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This textbook represents one volume of a two-volume
companion set that has grown out of an original book
entitled ‘‘On-Highway Truck: Power Trains, and Sus-
pension Systems,”’ which was first published in 1982 by
Reston Publishing Company, Inc. The second volume
in this set is entitled ‘‘Heavy-Duty Truck Power Trains:
Transmissions, Drive Lines, and Axles.”’ The success
of the original book generated many requests from vo-
cational/technical school and college users for expanded
coverage of new technologies that have since burst forth
in the design of both medium- and heavy-duty on-high-
way trucks.

Feedback from major users of the original book in
the United States indicated that many commercial trans-
port programs have structured their course content to
cover clutches, transmissions, and axles in one area,
while frames, steering, and braking systems are offered
as a separate specialty. Technological changes have ne-
cessitated the addition of new material, as well as the
expansion of the original chapters. Therefore, rather than
create a text of 1200 or more pages, the decision was
made to offer this new material in a two-volume com-
panion format. In this way, users of the books can
choose to zero-in on subjects that are complementary to
one another. Together, the books offer the reader a com-
prehensive resource of the ‘‘how and why’’ of the major
subject areas required in servicing and repairing me-
dium- and heavy-duty highway trucks. In the day-to-day
servicing of a single or large truck fleet, much of the
mechanic/technicians time and effort is devoted to the
maintenance, troubleshooting, and repair of the truck
running gear rather than the engine.

Since the original edition of this book, the heavy-
duty truck market has gone through many changes. To-
day, the association of European, Japanese, and U.S.
manufacturers has resulted in the incorporation of the
best design concepts from all countries. This has created
a standardization of many heavy-duty truck components
under different truck ‘‘marques.’” Examples of working
arrangements among major users include GMC offering
midrange trucks from their tie-in with Isuzu Motors in
Japan, Peterbilt’s arrangement with Volkswagen in
South America for their midrange line, and Mack
Trucks, Inc., and Renault in France offering similar
midrange models. In the heavy-duty Class 8 rating, a
recently formed joint venture between AB Volvo of
Sweden and General Motors has resulted in the Volvo/
GM Heavy Truck Corporation. These truck products
will bear Volvo and White/GMC name plates. Along
with a new series of Autocar trucks and tractors, Volvo
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drivetrain components will also be offered as an option
for most Class 8 White/GMC trucks built in the United
States.

Other ventures have resulted in the following
changes. Mercedes-Benz now owns Freightliner; DAF
(Netherlands) owns Freight Rover (Leyland) in Britain;
and International Harvester has been reorganized into
NAVISTAR International Transportation Corporation.
Names such as Scania, Mercedes-Benz, Iveco, Nissan,
Hino, Isuzu, and Mitsubishi are now becoming regular
sights on North American roads.

These close working agreements and ventures
among major truck manufacturers have truly created a
world-wide approach to improving truck technology.
The integrated driveline concept has also seen several
major truck manufacturers develop and manufacture
their own power transfer products, from the engine back
through the rear axle. Two examples of companies using
this approach are Mack and Volvo.

The trucking industry employs hundreds of thou-
sands of people in a wide variety of jobs; however, it is
the fleet mechanic who is responsible, in the final anal-
ysis, for keeping these trucks and trailers on the high-
way in a ready state of repair and in a mechanically
sound condition.

The truck fleet mechanic today must be capable of
understanding the intricate operation of heavy-duty au-
tomatic and standard transmissions, differentials, and
inter-axle lockup features, driveline problems, rear axle
and front axle maintenance, fifth wheels, drums, hubs
and brakes, plus the intricate operation of steering ge-
ometry, wheels and tires, and accessory braking devices
and suspension systems.

Manufacturers are also now integrating automotive
electronics into their various truck components at an ac-
celerated pace. The diesel engine is the component most
affected at this time. Detroit diesel corporation was the
first major engine manufacturer to offer electronic fuel
injection on its Series 92 and 71 on-highway truck en-
gines. It did so in September of 1985. The release of
DDC'’s Series 60 four-stroke cycle engine was a further
advancement of its DDEC (Detroit Diesel Electronic
Controls), with a DDEC 11 system now standard on this
engine series.

