes a new contact surface. However, the
spacer cannot be used with a double-lip type seal since the
grooves worn in the crankshaft are too close together to
permit repositioning of the seal.

When the oil seal spacer can no longer be used, an oil seal
sleeve may be installed on the crankshaft to
provide a replaceable wear surface at the point of contact
with the rear oil seal. The oil seal sleeve may be used with
either the single-lip or double-lip type oil seal, and can also
be used in conjunction with the seal spacer. However, an
oversize oil seal must be used with the sleeve.

Install an oil seal sleeve as follows:

1. Stone the high spots from the oil seal contact surface
of the crankshaft.

2. Coat the area of the shaft where the sleeve will be
positioned with shellac or an equivalent sealant.

3. Drive the sleeve squarely on the shaft with oil seat
sleeve installer J 4194.

4. Wipe off any excess sealant.
5. Coat the outside diameter of the sleeve with engine oil.

To remove a worn sleeve, peen the outside diameter of the
sleeve until it stretches sufficiently so it can be slipped off
the end of the crankshaft.

Oil Seals

Current oil seals are made of an oil resistant synthetic
rubber which is pre-lubricated with a special lubricant. Do
not remove this lubricant. Keep the sealing lip clean and
free from scratches. In addition, a plastic coating which
acts as a sealant has been applied to the outer surface of
the casing. Do not remove this coating.

The rear oil seal may be either an open or closed back.
Both types are serviced.

Install Crankshaft Front Oil Seal

1. If the oil seal is not pre-coated, apply a non-hardening
sealant to the periphery of the metal casing.

2. Coat the lip of the new seal with grease or vegetable
shortening. Then position the seal in the front cover with
the lip of the seal pointed toward the inner face of the
cover.

The rear oil seal may have either an open or closed back.
Both types are serviced.

NOTE: The vibration damper inner cone or oil
seal spacer must be removed before installing
the oil seal.

3. Dirive the seal into the front cover with tool J 9783.

Page 2
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FIG. 4 - Installing Oil Seal in Flywheel Housing

The tool is designed to drive only on the outer edge of the
seal casing to prevent damage to the seal.

4. Remove any excess sealant from the cover and seal.

5. Install the crankshaft front cover as outlined in

6. Install the vibration damper inner cone or oil seal
spacer after the front cover and seal assembly is in place.
Install Crankshaft Rear Oil Seal

1. Support the inner face of the flywheel housing on a flat
surface.

2. Install the rear oil seal spacer, if used. Install the

spacer against the shoulder in the flywheel housing oil seal
bore.

3. If the new seal is not pre-coated, apply a non-hardening
sealant to the periphery of the metal casing. Then position
the seal with the lip pointed toward the inner face (or
shoulder in the counterbore) of the housing.

4. Coat the lip of the oil seal lightly with engine oil (single-
lip seal) or vegetable shortening (double-lip seal). Do not
scratch or nick the sealing edge of the oil seal.

5. Drive or press the seal into the housing with installer J
9727 and handle J 3154-1 [Eig. 4) until it is seated against
the seal spacer (if used) or on the shoulder in the housing
bore. The installer prevents damage to the seal by exerting
force only on the outer edge of the seal casing.

If it is necessary to install the oil seal with the flywheel
housing on the engine, place oil seal expander J 22425
(standard size seal) or expander J 4195401 with handle J
8092 (oversize seal) against the end of the crankshaft.
Then, with the lip of the seal pointed toward the engine,
slide the seal over the tool and on the crankshaft. Remove
the seal expander and drive the seal in place with installer
J 9727 and handle J 3154-1.

6. Remove any excess sealant from the flywheel housing
and the seal.

7. Install the flywheel housing as outlined in[Section|

NOTE: |If the oil seal is of the type which
incorporates a brass retainer in the inner
diameter of the seal, be sure the retainer is in
place on the seal before installing the flywheel
housing on the engine. If the retainer is left out,
oil leakage will result.
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1.34

CRANKSHAFT MAIN BEARINGS

The crankshaft main bearings shells are precision made
and are replaceable without machining (fig. 1)] They
consist of an upper bearing shell seated in each cylinder
block main bearing support and a lower bearing shell
seated in each main bearing cap. The upper and lower
bearing shells are located in the respective block and
bearing cap by a tang at the parting line at one end of each
bearing shell. The tangs on the lower bearing shells are
off-center and the tangs on the upper bearing shells are
centered to aid correct installation.

An oil hole in the groove of each upper bearing shell,
midway between the parting lines, registers with a vertical
oil passage in the cylinder block. The current TI, TA, TT
and TTA engines have a through slot in each upper bearing
shell which registers with a vertical oil passage in the
cylinder block. Lubricating oil, under pressure, passes
from the cylinder block oil gallery by way of the bearing
shells to the drilled passages in the crankshaft, then to the
connecting rods and connecting rod bearings.

The lower main bearing shells have no oil grooves;
therefore, the upper and lower bearing shells must not be
interchanged.

Thrust washers (Fig._1), on each side of the rear main
bearing, absorb the crankshaft thrust. The lower

_ LOWER THRUST
WASHERS

- UPPER,
BEARING

UPPER THRUST
WASHERS

752

FIG. 1 - Main Bearing Shells, Bearing Caps
and Crankshaft Thrust Washers

FIG. 2 - Removing Main Bearing Cap

halves of the two-piece washers are doweled to the bearing
cap; the upper halves are not doweled.

All of the main bearing load is carried on the lower
bearings; therefore, wear will occur on the lower bearing
shells first. The condition of the lower bearing shells may
be observed by removing the main bearing caps.

If main bearing trouble is suspected, remove the oil pan,
then remove the main bearing caps, one at a

FIG. 3 - Removing Upper Main Bearing Shell
(Except Rear Main)
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time, as outlined below and examine the bearing shells.

Remove Main Bearing Shells
(Crankshaft in Place)

The bearing caps are numbered 1, 2, 3, etc., indicating
their respective positions and, when removed, must always
be reinstalled in their original position.

All crankshaft main bearing journals, except the rear
journal, are drilled for an oil passage. Therefore, the
procedure for removing the upper bearing shells with the
crankshaft in place is somewhat different on the drilled
journals than on the rear journal.

Remove the main bearing shells as follows:

1. Drain and remove the oil pan to expose the main
bearing caps.

2. Remove the oil pump and the oil inlet and outlet pipe
assemblies.

NOTE: If shims are used between the oil pump
and the main bearing caps, save the shims so
that they may be reinstalled in exactly the same
location.

FIG. 4 - Removing Upper Rear Main Bearing
Shell

3. Remove one main bearing cap stabilizer at a time,
place washers (equal to the thickness of the stabilizer) on
the bearing cap bolts and reinstall the bolts.

4. Remove one main bearing cap at a time[(Fig. 2) and
inspect the bearing shells as outlined under Inspection.
Reinstall each bearing shell and bearing cap before
removing another bearing cap:

a. Toremove all except the rear main bearing shell, insert
a 5/16", x I" bolt with a 1/2" diameter and 1/16" thick
head (made from a standard bolt) into the crankshaft
journal oil hole. Then revolve the shaft to the right
(clockwise) and roll the bearing shell out of position as
shown in The head of the bolt must not extend
beyond the outside diameter of the bearing shell.

b. Remove the rear main bearing upper shell by tapping
on the edge of the bearing with a small curved rod,
revolving the crankshaft at the same time to roll the
bearing shell out as shown in|Fig. 4!

c. The lower halves of the crankshaft thrust washers will
be removed along with the, rear main bearing cap.
The upper halves of the washers can be removed for
inspection by pushing on the ends of the washers with
a small rod, forcing them around and out of the main
bearing support.

Inspection

Bearing failures may result from deterioration (acid
formation) or contamination of the oil or loss of oil. An
analysis of the lubricating oil may be required to determine
if corrosive acid and sulphur are present which cause acid
etching, flaking and pitting. Bearing seizure may be due to
low oil or no oil.

Check the oil filter elements and replace them if
necessary. Also check the oil bypass valve to make sure it
is operating freely.

After removal, clean the bearings and inspect them for
scoring, pitting, flaking, etching, loss of babbitt or signs of
overheating [Fig. 5). The lower bearing shells, which carry
the load, will normally show signs of distress before the
upper. bearing shells. However, babbitt plated bearings
may develop minute cracks or small isolated cavities on
the bearing surface during engine operation. These are
characteristics of and are not detrimental to this type of
bearing. They should not be replaced for these minor
surface imperfections since function of the bearings is in no
way impaired and they will give many additional hours of
trouble-free operation.

Inspect the backs of the bearing shells for bright spots
which indicate they have been moving in the bearing caps
or bearing supports. If such spots are present, discard the
bearing shells.

Page 2
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s

_ BEARING SUITABLE
© FOR INSTALLATION

'SCORED AND PITTED BEARINGS
_ UNFIT FOR FURTHER USE

FIG. 5 - Comparison of Main Bearing Shells

Measure the thickness of the bearing shells at point "'C", 90
° from the parting line, as shown in Figs. 6 and 7. Tool J
4757, placed between the bearing shell and a micrometer,
will give an accurate measurement. The bearing shell
thickness will be the total thickness of the steel ball in the
tool and the bearing shell, less the diameter of the ball.
This is the only practical method for measuring the bearing
thickness, unless a special micrometer is available for this
purpose. The

A
»
)

Y

A~Free Diometer
8—Instailed Diameter
C—Bearing Thickness <

11994

FIG. 6 - Main Bearing Measurements

minimum thickness of a worn standard main bearing shell
is .1540 " and, if any of the bearing shells are thinner than
this dimension, replace all of the bearing shells. A new
standard bearing shell has a thickness of .1545 " to .1552 ".
Refer to Table 1.

Bearing Bearing Minimum

Size Thickness Thickness
standord .1545"/.1552" 154"
.002" Undersize .1555"/.1562" .155"
.010" Undersize .1595"/.1602" 159"
.020"” Undersize .1645"/.1652" 164"
.030" Undersize .1695"/.1702" 169"

FIG. 7 - Measuring Thickness of Bearing Shell
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In addition to the thickness measurement, check the
clearance between the main bearings and the crankshaft
journals. This clearance may be determined with the
crankshaft in place by means of a soft plastic measuring
strip which is squeezed between the journal and the
bearing (refer to Shop Notes in With the
crankshaft removed, measure the outside diameter of the
crankshaft main bearing journals and the inside diameter of
the main bearing shells when installed in place with the
proper torque on the bearing cap bolts. When installed, the
bearing shells are .001" larger in diameter at the parting
line than 90° from the parting line.

The bearing shells do not form a true circle when not
installed. When installed, the bearing shells have a
squeeze fit in the main bearing bore and must be tight
when the bearing cap is drawn down. This crush assures a
tight, uniform contact, between -the bearing shell and
bearing seat. Bearing shells that do not have sufficient
crush will not have uniform contact, as shown by shiny
spots on the back, and must be replaced. If the clearance
between any crankshaft journal and its bearing shells
exceeds .0060", all of the bearing shells must be discarded
and replaced. This clearance is .0016 " to .0050 " with new
parts.

Before installing new replacement bearings, it is very
important to thoroughly inspect the crankshaft journals.
Very often, after prolonged engine operation, a ridge is
formed on the crankshaft journals in line with the journal oil
holes. If this ridge is not removed before the new bearings
are installed, then, during engine operation, localized high
unit pressures in the center area of the bearing shell will
cause pitting of the bearing surface. Also, damaged
bearings may cause bending fatigue and resultant cracks in
the crankshaft. Refer to[Section 1.3 under Crankshaft
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FIG. 8 - Stabilizer Mounting (12V Engine)
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FIG. 9 - Cylinder Block Rework Instructions

Inspection for removal of ridges and inspection of the
crankshaft.

Do not replace one main bearing shell alone. If one
bearing shell requires replacement, install all new upper
and lower bearing shells. Also, if a new or reground
crankshaft is to be used, install all new bearing shells.

Bearing shells are available in .010", .020" and .030 "
undersize for service with reground crankshafts. To
determine the size bearings required, refer to Crankshaft
Grinding in Bearings which are .002" undersize
are available to compensate for slight journal wear where it
is unnecessary to regrind the crankshatft.

NOTE: Bearing shells are NOT reworkable from
one undersize to another under any
circumstances.

Inspect the crankshaft thrust washers. If the washers are
scored or worn excessively or the crankshaft end play is
excessive, they must be replaced. Improper clutch
adjustment can contribute to excessive wear on the thrust
washers. Inspect the crankshaft thrust surfaces. Refer to
Install Crankshaft in If, after dressing or
regrinding the thrust surfaces, new standard size thrust
washers do not hold the crankshaft end play within the
specified limits, it may be necessary to install oversize
thrust washers on one or both sides of the rear main
bearing. A new standard size thrust washer is .1 190"to
.1220"thick. Thrust washers are available in .005" and
.010" oversize.

Bearing cap stabilizers |(Fig. 8) are used at the No. 4 and
No. 5 main bearing cap positions on 8V engines

Page 4
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and at the No. 6 and No. 7 main bearing cap positions on
the 12V engines. Some engines may not be equipped with
the stabilizers. It is recommended that stabilizers be added
to these engines at time of overhaul. It will be necessary to
modify the cylinder block by drilling and tapping three bolt
holes marked "X" as shown in Stabilizers can be
used as templates to locate the three holes.

To improve main bearing cap clamping, a new
stabilizer, main bearing cap bolt and washer are now being
used in the 8V-71 engines (effective with 8VA-326189).
The new stabilizers and bolts may be readily identified by a
raised "71 " stamped on them.

To accept the new bolt and washer the former stabilizer
can be reworked using tool J 26420. Operate the drill
press at 60 rpm to provide an acceptable smooth surface
on 80% of the washer seating surface of the stabilizer.

NOTE: Do not take off excessive material or the
stabilizer may be weakened. Mark reworked
stabilizers with a "71 R".

Only the current stabilizer can be used with the current bolt
and washer. The former stabilizer can be reworked with
tool J 26420 to accept the current bolt and washer. At time
of overhaul it is recommended that the former stabilizer be
replaced by the current stabilizer or reworked stabilizer and
the current bolt and washer used.

Install Main Bearing Shells
(Crankshaft in Place)

Make sure all of the parts are clean. Then apply clean
engine oil 360°around each crankshaft journal and install
the upper main bearing shells by reversing the sequence of
operations given for removal.

NOTE: Upper and lower bearing shells are
serviced only in sets. Do not replace one main
bearing shell alone. If one bearing shell requires
replacement, install ail new upper and lower
bearing shells. Also, if a new or reground
crankshaft is to be used, install all new bearing
shells.

The upper and lower main bearing shells are not alike; the
upper bearing shell is grooved and drilled for lubrication --
the lower --bearing shell is not. Be sure to install the
grooved and drilled bearing shells in the cylinder block and
the plain bearing shells in the bearing caps, otherwise the
oil flow to the bearings

and to the upper end of the connecting rods will be blocked
off. Used bearing shells must be reinstalled on the same
journal from which they were removed.

1. When installing an upper main bearing shell with the
crankshaft in place, start the plain end of the bearing shell
around the crankshaft journal so that, when the bearing is
in place, the tang will fit into the groove in the bearing
support.

2. Install the lower main bearing shell so that the tang on
the bearing fits into the groove in the bearing cap.

3. Assemble the crankshaft thrust washers before
installing the rear main bearing cap. Clean both halves of
each thrust washer carefully and remove any burrs from
the washer seats -- the slightest burr or particle of dirt may
decrease the clearance between the washers and the
crankshaft beyond the specified limit. Slide the upper
halves of the thrust washers into place. Then assemble the
lower halves over the dowel pins in the bearing cap.

NOTE: The main bearing caps are bored in
position and stamped 1, 2, 3, etc. They must be
installed in their original positions in the cylinder
block.

12 POINT B8OLT (IN SOCKET)

FIG. 10 - Main Bearing Cap Bolt Turn Torque
Method
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1.3.4 Main Bearings

DETROIT DIESEL V-71 (Vehicle)

4. With the lower main bearing shells installed in the
bearing caps, apply a small quantity of International
Compound No. 2, or equivalent, to the bolt threads and the
bolt head contact area. Install the bearing caps and draw
the bolts up snug. Then rap the caps sharply with a soft
hammer to seat them properly and tighten all bolts to 45-55
Ib-ft (61-75 Nm) torque. Turn all bolts (except the rear
main bearing bolts) an additional 10-1300 of bolt head
rotation starting with the center bearing cap bolts and
working alternately towards both ends of the block.

NOTE: An accurate way to determine bolt head
rotation is to paint or permanently scribe the
sockets used with two marks 120° apart (Fig. 10).
After torquing bolts to 45-55 Ib-ft (61-75 Nm) put
a pencil line opposite the first mark on the socket.
Then rotate the bolt until the next socket mark
lines up with the pencil line.

Strike both ends of the crankshaft two or three sharp blows
with a soft hammer to insure proper positioning of the rear
main bearing cap in the block saddle. Turn the rear main
bearing cap bolts an addition 110-130° of bolt head
rotation. Tighten the 7/16"-14 stabilizer bolts to 70-75 Ib-ft
(95-102 Nm) torque. The current

main bearing cap bolts are 6.54"-6.69" long to prevent
possible bottoming.

NOTE: If the bearings have been installed
properly, the crankshaft will turn freely with all of
the main bearing cap bolts drawn to the specified
torque.

5. Check the crankshaft end play as outlined under Install

Crankshaft in

6. Install the lubricating oil pump and the oil inlet and
outlet pipe assemblies.

NOTE: If shims were used between the pump
and the bearing caps, install them in their original

positions., Then check the oil pump gear
clearance [(Section 4.1)).

7. Install the oil pan, using a new gasket.

8. Fill the crankcase to the proper level on the dipstick
with heavy-duty lubricating oil of the recommended grade
and viscosity (refer to Lubrication Specifications in
13.3).

9. After installing new bearing shells, operate the engine

on a run-in schedule as outlined in $ection 13.2. 1

Page 6
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1.35

ENGINE FRONT COVER (Lower)

The engine front cover is mounted against the cylinder
block at the lower front end of the engine (Fig. 1)l It serves
as a retainer for the crankshaft front oil seal. On certain 6V
and 8V engines, this cover also serves as the lubricating oil
pump housing. The engine is supported at the front end by
engine supports attached to the front cover.

It will be necessary to remove the engine front cover to
remove and install the crankshaft or when the engine is
overhauled. Also, the front cover must be removed to
service the lubricating oil pump on certain 6V and 8V
engines. In addition, the front cover used with trunnion
mounts must be removed- to replace the crankshaft front
oil seal.

Remove Engine Front Cover

1. Drain the oil. Then remove the four oil pan-to-front
cover attaching bolts and lock washers. Loosen all of the
remaining oil pan bolts so the oil pan and gasket can be
lowered approximately 1/4 " at the front end of the engine.

CAUTION: Be careful not to damage the gasket.
Otherwise, it will be necessary to remove the oil
pan and replace the gasket.

2. Remove the crankshaft pulley and
vibration damper (Section 1.3.6), if used, and any other
accessories that may be mounted on the front end of the
crankshatft.

FIG. 1 - Engine Front Cover Mounting
(6V and 8V Engines)

3. Remove the vibration damper inner cone or oil seal
spacer.

4. Disconnect the lubricating oil pump inlet tube at the
bottom of the front cover on 6V or 8V engines.

5. Remove the cover to cylinder block attaching bolts.

6. Strike the edges of the cover alternately on each side
with a soft hammer to free it from the dowels. Then pull
the cover straight off the end of the crankshaft.

7. Remove the gasket from the cover or the cylinder
block.

8. Replace the oil seal (Section 1.3.2).

Install Engine Front Cover

With the oil pump installed (6V and 8V engines-fSection|
and the oil seal installed, refer to[Fig. 4 and install the

front cover as follows:
1. Affix a new gasket to the inner face of the cover.

2. Coat the lip of the oil seal lightly with cup grease or
vegetable shortening.

3. Install the front cover using oil seal expander J 22425
(standard size seal) or J 4195 and J 8092 (oversize seal) to
pilot the oil seal over the crankshaft. Position the cover
over the crankshaft and up against the cylinder block.
Remove the oil seal expander.

4. Install the cover attaching bolts and lock washers and
tighten the 3/8" -24 bolts to 25-30 Ib-ft (34-41 Nm) torque
and the 1/2" -13 bolts to 80-90 Ib-ft (108-122 Nm) torque.

5. Apply engine oil to the vibration damper inner cone or
oil seal spacer and slide it in place on the crankshatft.

6. Affix a new gasket to the flange on the oil pump inlet
tube (6V or 8V engine) and attach the tube to the bottom of
the engine cover.

7. Install the four oil pan-to-front cover attaching bolts and
lock washers. Tighten all of the oil pan attaching bolts to
15-20 Ib-ft (20-27 Nm) torque.

8. Install the vibration damper (Section 1.3.6), if used, the
crankshaft pulley (Section 1.3.7) and any other accessories
that were removed.
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 OlL SEAL

DRIVEN GEAR

RETANNG
PLATE

FIG. 2 - Front Cover Details and Relative Location of Parts (6V and 8V Engines)

9. Refer to Lubricating Oil Specifications in[Section 13.3
and fill the crankcase with oil to the proper level on the
dipstick.

Page 2
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1.3.6

CRANKSHAFT VIBRATION DAMPER

On 12V, a viscous type vibration damper is mounted on
the front end of the crankshaft to reduce crankshaft
stresses to a safe value. The new 12 " nylon coated
flywheel style vibration dampers are now being used on the
12V-71 engines. Only the current nylon coated flywheel
style vibration dampers will be serviced. The vibration
damper is bolted to a hub which is retained on the front end
of the crankshaft.

A viscous type vibration damper consists of an inertia mass
(flywheel) enclosed in a silicone fluid-tight outer case but
separated therefrom by a thin wall of viscous liquid not
responsive to temperature changes. Any movement of the
inertia mass, therefore, is resisted by the friction of the
fluid, which tends to dampen excessive torsional vibrations
in the crankshaft.

The vibration damper must be removed whenever the
crankshaft, crankshaft front oil seal, or the crankshaft front
cover is removed.

The new crankshaft bolts are now lubrite coated to prevent
possible damage (galling) to the bolt threads and to
increase the clamp load to the front end stack up
(crankshaft pulley, vibration damper, etc). Also the new
washer (retainer) is now case hardened.

The new bolts and washer can be identified by their black
color. The former bolts and washer are steel (gray) color.

FIG. 1 - Removing Vibration Damper Outer
Cone from a 12V Engine

Remove Vibration Damper From Crankshaft
(12V Engine)

1. Remove the crankshaft pulley retaining bolt and
washer.

2. Remove the crankshaft pulley.
suitable puller to remove the pulley.

If required, use a

3. Reinstall the pulley retaining bolt in the end of the
crankshatft.

4. Attach puller J 24420 to the vibration damper hub. as
shown in[Fig. 1] with two long bolts threaded into the two
3/8 "-24 tapped holes provided in the hub. Pull the damper
and hub assembly together with the outer cone, until the
outer cone is loose on the crankshaft. On the rubber type
vibration damper (Fig. 1), remove two damper-to-hub bolts
and lock washers diametrically opposite to each other and
attach the puller with two long 7/16 "-20 bolts.

5. Remove the puller from the damper hub and pull the
outer cone off the crankshaft.

NOTE: Pounding with a hammer or prying with
other tools must not be resorted to when
removing a viscous type damper from the
crankshaft. Dents in the damper outer case may

render the damper ineffective. The damper
cannot be repaired.
6. Slide the vibration damper and damper hub as an

assembly off the end of the crankshaft by hand.

7. If necessary. remove the vibration damper inner
cone from the crankshaft.

Inspect Vibration Damper

The viscous type damper should be inspected for dents,
nicks. fluid leaks or bulges in the outer casing of the
damper. Any indications of the above are sufficient causes
for replacement of the damper. Due to the close
clearances between the damper internal flywheel and outer
casing. dents may render the damper ineffective. Bulges
or splits indicate fluid in the damper has deteriorated and
has bulged or forced the casing open at its crimped edges.

Regardless of condition. a viscous type damper must be
replaced at the time of normal periodic major engine
overhaul.
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1.3.6 Vibration Damper
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After removal. clean the rubber type vibration damper in
fuel oil and dry it with compressed air.

IMPORTANT: Do not allow fuel oil to remain on
the rubber type vibration damper too long. Dry it
immediately after cleaning. otherwise damage
due to action of fuel oil on rubber may result.

Inspect the rubber type damper to see that the rubber is
firmly bonded to the metal parts. If the damper has been
exposed to fuel oil. Lubricating oil or excessive heat. the
rubber may have become loosened from the metal. In this
event. discard the damper and replace it with a new one.
Also check to see that the metal discs are not bent.

If damage to the vibration damper is extensive. Inspect
the crankshaft as outlined in A loose or
defective vibration damper, after extended operation, may
result in a cracked crankshatft.

Inspect the damper inner and outer cones, damper hub and
end of crankshaft for galling or burrs. Slight scratches or
burrs may be removed with emery cloth. If seriously
damaged, the parts should be replaced and the end of the
crankshaft refinished. Check the outside diameter of the
inner cone for wear at the crankshaft front oil seal contact
surface. If worn, the oil seal and cone should be replaced.
Refer to[Section 1.3.2]

A loose engine mount could damage the vibration damper
by allowing the engine to move slightly. During operation.
Therefore, it is good practice to periodically inspect the
engine mounts to be sure they are not loose, cracked or
deteriorated.

Install Vibration Damper on Crankshaft
(12V Engine)

IMPORTANT : All of the parts on the front of the
crankshaft must be positioned without any
noticeable interference.

1. If removed, pilot the damper inner cone over the end of
the crankshaft, through the oil seal and up

against the oil slinger, with the tapered end of the cone
pointing toward the front end of the crankshatft.

2. Slide the vibration damper and hub as an assembly
over the end of the crankshaft (long end of hub facing inner
cone) and up against the damper inner cone. Do not hit
the damper with a hammer to position it on the crankshaft.

3. Slide the damper outer cone over the end of the
crankshaft and up against the damper hub, with the
tapered end of the cone pointing toward the hub.

4. |Install the pulley on the crankshaft.

5. Place the washer on the crankshaft end bolt and thread
the bolt into the end of the crankshaft.

NOTE: If the engine was built prior to March
1977, install a new lubrite coated bolt and washer
identified by their black color.

o

Tighten the crankshaft end bolt as follows:
a. Tighten the bolt to 180 Ib-ft (244 Nm) torque.

b. Strike the end of the bolt a sharp blow with a 2 to 3
pound lead hammer.

c. Tighten the bolt to 300 Ib-ft (407 Nm) torque and strike
the bolt again.

d. Retighten the bolt to 290-310 Ib-ft (393-421 Nm) torque.

IMPORTANT: Do not strike the bolt after final
torque has been applied.

NOTE: The damper must be securely fastened
to the crankshaft. When the bolt is drawn up to
the specified torque, the cone will hold the
damper-rigidly in place.

The hex head of the crankshaft bolt may be used to bar, or
turn, the crankshaft. However, the barring operation
should ALWAYS be performed, in a clockwise direction. It
is very important to make certain that the bolt has not been
loosened during the barring operation. Otherwise serious
engine damage may result if the vibration damper or pulley
is not securely fastened to the crankshaft.

Page 2
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1.3.7

CRANKSHAFT PULLEY

The crankshaft pulley is keyed to the crankshaft and
secured with a special washer and bolt.

The engines are equipped with either rigid type or rubber
mounted type pulleys, depending on the engine
application. Rubber mounted pulleys incorporate a rubber
insulator between the pulley and the pulley hub, for
vibration dampening, and a static clip on some engines,
between the pulley and the hub, for releasing electrical
charges.

The new crankshaft bolts are now lubrite coated to prevent
possible damage (galling) to the bolt threads and to
increase the clamp load to the front end stack up
(crankshaft pulley, vibration damper, etc). Also the new
washer (retainer) is now case hardened.

The new bolts and washer can be identified by their black
color. The former bolts and washer are steel (gray) color.

Inspection

The condition of a rubber mounted crankshaft pulley
cannot be determined by the appearance of the rubber.
The only reliable method of checking for failure of the
rubber bushing is to hold the crankshaft stationary and
apply pressure to the pulley. If the pulley cannot be
rotated, the bushing is in satisfactory condition. An
unsatisfactory rubber bushing should be replaced.

Remove Crankshaft Pulley

1. Remove the pulley retaining bolt and washer and static
clip, if used.

2. Remove the pulley using a suitable puller or thread the
pulley retaining bolt halfway into the crankshaft and strike
the bolt with a 2 to 3 pound lead hammer

while prying behind the pulley with two pry bars. Keep the
ends of the pry bars as close to the crankshaft as possible.

If tapped holes are provided, install the pulley bolt in the
end of the crankshaft then, using puller J 4558. Remove
the pulley from the crankshaft.

Install Crankshaft Pulley

1. Place the Woodruff keys in the key slots in the front
end of the crankshaft, if they were removed.

2. Slide the pulley on the end of the crankshaft.

3. Place the washer and static clip, if used. on the bolt
and thread the bolt into the end of the crankshaft.

4. Tighten the crankshaft end bolt as follows:
a. Tighten the bolt to 180 Ib-ft (244 Nm) torque.

b. Strike the end of the bolt a sharp blow with a 2 to 3
pound lead hammer.

c. Tighten to 300 Ib-ft (407 Nm) torque and strike the bolt
again.

d. Tighten the bolt to 290-310 Ib-ft (393-421 Nm) torque.

NOTE: Do not strike the bolt after the final torque has
been applied.

The hex head of the crankshaft bolt may be used to bar. or
turn. the crankshaft. However. the barring operation
should ALWAYS be performed in a clockwise direction. It
is very important to make certain that the bolt has not been
loosened during the barring operation. Otherwise serious
engine damage may result if the vibration damper or
pulley is not securely fastened to the crankshaft.
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1.4

FLYWHEEL

The flywheel is attached to the rear end of the
crankshaft with six self-locking bolts. Two dowels in the
end of the crankshaft aid flywheel alignment and provide
support when the flywheel bolts are removed. A scuff plate
is used between the flywheel and the bolt heads to prevent
the bolt heads from scoring the flywheel surface.

Effective with 8VA-352893 a new crankshaft with eight
flywheel bolt holes in the butt end is used in the 8V-71
engines. The former dowel holes are now threaded the
same as the other six holes to provide for the additional
two bolts. To allow for more space between the bolt heads,
new step-head bolts are also being used with the new 8V-
71 crankshaft.

NOTE: Do not attempt to drive dowels in a new 8V-71
crankshaft or serious damage could occur.

To rework a six flywheel bolt hole 8V-71 crankshaft to an
eight flywheel bolt hole crankshaft refer to

A steel ring gear, which meshes with the starting motor
pinion, is shrunk onto the rim of the flywheel.

On some engines, a split tube type retainer (Fig. 2) is
driven in the end of the crankshaft to prevent the pilot
bearing from entering the crankshaft cavity. Other engines
use a washer type retainer.

BOLT

FIG. 1 - Typical Flywheel Assembly

The flywheel is machined to provide true alignment with
the clutch and the center bore provides for installation of a
clutch pilot bearing. The clutch is bolted to the flywheel.

An oil seal ring, which provides an oil tight connection
between the crankshaft and the flywheel, is fitted into a
groove on certain flywheel assemblies.

The flywheel must be removed for service operations such
as replacing the starter ring gear, crankshaft or flywheel
housing.

Remove Flywheel (Transmission Removed)
1. Remove the six flywheel attaching bolts and scuff plate.

a. Attach flywheel lifting tool J 6361-01 to the flywh-
eel with two 7/16 "-14 bolts of suitable

length or use lifting tool J 25026.

b. Attach a chain hoist to the lifting tool to support
the flywheel as shown in

c. Move the upper end of the lifting tool in and out

CRANKSHAFT BEARING

] &

©

RETAINER(WASHER TYPE)

CRANKSHAFT BEARING
RETAINER

O

11878

./ RETAINER(SPLIT TUBE TYPE)

FIG. 2 - Pilot Bearing Retainers
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1.4 Flywheel

FIG. 3 Removing Flywheel

to loosen the flywheel, then withdraw the flywheel
from the crankshaft and the flywheel housing.

2. Remove eight flywheel attaching bolts and scuff plate.

a. Remove two flywheel bolts. Install two suitable
guide pins in these holes to support the flywheel.

b. Remove the remaining flywheel attaching bolts
and scuff plate.

c. Attach flywheel lifting tool J 25026, or some other
suitable safe lifting device, to the flywheel.

d. Attach a chain hoist to the lifting tool to support
the flywheel.

e. Remove the flywheel from the crankshaft and the
flywheel housing.

3. Remove the clutch pilot bearing, if used, as outlined in

Section 1.4.1

4. Remove the washer type pilot bearing retainer, if used.
It is not necessary to remove the split tube type retainer.

5. Remove the oil seal ring, if used.

Inspection

Check the clutch contact face of the flywheel for scoring,
overheating or cracks. If scored, the flywheel may be
refaced. However, do not remove more than .020 " of
metal from the flywheel. Maintain all of the radii when
refacing the flywheel.

Replace the ring gear if the gear teeth are excessively
worn or damaged.

Check the butt end of the crankshaft and flywheel contact
surface. If necessary, lightly stone the crankshaft end and
the flywheel contact surface to remove any fretting or
brinnelling.

On crankshafts with dowels, be sure and check the dowel
extension. Dowels must not extend more than 1/2 " (13
mm) from the crankshaft.

Make sure that the crankshaft and flywheel contact
surfaces and the bolt threads in the crankshaft end are
clean and dry, to insure proper metal-to-metal contact and
maximum friction, before attaching the flywheel.

New bolts should be used to mount or remount the
flywheel. However, if the original bolts are determined to
be serviceable and are to be reused, clean them
thoroughly before starting the assembly procedure.

Remove Ring Gear

Note whether the ring gear teeth are chamfered. The
replacement gear must be installed so that the chamfer on
the teeth faces the same direction with relationship to the
flywheel as on the gear that is to be removed. Then
remove the ring gear as follows:

1. Support the flywheel, crankshaft side down, on a solid
flat surface or hardwood block which is slightly smaller than
the inside diameter of the ring gear.

2. Drive the ring gear off the flywheel with a suitable drift
and hammer. Work around the circumference of the gear
to avoid binding the gear on the flywheel.

© 1980 General Motors Corp.
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1.4 Flywheel
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Install Ring Gear

1. Support the flywheel, ring gear side up, on a solid flat
surface.

2. Rest the ring gear on a flat metal surface and heat the
gear uniformly with an acetylene torch, keeping the torch
moving around the gear to avoid hot spots.

IMPORTANT: Do not, under any circumstances,
the gear over 400 °F (204 °C); excessive heat may
destroy the original heat treatment.

heat

NOTE: Heat indicating "crayons", which are placed
on the ring gear and melt at a predetermined

temperature, may be obtained from most tool

vendors. Use of these "crayons" will ensure
against overheating the gear.

3. Use a pair of tongs to place the gear on the flywheel
with the chamfer, if any, facing the same direction as on
the gear just removed.

4. Tap the gear in place against the shoulder on the
flywheel. If the gear cannot be tapped into place readily so
that it is seated all the way around, remove it and apply
additional heat, noting the above caution.

Install Flywheel (Six bolt crankshaft and current 8V-71
eight bolt crankshaft)

1. Install a new oil seal ring (if used).

2. Attach the flywheel lifting tool and, using a chain hoist,
position the flywheel in the flywheel housing (use guide
studs). Align the flywheel bolt holes with the crankshaft
bolt holes.

3. Install the clutch pilot bearing (if used).

4. Install the washer type pilot bearing retainer, if used. To
install a split tube type retainer, drive the retainer in flush
with the end of the crankshaft with a soft hammer.

NOTE: Do not mar the bearing contact surface of
the retainer.
5. Install two bolts through the scuff plate 180 ° from each
other. Snug the bolts to hold the flywheel and scuff plate to
the crankshaft. Remove the guide studs.

6. Remove the flywheel lifting tool.

7. Apply International Compound No. 2, or equivalent, to
the threads and to the bolt head contact area (underside) of
the remaining bolts. The bolt threads must be completely
filled with International Compound No. 2 and any excess
wiped off.

NOTE: International Compound must never be
between two surfaces where maximum friction is
desired, as between the crankshaft and the
flywheel.

used

8. Install the remaining bolts and run them in snug.

9. Remove the two bolts used temporarily to retain the
flywheel, apply International Compound No. 2 as
described above, then reinstall them.

10. Use an accurately calibrated torque wrench and
tighten the bolts to 50 Ib-ft (68 Nm) torque.

11. Turn the bolts an additional 90-120° [Fig. 4) to obtain
the required clamping.

NOTE: Since the torque-turn method provides
more consistent clamping than the former method of

flywheel installation, bolt torque values should be

ignored.

IMPORTANT: When a clutch pilot bearing is

installed, index the flywheel bolts so that the
corners of the bolt heads do not overlap the pilot
bearing bore  in the flywheel. Thus, one of the flats of
each bolt head will be in line with the bearing bore.

Always rotate bolts in the increased clamp direction to
prevent underclamping.

2. Mount a dial indicator on the flywheel housing and
check the runout of the flywheel at the clutch contact face.
The maximum allowable runout is .001 " total indicator
reading per inch of radius. The radius is measured from
the center of the flywheel to the outer edge of the clutch
contact face of the flywheel.
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14.1

CLUTCH PILOT BEARING

The clutch pilot bearing is pressed into the bore of the
flywheel assembly and serves as a support for the inner
end of the clutch drive shaft.

The clutch pilot bearing is held in place by a scuff plate, or
bearing retainer, secured in place by the flywheel attaching
bolts.

Lubrication

A single-shielded ball type clutch pilot bearing should be
packed with an all-purpose grease such as Shell Alvania
No. 2, or equivalent, if not previously packed by the
manufacturer. A double-sealed ball type clutch pilot
bearing is prepacked with grease and requires no further
lubrication.

Remove Clutch Pilot Bearing (Transmission Removed)

With the flywheel attached to the engine, remove the ball
type clutch pilot bearing as follows:

1. Remove the six bolts attaching the flywheel to the
crankshaft. Remove the bearing retainer and re-install two
of the bolts to hold the flywheel in place.

2. With the clutch pilot bearing remover adaptor J 23907-2
attached to slide hammer J 23907-1, insert the fingers of
the adaptor through the pilot bearing and tighten the thumb
screw to expand the fingers against the inner race of the
bearing.

3. Tap the slide hammer against the shoulder on the shaft
and pull the bearing out of the flywheel.

With the flywheel removed from the engine, the clutch pilot
bearing may be removed as follows:

1. Place the flywheel on wood supports to provide
clearance for the bearing.

2. Use bearing remover J 23907-2 as outlined above, or
tool J 3154-04 with suitable adaptor plates, to tap the
bearing from the flywheel.

Inspection

Wipe the prepacked double-sealed bearing clean on the
outside and inspect it. Shielded bearings must not be
washed; dirt may be washed in and the cleaning fluid could
not be entirely removed from the bearing. Clean the other
types of bearing thoroughly with clean fuel oil and dry them
with compressed air.

Check the bearing for free rolling by holding the inner race
and revolving the outer race slowly by hand. Rough spots
in the bearing are sufficient cause for rejecting it.

Install Clutch Pilot Bearing

1. Lubricate the outside diameter of the bearing with clean
engine oil.

2. Start the bearing in the bore of the flywheel, with the
numbered side of the bearing facing away from the engine,
and drive the bearing in place with bearing installer J
3154-04 and suitable adaptor plates.

3. Install the flywheel on the crankshaft (refer to
11.4).
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15

FLYWHEEL HOUSING

The flywheel housing is a one-piece casting, mounted
against the rear cylinder block end plate, which provides a
cover for the gear train and the flywheel. It also serves as
a support for the starting motor and the transmission.

To provide additional support for the aluminum flywheel
housings on 6V and 8V-71 vehicle engines, the current
cylinder blocks now include two drilled waist bolt bosses.
The current aluminum flywheel housings, rear end plates
and gaskets have provision for the two new waist bolts.
Only the current blocks will be serviced. However when a
current flywheel housing or a rear end plate and gaskets
replace the former parts on an early engine, disregard the
waist bolt holes.

NOTE: The current aluminum flywheel housing

does not have an oil drain back provision for a
crankcase breather. Therefore a flywheel housing
mounted breather cannot be used and it will be
necessary to install a valve rocker cover mounted
breather assembly.

The crankshaft rear oil seal, which is pressed into the
housing, may be removed or installed without removing the

housing (Section 1.3.2).
Remove Flywheel Housing

1. Mount the engine on an overhaul stand as outlined in

2. Remove the starting motor, oil pan, flywheel and any
accessories attached to the flywheel housing.

3. Remove the twelve attaching bolts located in the bell of
the housing. Remove one attaching bolt located behind
the small hole cover, or the crankcase breather (if used),
on the right-hand side of the flywheel housing. Then
remove the remaining bolts around the upper portion of the
housing and the two bolts which go through the rear end
plate from the front and thread into the housing.

NOTE: When removing the flywheel housing
note the location of the various size bolts and
so they may be reinstalled in their proper

bolts,
washers
location.

4. To guide the flywheel housing, until it clears the end of
the crankshaft, thread four pilot studs J 1927-01 into the
cylinder block (Fig. 1).

5. With the flywheel housing supported by a chain

hoist attached to the lifter brackets, strike the front face of
the housing alternately on each side with a soft hammer to
work it off the dowels and away from the cylinder block rear
end plate.

Inspection

Clean the flywheel housing and inspect it for cracks or
other damage.

