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PREFACE

The ultimate purpose of training Naval personnel is to produce a
combatant Navy which can insure victory at sea. A consequence of the
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a victorious Navy.
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to fulfill the requirements of their rating. Among these requirements are the
abilities to perform tasks involved in the maintenance, repair, and overhaul
of automotive, materials-handling, and construction equipment.
Designed for individual study and riot formal classroom instruction, the

RTM provides subject matter that relates directly to the occupational
standards of the Construction Mechanic rating. The NRCC provides a way of

satisfying the requirements for completing the RTM. Assignments in the
NRCC include learning objectives and supporting items designed to lead the
student through the RTM.
This RTM/NRCC was prepared by the Naval Education and Training
Program Development Center, Pensacola, Florida, for the Chief of Naval
Education and Training. Technical assistance was provided by the Naval
Facilities Engineering. Command, Alexandria, Virginia, the Naval
Construction Training Center, Port Hueneme, California, the Naval
Construction Training Center, Gulfport, Mississippi, and the Civil
Engineering Support Office, Port Hueneme, 'California.
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THE UNITED STATES NAVY
GUARDIAN OF OM R COUNTRY
The United States Navy is responsible for maintaining control of the
sea and is a ready force on watch at home and overseas, capable of
strong action to preserve the peace or of instant offensive action to
win in war.
It is upon the maintenance of this control tha our country's glorious
future depends; the United States Navy exists o make it so.

WE SERVE WITH HONOR
Tradition, valor, and victory are the Navy's heritage from the past. To

these may be added dedication, discipline, and vigilance as the
watchwords of the present and the future.

At home or on distant stations we serve with pride, confident in the
respect of our country, our shipmates, and our families.
Our responsibilities sober us; our adversities strengthen us.

Service to God and
honor.

Coi

try I our special privilege. We serve with

THE FUTURE OF THE NAVY
The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea,
under the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in
war.
Mobility, surprise, dispersal, and offensive power are the keynotes of

the new Navy. The roots of the Navy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.
Never have our opportunities and our responsibilities been greater.
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1

PREPARATION FOR ADVANCEMENT
This training manual has been prepared for
personnel of the regular Navy and the Naval
Reserve, not only to assist them in advancement
but also increase their knowledge in the various

aspects of the Construction Mechanic rating.
This manual is based on the minimum skill
requirements that the Navy prescribes for its

functions. Some general ratings include service
ratings; others do not.

SERVICE RATINGS identify specialties
within a general rating. Although service ratings

can exist at any petty officer level, they are
most common at the PO3 and PO2 levels.

Construction Mechanics. Called occupational

standards, these requirements are published in
the Manual of Navy Enlisted Manpower and
Personnel classifications and Occupational
Standards, NAVPERS 18068-D that lists the
occupational standards for Construction
Mechanics Third and Second Class. You will also
see listed in NAVPERS 18068-13 the skills and

knowledges, called naval standards, that deal
with naval organization, security, watchstanding,

THE CONSTRUCTION
MECHANIC RATING

The Construction Mechanic rating is a
general rating at all levels. Construction
Mechanics perform both administrative and
technical tasks involved in maintenance, repair,
and overhaul of automotive, materials/weight

military conduct, military justice, and other

handling, and construction equipment,

military requirements.

The Construction Mechanic rating is a source
a number of NEC's (Navy Enlisted
Classification Codes). NEC's reflect special
knowledge and skills in certain ratings. The NEC
Coding System is designed to facilitate
management control over enlisted skills by

Your responsibilities for the naval standards
are about the same as those of petty officers in

other ratings since every petty officer is a
member of the Navy. Elowever, your
responsibilities for the occupational standards
are special to your rating and directly related to
the work you do as a Construction Mechanic
(CM).

ENLISTED RATING
STRUCTURE

The two main types of ratings in the present
enlisted rating structure are general ratings and
service ratings. Both Regular Navy and Naval
Reserve personnel may hold these ratings.

GENERAL RATINGS identify broad
fields of related duties and

occupational

of

accurately identifying billets and personnel. It
also helps insure maximum skill utilization in
distribution and detailing. The following NEC's
may be earned by Construction Mechanics at
certain grade levels by satisfactorily completing
an applicable course of instruction at a Navy
Class "C" school.