In addition, Caterpillar also offers its PEEC (Pro-
grammable Electronic Engine Control) system on the
3406 heavy-duty Class 8 truck engine, while Cummins
has now introduced its PACE electronic fuel control
system.

Manufacturers are also incorporating automotive



electronics into other parts of their truck systems—for
example, Allison’s (GMC), Voith’s, and ZF’s truck and
bus automation transmissions. Eaton/Fuller is also en-
gaged in this type of development. It plans to release
shortly an AMT (Automated Mechanical Transmission)
which will employ an air-operated/electronic-controlled
shifting system on its standard gear-shift model trans-
missions, as well as a ‘‘Shift-Mate’’ system for teaching
drivers when to shift for optimum fuel efficiency. Also
available on Scania buses is a system known as Scania
CAG (Computer-Aided Gear Changing) which employs
a microprocessor system with various sensors (road
speed, current gear, and accelerator position) to signal
the driver which gear to use for optimum fuel perfor-
mance. The driver depresses the clutch pedal, and the
recommended gear automatically clicks into place. The
driver can override the gear proposal by preselecting an-
other gear by use of a toggle switch, or the driver can
declutch to accept the computer recommendation. This
system is used mainly for inner-city application. Bus or
refuse trucks, where gears have to be shifted often, are
the nautral applications for use of this system.

Electronic on-board recording systems are also now
widely used to provide data on both the driver and ve-
hicle activity so that fleet records can be maintained on
a regular operating basis for each individual vehicle.
These recording systems help fleet managers maximize
fuel economy and reduce maintenance costs.

This book is a culmination of many hours of dis-
cussions with industry personnel. They all were ex-
tremely interested in seeing a textbook dealing specifi-
cally with the topics mentioned in the previous
paragraphs.

This book is systematically arranged so that general
information and useful working formulas are included
at the start of the book. These are followed by discus-
sion on components, beginning with the clutch assem-
bly and progressing rearwards in the vehicle to the other
major components and accessories.

The author has spent many years as a mechanic,
maintenance superintendent, factory service represen-
tative, factory instructor, college instructor, and depart-
ment head of a college diesel mechanic/technician pro-
gram.

Input from mechanics, students, service managers,
and others involved with the day-to-day training of truck
mechanics formulated the approach to the material pre-
sented within this book.

Other well-known major component suppliers, such
as Eton, Spicer, and Rockwell, now work very closely
with all major truck manufacturers to offer technical
support and, in some cases, form joint ventures in the
design and integration of their products into a wide range
of truck models.
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Rockwell recently acquired SOMA of Europe and
America, which is a French off-highway axle and trans-
mission manufacturer, while both Spicer (Dana Corpo-
ration) and Fuller (Eaton Corporation) companies have
expanded their own operations overseas to promote
wider use of their own excellent and well-known axle,
transmission, clutch, and driveline components.

No attempt is made to cover diesel engine overhaul
and repair in this book since a separate text would be
required to do it justice. I fully covered diesel-engine
fuel-system operation, maintenance, troubleshooting,
tuneup, and repair in my book, Medium/Heavy Truck
Diesel Fuel Systems. The text is published by Prentice
Hall, Englewood Cliffs, New Jersey 07632.

The material presented in this book is aimed spe-
cifically at those personnel who desire to become first-
class heavy-duty truck mechanics and to assist those al-
ready working in the trade who, day in and day out,
keep the hundreds of thousands of small, medium-, and
heavy-duty Class 8 highway trucks rolling over count-
less millions of miles in many countries of the world.

The truck transportation industry is one of the most
dynamic of its kind in the world, since it is responsible
for the delivery of approximately 80 percent of all food
stuffs and goods that we come into contact with each
day of our lives. Billions of dollars are spent yearly on
the maintenance, repair, and purchase of new trucks and
trailers in order to satisfy the demands placed upon in-
dividual trucking companies.

This book is not meant to circumvent the use of
truck and equipment suppliers’ service manuals, which
should be consulted for specific information relating to
any one vehicle or component; however, it will provide
both the experienced and inexperienced reader or truck
mechanic with a sound reference of operation, mainte-
nance, troubleshooting, and repair.

It will not on its own make you a highly skilled
mechanic. Used in conjunction with day-to-day, hands-
on experience, however, it will allow you the opportu-
nity to put into practice both the how and why of the
operation and maintenance of the powertrain compo-
nents employed on heavy-duty highway trucks.