It is very important that all old gasket material be thoroughly
removed from the flywheel housing and the end plate,
otherwise runout of the pilot face and bolting flange face of
the housing may be affected when the housing is installed
on the engine.

The steel oil deflector used in the flywheel housing on
certain former engines is no longer required and is not
available for service.

Current SAE No. 2 aluminum flywheel housings have

FIG. 1 - Removing or Installing Flywheel Housing

© 1981 General Motors Corp.
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1.5 Flywheel Housing

INTEGRALLY CAST
SPACER HUB

HOUSING TO
8LOCK 8OLT

WASHER
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BLOCK END PLATE

FLYWMEEL

HOUSING 12498

FIG. 2 - Idler Gear Hole Spacer Shim
5/8"-11 tapped holes for attaching rear engine mounts. It
may be necessary to enlarge the bolt holes in the engine
mounts to accept the larger bolts if a current housing is
installed on an early engine.

Remove and discard the crankshaft rear oil seal. Install a
new oil seal as outlined in Section 1.3.2

Install Flywheel Housing
1. Lubricate the gear train teeth with clean engine oil.

2. Affix a new gasket to the flywheel housing.

NOTE: On certain flywheel housings, the idler
gear hole spacer is cast integrally in the housing,
opposite the idler gear (Eig._2). As a result of this
integral cast  design, a shim must be installed between
the flywheel housing and the cylinder block end plate.
Use grease to hold the shim on the spacer during

installation of  the flywheel housing.

3. Coat the lip of the oil seal lightly with engine oil (single-
lip seal) or vegetable shortening (double-lip seal). Do not
scratch or nick the sealing edge of the oil seal.

4. Thread four pilot studs J 1927-01 into the cylinder block
to guide the housing in place (Fig.__1)] Use oil seal
expander J 22425 (standard size seal) or expander J 4195-
01 and handle J 8092 (oversize seal) on the

Boll Size Location
38716217 1.2-3-4-5-6-30.31
3870680 1047 24
3B 24x3 Fy8Y 13.14.15.16.21.22.21
§P213x3 00040 7.8.9.10.11.12

FIG. 3 - Flywheel Housing Bolt Size and
Tightening Sequence (Operation 1)

end of the crankshaft to pilot the oil seal on the crankshaft.

5. With the housing suitably supported, position it over the
crankshaft and up against the cylinder block rear end plate
and gasket. Remove the oil seal expander.

6. Refer t¢ Fig. 13 and install (finger tight) six new 3/8"-16
flanged hex head bolts with a self locking sealing patch into
the tapped holes of the idler gear hub and idler gear hole
spacer, if used. Remove the pilot studs.

NOTE: If the idler gear hole spacer is integrally
cast  into the housing, be sure the shim is in place.
7. Install the six 1/2"-13 housing to block bolts with lock
washers, finger tight.

8. Install the remaining flywheel housing attaching bolts
and washers, finger tight.

© 1981 General Motors Corp.
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FIG. 4 - Flywheel Housing Bolt Tightening
Sequence (Operation 2)

9. Refer td Fig. 3 for the bolt tightening sequence. Start
at number 4 on a right-hand rotation engine or at number |
on a left-hand rotation engine and, using the proper
sequence, bring all bolts to within 10-15 Ib ft (14-20 Nm) of
their specified torque, drawing the mating parts together
evenly.

FIG. 5 - Waist Bolt Location

FIG. 6 - Checking Flywheel Housing
Concentricity using Tool J 9737-01

NOTE: When tightening the idler gear hub bolts,

turn the engine crankshaft to prevent any bind or
brinelling of the idler gear bearing. The crankshaft
must be rotated for the flywheel housing bell bolt
tightening also.

10. Refer td Fig. 14 for the final bolt tightening sequence
and, starting at number 1, tighten all of the bolts to the
specified torque. Tighten the 1/2"-13 bolts to 90-100 Ib-ft
(122-136 Nm) torque (cast iron housing) or 71-75 Ib-ft (96-
1()2 Nm) torque (aluminum housing). Tighten the 3/8"-16
self-locking idler gear hub and spacer bolts to 40-45 Ib-ft
(54-61 Nm) torque. Tighten the 3/8"-24 bolts to 25-30 Ib-ft
(34-41 Nm) torque and all remaining 3/8"-16 bolts to 30-35
Ib-ft (41-47 Nm) torque. Be sure to rotate the crankshaft
when tightening the idler gear hub bolts and flywheel
housing bell bolts. Tighten the 5/8"-I11 flywheel housing
waist bolts [Fig. 3) to 137-147 Ib-ft (186-200 Nm) torque,
after tightening the other bolts in sequence.

11. Install the flywheel (Section 1.4).

12. Check the flywheel housing concentricity and bolting
flange face with tool set J 9737-C as follows:

a. Refer tb Fig. |6 and thread the base post J
9737-3 tightly into one of the tapped holes in the
flywheel. Then assemble the dial indicators on

the base post.

© 1982 General Motors Corp.
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1.5 Flywheel Housing

b. Position the dial indicators straight and square with t
the flywheel housing bell face and inside bore of the
bell. Make sure each indicator has adequate travel

in each direction.

NOTE: If the flywheel extends beyond the housing

bell, the bore and face must be checked
separately. Use the special adaptor in the tool set to
check the housing bore.

c. Pry the crankshart toward one end of the block to
ensure end play is in one direction only.

d. Adjust each dial indicator to read zero at the twelve
o'clock position. Then rotate the crankshaft one
revolution, taking readings at 45° intervals (8
readings each for the bore and the bolting flange
face). Stop and remove the wrench or cranking
before recording each reading to ensure accuracy.
The maximum total indicator reading must not
exceed .013™ for either the bore or the face.

full

bar

NOTE: On scalloped flywheel housings, position
dial indicators at the 4:30 position and rotate the
crankshaft 270°.

e. If the runout exceeds the maximum limits, remove
the flywheel housing and check for dirt or foreign
material, such as old gasket material, between the
end plate, flywheel housing and the new gasket
between the end plate and the cylinder block).

the

(and
f. Reinstall the flywheel housing and flywheel and
tighten the attaching bolts in the proper sequence
and to the specified torque. Then recheck the
runout. If necessary, replace the flywheel housing.
13. Install the oil pan.

14. Install the starting motor (Section 7.3).

NOTE: The starting motor pad bolt holes have

been relocated on certain SAE No. 1 and SAE -No. 2
flywheel housings. If a current housing is installed
on an early engine, the solenoid on a

Sprag clutch type starting motor may have to be

repositioned. Refer t¢ Section 7.8 for the indexing

procedure. It will be necessary to replace a Dyer
drive  type starting motor with a Sprag clutch type motor.
15. Install any accessories previously removed.

16. Install the small and large hole covers on the flywheel
housing. Tighten the 3/8"-24 bolts, 7/16"a-14 bolts and
1/2"-13 bolts to 30-35 Ib-ft (41-47 Nm) torque.

NOTE. Current engines include thread inserts at
the small and large hole cover stud hole positions.
17. Remove the engine from the overhaul stand and
complete assembly of the engine.

Installing Flywheel Housing Small Hole Covers

An RTV (room temperature vulcanizing) sealant is now
being used in place of the gasket to seal flywheel housing
small hole cover ("star cover'. Replace the covers as
follows:

1. Clean the old gasket material and/or loose sealant from
the housing and cover. It is not necessary to remove all
the old sealant.

2. Apply a one-eighth inch (.125") diameter continuous,
unbroken bead of sealant to the perimeter of the cover just
inside the bolt holes. To provide an effective seal, this
should be done not more than 10 minutes before the cover
is to be secured to the flywheel housing.

NOTE: To make sure the sealant is properly

applied, verify that the sealant is in the correct
location by using a sample gasket as a template prior
to installing the bead.

3. Attach the cover to the flywheel housing with the proper
bolts and torque the bolts to 30-35 Ib-ft (41-47 Nm).

© 1982 General Motors Corp.
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1.6

PISTON AND PISTON RINGS

TRUNK-TYPE PISTON

The trunk-type malleable iron piston (Fig. 1) is plated with
a protective coating of tin which permits close fitting.
reduces scuffing and prolongs piston life. The top of the
piston forms the combustion chamber bowl and is designed
to compress the air into close proximity to the fuel spray.

Each piston is internally braced with fin-shaped ribs and
circular struts. scientifically designed to draw heat rapidly
from the piston crown and transfer it to the lubricating oil
spray to ensure better control of piston ring temperature.

The fire ring groove in the current piston is no longer
induction hardened and the chrome on the wear surface on
the bottom side of the piston fire ring has been eliminated.
The new pistons can be identified by the part number
stamped on the top of the piston.

BISTON | COMPRESSION
= RINGS
ki TR
o S
PISTON PIN
RETAINER
i1, PISTON
BUSHING y Fid
OlL RING
{upper half}
OIL RING
{lower half)
CONNECTING i OlL RING
ROD [ EXPANDER
NON-TURBOCHARGED ENGINES
. i e ) . RISTOM
BUSHING Fid
OIL RIMG.
[one piaea]
. OlL RING
; W i (upper holf]
CONNECTING —— s [§ OlL RING NOIL RING
ROD L8 EXPANDER  [lower holf}
TURBOCHARGED ENGINES 3453

FIG. 1 Typical Piston Assembly

The piston is cooled by a spray of lubricating oil directed at
the underside of the piston head from a nozzle in the top of
the connecting rod, by fresh air from the blower to the top
or the piston and indirectly by the water jacket around the
cylinder.

Each piston is balanced to close limits by machining a
balancing rib. provided on the inside at the bottom of the
piston skirt.

Two 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 steel retainer. Thus lubricating oil returning
from the sprayed underside of the piston head and working
through the grooves in the piston pin bushings is prevented
from reaching the cylinder walls.

The current turbocharged engines use a piston pin with a
highly polished external surface finish and an oil hole to
provide oil under pressure to the piston pin bushings. A
groove on each side of the oil hole is for stress distribution

(refer to )-

FIG. 2 Removing or installing Piston Rings

© 1979 General Motors Corp.

JUNE, 1979 SEC. 1.6 Page 1



DETROIT DIESEL V-71 (Vehicle)

1.6 Piston and Piston Rings

Each piston is fitted with compression rings and oil control
rings (Fig._1). Equally spaced drilled holes just below each
oil control ring groove permit excess oil. scraped from the
cylinder walls. to return to the crankcase.

A higher tension oil control ring expander is now being
used in the upper and lower piston grooves on naturally
aspirated engines. The current oil control ring expander is
identified by a light blue paint strip or no paint strip. A
white paint strip identifies the oil control ring expander on
city coach engines. This is effective with engine serial
numbers 6VA-103350. 8VA-376350 and 12VA-587009.

The no chrome fire rings can be identified by their black or
copper oxide color. top and bottom. The prestressed fire
ring has a small indentation on the top side of the ring near
the gap.

Inspect Piston Rings

When an engine is hard to start, runs rough or lacks power,
worn or sticking compression rings may be the cause.
Replacing the rings will aid in restoring engine operation to
normal.

The compression rings may be inspected through the ports
in the cylinder liners after the air box covers have been
removed. If the rings are free and are not worn to the
extent that the plating or grooves are gone, compression
should be within operating specifications. Refer to[Section|
[15.2Ifor the procedure for checking compression pressure.

Remove Piston and Connecting Rod

1. Drain the cooling system.

2. Drain the oil and remove the oil pan.

3. Remove the oil pump and inlet and outlet pipes. If
necessary (Section 4.1).
4. Remove the cylinder head [Section 1.2).

5. Remove the carbon deposits from the upper inner
surface of the cylinder liner.

6. Remove the bearing cap and the lower bearing shell
from the connecting rod. Then push the piston and rod
assembly out through the top of the cylinder block. The
piston cannot be removed from the bottom of the cylinder
block.

7. Reassemble the bearing cap and lower bearing shell to
the connecting rod.

Disassemble Piston and Connecting Rod

Note the condition of the piston and rings. Then remove
the rings and connecting rod from the piston as follows:

1. Secure the connecting rod in a vise equipped with soft
jaws and remove the piston rings with tool J 8128 as shown

in [Fig. 2]

2. Punch a hole through the center of one of the piston pin
retainers with a narrow chisel or punch and pry the retainer
from the piston, being careful not to damage the piston or
bushings.

3. Withdraw the piston pin from the piston. Then remove
the connecting rod.

4. Drive the remaining piston pin retainer out from the
inside with a brass rod or other suitable tool.

Cleaning

Clean the piston components with fuel oil and dry them
with compressed air. If fuel oil does not remove the carbon
deposits, use a chemical solvent (Fig. |3) that will not harm
the piston pin bushings or the tinplate on the piston.

The upper part of the piston, including the compression
ring lands and grooves, is not tin-plated and may be wire-
brushed to remove any hard-carbon. However, use care to
avoid damage to the tin-plating on the piston skirt. Clean
the ring grooves with a suitable tool or a piece of an old
compression ring that has been ground to a bevel edge.

Clean the inside surfaces of the piston and the oil

FIG. 3 - Cleaning Piston

© 1979 General Motors Corp.
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1.6

THIS FISTON SUITABLE FOR
INSTALLATION A5 IS

SLIGHTLY SCORED, USE OMLY
AFTER REMOYING SCORE MARKS
8Y POLISHING WITH CROCL'S
CLOTH OR HARD INDiA STOMNE

BADLY SCORED—UMNHT
FOR USE

4094

FIG. 4-Comparison of Used Pistons

drain holes in the piston skirt. Exercise care to avoid
enlarging the holes while cleaning them.

Inspection

If the tin-plate on the piston and the original grooves in the
piston rings are intact, it is an indication of very little wear.

Excessively worn or scored pistons, rings or cylinder liners
may be an indication of abnormal maintenance or
operating conditions which should be corrected to avoid a
recurrence of the failure. The use of the correct types and
proper maintenance of the lubricating oil filters and air
cleaners will reduce to a minimum the amount of abrasive
dust and foreign material introduced into the cylinders and
will reduce the rate of wear.

Long periods of operation at idle speed and the use of
improper lubricating oil or fuel must be avoided. otherwise
a heavy formation of carbon may result and cause the
rings to stick.

Keep the lubricating oil and engine coolant at the proper
levels to prevent overheating of the engine.

Examine the piston for score marks, cracks, damaged ring
groove lands or indications of overheating. A piston with
light score 'marks which can be cleaned up may be reused

[Fi. 4).

Any piston that has been severely scored or overheated
must be replaced. Indications of overheating or burned
spots on the piston may be the result of an obstruction in
the connecting rod oil passage. Replace the piston if
cracks are found across the internal struts.

Check the cylinder liner and block bore for excessive out-
of-round. taper or high spots which could cause failure of
the piston (refer to Section 1.0ffor specifications).

Inspection of the connecting rod and piston pin are covered

in Section 1.6.1

Other factors that may contribute to piston failure include
oil leakage into the air box. oil pull-over from the air
cleaner. dribbling injectors. combustion blow- by and low oil
pressure (dilution of the lubricating oil).

Inspect and measure the piston pin bushings. The piston
pin-to-bushingclearance with new parts is .0025 ™ to
.0034 ". A maximum clearance of 0.10' is allowable with
worn parts. The piston pin bushings in the connecting rod
are covered in

When replacing worn parts (pistons. rings. etc.). refer to the
parts catalog or microfiche to select the current parts for
the particular engine being serviced. Comparison
of Used Pistons
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e FIXTURE

FIG.5 Removing or Installing Piston Pin
Bushings in Piston

Remove Bushings From Piston

Remove the piston pin bushings with tool set J 1513- 02 as
follows:

NOTE: Do not remove the bushings from the
pistons used in turbocharged engines or any "N"
engines because they are not serviced
separately.

1 Place the piston in the holding fixture J 1513-1 so that
the bushing bores are in alignment with the hole in the
fixture base.

2. Drive each bushing from the piston with bushing
remover J 1513-3 and handle J 1513-2 [Eig. 5).

Install Bushings in Piston

1. Place the spacer J 1513-4 in the hole in the fixture J
1513-1.

BUSHING
JOINT

FIG. 6 - Location of Joint In Piston Pin Bushings for Piston

2.

Place the piston on the fixture so that the spacer

protrudes into the bushing bore.

REAMING
FIXTURE

FIG. 7 - Reaming Bushings in Piston
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3. Insert the installer J 1513-6 in a bushing. Then position
the bushing and installer over the lower bushing bore.

NOTE: Locate the joint in the bushing toward the
bottom of the piston [Fi

4. |Insert the handle J 1513-2 in the bushing installer and
drive the bushing in until it bottoms on the spacer.

5. Install the second bushing in the same manner.

6. The bushings must withstand an end load of' 1800
pounds (8.007 kN) without moving after installation.

7. Ream the bushings to size, using tool set J 3071-01. as
follows:

a. Clamp the reaming fixture J 5273 in a vise [Eig. 7).
Then insert the guide bushing J 3071-7 in the
fixture and secure it with the set screw.

b. Place the piston in the fixture and insert the pilot
end of the reamer J 3071-6 through the clamping
bar, bushings and into the guide bushing.

c. With the piston. fixture and reamer in alignment.
tighten the wing nuts securely.

d. Ream the bushings (Fig. ). Turn the reamer in a
clockwise direction only, when reaming or
withdrawing the reamer. For best results, use only
moderate pressure on the reamer.

e. Withdraw the reamer and remove the piston from
the fixture. Blow out the chips and measure the
inside diameter of the bushings. The diameter
must be 1.5025 " to 1.5030 ".

Fitting Piston

Measure the piston skirt diameter lengthwise and crosswise
of the piston pin bore. Measurements should be taken at
room temperature (70° F or 21° C). The taper and out-of-

round must not exceed .0005 ". Refer to| Section 1.4 for

piston diameter specifications.

A new (long port) cylinder liner has an inside diameter of
4.2495 " to 4.2511 ". A new (short port) cylinder liner, used
in non-fire ring piston engines has an inside diameter of
4.2495 " to 4.2516 ". The piston- to-liner clearance, with
new parts, will vary with the particular piston and cylinder
liner (refer to . A maximum clearance of .012 "

is allowable with used parts.

J 5438-01

FIG. 8 - Measuring Piston-to-Liner Clearance

With the cylinder liner installed in the cylinder block. hold
the piston upside down in the liner and check the clearance

in four places 90 apart [Fig. 8).

Use feeler gage set J 5438401 to check the clearance. The
spring scale, attached to the proper feeler gage, is used to
measure the force in pounds required to with- draw the
feeler gage.

Select a feeler gage with a thickness that will require a pull
of six pounds (26.7 N) to remove. The clearance will be
.001 " greater than the thickness of the feeler gage used,
i.e., a .004 " feeler gage will indicate a clearance of .005 "
when it is withdrawn with a pull of six pounds (26.7 N). The
feeler gage must be perfectly flat and free of nicks and
bends.

If any bind occurs between the piston and the liner,
examine the piston and liner for burrs. Remove burrs with a
fine hone (a flat one is preferable) and recheck the
clearance.
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FIG.9 Measuring Piston Ring Gap

Fitting Piston Rings

The current fire rings can be identified by the black oxide
or copper color on the top and bottom. The pre-stressed
fire ring is further identified by a small indentation on the
top side of the ring near the gap.

A pre-stressed compression ring. also identified by the
indentation, is also used in the ring groove immediately
below the fire ring.

FIG. 10 Measuring Piston Ring Side Clearance

COMPRESSION
RIMGS
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METON PiN
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FIG. 11 Typical Piston, Piston Rings, Pin and
Relative Location of Parts

A two-piece oil control ring is used in both oil ring grooves
in the pistons for non-turbocharged (naturallv aspirated)
engines. A one-piece oil control ring is used in the upper
ring groove and it two-piece ring in the lower ring groove in
the pistons for turbocharged engines.

All new piston rings must be installed whenever a piston is
removed. regardless of whether a new or used piston or
cylinder liner is installed. Refer to the parts catalog or
microfiche to select the correct piston rings for a particular
engine.

Insert one ring tit a time inside of the cylinder liner and far
enough down to be within the normal area of ring travel.
Use a piston to push the ring down to be sure it is parallel
with the top of the liner. Then measure the ring gap with a

feeler gage as shown if_Fig. 9. Refer td Section 1.0 for ring
gap specifications.

If the gap on a compression ring is insufficient. it may
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HUMPED FLAT STEEL

,mw TSI,

INSTALL WITH ENDS UP

. Mﬂﬁ,\ﬁr’/

PERIPHERAL ABUTMENT

2.

3699

FIG. 12 QOil Control Ring Expanders

be increased by filing or stoning the ends of the ring. File or
stone both ends of the ring so the cutting action is from the
outer surface to the inner surface. This will prevent any
chipping or. peeling of the chrome plate on the ring. The
ends of the ring must remain square and the chamfer on
the outer edge must be approximately .015 ".

Check the ring side clearance as shown in[Fig. 10] Ring
side clearances are specified in Section 1.0.

Install Piston Rings

Before installing the piston rings, assemble the piston and
rod as outlined under Assemble Connecting Rod to Piston
in[Section 1.6.11. Then refer to Figs. | and Il and install the
piston rings.

NOTE: Lubricate the piston rings and piston with
engine oil before installing the rings.

COMPRESSION RINGS

1. Starting with the bottom ring, install the compression
rings with tool J 8128 as shown in To avoid
breaking or overstressing the rings, do not spread them
any more than necessary to slip them over the piston.

NOTE. When installing the fire ring (top
groove) and the top compression ring (second
groove), be sure the oval marks are toward the
top of the piston.

NOTE: Do not use fire rings with chrome in the
new non-hardened fire ring groove. The new new
chrome fire ring should not be used with the
former hardened fire ring groove.

2. Stagger the ring gaps around the piston.
OIL CONTROL RINGS

The upper and lower oil control rings used on pistons for
non-turbocharged engines consist of two halves (upper and
lower). The upper oil control ring used on pistons for
turbocharged engines is a one-piece ring while the lower
ring is a two-piece ring (upper and lower halves).
Peripheral abutment type oil ring expanders are
used on pistons for V-71N and V-71T engines. Install the
oil control rings as follows:

1. Install the ring expanders in the oil control ring grooves
in the piston.

NOTE: When installing the oil control rings, use
care to prevent overlapping the ends of the ring
expanders. An overlapped expander will cause
the oil ring to protrude beyond allowable limits
and will result in breakage when the piston is.
inserted in the ring compressor during
installation in the cylinder liner. Do not cut or
grind the ends of the expanders to prevent
overlap- ping. Cutting or grinding the ends will
decrease the expanding force on the oil control
rings and result in high lubricating oil
consumption.

IMPORTANT: When peripheral abutment type
ring expanders are used. install them
with the legs of the free ends toward the top of
the piston. With the free ends pointing up, a
noticeable resistance will be encountered during
installation of the piston if the ends of the
expander are overlapped and corrective action
can be taken before ring breakage occurs.

2. To install the one-piece ring (turbocharged engines),
position it over the upper ring groove, using tool J
8128, with the gap 180 from the gap in the
expander and the scraper edge facing down. Press the
ring against the gap side of the expander to prevent
the ends of the expander from overlapping, then align
the ring with the groove and release the tension on the
tool, permitting the ring to slip in position.

Install the upper and lower halves of the lower oil control
ring by hand. Install the upper half with the gap 180 from
the gap in the expander. Then install the lower half with the
gap 45 from the gap in the
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upper half of the ring. Make sure the scraper edges are 3. Install the upper and lower halves of both oil control

facing down (toward the bottom or the piston). rings (non-turbocharged engines) as outlined above.
NOTE: The scraper edges of all oil control rings must NOTE: The face of the top half of the upper oil
face downward (toward the bottom of the piston) for control ring used on V-71N engines is
proper oil control. chromeplated.
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CROSS-HEAD TYPE PISTON

The cross-head piston (Figs. 13 and 14) is a two-piece
piston consisting of a crown and skirt. A metal oil seal ring
is used between the crown and skirt which are held
together by the piston pin. Ring grooves are machined in
the piston crown for a fire ring and two compression rings.
The crown is also machined to accept a 150 slipper type
bushing (bearing). The piston skirt incorporates two oil
control ring grooves. piston pin holes and piston pin
retainer counterbores. Equally spaced drain holes are
located in the oil ring groove area to permit excess oil.
scraped from the cylinder walls. to return to the crankcase.
A lubricating oil tube and floating nut are contained inside
of the piston pin. Two bolts and spacers are used to attach
the connecting rod to the floating nut in the piston pin.

Internal parts of the piston are lubricated and cooled by the
engine lubricating oil. Oil is pressure-fed up the drilled
passage in the connecting rod. through the oil tube in the
piston pin. then through the center hole in the bushing to
the underside of the piston crown. A portion of the oil flows
along the grooves in the bushing to lubricate the piston pin.

During engine operation. gas loads pushing down on the
piston crown are taken directly by the piston pin and
bushing. The piston skirt. being separate is free from
vertical load distortion; thermal distortion is also reduced as
the piston crown expands. As the connecting rod swings to
one side during downward

CROWMN

SEAL
RING

BUSHIMG

PN
ASS'Y.

RETAIMER

SPACER

FIG. 13 - Cross-Head Piston and Connecting Rod
Assembly

: | mmwm
: i el S
e
Q PSTON PIN
e SEAL RING f
PIN ' e COMMECTING
ROD iy e

SKIRT

S35l

FIG. 14 - Cross-Head Piston and Connecting Rod
Components

travel of the piston, the major portion of the side load is
taken by the piston skirt.

The non-turbocharged (naturally aspirated) engines use an
18.7:1 compression ratio piston and the turbocharged
engines use a 17:1 compression ratio piston. To aid
identification of a piston, refer to[Eig. 15, Fit the end of the
gage between the top of the piston crown and the
machined step below the third compression ring groove. A
"GO" check identifies a piston used in a turbocharged
engine. A space of

PISTON
CROWN

wn
2a
oB
~1
>3
z
o8
8

GAGE
J 25397

L8728

FIG. 15 - Piston Identification
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DETROIT DIESEL V-71 (Vehicle)

Piston and Piston Rings 1.6

approximately .030 " ("NO-GQ") identifies a piston used in
a natural aspirated engine.

Also in the 8V-71 engines only, a complete new balance
weight system is used. When replacing trunk- type pistons
with cross-head pistons in an 8V engine, a new camshaft
front pulley (integral weight) on the left bank plus new bolt-
on weights for the water pump drive gear and rear
camshaft gears (Sections 1.7.2 and 1.7.3) must be used.

When cross-head pistons are to be installed in an 8V
engine built prior to serial number 8VA-1 15016, and an in-
frame overhaul is desired, a new bolt-on rear balance
weight must be used in addition to the existing balance
weight attached to the engine side of each rear camshaft
gear. For the installation procedure, refer to Section 1.O.

NOTE: Cross-head pistons and trunk-type pistons
must not be used together in an engine. The
difference in weight of the pistons will affect engine
balance.

Inspect Piston Rings

When an engine is hard to start, runs rough or lacks power,
worn or sticking compression rings may be the cause.
Replacing the rings will aid in restoring engine operation to
normal.

The compression rings may be inspected through the ports
in the cylinder liners after the air box covers have been
removed. If the rings are free and are not worn to the
extent that the plating or grooves are gone, compression
should be within operating specifications. Refer to
[15.2]for the procedure for checking compression pressure.

Remove Piston and Connecting Rod
1. Drain the cooling system.
2. Drain the oil and remove the oil pan.

3. Remove the oil pump and inlet and outlet pipes, if
necessary (Section 4. 1).
4. Remove the cylinder head [Section 1.2).

5. Remove the carbon deposits from the upper inner
surface of the cylinder liner.

6. Remove the bearing cap and the lower bearing shell
from the connecting rod. .Then push the piston and rod
assembly out through the top of the cylinder block. The
piston cannot be removed from the bottom of the cylinder
block.

FIG. 16 - Removing or Installing Piston Rings

7. Re-assemble the bearing cap and lower bearing shell
to the connecting rod.

Disassemble Piston and Connecting Rod

Note the condition of the piston and rings. Then remove
the rings and disassemble the piston as follows:

1. Secure the connecting rod in a vise equipped with soft
jaws and remove the piston rings with toot J 8128 as shown
in|Fig. 16

2. Punch a hole through the center of one of the piston
pin retainers with a narrow chisel or punch and prv the
retainer from the piston. being careful not to damage the
piston or bushing. Remove the opposite retainer in the
same manner.

3. Loosen the two bolts which secure the connecting rod
to the piston pin. Then remove the rod and piston assembly
from the vise and place the assembly on the bench.
Remove the two bolts and spacers and remove the
connecting rod.

Page 10



DETROIT DIESEL V-71 (Vehicle)

Piston and Piston Rings 1.6

4. Withdraw the piston pin.

5. Separate the piston skirt from the piston crown.

6. Remove the metal seal ring from the piston crown.
7. Remove the piston pin bushing (bearing).
Cleaning

Clean the piston components with fuel oil and dry them
with compressed air. If fuel oil does not remove the carbon
deposits, use a chemical solvent that will not harm the tin-
plate on the piston.

The piston crown, including the compression ring grooves,
is not tin-plated and may be wire-brushed to remove any
hard carbon. Do not wire-brush the piston skirt. Clean the
ring grooves with a suitable tool or a piece of an old
compression ring that has been ground to a bevel edge.

Clean the inside surfaces of the piston crown and skirt and
the oil drain holes in the lower half of the piston skirt.
Exercise care to avoid enlarging the holes while cleaning
them.

Glass beading can be used to clean a piston crown. Mico
Bead Glass Shot MS-M (.0029 " - .0058 ") is
recommended. Allowable air pressure is 80-100 psi (552-
689 kPa).

IMPORTANT: After cleaning, do not leave glass
beads in the piston crown.

NOTE: Do not attempt to clean the piston skirt by
glass beading, as it will remove the tin- plating.

Inspection

If the tin-plate on the piston skirt and the original grooves in
the piston rings are intact, it is an indication of very little
wear.

Excessively worn or scored piston skirts, rings or cylinder
liners may be an indication of abnormal maintenance or
operating conditions which should be corrected to avoid
recurrence of the failure. The use of the correct types and
proper maintenance of the lubricating oil filters and air
cleaners will reduce to a minimum the amount of abrasive
dust and foreign material introduced into the cylinders and
will reduce the rate of wear.

Long periods of operation at idle speed and the use of
improper lubricating oil or fuel must be avoided,

24599

PISTON CROWN

FIG. 17 - Checking Fire Ring Groove in Piston Crown

otherwise a heavy formation of carbon may result and
cause the rings to stick.

Keep the lubricating oil and engine coolant at the proper
levels to prevent overheating of the engine.

Examine the piston skirt and crown for score marks.
cracks, damaged ring groove lands or indications of
overheating. Any piston that has been severely scored or
overheated must be replaced. Indications of overheating or
burned spots may be the result of an obstruction in the
connecting rod oil passage.

Check the tapered fire ring groove width in the current
piston crown with tool J 24599 as shown in Slide
the "NO-GO" wire (.106 " diameter) of the tool completely
around the fire ring groove. Should the wire be below flush
at any one area, the piston crown must be replaced. The
"GO" wire (.100" diameter) should be flush or protrude
slightly from the fire ring groove.

Check the cylinder liner and block bore for excessive out-

of-round, taper or high spots which could cause failure of
the piston (refer to[Section 1.0/ for specifications).

Inspection of the connecting rod. piston pin and piston pin
bushing are covered in [Section 1.6.1

Other factors that may contribute to piston failure include
oil leakage into the air box, oil pull-over from

June 1979 SEC 1.6 Page 11
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Piston and Piston Rings 1.6

5363

FIG. 18 - Installing Seal Ring

the air cleaner, dribbling injectors, combustion blow- by and
low oil pressure, (dilution of the lubricating oil).

ALIGNMENT
TOOL

PISTON
PIN

T
PISTON

5840

FIG. 19 Installing Piston Pin

Assemble Piston

1. Install the bearing (bushing) in the piston crown. It
should slide into the piston crown without force. With new
parts, there is .0005" to .0105" clearance between the
edge of the bushing and the groove in the piston crown.

NOTE: The bearing must be installed before
assembling the piston skirt and crown..

2. Lubricate the metal seal ring[(Fig. 18) with engine oil
and install it with the chamfer or counterbore directed
toward the bottom of the piston.

NOTE: The current seal rings are made of cast
iron and are identified by the tin-plating on the
outside diameter, a black oxide finish, or a du]]
cast iron color. These rings can be mixed in an
engine. The former steel ring, identified by a very
shiny appearance, must not be used for service.

3. Compress the seal ring with ring compressor J 23453
and push the skirt into position on the piston crown.

IMPORTANT: Before completely assembling the
piston, check to make sure the seal ring does not
stick in the ring groove. It is imperative for
satisfactory engine operation that the seal ring is
free in the piston crown groove. Check the full 360
° circumference of the groove to be sure there are
no tight spots. When the piston crown, seal ring
and piston skirt are assembled, the skirt should
spin freely on the crown (crown top down on the
bench). If the seal ring sticks, remove high spots
or nicks in the groove with a flat file. If this does
not relieve sticking, replace the piston crown.

FIG. 20 -Tightening Connecting Rod to Piston Pin Bolts
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DETROIT DIESEL V-71 (Vehicle)

Piston and Piston Rings 1.6

4. Lubricate the piston pin with clean engine oil and install
it as shown in

NOTE: Line up the piston pin opening in the piston
skirt with the bearing (bushing) opening in the
piston crown to prevent damage to the pin or
bushing.
5. Install the spacers on the two 7/16 "-20 x 2 "
connecting rod to piston pin attaching bolts.

6. Apply a small amount of International Compound No.
2, or equivalent, to the bolt threads and bolt head contact
surfaces.

7. Install and tighten the bolts finger tight. Then clamp the
connecting rod in a vise and tighten the bolts to 55-60 Ib-ft
(75-81 Nm) torque (Fig._20). Do not exceed this torque.

8. Place a new piston pin retainer in position. Then place
the crowned end of installer J 23762 against the retainer
and strike the tool just hard enough to deflect the retainer
and seat it evenly in the piston (Fig. 21).

9. Install the second piston pin retainer in the same
manner.

FIG. 21 - Installing Piston Pin Retainer

FIG. 22 - Checking Piston Pin Retainer for Proper Sealing

NOTE: Due to the size of the counterbore in the
piston skirt, be careful when installing the piston
pin retainers and inspect them to be sure they are
not buckled and that they are fully seated in the
counterbores. The width of the land should be
even around the retainer.

10. One important function of the piston pin retainer is to
prevent the oil, which cools the underside of the piston and
lubricates the piston pin bushing, from reaching the
cylinder walls. Check each retainer for proper sealing with
leak detector J 23987 (Fig._22)] Place the suction cup
over the retainer and hand operate the lever to pull a
vacuum of ten inches on the gage. A drop in the gage
reading indicates air leakage at the retainer.

Fitting Piston

Measure the piston skirt diameter lengthwise and crosswise
of the piston pin bore. Measurements should be taken at
room temperature (70° F or 21° C). Refer to[Section 1.0
for specifications.

The piston-to-liner clearance, with new parts, will vary
with the particular piston and cylinder liner (refer to
[1.0]. A maximum clearance of .012" is allowable with
used parts.

With the cylinder liner installed in the cylinder block, hold
the piston skirt upside down in the liner and check the
clearance in four places 90° apart (Eig._23).

Use feeler gage set J 5438 to check the clearance. The
spring scale, attached to the proper feeler gage, is used to
measure the force in pounds required to withdraw the
feeler gage.

O 1979 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Piston and Piston Rings 1.6

PISTOM

CYLINDER
LIMER

FIG. 23 easuri Piston-to-Liner Clearance

Select a feeler gage with t thickness that will require a pull
of six pounds (26.7 N) to remove. The clearance will be
.001 " greater than the thickness of the feeler gage used.
i.e. a .004 " feeler gage will indicate a clearance of .005 "
when it is withdrawn with a pull of' six pounds (26.7 N).
The feeler gage must be perfectly flat and free of' nicks
and bends.

If any bind occurs between the piston and the liner,
examine the piston and liner for burrs. Remove burrs with
a fine hone (a flat one is preferable) and recheck the
clearance.

Fitting Piston Rings

Each piston is fitted with a fire ring. two compression rings

and two oil control rings (Fig. 24).

The top (fire) ring and the upper compression ring (second
groove) are pre-stressed. Both are identified by a small
indentation mark on the top side.

NOTE: The current piston crowns (18.7:1 and 17:1
compression ratio) have a tapered fire ring groove.
To conform with this change, a tapered fire ring
[Fig._25) must be used. The former piston crown
(17:1 compression ratio) had a rectangular fire ring
groove. Only pistons with the tapered fire ring

. RETAIMER

| BEARING

COMPRESSION. o7
L RINGS s

FISTOMN PiR

3 e
: EXPANDER o : 3
KA "——-__._*_* ] ] Pl
OIL' CONTROL RING o AT

OlL COMTROL RING
{LOWER HALF }

EXPANDER

Ol CONTROL RING R sy Sy
[UPPER HALF] /

QL CONTROL RING
(LOWER HALF}

FIG. 24 Piston Ring Location

1007%
l .0995% ‘

1

KEYSTONE 11828

RECTANGULAR
RING RING

FIG. 25 - Comparison of Fire Rings
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DETROIT DIESEL V-71 (Vehicle)

i

e

on Ring Gap

FIG. 26 - Measuring Pist

groove are available for service.
A two-piece oil control ring is used in both oil ring grooves
in the pistons for all current engines.

All new piston rings must be installed whenever a piston is
removed, regardless of whether a new or used piston or
cylinder liner is installed. Refer to the parts catalog or
microfiche to select the current piston rings for a particular
engine

158

FIG. 27 Measuring Piston Ring Side Clearance

Insert one ring at a time inside of' the cylinder liner and far
enough down to be within the normal area of' ring travel.
Use a piston skirt to push the ring down to be sure it is
parallel with the top of the liner. Then measure the ring

gap with at feeler gage as shown in Fid._26. _|Refer to
for ring gap specifications.

If the gap on a compression ring is insufficient, it may he
increased by filing or stoning the ends of' the ring. File or
stone both ends of the ring so the cutting action is from the
outer surface to the inner surface. This will prevent any
chipping or peeling of' the chrome plate on the ring. The

ends of' the ring must remain square and the chamfer on
the outer edge must be approximately .015 ".

Check the ring side clearance as shown in[Fig. 27.| Ring
side clearances are specified in|Section 1.0/

Install Piston Rings

NOTE: Lubricate the piston rings and piston with
engine oil before installing the rings.

COMPRESSION RINGS

1. Starting with the bottom ring, install the
compression rings with tool J 8128 as shown in
To avoid breaking or overstressing the rings, do not spread
them any more than necessary to slip them over the
piston. Refer tbFig. P8 for ring identification and

location.
2. Stagger the ring gaps around the piston.
OIL CONTROL RINGS

Refer to Fig._28 for the type and location and install the oil
rings as follows:

1. Install the ring expanders in the oil control ring
grooves in the piston skirt.

NOTE: When installing the oil control rings. Use
care to prevent overlapping the ends of the ring
expanders. An overlapped expander will cause
the oil ring to protrude beyond allowable limits
and will result in breakage when the piston is
inserted in the ring compressor during installation
in the cylinder liner. Do not cut or grind the ends
of the expanders to prevent overlapping. Cutting
or grinding the ends will decrease the expanding
force on the oil control rings and result in high
lubricating oil consumption.

IMPORTANT: When peripheral abutment
expanders [Fig._12) are used, install them

type ring

O 1979 General Motors Corp.
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FIG. 28- Piston Ring Installation Instructions

with the legs of the free ends toward the top of the piston. upper half of' the top oil ring and align the gaps as
With the free ends pointing up, noticeable resistance will indicated in[Fig. 28]
be encountered during installation of the piston if the ends
of the expander are overlapped and corrective action can NOTE: The scraper edges of all oil control rings
be taken before ring breakage occurs. must face downward (toward the bottom of the
piston) for proper oil control.
2. Install the oil control rings by hand. Start with the
Install the piston and connecting rod assembly in the

engine as outlined in [Section 1.6.3]
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16.1

CONNECTING ROD

Trunk-Type Piston

Each connecting, rod (Figs. | and 2) is forged to an "I"
section with a closed hub at the upper end and a bearing
cap at the lower end. The connecting rod is drilled to
provide lubrication to the piston pin at the upper end and is
equipped with a nozzle to spray cooling oil to the underside
of the piston head. An orifice is pressed into a counterbore
at the lower end of the oil passage to meter the flow of oil
on all V-71 engines, except turbocharged engines and
early 12V two-valve engines.

A helically-grooved bushing is pressed into each side of the
connecting rod at the upper end. The cavity between the
inner ends of these bushings registers with the drilled oil
passage in the connecting rod and forms a duct around the
piston pin. Oil entering this cavity lubricates the piston pin
bushings and is then forced out the spray nozzle to cool the
piston. The piston pin floats in the bushings of both the
piston and the connecting rod.

A service connecting rod includes the bearing cap, bolts,
nuts, spray nozzle, orifice and the piston pin bushings
pressed in place and bored to size.

The replaceable connecting rod bearing shells are covered
inlSection 1.6.2

CONNECTING -
g A9D

= CRANKSHAFT

v

FIG. 1. Connecting Rod Mounting

Disassemble Connecting Rod from Piston

With the rod and piston assembly removed from the
engine, disassemble the piston and connecting rod as
outlined in Section 1.6]

Inspection

Clean the connecting rod and piston pin with a suitable
solvent and dry them with compressed air. Blow
compressed air through the drilled oil passage in the
connecting rod to be sure the orifice oil passage and spray
holes are not clogged.