AUTOMATIC TRANSMISSION/

HYDRAULIC SYSTEMS MECHANIC,
CM-5801.The skills and knowledge required

for this NEC include troubleshooting,
dismantling, repairing, and reassembling all types
of au tomatic transmissions and torque
converters ;. analyzing

and correcting

CONSTRUCTION

malfunctioning hydraulic pumps, controls and
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Island, San Salvador, and so on. You may have

relief valves, and rams and cylinders; and
repairing or replacing hydraulic lines and hoses.

the opportunity to winter over in Antarctica.
Duty assignments may be had in Okinawa,
Japan, Guam, the Philippines, Midway, and the

AUTOMOTIVE ELECTRICAL

Indian Ocean island of Diego Garcia.

TECHNICIAN, CM- 5802. --Personnel with this
NEC service, adjust, analyze, and repair

Units of the Fleet

automotive, materials handling, and
construction equipment electrical systems.

As a CM, you may not expect to be assigned
to duty as a member of a ship's company. There

STATIONARY DIESEL ENGINE
MECHANIC, CM-5804.Holders of this NEC
must be able to maintain, repair, adjust, and

is a possibility that you may be assigned to a
Naval Amphibious Construction Battalion
(PHIBCB), but you will most likely be assigned

overhaul stationary diesel engines with over 600
horsepower.

to an NMCB, or a detachment thereof, or to
other activities related to the Fleet Construction
Force such as a CBMU, CBU, regimental

TYPES OF BILLETS

headquarters, or Construction

Force

headquarters. In an NMCB, you may expect to
Most Construction Mechanic billets are
located in Naval Mobile Construction Battalions
(NMCB's), Construction Battalion Units

be

in "A" company, which functions in

a

military capacity as a machinegun and rifle
company. Known as the "equipment company,"
Construction Mechanics and Equipment
Operators are usually assigned to "A" company.

(CBUis), Construction Battalion Maintenance
Units (CBMU's), and Naval Construction
Regiments (NCR's), which are engaged in
overseas base construction. In addition,

Construction Mechanics are assigned to a variety

The Public Works Department

of billets in the Public Works Department of
naval shore activities. A limited number of
especially well-qualified Construction
Mechanics, usually PO2, POI, and CPO, are

activity, either within the United States or
overseas, you will most likely be assigned to the

When you are assigned to duty at a shore

assigned as instructors at the CM School, Naval
Construction Training Center (NCTC), Port
Hueneme (California), or Gulfport (Mississippi).

Public Works Department of the station. Most
stations which have more than 100 people

and 15 or 20 buildings have a Public Works
Department (which administers and maintains
public works and utilities), except that in some
localities Public Works Centers have been
established. These Centers perform the public
works duties for a number of Navy activities in
the vicinity of the Center. The Public Works

Geographic Location

The Navy, as you know, maintains a large
number of activities within the United States,
mostly along the coastlines. As a CM, you may

Department is headed by the Public Works

work at almost any one of them, either as a

Officer, who is an officer of the Civil Engineer

member of a. unit of the Fleet operating at the

Corps. The organization and staffing of the

station, or as a member of the station force
itself.

Department vary considerably, depending on the
size, location, and mission of the activity.

In the Atlantic area you may be assigned
duty in Spain, Italy, Newfoundland, or even

generally

The larger Public Works Departments are
divided

into

Administrative

and

Technical Divisions (Administrative,

Iceland or Greenland. You may work in
Bermuda or at a number of other islands: Cuba,
Puerto Rico, Trinidad, Barbados, Antigua, Turks

Engineering, Maintenance Control, and
sometimes Housing) and Operating Divisions
2
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(Maintenance, Utilities, and Transportation).
The Operating Divisions are usually headed by a

CEC officer who has the title Shops Engineer.
Smaller stations might have only three divisions:
Administrative, Engineering, and Shops. The
Shops Division usually has a Transportation

authority: one for civilians and one for the
military personnel. Others prefer to integrate the

Works Departments, both in the United States

civilians and military completely; in the latter
case you may work beside a civilian and report
to a CM' who reports to a quarterman who, in
turn, answers to the Shops Engineer who is an
officer. There are some activities which are
staffed completely by military personnel
because the mission is highly classified; if you
are assigned to a station of this type you may
expect to work within your rating.

and overseas, are staffed largely by civilians. The
Administrative and Technical Divisions (except

Duty at Overseas Bases

Branch.