In this ever changing world where shortages of nat-
ural resources are a fact of life, the one resource that is
always capable of continuity is the ‘‘mark of excel-
lence.”’ This one resource is your greatest asset in your
every-day employment while maintaining heavy-duty
trucks and equipment. Use it to advantage.

The author gratefully acknowledges the assistance
of all those manufacturers of trucks and truck compo-
nents who courteously allowed reproduction of many
excellent drawings and photographs from their own ser-
vice literature in order to make this book as up-to-date
and presentable as possible. Also to those individuals



who reviewed individual sections and chapters of the
book and offered constructive criticism, I remain deeply
appreciative.

Through your comments and assistance, I feel that
the finished product will be valuable and equal to your
expectations.

Any reader who wishes to offer suggestions on any
part of the book should please write to the author at

Prentice Hall.

Robert N. Brady
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This book represents one volume of a two-volume com-
panion set of texts that deals with heavy-duty on-high-
way truck operation and maintenance. It was originally
published in 1982 as a single-volume edition entitled
On-Highway Trucks: Power Trains, and Suspension
Systems. The success of this text demanded a new ap-
proach that not only would expand the original subject
matter but also deal with the current level of technology.
In order to achieve an acceptable finished product, ap-
proximately fifty major truck manufacturers and major
truck equipment component suppliers were contacted for
information about their latest product offerings.

This two-volume set could never have been written
without the strong support and assistance that I received
for my research from many company individuals who
went out of their way to ensure that I received the sales
and technical information required to present their com-
pany products to you, the reader. Some of these prod-
ucts are featured in both volumes, while others may only
be featured in the one volume in which the products can
be specifically related to particular chapter content.

On behalf of all these individuals and companies
who lent assistance, encouragement, and support, I hope
that the finished product before you is equal to your ex-
pectations.

The following companies and individuals therefore
deserve special mention for their time, effort, and—most
of all—the standards of excellence that they strive to
maintain in their product offerings.

1. Allison Transmission Division of General Motors
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ana, 46206-0894. Mr. John J. McCardle, Man-
ager, Public Relations.
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CHAPTER

General Information

INTRODUCTION

There are very few items that are used in everyday life
around the house, in the office, or at work that did not
come by truck transport from its original source to the
store in which you purchased it.

The transportation network that exists in North
America is the finest in the world and is a major em-
ployer and contributor to the economy of the country,
with 7.2 million employees.

There are approximately 2000 major truck trans-
portation companies in the United States. The ATA
(American Trucking Associations) reported that in 1987
these companies reported freight revenues of over $200
billion from truck/trailer combinations that logged close
to 138 billion miles on the nation’s highways.

The operation and maintenance of these vehicles
and trailers offer interesting and rewarding employment
in a variety of positions:

® Truck driver

® Truck owner/operator

¢ Fleet mechanic

e Shop supervisor

e Service management

e Service/sales

® Fleet maintenance management

® Parts sales

® Fleet maintenance training (instructing)

Various conservative estimates are available from
several reliable sources that indicate the heavy-truck re-
placement parts market for 1990 will amount to between
$8 and $10 billion. Of this total, ten parts categories
command 70% of this replacement market for the fol-
lowing systems:

® Engine system parts

® Power plant replacement
¢ Brake systems

e Power tailgates

e Cranking systems

e Rear axles

® Cooling systems

® Clutches

® Transmissions

® Drivelines

Contained within this book in the appendix are speci-
fications on Class 6 through Class 8 trucks, from en-
gines to transmissions to axles, that can be used as a
reference to assist you when establishing what compo-
nents are common to certain makes of vehicles.

The majority of trucks used in the Class 6, 7, and
8 range are diesel-powered, with the largest expected
increase in truck diesel power through 1990-95 ex-
pected to occur within the Class 6 and 7 range. Almost
100% of all Class 8 heavy-duty trucks are presently
powered by diesel engines.



Factory sales of trucks from United States plants in
the Class 8 category accounted for 135,000 vehicles in
1987.

The material contained within this book introduces
the reader to each component of the drivetrain found on
heavy-duty trucks. The author has made no attempt to
discuss the engine since a separate book alone would be
required to do justice to this assembly.