Remove any nicks or burrs from the connecting rod bolt
holes with reamer J 28460 (Fig._4)] The reamer

SPRAY NOZZLE

BUSHING

BOLT CONNECTING ROD

UPPER BEARING

b SHELL

2772

&=

g ﬁ BEARING CAP :

S

FIG. 2. Connecting Rod Details and Relative
Location of Parts

O 1979 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

1.6.1 Connecting Rod

DO NOT USE OR ATTEMPT TO SALYAGE
RODS WITH INDICATIONS OVER 005 DEEP
EXTENDNG OVER EDGES OF "H" SECTION.
ON BOTH SIDES OF FLANGE. SHADED AREAS
ARE MOST MIGHLY STRESSED

SECTION A-A

START OF FATIGUECRACK RESULTING
FROM OVERLOADING (DUE TO HYDRO-
STATIC LOCK] DO NOT ATTEMPT TO
SALVAGE (THIS TYPE OF INDICATION

1S NOT VISIBLE WITH BUSHINGS IN PLACE)

SECTION B-8

EXAMPLE OF AN INDICATION
FOLLOWING LONGITUDINAL
FORGING FLOW LINLS.

#——— NON-CRITICAL AREA

INDICATIONS IN NON-CRITICAL AREAS
ARE ACCEPTABLE UNLESS THEY CAN
BE OBSERVED AS OBYIOUS CRACKS
WITHOUT MAGNETIC INSPECTION.

LONGITUDINAL INDICATIONS
FOLLOWING FORGED FLOW iLINLS HAVI
ARE USUALLY SEAMS AND ARE NOT
CONSIDERED HARMFUL IF LESS THAN
1/32 DEEP. DEPTH CAN BE DETER-
MINED BY GRINDING A SMALL AREA
NEAR THE CENTER OF THE INDICA-

CRITICAL AREA
ACCEPTABLE LIMITS

TRAANSVERSE INDICATIONS (ACROSS FLOW LINLS),
A MAXIMUM LENGTHK OF 1/, WHICH CAN
BE REMOVED BY GRINDING NO DXEPER THAN /64
ARE ACCEPTABLE AFTER THEIR COI‘PLITEI_I-
MOVAL. AN EXCEPTION TO THIS A
AN INDICATION WHICH EXTINDS OVER TKE LDGE
OF "M SECTION AND I8 PRESINT ON BOTH SIDES
TION OF THE FLANGE 1N THIS CASE MAXIMUM ALLOYW -
ABLE DEPTH IS . 005 (SEL SECTDN A-A}

EXAMPLE OF A TRANSVERSE INDICATION
THAT DOLS NOT FOLLOW LONGITUDINAL.
FORGING FLOW LINES CAN BE LITHER A
FORGING LAP, HEAT TREAT CRACK, OR

START OF A FATIGUE CRACK.

NON-CRITICAL _J
AREA

GRINDING NOTES

CARE SHOULD BE TAXEN IN GRINDING OUT IN-
DICATIONS TO ASSURE PROPER BLENDING OF
GROUND AREA INTO UNGROUND SURFACE 80

RAVING AS TO FORM A SMOOTH CONTOUR.

TTUWSIRT KONyttt
POOR PRACTICE  GOOD PRACTICE
11811

FIG. 3 - Magnetic Particle Inspection Limits for Connecting Rod

includes a 60° angle to clean-up the chamfer at the bolt
hole to ensure proper seating of' the underside of' the bolt
head.

Visually check the connecting rod for twist or bending.
Check for cracks (Fig. _3) by the magnetic particle method
outlined in[Section 1.3 under Crankshaft Inspection.

If a new service connecting rod is required, stamp the
cylinder number on the connecting rod and cap (refer to

Section 1.6.3).

IMPORTANT: Clean the rust preventive from a

. CONMECTING
ROD

REAMER/ o

) 28460

5863

FIG. 4 - Connecting Rod Bolt Hole Reamer

service replacement connecting rod and blow compressed
air through the drilled oil passage to be sure the orifice oil
passage and spray holes are not clogged. Also make sure
the split line (cap to rod) is thoroughly cleaned to avoid
trapped contaminants from adversely affecting bearing
shell "crush”.

NOTE: Early 12V two-valve engine connecting rods were
equipped with a plug at the upper end in place of a spray
nozzle. When replacement of a connecting rod in these
engines is required, it is suggested that all of the
connecting rods be reworked by installing a

. STREST
| GROOVE

531

FIG. 5 Piston Pin with Oil Hole

O 1979 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Connecting Rod 1.6.1

' DRIVER
HAMDLE

HOLDER

REMOVER

¥y

FIG. 6 - Removing or Installing Bushings

spray nozzle and orifice. It will also be necessary to install
an adequate engine cooling system (refer to[Section 4.4).

Only a plain connecting rod bolt is available for service.
The scalloped bolt is not serviced. The two bolts are
completely interchangeable since the use of the plain bolt
in no way affects the clearance between the rod and the
bearing shells, nor will it restrict oil flow around the bolt.

Check the connecting rod bushings for indications of
scoring, overheating or other damage. Bushings that have
overheated may become loose and creep together, thus
blocking off the supply of lubricating oil to the piston pin
and spray nozzle.

Inspect the piston pin for signs of fretting. When reusing a
piston pin, the highly polished and lapped surface of the
pin must not in any way be refinished. Polishing or
refinishing the piston pin is not recommended as it could
result in very rapid bushing wear.

Since it is subjected to downward loading only free
movement of the piston pin is desired to secure perfect
alignment and uniform wear. Therefore, the piston pin is
assembled with a full floating fit in the connecting rod and
piston bushings, with relatively large clearances. Worn
piston pin clearances up to .010 " are satisfactory.

NOTE: Current turbocharged engines use a

O 1979 General Motors

FIG. 7 Removing Spray Nozzle
piston pin which incorporates an oil hole [(Fig. 3) to
provide oil under pressure to the piston pin bushings. A
similar piston pin is available as a service item for non-
turbocharged engines.

Remove Bushings

If it is necessary to replace the connecting rod bushings.
remove them as follows:

NOTE: Do not remove the bushings from the
connecting rods used in turbocharged engines
because they are not serviced separately.
1. Clamp the upper end of' the connecting rod in holder J
7632 (Eig._6) so that the bore in the bushings is aligned
with the hole in the base of' the holder.
2. Place the bushing remover J 1513-3 in the connecting
rod bushing, insert handle J 1513-2 in the remover and
drive the bushings from the rod.
Replace Spray Nozzle and Orifice
The connecting rod bushings must be removed before the
spray nozzle or orifice can be replaced. Replace the spray
nozzle as follows:

1. Remove the connecting rod bushings (refer to NOTE).

2. Insert spray nozzle remover J 8995 through the
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DETROIT DIESEL V-71 (Vehicle)

1.6.1 Connecting Rod

POSITION HOLES

Y —.
e 1 AS SHOWN

NOZZLE

11812

FIG. 8 Position of Spray Nozzle Holes

upper end of the connecting rod and insert the pin in the
curved side of the tool in the opening in the bottom of the
spray nozzle.

3. Support the connecting rod and tool in an arbor press as
shown in|Eig. 7

4. Place a short sleeve directly over the spray nozzle.
Then press the nozzle out of the connecting rod.

5. Remove the tool.

The steel bushing-type orifice in the lower end of the drilled
passage can be replaced, if necessary, at this time.
Effective with engines 6VA-254, 8VA-258 and 12VA-189
and prior to 6VA-27996, 8VA-21662 and 12VA-5655, the
connecting rod assemblies included a spring pin type
orifice.

BUSHING
JOINT

FIG. 9 - Location of Bushing Joint

r-l 3/!61 |

T

| S ————

i 7—
1/8

FIG. 10 Instructions for Reworking Adaptor
J 1686-13

11852

NOTE: No orifice is used in the connecting rods in 12V
two-valve or turbocharged engines.

With the spray nozzle removed, insert a rod in the oil
passage and drive the orifice from the lower end of the
connecting rod. Install the current steel bushing-type
orifice .3125 " in from the lower surface of the rod. When
installing a service spring pin type orifice drive it in .200 "
from the lower surface of the rod.

Install a new spray nozzle in the connecting rod as follows:

. REAMING CONNECTING
_ FXTURE  ROD

FIG.

11 - Reaming Bushings

O 1979 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle) Connecting Rod 1.6.1

1. Start the new spray nozzle, with the holes positioned as shown il Fig. 8, straight into the counterbore in the
connecting rod.
2. Support the connecting rod in the arbor press, place a short 3/8 " I1.D. sleeve on top of the nozzle and press the
nozzle into the connecting rod until it bottoms in the counterbore.

NOTE: On connecting rods equipped with a plug in place of a spray nozzle, install the

plug in the same manner as outlined in Steps 1 and 2 above.
3. Install new bushings in the connecting rod.

Install Bushings
A .812 " long bushing is serviced for the connecting rod assembly used in all non-turbocharged engines. The .760 " long
vapor blasted bushing used in turbocharged engines is not serviced separately. Install connecting rod bushings as
follows:
1. Clamp the upper end of the connecting rod assembly in holder J 7632 so that the bore for the bushings aligns with the
hole in the base of the tool (Fig. 6).
2. Start a new bushing straight into the bore of the connecting rod, with the bushing joint at the top of the rod (Eig._9).
3. Insert installer J 1513-6 in the bushing. then insert handle J 1513-2 in the installer and drive the bushing in until the
flange of the installer bottoms on the connecting rod.
4. Turn the connecting rod over in the holder and install the second bushing in the same manner.
5. The bushings must withstand an end load of 2000 pounds (8.9 kN) without moving after installation.
6. Ream the bushings to size, using tool set J 1686-03. as follows:
a. Clamp reaming fixture J 1686-9 in a bench vise.
b. Position sleeve adaptor J 1686-13 on the arbor of the fixture.
NOTE: Sleeve adaptor J 1686-13. part of connecting rod reamer bushing set J 1686-03.
has been revised by adding two notches. When reaming service replacement bushings in
connecting rods using plain (non-scalloped) bolts, it will be necessary to use the revised
adaptor or to rework the old adaptor as shown in The revised adaptor may he
used with either the plain or scalloped bolt.

c. Place the crankshaft end of the connecting rod on the arbor of the fixture (Fig._11) and tighten the connecting rod
cap nuts to, 60-70( Ib-ft (81-95 Nm) torque (lubrite nut) or 65-75 Ib-ft (88-102 Nm) torque (plain nut).

d. Slide the front guide bushing J 1686-11 (with the pin end facing out) in the fixture.

e. Align the upper end of the connecting rod with the hole in the reaming fixture.

f. Install the rear guide bushing J 1686-5 on reamer J 1686-20. then slide the reamer and bushing into the fixture.

g. Turn the reamer in a clockwise direction only when reaming or withdrawing the reamer. For best results use only
moderate pressure on the reamer.

h. Remove the reamer and the connecting rod from the fixture blow out the chips and measure the inside diameter
of the bushings. The inside diameter of the bushings must be 1.5025 " to 1.5030 ". This will provide a piston pin-to-
bushing

clearance of .0025 " to .0034 " with a new piston pin. A new piston pin has a diameter of 1.4996 to 1.5000".

Assemble Connecting Rod to Piston
Apply clean engine oil to the piston pin and bushings. Refer to [Fig. 2land assemble the connecting rod to the piston as
follows:

NOTE: The connecting rods used in 12V two valve and turbocharged engines do not

incorporate an orifice in the lower end (crankshaft end) of the oil passage in the rods.

Therefore, to be sure that the oil flow through the rods is not restricted, use non-orifice

rods in these engines.
1. Place the piston in the holding fixture (Eig._12).
2. Place a new piston pin retainer in position. Then place the crowned end of installer J 24107 against the retainer and
strike the tool just hard enough to deflect the retainer and seat it evenly in the piston.

NOTE: Do not drive the retainer in too far or the piston bushing may be moved inward

and result in reduced piston pin end clearance.
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Connecting Rod 1.6.1

INSTALLING
TOOL

J-1513-1

1047

FIG. 12 Installing Piston Pin Retainer

3. Place the upper end of the connecting rod between the
piston pin bosses and in line with the piston pin holes.
Then slide the piston pin in place. If the piston pin-to-
bushing clearances are within the specified limits, the pin

will slip into place without use of force.

4. Install the second piston pin retainer as outlined in
Steps 1 and 2.

5. After the piston pin retainers have been installed, check
for piston pin end clearance by cocking the connecting rod
and shifting the pin in its bushings.

FIG. 13 - Checking Piston Pin Retainer for Proper Sealing

6. One important function of the piston pin retainer is to
prevent the oil. which cools the underside of the piston and
lubricates the piston pin bushings, from reaching the
cylinder walls. Check each retainer for proper sealing with
leak detector J 23987 (Fig.__13)] Place the suction cup
over the retainer and hand operate the lever to pull a
vacuum of ten inches on the gage, a drop in the gage
reading indicates air leakage at the retainer.

7. Install the piston rings on the piston as outlined in
Section 1.6

8. Install the piston and connecting rod assembly in the
engine as outlined in [Section 1.6.3

O 1979 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Connecting Rod 1.6.1

CONNECTING ROD

Cross-Head Type Piston

The connecting rod[(Fig. 14) is forged to an "I" section with
an open or saddle type contour at the upper end and a
bearing cap at the lower end. The bearing cap and
connecting rod are forged in one piece and bored prior to
separation.

The upper end of the connecting rod is machined to match
the contour of the piston pin. The piston pin is secured to
the connecting rod with two self-locking bolts and spacers.
The bearing cap is secured to the connecting rod by two
specially machined bolts and nuts.

Lubricating oil is forced through a drilled oil passage in the
connecting rod to the piston pin and bushing.

A service connecting rod includes the bearing cap and the
attaching bolts and nuts.
NOTE: Only the plain connecting rod bolt
is serviced. The scalloped bolt is not
serviced. The two bolts are completely
interchangeable since the use of the non-
scalloped bolt in no way affects the
clearance between the rod and the
bearing shells, nor will it restrict oil flow
around the bolt.
The replaceable connecting rod bearing shells are covered
in|Section 1.6.2

Disassemble Connecting Rod from Piston
With the rod and piston assembly removed from the

engine, disassemble the piston and connecting rod as
outlined in|Section 1.6

CONNECTING

2]

i g i) :
_ BEARING  BEARING g

CAP SHELLS 5380

FIG. 14 - Connecting Rod Details Inspection

Clean the connecting rod and piston pin with a suitable
solvent and dry them with compressed air. Blow
compressed air through the oil passage in the connecting
rod to be sure it is clear of obstructions. Use crocus cloth,
wet with fuel oil. to remove any trace of fretting and/or
corrosion on the connecting rod saddle and piston pin
contact surface with the rod before reassembly.
NOTE: Never use crocus cloth on the
bearing side of the pin.
Connecting rods being removed from an original build
engine can be reused as is, after considering the following:
1. Check for visual damage (bent).
2. A previous bearing(s) or related failure.
3. Is the connecting rod blue at the top or bottom end?
4. Fretting at split line between the connecting rod and
cap.
5. Excessive pound-in of' the bolt head or nut.

If the connecting rod has been subjected to any of the
above, it should be scrapped.

In qualifying a used connecting rod from a source other
than an original build engine, the following checks should
be made in addition to this above.

1. Check for cracks by the magnetic particle
method outlined in [ Section 1.3 under Crankshaft
Inspection.

2. Determine bore diameter of the rod, using a dial bore

gage and master ring as follows (Fig. 15).

a. Install the connecting rod clip on the connecting rod and

tighten the bolt nuts to 60-70 Ib ft (81-95 Nm) torque.
NOTE: Do not over torque the connecting
rod bolt nuts. Over torque may
permanently distort the connecting rod clip.

b. Measure diameter A and B as shown ill

O 1979 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle) Connecting Rod 1.6.1

START OF FATIGUE CRACK RESULTING
FROM OVERLOADING (DUE TO HYDRO-
STATIC tOCK). DO NOT ATTEMPT TO
SALVAGE.

DO NOT USE OR ATTEMPT TO SALVAGE

RODS WITH INDICATIONS OVER .005 DEEP
EXTENDING OVER EDGES OF “H" SECTION
ON 8OTH SIDES OF FLANGE. SHADED AREAS
ARE MOST HIGHLY STRESSED.
TION
SECTION A-A VIEW A
4‘ A

===

<l A EXAMPLE OF A TRANSYERSE INDICATION

THAT DOES NOT FOLLOW: LONGITUDINAL

EKAMPLE OF AN INDICATION FORGING FLOW LINES CAN BE EITHER A
FOLLOWING LONGITUDINAL FORGING LAP, HEAT TREAT CRACK, OR

FORGING FLOW LINES. START OF A FATIGUE CRACK.

CRITICAL AREA

>
|~ NON-CRITICAL AREA -t ACCEPTABLE LIMITS L

INDICATIONS IN NON-CRITICAL AREAS

ARE ACCEPTABLE UNLESS THEY CAN

BE OBSERVED AS OBVIOUS CRACKS

WITHOUT MAGNETIC INSPECTION.

LONGITUDINAL INDICATIONS TRANSVERSE (NDICATIONS (ACROSS FLOW. LINES), GRINDING _NOTES

FOLLOWING FORGED FLOW. LINES HAVING A MAXIMUM LENGTH OF ¥;, WHICH CAN CARE SHOULD BE TAKEN IN GRINDING OUT IN-
ARE USUALLY SEAMS AND ARE NOT BE REMOVED 8Y GRINDING NO DEEPER THAN Vi DICATIONS TO ASSURE PROPER BLENDING Of
CONSIDERED HARMFUL IF LESS THAN ARE ACCEPTABLE AFTER THEIR COMPLETE RE: GROUND AREA INTO UNGROUND SURFACE SO
%1 DEEP. DEPTH CAN BE DETER- MOVAL, AN EXCEPTION TO THIS IS A ROD HAVING AS TO FORM A SMOOTH CONTOUR.

MINED BY GRINDING A SMALL AREA AN INDICANON WHICH EXTENDS OVER THE EDGE

NEAR THE CENTER OF THE INDICA- OF “H" SECTION AND.i§ PRESENT ON BOTH SIDES

TION. OF THE FLANGE. IN THIS CASE, MAXIMUM ALLOW. POOR PRACTICE GO‘O‘DG:I‘!ACNCF

ABLE DEPTH IS 005 (SEE SECTION A-A}

FIG. 15 Magnetic Particle Inspection Limits for Connecting Rod.
c. Obtain average of A and B to obtain size at split line.

A+ B = X which is the average of A + B
2

d. Measure C. The difference in the results of' the measurements X and C gives bore out-of-round and can be .0005

" maximum.
e. Add C with X and average to obtain average bore size.

C + X = Average diameter of bore
2

Specifications: 3.2495 " to 3.2515".

IMPORTANT : If the crosshead connecting rod bore is not to specifications, the rod must
be scrapped and cannot be machined.

3. Determine taper as follows [Fig. 14):
a. Subtract D1 from D2 to find the difference.
b. The difference can be .0005 " maximum.

4. Determine length by finding the distance between E1 and E2 (Fig. 16).

Specifications: 10.121 "to 10.126".
NOTE: The length of' the rod can be measured on connecting rod measurement fixtures
marketed by B. K. Sweeney, Tobin Arp or equivalent.

Remove any nicks or burrs from the connecting rod bolt holes with reamer J 28460 (Fig._4)] The reamer

O 1979 General Motors Corp.
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Ey CENTER TO CENTER E,
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DETROIT DIESEL V-71 (Vehicle) Connecting Rod 1.6.1

includes a 60° angle to clean-up the chamfer at the bolt hole to ensure proper seating of the underside of the bolt head.
If a new service connecting rod is required stamp the cylinder number on the connecting rod and cap (refer to
11.6.3).

IMPORTANT : Clean the rust preventive from a service replacement connecting rod and

blow compressed air through the drilled oil passage to be sure it is clear of obstructions.

Also make sure the split line (cap to rod) is thoroughly cleaned to avoid trapped

contaminants from adversely affecting bearing shell "crush".

Inspect the bearing (bushing) for indications of scoring, overheating or other damage. Measure the thickness of the
bushing along the center. Replace the bushing if it is damaged or worn to a thickness of .086 " or less. A new bushing is
.087 “ to .088 “ thick.

Inspect the piston pin for signs of fretting. When reusing a piston pin, the highly polished and lapped surface of the pin
must not in any way be refinished. Polishing or refinishing the piston pin is not recommended as it could result in very

rapid bushing wear. A new piston pin has a diameter of 1.4996 " to 1.5000 ". Replace the piston pin if it is worn to a
diameter of 1.4980 " or less.

Assemble Connecting Rod to Piston.

Refer to Assemble Piston in[Section 1.6 for assembly of the connecting rod to the piston.
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DETROIT DIESEL V-71 (Vehicle)

1.6.2

CONNECTING ROD BEARINGS

The connecting rod bearing shells (Fig. 1)) are precision
made and are replaceable without shim adjustments. They
consist of an upper bearing shell seated in the connecting
rod and a lower bearing shell seated in the connecting rod
cap. The bearing shells are prevented from endwise or
radial movement by a tang at the parting line at one end of
each bearing shells

Various types of bearings have been used. Currently,
multiple layer copper-lead coplated or aluminum triplated
bearings are in use. These bearings have an inner
surface, called the matrix, of copper-lead or aluminum. A
thin deposit of babbitt is then plated onto the matrix. This
babbitt overlay has excellent resistance to friction,
corrosion and scoring tendencies which, combined with the
material of the matrix, provides improved load carrying
characteristics. These bearings are identified by the satin
silver sheen of the babbitt when new and a dull gray after
being in service.

SPRAY MOZZLE

BUSHING

ORIFICE

LOWER BEARING

SHELL 1% UPPER BEARING

A SHELL

=

2772

y BEARIMNG CAP
HUT

FIG. 1 - Connecting Rod and Bearing Shells

The upper and lower connecting rod bearing shells are
different and are not interchangeable. Both shells are
notched midway between the bearing edges for
approximately 3/4 of an inch in from each parting line. In
addition, the lower bearing shell has a circumferential oil
groove that terminates at the notched ends. These
notches maintain a continuous registry with the oil hole in
the crankshaft connecting rod journal, thereby providing a
constant supply of lubricating oil to the connecting rod
bearings, piston pin bushings and spray nozzle through the
oil passage in the connecting rod.

Remove Bearing Shells

The connecting rod bearing caps are numbered IL, 1R, 2L,
2R, etc., with matching numbers and letters stamped on
the connecting rods. When removed, each bearing cap
and the bearing shells must always be reinstalled on the
original connecting rod.

Remove the connecting rod bearings as follows:

1. Drain the oil and remove the oil pan.

2. Disconnect and remove the lubricating oil pump inlet
pipe and screen assembly. If the engine is equipped with
an oil pump which is mounted on the main bearing caps,
remove the oil pump as outlined in

3. Remove one connecting rod bearing cap. Push the
connecting rod and piston assembly up into the cylinder
liner far enough to permit removal of the upper bearing
shell. Do not pound on the edge of the bearing shell with a
sharp tool.

4. Inspect the upper and lower hearing shells as outlined
under Inspection.

5. Install the bearing shells and bearing cap before another
connecting rod bearing cap is removed.

Inspection

Bearing failures may result from deterioration (acid
formation) or contamination of the oil or loss of oil.

An analysis of the lubricating oil may be required to
determine if corrosive acid and sulphur are present which
cause acid etching, flaking and pitting. Bearing seizure
may be due to low oil or no oil.

After removal, clean the bearings and inspect them for
scoring, pitting, flaking, chipping, cracking, loss of babbitt
or signs of overheating. If any of these defects are
present, the bearings must be discarded. However, babbitt
plated bearings may develop minute cracks or small
isolated cavities on the bearing surface during engine
operation. These are characteristics of and are NOT
detrimental to this type of bearing. The bearings should
not be replaced for these minor surface imperfections. The
upper bearing shells, which carry the load, will hormally
show sign of distress before the lower bearing shells do.

O 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Connecting Rod Bearings 1.6.2

Inspect the backs of the bearing shells for bright spots
which indicate they have been shifting in their supports. If
such spots are present, discard the bearing shells. Also
inspect the connecting rod bearing bore for burrs, foreign
particles, etc.

Measure the thickness of the bearing shells, using a
micrometer and ball attachment J 4757, as described
under Inspection in The minimum thickness
of a worn standard connecting rod bearing shell should not
be less than .1230" and, if either bearing shell is thinner
than this dimension, replace both bearing shells. A new
standard bearing shell has a thickness of .1240" to .1245".
Refer to Table 1.

Bearing *New Bearing Minimum Worn
Size Thickness Thickness -
Standard .1240"/.1245" .1230"
.002" Undersize .1250"/.1255" .1240"
010" Undersize .1290"/.1295" .1280"
.020" Undersize 1340"/.1345" .1330"
.030" Undersize .1390"/.1395" .1380"

*Thickness 90° from parting line of bearing.

Table 1
In addition to the thickness measurement, check the
clearance between the connecting rod bearing shells and
the crankshaft journal. This clearance may be checked by
means of a soft plastic measuring strip which is squeezed
between the journal and the bearing (refer to Shop Notes in
[Section 1.0). The maximum connecting rod bearing-to-
journal clearance with used parts is .0056".
Before installing the bearings, inspect the crankshaft
journals (refer to Inspection in ‘.
Do not replace one connecting rod bearing shell alone. If
one bearing shell requires replacement, install both new
upper and lower bearing shells. Also, if a new or reground
crankshaft is to be used, install all new bearing shells.
Bearing shells are available in .010", .020" and .030"
undersize for service with reground crankshafts. To
determine the size bearings required, refer to Crankshaft
Grinding in Bearings which are .002"
undersize are available to compensate for slight journal
wear where it is unnecessary to regrind the crankshaft or
where only slight grinding and polishing is necessary.

NOTE: Bearing shells are NOT reworkable

from one undersize to another under any

circumstances.

Install Connecting Rod Bearing Shells

With the crankshaft and the piston and connecting rod
assembly in place, install the connecting rod bearings as
follows:
1. Rotate the crankshaft until the connecting rod journal is
at the bottom of its travel, then wipe the journal clean and
lubricate it with clean engine oil.
2. Install the upper bearing shell - the one without the
continuous oil groove - in the connecting rod. Be sure the
tang on the bearing shell fits in the groove in the
connecting rod.
Bearing shell sets from individual suppliers are completely
interchangeable and can be mixed in an engine.

NOTE: Upper and lower bearing shells are

serviced only in sets. Do not replace one

main bearing shell alone. If one bearing

shell requires replacement, install all new

upper and lower bearing shells. Also, if a

new or reground crankshaft is to be used,

install all new bearing shells.
3. Pull the piston and rod assembly down until the upper
rod bearing seats firmly on the crankshaft journal.
4. Note the number and letter stamped on the connecting
rod and the bearing cap and install the lower bearing shell -
the one with the continuous oil groove - in the bearing cap,
with the tang on the bearing shell in the groove in the
bearing cap.
5. Install the bearing and cap and tighten the connecting
rod bolt nuts to 60-70 Ib-ft (81-95 Nm) torque (lubrite nut)
or 65-75 Ib-ft (88-102 Nm) torque (castellated nut).

NOTE: Be sure the connecting rod bolt has

not turned in the connecting rod before torque

is applied to the nut.
6. Install the lubricating oil pump inlet pipe and screen
assembly. If the engine is equipped with an oil pump which
is mounted on the main bearing caps, install the oil pump
as outlined in
7. Install the oil pan, using a new gasket.
8. Refer to the Lubrication Specifications in[Section 13.3
and fill the crankcase to the proper level on the dipstick.
If new bearings were installed, operate the engine on the

run-in schedule as outlined in Section 13.2.1

O 1982 General Motors Corp.

Page 2



DETROIT DIESEL V-71 (Vehicle)

1.6.3

CYLINDER LINE

The replaceable type cylinder liner (Fig. 1) is accurately
machined and heat treated to provide a long wearing scuff-
resistant surface. The flange at the top fits into a
counterbore in the cylinder block and rests on a
replaceable cast iron insert which permits accurate
alignment of the cylinder liner.

The liner is cooled by means of a water jacket in the
cylinder block and by the scavenging air introduced into the
cylinder through the air inlet ports around the liner (Fig. 1).
The air inlet ports are machined at an angle to create a
uniform swirling motion to the air as it enters the cylinder.
This motion persists throughout the compression stroke
and facilitates scavenging and combustion.

The wear on a liner and piston is directly related to the
amount of abrasive dust and dirt introduced into the engine
combustion chamber through the air intake. This dust,
combined with lubricating oil on the cylinder wall, forms a
lapping compound and will result in rapid wear. Therefore,
to avoid pulling contaminated air into the cylinder, the air
cleaners must be serviced regularly according to the
surroundings in which the engine is operating.

FLAMGE

AR INEET
PORTS

FIG. 1 - Typical Cylinder Liner

Remove Cylinder Liner

It is very important that the proper method is followed when
removing a cylinder liner. Do not attempt to push the liner
out by inserting a bar in the liner ports and rotating the
crankshaft, otherwise the piston may be damaged or the
upper ring groove may collapse.

Refer to Fig. 2 and remove a cylinder liner as follows:

1. Remove the piston and connecting rod assembly as
outlined in

2. Remove the cylinder liner with tool set J 21716 as
follows:

a. Ease the lower shoe and bolt assembly down into the
liner. Place the shoe on the bottom edge of the liner with
the flat on the shoe parallel with the crankshaft bore.

b. Hold the lower shoe and bolt assembly in the pulling
position. Place the upper shoe with the flat in the same
position as the lower shoe over the threaded end of the
bolt. Thread the nut down on the bolt assembly and be
sure that the pilots on both of the shoes are seated
properly.

c. Place the bridge assembly (open end down) over the
upper shoe and down against the block.

d. With the thrust bearing on the bolt, install the bolt
through the bridge assembly strap hole.

e. Thread the bolt into the female threaded portion of the
bolt assembly.

LOWER SHOE
AND BOLT
ASSEMBLY

11587

FIG. 2 - Removing Cylinder Liner
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Connecting Rod 1.6.3

s PRESSLIRE

FIG. 3 - High and Low Pressure Contact Areas on Cylinder
Liner

f. Turn the bolt in a clockwise direction and withdraw the
liner from the block. Then remove the tool from the liner.
g. Remove the liner insert and shims (if used) from the
counterbore in the block.

h. Tag the liner, insert and shims.

If tool set J 21716 is unavailable, tap the liner out with a
hardwood block and hammer.

Inspect Cylinder Liner

When the cylinder liner is removed from the cylinder block,
it must be thoroughly cleaned and then checked for:

Cracks

Scoring

Poor contact on outer surface
Flange irregularities

Inside diameter

Outside diameter
Out-of-round

Taper

A cracked or excessively scored liner must be discarded.
A slightly scored liner may be cleaned-up and reused.

Excessive liner-to-block clearance or block bore distortion
will reduce heat transfer from the inner to the block and to
the engine coolant. Poor contact between the liner and the
block bore may be indicated by stains or low pressure
areas on the outer surface of the liner (Fig. 3).
Examine the outside diameter of the liner for fretting.
Fretting is the result of a slight movement of the liner in the
block bore during engine operation, which causes material
from the block to adhere to the liner.
These metal particles may be removed from the surface of
the liner with a coarse, flat stone.
The liner flange must be smooth and flat on both the top
and bottom surfaces. Check for cracks at the flange. The
liner insert must also be smooth and flat on the top and
bottom surfaces. Replace the insert if there is evidence of
brinelling.
A used cylinder liner must be honed for the following
reasons:

NOTE: Do not modify the surface finish

in a new service liner. Since the liner is

properly finished at the factory, any

changes will adversely affect seating

the piston ring.
1. To break the glaze (Fig. 4) due to the rubbing action of
the piston rings which results after long periods of
operation. Unless this glaze is removed, the time required
to seat new piston rings will be lengthened.
2. To remove the ridge (Fig. 5) formed at the top by the
piston ring travel. Otherwise, interference with the travel of
the new compression rings may result in ring breakage.
Therefore, even though the taper and out-of-round are

GLAZE
UNBROKEMN

GLAZE

o BROKEN

FIG. 4 Glazed Surface of Cylinder Liner
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Cylinder Liner 1.6.3

1510

FIG. 5 Cylinder Liner Ridge Due to Wear

within the specified limits, the glaze and ridge must be
removed by working a hone up and down the full length of
the liner a few times.

Place the liner in a fixture (a scrap cylinder block makes an
excellent honing fixture). However, if it is necessary to
hone a liner in the cylinder block that is to be used in
building up the engine, the engine must be dismantled and
then, after honing, the cylinder block and other parts must
be thoroughly cleaned to ensure that all abrasive material
is removed.

The hone J 5902-01, equipped with 120 grit stones J 5902-
14, should be worked up and down the full length of the
liner a few times in a criss-cross pattern that produces
hone marks on a 45 ° axis.

After the liner has been honed, remove it from the fixture
and clean it thoroughly. Then dry it with compressed air
and check the entire surface for burrs.

After honing, the liner must conform to the same limits on

taper and out-of-round as a new liner and the piston-to-liner
clearance must be within the specified limits .
Liner Measurements

Measure the block bore and the outside diameter of the
liner. If the liner-to-block clearance exceeds .0025" (with
used parts), it will be necessary to bore the block for an
oversize liner as outlined in

Install the liner in the proper bore of the cylinder block.
Measure the inside diameter of the liner at the various

points shown in Fig. 6. Use cylinder bore gage J 5347,
which has a dial indicator calibrated in .0001,

| MEASURE
| INSIDE
[ DIAMETER
OF LINER AT

vigl

FIG. 6 Cylinder Liner I.D. Measurement Diagram

increments. Set the cylinder bore gage on zero in master
ring gage J 5580-1. Also check the liner for taper and out-
of-round. It is not necessary to measure the inside
diameter or taper of a new liner.

NOTE: Dial bore gage master setting fixture J

23059 may be used in place of the master

ring gage.
The piston-liner clearance must be within the specified
limits (Section 1.0). Also, the taper must not exceed .002
and the out-of-round must not exceed .0025 " on a used
liner. If the out-of-round exceeds .0025 ", rotate the liner
90 ° in the block bore and recheck.
New service liners, standard and oversize, have an inside
diameter of 4.2489", to 4.2511".
Cylinder liners are available in .001", .005", .010",.020, and
.030", oversize on the outside diameter. When an oversize
liner is installed, stamp the amount of oversize on top of
the cylinder bore adjacent to the liner counterbore.
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Cylinder Liner 1.6.3

NEW CYLINDER LINER TO NEW CYLINDER BLOCK BORE FITS
Classification Cylinder Standard Cylinder Liner Diameters
Number Stamped Bore and Liner-to-Block Clecrances
Adjacent to Classification When Properly Matched
Each Cy!. Bore Diameter (1.D.) Liner (O.D.) Liner (O.D.) Liner/Block
Classification Diameter Clearance
CAST IRON BLOCK
#0 4.6256"/4.6259" # 4.6250"/4.6255" .00017/.0009"
#1 4.6260"/4.6265" #1 4.6250"/4.6255" .0005';/.001 5"
#2 4.6256"/4.6260" .0000"/.0009"
#2 4.6266"/4.6270" #2 4.6256"/4.6260" .0006"/.0014"
#3 4.6261"/4.6265" .0001"/.0009"
#3 4.6271"/4.6275" #3 4.6261"/4.6265" .0006"/.0014"
METRIC
#0 117.490/117.498 mm #1 117.4751 17.488 mm .002/.023 mm
#1 117.500/117.513 mm # 117.475/117.488 mm .012/.038 mm
#2 117.490/117.500 mm .000/.023 mm
#2 117.516/117.526 mm #2 117.490/117.500 mm .016/.036 mm
#3 117.503/117.513 mm .003/.023 mm
#3 117.528/117.539 mm #3 117.503/117.513 mm .015/.036 mm
TABLE 1

Selection of New Cylinder liner

The cylinder bores in a new cylinder block are classified as
# 1, #2 or #3 (Table 1) designating the specific size range
for each bore and the appropriate cylinder liner that may be
fitted to each bore. The classification number is stamped
on the fire deck of the cylinder block adjacent to each
cylinder bore.

OVERSIZE SERVICE CYLINDER LINERS
Service Liner Outside Liner/Block
Liner Diameter Clearance
Oversize Req'd After
inches mm Boring Block
001" 4.6280 117.551 .0005"/.0015"
(.0254 mm) 4.6265 117.513 (.013/.038 mm)
.005" 4.6315 117.640 .0005"/.0015"
4.6300 117.602 (.013/.038 mm)
.010" 4.6365 117.767 .0005"/.0015"
4.6350 117.729 (.013/.038 mm)
020" 4.6465 118.02) .0005"/.001 5"
) 4.6450 117.983 (.013/.038 mm)
.030" 4.6565 118.275 .0005"/.0015"
4.6550 118.237 (.013/.038 mm)

A new standard size cylinder liner is also classified as

# 1, #2 or #3 as illustrated in Fig. 7 and Table 1.

Although the block bores and liners should be measured to
determine the liner-to-block clearance, the selection of a
liner is narrowed down to only those in the appropriate
classifications or possibly a .001" oversize liner.

Before installing a liner in a used cylinder block, always
lightly hone the block bore (refer to Section 1.1).

After honing the block bore, check the bore measurements
to determine if a standard liner (classification # 1, #2 or #3)
or possibly a .001" oversize liner can be used (refer to
Tables 1 and 2). A push fit between the liner and the block
is desirable. If an adequate push fit cannot be obtained, it
may be necessary to bore the block to receive an oversize
liner.

When it becomes necessary to install an oversize liner, the
same care in selective tolerance fitting must be adhered to.
However, it may be more difficult to select an oversize liner
since the size range is not broken down into classifications.
In deciding whether boring is necessary or not, keep in

O 1982 General Motors Corp.

Page 4



DETROIT DIESEL V-71 (Vehicle)

Cylinder Liner 1.6.3

STANDARD LINER (5113953) ONLY

LINER CLASSIFICATION 1S IDENTIFIED BY THE

POSITION OF THE ELECTRO-ETCHED STAMP WITH PART No.
AND PATENT No. LOGO AS LISTED BELOW

CLASSIFICATION STAMP POSITION

BELOW FLANGE

LINER SIZE
4.6250" - 4.6255"

#2 ABOVE PORTS 4.6256" - 4.6260”
#3 BELOW PORTS 4.6261" - 4.6265"
- J 5 a‘l
#1 —8N ke—L
3.3/8”
#2 —o0| & 3
poooog T
#3 —8D e—L
9-7/8"
PO

CYL. LINER O.D. IS MEASURED
AT POSITIONS MARKED <.
ALL MEASUREMENTS ARE
AVERAGED FOR 360°
ROTATION

LINER CLASSIFICATION
LINER O.D. CLASSIFICATION 1S
MEASURED AT 3 POSITIONS

MARKED <®. L5781

FIG. 7 - Cylinder Liner Classification

mind that each bore in a used block must not be out-of-
round or tapered more than .002". If the average block
bore is over 4.62851a, the cylinder block should be bored
oversize.

OPTIOMAL
DESIGN

Fig. 8 - Cylinder Liner Mounting in Block

To determine what size to bore the cylinder block for an
oversize liner, each service liner used must be measured
on the outside diameter for size in three places (under the
flange, between the flange and the ports, and above the
ports). The cylinder bore size will be determined by the
average liner measurement taken at the three positions.
EXAMPLE:

Service liner O.D. measures 4.6280".

O.D. size 4.6280"
plus clearance = .0005"
bore size =  4.6285"

Then, 4.6285 " + .001" boring tolerance will allow a bore
size of 4.6285" to 4.6295" and a possible liner-to- block
clearance of .0005" to .0015". The clearance tolerance is
the dimensional difference between the liner O.D. and the
block bore I.D.

Fitting Cylinder Liner in Block Bore
1. Wipe the inside and outside of the liner clean and make
sure the block bore and counterbore are clean.

2. Place a standard size cylinder liner insert (.1795"-
.18001, thick) in the block counterbore (Fig. 8).

3. Push the cylinder liner into the cylinder block until the
liner flange rests on the insert. Do not use excessive force
to install the liner. The liner should

e S

Fig. 9 - Checking Distance of Liner Flange Below Top
Face of Block with Tool J 22273-01

O 1982 General Motors Corp.
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Cylinder Liner 1.6.3

slide smoothly in place with hand pressure. If a new liner

cannot be pushed in place, light honing of the block bore

may be necessary to obtain the desired fit for best heat

transfer.

4. Install a cylinder liner hold-down clamp (J 21793-B) as

illustrated in Fig. 9 and tighten the two bolts to 50 Ib-ft (68

Nm) torque.

5. Measure the distance from the top of the liner to the top

of the block with a dial indicator (Fig. 9). The liner flange

must be .045" to .050" below the surface of the block.

However, even though all of the liners are within these

specifications, there must not be over .002" difference

between any two adjacent liners when measured along the

cylinder longitudinal center line.
NOTE: A .002" thick shim is available for
adjusting the liner height. The shim must be
installed underneath the liner insert. Do not cut
the shim for installation. Liner inserts which are
.0015" thicker or thinner than standard are also
available for service. In addition, the .004" and
.008" thinner inserts which are provided for use
with resurfaced cylinder blocks, can also be
used to adjust the liner height.

6. Matchmark the liner and the cylinder block with a felt

pen so the liner may be reinstalled in the same position in

the same block bore. The matchmarks should be on the

side opposite the camshaft.

7. Remove the hold-down clamp and the cylinder liner.

NOTE: Do not remove the liner insert.