Some Public Works Departments, particularly at small, isolated stations, may be staffed
entirely by military personnel, but most Public

for Maintenance Control) are mainly staffed
with civilian employees classed as "GS," or "per
annum," or "white collar". The Operating
Divisions are mainly staffed with civilian
employees classed as "wage board," or "per
diem," or "blue collar". Supervisory blue collar
employees have titles such as (in ascending order

of responsiblity) snapper, head, leadingman,
quarterman, and chief quarterman. Very large
stations may also have master mechanics and

In general, you may expect to work in your
trade if assigned to a shore activity outside the
U.S. At smaller, relatively isolated stations the

entire Public Works staff may be military

personnel. At the larger activities you may

expect to work with civilian employees from the
U.S., both white collar and blue collar, and with
foreign nationals.

foreman mechanics. At bases overseas, foreign

nationals may be hired to work in the Public
Works Department. They may be employed

THE NAVY ENLISTED
ADVANCEMENT SYSTEM

directly as a special category of civil servant, or
they may be utilized as contract labor through
the negotiation of a labor contract with the host
government of the country involved.

through the advancement system. The basic

Duty Within the U.S.

As stated before, if you are assigned to shore
activity within the U.S. you will most likely be
assigned to Public Works; but this is not always

the case. In areas where there is a large stable
supply of manpower, most of the transportation
work is done by blue collar employees.
Therefore, you may be assigned to the
master-at-arms force, spec :11 services, the salvage

yard, the commissary, or to any of a great
variety of jobs.

Your chances of working at your trade are
much better in areas where there is a relative
shortage of manpower. In these areas, you may

expect to be assigned to the Transportation
Division or the Transportation Branch of the
Shops Division. Some Public Works officers
prefer to

organize

two

separate lines of

Many of the rewards of Navy life are earned
ideas behind the system have remained stable for

many years, but specific portions may change
rather rapidly. It is important that you know the
system and follow changes carefully. BUPERS
Notices 1418 will normally keep you up to date.
The normal system of advancement may be

easier to understand if it is broken into two
parts:
1.

Those requirements that must be met

before you may be considered for advancement.
2.

Those factors that actually determine

whether or not you will be advanced.
QUALLFYDIG FOR
ADVANCEMENT

In general, to QUALIFY (be considered) for
advancement, you must first:
1.

grade.

Have a certain amount of ime in pay-

CONSTRUCTION MECHANIC 3 & 2
2. Demonstrate knowledge of material in
your mandatory rate training manuals by
achieving a suitable score on your command's
test, by successfully completing the appropriate
NRCC's or, in some cases, by successfully
completing an appropriate Navy school.
3. Fulfill the Personnel Advancement
Requirements (PAR) of your rating. (Described
later in this chapter.)
4. Be recommended by your commanding

ALL of those qualified will be advanced. More
often, the number of qualified people exceeds
the vacancies. When this happens, the Navy uses
a special procedure devised for advancing those
who are BEST qualified. This procedure is based
on combining three personnel evaulation
systems:

Merit rating system (Annual evaluation and
C.O. recommendation)

officer.
5. For petty officer third and second
candidates ONLY, demonstrate knowledge of
military subjects by passing a locally
administered MILITARY/LEADERSHIP
examination based on the naval standards for

Personnel

testing system

(Advancement

examination scorewith some credit for passing
previous advancement exams)

Longevity (seniority) system (Time in Rate

advancement from NAVPERS 18068 series.
6. Demonstrate knowledge of the technical

and Time in Service)

aspects of your rate by passing a Navy-wide
advancement examination based on the
occupational standards applicable to your rate

Simply, credit is given for how much the
individual has achieved in the three areas of

from NAVPERS 18068 series (those standards

performance, knowledge, and seniority. A
composite, known as the final multiple score, is

Listed at and below your rate level).

generated from these three factors. All of the

detailed view of the
requirements for advancement of active duty

candidates who have PASSED the examination
from a given advancement population are then
placed on one list. Based on the final multiple
score, the person with the highest multiple score

Figure

1-1

gives a

personnel; figure 1-2 gives this information for

inactive duty personnel. Remember that the

is ranked first, and so on, down to the person
with the lowest multiple score. For candidates
for E-4, E-5, and E-6, advancement
authorizations are then issued, beginning at the

occupational standards can change. Check with

your division officer or training officer to be
sure that you have the most recent standards.