The information is presented in a systematic fashion
to allow the reader an opportunity to appreciate the op-
eration and maintenance of the drivetrain components.

HIGHWAY TRUCK CLASSIFICATION

Highway trucks presently in use are classified by weight
of the load they can transport. Table 1-1 shows the class
and weight range. (Also refer to Table 9-1 for semi-
trailer lengths.)

WEIGHT LIMITS FOR ON-HIGHWAY
VEHICLES: CANADA, AND THE UNITED
STATES

Load Variations and Vehicle Widths

Vehicle widths and weight limitations are not standard
in North America. In general, Canada accepts wider ve-
hicle widths and heavier loads. It may be noted here that
the Canadian and American Trucking Associations have
done many studies that prove that larger loads can be
transported as safely as existing weight limitations will
allow, plus do it at an appreciable savings in fuel.
Allowable tractor/trailer widths for on-highway use
are currently set at 102 inches (259 cm/2590 mm) both
in Canada and the United States. Regulations regarding
maximum allowable size and weight restrictions for
commercial vehicles are listed in Table 1-2 for the Ca-
nadian provinces and in Table 1-3 for the various U.S.
states. Note that the maximum allowable weight per axle
on heavy-duty trucks and trailers is generally subject to

variation in many provinces and states, particularly in
the early spring when road thaw sets in after many
months of below freezing weather. Signs posted by de-
partments of highways on major roads and highways
should be your guide here. In addition, the weight lim-
itations that are listed in Tables 1-2 and 1-3 are subject
to governmental change. Therefore, always check with
your local motor vehicle commercial transport bureau to
determine maximum allowable loads if you have any
doubts.

For those not familiar with the Canadian Provinces,
Quebec is twice the size of Texas, and Ontario is slightly
larger than the combined areas of California, Montana,
and Colorado. The distance from the eastern Quebec
border to the western border of Ontario is as far as the
distance from Bangor in Maine to Minot in North Da-
kota.

In the United States, the size and weight limitations
vary from state to state. Therefore, it is best to consult
local authorities when any doubt exists regarding allow-
able lengths and gross combination weights. A sum-
mary of both size and weight limits is published twice
a year from the Motor Carrier Advisory Service by the
American Trucking Associations, Inc., 2200 Mill Road,
Alexandria, Virginia, 22314-4654, Telephone (703)
838-1797. The above-listed publication can be obtained
for a service fee of $3.50; and bulk prices are also avail-
able upon request.

Longer lengths and gross combination weights are
allowable in different states on turnpike and toll-road
operations than those listed in Table 1-3. Note that,
within this table, there are references to Tables A and
B, as well as to Formula B. All this special information
can be found in the ATA’s ‘‘Summary of Size and
Weight Limits’” publication mentioned above.

Formula B states
W = 500 (LN/N — 1 + 12N + 36)
where
W = Maximum weight in pounds carried on any group

of two or more axles computed to the nearest 500
Ib (227 kg)

TABLE 1-1

Truck-weight classification
Class 1 GVW* 6000 Ibs
Class 2 ” 6001-10,000 Ibs
Class 3 " 10,001-14,000 Ibs
Class 4 " 14,001-16,000 Ibs
Class 5 " 16,001-19,500 Ibs
Class 6 19,501-26,000 Ibs
Class 7 " 26,001-33,000 Ibs
Class 8 " 33,001 Ibs and over

2721.6 kg
2722-4536 kg
4536.45-6350.4 kg
6350.85-7257.6 kg
7258-8845.2 kg
8845.65-11793.6 kg
11794-14968.8 kg
14969.25 kg

*Gross Vehicle Weight

Notes: Class 1 and 2 are known as light-duty, 3 to 6 as medium-duty, and 7 and 8 as heavy-duty.
Tractors are used from 50,000 Ibs GCW (gross combination weight) and above.
To convert pounds to kilograms, multiply the pounds by 0.4536.
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L = Distance in feet between the extreme of any group
of two or more consecutive axles.
N = Number of axles in group under consideration.