Install Piston and Connecting Rod Assembly

1. With the piston assembled to the connecting rod and

the piston rings in place as outlined in Sections 1.6 and

1.6.1, apply clean engine oil to the piston, rings and the

inside surface of the piston ring compressor J 3272-03.
NOTE: Inspect the ring compressor for nicks or
burrs, especially at the non-tapered inside
diameter end. Nicks or burrs on the inside
diameter of the compressor will result in
damage to the piston rings.

2. Place the piston ring compressor on a wood block, with

the tapered end of the ring compressor facing up.

3. Position (stagger) the piston ring gaps properly on the

piston. Make sure the ends of the oil control ring

expanders are not overlapped.

4. Start the top of the piston straight into the ring

OPERATION 1

A3

FIG. 10 - Installing Piston and Connecting Rod Assembly
in Ring Compressor and Cylinder Liner

compressor. Then push the piston down until it contacts
the wood block ("Operation 1 " of Fig. 10).
5. Note the position of the matchmark and place the liner,
with the flange end down, on the wood block.
6. Place the ring compressor and the piston and
connecting rod assembly on the liner so the numbers on
the rod and cap are aligned with the matchmark on the
liner ("Operation 2" of Fig. 10).
NOTE: The numbers on the side of the
connecting rod and cap identify the rod with
the cap and indicate the particular cylinder in
which they are used. |If a new service
connecting rod is to be installed, the same
identification numbers must be stamped in the
same location as on the connecting rod that
was replaced.
7. Push the piston and connecting rod assembly down into
the liner until the piston is free of the ring compressor.

O 1982 General Motors Corp.
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Cylinder Liner 1.6.3

FIG. 11 - Installing Piston, Rod and Liner Assembly in
Cylinder Block

NOTE: Do not force the piston into the liner.
The peripheral abutment type expanders
apply considerably more force on the oil ring
than the standard expander. Therefore,
extra care must be taken during the loading
operation to prevent ring breakage.

8. Remove the connecting rod cap and the ring
compressor. Then push the piston down until the
compression rings pass the cylinder liner ports.

Install Cylinder Liner, Piston and

Connecting Rod Assembly

After the piston and connecting rod assembly have been
installed in the cylinder liner, install the entire assembly in
the engine as follows:

1. If any of the pistons and liners are already in the
engine, use hold-down clamps to retain the liners in place
when the crankshaft is rotated.

2. Rotate the crankshaft until the connecting rod journal
of the particular cylinder being worked on is at the bottom
of its travel. Wipe the journal clean and lubricate it with
clean engine oil.

3. Install the upper bearing shell - the one without the
continuous oil groove - in the connecting rod. Lubricate
the bearing shell with clean engine oil.

4. Position the piston, rod and liner assembly in front of
the cylinder block bore so that the identification number
and letter on the rod face the outer edge of the cylinder
block and the matchmarks on the liner and the block are
in alignment. Guide the end of the connecting rod
through the block bore carefully to

avoid damaging or dislodging the bearing shell. Then
slide the piston, rod and liner assembly straight into the
block bore (Fig. 11) until the liner flange rests against the
insert in the counterbore in the block.
5. Push or pull the piston and connecting rod into the liner
until the upper bearing shell is firmly seated on the
crankshaft journal.
NOTE: The distance from the vertical
center line of the connecting rod bolts to the
edges of the rod are not equal. Therefore,
when installing the piston and connecting
rod assembly, be sure that the narrow side
of the two connecting rods on the crankshaft
journal are together to avoid cocking of the
rod.
6. Place the lower bearing shell - the one with the
continuous oil groove from one parting line to the other -
in the connecting rod cap with the tang on the bearing
shell in the notch in the connecting rod cap. Lubricate the
bearing shell with clean engine oil.
7. Install the bearing cap and the bearing shell on the
connecting rod with the identification numbers on the cap
and the rod adjacent to each other. Tighten the
connecting rod bolt nuts to 60-70 Ib-ft (81-95 Nm) torque
(notch or imbedded "0" lubrite nut) or 65-75 Ib-ft (88-102
Nm) torque (castellated nut).
NOTE: Be sure the connecting rod bolt has
not turned in the connecting rod before
torque is applied to the nut.
8. Check the connecting rod side clearance. The
clearance between each pair of connecting rods should be
.008" to .016" with new parts.
9. Install the remaining liner, piston and rod assemblies in
the same manner. Use hold-down clamps to hold each
liner in place.
10. After all of the liners and pistons have been installed,
remove the hold-down clamps.
11. Install new compression gaskets and water and oil
seals as outlined in[Section 1.2. Then install the cylinder
head and any other parts which were removed from the
engine.
12. After the engine has been completely reassembled,
refer to the Lubrication Specifications in[Section 13.3l and
refill the crankcase to the proper level on the dipstick.
13. Close all of the drains and fill the cooling system.
14. If new parts such as pistons, rings, cylinder liners or

bearings were installed, operate the engine on the run-in
schedule given in|Section 13.2.1

O 1982 General Motors Corp.
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1.7

ENGINE BALANCE AND BALANCE WEIGHTS

FIG.1 - Typical Front Balance Weight Mounting

In the balance of the two-cycle engine, it is important to
consider disturbances due to the reciprocating action of the
piston masses. These disturbances secondary according
to whether their frequency is equal to engine speed or
twice engine speed. Although it is possible to have
unbalanced forces or couples at frequencies higher than
the second order, they are of small consequence in
comparison to the primary forces and couples. Even the
secondary forces and couples are usually of little practical
significance.

The reciprocating masses (the piston and upper end of the
rod) produce an unbalanced couple due to their
arrangement on the crankshaft. This unbalanced couple
tends to move the ends of the engine in an elliptical path.
This couple is canceled by incorporating an integral
crankshaft balance component and by placing balance
weights at the outer ends of the camshafts. These
camshaft balance weights may be integral with the
camshaft gears, the water pump drive gear or the camshaft
front pulley. This balance arrangement produces a couple
that is equal and opposite in magnitude and direction to the
primary couple.

On the camshafts, each set of weights (weights on the
outer ends of one cylinder bank comprise a set) rotate in
an opposite direction with respect to the other. When the
weights on either end of the engine are in a vertical plane,
their centrifugal forces are in the same direction and
oppose the primary couple. When they are in a horizontal

plane, the centrifugal forces of these balance weights
oppose each other and are, therefore, canceled. The front
balance weights act in a direction opposite to the rear
balance weights, therefore, rotation will result in a couple
effective only in a vertical plane. This couple, along with
that built into the crankshaft, forms an elliptical couple
which completely balances the primary couple.

Both the rotating and primary reciprocating forces and
couples are completely balanced in the V-71 engine.
There are no secondary forces present in the V-71 engine.
Consequently, the engine will operate smoothly and in
balance throughout its entire speed range.

Due to the difference in the size of the camshaft balance
weights used on the 6, 8 and 12V engines, it is important to
have the proper set of weights on each engine.

Additional balance weights are attached to the camshaft
gears and to the water pump drive gear used on the
8V,engine.

Effective with engine serial number 8VA-115016, a new
camshaft front pulley (integral weight) on the left bank plus
new heavier bolt-on balance weights attached to the water
pump drive gear and the rear camshaft gears are used.
Only the heavier weights are serviced as they are
completely interchangeable with the former weights. When
replacing the trunk-type pistons with cross-head type
pistons in an engine, the current camshaft front pulley and
heavier weights must be used.

When the cross-head pistons are to be installed in an 8V-
71 engine built prior to serial number 8VA-115016, and an
in-frame overhaul is desired, a new bolt-on rear balance
weight must be used in addition to the existing balance
weight attached to the engine side of each rear camshaft
gear. Refer td Section 1.0 for the installation procedure.

On the 12V engine, the balance weight is integral with the
current water pump drive gear. Prior to engine

serial number 12VA-458, an additional balance weight was
attached to the gear.

A camshaft torsion vibration damper is mounted to an
adapter hub that is attached to the water pump drive gear
on certain 12V-71 turbocharged engines.

© 1981 General Motors Corp.
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1.7.1

GEAR TRAIN AND ENGINE TIMING

GEAR TRAIN

A train of helical gears, completely enclosed between the
engine end plate and the flywheel housing, is located at the
rear of the engine. The gear train consists of a crankshaft
gear, an idler gear, two camshaft gears and a blower drive
gear (Fig. I).

The crankshaft gear is bolted to the flange at the rear end
of the crankshaft. The idler gear is mounted on a
stationary hub on either the right-hand or left-hand side of
the engine (viewed from the flywheel end), depending upon
engine rotation. The camshaft gears are pressed on and
keyed to their respective shafts and each is secured by a
nut and gear nut retainer.

The two camshaft gears mesh with each other and run at
the same speed as the crankshaft gear. Since the
camshaft gears must be in time with each other, and the
two as a unit in time with the crankshaft gear, timing marks

have been stamped on the face of the gears to
facilitate correct gear train timing. When assembling the
engine, it is important to line up the appropriate timing
marks on the gears as each gear is installed on the engine.

The timing is advanced on certain engines by aligning the
"A" on the crankshaft gear with the "R" on the idler gear.

GEAR
CAMSHAFT

KSH
TIMING
GEAR

FIG.1 - Gear Train

NOTE: It is advisable to line up and make a
sketch indicating the position of the timing marks
before removing or replacing any of the gears.

If it is impractical to determine the type of timing (standard
or advanced) by rotating the gear train until the marks line
up, refer to Table | as a guide.

There are no timing marks on the accessory drive gear, if
used, or the blower drive gear. Therefore, it is not
necessary to align these gears in any particular position
during their installation.

However, as the blower drive gear and the accessory drive
gear have only about half as many teeth as the camshaft
gears, they turn at approximately twice the speed of the
crankshaft.

The backlash between the various mating gears in the gear
train should be .002 " to .008 " and should not exceed .010
" between worn gears.

Gear train noise is usually an indication of excessive gear
lash, chipped, pitted or burred gear teeth or excessive
bearing wear. Therefore, when noise develops in a gear
train, the flywheel housing should be removed and the gear
train and its bearings inspected. A rattling noise usually
indicates excessive gear lash whereas a whining noise
indicates too little gear lash.

Lubrication

The gear train is lubricated by the overflow of oil from the
camshaft pockets spilling into the gear train compartment
and by splash from the oil pan. A certain amount of oil
also spills into the gear train compartment from both
camshaft rear end bearings,

STANDARD TIMING
All two valve models.
All four valve models with S55, 71N5, S60, N55,
N60 and N65 white tog Injectors.

ADVANCED TIMING
All four valve models with brown tag N65 and N70
Injectors.

TABLE 1

© 1977 General Motors Corp.
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@ CAMSHAFT GEARS

IDLER GEAR

YavA __.__.+._._ CRANKSHAFT GEAR

LEFT-HAND ROTATION ENGINES ) RIGHT-HAND ROTATION ENGINES

6V & BV-71 ENGINE GEAR TRAIN TIMING MARKS

LEFT-HAND ROTATION ENGINES RIGHT-HAND ROTATION ENGINES

11681

12V-71 ENGINE GEAR TRAIN TIMING MARKS

FIG.2 - Gear Train and Timing Marks
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Gear Train 1.7.1

the blower drive gear bearing and the idler gear bearing.
The idler gear bearing is lubricated by oil directly from the
cylinder block oil gallery to the idler

gear bearing hub. The blower drive gear bearing is
lubricated through an external pipe from the blower rear
end plate to the blower drive support.

ENGINE TIMING

The correct relationship between the crankshaft and the
two camshafts must be maintained to properly control fuel
injection and the opening and closing of the exhaust
valves.

The crankshaft timing gear can be mounted in only one
position since one attaching bolt hole is offset. The two
camshaft gears can also be mounted in only one position
due to the location of the keyway in each camshaft relative
to the cams. Therefore, when the engine is properly timed,
the timing marks on the various gears will match as shown
inlFig. 2

An engine which is "out of time" may result in pre-ignition,
uneven running and a loss of power.

When an engine is suspected of being out of time due to
an improperly assembled gear train, a quick check can be
made without having to remove the flywheel and flywheel
housing by following the procedure outlined below.

Check Engine Timing

Access to the vibration damper or crankshaft pulley, to
mark the top-dead-center position of the selected piston,
and to the front end of the crankshaft (or to the flywheel),
for turning the crankshaft, is necessary when performing
the timing check. Then proceed as follows:

1. Clean and remove one valve rocker cover.

2. Select any cylinder for the timing check -- it is
suggested that a cylinder adjacent to one of the rocker
cover bolt or stud holes be chosen since the stud or bolt
may be used to mount a dial indicator.

3. Remove the injector (at the cylinder selected) as

outlined in or2.1.1.

4. Carefully slide a rod, approximately 12 " long, through
the injector tube until the end of the rod rests on top of the
piston.

5. Place the throttle in the no-fuel position. Then turn the
crankshaft slowly in the direction of engine rotation. Stop
when the rod reaches the end of its upward travel.
Remove the rod and turn the crankshaft, opposite the
direction of rotation, between 1/16 and 1/8 of a turn.

6. Select a dial indicator with .001" graduations and a
spindle movement of at least one inch. Provide an
extension for the indicator spindle. The extension must be
long enough to contact the piston just before it reaches the
end of its upward stroke. Also select suitable mounting
attachments for the indicator so it can be mounted over the
injector tube in the cylinder head.

7. Mount the indicator over the injector tube. The
indicator mounting may be threaded into the rocker cover
stud or the tapped hole in the cylinder head. Check to be
sure the indicator spindle is free in the injector tube and is
free to travel at least one inch.

8. Attach a suitable pointer to the crankshaft front cover.
The outer end of the pointer should extend over the top of
the crankshaft pulley (or vibration damper).

9. Turn the crankshaft slowly in the direction of engine
rotation until the indicator hand just stops moving.
Continue turning the crankshaft until the indicator hand
starts to move again.

10. Reset the dial to zero. Then turn the crankshaft until
the indicator reading is .010 ".

11. Scribe a line on the crankshaft pulley (or vibration
damper) in line with the end of the pointer.

12. Slowly turn the crankshaft opposite the direction of
engine rotation until the indicator hand stops moving.
Continue turning the crankshaft until the indicator hand
starts to move again.

13. Reset the dial to zero. Then turn the crankshaft until
the indicator reading is .010 ".

14. Scribe a second line on the vibration damper (or
crankshaft pulley) in line with the end of the pointer.

15. Scribe a third line half way between the first two lines.
This is top dead center. Remove the indicator and rod
from the engine.

NOTE: If the crankshaft pulley retaining bolt has
loosened, tighten it to the specified torque
[1.3.7).

16. Install the injector as outlined in [Section 2.1or 2.1.1.
Then refer to Section 14 and adjust the valve clearance
and time the injector.

© 1977 General Motors Corp.
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* Indicator Reading
Correct Retarded Advanced
Engine 1-tooth
Standard Timing
6V, 8V. 12V-71 230" | 197" ] 262"
Advanced Timing
6V, 8V. 12V-71 .262" | .230” .289”
California Engines
18V-71 TAE .189* | .156” .221"

*Indicator readings shown are nominal values.

The allowable tolerance is £.005 in.
T Beginning with 1977 engines.

TABLE 2

17. Turn the crankshaft, in the direction of engine rotation,
until the exhaust valves in the selected cylinder are
completely open. Re-install the dial indicator so the
indicator spindle rests on top of the injector follower. Set
the indicator dial on zero. Then turn the crankshaft slowly
in the direction of engine rotation until the center mark on
the pulley is in line with the pointer.

18. Note the indicator reading and compare it with the
dimensions in| Table 2

19. After completing the timing check, remove the dial
indicator. Also remove the pointer from the crankshaft
front cover.

20. Install the valve rocker cover.

Page 4
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1.7.2

CAMSHAFTS AND BEARINGS

The contrarotating camshafts are located near the top of
the cylinder block. A left cylinder bank and a right cylinder
bank camshaft is provided to actuate the exhaust valve
and injector operating mechanism. The accurately ground
cams ensure efficient, quiet cam follower roller action and
are heat treated to provide a hard wear surface.

Both ends of each camshaft are supported by a bearing
assembly which consists of a flanged housing and two
bushings. In addition, intermediate two-piece bearings
support the camshafts at uniform intervals throughout their
length. The intermediate bearings are secured to the
camshafts by lock rings, thus permitting them to be
inserted in the cylinder block with the shafts. Each
intermediate bearing is secured in place, after the
camshafts are installed, with a lock screw threaded into a
counterbored hole in the top of the cylinder block.

The camshaft gear thrust load is absorbed by two thrust
washers, one on each end of the rear camshaft end
bearing, on each camshaft.

A camshaft front pulley (integral weight) is attached to the
front end of the left-bank camshaft and a water pump drive
gear (bolt-on weight) is attached to the front end of the
right-bank camshaft. A camshaft gear is attached to the
rear of each camshaft.

Certain 8V engines are equipped with a camshaft torsion
vibration damper that is keyed and bolted to an adapter
attached to the water pump drive gear with three bolts,
plain washers and lock washers.

11684

FIG.1 - Camshaft Intermediate Bearing (Lower Half)

NOTE: If an oil leak should occur at the drive plug
area in the front of the left-bank camshaft, refer to
Shop Notes in[Section 1.0 and install a cup plug.

Lubrication

Lubricating oil is supplied under pressure to the bearings
via drilled passages in the rear of the cylinder block which
lead from the main oil gallery to each rear end bearing.
From the rear end bearings, the oil passes through the
drilled oil passages in the camshafts to the intermediate
bearings and to the front end bearings.

The lower halves of the camshaft intermediate bearings
are grooved along the horizontal surfaces that mate with
the upper halves (Fig. 1). Oil from the passage in the
camshaft is forced through the milled slots in the bearing
and then out the grooves to furnish additional oil to the
cam follower rollers. This permits the cam pockets in the
cylinder block to be filled rapidly to the operating level
immediately after starting the engine.

Remove Camshafts

Whenever an engine is to be completely reconditioned or
the camshafts, camshaft gears, bearings or thrust washers
need replacing, remove the camshafts as follows:

1. Drain the engine cooling system.

2. Remove all of the accessories and sub-assemblies
necessary to permit the engine to be mounted on an

overhaul stand (refer to Section 1.1).

3. Mount the engine on the overhaul stand. Be sure the
engine is securely attached to the overhaul stand before
releasing the lifting sling.

4. Remove the cylinder heads (refer td Section 1.2).

5.  Remove the flywheel and flywheel housing as outlined
in Sections 1.4 and 1.5.

6. Remove the water pump |(Section 5.1).
7. Remove the front balance weight cover.

8. Remove the bolts which secure the nut retaining
plates to the camshaft gears. Then remove the plates.

© 1974 General Motors Corp.
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FIG.2 - Loosening Camshaft Gear Retaining Nut

9. Wedge a clean rag between the gears|[(Fig. 2) and
remove the gear retaining nut from both ends of each
camshaft. On current left-hand rotation 6V and 8V
engines, remove the lock bolt and washer from the rear of
the right-bank camshaft.

10. Remove the camshaft pulley, using puller J 4794-01.
Use adapter J 7932 between the end of the camshaft and
the puller screw to protect the end of the camshaft [Fig. 3).

11. Remove the camshaft vibration damper and adapter,
if used, from the water pump drive gear.

12. Remove the water pump drive gear from the front end
of the right-bank camshaft, using puller J 4870 and adapter
J 7932.

FIG.3 - Removing Camshaft Pulley

FIG.4 - Removing or Installing Camshaft End Bearing
Retaining Bolts

13. Remove the woodruff key and the spacer from the
front end of each camshatft.

14. Remove all of the camshaft intermediate bearing lock
screws from the top of the cylinder block.

15. Rotate the camshaft gears as required to reveal the
camshaft end bearing retaining bolts. Then remove the
bolts [Fig. 4).

16. Withdraw each camshaft, bearing and gear assembly
from the cylinder block as shown in

17. Remove the camshaft front end bearing retaining

FIG.5 - Removing or Installing Camshaft

Page 2
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FLYWHEEL
HOUSING

CAMSHAFT PULLER
ADAPTOR PLATE

BOLT (ADAPTOR)
PLATE TO GEAR)

P — -
CAMSHAFT GEAR
PULLER TOOL

en

BOLT (ADAPTOR PLATE
TO FLYWHEEL HOUSING

FIG.6 - Removing Camshaft with Flywheel Housing in
Place

bolts. Then remove the bearings.
bar under the bearing flange.

If necessary, use a pry

Remove Camshaft and

Transmission in Place)

(Flywheel Housing

A camshaft may be removed and replaced without
removing the flywheel housing and disconnecting the
transmission, if there is space enough to slide the shaft out
through the front of the engine.

1. Drain the cooling system and remove the radiator and
all attaching parts.

2. Remove the accessories and sub-assemblies with
their attaching parts that are necessary to facilitate removal
of the flywheel housing hole cover over the camshaft and
the front balance weight cover.

3.  Remove the cylinder head.

4. Remove the front balance weight cover.

5.  Remove the camshaft gear nut retainer.

6. Wedge a clean rag between the camshaft gears |
[2) and remove the gear retaining nut from both ends of the
camshaft.

7. Remove the camshaft pulley or water pump drive
gear. Then remove the woodruff key and spacer from the

camshaft.

8 Remove the lock screws that secure the camshaft
intermediate bearings.

9. Remove the three bolts that secure the camshaft end
bearing to the front end plate.

10. Install the camshaft gear puller J 1902-01, four
spacers J 6202-2 and camshaft gear puller adapter plate J
6202-1 on the camshaft gear [Fig. 6).

11. Turn the center screw of the puller clockwise to
disengage the camshaft from the camshaft gear.

NOTE: Do not remove the puller or the adapter plate
until the camshaft is reinstalled. The adapter plate,
secured to both the flywheel housing and the
camshaft gear, will hold the gear securely in place
and in alignment, which will aid in reinstallation of the
camshaft.

12. Remove the front camshaft end bearing.

13. Pull the camshaft and intermediate bearings from the

cylinder block.

Disassemble Camshaft

1. Remove the gear from the camshaft [[Section 1.7.3).

2. Slide the rear end bearing and thrust washers off the
camshaft.

3.  Remove the lock rings from the camshaft intermediate
bearings and remove the bearings.

4. Remove the end plugs from the camshaft, to facilitate
removal of any foreign material lodged behind the plugs,
as follows:

a. Clamp the camshaft in a vise equipped with soft
jaws, being careful not to damage the cam lobes
or machined surfaces of the shafts.

b. Make- an indentation in the center of the end
plug with a 31/64 " drill (carboloy tip).

c. Punch a hole as deep as possible with a center
punch to aid in breaking through the hardened
surface of the plug.

d. Then drill a hole straight through the center of
the plug with a 1/4 " drill (carboloy tip).

e. Use the 1/4" drilled hole as a guide and re-drill
the plug with a 5 /16 " drill (carboloy tip).

f.  Tap the drilled hole with a 3/8" -16 tap.

g. Thread a 3/8 "-16 adapter J 6471-2 into the plug.

© 1980 General Motors Corp.
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FIG.7 - Checking Cam Lobe Wear

Then attach a slide hammer J 6471-1 to the
adapter and remove the plug by striking the
hammer weight against the adapter handle.

Insert a length of 3/8" steel rod in the camshaft
and drive the remaining plug out.

NOTE: If a suitable steel rod is not available,
remove the remaining plug in the same manner
as outlined above.

1/32” TO 3/32” RADIUS

FIG.8 - Camshaft Journal Fillet

Inspection

Soak the camshaft in clean fuel oil. Then run a wire brush
through the oil gallery to remove any sludge or foreign
material. Clean the exterior of the camshaft and blow out
the oil gallery and oil holes with compressed air. Clean the
gears, bearings and related parts with fuel oil and dry them
with compressed air.

Check the camshaft keyways and threads for damage.

Inspect the cams and journals for wear or scoring. Check
the wear on the cam lobes as follows:

NOTE: Cam lobe wear can be checked with the
camshaft in or out of the engine.

1. Measure the flat on the injector rise side of the cam
lobes with a tapered leaf set of feeler gages (.0015" -
.010") and a piece of squared hard material 1/8 " x
3/8"x 1" as shown in|Fig. 7

2. If the flats measure less than .003" in depth and the
camshaft is in otherwise good condition, the camshaft
may be considered satisfactory for further service.

3. A slightly worn cam lobe, still within acceptable limits,
may be stoned and smoothed over with a fine crocus
cloth.

If the cam lobes are scored or worn, inspect the cam

followers (refer to Section 1.2.1).

Runout at the center bearing, when mounted on the end
journals, should not exceed .002 " .

Check the camshatft thrust surface for scoring or wear. The
thrust surface may be smoothed with an oil stone if only
slightly scratched. If the thrust surface is ground for use of
an oversize thrust washer, a radius of 1/32" to 3/32" must
be maintained between the thrust collar and the end
bearing journal (Fig._8).] Use a fillet radius gage to
measure the radius.

After the camshaft is cleaned and inspected, install new
end plugs.

The current engines are equipped with low velocity, low lift
injector cam lobe and long closing ramp exhaust cam lobe
design camshafts. Former engines were equipped with
high lift injector cam lobe camshafts. The two types of
camshafts are interchangeable and only the current type,
identified by the numeral "7" stamped on one end of the
shaft, is serviced.

Current 6V and 8V left-hand rotation engines use a right-
bank camshaft which has a 9/16" -18 tapped hole in place
of the | 1 /8" -18 external thread at the
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rear end. The right-bank camshaft gear is secured with a
9/166"-18 lock bolt and washer. When replacing a former
right-bank camshaft by the current camshaft on these
engines, a new 3/4 " x 1/4 " woodruff key and the camshaft
gear retaining bolt and washer are required. The current
camshaft has no provision for a tachometer drive. If
required, it will be necessary to relocate the tachometer
drive.

NOTE: If a new service camshaft is to be installed,
steam clean it to remove the rust preventive and blow
out the oil passages with compressed air.

Examine both faces of each camshaft rear end bearing and
thrust washer. Also check the camshaft gear hubs.
Replace excessively worn or scored parts. Camshaft gear
hubs that are not scored too severely may be smoothed
with an oil stone.

New standard size thrust washers are .1 190 " to .1220 "
thick. The clearance between the thrust washer and the
camshaft thrust shoulder is .004" to .0 12 "with new parts
and must not exceed .0 18 8"with used parts. Excessive
clearance may be reduced by installing .005 " or .01"0
oversize thrust washers.

Inspect the bushings in the front and rear camshaft end
bearings. Replace the bushings if they are worn
excessively or have turned in the bearing housing. New
bushings must be finish bored to a 20 R.M.S. finish after
installation. The bushing must not move when a 2000
pound end load is applied. Also, the inside diameter of the
bushings must be square with the rear face of the bearing
housing within .00 15" total indicator reading and
concentric with the outside diameter of the housing within
.002" total indicator reading. The bushings must project
.045 " to .055 " from each end of the rear bearing housing.
The bushings in the front bearing housing must be flush
with the ends of the bushing bore.

The clearance between the camshaft end journals and the
camshaft end bearing bushings for 6V and 12V engines is
.0025 " to .004 " and for 8V engines is .0035 " to .005 "
with new parts or a maximum of .006 " with used parts.
Undersize and oversize camshaft end bearings are
available for service.

Inspect the spacer used at the front end of the camshaft.
The outside diameter of the spacer used in the left-bank
front end bearing must provide a smooth oil seal contact
surface. The outside diameter is not ground and polished
on the original spacer used on the right-bank camshaft in
current engines. Only the polished spacer is available for
service and may be used in either position.

Replace excessively scored or worn camshaft intermediate
bearings. The clearance between the camshaft

journals and the intermediate bearings is .0025" to .005
"with new parts or a maximum of .009 " with worn parts.
Undersize and oversize camshaft intermediate bearings
are available for service. Also examine the intermediate
bearing lock screws and the tapped holes in the cylinder
block for damaged threads.

Examine the teeth on the water pump drive gear and the
camshaft gears for scoring, pitting or wear. Replace the
gears, if necessary. Also examine the keyways and tapped
holes in the gears and the camshaft pulley for damage.

Inspect the vibration damper, if used, for dents, nicks or
bulges in the outer casing of the damper. Replace the
damper, if necessary. Regardless of condition, the damper
must be replaced at the time of normal overhaul.

Effective with engines 6VA-2909, 8VA-567 and 12VA-458,
a front camshaft gear with 66 teeth replaced the former
gear which had 92 teeth to correspond with a change in the
water pump drive gear (Section 5.1). The former gear was
used on the 6V, 8V and 12V engines; an external balance
weight was attached to the gear used on the 8V and 12V
engines.

The current front camshaft gears on the 6V and 8V engines
are identical, except that an external balance weight is
attached to the gear used on the 8V engine. The current
front camshaft gear used on the 12V engine does not
require an external balance weight.

Only the new gears are available for service. Therefore, if
it is necessary to replace the former gear, a new water
pump drive gear (and new front camshaft gear balance
weight on the 8V engine) must also be installed. Tighten
the balance weight attaching bolts to 35-39 Ib-ft (27-53 Nm)
torque.

Effective with engine serial number 8VA-1 15016, a new
camshaft front pulley (integral weight) on the left-bank and
a new bolt-on balance weight attached to the water pump
drive gear are used. Only the current camshaft- front
pulley (integral weight) and bolt-on weight for the water
pump drive gear are serviced for either the trunk type or
the cross-head type piston 8V engines. The current pulley
and weight must be used with the cross-head piston
engines. The rear camshaft gears are covered in

1.7.3

Assemble Camshaft

Make sure the end plugs have been installed, then refer to
[Fig. 9land assemble the camshaft as follows:

1. Apply grease to the steel face of each thrust washer.
Then place a thrust washer against each end of the

© 1980 General Motors Corp.
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FIG.9 - Camshaft Details and Relative Location of Parts

rear camshaft end bearing. The steel faces of the washers
must face toward the bearing.

2. Lubricate the rear camshaft bearing journal and slide
the rear end bearing on the camshaft, with the bolting
flange of the bearing toward the outer (camshaft gear) end
of the shaft.

3. Install the camshaft gear as outlined in[Section 1.7.3

4. Lubricate the camshaft intermediate bearing
journals. Then place the two halves of each intermediate
bearing on a camshaft journal and lock the halves together
with two lock rings. Assemble each lock ring with the gap
over the upper bearing and the ends an equal distance
above the split line of the bearing.

Install Camshafts

1. Referfto Fig.]5 and insert the front end of the camshaft
with the right-hand helix gear through the opening on the
right-bank side in the rear end plate until the first
intermediate bearing enters the bore. Continue to work the
camshaft and bearings into the cylinder block until the
camshaft gear teeth are about to engage the teeth of the
mating gear (if installed). Align the timing marks
[Section 1.7.1) and slide the camshaft in place.

2. Secure the rear end bearing to the cylinder block with
three bolts and lock washers. Rotate the camshaft gear as
necessary to install the bolts through the hole in the web of
the gear (refer to[Fig. 4). Tighten the bolts to 35-40 Ib-ft
(47-54 Nm) torque.

3. Revolve the camshaft intermediate bearing as
necessary to align the locking holes in the bearings with the

tapped holes in the top of the cylinder block. Install the
lock screws and tighten them to 15-20 I|b-ft (20-27 Nm)
torque.

NOTE: When an intermediate bearing is locked in
position, it must have a slight play in the block bore.

4. Install the other camshaft in the same manner.

5. Attach a new gasket to the camshaft front end bearing
that includes the oil seal. Lubricate the bearing journal and
slide the bearing on the left-bank camshaft, with the bolting
flange of the bearing toward the outer end of the shaft.
Secure the bearing to the cylinder block with three bolts
and lock washers. Tighten the. bolts to 35-40 |b-ft (47-54
Nm) torque.

6. Install the right-bank camshaft front end bearing -- the
one without the oil seal. Secure the bearing to the cylinder
block with three bolts and lock washers and tighten the
bolts to 35-40 Ib-ft (47-54 Nm) torque.

7. Select the spacer with the polished outside diameter.
Lubricate the spacer and slide it in place on the left-bank
camshaft.

8. Install the other spacer on the right-bank camshaft.
9. Install a woodruff key in each camshaft.

10. Install the pulley on the front end of the left-bank
camshaft and the water pump drive gear on the right-bank
camshaft.

11. Attach the camshaft vibration damper- and adapter (if
used) to the water pump drive gear with three bolts, plain
washers and lock washers. Tighten the bolts to 30-35 Ib-ft
(41-47 Nm) torque.

Page 6
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12. Slip an internal tooth lock washer over the front end of
each camshaft. Then start the gear and pulley retaining
nuts on the camshafts.

NOTE: On current 6V and 8V left-hand rotation
engines; a 9/16" -18 lock bolt and washer are used on
the right-bank camshaft to secure the camshaft gear.
Apply a small quantity of International Compound No.
2, or equivalent, to the threads and underside of the
bolt head before installation.

13. Wedge a clean rag between the camshaft gears to
prevent their rotation. Then tighten the nut on each end of
both camshafts to 300-325 Ib-ft (407-441 Nm) torque.
Tighten the lock bolt to 180-190 Ib-ft (244-258 Nm) torque.

14. Install the camshaft gear nut retainers with bolts and
lock washers. Tighten the bolts to 35-39 Ib-ft (47-53 Nm)
torque. A retainer is not used with the lock bolt.

15. Check the clearance between the thrust washer and
the thrust shoulder of each camshaft. The specified
clearance is .004" to .012"with new parts or a maximum of
.0 1 8" with used parts.

16. Check the backlash between the mating gears. The
specified backlash between new gears is .002" to .008" or a
maximum of .010" between worn gears.

17. Install the flywheel housing and other parts or sub-
assemblies that were removed from the engine.

Install Camshaft (Flywheel Housing and Transmission
in Place)

1. Install a woodruff key in the camshaft gear end of the
camshaft. Insert this end into position from the front of the
engine. Push the shaft in until it slides into the rear end
bearing. Use care when installing the camshaft to avoid
damage to the cam lobes.

2. Align the key in the shaft with the keyway in the
camshaft gear and start the shaft into the gear. Tap the
shaft into the gear with a soft (plastic or raw hide) hammer.

NOTE: Be sure the front thrust washer on the rear end
bearing is in position.

3. Revolve the camshaft intermediate bearings to align
the locking holes in the bearings with the tapped holes in
the top of the cylinder block. Install the lock screws and
tighten them to 15-20 Ib-ft (20-27 Nm) torque.

NOTE: When an intermediate bearing is locked in
position, it must have a slight play in the block bore.

4. Remove
adapter plate.
finger tight.

the camshaft gear puller, spacers and
Install the gear retaining nut on the shaft

5. Install the front end bearing (using a new gasket and
oil seal if the camshaft pulley is to be installed) with three
bolts and lock washers. Tighten the bolts to 35-40 Ib-ft (47-
54 Nm) torque.

6. Install the camshaft pulley or water pump drive gear.

7. Slip an internal tooth lock washer over the front end of
the camshaft. Then install the retaining nut finger tight on
the front end of the camshaft.

8. With a clean rag wedged between the camshaft gears
to prevent their rotation, tighten the nut on each end of the
camshaft to 300-325 Ib-ft (407-441 Nm) torque.

NOTE: On current 6V and 8V left-hand rotation
engines, a 9/16" -18 lock bolt and washer are used on
the right-bank camshaft to secure the camshaft gear
to the camshaft. Apply a small quantity of
International Compound No. 2, or equivalent, to the
threads and underside of the bolt head before
installation. The lock bolt is tightened to 180-190 Ib-ft
(244-258 Nm) torque. No gear nut retainer is
required.

9. Install the gear nut retainer with bolts and lock
washers. Tighten the bolts to 35-39 Ib-ft (47-53 Nm)
torque.

10. Install the accessories and sub-assemblies that were
previously removed.
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1.7.3

CAMSHAFT GEARS

The camshaft gears[(Fig. 1) located at the flywheel end of
the engine, mesh with each other and run at the same
speed as the crankshaft. Either one of the gears may be
driven by the crankshaft timing gear through an idler gear,
depending upon engine rotation. Viewing the engine from
the gear train end, the right-hand camshaft gear has right-
hand helical teeth and the left-hand camshaft gear has left-
hand helical teeth. The idler gear mates with the right-
hand camshaft gear on right-hand rotation engines and the
left-hand camshaft gear on left-hand rotation engines as

shown in|Fig. 2.|Bection 1.7.1}

Since the two camshaft gears must be in time with each
other, timing marks are stamped on the rim of both gears.
Also, since these two gears as a unit must be in time with
the crankshaft, timing marks are located on the idler gear
and the crankshaft gear.

Each camshaft gear on the right hand rotation engines and
the right bank camshaft gear on former 6 and 8V left hand
rotation engines are keyed to the shaft and held securely
by a nut, nut retainer, retainer bolts and lock washers. On
current 6 and 8V left hand rotation engines the right bank
camshaft gear is keyed to the shaft and held securely by a
lock bolt and washer [Fig. 2).

The camshaft gears used on 6V engines are identical to
those used on 8V engines, except that when the gears are
used on 8V engines, additional balance weights are
attached to the gears. Camshaft gears used on 12V
engines are not interchangeable with those used on 6V or

BLOWER
DRIVE
GEAR

CAMSHAFT
3, GEARS

FIG.1 - Camshaft Gears Mounted on Engine

8V engines due to the difference in the size of the integral
balance weights.

Effective with engine serial number 8VA-1203, a new
balance weight (with drilled bolt holes) replaced the former
balance weight (with tapped holes) on the 8V engines, The
current weight is attached to the camshaft gear with two 3/8
"-24 flat head screws and nuts in place of the former bolts

(Eig. 3).

The current weight must be used with the cross-head
pistons. Only the current weight is serviced for either the
cross-head or the trunk type pistons for 8V engines.

When cross-head pistons are to be installed in an 8V-71
engine built prior to serial number 8VA-115016, and an in-
frame overhaul is desired, a new bolt-on rear balance
weight must be used in addition to the existing balance
weight attached to the engine side of each rear camshaft

gear. For the installation procedure refer to

FIG.2 - Left-Hand Rotation (Right bank) Camshaft Gear
Mounting

© 1978 General Motors Corp.
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FIG.3 - Camshaft Gear Weights
Remove Camshaft Gears

1. Remove the camshafts from the, engine as outlined in

Section 1.7.2

2. Place one of the camshaft and gear assemblies in an
arbor press as shown in[Fig. 4]

3. Place a wooden block under the lower end of the
camshaft to protect the threads when the shaft is pressed
from the gear.

FIG.4 - Removing Camshaft Gear

4. Place a short one-inch diameter brass rod on the end
of the camshaft and press the shaft out of the gear.

NOTE: If an arbor press is not available, tool J 1902-
01 may be used to remove the gear from the
camshaft.

5. If necessary, remove the Woodruff key from the
camshaft.

6. Remove the gear from the other camshaft in a similar
manner.

Inspection

Clean the gears with fuel oil and dry them with compressed
air. Then examine the gear teeth for scoring, pitting or
wear. Replace the gears if necessary. Also check the
other gears in the gear train.

If new camshaft gears are to be installed on an 8V engine,
the old balance weights may be transferred to the new
gears for trunk type piston engines only.

If the weights are of the former design (tapped holes), the
attaching bolts must be tightened to 15-18 Ib-ft (20-24 Nm)
torque. However, if the current design weights (drilled
holes) are used, attach the weights to the gear with
flat head screws and self-locking nuts. Tighten the nuts to
25-30 Ib-ft (34-41 Nm) torque. Only the current type
balance weight is available for service. However, the bolt
for attaching the former design weight is also available for
service.

NOTE: Where a plain nut is used with the screw,
tighten the nut to 18-22 Ib-ft (24-30 Nm) torque and
stake it in place. If a slotted nut is used, tighten it to
28-32 Ib-ft (38-43 Nm) torque.

Install Camshaft Gears

1. If previously removed, install the camshaft rear end
bearing and thrust washers on the camshaft as follows:

a. Apply grease to the steel face of each thrust
washer and place one washer at each end of the
bearing. Be sure the steel face of each washer
is next to the bearing.

b. Lubricate the bearing journal and slide the
bearing and thrust washers on the camshaft, with
the bolting flange of the bearing toward the outer
(gear) end of the shaft.

2. Install a Woodruff key in the camshaft.

Page 2
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FIG. 5 - Installing Camshaft Gear

3. Start the gear over the end of the camshaft, with the
key in the shaft aligned with the keyway in the gear.

O 1978 General Motors Corp.

4. Then, with the camshaft supported in an arbor press,
place a sleeve on top of the gear and press the gear tight
against the shoulder on the shaft (Fig._5).

NOTE: If an arbor press is not available, use. tool J
1903 to install the gear on the camshaft.

5. On all right hand rotation engines and former left hand
rotation engines thread the camshaft gear retaining nut on
the camshaft. Tighten the nut after the camshaft is
installed in the engine.

6. On the current left hand rotation engines install the
9/16 "-18 lock bolt and washer and tighten to 180-190 Ib-ft
(244-258 Nm) torque after the camshaft is installed in the
engine.

7. Install the gear on the other camshaft in a similar
manner.

8. Install the camshaft and gear assemblies in the engine

as outlined in|Section 1.7.2
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1.7.4

IDLER GEAR AND BEARING ASSEMBLY

The idler gear is mounted on a double row, tapered roller
bearing, which in turn is supported on a stationary hub
[1). This hub is secured directly to the cylinder block by a
bolt which passes through the hub and rear end plate. A
dowel in the hub correctly positions the hub and prevents it
from rotating.