If you meet all of the above requirements
satisfactorily, you become a member of the
group from which advancements will be made.

top of the list, for the number of persons needed
to fill the existing vacancies. Candidates for E-7,
E-8, and E-9 whose final multiple scores are high
enough will be designated PASS SELBD ELIG
(pass Selection Board Eligible). This means that

WHO WILL BE
ADVANCED?

their names will be placed before the Chief,
Senior Chief, and Master Chief Petty Officer
Selection Boards, BUPERS boards charged with
considering all so-designated eligible candidates

Advancement is not automatic. Meeting all
of the requirements makes you eligible, but does

for advancement to CPO, SCPO, and MCPO.
Advancement authorizations for those being

not guarantee your advancement. Some of the
factors that determine which persons, out of all

advanced to CPO, SCPO, and MCP° are issued
by these boards.

of those QUALIFIED, will actually be advanced
in rate are the score made on the advancement
examination, the length of time in service, the
performance marks earned, and the number of

Who, then, are the individuals who are
advanced? Basically, they are the ones who
achieved the MOST in preparing for
advancement. They were not content to just

vacancies being filled in a given rate.

If the number of vacancies in a given rate
exceed the number of qualified personnel, then

qualify; they went the extra mile in their
training, and through that training and their
4
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#E3

REQUIREMENTS*

El to E2

E2 to E3

6 mos.
service.

6 mos.
as E-2.

SERVICE

Recruit
Training..
SCHOOL

:

...

(C.O.

may adVance up
to 10%
of graduating
class.)

':

-:

:

::
:

to E4

#E4
to E5

E6

E7

OfE8

to E7

to E8

to E9

E5

to E6

6 mos.
as E-3.
2 years
time in
service.

2 mos.
as E-4.
3 years

24 mos.
as E-5.
7 years
time in time in
service. service.

36 mos.
as E-6.
10 years
time in
service.

Class A
for PR3,
DT3,IS3,
AME3,
HM3,

Naval

Navy
School
for AGC, enlisted.
MUC.tt

Justice
School
LN2

36 mos. 36 mos.
as E-7. as E-8.
8 of 13 10 of 16

years
time in
service
must be

FTB3,

MT3,MU3,
EW3
.

...___

-.......v.w.v.....

----.:..........

PERSONNEL
ADVANCEMENT
REQUIREMENT

years
time in
service
must be
enlisted.

-:-:::.---':.-::::,...

-:

":-::-=-=
"-:-::::::.:::X

Personnel Advancement Requirement
(PAR) must be completed for
advancement to E-4 through E-7_

%-.v.-.-.-.%-.-.y.-...

(PAR)

NAVPERS
1414/4

_.
...............

PERFORMANCE
TEST

:-"--.

Specified ratings must complete
applicable performance tests before taking examinations.

.

ENLISTED
PERFORMANCE
EVALUATION

As used by CO
when approving
advancement.

EXAMINATIONS** Locally
prepared

Counts toward performance factor credit in advancement
multiple.

See
below.

tests.
.

RATE TRAINING
MANUAL (INCLUDING
MILITARY
REQUIREMENTS)

.

.-v..-v:::::

Navywide examinations
required for all PO
advancements.

.

Navywide selection board.

._

Required for E-3 and all PO advancements
unless waived because of school comple-tion but need not be repeated if identical
-. course has already been completed.
See
.v NAVEDTRA 10052 (current edition).
,

Nonresident career
courses and
recommended reading_
See NAVEDTRA 10052
current edition).

.-.-

AUTHORIZATION

Commanding
Officer

NAVEDTRAPRODEVCEN

*All advancements require commanding officer's recommendation.
t2 years obligated service required forE-7, E-8, and E-9.
#Military leadership exam required for E-4 and E-5.
**For E-2 to E-3, NAVEDTRAPRODEVCEN exams or locally prepared tests may be used.
ttWaived for qualified EGO personnel.
##Advancement to E-7 will be 10 years TIS effective 1 January 1979; to E-8, 13 years TIS
effective 1 November 1978; to E-9, 16 years TIS effective 1 November 1978.

Figure 1-1.--Active du y advancement requirements.
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El to

REQUIREMENTS*

E2

TOTAL TIME
IN GRADE

6 mos.

TOTAL TRAINING
DUTY IN GRADEt

14 days

E2 to
E3

6 rnos.