By way of example, special permits are required
from state authorities when combination tractor/trailer
lengths and weights which exceed those listed in Table
1-3 are considered. The state of Kansas will allow twin
48’ (14.62 m) trailers subject to an overall 119’ (36.27
m) length and 120,000 1b (54,432 kg) GVW. In addi-
tion, triple trailer combinations subject to the above re-
strictions in overall length and weight are allowed by
the Kansas Turnpike Authority. The New York State
Thruway Authority allows twin turnpike doubles subject
to a 114’ (34.74 m) overall length and 143,000 1b
(64,865 kg) GVW. However, no triple combinations are
allowed. The Florida Turnpike Authority allows twin
45' (13.71 m) trailers to operate on the turnpike subject
to 110’ (33.52 m) lengths and 138,271 1b (62,720 kg)
GVW limitations. Other states have regulations that limit
lengths and gross vehicle weights to less than those dis-
cussed above. There are also a number of states that do
not allow any use of triple trailer combinations.

In addition to the ‘‘Summary of Size and Weight
Limits’’ publication, the ATA has other publications that
treat safety regulations, oversize/overweight permits,
and the handling of hazardous wastes. These publica-
tions can be ordered by writing to the address given
above, by calling the 1-800-ATA-LINE, or by calling
703-838-1754 collect.

The term ‘‘Rocky Mountain Double’’ is the name
for a tractor and twin-trailer arrangement. Its compo-
nents include a tandem semitrailer and a shorter three-
axle full trailer and fixed single-axle converter dolly with
a roller-type fifth wheel. Its overall length should not
exceed that specified by the various state authorities.
Because of these different state laws, the overall length
of the front trailer and shorter rear trailer becomes sub-
ject to change so that the vehicle complies with these
regulations. Other terms, such as an A or a B train trac-
tor/trailer combination, are shown in Table 1-2. Overall
lengths, widths, and weights are also subject to current
individual state or provincial laws.

The current trend both in Canada and the United
States is to increase the allowable weights that can be
carried since studies on both sides of the border have
proved that the cost per mile is approximately 30 to 40%
less than with the existing setup; but most importantly,
these larger loads can be carried at a fuel savings of 25
to 30% over that of two tractors pulling single 45-ft
(13.7-m) trailers. Also, less damage is done to the high-
ways since the load is spread over a greater number of
axles. Future truck/tractor/trailer combinations would
therefore appear to be destined for acceptance in the very
near future at these larger sizes and loads that have been
under evaluation by several Provinces and States.

Federal, State, and Provincial Weight Limits

In the United States, federal interstate highway limits
are 20,000 1b (9072 kg) for single-axle vehicles, and
34,000 1b (15,422 kg) for tandem axle vehicles. Amer-
ican and Canadian weight limits for single and tandem
axles are shown in Tables 1-2 and 1-3.

HIGHWAY DEFINITIONS

The following definitions are commonly used to indicate
the class or grade of highway.

1. Class AA: Turnpike. Operation on limited-access,
well-maintained multilane concrete or asphalt high-
way, with maximum adverse grades up to 3%.

2. Class A: On-Highway. Exclusively on well-main-
tained major highway of excellent concrete or as-
phalt construction, with uniform grades up to 8%.
Subject to legal weight and dimensional limitations.

3. Class B: On-Off Highway. Secondary road of good
concrete or asphalt construction with partial opera-
tion on well-maintained crushed rock surface of
similar material, and with variable grades up to
12%. Subject to legal weight and dimensional lim-
itations.

4. Class C: Off-Highway. Exclusively on private road.
Asphalt or maintained crushed rock or surface of
similar material, and with variable grades. Not sub-
ject to legal weight and dimensional limitations.
May have provision for a width limit.

5. Class D: Off-Road. Exclusively off-highway on pri-
vate road with partial operation entirely off-road on
areas with no maintained hard surface, and with
variable grades. Not subject to legal weight and di-
mensional limitations.

METRIC INFORMATION

With the present move towards metrication, the truck
mechanic and others within the transportation industry
must be able to identify a ‘‘“metric’’ nut or bolt from the
customary American type of thread.

Mismatched or incorrect nuts, bolts, and screws can
result in damage, malfunction, or possible personal in-
jury; therefore the following information indicates the
difference between the customary bolt and the ‘‘metric
thread.”’

The accepted standard now being adopted by every-
one is the SI or Systeme Internationale. For example, a
Y4-20 and Y4-28 screw is replaced by its metric equiva-
lent, the M6.0 X 1 screw, which has nearly the same

Metric Information 3
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