The current idler gear bearing consists of two cups, two
cones and an outer and inner spacer ring. The former idler
gear bearing consists of a cup, two cones and a spacer
ring.

The idler gear bearing cup(s) is a light press fit in the gear
and is held in place by a retainer which is secured by six
bolts. The bearing cones are pressed onto the gear hub
and do not rotate. The spacer(s) separates the bearing
cones.

The idler gear is pressure lubricated by oil from the cylinder
block rear cross oil gallery. Oil enters an opening between
the cylinder block and the idler gear hub and circulates
around the idler gear hub bolt which has a smaller outside
diameter than the inside diameter of the gear hub bolt hole.
The oil is forced through a drilled passage in the gear hub
to the roller bearing.

A left-hand helix gear is provided for right-hand

END PLATE

DOWEL BOLT-HUB
[HOLLOW] TO BLOCK
CYLINDER HUB

BLOCK

FIG. 1 Idler Gear Mounting
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7

///
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DOWEL

N\

- FORMER CURRENT
IDLER GEAR IDLER GEAR
SPACER 16078 SPACER

FIG. 2 Idler Gear Spacer

rotation engines, and a right-hand helix gear is provided for
left-hand rotation engines.

An idler gear hole spacer (dummy hub) is used on the side
opposite the idler gear

NOTE: On certain flywheel housings, the idler gear
hole spacer is cast integrally in the housing, opposite
the idler gear. As a result of this integral cast design, a
shim must be installed between the flywheel housing
and the cylinder block end plate. Use grease to hold
the

FIG. 3 Pressing Hub Out of Idler Gear Bearing

O 1981 General Motors Corp.
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Idler Gear 1.7.4

shim on the spacer during installation of the flywheel
housing.

To minimize oil leakage into the flywheel housing, a new
idler gear spacer (dummy hub) is now being used in those
engines not equipped with an integral idler gear spacer

type flywheel housing (Fig._2).

The former and new spacers are interchangeable. Only
the new spacer will be serviced. The new flanged hex
head bolts with a self locking sealing patch should be used
with the new spacer. They can be used with the former
spacer or at the idler gear position, however, do not use a
flat washer under the new flanged head bolts.

SERVICE NOTE: The service idler gear assemblies
will not include the new "seal patch" bolts. The flat
washer has been deleted. Also, at the time of rebuild
the new bolts should be used to minimize oil leakage
into the flywheel housing.

NOTE: Whenever the sealant patch bolts are
removed they should be replaced with new sealant
patch bolts at both the idler gear spacer and idler gear
positions.

Remove and Disassemble Idler Gear, Hub and Bearing
Assembly (Flywheel Housing Removed)

1. Remove the bolt and special washer which secure the
idler gear hub to the cylinder block. Then, remove the
gear, hub and bearing assembly from the engine.

NOTE: Before removing the idler gear assembly,
check the bearing by grasping the rim of the gear with
both hands and rocking it. If the gear wobbles or
shakes, the bearing must be replaced. If there is no
perceptible wobble, it is only necessary to check the
bearing pre-load before reinstalling the idler gear and
bearing assembly.

2. If necessary, remove the idler gear hole spacer (if
used) in the same manner. While removing or installing an
idler gear bearing, the bearing MUST be rotated to avoid
the possibility of damaging the bearing by brinelling the
bearing races. Brinelling refers to the marking of the races
by applying a heavy load through the rollers of a non-
rotating bearing in such a way that the rollers leave
impressions on the contact surfaces of the races. These
impressions may not be easily discerned during normal
inspection. For example, a bearing may be brinelled if a
load were applied to the inner race of the bearing assembly
in order to force the outer race

into the idler gear bore, thus transmitting the force through
the bearing rollers. A brinelled bearing may have a very
short life.

3. "'Remove the six bolts and three bolt locks, which
secure the bearing retainer to the idler gear, and remove
the bearing retainer.

NOTE: The component parts of the idler gear bearing
are matched; therefore, matchmark the parts during
disassembly to ensure reassembly of the parts in their
original positions.

4. Place the idler gear assembly in an arbor press, with
the inner bearing cone supported on steel blocks as shown
in[Eig._3l While rotating the idler gear to prevent brinelling
of the bearing, press the hub out of the bearing.

5. Use a brass drift alternately at the four notches
provided in the shoulder of the gear to tap the bearing
cup(s) from the idler gear.

Inspection

Wash all of the parts thoroughly in clean fuel oil and dry
them with compressed air.

Examine the gear teeth for evidence of scoring, pitting, or
wear. Also, examine the idler gear hub for wear or
damage. '

Inspect the bearing carefully for wear, pitting, scoring, or
flat spots on the rollers or cups.

Assemble Idler Gear, Hub and Bearing

Refer to[Fig. 4 and the match marks previously made to
ensure assembly of the parts in the same positions from
which they were removed. Then, proceed as follows:

Current Bearing

1. Support the idler gear, shoulder down, on the bed of an
arbor press. Start one of the bearing cups, numbered side
up, squarely into the bore of the gear. Then, press the
bearing cup against the shoulder of the gear. Use a flat
steel plate between the ram of the press and the bearing
cup.

2. Lay the outer spacer ring on the face of the bearing
cup.

3. Start the other bearing cup numbered side down,
squarely into the bore of the gear. Then, press the cup
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]

FIG. 4. - Idler Gear Details and Relative Location of Parts (Current Bearing)

tight against the spacer ring. Use a flat steel plate between
the ram of the press and the bearing cup.

4. Press the inner bearing cone on to the idler gear hub,
flush with the inner hub mounting face.

5. Install the inner spacer ring on the idler gear hub so
that the oil hole in the hub is 180° from the gap in the inner
spacer ring.

6. Position the gear with both cups over the hub and inner
bearing cone.

7. Press the outer idler gear bearing cone over the hub,
while rotating the gear to seat the rollers properly between
the cones.

NOTE: The bearing cones must be supported so

HUB e i— ARBOR PRESS RAM
GEAR BEARING
/ ASSEMBLY

=
| §

12880

PARALLEL
<« par

FIG. 5 - Pressing Hub into Idler Gear Bearing

as not to load the bearing rollers during this operation.
Former Bearing

1. Support the idler gear, with the shoulder in the bearing
bore down, in an arbor press. Place the bearing cup in
position on the gear and press it tight against the shoulder
in the gear, using a suitable steel plate between the
bearing cup and the ram of the arbor press.

2. Support one bearing cone, numbered side down, on
the bed of the arbor press (Eig._5). Then place the idler
gear and bearing cup assembly over the bearing cone.

3. Place the spacer ring on the bearing cone.

4. Place the second bearing cone, numbered side up, in
the idler gear and bearing cup assembly and against the
spacer ring.

5. Then, position the idler gear hub over the bearing
cones so that the oil hole in the hub is 1800 from the gap in
the spacer ring.

6. While rotating the gear to seat the rollers properly
between the cones, press the hub into the bearing cones
until the face of the hub which will be adjacent to the
cylinder block end plate is flush with the face of the inner
bearing cone.

NOTE: The bearing cones must be supported so as
not to load the bearing rollers during this operation.
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FIG. 7 - Plates for Bearing Test Fixture

Check Idler Gear Bearing Pre-Load

Prior to installing and securing the bearing retainer, check
the pre-load of the bearing assembly.

The rollers in the bearing are loaded between the bearing
cup and the bearing cones in accordance with design
requirements to provide a rigid idler gear and bearing
assembly. As the bearing cones are moved toward each
other in a tapered roller bearing assembly, the rollers will
be more tightly held between the cones and the cup. In the
idler gear bearing, a slight pre-load is applied by means of
a selected spacer ring between the bearing cones, to
provide rigidity of the gear and bearing assembly when it is
mounted on its hub. This method of pre-loading is
measured, in terms of "pounds pull”, by the effort required
at the outer diameter of the gear to turn the bearing cup in
relation to the bearing cones.

Check the bearing pre-load whenever the idler gear
assembly is removed from the engine for service or for an
engine overhaul.

The idler gear bearing must be clean and lubricated with
engine oil before checking the pre-load. If a new bearing
has been installed, work in the bearing by rotating the gear
back and forth several times.

If the crankshaft and camshaft gears are not mounted on
the engine, the torque required to rotate the idler gear may
be checked by mounting the idler gear in position on the
engine, using a 4" square, 3/8" thick steel plate against the
hub and cone as outlined below.

1. Mount the idler gear assembly on the engine.

2. Install the idler gear hub retaining bolt and washer and
tighten the bolt to 80-90 Ib-ft (108-122 Nm) torque.

FIG. 8 - Checking idler Gear Bearing Pre-Load
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3. Place the steel plate (lower plate shown in Fig. 7)
against the hub and bearing. Insert three 3/8"-16 bolts
through the plate and thread them into the hub. Tighten the
bolts to 25-40 Ib-ft (34-54 Nm) torque.

4. Tie one end of a piece of lintless 1/8" cord around a
1/8" round piece of wood (or soft metal stock). Place the
wood between two of the gear teeth and wrap the cord
around the gear several times as shown in Attach
the other end of the cord to a spring scale J 8129.
Maintain a steady pull on the cord and scale, 90° to the
axis of the hub, and note the pull, in pounds and ounces,
required to start the gear rotating. Make several checks to
obtain an average reading. If the pull is within 1/2 Ib.
minimum to 4 Ibs. maximum, and does not fluctuate more
than 2 Ibs. 11 oz., the idler gear and bearing assembly is
satisfactory for use.

If the crankshaft and camshaft gears are mounted on the
engine, a suitable fixture, which may be held in a vise, can
be made as shown in[Eig._6. Three plates, a 1/2"-13 x 2-
3/4" bolt, 1/2"-13 nut, and two 1/2" plain washers are
required. The plates are made from steel stock as shown
in Check the pre-load on the bearings as follows:

1. Attach two of the steel plates (two upper plates shown
in[Fig._7) to the idler gear hub with the 1/2"-13 bolt,
washers, and nut as shown in Tighten the bolt to
80-90 Ib-ft (108-122 Nm) torque.

2. Attach the third plate to the idler gear hub with three
3/8"-16 bolts. Tighten the bolts to 25-40 Ib-ft (34-54 Nm)
torque.

3. Clamp the idler gear assembly and fixture in a vise
Fig. 8).

4. Attach a cord to the idler gear and spring scale and
check the bearing pre-load as outlined in item 4 above.

If the scale reading is within the specified 1/2 to 4 Ibs.
specified, but fluctuates more than 2 Ibs. 111 ounces, the
idler gear and bearing assembly must not be installed on
the engine. Fluctuations in scale reading may be caused
by the races not being concentric to each other, damaged
races or rollers, or dirt or foreign material within the
bearings. In these cases, the bearing should be inspected
for the cause of fluctuation in the scale readings and
corrected or a new bearing installed. A scale reading
which exceeds the specified maximum indicates binding of
the bearing rollers, or rollers improperly installed. When
the scale reading is less than the specified minimum, the
bearing is more likely worn and the bearing should be
replaced.

After the pre-load check is completed, remove the steel
plates and install the bearing retainer as follows.

FIG. 9 - Installing Idler Gear, Hub and Bearing Assembly

1. Attach the bearing retainer to the idler gear with six
bolts and three bolt locks. Tighten the bolts to 24-29 Ib-ft
(33-39 Nm) torque.

NOTE: The current lock bolts are coated with a locking
compound. Do not use standard bolts. With use of the
lock bolts, the former bolt locks are no longer required
and will not be serviced.

2. Bend the ears of each bolt lock against the flat side of
the attaching bolt heads to secure the bolts.

Install Idler Gear, Hub, and Bearing Assembly

1. Position the crankshaft gear and camshaft gear so the
timing marks will align with those on the idler gear (see

Figs. 2 and 3 in Section 1.7.2).

2. With the timing marks in alignment, start the idler gear
in mesh with the crankshaft gear and camshaft gear, and
simultaneously rotate the gear so the pin in the hub
registers with the hole in the end plate (Fig._9).

3. Roll the idler gear into position and align the hollow pin
with the hole in the end plate. Then, gently tap the hub
until it seats against the end plate.

4. After making sure the hub is tight against the end plate,
secure the idler gear assembly with the 1/2"-13 bolt and
special washer. Tighten the bolt to 80-90 Ib-ft (108-122
Nm) torque.

5. If previously removed, install the idler gear hole spacer
(dummy hub - Eig._8). Secure the spacer to the cylinder
block with a 1/2"-13 bolt and special washer. Tighten the
bolt to 80-90 Ib-ft (108-122 Nm) torque.

NOTE: Current V-71 engines use a new idler

O 1981 General Motors Corp.
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gear hub and idler gear hole spacer (dummy hub) which 7. Check the backlash between the mating gears. The
require 1/2"-13 x 2-1/2" retaining bolts, replacing the 1/2"- backlash must be .002" to .008" between new gears and
13 x 2" bolts formerly used. must not exceed .010" between worn gears.

6. Lubricate the idler gear bearing and gear teeth liberally 8. Install the flywheel housing as outlined in
with clean engine oil.
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1.7.5

CRANKSHAFT TIMING GEAR

6, 8 and 12V Engines

{DLER
GEAR

CRANKSHAFT
TIMING
GEAR

ey

FIG. 1 - Crankshaft Timing Gear Mounting (R.H. Rotation
Engine Shown)

The crankshaft timing gear (Eig._1)) is bolted to the flange
at the rear end of the crankshaft and drives the camshaft
gears, as well as the blower drive gear, through an idler
gear. On certain 12V engines, the lubricating oil pump
drive gear is attached to the crankshaft timing gear.

Since the two camshafts must be in time with the

timing marks of the gear train and note their location so the
gear can be reinstalled in its original position.

3. Remove the six bolts which secure the gear to the
crankshatft.

4. Provide a base for the puller screw by placing a steel
plate across the cavity in the end of the crankshaft. Then
remove the gear with a gear puller.

Inspection

Clean the gear with fuel oil and dry it with compressed air.
Examine the gear teeth for evidence of scoring, pitting or
wear. If severely damaged or worn, install a new gear.
Also check the other gears in the gear train.

Install Crankshaft Timing Gear

1. Position the gear (and the lubricating oil pump drive
gear, if used) on the rear end of the crankshaft with the bolt
holes in the gear aligned with the tapped holes in the
crankshaft. One bolt hole is offset so the gear can be
attached in only one position.

2. Align the proper timing mark on the crankshaft gear
with the corresponding mark on the idler gear (refer to

crankshaft, timing marks are located on the rim of the idler [Section 1.7.1).

gear with corresponding timing marks stamped on the
crankshaft gear and camshaft gears (refer to[Sectionl
1.7.1).

Remove Crankshaft Timing Gear (Flywheel Housing
Removed)

The crankshaft gear is a press fit on the crankshaft.
Remove the gear as follows:

1. Remove the crankshaft rear oil seal sleeve, if used.
To remove the sleeve, peen the outside diameter of the
sleeve until it stretches sufficiently so it can be slipped off
of the crankshaft.

2. Before removing the crankshaft gear, align the

NOTE: When advanced timing is required, align the
timing mark "A" with the timing mark on the idler gear.

3. Start the six 3/8" -24 bolts through the gear and into
the crankshaft. Then draw the gear tight against the
shoulder on the crankshaft. Tighten the bolts to 35-39 Ib-ft
(47-53 Nm) torque.

4. Check the backlash with the mating gear. The
backlash should be .002" to .008 " with new gears or .010"
maximum with used gears.

5. Install a new crankshaft rear oil seal sleeve, if required,

as outlined in|Section 1.3.2
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1.7.6

BLOWER DRIVE GEAR AND SUPPORT ASSEMBLY

The blower drive gear is mounted on the blower drive gear
support which is attached to the cylinder block rear end
plate [Fig. 1). This gear is driven at approximately twice
engine speed by the right cylinder bank camshaft gear (see
Table 1).

Ratio No. Teeth
Engine Blower to in Blower
Engine Speed Drive Gear
6, 8, 12 and
16V except 2.05:1 38
Table 1

Two blower drive gear and support assemblies are used on
16V engines. Since the blower drive gear and support
assembly on the front of the engine incorporates a right-
hand helix gear and the blower drive gear and support
assembly on the rear of the engine incorporates a left-hand
helix gear, they are not completely interchangeable.

The blower drive gear bearings are pressure lubricated
through an external line from the blower rear end plate to
the blower drive support.

The blower(s) must be removed prior to removal of the
blower drive gear and support assembly.

Remove Blower Drive Gear and Support Assembly
(Flywheel Housing Removed)

1. Remove blower(s) and blower drive support lubrication

tube as outlined in[Section 3.4 or 3.4.1.

2. Remove the two blower drive support-to-cylinder block
rear end plate attaching bolts and copper washers. Then
tap the assembly away from the end plate, using care not
to damage the gear teeth.

3. Remove the gasket.

Disassemble Blower Drive Gear and Support Assembly

For the location and identification of the parts, refer to[Figl
[2]and proceed as follows:

1. Clamp the blower drive gear support in the soft jaws of
a bench vise.

2. Remove the three bolts securing the drive gear hub
and flex plates to the blower drive gear.

Then, remove the two flex plates and blower drive shaft
hub as an assembly from the gear. If necessary, the flex
plates may be removed from the hub.

New blower drive shaft flex plates, washer head type
lockpatch bolts and hub spacers are now being used on
engines that incorporate the large bearing -blower. Thin
hub spacers are used opposite the bolt side of the new
tumbled flex plates for the front drive hub and rear turbo
drive hub. The thin hub spacers have been added to
protect the tumbled flex plates Only the new flex plates,
bolts and thin hub spacers should be used to service V-71
engines with large bearing blowers.

NOTE: The thin hub spacers are not readily accessible
and some mechanics may not be aware that they are
behind the flex plate. Consequently, when working on
the blower hub assemblies, remove the flex plate
attaching bolts carefully to avoid dropping the thin hub
spacers into the gear train. If spacers are inadvertently
dropped into the gear train,

BLOWER
DRIVE
GEAR

CAMSHAFT
GEARS

FIG. 1 - Blower Drive Gear Mounting
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removal of the engine flywheel housing and/or oil pan
may be required to retrieve them.

At time of rebuild or whenever the flex plates are removed,
new washer head type lock patch bolts must be used. Do
not attempt to reuse patch bolts.

3. Straighten the lugs on the lock washer and remove the
blower drive gear thrust washer and bearing retaining nut.
thrust

4. Withdraw the lock washer, thrust washer,

bearings and gear from the support.
Inspection

Clean all of the parts with fuel oil and dry them with
compressed air. Make sure the oil passage in the blower
drive gear support is clean. Sludge accumulations, which
might restrict the oil flow, must be removed.

Replace the thrust bearings and thrust washer if they are
worn excessively or scored.

Check the inside diameter of the blower drive gear
bearings (bushing type and the outside diameter of the hub
on the drive gear support. The clearance between the
bearings and the support hub is .001" to .0025" with new
parts. Replace the parts when the clearance exceeds .005”
on used parts.

If new bearings are installed, the outer end of each bearing
must be pressed in flush to .010" below the face of the
gear. The bearings must be reamed to size (1.6260" to
1.6265" inside diameter) and to a finish of 20 microinches
after installation. The bearing bores must also be square
with the machined faces of the bolt bosses on the gear
within .003" total indicator reading and concentric with the
pitch diameter of the gear teeth.

The thrust washer retaining pin must extend approximately
.080” above the threaded end of the hub.

Examine the blower drive gear teeth for scoring, pitting, or
wear. If necessary, install a new gear assembly. A service
replacement gear includes the bearings.

Check the serrations in the blower drive shaft hub for wear
or other damage. Replace the hub, if necessary.

Assemble Blower Drive Gear and Support Assembly

For the relative location of the parts refer to Eig._2] and
assemble them as follows:

1. Clamp the blower drive support in a vise equipped with
soft jaws. Then, install one of the blower drive gear thrust
bearings so the tangs on the bearing register with the holes
in the support.

2. Lubricate the hub of the support, the bearings in the
gear, both thrust bearings and the thrust washer with clean
engine oil.

3. Slide the gear on the hub, with the flat side of the gear
toward the support.

4. |Install the second thrust bearing on the support, with
the tangs on the bearing facing away from the gear.

5. Install the thrust washer so the slots in the washer
register with the tangs on the thrust bearing, and the pin in
the blower drive gear support hub registers with the slot in
the bore of the washer.

6. Secure the gear, thrust bearings and thrust washer with
a lock washer and nut. Tighten the nut to 50-60

FIG. 2 - Blower Drive Gear and Support Assembly Details and Relative Location of warts
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FIG. 3 - Checking Clearance Between Blower Drive Gear
Support Thrust Washer and Blower Drive Gear Thrust
Bearing

Ib-ft (68-81 Nm) torque and bend the lugs on the lock
washer against the flats on the nut.

7. Check the clearance between the blower drive gear
thrust washer and thrust bearing as shown in This
clearance is .005”, to .010" with new parts and must not
exceed .012" with used parts.

8. If the flex plates were removed, attach them to the
blower drive shaft hub with three bolts and lock

washers. The new drive shaft flex patches use a washer
head type lock plate bolt and hub spacers. Tighten the
bolts to 35-39 Ib-ft (47-53 Nm) torque.

9. Attach the flex plates and hub to the blower drive gear
with three bolts and lock washers. Tighten the bolts to 35-
39 Ib-ft (47-53 Nm) torque.

Install Blower Drive Gear and Support Assembly

1. Affix a new gasket to the blower drive gear support.
Then attach the gear and support assembly to the cylinder
block rear end plate with two bolts and copper washers.
Tighten the bolts to 25-30 Ib-ft (34-47 Nm) torque.

2. Install the flywheel housing as outlined in Section 1.5]

3. Check the backlash between the blower drive gear and
the camshaft gear. All of the flywheel housing attaching
bolts must first be tightened to the proper torque. The
backlash must be between .002" and .008" with new gears
and must not exceed .010" with worn gears.

4. Remove the four flywheel housing-to-blower drive
support bolts and install the blower(s) and blower drive
lubrication tube as outlined in Bection 3.4 Jor 3.4.1. Then,

reinstall the flywheel housing bolts.
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1.7.7

ACCESSORY DRIVE

Position Drive Ratio o
1 1:1
2 1:1
*3 1.95:1, 2.1
or 2.05:1 o e
4 2.05:1
5 Not a drive position @
*Depends upon engine application J
12490

FIG. 1 - Accessory Drive Locations

Accessories such as an air compressor, hydraulic pump or
battery-charging generator may be direct-driven or belt-
driven from various locations on the engine.

For the possible accessory drive location and rotation of
the drive at a particular position, refer to

At the front of the engine, the left-bank camshaft pulley
(Fig._2) and the crankshaft pulley may be used to drive
accessories. On certain applications, an accessory drive
pulley (Fig._2), which mounts on a shaft attached to the
water pump drive gear, provides a drive for a high
mounted battery-charging generator.

Accessories may also be driven by the blower drive gear,
left-bank accessory drive gear, or either camshaft gear at
the rear of the engine.

FRONT ACCESSORY DRIVE

The front accessory drive (Fig._4) consists of a short drive
shaft, which is bolted to the water pump drive gear, and a
single groove pulley keyed to the shaft and secured with a
bolt, lock washer and plain washer. An oil seal, pressed in
the balance weight cover, prevents oil from seeping out
where the shaft extends through the cover.

NOTE: Effective with 8VA370083 the engine front
camshaft (drive) gear and the water pump (driven)
gear are nitride hardened. The new gears can be
identified by the letter "H" stamped on the gears. Also
the helix angle of the gear teeth have been reversed.

For interchangeability refer to

FIG. 2 - Front Mounted Accessory Drive Pulleys

Remove Front Accessory Drive

1. Loosen the generator adjusting strap and generator
mounting bolts and remove the drive belt.

2. Remove any accessories necessary to provide access
to the accessory drive pulley.

3. Remove the water pump (refer to Section 5. 1)).

4. Remove the pulley retaining bolt, lock washer and plain
washer. Then remove the pulley and the-key.

5. Remove the balance weight cover (refer to[Section

6. Replace the oil seal in the balance weight cover, if
necessary.

7. Remove the three bolts and lock washers and withdraw
the drive shaft from the water pump drive gear.

Install Front Accessory Drive

1. Attach the accessory drive shaft to the water pump
drive gear with three 5/16 " -24 x 7/8 " bolts and lock
washers. Tighten the bolts to 15-19 Ib-ft (20-26 Nm)
torque.

2. Install the balance weight cover as outlined in
1.7.8

3. Install the key in the shaft. Then install the pulley on
the shaft and secure it in place with a 3/8" -16 x
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7/8" bolt, lock washer and plain washer. Tighten the bolt to
25 Ib-ft (34 Nm) torque.

4. |Install the water pump as outlined in

5. Install any accessories which were removed to provide
access to the accessory drive pulley.

6. Install the drive belt and adjust the generator to provide
the proper tension on the belt. Then tighten the generator
adjusting strap bolt and generator mounting bolts.

NOTE: Be sure to tighten the bolt at the accessory
adjusting pivot point as well as the bolt in the adjusting
strap slot.

REAR ACCESSORY DRIVE (Camshaft Driven)

The camshaft driven accessory drive consists of a steel or
fibre drive plate bolted to either one of the camshaft gears.
On certain applications, a steel spacer is used between the
steel drive plate and the camshaft gear.

A direct-driven accessory is flange-mounted on the
flywheel housing and is driven by a coupling which is

splined to both the accessory drive plate and a drive hub
on the accessory shaft

For a belt-driven accessory, a drive shaft is used in place
of the drive coupling. One end of the drive shaft is splined
to the drive plate and the other end is supported by a
bearing in the accessory drive retainer which is attached to
the flywheel housing (Fig. _4). A drive pulley, attached to
the outer end of the drive shaft, is connected by belts to the
pulley on the accessory which is mounted above the
flywheel housing.

On some engines, an accessory drive hub is bolted directly
to the camshaft gear (Fig. 5). An oil seal retainer is bolted
to the flywheel housing and the

oy i

A

pulley is keyed and secured to the hub with a bolt, lock
washer and plain washer.

On some coach engines, a step-up gear is attached to the
right-bank camshaft gear with six Allen head bolts and lock
washers to drive the battery-charging alternator (Fig. 6).
The alternator mounting adaptor is attached to the flywheel
housing. Two set screws are used to adjust and hold a
clearance (maximum .002" runout) between the outer
flange of the step-up gear and the alternator adaptor.

Remove Accessory Drive

Refer to|Fig. 3 and remove the accessory drive used with
a direct-drive accessory as follows:

1. Disconnect any external
accessory.

piping or hoses at the

2. Remove the bolts and lock washers securing the
accessory to the flywheel housing. Pull the accessory

FIG. 3 - Components of Accessory Drive for Direct-Driven Accessories
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DRIVE PLATE

GASKET

BEARING

LOCK RING

RETAIMER

LOCK WASHER

KEY NUT

PULLEY

Cit SEAL

1563

FIG. 4 - Components of Accessory Drive for Belt-Driven Accessory (Drive Plate Type)

straight out from the flywheel housing. Remove the

gasket.
3. Remove the drive coupling.

4. Place a clean, lintless cloth in the flywheel housing
opening (under the accessory drive plate) to prevent bolts
from accidentally falling into the gear train. Then remove
the four shoulder bolts (and lock washers, if used) and
withdraw the accessory drive plate (and spacer, if used).

Refer to Figs. 4 and 5 and remove the accessory drive
used with a belt-driven accessory as follows:

1. Loosen the accessory mounting or adjusting bolts and
remove the drive belts.

2. Remove the nut (or bolt, lock washer and plain washer)
which retains the drive pulley on the accessory drive shaft.

3. Use a suitable gear puller and withdraw the pulley from
the shaft. Remove the key from the shaft.

4. Remove the bolts and washers and withdraw the
accessory drive retainer assembly from the flywheel
housing. Remove the gasket.

DRIVE HUB  BOLT

LOCK WASHER

BOLT
562

WASHER

FIG.. 5 - Components of Accessory Drive for Belt-Driven Accessory (Drive Hub Type)
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FIG.. 6 - Step-Up Gear Drive Mounting

5. Place a clean, lintless cloth in the flywheel housing
opening (under the accessory drive plate or drive hub) to
prevent bolts from accidentally falling into the gear train.
Then remove the four shoulder bolts and withdraw the
accessory drive plate (and spacer, if used), or drive hub.

SPACER

77,
)
0

FIG.. 7 - Location of Oil Seal Spacer

6. Remove the accessory drive shaft from the retainer

(Eig. 4).

7. Remove the snap ring and ball bearing from the
accessory drive retainer :

Inspection

Clean all of the parts with fuel oil and dry them with
compressed air.

Check the teeth on the drive plate and the drive coupling or
drive shaft for wear. Replace any parts which are worn
excessively.

On 8V and 12V engines, the fibre air compressor drive
plate has been superseded by a hardened steel drive plate
of identical design effective with engines 8VA-21334 and
12VA-5741. The fibre and steel drive plates are
interchangeable. If an examination of the fibre drive plate
on 8V and 12V engines reveals signs of wear, the plate
should be replaced with the hardened steel drive plate.

Inspect the ball bearing used to support the accessory
drive shaft (Fig._4)] Shielded bearings must not be
washed; dirt may be washed in and the cleaning fluid could
not be entirely removed from the bearing. Wipe the
outside of the bearing clean. Then hold the inner race and
revolve the outer race slowly by hand. If the bearing is
worn or does not roll freely, replace it.

Examine the oil seal for wear or damage. Discard the oil
seal if it is worn. Also inspect the oil seal contact surface
of the drive shaft for grooving. If the shaft is
grooved and cannot be "cleaned-up”, replace it.

If the drive hub (Fig. 5) is grooved to a point where the
effectiveness of the oil seal is lost, a ring-type oil seal
spacer is available which serves to reposition the seal and
provide a new sealing surface for the lip of the oil seal (Fig.
7).

Install Accessory Drive

If an accessory drive plate is used, refer to Figs. 3 and 4
and proceed as follows:

1. Align the bolt holes in the accessory drive plate (and
spacer, if used) with the tapped holes in the camshaft gear.
Then secure the drive plate (and spacer) with the four
special shoulder bolts (and lock washers, if used). Tighten
the bolts to 45-50 Ib-ft (61-68 Nm) torque.

2. If a gear-driven accessory is used, install the drive
coupling [Fig. 3) and proceed as follows:

Page 4
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a. Affix a new gasket to the mounting flange on the
accessory.

b. Place the accessory in position against the
flywheel housing and rotate it, if necessary, to align the
teeth of the driven hub with those in the drive coupling.
Then secure the accessory to the flywheel housing with
bolts and lock washers.

3. If a belt-driven accessory is used, refer to[Fig. 4] and
proceed as follows:

a. Place the accessory drive retainer on a bench, with
the mounting flange side up. Lubricate the outside
diameter of the bearing with oil. Then press or tap it (with
the protruding face of the inner race facing toward the
retainer) straight in until it contacts the shoulder in the
retainer. Then install the lock ring.

b. Turn the retainer over and coat the bore with
sealant. Then press a new oil seal into the bore of the
retainer with the lip of the seal facing the bearing. Wipe
any excess sealant from the retainer.

c. Turn the retainer over again, bearing side up,
lubricate the drive shaft and press it in the bearing until the
shoulder on the shaft contacts the bearing.

d. Affix a new gasket to the mounting flange on the
retainer. Then position the retainer and shaft assembly
against the flywheel housing. Rotate the shaft slightly, if
necessary, to permit the teeth of the shaft to mesh with the
teeth in the accessory drive plate. Secure the retainer to
the flywheel housing with five bolts and lock washers.
Tighten the bolts to 30-35 Ib-ft (41-47 Nm) torque.

e. Install the key in the shaft. Then start the pulley on
the shaft and tap it into place. Install the 3/41-16 retaining
nut. Tighten the nut to 120-140 Ib-ft-(163-190 Nm) torque.

f.  Slip the drive belts over the pulleys. Then position
the accessory to provide the proper tension on the belts
and secure it in place.

NOTE: Be sure the bolt at the accessory adjusting
pivot point is properly tightened, as well as the bolt
in the adjusting strap slot.

4. If an accessory drive hub is used, refer to Fig. 5 and
proceed as follows:

a. Align the bolt holes in the drive hub with the tapped
holes in the camshaft gear. Then secure the drive hub to
the gear with four shoulder bolts. Tighten the bolts to 45-
50 Ib-ft (61-68 Nm) torque.

b. Use a dial indicator to check the runout of the drive
hub shaft. The runout must be within .010" total indicator
reading.

c. If a new oil seal is required, coat the retainer bore
with sealant and press the seal in place. The lip of the seal
must face the engine when the retainer is installed.

d. Affix a new gasket to the mounting flange of the
retainer. Then place the retainer against the flywheel
housing and install the five attaching bolts and lock
washers. Before tightening the bolts, insert tool J 21166
over the shaft and into the retainer bore to align the oil seal
with the shaft. Tighten the retainer bolts to 30-35 Ib-ft (41-
47 Nm) torque and remove the oil seal aligning tool.

e. Install the key in the drive hub. Then start the
pulley on the drive hub and tap it into place. Install the
plain washer, lock washer and bolt. Tighten the bolt to 35
Ib-ft (47 Nm) torque.

f. Slip the drive belt over the pulleys. Then position
the accessory to provide the proper tension on the belt and
secure it in place.

NOTE: Be sure the bolt at the accessory adjusting
pivot point is properly tightened, as well as the bolt
in the adjusting strap slot.

5. If a step-up gear is used, refer to Fig. 6 and proceed as
follows:

a. Affix a new gasket to the figure "8" adaptor, them
position the adaptor on the flywheel housing using a feeler
gage or other means of centering on the camshaft gear.

b. Install and tighten the four upper adaptor bolts.
Adjust the two set screws until they are snug against the
flywheel housing.
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c. Place alignment gage J 29893 in the step-up gear
and secure it with the gage read point at the 8 o'clock set
screw position.

d. Set the dial indicator on "0".

e. Bar the engine over. The gage must travel
clockwise until the read point is at the 2 o'clock position set
screw (180 °).

NOTE: The barring operation should always be
performed in a clockwise direction. It is very
important to make certain that the crankshaft end
bolt has not been loosened during the barring
operation. Serious engine damage may result if
the vibration damper or pulley is not securely
fastened to the crankshaft.

f. If the dial indicator reads between the initial "0"
setting and +.02", go to step .

g. If the dial indicator reads more than £ .002" from
the

initial setting of "0", loosen the four upper adaptor bolts.
Then back off the set screws on the adaptor, and readjust
them until the dial indicator reading is one-half of the total
variance.

h. Repeat steps c, d, e, f and g until the proper
readings are obtained or a maximum of three attempts.

i. If the proper alignment readings cannot be
obtained after three attempts, change the adaptor and
repeat steps a through h.

j-  Remove the alignment gage.

Make sure the alternator is properly fitted to the adaptor
before it is bolted in place. Improper installation of the
alternator can disturb adaptor alignment and cause gear
train damage.

6. If the flywheel housing small hole covers were

removed, install them as outlined in

Page 6
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REAR ACCESSORY DRIVE (Blower Drive)

Whenever an accessory is to be driven by the blower drive
gear, a hub with two lugs replaces the standard hub in the
blower drive assembly (Fig. 8). An accessory drive
assembly consisting of a pulley, shaft, two single-row
bearings, bearing spacer, driven hub and a housing is
bolted to the flywheel housing. Effective with engines 6VA-
29026, 8VA-22360 and 12VA-6352, the two single-row
bearings and spacer were replaced by a double-row
bearing, oil seal and oil seal spacer (Fig. 9).

A slotted coupling, which engages the lugs on the two
hubs, provides the connection between the accessory drive
and the blower drive gear.

Remove Accessory Drive

1. Loosen the generator adjusting strap and generator
mounting bolts. Remove the drive belts.

2. Remove the bolts and lock washers and carefully
withdraw the accessory drive assembly and the drive
coupling.

3. Remove the blower drive shaft retaining ring. Then
thread a No. 10-32 screw in the tapped hole and

ACCESSORY
i DRIVE HUB

FIG.. 8 - Accessory Drive Attached to Blower Drive Gear

withdraw the blower drive shaft. Remove the screw used

to withdraw the shaft.

4. Remove the three bolts and lock washers and withdraw
the drive hub and two drive plates.

Disassemble Accessory Drive

1. Remove the pulley retaining nut. Then remove the
pulley and the key. Remove the oil seal spacer (if used).

2. Press the shaft and hub from the bearing(s).

3. Press the shaft from the hub and remove the key from
the shaft.

4. Remove the lock ring, bearing(s) and bearing spacer (if
used) from the housing.

5. Press the oil seal (if used) from the housing with a
suitable tool.

Inspection

Clean all of the parts, except the bearings, with fuel oil and
dry them with compressed air. Shielded type bearings
cannot be washed because of the difficulty in draining out
all of the solvent.

Inspect the ball bearing (Fig. 9). Wipe the outside of the
bearing clean. Then hold the inner race and revolve the
outer race slowly by hand. If the bearing is worn or does
not roll freely, replace it.

Replace excessively worn or damaged parts.

FLYWHEEL HOUSING PULLEY DRIVEN HUB
HOUSING SNAP RING
BEARING
KEY OfL SEAL
’ SPACER
DRIVE HUB :SY'
BLOWER DRIVE SHAFT NEW
ASSE{,AMY
: SSEMBLY
SNAP RING P SHAFT
COUPLING SPACER
GASKET BEARINGS
- B 12393

FIG.. 9 - Accessory Drive Assembly Details
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Assemble Accessory Drive

1. Install a key(s) in the hub end of the shaft. Lubricate
the shaft and press the hub tight against the shoulder on
the shaft.

2. Install the oil seal (if used) in the housing.

3. Install the bearing(s) and spacer (if used) in the
housing. Install the lock ring.

4. Use a sleeve to support the inner race of the
bearing(s), lubricate the shaft and press the hub and shaft
assembly in the bearing(s) and spacer (if used) until the
shoulder on the shaft contacts the inner race of the
bearing.

5. Install a key(s) in the pulley end of the shaft. Lubricate
the shaft and press the pulley on the shaft until it contacts
the inner race of the bearing or oil seal spacer (if used).

6. Install the 3/4"-16 pulley retaining nut and tighten it to
120-140 Ib-ft (163-190 Nm) torque.

Install Accessory Drive

1. Install the drive hub and the two drive plates on the
blower drive gear.

2. Install the blower drive shaft and secure it in place with
the snap ring.

3. Place a new gasket on the mounting flange of the
accessory drive housing.

4. Place the slotted drive coupling on the hub of the

FIG.. 10 - Rear Left-Bank Accessory Drive Mounting

accessory drive assembly. Then align the slots in the
coupling with the lugs on the drive hub which is attached to
the blower drive gear and carefully position the accessory
drive against the flywheel housing. Secure the accessory
drive assembly to the flywheel housing with bolts and lock
washers.

5. Place the drive belts over the pulleys and adjust the
tension on the belts. Then tighten the accessory mounting
bolts.

6. If the flywheel housing small hole covers were

removed, install them as outlined in

REAR LEFT-BANK ACCESSORY DRIVE

When required, an accessory drive gear is provided in the
left-bank accessory pad in the flywheel housing as shown
in Fig. 10. The accessory drive assembly is similar to the
blower drive gear and support assembly. The accessory
drive gear, mounted on a support which is attached to the
cylinder block rear end plate, is driven by the left-bank
camshaft gear. The bushing-type bearings in the gear are
pressure lubricated through an external oil line.

Remove Accessory Drive
1. Remove the bolts and lock washers securing the
hydraulic pump to the flywheel housing. Then withdraw the

pump and gasket.

2. Remove the pump drive coupling.

3. Remove the three bolts and lock washers securing the
accessory drive hub to the accessory drive gear. Then
withdraw the drive hub.

Disassemble Accessory Drive

If further disassembly is required, the flywheel housing,
gear train, accessory drive lubrication tube and cylinder
block rear end plate must first be removed. Then proceed
as follows:

1. Remove the two bolts and copper washers securing the
accessory drive support assembly to the rear end plate.
Then withdraw the support assembly and remove the
gasket.

Page 8
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DRIVE
HUB

LOCK
WASHER

-

BEARING

THRUST
WASHER

~ ACCESSORY.

NUT DRIVE GEAR

BEARING

0

GASKET

ACCESSORY
DRIVE RETAINER

3507

FIG.. 11 - Accessory Drive Details and Relative Location of Parts

2. Clamp the support assembly in a vise equipped with
soft jaws.

3. Straighten the lugs on the lock washer and remove the
gear retaining nut. Withdraw the lock washer, thrust
washer, thrust bearings and accessory drive gear from the
support.

Inspection

Clean the parts with fuel oil and dry them with compressed
air. Make sure the oil passage in the gear support is clean.

Replace the thrust bearings and thrust washer if they are
worn excessively or scored.

Check the inside diameter of the accessory drive gear
bearings (bushing type) and the outside diameter of the
hub on the gear support. The clearance between the
bearings and the support hub is .00 1" to .0025 " with new
parts. Replace the parts when the clearance exceeds .005
" on used parts.

If new bearings are installed, the outer end of each bearing
must be pressed in flush to .010" below the face of the
gear. The bearings must be reamed to size (1.6260" to
1.6265" inside diameter) and to a finish of 20 microinches
after installation. The bearing bores must also be square
with the machined faces of the bolt bosses on the gear
within .003" total indicator reading and concentric with the
outside diameter of the gear.

The thrust washer retaining pin must extend approximately
.080" above the threaded end of the support hub.

Examine the accessory drive gear teeth for scoring, pitting
or wear. If necessary, install a new gear assembly. A
service replacement gear includes the bearings.