1.4 days

PERFORMANCE
TESTS

E3 to

E4 to
ES

E4

6 mos.

12 mos.

14 days

14 days

E5 to
E6

24 mmos.

28 days

E6 to
E7

E8

E9

36 mos.
with
total
9 yrs
service

36 mos.
with
total

42 days

24 mos.

with

12 yrs

total
15 yrs

service

service.

42 days

28 days

Specified ratings must complete applicable
performance tests before taking examination.

DRILL
PARTICIPATION

Satisfactory participation as a member of a drill unit in
accordance with BUPERSINST 5400.42 series.

PERSONNEL
ADVANCEMENT
REQUIREMENT (PAR)
NAVPERS 1414/4

Personnel Advancement Requirements (PAR) NAVPERS 1414/4 must
be completed for advancement to
E4 through E7,

RATE TRAINING
MANUAL (INCLUDING
_MILITARY-REQUIRE--

Completion of applicable course or courses must be entered
serVice record.

in

MENTS)

EXAMINATION

Standard Exam

AUTHORIZATION

Commanding
Officer

Standard Exam required for all
TO advancements. Also pass
Military Leadership Exam
for E4 and ES.

NAVEOTRAPRODEVCEN

*Recommendation by commanding officer required for all advancements.
tActive duty periods may be substituted for training duty.

Figure 1 -2. --Inactive duty advancement requirements.
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Standard Exam.
Selection Board.

Chapter 1PREPARATI N FOR ADVANCEMENT
work experience they developed greater skills,
learned rriore, and accepted more responsiblity.
While it
will

cannot guarantee that any one

be advanced, the advancement
system does guarantee that all persons within a
particular rate will compete equally for the
person

vacancies that

exist.

HOW ro FREFARE
FOR AIDVANCENIENT

What

PAR.

program,

study

the required rate

training rnanuals, and the publications that are
required for

in your rate. To

advancement

prepare for advancement, you will need to be
familiar with (I) the Manual of Navy Enlisted
Manpower and Personnel Classifications and
Occupaliorial
Advancement

Standards,

(2)

Requirement

the

Personnel

(PAR) Program,

(3) the publication gibliography for
AdvancEin4nt Study, NAVEDTRA 10052, and
(4) applicable rate training manuals. The
following paragraphs describe these publications
the l'Afc program and give you some
practical suggestions on how to use them in
and

preparing for advancement.

Section I of the Manual of Enlisted
Manpower and Personnel Classifications and
Occupational -Standards, NAVPERS 18068 -D
with changes, contains the naval and
occupational standards for advancement to each
paygrade. Section contains the Navy Enlisted
Classifications (NEC's).
Thy-

NAVAL_ STANDARDS

are

requirements that apply to all ratings rather than
any one particular rating. The OCCUPATIONAL
STANDAUS are requirements that are directly
related to the work of each rating. Both the
naval standard& and the occupational standards
are divided into subject matter groups.

You are required to pass a Navy-wide
military/lea.derstip examination for E-4 or E-5,
as appropriate, before you take the Navy-wide
advanceirnent examination. The military/
leadership examinations are administered on a
schedule

determined

applicable military/leadership examination only
once at the E-4 and the B5 levels. Each of these
examinations consists of 100 questions based on
information contained in Military RequJrernents

for Petty Officers 3 If 2 NAVEDTRA 10056
(current edition) and in other publications listed
in Bibliography for Advancement Study,
NAVEDTRA 10052 (current edition).
The Navy-wide advancement examinations

for

must you do

to prepare for
advancement? You must study the occupational
standards, work on the requirements stated in
the

officer. Candidates are required to pass the

by your commanding

paygrades

E-4 and E-5 contain

150

questions related to occupational areas of your
rating.

If you are working for advancement to
class, remember that you may be
examined on third class standards or
second

Constructionman standards as well as on second
class standards.

NAVPERS 18068-1) is kept current by
means of changes. The occupational standards
for your rating which are covered in this training
manual were current at the time the manual was
printed, but by the time you study this manual,
the standards for your rating may have been
changed. Make sure the manual you refer to
contains the latest changes.
PERSONNEL ADVANCEMENT
REQUIREMENTS

The Personnel Advancement Requirement
(PAR) (NAVPERS 1414/4) enables a command
to evaluate the overall abilities of an individual
in the day-to-day work situations and eliminates
the need to complete a mandatory, lengthy, and
detailed checkoff list.
The PAR for each rating is a pamphlet that
lists the requirements for advancement to
paygrades E-4 through E-7. It contains
descriptive information, instructions for
administration, special rating requirements, and
advancement requirements.
Section I (Administration) contains the
individual's length of service, time in rate, and a

checkoff for the individual having passed the
E4 /E-5 Military/Leadership Examination.
Section II (Formal School and Training)

contains a checkoff entry for the individual

14
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having completed the military requirements rate
training manual and the applicable rate training
manual for the rating.

Section III (Occupation and Military
Ability) is a checkoff list of task statements.

Individuals are evaluated on their ability to
perform the tasks. The evaluation may be based
on ability in related areas, training received, or
actual demonstration of the tasks.
PAR's do not exist for the E-8's and E-9's as
there are other means of selection for
advancement to these paygrades. The E-3

apprenticeships are so broad as to make the
development of a single PAR impractical.
NAVEDTRA 10052

Bibliography for Advancement Study,
10052 is a very important
publication for any enlisted person preparing for
advancement. This bibliography lists required
and recommended rate training manuals and
other reference material to be used by personnel
NAVEDTRA

responsible for the references listed at the third
class level and at the Constructionman level.

In NAVEDTRA 10052, you will notice that
serne rate training manuals are marked with an
asterisk (*). Any manual marked in this way is
MAIWATORYthat is, it must be completed at
the indicated rate level before you can be
eligible to take the Navy-wide examination for
advancement. Each mandatory manual may be
completed by (1) passing the appropriate
nonresident career course (NRCC) that is based
on the mandatory rate training manual;
(1) passing locally prepared tests based on the
4.fonnation given in the rate training manual; or
(3) in some cases, successfully completing an
appropriate naval school.
Do not overlook the section of NAVEDTRA
1 0052 which lists the required and
recommended references relating to the naval
standards for advancement. Personnel of ALL
ratings must complete the mandatory military
requirements training manual for the

appropriate level before they are eligible to
advance.

working for advancement.

NAVEDTRA 10052 is revised and issued
once each year by the Chief of Naval Education
and Training. Each revised edition is identified
by a letter following the NAVEDTRA number.
When using this publication, be SURE that you
have the most recent edition.

If extensive changes in standards occur

are

The references in NAVEDTRA 10052 which
recommended, but which are not

mandatory, should also be studied carefully.
ALL references listed in NAVEDTRA 10052
may be used as source material for the written
examinations at the appropriate rate levels.
RATE TRAINING

any rating between the annual revisions of

feIANUALS

NAVEDTRA 10052, a supplementary list of
study material may be issued in the form of a
BUPERSi Notice. When you are preparing for

manuals. RATING manuals, such as this one, are

advancement, check to see whether changes have

prepared for most enlisted ratings. A rating

been made in the standards for your rating. If
changes have been made, see if a RIMERS
Notice has been issued to supplement
NAVEDTRA 10052 for your rating,.

The required and recommended references
are listed by paygrade in NAVEDTRA 10052.

There are two general types of rate training
manual gives information that is directly related

to the occupational standards of ONE rating.
S-LBJECT MATTER manuals or BASIC manuals

give information that applies to more than one
rating.

If you are working for advancement to third
class, study the material that is listed for third
class. If you are working for advancement to

Rate training manuals are revised from time
to time to keep them up to date technically. The
revision of a rate training manual is identified by
a letter following the NAVEDTRA number. You

second class, study the rnateriai that is listed for

can

second class; but remember that you are also

training manual is the latest edition by checking

tell

whether any particular copy of a
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NAVEDTRA number and the letter
following this number in the most recent edition
of List of Training Manuals and Correspondence
Courses, NAVEDTRA 10061. NAVEDTRA
10061 is a catalog that lists all current training

through the book without any particular plan,
looking at the illustrations and reading bits here

catalog useful in planning your study program.

chapter, read the introduction, the headings, and
the subheadings. This should give you a pretty

the

manuals and courses; you should find this
Each time a rate training manual is revised, it

is

brought into conformity with the official

publications and directives on which it is based;
but during the life of any edition, discrepancies
between the manual and the official sources are
almost certain to arise because of changes to the

and there as you see things that interest you.