Inspect the drive and driven hubs and the drive coupling
for wear. Replace severely worn parts.

Assemble Accessory Drive

Refer to Fig. 11 for the relative location of the parts and
assemble them as follows:

1. Clamp the accessory drive support in a vise equipped
with soft jaws. Then install one of the thrust bearings so
the tangs on the bearing register with the holes in the
support.

2. Lubricate the hub of the support, the bearings in the
gear, both thrust bearings and the thrust washer with clean
engine oil.

3. Slide the gear on the hub, with the flat side of the gear
toward the support.

4. Install the second thrust bearing on the support, with
the tangs on the bearing facing away from the gear.

5. Install the thrust washer so the slots in the washer
register with the tangs on the thrust bearing and the pin in
the support hub registers with the slot in the bore of the
washer.

6. Secure the gear, thrust bearings and thrust washer with
a lock washer and nut. Tighten the nut to 50-60 Ib-ft (68-
81 Nm) torque and bend the lugs on the lock washer
against the flats on the nut.
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7. Check the clearance between the thrust washer and
the thrust bearing with a feeler gage. This clearance must
not exceed .012" with used parts. With new parts, the
specified clearance is .005 a to .010 ".

8. Affix a new gasket to the accessory drive support.
Then attach the accessory drive gear and support
assembly to the cylinder block rear end plate with two bolts
and copper washers. Tighten the bolts to 25-30 Ib-ft (34-41
Nm) torque.

9. Install the rear end plate and gear train.

10. Check the backlash between the accessory drive gear
and the camshaft gear. The backlash must be between
.002" and .008” with new gears and must not exceed .010"
with worn gears.

11. Install the flywheel housing.

12. Install the accessory drive lubrication tube.

Install Accessory Drive

1. Position the drive hub on the accessory drive gear and
secure it with three bolts and lock washers.

2. Affix a new gasket to the mounting flange on the
hydraulic pump.

3. Place the slotted drive coupling on the pump driven
hub. Align the slots in the coupling with the lugs on the
drive hub and carefully position the pump against the
flywheel housing. Secure the pump to the flywheel housing
with bolts and lock washers.

4. If the flywheel housing small hole covers were

removed, install them as outlined in
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1.7.8

BALANCE WEIGHT COVER

The balance weight cover (Fig. 1) encloses the
combination balance weight and water pump drive gear on
the front end of the right cylinder bank camshaft. This
cover also serves as a support for the water pump.

The balance weight cover requires no servicing. However,
when an engine is being completely reconditioned or the
right bank camshaft, camshaft bearings or water pump
drive gear need replacing, the balance weight cover must
be removed.

Remove Cover
1. Drain the cooling system.

2. Remove the water pump and any other parts required
to permit removal of the balance weight cover.

3. Remove the bolts, washers and lock washers which
secure the balance weight cover to the front end plate and
the cylinder block.

4. Since the cover is doweled to the end plate, it will be
necessary to tap the ends of the cover with a soft hammer
to loosen it.

5. Remove all traces of the old gasket material from the
cover and the end plate.

FIG.. 1 - Balance Weight Cover Mounting

Install Cover

Effective with engine serial nhumbers 6VA-648, 8VA-326
and 12VA-210, a new balance weight cover and cover
gasket (except on model 7087-7242) replace the parts
formerly used. The former and current gaskets (Fig. 2) are
very similar. Since the two gaskets are not
interchangeable, be sure the proper gasket is used when
installing the balance weight cover.

1. Affix a new gasket to the balance weight cover.
2. An accessory drive shaft oil seal is pressed into the

balance weight cover on some engines (Fig. 1). |If
necessary, replace the oil seal as follows:

a. Drive the old oil seal out of the cover.

FIG.. 2 - Balance Weight Cover Gaskets
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b. The new oil seal is plastic coated on the outside secure it with bolts, nuts, lock washers and plain washers.
diameter for sealing purposes. Do not remove this coating. Tighten the 3/8"-16 bolts to 30-35 Ib-ft (41-47 Nm) torque,
Position the seal with the sealing lip pointing toward the 3/8" -24 bolts and nuts to 35-39 Ib-ft (47-53 Nm) torque,
inner side of the cover. 1/2" -13 bolts to 71-75 Ib-ft (96-102 Nm) torque and the

5/8" 11-1 bolts to 137-147 Ib-ft (186-200 Nm) torque.

c. Drive the seal in with installer J 9791 until it is flush
with the outer surface of the cover. 4. Install the water pump and any other parts that were

removed.

d. Coat the lip of the seal with grease.

5. Fill the cooling system.
3. Install the balance weight cover on the engine and
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1.0

SHOP NOTES - TROUBLE SHOOTING

SPECIFICATIONS - SERVICE TOOLS

SHOP NOTES

PISTON AND CYLINDER LINER USAGE (Trunk Type)

1. "N" pistons are .030 " longer than the "E" pistons and
approximately .155 " longer than the special "E" piston. In
addition, the fire ring turbocharged piston is .125 " longer
than the non-fire ring turbocharged piston. These
dimension differences dictate that pistons cannot be mixed
in an engine. To do so would result in misfiring and a
rough idle condition which could ultimately result in cylinder
liner scuffing.

2. The "E" and "turbo" figure 8 cylinder liner has .900 "
long ports compared to 1.055 " long ports in the oval port
liner and .703 " long ports in the standard two valve figure
8 port liner. These port dimension differences prohibit
mixing of cylinder liners in an engine which would result in a
timing differential and compression ratio changes.

3. Only the oval port cylinder liners can be used with

18.7:1 compression ratio pistons. In addition, only oval
port cylinder liners can be used with fire ring turbocharged
pistons. The standard figure 8 port cylinder liner should be
used only with the non-fire ring two valve piston.

4. Crown valve injectors can be used with the 18.7:1
pistons. Crown valve and needle valve injectors must not
be mixed in an engine.

5. When converting to "N" pistons (see Item 1), it is
important that the exhaust valve protrusion be measured
carefully to assure that when fully closed the exhaust
valves do not protrude more than .006 " above the cylinder
head fire deck. Only the "thin" exhaust valve inserts (for
two valve or four valve heads) which are .247 "-.251 "
thick can be used with the "N" piston.

TEFLON WRAPPED PIPE PLUG

Pipe Plugs with a baked teflon coating are available for
service. However, pipe plugs can be hand wrapped
satisfactorily with teflon tape to provide a better seal and
facilitate plug removal. When a teflon wrapped plug is
installed, it is extremely important that the specified torque
not be exceeded.

Hand wrap a pipe plug with teflon tape as follows:
1. Be sure the pipe plug is thoroughly clean and dry prior

to applying the teflon tape. All dirt, grease, oil and scale
must be removed.

2. Start the tape one or two threads from the small or
leading edge of the plug, joining the tape together with an
overlap of approximately 1/8 ".

3. Wrap the tape tightly in the same direction as you
would turn a nut. The tape must conform to the
configuration of the threads (be pressed into the minor
diameter of the threads) without cutting or ripping the tape.

4. Hand tighten and hand torque the pipe plug and do not
exceed the specified torque. Do not use power tools.

CAMSHAFT CUP PLUG INSTALLATION

If an oil leak occurs at the drive plug area in the front end
of the camshaft, install a cup plug in the end of the
camshaft rather than removing and replacing the drive

plug.

NOTE: It is not necessary to remove the camshaft
from the engine when installing the cup plug.

Install the cup plug as follows:

1. Clean the hole in the front end of the camshaft and
apply Permatex No. 1 sealant, or equivalent, to the outer
diameter of the cup plug.

2. Install the plug to a depth of .180 "-.210” with tool J
24094.
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CHECKING BEARING CLEARANCES

PLASTIC STRIP

FIG.. 1 - Using Plastic Strip to Measure Bearing-to-
Crankshaft Clearance

A strip of soft plastic squeezed between the crankshaft
journal and the connecting rod bearing or main bearing
may be used to measure the bearing clearances.

The strip is a specially molded plastic "wire" manufactured
commercially and is available in three sizes and colors.
Type PG-1 (green) has a clearance range of .001 " to

.003", type PR-1 (red) has a range of .002 " to 006 " and
type PB-1 (blue) has a range of .004 " to .009 ".

The plastic strip may be used for checking the bearing
clearances as follows:

1. Remove the bearing cap and wipe the oil from the
bearing shell and the crankshaft journal.

NOTE: When checking the main bearing
clearances with the engine in a position where the
main bearing caps are supporting the weight of the
crankshaft and the flywheel, an erroneous reading,
due to the weight of the crankshaft and flywheel,
can be eliminated by supporting the weight of the
crankshaft with a jack under the counterweight
adjoining the bearing being checked.

2. Place a piece of the plastic strip the full width of the
bearing shell, about 1/4 " off center (Fig. 1).

3. Rotate the crankshaft about 30 ° from bottom dead
center and reinstall the bearing cap. Tighten the bolts to
the specified torque.

4. Remove the bearing cap. The flattened plastic strip
will be found adhering to either the bearing shell or the
crankshaft.

5. Compare the width of the flattened plastic strip at its
widest point with the graduations on the envelope (Fig. 1).
The number within the graduation on the envelope
indicates the bearing clearance in thousandths of an inch.
Taper may be indicated when one end of the flattened
plastic strip is wider than the other. Measure each end of
the plastic; the difference between the readings is the
approximate amount of taper.
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REPLACING CYLINFER HEAR BOLT HOLE PLUG

FIG.. 2 Checking Depth of Plug with Tool J 26244

The cylinder head bolt hole plugs are designed to seal the
head bolt holes from the coolant passages. Tool Kit J
26620 is available for removing and installing the plugs.
Replace a cylinder head bolt hole plug in the cylinder block
as follows (Fig. 2):

1. Remove the old plug and clean the threads of all old

sealant by running a bottom tap (J 25384) down the hole
(do not deepen the tapped hole). The threads must be
clean and dry before applying sealant.

2. Apply a sufficient quantity of Loctite 290 sealant or
equivalent, to the threads in the block at the minimum
depth of the stud plug, as well as to the plug itself. Screw
in the plug until it bottoms. The ,top of the plug must be at
least 2.040at below the block surface (1.920"1 on earlier
cylinder blocks). Torque to 50-60 Ib-ft (68- 81 Nm).

3. If depth gage J 26244 is used, place the gage in the
bolt hole and loosen the set screw (Fig. 2). If the depth
gage is flush with (1.920") or below the knurled gage
holder, the plug is installed and sealed at the proper depth.
Tool J 26244 is made to early cylinder block specifications
of 1.920" and would automatically qualify the current V-71
cylinder block specification of 2.040". Do not apply any
sealant to the top of the plug after installation. Allow the
sealant to set for twelve hours and pressure check for five
minutes at 40 psi (276 kPa).

4. Remove excess Loctite from the bolt hole threads by
running a 11/16" bottom tap until it bottoms on the plug.
Run the tap in by hand. Power equipment (impact gun,
etc.) should not be used as they may cause the tap to
disturb the Loctite seal.

Inspect the bolt hole for debris before and after these
operations.

INSTALLATION OF BOLT-ON REAR BALANCE WEIGHT FOR 8V-71 ENGINES

To permit an in-frame overhaul of an 8V-71 engine built
prior to 8VA-115016, when installing the new cross-head
pistons, a new rear balance weight is now available as a
service item.

The new weight is used in conjunction with the existing
balance weight attached to the engine side of each rear
camshaft gear. It will only be necessary to remove the
flywheel housing large hole covers to install the additional
weights to the exposed face of the camshaft gears.

Install a Rear Balance Weight

1. Remove the flywheel housing large hole cover.

2. Determine the location of the existing balance weight
attaching bolts and nuts. Then remove the two retainer

attaching bolts and lock washers at the two positions-
adjacent to them.

NOTE: Place a cloth in the opening to keep the
bolts from falling into the gear train.

3. Attach the rear balance weight to the gear nut retainer
with two shoulder bolts.

a. When no accessory drive disc is used, use two
3/8"-24 x .940" shoulder bolts.

b. When a .560" thick accessory drive disc is used,
use two 3/8-24 x .4401, shoulder bolts.

c. When a .180" thick accessory drive disc is used,
use two 3/8"-24 x 1.120" shoulder bolts.

d. Tighten the bolts to 45-50 Ib-ft (61-68 Nm) torque.
e. Remove the cloth from the opening.

4. Install the flywheel housing cover, using a new gasket.
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In addition, a new thicker bolt-on weight for the water pump
drive gear and a new camshaft front pulley (integral cast
weight) are required for proper engine balance (refer to

and 5.1).

NOTE: Additional weights are not required on

engines built effective with 8VA-1 15016 (trunk
style piston) because they already incorporate the
heavier production rear balance weights on the
rear camshaft gears and the correct weight for the
water pump gear and camshaft front pulley.

CYLINDER BLOCK LINE BORING

Tool set J 29005 is designed to repair the main bearing
saddles and line bore the repaired saddles and service line
bore caps in the cylinder blocks which have been damaged
by spun main bearings.

Damaged main bearing saddles can be repaired by
machining to accept an insert bushing. The bushing and
newly fitted service line bore main bearing cap are line
bored to the proper dimensions to accept standard main
bearing shells.

The line bore operation
procedure.

is an acceptable warranty

Instructions for using the cylinder block line boring tool J
29005 are listed below:

1. Remove all the plugs and main bearing caps and clean
the useable cylinder block.

NOTE: The use of this tool is dependent upon the
existence of two undamaged main bearing saddles.

2. Determine which two undamaged main bearing
saddles are to be used as alignment locations. These
saddles should be as far apart as possible. Since the rear
main bearing saddle cannot be repaired with this tool set, it
must be one of the undamaged saddles.

In a block where the front and rear main bearing cap and
saddle are serviceable, the journals in between can be
repaired successively without removal of the centering
rings from the front and rear positions. In the case where
the only good main bearing bores are next to each other,
the centering rings will have to be mounted there and
marked for indexing. The closest bore will then be
repaired. The rear centering ring will remain in position,
but the other centering ring will be moved into the just
repaired saddle so that the next damaged saddle can be
repaired. The centering ring being moved should be
indexed the same when moved from saddle to saddle.

3. Set the centering rings (4.8125") into the alignment
saddles and install the main bearing caps. Do not tighten
the bolts.

4. Slide the boring bar through the centering rings.
Lubricate the ring hole during installation. The bar

should rotate freely (Fig., 3). Tighten the main bearing
cap bolts to the torque specified, 165-175 Ib-ft (224-238
Nm).

NOTE: If the centering rings are loose in the
saddle after tightening the bolts, use .001" paper
shims as necessary between the ring and the main
bearing cap.

5. Install the caps and tighten the bolts on all the
remaining saddles, except the saddle to be machined. Do
not torque the bolts. This is only to keep chips out of the
bolt holes.

6. Fasten the torsion bar and the hydraulic feed unit on
either end of the cylinder block. Index the flat on the feed
rod into the boring bar. Snug the set screw [Fig. 4).

7. Zero the micrometer with the test block supplied

[5).

NOTE: The micrometer is .050 per revolution, not
.025" as normally seen on micrometers.

8. Install the cutting tool holder on the micrometer test

FIG.. 3 - Location of Boring Bar

Page 4
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DETROIT DIESEL V-71 (Vehicle)

Shop Notes 1.0

v i
FIG. 4 Location of Feed Rod and Unit

should rotate freely (FIG. 3). Tighten the main bearing
cap bolts to the torque specified, 165-175 I|b-ft (224-238
Nm).

NOTE: If the centering rings are loose in the
saddle after tightening the bolts, use .001 " paper shims as

necessary between the ring and the main bearing
cap.

5. Install the caps and tighten the bolts on all the
remaining saddles, except the saddle to be machined. Do
not torque the bolts. This is only to keep chips out of the
bolt holes.

6. Fasten the torsion bar and the hydraulic feed unit

FIG. 5 Test Fixture and Micrometer

on either end of the cylinder block. Index the flat on the
feed rod into the boring bar. Snug the set screw (Fig._4).

7. Zero the micrometer with the test block supplied
[5).

NOTE: The micrometer is .050 " per revolution,
not .025 " as normally seen on micrometers.
8. Install the cutting tool holder on the micrometer test
fixture. Use only the straight Allen wrench supplied in the
kit. Set the cutting tool for the first cut of .040 (Fig._6).

EXAMPLE:

Block Insert
Bore diameter 4.812" 4.712"
First cut +.040"  +.040"
Set tool 4.852"  4.752"
Second cut +.040"  +.040"
Set tool 4.892" 4.792"
Final cut +.020" +.020"
Set tool 4.912" 4.812"

NOTE: The point of the cutting tool should be in
the center of the micrometer barrel.
9. Install the cutting tool on the boring bar. Excessive
tightening of the Allen head screws is not required.

NOTE: The tool feeds away from the operator and
rotates clockwise as viewed by the operator
Whenever installing the cutter, be sure the sharp
portion of the bit is in the cutting position.

)

10. Lubricate the boring bar with engine oil at the centering
rings before each cut.

FIG. 6 Installing Cutting Tool Holder

© 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

1.0 Shop Notes

FIG. 7 Position of Cutting Tool

11. Use a 1/2 " drill motor of 300-400 RPM and install the
universal drive (lubricate) into the drill chuck. Move the
hydraulic feed unit lever to the "closed" position (Fig._8).

12. Line bore the distressed saddle using the three cuts
and the dimensions given in Step 8.

FIG. 8 Use of Hydraulic Feed Unit

13. If other bores are to be machined, install the cap and
tighten the bolts to the torque specified (Section 1.1) on the
completed saddle and proceed to the next saddle. Start
with Step 7.

14. Remove the boring bar and clean the reworked
saddles.

15. Install and align the insert with the hold down bolts to
plates provided. Tighten the bolts to 20 Ib-ft (27 Nm)
torque.

NOTE: Use the plate with a "step” on the side of
insert opposite the tang.

the
16. Check the insert for alignment and fit.
17. Mark the drill 1/4 " from the end, using a 1/8 drill bit.

18. Dirill the saddle through the four predrilled holes in the
insert.

19. Clean the drilled holes with compressed air and install
the rivets.

20. Secure the rivets with a hammer and punch. Be
careful not to strike the insert directly, as the insert will
distort. Two or three blows on the punch are usually

sufficient to secure the rivets (Fig. 9).

NOTE: Rivets are intended for locating more than
retention. The bearing and cap provide retention
of the insert.

FIG. 9 Psition oshig nd Hold Down
Plate

© 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Shop Notes 1.0

21. File off the excess rivet material (Fig. 9).

22. Remove both the insert hold downs and file the excess
material on the insert flush with the saddle-cap parting
surface. If the insert is loose, secure the rivets.

23. Install and tighten the bolts for the Service Line Bore

cap to the torque specified (Section 1.1).

24. Line bore the cap and insert to the standard bore
dimensions, using previous procedure and dimensions in
step 8.

25. Remove burrs, debris and clean with spray-lube.

26. Check the finished bore with the Go-NoGo test ,-rings
mounted on the boring bar. The ring should go through the
reworked bore with a light drag.

NOTE: If centering rings are removed during the
line boring operation, mark the ring and saddle to
insure proper reinstallation alignment.

27. Clean the cylinder block, reinstall the plugs and
proceed with the rebuild.

REWORKING 8V-71 CRANKSHAFT

A six flywheel bolt hole 8V-7 | crankshaft can be reworked

(sed Fig. 1D) to an eight flywheel bolt hole crankshaft as
follows:

1. Remove the two dowels by drilling and tapping, using a
slide hammer.

2. Drill the reamed dowel holes 37/64 "-2.25 deep.
3. Countersink the holes 120 “-to .62 " - .65 " diameter.
4. Tap the holes using special helicoil taps.

a. Rough tap, using helicoil tool 9 FRU.

P—- 2.25" REF, =i

1.12"
MIN. REF.

41"
~— REF.
.38"

5 rer
[z

- 120° REF.

452780
HELICAL
INSERT-
2 PLACES
\ REF,
5144275

CRANKSHAFT

1-6095

STEP HEAD BOLT

FIG. 10 Reworking 8V-71 Crankshaft to 8 Holes
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DETROIT DIESEL V-71 (Vehicle)

b. Finish tap, using helicoil tool 42193-9 H3.

NOTE:
diameter
minimum.

The finished thread will have a pitch
of .5986 " - .6020 " and a depth of 1.62 "

5. Install a 1 1/8 " helicoil (I 191-9CN 1.125) in each hole,
using helicoil driver 535-9. The helicoils must be 3/8 " -
13/32 " below the surface.

6. Break off the driving tang of the helicoil with long nose
pliers by bending the tang up and down until it snaps off at
the notch. Remove the tang from the hole.

MODIFICATION OF CLOSED AIR BOX DRAINS

The closed air box drain system utilized a drain tube that
was routed to the crankcase via the rear dipstick holes at
each side of the engine block (Fig._11).

Engine owners wishing to modify the closed system should
proceed as follows:

1. Cut the air box drain tube between the check valve and
the dipstick adaptor.

2. Crimp over the remaining portion of the tube at the
adaptor to prevent crankcase vapors from escaping.

3. Leave the drain tube leading from the check valve to
discharge air box drainage to the atmosphere.

FIG. 11 - Closed Design Air Box Drain Tube
and Check Valve System (6 and 8V Engines)

© 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

1.0

TROUBLE SHOOTING

EXHAUST VALVE

Probable Causes

1. STICKING VALVE

4. BENT VALVE

8. VARNISH DEPOSITS

ON VALVE STEM

5. BROKEN VALVE

|
9. SCORED OR SCUFFED

2. IMPROPER VALVE VALVE STEM
SEATING »
6. EXCESSIVE VALVE TO |
GUIDE CLEARANCE 10. ALL VALVES BENT
. |
3. VALVE SEAT PITTED 7. CARBON DEPOSITS 11. OIL RUNNING DOWN
OR OVERHEATED ON VALVE HEAD VALVE STEM

1. Check for carbon deposits, a bent valve guide,
defective spring or antifreeze (glycol) in the lubricating oil.
Replace a bent guide. Clean-up and reface the valve.
Replace the valve if necessary.

2. Check for excessive valve-to-guide clearance, bent
valve guide or carbon deposits. Replace a bent or worn
guide. Clean the carbon from the valve. Reface or
replace the valve, if necessary.

3. Check the operating conditions of the engine for
overload, inadequate cooling or improper timing. Reface
the valve and insert. Replace the valve if it is warped or
too badly pitted. Use a harder-face valve if the operating
conditions warrant.

4. Check for contact between the valve head and the
piston as a result of incorrect valve clearance, an
improperly positioned exhaust valve bridge (four valve
head) or a defective spring. Check the valve guide, insert,
cylinder head and piston for damage. Replace damaged
parts.

5.  Check for excessive valve-to-guide clearance, a
defective valve spring or etching of the valve stem at the
weld. Improper valve clearance is also a cause of this type
of failure. Check the guide, insert, cylinder head and
piston for damage. Replace damaged parts.

6. Replace a worn valve guide.
valve, if necessary.

Check and replace the

SUGGESTED REMENDY

7. Black carbon deposits extending from the valve seats to
the guides indicates cold operation due to light loads or to
the use of too heavy a fuel. Rusty brown valve heads with
carbon deposits forming narrow collars near the guides
indicate hot operation due to overloads, inadequate cooling
or improper timing which results in carbonization of the
lubricating oil. Clean-up the valves, guides and inserts.
Reface the valves and inserts or replace them if they are
warped, pitted or scored.

8. Check for a worn valve guide or excessive exhaust
back pressure. Replace a worn guide. Check the valve
seat for improper seating. Reface the valve and insert or,
if necessary, replace.

9. Check for a bent valve stem or guide, metal chips or
dirt, or for lack of lubrication. Clean up the valve stem with
crocus cloth wet with fuel oil or replace the valve. Replace
the guide. When installing a valve, use care in depressing
the spring so that the spring cap DOES NOT scrape the
valve stem.

10. Check for a gear train failure or for improper gear train
timing.

11. Check the operation of the engine for excessive idling
and resultant low engine exhaust back pressure. Install
valve guide oil seals.

© 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

SPECIFICATIONS

Specifications, clearances and wear limits are listed below.
It should be specifically noted that the clearances apply
only when all new parts are used at the point where the
various specifications apply. This also applies to
references within the text of the manual. The column
entitled "Limits" in this chart lists the amount of wear or
increase in clearance which can be tolerated in used

engine parts and still ensure satisfactory performance. It
should be emphasized that the figures given as "Limits"
must be qualified by the judgment of personnel responsible
for installing new parts. These wear limits are, in general,
listed only for the parts more frequently replaced in engine
overhaul work. For additional information, refer to the text.

TABLE OF SPECIFICATIONS, NEW CLEARANCES AND WEAR LIMITS

These limits also apply to oversize and undersize parts

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS
Cylinder Block

Block bore:

DIGMELET ..o 4.6256" 4.6275"

OUL-Of-rouNd ... .0010” .0020”

LI L= PO PP TT TP P OPPPPPPRPTTN .0010” .0020”
Cylinder liner counterbore:

DIGMELET oot 5.0460" 5.0510¢

DEPLN e A4770" 4795
Main bearing bore:

Inside diameter (vertical axiS) .......cceevveeeiiieiiiiiiiiieeaeieeans 4.8120" 4.8130"
Top surface of block:

Centerline of main bearing bore

t0 top Of BIOCK ..eeeiiiiiii 16.1840" 16.1890" 16.176"min.

Flatness--transverse (all) ..o, .0030”

Flatness--longtudinal (6V) ...........ooiiiiiiiiiiiiiiiieeeeeeeiiinn, .0060”

Flatness--longitudinal (8V) ..........uovviiiiiiiiiiiiieiien, .0070”
Flatness--longitudinal (12V)........ccouuiiiiiiiiiiiiiii e, .0090”
Depth of counterbores (top surface):

Cylinder head seal Strip groove ........ccccccovveeiiieiiiiinnnnnn. .0920” .1070”

Water holes (between cylinders) ..........ovieiiiiiiiiiienineens .1090" .1200”

Combination water and oil holes ................. .o .0870" .0980"

Cylinder Liner

Outside diameter .........ccccovviiiiiiiiii 4.6250" 4.6265"
INSide dIAMELEr ..o 4.2489" 4.2511"
Clearance--liner-to-bloCK ...........ccccccoiiiiiii .0020” .0025”
Out-of-round--inside- diameter ..........cccccccvviiiiiii, .0020" .0025"
Taper--inside diameter ... 0010” .0020"
Depth of flange BELOW bIOCK ........covviiiiiiiiiiiiiiiieiii, .0450” 0500” .0500”
Variation in depth between adjacent liners...............cccceeevneenn. .0020” .0020”
INSErt thiCKNESS ..o .1795" .1800"

© 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle) Specifications 1.0

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS

Trunk Type Pistons and Rings
V-71 Engines

Piston:
Height (centerline of bushing to top):
Two valve head engine..........cccocoeiiiiiiiiiiiiiiicnnnenn, 3.3880" 3.3930"
Four valve head engine ..., 3.5130" 3.5180"
Diameter (above compression rings:
Two valve head engine .........cccccceeeiiiiiiiiiiiiiiinnnenn. 4.2217" 4.2247"
Four valve head engine (60 cmm inj.)..........ccceevnnnnen. 4.2230" 4.2260"
Four valve head engine (70 cmm inj.)........occoeeevnnnnnn. 4.2190" 4.2220"
Diameter (at skirt):
Two valve head engine .........cccoccceeiiiiiiiiiiiiiiicnnneenn. 4.2433 " 4.2455"
Four valve head engine (60 cmm inj.).........cccceevnnnnn. 4.2433" 4.2455"
Four valve head engine (70 cmm inj.)........occoeeeennnnn. 4.2428" 4.2450"
Clearance--piston skirt-to-liner:
Two valve head engine ..........cccccvveiiiiieiiiceiiiineeen, .0040" .0078" .0120"
Four valve head engine (60 cmm inj.)..........ccceevnnnnn. .0040" .0078" .0120"
Four valve head engine (70 cmm inj.)........occoeeennnnnnn. .0045" .0083" .0120"
OUL-OF-TOUND ...uvviiiiiiiiiiiiiiiiiiii i .0005"
L= = S TP TOPPTTR 0005"
Compression rings:
Gap (tOP-fire FiNG) ..c.eveeiiieeiiieiiiee e e .0230" .0380" .0600"
Gap (NO. 2,3 8Nd4) ..oovviiiiiiiriiiiiiiiiieieieeeeeeeeees e .0180" .0430" .0600"
Clearance--ring-to-groove:
NoO. 1 (top, fire riNg) ...oooevveeiiiiei e 0040 " .0070" .0100"
NO. 2 oottt .0095” .0130" .0220"
NO. 3 ittt .0075" .0110" .0150"
NO. 4 Lot .0055" .0090" .0130"
Qil control rings:
GAP  ettrrrrri e .0080" .0230" .0430"
Clearance--rng-t0-groOVe..........ccuuuuiiieeeiieeiiiiiae e e eeeeeiieanns .0015" .0055" .0080"
V-71N Engines
Piston:
Height (centerline of bushing to top)...........ceevviiiiiiiinnnnnn. 3.5430" 3.5480"
Diameter (above compression rings).........cccooveeeeveeennnnnn. 4.2225" 4.2255"
Diameter (at SKirt) .......coooooiiiiiiiiiieeeeei e 4.2428" 4.2450"
Clearance--piston skirt-to-liner ...........ccccooiiiiiiiiiiiiiinnen. .0045" .0083" .0120"
OUL-OF-TOUND ...uvviiiiiiiiiiiiiiiiii bbb .0005"
=1 = S TP TOPPTTR 0005"
Compression rings:
Gap (tOP-fire FiNG) ...cooveeeiieeeiiee e .0230" .0380" .0600"
Gap (NO. 2,3aNd 4) ....ovvvviiiiiiiiiiiiiiiiiiiiiieieeeeieeneieeees .0180" .0430" .0600"
Clearance--ring-to-groove:
No. 1 (top-fire ring) ....ooooemiiiiiii e, .0040" .0070" .0180"
NO. 2 it .0100" .0130" .0220"
NO. 3 AN 4....oiiiiiiiiiiiiiiiiiiiii e .0040" .0070" .0130"
Qil control rings:
AP . teerrrrti e .0080" .0230" .0430"
ClearanCe ...........cccvererrriiiiiiiiiiiiiiiie .0015 .0055" .0080"

© 1980 General Motors Corp. March, 1980 SEC. 1.0 Page 11
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DETROIT DIESEL V-71 (Vehicle)

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS
V-71T Engines
Piston:
Height (centerline of bushing to top...........ceeviiiiiiiiiiinnnn. 3.5130" 3.5180"
Diameter (above compression rings)..........cceevveeeeeeeennnnnn. .4.2170" 4.2200"
Diameter (.at SKirt .........oooviiiiiiiiiiii e 4.2393" 4.2415"
Clearance--piston skirt-to-liner ..........cccocceeviiiiiiiiiiiinnnn. .0080" .0118" .0140"
OUL-OF-TOUND ....evviiiiiiiiiiiiiii i .0005"
TP e e .0005"
Compression rings:
Gap (tOP FNG).. .evvevrrrrrririiiiiirireiirerrr e .0230", .0380" .0600"1
Gap (NO. 2,3 8Nd 4). ...uvviiiiiiiiiiiiiiiiiiiiiiiiniiee s .0180" .0430" .0600"1
Clearance--ring-to-groove:
TOP RING oo 0040" .0070" 0100~
NO. 2 ettt 0095" .0130" .0220"
NO. 3 ittt 0075" .0110" .0150"
NO. 4 Lo 0055"1 .0090" .0130"
Qil control rings:
Gap (two rings in [oWer groove) ........c..ueeevieeeiieeiiiinnnennn. .0050" .0140" .0340"
Gap (one ring in UPPEr groOVe) ........cceuvruurieeeeeeeeiiinneenn .0050" .0140" .0340"
Clearance (two rings in lower groove)... ........cccccuvvvueennnn. .0015" .0055" .0080"
Clearance (one ring in Upper groove).... ......ccceeeevvvennnennn. .0010" .0035" .0060"
Piston Pins (Trunk Pistons)
Length.....oo 3.6050" 3.6200"
DIaMEteI ..o 1.4996" 1.5000" 1.4980"
Clearance--pin to piston bushing ............cueiiiiiiiiiiiiiiinen, .0025" .0034" .0100
Clearance--pin to conn. rod bushing.............cooooovvveiiiiinnnnnn. 0025" .0034" .0100"
Clearance--end (pin-to retainer--
retainer with 10ck ring)..........ceeeviiiiiiiiiii, .0160" .0640" .0640"
Piston bushing--inside diameter .............ccccceviiiiiniiiiiiiiiinnnnn. 1.5025" 1.5030" 1.5050"
Connecting Rod
Length--center-to-center of upper and lower bores ................ 10.1240" 10.1260"
Inside diameter (upper bushing) ..., 1.5025" 1.5030" 1.5080"
Normal side Clearance...........ccccccvvviiiiiii 0080" .0160"

© 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle) Specifications 1.0

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS

Cross-Head Pistons and Rings
V-71N and V-71T Engines

Piston crown:
Saddle-to-crown distance:

N piston (18.7:1 compr. ratio) .........veevvieeeiiieeiinnnnennn. 2.7030" 2.7100”
T piston (17:1 compr. ratio) ........ccooeeevvvinineeeneeeninnnnn. 2.6730” 2.6800”
Diameter:
ALTOP oo e 4.2226" 4.2256"
Below both compression rings ..........cccoovveviiieiiiiiinnneeennn, 4.2391" 4.2421"
Above and below seal ring groove ..........ccooooeeiiiiiiiinn e 3.8850” 3.8950”
Above and below bearing saddle .............cccciiiiii, 3.2360” 3.2370"
Compression rings:
Gap (top-fire riNG) ..eeeeeriieeiiieiiiee e e .0230” .0380” .0600”
Gap (NO. 28N 3) .t e 0180” .0430” .0600”
Clearance--ring-to-groove:
*Top (Keystone fire ring) .......cccoveveuiiiiiniieiiiieiiieeeee, .0010” .0050” .0070”
No. 2 (rectangular SECtION)..........cceeeevviviiiiieeiieeiiinnnn, .0100” .0130" .0220”
No. 3 (rectangular SECtioN) .........cccoovviviiiiiriiiieninnnnn. .0040” .0070” .0130”
Seal ring:
Gap (in skirt counterbore) ..., .0020” .0210” .0270”
ClEAIANCE ....coees ittt .0005" .0030” .0040”
Piston skirt:
T DIAMELET ...eiiiiiiiiiiiiee e 4.2428" 4.2450"
Clearance--skirt-to-liner ............ccccvvvviviiiiiiiiiiiii, .0045” .0083" .0120”
Seal fNG DOe ......uveiiiiiii s e 3.9200” 3.9240” 3.9260”
Piston pin bore ... 1.5000" 1.5030" 1.5040"
Qil control rings:
Gap (two rings in [ower groove) .......cccceevvieeeiieeiiiinnnenn. .0080” .0230” .0430”
Gap (two rings in upper groove) (V-71N engine) ............. .0080” .0230" .0430”
Gap (one ring in upper groove) (V-71T engine)............... .0050” .0140, .0340”
Gap (two rings in upper groove) (V-71T engine).............. .0080” .0230, .0430”
Clearance (two rings in lower groove) ............ccccceevvvnnnn. . .0015" .0055" .0080”
Clearance (one ring in UppPer grooVe) ........cccccceevvvueennn. .0010” .0035" .0060”

Piston Pins (Cross-Head Piston)

LENGEN oo 3.6150” 3.6250”
DIGMELET ... 1.4996", 1.500” 1.4980"
Slipper bearing (bushing):
Thickness at CeNter ... .0870" .0880" .0860"
Clearance (edge of bushing to groove in piston)........ ..... .0005” .0105" .0120”

* Measured with Keystone fire ring flush with outside diameter of piston crown.
t Diameter above and below the piston pin may be 4.2414".
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1.0 Specifications DETROIT DIESEL V-71 (Vehicle)

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS
Crankshaft
Journal diameter--main bearing ........ccccccoooiiiiiiiiiiiii 4.4985" 4.5002"
Journal diameter--conn. rod bearing ...........ccccevviiiiiiininnnn, 2.9985" 3.0002¢
Journal Out-Of-roUNd ............euuvviiiiiiiiiiiiiiiii s 0005" .0005"
Journal taper:
Main DEANNG .....coiiiiiiiiii e 0006" .0006"
Connecting rod - full length ... .0008”
Connecting rod - half length ..o .0004"
§ Runout on journals--total indicator reading:
6V-71 crankshaft (mounted on No. 1 and No. 4
journals):
At No. 2and No. 3journals .........coeeevveeiiiiiiiinnennennns 0020
8V-71 crankshaft (mounted on No. 1 and No. 5
journals):
At No. 2and No. 4 journals .........coceeveeeviiiiiiinennnennn, 0020
AtNO. 3journal .......oeeeiiiiiiiiii e 0040”
12V-71 crankshaft (mounted on No. 1 and No. 7
journals):
At No. 2and No. 6 journals ..........oceeeveviiiiiiiinennnennns 0020"
At No. 3and No. 5journals .........cooeeveeiiiiiiiiinnnnnennn, 0040”
AENO. 4journal ........eeeiiiiiiiiiii e 0060"
Thrust washer thiCkness ............cccccvviiiiiiiiiiiiiiis .1190” .1220”
End play (end thrust clearance) ............ccccveiiiiiiinieeiiiiiiiinnnn. .0040” .0110” .0180”
Connecting Rod Bearings
Inside diameter (vertical axiS) ......c..uveeeviieiiiiiiiiiieeeeeeeiieann, 3.0010” 3.0030”
Bearing-to-journal clearance .............cooccveeiiiiiinnieeiieeeiiinn, .0008” .0045", .0045"a
Bearing thickness 900 from parting line ..........cccoooviiiiiiiinnnnnn. .1240” .1245"
Main Bearings
Inside diameter (vertical axiS) ......c..eeviiieiiiiiiiiiiiieeeeeeeeiiennn, 4.5016" 4.5040”
Bearing-to-journal clearance ..............ccccciieiiiiiinineeiieceiiinn, .0014” .0055” .0055"
Bearing thickness 900 from parting line ..........cccoooiiiiiiiiiinnnnn. .1545" .1552"
Camshaft
Diameter (at bearing journals):
Front and rear (6 and 12V engines) .........cccccuvvvuniiieenneenns 1.4970” 1.4975"
Front and rear (8V engines) ...........ceviiieiiieiiiiiiniieeeeeeeeiieann, 1.4960” 1.4965"
Center and intermediate ............ccccvvvvviiiiiiiiiiiiiiii, 1.4980" 1.4985"
Runout at center bearing (when mounted
0N end DEAIINGS) ...vuuii it 0020
ENd thrust ... .0040” .0120” .0180”
Thrust washer thiCkness ............cccccviviiiiiiiiiiiiiis .1190” .1220”

8 Runout tolerance given for guidance when regrinding crankshaft. When the runout on adjacent journals is in the
opposite direction, the sum must not exceed .003" total indicator reading. When the runout on adjacent journals is in the
same direction, the difference must not exceed .003" total indicator reading. When high spots of the runout on adjacent
journals are at right angles to each other, the sum must not exceed .004" total indicator reading or .002" on each journal.

© 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Specifications 1.4

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS
Camshaft Bearings
Inside diameter:
Front and rear ..........cccccvvviii 1.5010” 1.5010”
Center and intermediate ..........cccccccvvviiiiiiiiii 1.5010" 1.5030"
Clearance--bearing-to-shaft:
Front and rear (6 and 12V enginNes) .........cccccuvvviinneeiieeennnnnnn. .0025" .0040" .0060”
Front and rear (8V engines) ........cccuuuiiiiieiiiiiiiiiiiin e, .0035” .0050” .0060”
Center and intermediate ...........ccccccvviiiiiiiiiii .0025” .0050” .0090”
Outside diameter:
Front and rear .........cccccciiiiiii 2.1875” 2.1880”
Center and intermediate ..........cccccccvviiiiiiiiiii 2.1840, 2.1860"
Diameter of cylinder block bore ..., 2.1875"a 2.1889"
Clearance--bearings-to-block:
Front and rear .........coooeiuiiuiiii e .00054" press. 00141 loose
INtErMEdiAte ..o .0015” .0045”
Camshaft Gears
INSide dIAMELEr . .o 1.1865" 1.1875"
Clearance--gear-to-shaft ..........ccccooiiiiiiiiiiiie, .00159" press .0000”
Backlash ... .0020, .0080" .0100"
Idler Gear
Backlash ... .0020" .0080" .0100"
Pre-load--Variation on pull 21bs. 11027 ....cccevvieiiiieiiiiiiinnnnnn. 1/2 Ib. 4 bs.
Crankshaft Timing Gear
InSide diamMEeter ......coooiiiieee 5.2490f, 5.2510,
Clearance--gear-to-shaft ..........ccccooviiiiiiiiiiiie, .0011 press .001" loose
Backlash ... .0020, .0080, .0100"
Blower Drive Gear (and Left Bank Accessory Drive Gear)
Backlash ... .0020” .0080" 0100~
Inside diameter (support bushing) ..........ccccciiiiiiinnnn. 1.6260" 1.6265"
Hub diameter (at bearing) .........ccoooveeiiiiiiiiii e, 1.6240” 1.6250"
Hub-to-support bushing clearance ...........cccccoooeeiiiiiiiiiiiinnnnnn. .0010” .0025" .0050”
Thrust washer thiCkness ............cccccviviiiiiiiiiiiiiis 2350” .2450”
Thrust bearing thickness ....... ..., .0590” .0610"
ENd thrust ... .0050” .0100" .0120”
Cylinder Head
Flatness--tranSVersSe.........ccccciviiiiii .0040”
Flatness--longitudinal (6V enging) ...........cccoovviiiiiniieeiiieiiinnnnn. .0055",
Flatness--longitudinal (8V enging) .........cccccceiiiiiiiiiiiiiiiinnnnnn. .0080,
Flatness--longitudinal (12V enging) ..........cccccovviiiiieeeiieennnnnnn. .0100’
Distance between top deck and fire deck ...............ccceeeeinnnnnn. 3.5560” 3.5680” 3.5360”
WaALEI NOZZIES ... .0312" recess flush
Cam follower DOres ... 1.0620" 1.0630" 1.0650"
Exhaust Valve Insert Counterbore:
Diameter (2 ValVe) .....coouvuiiiiiiiiiii e 1.6260" 1.6270”
Diameter (4 ValVe) .....ooouuuiiiiiiiiiii e 1.2600” 1.2610”
Depth (2 ValVe) ..o .3705” .3845"
Depth (4 Valve) ... .3380" .3520"

© 1982 General Motors Corp.
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1.0 Specifications

DETROIT DIESEL V-71 (Vehicle)

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS
Exhaust Valve Seat Inserts
Outside diameter (2-vValVe) .........eciiiiiiiiiiiiiiii e 1.62751, 1.6285"
Outside diameter (4-valVe) .........eciiiiiiiiiiiiiiiii e 1.2615", 1.2625"
Seat width (2-ValVe) ...... oo .0625" .0937" .0937”
Seat width (4-valve) ......cccccoiiiii .0468” .0937" .0937”
ValVe SEAL FUNOUL .....cevvviiiiiiiiiiiiiiieieeeeeeeeee e aeaaeanaaa s . .0020” .0020”
Exhaust Valves

Stem diameter (2-Valve).. ... 3417 .3425" .3405"
Stem diameter (4-ValVe) ... .3100” .3105” .3090”
Valve head-to-cylinder head:
30° (former 2-valve and 4-valve) ........cccooviiiiiiiiiiiiiiie, .002" recess. .028" protr.
300 (current 2-valve and 4-valve) ........ccccocoeeiiiiiiiiiiiiiinnnen, .023" recess. .006" protr. .038" recess.

Valve Guides

Height above cylinder head (2 valve) .......ccccooieiiiiiiiiiiiniinnnn. 1.5300”
Height above cylinder head (4 valve) ........cccoooooiiiiiiiiinnnn. . .8800"
Height above cylinder head (4 valve-machined guide) .......... 6900”
Diameter--inside (2-Valve)..........coouuiiiiiiiiieiii e, .34459
Diameter--inside (4-valve) .........iiiiiiiiiiiiiiiii e, .3125"
Clearance--valve-to-guide (2-valve) .......ccccoooiiiiiiiiiiiinnnnenn. .0020”
Clearance--valve-to-guide (4 valve) . ......ccccoeeviiiiiiiiiiiiineneen, .0020"

Valve Bridge Guides

Height above cylinder head (4-valve) .......ccccoooeeiiiiiiiiiiiiinnnnn. 2.0400”
Rocker Arms and Shafts
Diameter--rocker shaft .........ccccccoiiiiiiiiiiiiiii e .8735"
Diameter--inside (rocker arm bushing) .........cccccooviiiiiiiiiinnnn. 8750
Clearance--shaft-to-bushing ............ccccciii .0010”
Cam Followers
(BT T 1= (] PSPPSR 1.0600”
Clearance--follower-to-head .............ccooeeiiiiiiiiie, .0010”
Rollers and pins:
Clearance--pin-to-bushing ...........cccciiiiiiiii, .0013”
Side clearance--roller to follower .........cccocoiviiiiiiiinnennn. .0110”

1.5300”
.8800”
.6990"

.34559
31359
.003R”
.0035"

2.0400”

.8740”
.8760”
.0025"

1.0610”

.0030”

.0021"
.0230”

.3465"
.3140”
.0060”
.0050”

.0040”

.0060”

.010” Horiz.
.0230”

© 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Specifications 1.0

STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

260M BOLTS 280M OR BETTER

THREAD TORQUE THREAD TORQUE
SIZE (Ib-ft) Nm SIZE (Ib-ft) Nm

LA 20 oo 5-7 7-9 LA 20 oo, 7-9 10-12
LA 28 oo 6- 8 8-11 LA 28 oo, 8-10 11-14
5/16-18 ..o 10-13 14-18 5/16-18 oo, 13-17 18-23
5I16-24 ..o 11-14 15-19 5I16-24 oo 15-19 20-26
318 <16 e 23-26 31-35 3/8 <16 oo, 30-35 41-47
318 24 oo 26-29 35-40 318 24 oo, 35-39 47-53
TI16-14 oo 35-38 47-51 TIL6-14 oo 46-50 62-68
7/16-20 oo 43-46 58-62 7I16-20 oo 57-61 77-83
5 T R 53-56 72-76 12 13 oo, 71-75 96-102
1220 oo, 62-70 84-95 1220 oo, 83-93 113-126
/1612 oo 68-75 92-102 /1612 oo, 90-100 122-136
O/16-18 ..o 80-88 109-119 O/16-18 oo 107-117 146-159
5/8 -11 oo 103-110 140-149 5/8 -11 oo 137-147 186-200
5/8 =18 .o 126-134 171-181 5/8 =18 .oeeeeeeeeeeeereeenn 168-178 228-242
31410 oo 180-188 244-254 314 -10 oo, 240-250 325-339
31416 oo, 218-225 295-305 314 16 oo, 290-300 393-407
718 -9 oo 308-315 417-427 718 -9 oo, 410-420 556-569
718 14 oo, 356-364 483-494 718 14 oo, 475-485 644-657
(R RS 435-443 590-600 (- O 580-590 786-800
O L 514-521 697-705 114 oo 685-695 928-942

Grade identification markings are normally stamped on the heads of the bolts. To aid identification of the various bolts

used in Detroit Diesel engines, refer to the following chart.

' Nominal Size
Grade Ildentification GM SAE Grade “Diameter Tensile Strength
Marking on Bolt Head Number Designation (inch) Min. (psi)
None GM 255-M | No. & thry 1 1/2 60,000
None GM 260-M 2 No. 6 thry 3/4 74,000
over 3/4to 1 1/2 60,000
. Bolts and Screws GM 280-M 5 No. 6 thry 1 120,000
' over 1 to 1'1/2 105,000
- Hex Heod Sems Only GM 275-M 5.1 No. 6 thry 3/8 120,000
‘ .
DY Bolts and Screws GM 290-M 7 1/4 thru 1 1/2 133,000
>\ Bolts and Screws GM 300-M 8 1/4 thry 1 1/2 150, 000
-! Bolts and Screws GM 455-M None No. 6 thry 1 1/2 55,000

BOLT IDENTIFICATION CHART

© 1980 General Motors Corp.
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1.0 Specifications DETROIT DIESEL V-71 (Vehicle)

EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

APPLICATION THREAD TORQUE TORQUE
SIZE (Ib - ft) (Nm)

Cam follower guide bolt.............oeoiiiiiiiii i, 1/4 -20 12-15 16-20
Injector control shaft bracket bolt ..., 1/4 -20 10-12 14-16
Air box cover bolt ... 5/16-18 8-12 11-16
Oil pan bolts (Iower pan) ..o, 5/16-18 10-12 14-16
Exhaust valve bridge adjusting screw lock nut................ 5/16-24 20-25 27-34
Idler gear bearing retainer bolts ..., 5/16-24 24-29 33-39
Camshaft end bearing bolts ..., 3/8 -16 35-40 47-54
Flywheel housing bOItS ..., 3/8 -16 25-30 34-41
Front accessory drive pulley bolt ...........cccciiiiiiie, 3/8 -16 25 34
Front end plate bolt (two bolts into water jacket plug) ... . 3/8 -16 20-25 27-34
Idler gear hub and spacer bolts ............ccooooiiiiiiiiiiinnnn. 3/8 -16 40-45 54-61
Injector clamp DOItS .......coovviiiiiiii e 3/8 -16 20-25 27-34
Oil pan DOIS (UPPEI) weveniieiiieiiiiiee e 3/8 -16 15-20 20-27
Accessory drive disc to camshaft gear bolt ..................... 3/8 -24 45-50 61-68
Accessory drive hub to camshaft gear bolt ..................... 3/8 -24 45-50 61-68
Blower drive support bolts and NUtS ...........cceeiiiieiiienn. 3/8 -24 25-30 34-41
Balance weight-to-camshaft gear bolt............................. 3/8 -24 15-18 20-24
Balance weight-to-camshaft gear lock nut .................... 3/8 -24 25-30 34-41
Balance weight-to-camshaft gear plain nut .................... 3/8 -24 18-22 24-30
Balance weight-to-camshaft gear slotted nut ................. 3/8 -24 28-32 38-43
Camshaft intermediate bearing lock screw .................... 3/8 -24 15-20 20-27
Crankshaft front cover bolts ..........ccccceiiiiiiii, 3/8 -24 25-30 34-41
Exhaust manifold outlet flange nuts (brass) ................... 3/8 -24 20-25 27-34
Flywheel housing bolts (threaded into plug nuts) ........... 3/8 -24 25-30 34-41
Flywheel housing cover (small hole) .........ccccccceiiiiiiiiins 3/8 -24 30-35 41-47
FUel PIPe NUES ... 3/8 -24 12-15 16-20
Injector clamp NUE ... 3/8 -24 20-25 27-34
Left bank accessory drive support bolts and nuts ........ 3/8 -24 25-30 34-41
Water manifold cover nuts ..., 3/8 -24 20-25 27-34
Flywheel housing “cover (large hole) .........cccccceeiiiiiiiiens 7/16-14 30-35 41-47
Generator drive bearing retaining bolt ................cccc....... 7/16-14 30-35 41-47
Generator drive oil seal retaining bolt ................cccceeeeee. 7/16-14 30-35 41-47
Rear accessory drive pulley bolt ..., 7/16-14 35 a7
Stabilizer DOItS .......cooooiiiiii 7/16-14 70-75 95-102
Connecting rod nut (castellated) ..........cccocceeeiiiieiieeiinnnnn. 7/16-20 65-75 88-102
Connecting rod nut (LUDFte) ........cooveiiiiiiiiiiiiieeieeeiienn, 7/16-20 60-70 81-95
**Cross-head piston pin to conn. rod bolt ...................... 7/16-20 55-60 75-81
Exhaust manifold nuts ... 7/16-20 30-35 41-47
Fuel manifold connector nUts ..., 7/16-20 30-35 41-47
#Fuel manifold connectors (Nylon insert) ...........c.......... 7/16-20 30-35 41-47
Fuel manifold connectors (steel washer) ...............cco..... 7/16-20 40-45 54-61

© 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Specifications 1.0

EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

APPLICATION THREAD TORQUE TORQUE
SIZE (Ib - ft) (Nm)

Cranksahft front cover bolts . ........cccccoeiii, 1/2- 13 80-90 108-122
Flywheel housing boItS ..., 1/2 -13 90-100 122-136
Flywheel housing cover (large hole) .........ccccoeeiiiiiiiiines 1/2 -13 30-35 41-47
Generator drive bearing retaining bolt ................cc........ 1/2 -13 30-35 41-47
Generator drive oil seal retaining bolt ................cccceeeeee. 1/2 -13 30-35 41-47
Idler gear hub and dummy hub bolt .............ccccciiii. 1/2 -13 80-90 108-122
@Rocker shaft bolts .....cceviiviiiie 1/2 -13 90-100 122-136
**Camshaft gear bolt (right-bank - 300M) ........cccccc...... 9/16-18 180-190 244-258
**Elywheel bolts (see Sect. 1.4) ..oeeiiiiiiiiiiiiii, 9/16-18
**Cylinder head boltS..........oooiiiiiiii e, 5/8 -11 175-185 238-251
**Main bearing bolts (assembly) (see Section 1.3.4)....... 5/8 -11
**Main bearing bolts (boring) .........coooviiiiiiiiiiii, 5/8 -11 165-175 224-238
*Cylinder head nuts ... 5/8 -18 175-185 238-251
Rear Accessory drive pulley nut (blower driven)............. 3/4 -16 120-140 163-190
Rear Accessory drive pulley nut (cam driven) ................ 3/4 -16 150-170 204-231
Crankshaft end Dot ..........ccccoiii 1-14 290-310 393-421
Camshaft NUt ... 11/8-18 300-325 407-441
Blower drive gear hub nut .........ccocoeiiiiiiiiii e, 17/16-16 50-60 68-81
Left bank accessory drive gear NUt ...........ccouvviiiiieiiieenns 17/16-16 50-60 68-81

*Stake nut after tightening.

@75-85 Ib-ft (102-115 Nm) torque on the two bolts attaching load limit or power control screw bracket (if used) to the

rocker arm shaft bracket.

**Lubricate at assembly with International Compound No. 2, or equivalent (refer to Parts Catalog or Microfiche, Section

12.8000A).

STANDARD PIPE PLUG TORQUE SPECIFICATIONS

Use sealing compound on plugs without gaskets or teflon.

NPTF SIZE TORQUE NPTF SIZE TORQUE
THREAD (Ib-ft) Nm THREAD (Ib-ft) Nm
- R 10-12 14-16 B 33-37 45-50
LA oo 14-16 19-22 Lo, 75-85 102-115
318 e 18-22 24-30 L4 oo 95-105 129-143
1 23-27 31-37 L2112 oo 110-130 150-177

© 1980 General Motors Corp.
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1.0 Specifications

DETROIT DIESEL V-71 (Vehicle)

SPECIAL PLUG TORQUE SPECIFICATIONS

Oil gallery plug........... .3/8 " Dryseal PTF thread

tAssemble with max. 0.0625 " protrusion from
surface

Assemble flush to 0.0625 " protrusion from
surface

Flush to 0.1250 " recessed

Cylinder head (end) ....... 3/4 " Dryseal PTF-SAE

Cylinder head bolt hole ...........c.ccccc..... 5/8 "-11 850-60 Ib-ft (68-81 Nm) torque
Core hole plug (air box floor) .............. 13/4"-16 150-180 Ib-ft (204-244 Nm) torque
Core hole plug (air box floor)............... 21/2"-16 230-270 Ib-ft (312-366 Nm) torque
Oil drain plug (Nylon washer).. ................. 18mm 25-35 Ib-ft (34-47 Nm) torque

*Apply sealing compound to plugs used without gaskets or teflon.
T After installation, a 0.2187" diameter rod inserted in oil line must pass inner face of plug.
8 Apply Locktite sealant, or equivalent, after plug is installed (not on threads).

STUD TORQUE SPECIFICATIONS

APPLICATION TORQUE TORQUE HEIGHT
(Ib-ft) (Nm)
Cylinder head Stud ...........ccoooiiiiiiiiiiiii e 75 min. 102 min. 4.37 "+.0312"
Exhaust manifold stud ............ccccocvviii 25-40 34-54
Injector clamp Stud..........couuviiiiiiiiiii e, 10-25 14-34
Water hole cover Stud ..., 10-25 14-34
SPRING SPECIFICATIONS
SPRING REPLACE WHEN LOAD
is LESS THAN
Ibs. N HEIGHT
Cam follower (11 coils - .177 " WIire) .....cccuvveniiieeiieeainnnnn. 172 765 @2.1250"
Cam follower (11 1/2 coils - .162 "WIre) ..........ceeevveeennnnnn. 133 591 @2.1094"
Exhaust valve (two-valve cylinder head)........................ 25 111 @2.2000"
§ Exhaust Valve and bridge guide
(9 3/4 coils - 1.35 "wire)(former) .........ooooeiviiiiiiiiiiiieiiee, 79 351 @1.4160"
§ Exhaust Valve (8 3/4 coils - .148 "wire) (current) ......... 25 111 @1.8000"

§ Four-valve cylinder head
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DETROIT DIESEL V-71 (Vehicle) 1.0

SERVICE TOOLS

TOOL NAME TOOL NO.

Cylinder Block

Aftercooler Water Inlet Adaptor Remover and Installer.............oiiiiiii e J 25275
Block Air Box Plug (Adaptor) INStaller............eeiiiiiii e J 28711
Cup Plug Installer (2 112", diamMeter........ccuuuuiiiieeiieeiiiie e eeeeeaeeeanas J 24597
Cylinder Block Air Box Plugging TOOI ..........uuiiiiiiiiiiii e J 29571
Cylinder Block Head BOlt DEPth Gage.....ccuuuuuiiiaeiiiiiiiiie et J 26244
Cylinder Block Head Bolt Hole Plug Tool Kit ..........coouuiiiiiiiii e J 26620
Cylinder BIOCK Ling BOriNg TOOI ...ttt e e e eaneeanas J 29005
Cylinder Checking Gage and Master RiNG Set.........c.uuuuiiiiiiiiiiiiiiii e J 9353
Cylinder Diameter Checking Gage .........ccuuuuuiiiiiiiiiiiiiii e J 5347-01
Master Ring Gage for BIOCK BOI@.........coiiiiiiiiiii et J 8386-01
Cylinder Hone Set (2 1/2", 105 ¥a) cevvvviiiiiiiiiiiiiii J 5902-01
Dial Bore Gage Master Setting FiXtUIe .........uuuiiii it eaeeaanas J 23059-01
Dial INICALON SEL.......cceeiiiiiiiiieee e J227
Diesel ENGINe PartS DOIIY ......ccoooiiiieiee et eaaeaanas J638
Engine Overhaul Stand (6V and 8V ENGINES ONIY ........uuiiiiiiiiiiiiiieeeceeeii e J 6837-01
Engine Overhaul Stand (12V ENGINES) .....ccouuuuiiiiiiiiiiiiiie e J9389-04
Engine Overhaul Stand Adaptor (6V and 8V ENgines ONly)...........ceviiiiiiiiiiiiiiinieeeeeeeiiennn, J 8601-01
Engine Overhaul Stand Adaptor (12V ENgines ONlY).......ccooviiiiiiiiiiiiieeieeeeiiiee e J 8650
HANAIE ... J 7792
Special Plug Remover (dry cylinder BIOCK)-....... ..., J 21996-01
Special Plug Remover (water below port cylinder block). ............ooiiiiiiiiiiiiiien, J 23019
Cylinder Head

Cam FOlOWET SEIVICE FIXIUME ......ccoviiiiiiiiiiiiiiiiiiii J 5840-01
Cylinder Head Guide Studs (Set Of 2).....ccuuiuuiiiieiii e J 9665
Cylinder Head HoIdING Plate Set........cooiiiiiiiiieee et J 3087-01
Cylinder Head Lifting FiXTUIE .........u ettt e e e e eaneeanas J 22062-01
ENGIiNg BArriNg TOO ......uuuuiiiiiiiiiiii ettt e e e ettt e e e e e e eanaaanas J 22582
Feeler Gage Set ((0015", 10 .015") ...t J 3172
TS [ Y (o Tod S (00 ) L 1 PRSPPI J 2318
INJECt FUBI HOIE BIUSK ...t e et a e e eees J815
Pressure Checking TOOI ........oooo i et eaeeaanas J2845
Push ROd REMOVEN (SEE Of 3)-..... it eeeeaanas J 3092-01
SHAE HAMMIET . J26900
SOCKET. ...ttt J89200
SPIING TSI . ettt e e e ettt bbb e e e e e e e ettt a e e e e eabaaaaas J227800
Valve Bridge HOlAING FiXTUIE......coiiiiiiiii et e e e e e ee e eaaeeeees J 21772
Valve Bridge Guide Remover (BroKEN ..........couuuuiiiiiiiiiiii e J 7453
Valve Bridge Guide Remover Set (PreSS Fit ........ooi it J 7091-01
Valve Bridge Guide Installer (Press Fit.... ...t J 7482
Valve Bridge Guide Remover and Installer

(Threaded - 4 Valve HEaU)-.......couuieiieeeeee ettt e eaaeeanas J 6846
ValVe GUIAE ClIRANET ... J5437
Valve Guide Installer (2-Valve Head)..... ..o J 4144
Valve Guide Installer (450 2-Valve Head)-..... .....cooiiiiiiiiiiiii e J 9530
Valve Guide Installer (450 4-Valve Head)-... .......cooiiiiiiiiiiiii e J 9729
Valve Guide Installer (Machined 4-Valve Head)-... ... J 21520
Valve Guide Installer (15U 4 - Valve Head)-..........ooooiiiiiiiiiiiei e .J 6570
Valve Guide Remover (2-Valve Head)-... ...t J 267
Valve Guide Remover (4-Valve Head)-.. ...t .J 6569
Valve Seat Diall GAGE.......uuuuuii ettt e e e et e aaaaaae J61652
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1.0 Service Tools

DETROIT DIESEL V-71 (Vehicle)

TOOL NAME TOOL NO.
VaIVE SEAL GIINAET ... J8165-1
Valve Seat Grinder Adaptor Set (2-Valve Head) ..........ooouviiiiiiiiiiiii e .J 8165-8
Valve Seat Grinder Adaptor Set (4-Valve Head) ... J 6390-02
Valve Seat Insert Installer (2-Valve Head) ..........coooiiiiiiiiiiiii e J 1736
Valve Seat Insert Installer (4-Valve Head) ..........coooi oo J 24357
Valve Seat Insert Remover (31° 2-Valve Head) ... J 4824-03
Valve Seat Insert Remover (4-Valve Head) ........cooooiiiiiiiiiiiii e J 6567-02
Valve Spring Checking Gage .......coouuuuiiiiiiiiiiiiii et aaeeeees J 25076-01
Valve SPriNg COMPIESSOL ...ttt ettt e e e e ettt r e e e e e e etbbb e e e e aaeesebaa e e aaaaaeenes J 7455
Crankshaft
Crankshaft Front Oil Seal INStaller ... J 9783
Crankshaft Oil Seal EXPANUEr .......cooi oo e e eaaeeanas J 22425
Crankshaft Rear Oil Seal INStaller .........cccccoovviiiiiiii J 9727
Crankshaft Rear Oil Seal Expander - Oversize
(6, 8 @aNnd 12V FrONt COVEL) .iiiiiiiiiiii ettt e ettt e e e e e e e atba e e e e e e e enneeanas J 4195-01
Crankshaft Rear Oil Seal Service Sleeve Installer
(B, B ANMA L2V) eeiiiiiiii ittt ettt ettt e e e e e e bbb e e e e e e e s e b b bareaaaeeaaaan J4194-01
Dial INICALOr S ......cceeeiiiiiiieiee e J 5959-01
Driver HandIe ... J 3154-1
Driver HandIe ... J 8092
ENQGING BAITING TOO[  ceetttuuiiiiiiiiiiiita e e ettt e e e ettt e e e e e et e bbb e e e e e e e eeabba e e e e e aeeeesennnns J 22582
Micrometer Ball AttaChMeNt ..........oooiiiiiiiii J 4757
Universal Bar TYPE PUIIET ... et e e eaeeaanas J 24420
Flywheel
Flywheel Lifting FIXTUIE ...ttt e e e e ettt e e e e eanenanas J 25026
Flywheel Lifting TOO .......ii ettt e e e e eaneaanas J6361-01
Oil Seal Removing and Replacing TOOI St .........cooiiiiiiiiiiieii e J 3154-04
Slide HAMMEE S ...ooiiiiiiiiiiiiiii J 5901-01
Flywheel Housing
Drive HANAIE ... J 8092
Flywheel Housing Aligning Studs (Set 0f 4) ... J1927401
Flywheel Housing ConcentriCity Gage St ...........coovvviiiiiiiiiiiii J 9737-01
Ol S€Al EXPANUEL ...ttt e e e e e e et e e e e e e earaaanas J 22425
Oil Seal EXPANAEr (OVEISIZE).....uuuuii ettt ettt e e e e ettt e e e e e eeaneeanas J 4195-01
Piston , Connecting Rod and Cylinder Liner
Connecting Rod Bushing Reamer St ..........coii oo J 1686-03
Connecting Rod HOIAING FIXIUIE ......cooiiiiiiiii e J 7632
Connecting Rod Spray NOZzIe REMOVET .......coiiiiiiiiiiiiiii e J 8995
Cylinder Checking Gage and Master RiNG St ........c.uuuuiiiiiiiiiiiiiii e J 9353
Cylinder Hone Set (2 1/2" t0 5 3/4™ FANGE) ...uuiiiiiiiieiiiiiee et J 5902-01
Cylinder Liner Hold-Down ClamP  ....cooiiiiiiiii ettt e e e eanenanas J 21793-01
Cylinder LINEr REMOVET SEL .....uuuuiiiiieiiiieiiiee ettt e e e e e et eaaaeeaneeanas J 21716
Dial Bore Gage Setting FIXIUIE .........oooiiiiiiiiiiii e e e eeaeeanas J 23059-01
Dial INICALON S ......cceeeiiieiiieeee e J 22273
FEEIEI GAGE SBL ...ttt e e e earaaaaas J 3172
Fire Ring Groove Gage (Cross-head PiStON) ........coiieiiiiiiiiiieiieeeiie e eeeeeeanns J 24599
Master RING Gage (4.2500 ") ..ottt e et a e et e e e e earaaanas J 5580-1
Micrometer Ball AttaChMeNt ..........oooiiiiiiiii J 4757

© 1982 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle) Service Tools 1.0

TOOL NAME TOOL NO.

Piston and Connecting Rod Bushing

INstaller and REMOVET SEL ....ccooiiiii e J 1513-02
Piston Bushing REAMET SEL .......ouuuiiiii et eaeeaaans J 3071-01
Piston Bushing Remaining FiXtUIE ........cooiiiiiiiiiie i eeeeeanns J 5273
Piston Crown Identification Gage (Cross-head) .............cooiiiiiiiiiiiiiiieei e, J 25397
Piston Pin Alignment Tool (Cross-Head PiStON) .............coiiiiiiiiiiiiiii e J 24285
Piston Pin Retainer Installer (trunk-type piStoN) ...........ueooiiiiiiiiiiiiii e J 24107-01
-Piston Pin Retainer Installer (cross-head piStOn) ............coooiiiiiiiiiiiiiiiiiieiii e, J 23762
Piston Pin Retainer Leak DEeteCIOr ..........ooovvviiiiiiiiii J 23987-01
PiStON RING COMPIESSOL ...ttt e ettt e e e e e et e tbb e e e e e e e eetbba e e e e aeeeeesenanns J 3272-03
Piston Ring Remover and INStaller ... J 8128
Piston to Liner Feeler Gage SEL ..o J 5438-01
Seal Ring Compressor (Cross-head PISTON) ........cooiiiiiiiiiiiiiee e J 23453
Camshaft

Accessory Drive Hub Oil Seal AlIgning TOOI ......cooooiiiii J 21166
Alternator Drive Step-Up Gear AIgNMent Gage .........cooovvviviiiiiiiee e J 29893
Balance Weight Cover Oil Seal InStaller ... J 9791
Camshaft Cup PIUg INSLAIIET .........ee e J 24094
Camshaft Gear PUIIEK ..........oooiiiiiiiiii J 1902-01
Camshaft Gear Puller Adaptor Plate Set ... J 6202-01
Camshaft and Oil Pump Gear Replacer ... J 1903
Dial Indicator and AttaChMENt St .........oooviiiiiiiiiii J 5959-01
V11T g Yo F= o | (o ST J 7932
Slide HAMMEE S ...ooiiiiiiiiiiiiiii J 6471-02
SPIING SCAIE .. ettt et et e e ettt e e e e earraanas J 8129
Universal Bar TYPE PUIIET ...ttt eaeeaanas J 24420
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DETROIT DIESEL V-71 (Vehicle)

Fuel System

SECTION 2

FUEL SYSTEM AND GOVERNORS

CONTENTS

Fuel Injector (Crown ValVe) ... e .
Fuel Injector (Needle ValVe) ... e .

Fuel Injector Tube

Fuel Pump

Fuel Strainer and Fuel Filter

Mechanical Governors

Limiting Speed Mechanical Governor
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Limiting Speed Mechanical Governor (Variable Low-Speed)

Limiting Speed Mechanical Governor (Fast Idle Cylinder) ................ 2.7.1.4
Limiting Speed Mechanical Governor (Variable High-Speed) ........... 2.7.1.5
Fuel INjector CoNtrol TUDE .....cocvcviviieeeeeeeeeeee e e
Shop Notes - Trouble Shooting - Specifications - Service Tools ... ..

FUEL SYSTEM

The fuel system (Fig. [) includes the fuel injectors, fuel
pipes (inlet and outlet), fuel manifolds (integral with the-
cylinder head), fuel pump, fuel strainer, fuel filter and fuel
lines.

FUEL PIPES

Fuel is drawn from the supply tank through the fuel strainer
and enters the fuel pump at the inlet side. Leaving the
pump under pressure, the fuel is forced through the fuel
filter and into the inlet fuel manifold, then through fuel
pipes into the inlet side of each fuel injector.

The fuel manifolds are identified by the words "IN" (top
passage) and "OUT" (bottom passage) which are cast in
several places in the side of the cylinder head. This aids

\— FUEL {NJECTOR

. RESTRICTED TEE
installation of the fuel lines. L
injectors to the fuel return manifold and then back to e I ek YALvE
the supply tank.

—a

All engines are equipped with a restrictive fitting in the fuel FUEL FILTER
outlet manifold in one of the cylinder heads to maintain the E ] FUEL STRAINER i
fuel system pressure. Refer td_Section 13.7 for the size

fitting required. -11612

FIG. 1 - Schematic Diagram of Typical Fuel
System

© 1979 General Motors Corp. March, 1979 SEC. 2 Page 1l



DETROIT DIESEL V-71 (Vehicle)

2.1

FUEL INJECTOR (Crown Valve)

The fuel injector (Fig. 1) is a lightweight compact unit
which enables quick, easy starting directly on diesel fuel
and permits the use of a simple open type combustion
chamber. The simplicity of design and operation provides
for simplified controls and easy adjustment. No high
pressure fuel lines or complicated air-fuel mixing or
vaporizing devices are required.

The fuel injector performs four functions:

1. Creates the high fuel pressure required for efficient
injection.

2. Meters and injects the exact amount of fuel required to
handle the load.

3. Atomizes the fuel for mixing with the air in the
combustion chamber.

4. Permits continuous fuel flow.

Combustion required for satisfactory engine operation is
obtained by injecting, under pressure, a small

FIG. 1 - Fuel Injector Assembly

FIG. 2 - Fuel Metering from No-Load to Full-
Load

guantity of accurately metered and finely atomized fuel oil
into the cylinder.

Metering of the fuel is accomplished by an upper and lower
helix machined in the lower end of the injector plunger.
Figure 2 illustrates the fuel metering from no-load to full-
load by rotation of the plunger in the bushing.

Figure 3 illustrates the phases of injector operation by the
vertical travel of the injector plunger.

The continuous fuel flow through the injector serves, in
addition to preventing air pockets in the fuel system, as a
coolant for those injector parts subjected to high
combustion temperatures.

To vary the power output of the engine, injectors having
different fuel output capacities are used. The fuel output of
the various injectors is governed by the

FIG. 3 - Phases of Injéctof 'Operation 'Thr'ough
Vertical Travel of Plunger

O 1977 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

2.1 Fuel Injector

helix angle of the plunger and the type of spray tip used.
Refer to[Fig._# for the identification of the injectors and
their respective plungers and spray tips.

Since the helix angle on the plunger determines the output
and operating characteristics of a particular type of injector,
it is imperative that the correct injectors are used for each
engine application. If injectors of different types are mixed,
erratic operation will result and may cause serious damage
to the engine or to the equipment which it powers.

Each fuel injector has a circular disc pressed into a recess
at the front side of the injector body for identification
purposes [Fig. 4). The identification tag indicates the
nominal output of the injector in cubic millimeters.

Each injector control rack (Fig._1) is actuated by a lever on
the injector control tube which, in turn is connected to the
governor by means of a fuel rod. These levers can be
adjusted independently on the

IMJECTOR SPRAY TIP” PLUNGER
555 B—.0055--165 55
560 B—.0055—165 6H
565 B—.0055 165 a5
570 7—.006—165H _TH

"First numeral indicates number of spray holes,
followed by size of holes and angle formed by
spray from holes.

FIG. 4 - Injector Identification Chart

SPRING

HIGH
| ] CLAMP

INJECTOR WITH HIGH CLAMP

SPRING

l
10l ciue

INJECTOR WITH LOW CLAMP

12756

FIG. 5 - Comparison of High Clamp and Low
Clamp Injectors

control tube, thus permitting a uniform setting of all of the
injector racks.

The injectors used in engines with a four valve cylinder
head require an offset injector body due to the restricted
area around the exhaust valve mechanism. A narrower
injector clamp is required with the offset injector body and
may be used with the standard injectors. Certain offset
body injectors, designated as the "S" type, incorporate a
clamp seat which is positioned lower on the injector body
and require a different clamp (Eig._5).

The fuel injector combines in a single unit all of the parts
necessary to provide complete and independent fuel
injection at each cylinder.

Operation

Fuel, under pressure, enters the injector at the inlet side
through a filter cap and filter (Fig._1)l From the filter, the
fuel passes through a drilled passage into the supply
chamber, that area between the plunger bushing and the
spill deflector, in addition to that area under the injector
plunger within the bushing. The plunger operates up and
down in the bushing, the bore of which is open to the fuel
supply in the annular

O 1977 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Fuel Injector 2.1

FI. 6 - Fuel Injector Mounting
chamber by two funnel-shaped ports in the plunger
bushing.

The motion of the injector rocker arm is transmitted to the
plunger by the follower which bears against the follower
spring (Fig._6). In addition to the reciprocating motion, the
plunger can be rotated, during operation, around its axis
by the gear which meshes with the control rack. For
metering the fuel, an upper helix and a lower helix are
machined in the lower part of the plunger. The relation of
the helices to the two ports changes with the rotation of the
plunger.

As the plunger moves downward, under pressure of the
injector rocker arm, a portion of that fuel trapped under the
plunger is displaced into the supply chamber through the
lower port until the port is closed off by the lower end of the
plunger. A portion of the fuel trapped below the plunger is
then forced up through a central passage in the plunger
into the fuel metering recess and into the supply chamber
through the upper port until that port is closed off by the
upper helix of the plunger. With the upper and lower ports
both closed off, the remaining fuel under the plunger is
subjected to increased pressure by the continued
downward movement of the plunger.

When sufficient pressure is built up, the injector valve is
lifted off of its seat and the fuel is forced through small
orifices. in the spray tip and atomized into the combustion
chamber.

A check valve, mounted in the spray tip, prevents air
leakage from the combustion chamber into the fuel injector
if the valve is accidentally held open by a small particle of
dirt. The injector plunger is then returned to its original
position by the injector

follower spring. Figure 3 shows the various phases of
injector operation by the vertical travel of the injector
plunger.

On the return upward movement of the plunger, the high
pressure cylinder within the bushing is again filled with fuel
oil through the ports. The constant circulation of fresh cool
fuel through the injector renews the fuel supply in the
chamber, helps cool the injector and also effectively
removes all traces of air which might otherwise accumulate
in the system and interfere with accurate metering of the
fuel.

The fuel injector outlet opening, through which the excess
fuel oil returns to the fuel return manifold and then back to
the fuel tank, is directly adjacent to the inlet opening.

Changing the position of the helices, by rotating the
plunger, retards or advances the closing of the ports and
the beginning and ending of the injection period. At the
same time, it increases or decreases the amount of fuel
injected into the cylinder. Figure 2 shows the various
plunger positions from no-load to full-load. With the control
rack pulled out all the way (no injection), the upper port is
not closed by the helix until after the lower port is
uncovered, Consequently, with the rack in this position, all
of the fuel is forced back into the supply chamber and no
injection of fuel takes place. With the control rack pushed
all the way in (full injection), the upper port is closed
shortly after the lower port has been covered, thus
producing a maximum effective stroke and maximum
injection. From this no injection position to full injection
position (full rack movement), the contour of the

Fig. 7 Removing Injector from Cylinder Head

O 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

2.1 Fuel Injector

upper helix advances the closing of the ports and the
beginning of injection.

General Instructions for Injector Care and Overhaul

The fuel injector is one of the most important and precisely
built parts of the engine. The injection of the correct
amount of fuel into the combustion chamber at exactly the
right time depends upon this unit. Because the injector
operates against the high compression pressure in the
combustion chamber, efficient operation demands that the
injector assembly is maintained in first-class condition at all
times. Proper maintenance of the fuel system and the use
of the recommended type fuel filters and clean water-free
fuel are the keys to trouble-free operation of the injectors.

Due to the close tolerances of various injector parts,
extreme cleanliness and strict adherence to service
instructions is required. Perform all injector repairs in a
clean, well lighted room with a dust free atmosphere. An
ideal injector room is slightly pressurized by means of an
electric fan which draws air into the room through a filter.
This pressure prevents particles of dirt and dust from
entering the room through the door and windows. A
suitable air outlet will remove solvent fumes along with the
outgoing air. Also provide a source for 110 volt alternating
current electric power.

Provide the injector repair room with a supply of filtered,
moisture-proof compressed air for drying the injector parts
after they have been cleaned. Use wash pans of rust-proof
material and deep enough to permit ell of the injector parts
to be completely covered by the cleaning agent, usually
clean fuel oil, when

FIG. 8 - Checking Rack and Plunger For Free
Movement using Tool J 22396

O 1980 General Motors Corp.

FIG. 9 - Removing Injector Follower Stop Pin

submerged in wire baskets of 16 mesh wire screen. Use
baskets which will support the parts so as to avoid contact
with the dirt which settles at the bottom of the pans.

Rags should never be used for cleaning injector parts since
lint or other particles will clog parts of the injector when it is
assembled. A lint-free cleaning tissue is a good,
inexpensive material for wiping injector parts.

When servicing an injector, follow the general instructions
outlined below:

1. Whenever the fuel pipes are removed from an injector,
cover the filter caps with shipping caps to keep dirt out of
the injector. Also protect the fuel pipes and fuel connectors
from the entry of dirt or other foreign material.

2. After an injector has been operated in an engine, do
not remove the filter caps or filters while the injector is in
the engine. Replace the filters only at the time of complete
disassembly and assembly of an injector.

3. Whenever an injector has been removed and reinstalled
or replaced in an engine, make the following adjustments
as outlined in Section 14:

a. Time the injector.

b. Position the injector control rack.
4. Whenever an engine is to be out of service for an
extended period, purge the fuel system, then fill it with a

good grade of rust preventive (refer to [Section 15.3).

5. When a reconditioned injector is to be placed in stock,
fill it with injector test oil J 26400. Do not use fuel oil.
Install shipping caps on both filter caps immediately after
filling. Store the injector in an upright position to prevent
test oil leakage.

Page 4



DETROIT DIESEL V-71 (Vehicle)

Fuel Injector 2.1

-;-'1' 1h¢ ahove con
- can be coused by
= e--I]'\or luck of fual

Chipped ot
fower helix.__ e

FIG. 10 Unusable Injector Plungers

NOTE: Make sure that new filters have been installed in a
reconditioned injector which is to be placed in stock. This
precaution will prevent dirt particles from entering the
injector due to a possible reversal of fuel flow when
installing the injector in an engine other than the original
unit.

FIG. 11 - Injector Tester J 23010 Clamping

Heads

Remove Injector.
1. Clean and remove the valve rocker cover.

2. Remove the fuel pipes from both the injector and the

fuel connectors (Eig._6).

NOTE: Immediately after removal of the fuel pipes
from an injector, cover the filter caps with shipping
caps to prevent dirt from entering the injector. Also
protect the fuel pipes and fuel connectors from entry
of dirt or foreign material.

3. Crank the engine to bring the outer ends of the push
rods of the injector and valve rocker arms in line
horizontally.

4. Remove the two rocker shaft bracket bolts and swing
the rocker arms away from the injector and valves (Fig. 7).

5. Remove the injector clamp bolt,
clamp.

special washer and

6. Loosen the inner and outer adjusting screws on the
injector rack control lever and slide the lever away from the
injector.

FIG. 12 Injector Installed in Tester J 23010

with Clamping Head

O 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

2.1 Fuel Injector

7. Lift the injector from its seat in the cylinder head (Fig.
7).

8. Cover the injector hole in the cylinder head to keep
foreign material out.

9. Clean the exterior of the injector with clean fuel oil and
dry it with compressed air.

TEST INJECTOR

CAUTION: The fuel spray from an injector can
penetrate the skin. Fuel oil which enters the blood
stream can cause a serious infection. Therefore,
follow instructions and use the proper equipment to
test an injector.

If inspection does not reveal any external damage, then
perform a series of tests to determine the condition of the
injector to avoid unnecessary overhauling. Tests must be
performed using injector test oil J 26400.

An injector that passes all of the tests outlined below may
be considered to be satisfactory for service without
disassembly, except for the visual check of the plunger.

However, an injector that fails to pass one or more of the
tests is unsatisfactory. Perform all of the tests before
disassembling an injector to correct any one condition.

Identify each injector and record the pressure drop and fuel
output as indicated by the following tests:

Injector in Position fosting with
Tester J 23010

FIG. 13

Injector Control Rack and Plunger Movement Tests

Place the injector in the injector fixture and rack freeness
tester J 22396. Refer to[Eig._g and place the handle on
top of the injector follower.

If necessary, adjust the contact screw in the handle to
ensure the contact screw is at the center of the follower
when the follower spring is compressed. With the injector
control rack held in the no-fuel position, push the handle
down and depress the follower to the bottom of its stroke.
Then very slowly release the pressure on the handle while
moving the control rack up and down as shown in
until the follower reaches the top of its travel. If the rack
does not fall freely, loosen the injector nut, turn the tip,
then retighten the nut. Loosen and retighten the nut a
couple of times if necessary. Generally this will free the
rack. Then, if the rack isn't free, change the injector nut.
In some cases it may be necessary to disassemble the
injector to eliminate the cause of the misaligned parts.

Visual Inspection of Plunger

An injector which passes all of the previous tests should
have the plunger' checked visually, under a magnifying
glass, for excessive wear or a possible chip on the bottom
helix. There is a small area on the bottom helix and lower
portion of the upper helix, if chipped, that will not be
indicated in any of the tests.

Remove the plunger from the injector as follows:

FIG. 14 - Position of Calibrator Fuel Flow Pipes

O 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

Fuel Injector 2.1

1. Support the injector, right side up, in holding fixture J
22396.

2. Compress the follower spring. Then raise the spring
above the stop pin with a screw driver and withdraw the pin
(Fig. 9). Allow the spring to rise gradually.

3. Remove the injector from the holding fixture. Turn the
injector upside down, to prevent the entry of dirt, and catch
the spring and plunger as they drop out.

4. Inspect the plunger. If the plunger is chipped (Fig._10),
replace the plunger and bushing assembly.

5. Reinstall the plunger, follower and spring.

Installing Fuel Injector in Tester J 23010

1. Select the proper clamping head ). Position it
on the clamping post and tighten the thumb screw into the
lower detent position (Fig._12).

2. Connect the test oil delivery piping into the clamping
head.

3. Connect the test oil clear discharge tubing onto the pipe
on the clamping head.

FIG. 15 - Injector in Calibrator J 22410

4. Locate the adaptor plate on top of the support bracket
by positioning the 3/8" diameter hole at the far right of the
adaptor plate onto the 3/8" diameter dowel pin. This allows
the adaptor plate to swing out for mounting the injector.

5. Mount the injector through the large hole and insert the
injector pin in the proper locating pin hole (Fig._11).

6. Swing the mounted injector and adaptor plate inward
until they contact the stop pin at the rear of the support
bracket.

Clamping the Fuel Injector

1. Refer td Fig. 13 and position the tester levers as
follows:

Lever 2 up and to the rear

Lever 3 in the rear detent position
Lever 4 up (horizontal)

Lever 5 up (horizontal)

2. Align the clamping head nylon seals over the injector
filter caps (Fig._12).

3. Back off the Thru-Flow valve about half-way to allow
the self-aligning nylon seals to seat properly during the
clamping operation.

4. Hold the clamping head in position over the filter caps
and, with the left hand, operate pump lever 1 evenly to
move the clamping head down to seal the filter caps.

NOTE: The Thru-Flow valve should still turn freely. If
it does not, turn the valve counter-clockwise until it
rotates freely and reapply clamping pressure.

NOTE: Excessive force on lever 1 during clamping
can damage the seals in the valves operated by
levers 4 and 5.

Purging Air from the System

Move lever 4 down and operate pump lever 1 to produce a
test oil flow through the injector. When air bubbles no
longer pass through the clear discharge tubing, the system
is free of air and is now ready for testing.

O 1980 General Motors Corp.
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DETROIT DIESEL V-71 (Vehicle)

2.1 Fuel Injector

Injector Valve Opening and Spray Pattern Test

This test determines spray pattern uniformity and the
relative pressure at which the injector valve opens and fuel
injection begins.

1. Clamp the injector properly and purge the air from the
system.

2. Close the Thru-Flow valve to allow pressure to build in
gage 1 (do not overtighten or the nylon seal will be
damaged).

3. With the fuel rack in the full-fuel position, operate
pump lever | rapidly until the valve opening pressure of
450 to 850 psi (3 100 to 5 857 kPa) is reached and the
spray pattern occurs. Note if all spray tip holes are open
by the pattern of the spray produced.

Injector High Pressure Test

This test checks for leaks at the filter cap gaskets,
plugs and nut seal ring.

body
1. Clamp the injector properly and purge the air from the
system.

2. Close the Thru-Flow valve, but do not overtighten.

NOTE: Be sure lever 4 is in the down position before
operating pump lever 1.

3. Move lever 2 to the forward, horizontal position.

4. Operate pump lever 1 to build up to 1600-2000 psi-(11
024-13 780 kPa) on gage 1 and check for leakage

at the filter cap gaskets, body plugs and nut seal ring.
Injector Pressure Holding Test

This test determines if the body-to bushing mating surfaces
in the injector are sealing properly and indicates proper

plunger-to-bushing fit.

1. Clamp the injector properly and purge the air from the
system.

2. Close The Thru-Flow valve, but do not overtighten.
3. Move lever 2 to the rear, horizontal position.

4. Operate pump lever 1 until gage | reads approximately
500 psi (3 445 kPa).

5. Move lever 4 to the up position.

6. Time the pressure drop between 450 to 250 psi

(3 100 to 1 723 kPa). If the pressure drop occurs in less
than 15 seconds, leakage is excessive.

Refer to the Trouble Shooting Charts in[Section 2.0 if the
fuel injector does not pass any of the preceding tests.

Unclamping the Injector

1. Open the Thru-Flow valve to release pressure in the
system.

2. Move lever 5 down to release the clamping pressure.

3. Swing out the adaptor plate and remove the injector
after nylon seals in the clamping head are free and clear of
the injector filter caps.

4. Carefully return lever 5 to the up (horizontal) position.
Fuel Output Test
Perform the injector fuel output test in calibrator J 22410.

When injectors are removed from an engine for fuel output
testing and, if satisfactory, reinstalled without
disassembly, extreme care should be taken to avoid
reversing the fuel flow. When the fuel flow is reversed,
dirt trapped by the filter is back-flushed into the injector
components.

Before removing an injector from the engine, note the
direction of the fuel flow. To avoid reversing the fuel flow
when checking injector fuel output, use the appropriate
adaptor. The position of the braided fuel

FIG. 15 Setting Calibrator Stroke Counter

O 1980 General Motors Corp.
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DETROIT DIESEL V-71 (VEHICLE)

Fuel Injector 2.1

) Calibrator
Injector 122410
Min. Max.
555 55 59
560 59 63
$65 64 68
S70 71 75

FIG. 17 Fuel Output Check Chart

inlet tube and the plastic fuel outlet tube on the calibrator

depends on the adaptor being used and the
direction of fuel flow through the injector.

Calibrator J 22410

To check the fuel output. operate the injector in

calibrator J 22410 (Fig. 15) as follows:

NOTE: Place the cam shift index wheel and fuel flow
]ever in their respective positions. Turn on the test
fuel oil heater switch and preheat the test oil to 95-
105°° F (35-40 C).

1. Place the proper injector adaptor between the tie

FIG. 18. Removing or Installing Filter Cap

FIG. 19 Removing or Installing Plunger Follower, Plunger
and Spring

rods and engage it with the fuel block locating pin. Then
slide the adaptor forward and up against the fuel block
face.

2. Place the injector seat J 22410-226 into the permanent
seat (cradle handle in vertical position). Clamp the injector
into position by operating the air valve.

NOTE: Make sure the counter (Fig. 16) on the

FIG. 20 - Removing Injector Nut using Tool
J 4983-01

a4 1980 General Motors Corp.
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2.1 Fuel Injector

DETRIOT DIESEL V-71 (Vehicle)

calibrator is preset at 1000 strokes. If for any reason
this setting has been altered, reset the counter to
000 strokes by twisting the cover release button to
the left and hold the reset lever in the full up position
while setting the numbered wheels. Close the cover.
Refer to the calibrator instruction booklet for further
information.

3. Pull the injector rack out to the no-fuel position.

4. Turn on the main power control circuit switch. Then start
the calibrator by turning on the motor starter switch.

NOTE: The low oil pressure warning buzzer will
sound briefly until the lubricating oil reaches the
proper pressure.

5. After the calibrator has started, set the injector rack into
the full-fuel position. Allow the injector to operate for
approximately 30 seconds to purge the air that may be in
the system.

6. After the air is purged, press the fuel flow start button
(red). This will start the flow of fuel into the vial. The fuel
flow to the vial will automatically stop after 1000 strokes.

FIG. 21 Removing Spray Tip from Injector
Nut using Tool J 1291-02

7. Shut the calibrator off (the calibrator will stop in less
time at full-fuel).

8. Observe the vial reading and refer to to
determine whether the injector fuel output falls within the
specified limits. If the quantity of fuel in the vial does not
fall within the specified limits, refer to Trouble Shooting
Chart 3 and Shop Notes in section 2.0 for the cause and
remedy.

NOTE: Refer tb Section 2)0 for different factors that
may affect the injector calibrator output reading.

The calibrator may be used to check and select a set of
injectors which will inject the same amount of fuel in each
cylinder at a given throttle setting, thus resulting in a
smooth running, well balanced engine.

An injector which passes all of the above tests may be put
back into service. However, an injector which fails to pass
one or more of the tests must be rebuilt and checked on
the calibrator.

Any injector which is disassembled and rebuilt must be
tested again before being placed in service.

Disassemble Injector
1. Support the injector upright in injector holding fixture J
22396 (Fig. 18) and remove the filter caps, springs (early
design filter cap), filters and gaskets.
NOTE: Whenever a fuel injector is disassembled,
discard the filters and gaskets and replace with
new filters and gaskets.

2. Compress the follower spring as shown in[Fig. 9]

FIG. 22 - Cleaning Injector Spray Tip using
Tool J 1243

Page 10
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DETRIOT DIESEL V-71 (Vehicle)

Fuel Injector 2.1

FIG. 23 Cleaning Spray Tip Orifices using
Tool J 4298-1

Then raise the spring above the stop pin with a screw
driver and withdraw the pin. Allow the spring to rise
gradually.

3. Refer to_Fig._19] and remove the plunger follower,
plunger and spring as an assembly.

4. Invert the fixture and, using socket J 4983-01, loosen
the nut on the injector body [Eig. 20}.

5. Lift the injector nut straight up, being careful not to
dislodge the spray tip and valve parts. Remove the spray
tip and valve parts from the bushing and place them in a
clean receptacle until ready for assembly.

When an 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 fingers. In this event, support
the nut on a wood block and drive the tip down through the
nut, using tool J 1291-02 as shown in[Fig. 2] 1.

6. Refer td_Fig. 31 and remove the spill deflector and the
seal ring from the injector nut.

FIG. 24 - Cleaning Injector Nut Spray Tip Seat
using Tool J 4986-01

7. Remove the plunger bushing, gear retainer and gear
from the injector body.

8. Withdraw the injector control rack from the injector
body.

Clean Injector Parts

Since most injector difficulties are the result of dirt
particles, it is essential that a clean area be provided on
which to place the injector parts after cleaning and
inspection.

Wash all of the parts with clean fuel oil or a suitable
cleaning solvent and dry them with clean, filtered
compressed air. Do not use waste or rags for cleaning
purposes. Clean out all of the passages, drilled holes and
slots in all of the injector parts.

Carbon on the inside of the spray tip may be loosened for
easy removal by soaking for approximately 15 minutes in a
suitable solution prior to the external cleaning and buffing
operation. Methyl Ethyl Ketone J 8257 solution is
recommended for this purpose.

Clean the spray tip with tool J 1243 [(Fig. 22). Turn the
reamer in a clockwise direction to remove the carbon
deposits. Wash the spray tip in fuel oil and dry it with
compressed air. Clean the spray tip orifices with pin vise J
4298-1, using the proper size spray tip cleaning wire
[23). Use wire J 21459 to clean .005" diameter holes, wire J
21460 to clean .0055" diameter holes and J-21461 wire
to clean .006" diameter holes.

Before using the wire, hone the end until it is smooth and
free of burrs and taper the end a distance of 1/16" with
stone J 8170. Allow the wire to extend 1/8" from tool J
4298- 1.

The exterior surface of an injector spray tip may be

FIG. 25 - Cleaning Injector Body Ring using
Tool J 21089
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FIG. 26 Sealing Surfaces Which May Require
Lapping

cleaned by using a brass wire buffing wheel, tool J 7944.
To obtain a good polishing effect and longer brush life, the
buffing wheel should be installed on a motor that turns the
wheel at approximately 3000 rpm. A convenient method of
holding the spray tip while cleaning and polishing is to
place the tip over the drill end of spray tip cleaner tool J
1243 and hold the body of the tip against the buffing wheel.
In this way, the spray tip is rotated while being buffed.

NOTE: Do not buff excessively. Do not use a steel
wire buffing wheel or the spray tip holes may be
distorted.

When the body of the spray tip is clean, lightly buff the tip
end in the same manner. This cleans the spray tip orifice
area and will not plug the orifices.

Wash the spray tip in clean fuel oil and dry it with
compressed air.

Clean and brush all of the passages in the injector body,
using fuel hole cleaning brush J 8152 and rack hole
cleaning brush J 8150. Blow out the passages and dry
them with compressed air.

FIG. 27 Examining Sealing Surface with a
Magnifying Glass

Carefully insert reamer J 4986-01 in the injector nut as
shown in[Fig. 24] Turn the reamer in a clockwise direction
to remove the carbon deposits. Use care in reaming to
prevent the removal of metal or setting up burrs on the
spray tip seat. The purpose of the tool is to remove carbon
build-up only, and is NOT meant to refinish the end area of
the nut by removing metal. Wash the injector nut in clean
fuel 6il and dry it with compressed air. Carbon deposits on
the spray tip seating surface of the injector nut will result in
poor sealing and consequent fuel leakage around the spray

tip.

Carefully insert reamer J 21089 in the injector body [Eigl
[25). Turn it in a clockwise direction a few turns, then
remove the reamer and check the face of the ring for
reamer contact over the entire face of the ring. If
necessary, repeat the reaming procedure until the reamer
does make contact with the entire face of the ring. Clean
up the opposite side of the ring in the same manner.

Carefully insert a .375" diameter straight fluted reamer
inside the ring bore in the injector body. Turn the reamer in
a clockwise direction and remove any burrs inside the ring
bore. Then wash the injector body in clean fuel oil and dry
it with compressed air.

When handling the injector plunger, do not touch the
finished plunger surfaces with your fingers. Wash the
plunger and bushing with clean fuel oil and dry them with
compressed air. Be sure the high pressure bleed hole in
the side of the bushing is not plugged. If this hole is
plugged, fuel leakage will occur at the upper end of the
bushing where it will drain out of the injector body vent and
rack holes, during engine operation, causing a serious oil
dilution problem. Keep the plunger and bushing together as
they are mated parts.

FIG. 28 Lapping Spray Tip on Lapping Blocks
J 22090

Page 12
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FIG. 29 Lapping Edge of Hole in Valve Seat
using Tool J 7174

After washing, submerge the parts in a clean receptacle
containing clean fuel oil. Keep the parts of each injector
assembly together.

Inspect Injector Parts

Inspect the teeth on the control rack and the control rack
gear for excessive wear or damage. Also check for
excessive wear in the bore of the gear and inspect the gear
retainer. Replace damaged or worn parts.

Inspect the injector follower and pin for wear. Refer to

Inspect both ends of the spill deflector for sharp edges or
burrs which could create burrs on the injector body or
injector nut and cause particles of metal to be introduced
into the spray tip and valve parts. Remove burrs with a 500
grit stone.

Inspect the follower spring for visual defects. Then check
the spring with tester J 22738-02.

The current injector follower spring (.142" diameter wire)
has a free length of approximately 1.504" and should be
replaced when a load of less than 70 Ibs. will compress it
to 1.028". Formerly, a spring (.1201, diameter wire) with
a free length of approximately 1.668" was employed and it
should be replaced when a load of less than 48 Ibs. will
compress it to 1.028".

It is recommended that at the time of overhaul, all injectors
in an engine be converted to the current spring (.142"
diameter wire) which will provide improved cam roller to
shaft follow. However, in the event that one or two injectors
are changed, the remaining injectors need not be reworked
to incorporate the current spring.

FILTER .
i

INJECTOR

- BODY

FIG. 30 Details of Injector Filters and Caps
and Their Relative Location

Check the seal ring area on the injector body for burrs or
scratches. Also check the surface which contacts the
injector bushing for scratches, scuff marks or other
damage. If necessary, lap this surface. A faulty sealing
surface at this point will result in high fuel consumption and
contamination of the lubricating oil. Replace any loose
injector body plugs or a loose dowel pin. Install the proper
number tag on a service replacement injector body.

Inspect the injector plunger and bushing for scoring,
erosion, chipping or wear. Check for sharp edges on that
portion of the plunger which rides in the gear. Remove any
sharp edges with a 500 grit stone. Wash the plunger after
stoning it. Injector Bushing Inspectalite J 21471 can be
used to check the port holes in the inner diameter of the
bushing for cracks or chipping. Slip the plunger into the
bushing and check for free movement. Replace the plunger
and bushing as an assembly if any of the above damage is
noted, since they are mated parts. Use new mated factory
parts to assure the best performance from the injector.

Injector plungers cannot be reworked to change the output.
Grinding will destroy the hardened case at the helix and
result in chipping and seizure or scoring of the plunger.

a4 1980 General Motors Corp.
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FIG. 31 Injector Rack, Gear, Spray Tip and
Valve Assembly Details and Relative Location
of Parts

Examine the spray tip seating surface of the injector nut for
nicks, burrs or brinelling. Reseat the surface or replace the
nut if it is severely damaged.

The injector valve spring plays an important part in
establishing the valve opening pressure of the injector
assembly. Replace a worn or broken spring.

FIG. 32 - Injector Plunger, Follower and
Relative Location of Parts

Inspect the sealing surfaces of the spray tip and valve
parts indicated in Examine the sealing surfaces
with a magnifying glass as shown in[Fig. 27| for even the
slightest imperfections will prevent the injector from
operating properly. Check for burrs, nicks, erosion, cracks,
chipping and excessive wear. Also check for enlarged
orifices in the spray tip. Replace damaged or excessively
worn parts. Check the minimum thickness of the lapped
parts as noted in the chart.

Minimum
Part Name Thickness
Spray Tip (shoulder) .199"
Check Valve Cage .163"-.145"
Check Valve .022"
Valve Spring Cage .602"

MINIMUM THICKNESS (Used Parts)

Page 14
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FIG. 33 Tightening Injector Nut by Hand

Before reinstalling used valve parts in an injector, lap all of
the sealing surfaces indicated i except the injector
valve (crown valve). It is also good practice to lightly lap
new valve parts, except the injector valve (crown valve),
which may become burred or nicked during handling.

Lapping Injector Parts

Lap the sealing surfaces indicated il Fig. 26 and the chart
as follows:

[. Clean the lapping blocks (J 22090) with compressed air.
Do not use a cloth or any other material for this purpose.

FIG. 34 Tightening injector Nut with Torque
Wrench using Tool J 4983-01

2. Spread a good quality 600 grit dry lapping powder on
one of the lapping blocks.

3. Place the part to be lapped flat on the block as shown in
[Fig. 28land, using a figure eight motion, move it back and
forth across the block. Do not press on the part, but use
just enough pressure to keep the part flat on the block. It is
important that the part be kept flat on the block at all times.

4. After each four or five passes, clean the lapping powder
from the part by drawing it across a clean piece of tissue
placed on a flat surface and inspect the part. Do not lap
excessively (refer to the chart on minimum thickness).

5. When the part is flat, wash it in cleaning solvent and dry
it with compressed air.

6. Place the dry part on the second block. After applying
lapping powder, move the part lightly across the block in a
figure eight motion several times to give it a smooth finish.
Do not lap excessively. Again wash the part in cleaning
solvent and dry it with compressed air.

7. Place the dry part on the third block. Do not use lapping
powder on this block. Keep the part flat and move it across
the block several times, using the figure eight motion.
Lapping the dry part in this manner gives it the "mirror"
finish required for perfect sealing.

8. Examine the edge of the hole in the crown valve seat
under a magnifying glass. If the edge of the hole shows
small irregularities, lap the hole with tool J 7174. Since only
the edge of this hole contacts the valve, it must be a true
circle and present an unbroken surface.

FIG. 35 - Installing Injector Follower Stop Pin
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Mount tool J 7174 in a drill motor (Eig. 29)]and place a
small amount of lapping powder and oil mixture on the tool.
Place the valve seat over the pilot of the tool and start the
drill motor. Touch the valve seat lightly against the rotating
lapping tool to produce a uniform seat at the hole. After
lapping the edge of the hole in this manner, flat lap the
face of the seat lightly. Then clean and examine the width
of the chamfer produced at the edge of the hole. The
specified width is .002" to .005 ". A width in excess of these
limits, due to excessive lapping, will lower the valve
opening pressure of the injector.

9. Wash all of the lapped parts in clean fuel oil and dry
them with compressed air.

ASSEMBLE INJECTOR

Use an extremely clean bench to work on and to place the
parts when assembling an injector. Also be sure all of the
injector parts, both new and used, are clean. Study Figs. 30
through 32 for the proper relative position of the injector
parts, then proceed as follows:

FIG. 36 Checking Injector Spray lip
Concentricity using Tool J 5119

Assemble Injector Filters

1. While holding the injector body right side up, place a
new filter, slot in the filter up or toward the filter cap, in
each of the fuel cavities in the top of the injector body
30).

2. Place a spring on top of each filter (if an early design
filter cap is used) and a new gasket on each filter cap.
Lubricate the threads and install the filter caps. Use a 9/16"
deep socket wrench as shown ih Fig. 18 to tighten the filter
caps to 65-75 Ib-ft (88-102 Nm) torque.

3. Purge the filters after installation by directing
compressed air or fuel through the filter caps. 4. Install
clean shipping caps on the filter caps to prevent dirt from
entering the injector.

Assemble Rack and Gears

Refer to[Fig. 31 and note the drill spot marks on the control
rack and gear. Then proceed as follows:

[. Hold the injector body, bottom end up, and slide the rack
through the hole in the body. Look into the bore and move
the rack until you can see the drill marks. Hold the rack in
this position.

2. Place the gear in the injector body so that the marked
tooth is engaged between the two marked teeth on the
rack.

3. Place the gear retainer on top of the gear. Next align
the locating pin in the bushing with the slot in the injector
body, then slide the end of the bushing into place.

Assemble Injector Valve and Related Parts

After having lapped and cleaned the injector valve and its
related parts, refer to Figs. 1 and 32 and assemble them as
follows:

1. Support the injector body, bottom end up, in the injector
holding fixture J 22396.

2. Place a new seal ring on the shoulder of the body. Then
slide the spill deflector over the barrel of the bushing.

NOTE: Wet the seal ring with test oil and install the
ring all the way down past the threads and onto the
shoulder of the injector body. This will prevent the
seal from catching in the threads and becoming
shredded.

Page 16
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3. Place the valve seat on the end of the bushing. Then
insert the stem of the valve in one end of the valve spring
and the valve stop in the other end. Lower the valve cage
over this assembly so that the valve stop seats in the cage.
Place the valve cage assembly on the valve seat.

4. Locate the check valve centrally on the cage and place
the spray tip over the check valve and against the valve
cage.

5. Lubricate the threads in the injector nut and carefully
thread the nut on the injector body by hand. Rotate the
spray tip between your thumb and first finger while
threading the nut on the injector body (Fig._33)] Tighten
the nut as tight as possible by hand. At this point there
should be sufficient force on the spray tip to make it
impossible to turn with your fingers.

6. Use socket J 4983-01 and a torque wrench to tighten
the injector nut to 55-65 Ib-ft (75-88 Nm) torque (Eig._34).

NOTE: Do not exceed the specified torque.
Otherwise, the nut may be stretched and result in
improper sealing of the lapped surfaces in a
subsequent injector overhaul.

Assemble Plunger and Follower

1. Refer tb Fig. 32 and slide the head of the plunger into
the follower.

2. Invert the injector in the assembly fixture (filter cap end
up) and push the rack all the way in. Then place the
follower spring on the injector body.

3. Refer td Fig. 3b and place the stop pin on the injector
body so that the follower spring rests on the narrow flange
of the stop pin. Then align the slot in the follower with the
stop pin hole in the injector body. Next align the flat side of
the plunger with the slot in the follower. Then insert the
free end of the plunger in the injector body. Press down on
the follower and at the same time press the stop pin into
position. When in place, the spring will hold the stop pin in
position.

Spray Tip Concentricity

To assure correct alignment, check the concentricity of the
spray tip as follows:

1. Place the injector in the concentricity gage J 5119 as
shown in[Eig._36|and adjust the dial indicator to zero.

2. Rotate the injector 360° and note the total runout as
indicated on the dial.

3. If the total runout exceeds .0081", remove the injector
from the gage. Then loosen the injector nut, center the
spray tip and tighten the nut to 55-65 Ib-ft (75-88 Nm)
torque. Recheck the spray tip concentricity. If, after
several attempts, the spray tip cannot be positioned
satisfactorily, replace the injector nut.

Test Reconditioned Injector

Before placing a reconditioned injector in service, perform
all of the tests (except the visual inspection of the plunger)
previously outlined under Test Injector. The injector is
satisfactory if it passes these tests. Failure to pass any
one of the tests indicates that defective or dirty parts have
been assembled. In this case, disassemble, clean, inspect,
assemble and test the injector again.

Install Injector

Before installing an injector in an engine, remove the
carbon deposits from the beveled seat of the injector tube
in the cylinder head. This will assure correct alignment of
the injector and prevent any undue stresses from being
exerted against the spray tip. Use injector tube bevel
reamer J 5286-9, to clean the carbon from
the injector tube. Exercise care to remove ONLY the
carbon so that the proper clearance between the injector
body and the cylinder head is maintained. Pack the flutes
of the reamer with grease to retain the carbon removed
from the tube. Be sure the fuel injector is filled with fuel
oil. If necessary, add clean fuel oil at the inlet filter cap
until it runs out of the outlet filter cap. Install the injector in
the engine as follows:

1. Refer th Fig. 16 and insert the injector into the injector
tube with the dowel in the injector body registering with the
locating hole in the cylinder head.

2. Slide the rack control lever over so that it registers with
the injector rack.

3. Install the injector clamp, special washer (with curved
side toward injector clamp) and bolt. Tighten the bolt to
20-25 Ib-ft (27-34 Nm) torque. Make sure that the clamp
does not interfere with the injector follower spring or the
exhaust valve springs.

NOTE: Check the injector control rack for free
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movement.
stick or bind.

Excess torque can cause the control rack to

4. Move the rocker arm assembly into position and secure

the rocker arm brackets to the cylinder head by tightening
the bolts to the torque specified il Section 2.0]

NOTE: On four valve cylinder heads, there is a
possibility of damaging the exhaust valves if the
exhaust valve bridges are not resting on the ends of
the exhaust valves when tightening the rocker shaft
bracket bolts. Therefore, note the position of the
exhaust valve bridges before, during and after
tightening the rocker shaft bolts.

5. Remove the shipping caps. Then install the fuel pipes
and connect them to the injector and the fuel connectors.
Use socket J 8932-01 to tighten the connections to 12-15
Ib-ft (16-20 Nm) torque.

IMPORTANT: Do not bend the fuel pipes and do not
exceed the specified torque. Excessive tightening will
twist or fracture the flared end pf the fuel line and result
in leaks. Lubricating oil diluted by fuel oil can cause
serious damage to the engine bearings (refer to
Pressurize Fuel System - Check for Leaks in[Section]
2.0).

NOTE: An indication of fuel leakage at the

fittings of the fuel injector supply lines and connector
nut seals could be either low lubricating oil pressure
(dilution) or fuel odor coming from the crankcase
breathers or an open oil filler cap. When any of the
above are detected, remove the valve rocker cover. A
close inspection of the rocker cover, cylinder head,
fuel lines and connectors will usually show if there is a
fuel leakage problem. Under normal conditions, there
should be a coating of lubricating oil throughout the
cylinder head area and puddles of oil where the fuel
pipes contact the connectors and where the fuel
connectors contact the cylinder head. If these areas do
not have the normal coating of lubricating oil, it is likely
that fuel oil is leaking and washing off the lubricating
oil. Remove and replace the leaking fuel pipes and/or
connectors. Reinstall the rocker cover. Then drain the
lubricating oil and change the oil filter elements. Refer
to[Section 13.3 and refill the crankcase to the proper
level with the recommended grade of oil.

6. Perform a complete engine tune-up as outlined in
Section 14. However, if only one injector has been
removed and replaced and the other injectors and the
governor adjustment have not been disturbed, it will only
be necessary to adjust the valve clearance and time the
injector for the one cylinder, and to position the injector
rack control levers.
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211

FUEL INJECTOR (Needle Valve)

The fuel injector (Figs. 1 and 2) is a lightweight compact
unit which enables quick, easy starting directly on diesel
fuel and permits the use of a simple open type combustion
chamber. The simplicity of design and operation provides
for simplified controls and easy adjustment. No high
pressure fuel lines or complicated air-fuel mixing or
vaporizing devices are required.

The fuel injector performs four functions:

. ouTlET

FIG. 1 Fuel Injector Assembly

1. Creates the high fuel pressure required for efficient
injection.

2. Meters and injects the exact amount of fuel required to
handle the load.

3. Atomizes the fuel for mixing with the air in the
combustion chamber.

4. Permits continuous fuel flow.

Combustion required for satisfactory engine operation is
obtained by injecting, under pressure, a small quantity of
accurately metered and finely atomized fuel oil into the
cylinder.

Metering of the fuel is accomplished by an upper and lower
helix machined in the lower end of the injector plunger.
Figure 3 illustrates the fuel metering from no-load to full-
load by rotation of the plunger in the bushing.

FOLLOWER
“SPRING

. FILTER

FIG. 2 - Cutaway View of Fuel Injector
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FIG. 3 - Fuel Metering from No-Load to Full Load

Figure 4 illustrates the phases of injector operation by the
vertical travel of the injector plunger.

The continuous fuel flow through the injector serves, in
addition to preventing air pockets in the fuel system, as a
coolant for those injector parts subjected to high
combustion temperatures.

To vary the power output of the engine, injectors having
different fuel output capacities are used. The fuel output of
the various injectors is governed by the helix angle of the
plunger and the type of spray tip used. Refer to for
the identification of the injectors and their respective
plungers and spray tips.

Since the helix angle on the plunger determines the output
and operating characteristics of a particular type of injector,
it is imperative that the correct injectors are used for each
engine application. If injectors of different types are mixed,
erratic operation will result and may cause serious damage
to the engine or to the equipment which it powers.

NOTE: Do not intermix the needle valve
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FIG. 4 - Phases of Injector Operation Through Vertical
Travel of Plunger

injectors with other types of injectors in an engine.

Each fuel injector has a circular disc pressed into a recess
at the front side of the injector body for identification
purposes (Fig. 5). The identification tag indicates the
nominal output of the injector in cubic millimeters.

Each injector control rack (Fig._2) is actuated by a lever on
the injector control tube which, in turn, is connected to the
governor by means of a fuel rod. These levers can be
adjusted independently on the control tube, thus permitting
a uniform setting of all injector racks.

The fuel injector combines in a single unit all of the parts
necessary to provide complete and independent fuel
injection at each cylinder.

Operation

Fuel, under pressure, enters the injector at the inlet side
through a filter cap and filter (Eig._2). From the filter, the
fuel passes through a drilled passage into the supply
chamber, that area between the plunger bushing and the
spill deflector, in addition to that area under the injector
plunger within the bushing. The plunger operates up and
down in the bushing, the bore of which is open to the fuel
supply in the annular chamber by two funnel-shaped ports
in the plunger bushing.

The motion of the injector rocker arm is transmitted to the
plunger by the follower which bears against the follower
spring (Fig._6). In addition to the reciprocating motion, the
plunger can be rotated, during operation, around its axis by
the gear which meshes with the control rack. For metering
the fuel, an upper helix and a lower helix are machined in
the lower part of the plunger. The relation of the helices to
the two ports changes with the rotation of the plunger.

As the plunger moves downward, under pressure of the
injector rocker arm, a portion of that fuel trapped under the
plunger is displaced into the supply chamber through the
lower port until the port is closed off by the lower end of the
plunger. A portion of the fuel trapped below the plunger is
then forced up through a central passage in the plunger
into the fuel metering recess and into the supply chamber
through the upper port until that port is closed off by the
upper helix of the plunger. With the upper and lower ports
both closed off, the remaining fuel under the plunger is
subjected to increased pressure by the continued
downward movement of the plunger.

When sufficient pressure is built up, it opens the flat, non-
return check valve. The fuel in the check valve

Page 2
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Mstal identification Tag Pressed ;
inlo Recess In Injector Body

INJECTOR

7INS
N55
N60

N65 (brown tag)

N70
N75

71C5
C55
C60
C65
C70

B55
B60
865
7185
BS5E
7B5E

SPRAY TIP* PLUNGER
8-0055-165A 5N
8-0055-165A 55N
8-0055-165A 6N
8-006-165A N65
7-006-165 7N
7-006-165 75N
8-0055-165A 5C
8-0055-165A 55C
8-0055-165A 6C
7-006-165A 65C
7-006-165 7C
8-006-162 45C
8-006-162 5C
8-006-165A 65B
8-006-162 4C
8-006-162 B55E
8-006-162 7B5E

‘First numeral indicates number of spray holes,
followed by size of holes and angle formed by spray

from holes.

FIG. 5 - Injector Identification Chart

FIG. 6 Fuel Injector Mounting

cage, spring cage, tip passages and tip fuel cavity is
compressed until the pressure force acting upward on the
needle valve is sufficient to open the valve against the
downward force of the valve spring. As soon as the needle
valve lifts off of its seat, the fuel is forced through the small
orifices in the spray tip and atomized into the combustion
chamber.

When the lower land of the plunger uncovers the lower port
in the bushing, the fuel pressure below the

FIG. 7 - Removing Injector from Cylinder Head
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plunger is relieved and the valve spring closes the needle
valve, ending injection.

A pressure relief passage has been provided in the spring
cage to permit bleed-off of fuel leaking past the needle
pilot in the tip assembly.

A check valve, directly below the bushing, prevents
leakage from the combustion chamber into the fuel injector
in case the valve is accidentally held open by a small
particle of dirt. The injector plunger is then returned to its
original position by the injector follower spring. Figure 4
shows the various phases of injector operation by the
vertical travel of the injector plunger.

On the return upward movement of the plunger, the high
pressure cylinder within the bushing is again filled with fuel
oil through the ports. The constant circulation of fresh cool
fuel through the injector renews the fuel supply in the
chamber, helps cool the injector and also effectively
removes all traces of air which might otherwise accumulate
in the system and interfere with accurate metering of the
fuel.

The fuel injector outlet opening, through which the excess
fuel oil returns to the fuel return manifold and then back to
the fuel tank, is directly adjacent to the inlet opening.

Changing the position of the helices, by rotating the
plunger, retards or advances the closing of the ports and
the beginning and ending of the injection period. At the
same time, it increases or decreases the amount of fuel
injected into the cylinder. Figure 3 shows the various
plunger positions from no-load to full-load. With the control
rack pulled out all the way (no injection), the upper port is
not closed by the helix until after the lower port is
uncovered. Consequently, with the rack in this position, all
of the fuel is forced

FIG. 8 - Checking Rack and Plunger for Free Movement
using Tool J 22396

back into the supply chamber and no injection of fuel takes
place. With the control rack pushed all the way in (full
injection), the upper port is closed shortly after the lower
port has been covered, thus producing a maximum
effective stroke and maximum injection. From this no
injection position to full injection position (full rack
movement), the contour of the upper helix advances the
closing of the ports and the beginning of injection.

General Instructions for Injector Care and Overhaul

The fuel injector is one of the most important and precisely
built parts of the engine. The injection of the correct
amount of fuel into the combustion chamber at exactly the
right time depends upon this unit. Because the injector
operates against high compression pressure in the
combustion chamber, efficient operation demands that the
injector assembly is maintained in first-class condition at all
times. Proper maintenance of the fuel system and the use
of the recommended type fuel filters and clean water-free
fuel are the keys to trouble-free operation of the injectors.

Due to the close tolerances of various injector parts,
extreme cleanliness and strict adherence to service
instructions is required.

Perform all injector repairs in a clean, well lighted room
with a dust free atmosphere. An ideal injector room is
slightly pressurized by -means of an- electric fan which
draws air into the room through a filter. This pressure
prevents particles of dirt and dust from entering the room
through the doors and windows. A suitable air outlet will
remove solvent fumes along with the outgoing air. Also
provide a source for 110 volt alternating current electric
power.

Provide the injector repair room with a supply of

FIG. 9 Removing Injector Follower Stop Pin
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filtered, moisture-proof compressed air for drying the
injector parts after they have been cleaned. Use wash
pans of rust-proof material and deep enough to permit all
of the injector parts to be completely covered by the
cleaning agent, usually clean fuel oil, when submerged in
wire baskets of 16 mesh wire screen. Use baskets which
will support the parts so as to avoid contact with the dirt
which settles at the bottom of the pans.

Rags should never be used for cleaning injector parts since
lint or other particles will clog parts of the injector when it is
assembled. A lint-free cleaning tissue is a good,
inexpensive material for wiping injector parts.

When servicing an injector, follow the general instructions
outlined below:

1. Whenever the fuel pipes are removed from an injector,
cover the filter caps with shipping caps to keep dirt out of
the injectors. Also protect the fuel pipes and fuel
connectors from the entry of dirt or other foreign material.

2. After an injector has been operated in an engine, do
not remove the filter caps or filters while the injector is in
the engine. Replace the filters only at the time of complete
disassembly and assembly of an injector.

NOTE: In the offset injector, a filter is used in the inlet
side only. No filter is required on the outlet side
34).

FIG. 10 Unusable Injector Plungers

3 Whenever an injector has been removed and
reinstalled or replaced in an engine, make the following
adjustments as outlined in Section 14:

a. Time the injector.
b. Position the injector control rack.

4. Whenever an engine is to be out of service for an
extended period, purge the fuel system, then fill it with a
good grade of rust preventive (refer to [Section 15.3).

5. When a reconditioned injector is to be placed in stock,
fill it with injector test oil J 26400. Do not use fuel oil.
Install shipping caps on both filter caps immediately after
filling. Store the injector in an upright position to prevent
test oil leakage.

NOTE: Make sure that new filters have been installed
in a reconditioned injector which is to be placed in
stock. This precaution will prevent dirt particles from
entering the injector due to a possible reversal of fuel
flow when installing the injector in an engine other than
the original unit.

Remove Injector
1. Clean and remove the valve rocker cover.

2. Remove the fuel pipes from both the injector and the
fuel connectors (Eig._6).

NOTE: Immediately after removal of the fuel pipes
from an injector, cover the filter caps with shipping
caps to prevent dirt from entering the injector. Also

protect the fuel pipes and fuel connectors from entry of
dirt or foreign material.

FIG. 11 Injector Tester J 23010 Clamping Heads

O 1980 General Motors Corp.

September, 1980 SEC. 2.1.1 Page5



2.1.1 Fuel Injector

DETROIT DIESEL V-71 (Vehicle)

3. Crank the engine to bring the outer ends of the push
rods of the injector and valve rocker arms in line
horizontally.

4. Remove the two rocker shaft bracket bolts and swing
the rocker arms away from the injector and valves (Fig._7).

5. Remove the injector clamp bolt, special washer and
clamp.

6. Loosen the inner and outer adjusting screws (certain
engines have only one adjusting screw and lock nut) on the
injector rack control lever and slide the lever away from the
injector.

7. Lift the injector from its seat in the cylinder head.

8. Cover the injector hole in the cylinder head to keep
foreign material out.

9. Clean the exterior of the injector with clean fuel oil and
dry it with compressed air.

TEST INJECTOR

CAUTION: The fuel spray from an injector can
penetrate the skin. Fuel oil which enters the blood
stream can cause a serious infection.

FIG. 12 -Injector Installed in Tester J 23010 with Clamping
Head

Therefore, follow instructions and use the proper
equipment to test an injector.

If inspection does not reveal any external damage, then
perform a series of tests to determine the condition of
the injector to avoid unnecessary overhauling. Tests must
be performed using injector test oil J 26400.

An injector that passes all of the tests outlined below may
be considered to be satisfactory for service without
disassembly, except for the visual check of the plunger.

However, an injector that fails to pass one or more of the,
tests is unsatisfactory. Perform all of the tests before
disassembling an injector to correct any one condition.

Identify each injector and record the pressure drop and fuel
output as indicated by the following tests:

Injector Control Rack and Plunger Movement Test

Place the injector in the injector fixture and rack freeness
tester J 22396. Refer to and place the handle on
top of the injector follower.

If necessary, adjust the contact screw in the handle to
ensure the contact screw is at the center of the follower
when the follower spring is compressed.

With the injector control rack held in the no-fuel position,
push the handle down and depress the follower to the
bottom of its stroke. Then very slowly

FIG. 13 Injector In Position for testing with Tester J 23010
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release the pressure on the handle while moving the
control rack up and down as shown in_Fig. 8 until the
follower reaches the top of its travel. If the rack does not
fall freely, loosen the injector nut, turn the tip, then
retighten the nut. Loosen and retighten the nut a couple
of times if necessary. Generally this will free the rack.
Then, if the rack isn't free, change the injector nut. In
some cases it may be necessary to disassemble the
injector to eliminate the cause of the misaligned parts.
Visual Inspection of Plunger

An injector which passes all of the previous tests should
have the plunger checked visually, under a magnifying
glass, for excessive wear or a possible chip on the
bottom helix. There is a small area on the bottom helix
and lower portion of the upper helix, if chipped, that will
not be indicated in any of the tests. Remove the plunger
from the injector as follows:

1. Support the injector, right side up, in holding fixture J
22396.

2. Compress the follower spring. Then raise the spring
above the stop pin with a screw driver and withdraw the
pin [Fig. 9). Allow the spring to r