4. Look at the training manual in more
detail, to see how it is organized. Look at the

table of contents again. Then, chapter by

clear picture of the scope and contents of the
book. As you look through the book in this
way, ask yourself some questions:

What do I need to learn about this?

latter which are issued in the interim. In the
performance of your duties, you should always
refer to the appropriate official publication or
directive. If the official source is listed in
NAVEDTRA 10052, the Naval Education and
Training Program Development Center uses it as
a source of questions in preparing the Navy-wide
examinations for advancement. In case of any
discrepancy between the publications listed in
NAVEDTRA 10052 for a given rate, the

examination writers will either use the most
recent material or avoid having questions on
Rate training manuals_ are designed to help

you prepare for advancement. When you are
for

How is this information related
information given in other chapters?

How is this information related to the
cupational standards?
5. When you have general idea of what is in

the training manual and how it is organized,
improve upon your knowledge by intensive

study. In each study period, try to cover a

such sources.

preparing

What do I already know about this?

advancement,

the

following

suggestions may help you to makethe best use
of this manual and other Navy training
publications:
1. Study the naval standards and the
occupational standards for your rating before
you study the training manual, and refer to the
standards frequently as you study. Remember,
you are studying the manual primarily in order

to meet these standards.

2. Set up a regular study plan. It will

probably be easier for you to stick to a schedule
if you can plan to study at the same time each
day. If possible, schedule your studying for a
time of day when you will not have too many
interruptions or distraction&

3. Before you begin to study any part of
the manual intensively, become familiar with the

entire book. Read the preface and the table of

contents. Check through the index. Thumb

complete unitit may be a chapter, a section of

a chapter, or a subsection. The amount of

material that you can cover at one time will
vary. If you know the subject well, or if the

material is easy, you can cover quite a lot at one
time. Difficult or unfamiliar material will require
more study time.
6. In studying any one unitchapter,
section, or subsectionwrite down the questions
that occur to you. Many people find' it helpful

to make a written outline of the unit as they

study, or at least to write doWn the most
important ideas.

7. As you study, relate the information in

the training manual to the knowledge you

already have. When you read about a process, a
or a situation, try to see how this
information ties in with your own past
skill,

experience.
8. When you have finished studying a unit,

take time out to see what you have learned.
Look back over your notes and questions.
Maybe some of your questions have been

CONSTRUCTION MECHANIC 3 & 2

answered, but perhaps you still have some that
are not answered. Without looking at the
training manual, write down the main ideas that
you have gotten from studying this unit. Don't
just quote the book. If you can't give these ideas
in your own words, the chances are that you
have not really maVered the information.
9. Use nonresident career courses whenever
you can. The courses are based on rate training

manuals or on other appropriate texts.

As

contained in various publications. Some are
subject to change or revision at regular intervals,
while others are revised as the need arises, When

using any publication that is subject to change

or revision, be sure that you have the latest
edition. When using any publication that is kept
current by means of changes, be sure you have a

copy in which all official changes have' been
made. Studying canceled or obsolete
information will not help you to do your work
or to advance; it is likely to be a waste of time,

mentioned before, completion of a mandatory
rate training manual can be accomplished by
passing a nonresident career course based on the
rate training manual. You will probably find it
helpful to take other courses, as well as those
based on mandatory manuals. Taking a course
helps you to master the information given in the
training manual, and also help_ s you see how

GOVERNMENT PUBLICATIONS

10. Think of your future as you study rate
training manuals. You are working for
advancement to third class or second class right
now, but some day you will be working toward
higher rates. Anything extra that you can learn

reference. A number of publications issued by
the Naval Facilities Engineering Command
(NAVFAC) which will be of interest to
personnel in Occupational Field 13
(Construction) ratings are listed in the Index of
Naval Facilities Engineering Command

and may even be seriously misleading.

There are various government publications

which you may find useful as sources of

much you have learned.

will help you both now and later.

Publications,

NAVFAC P-349 (updated
semiannually). A publications program is one of

the principal communications media used by
NAVFAC to provide a ready reference of

SOURCES OF
INFORMATION

current technical and administrative data for use
by its subordinate units.

Besides rate training manuals, NAVEDTRA
10052 lists official publications on which you
may be examined. You should not only study

the sections required, but should become

NAVFAC publications are listed in
alphabetical and numerical order in NAVFAC

P-349; copies of NAVFAC P349 may be
obtained through proper channels from the
Naval Supply Depot, 5801 Tabor Avenue,

as

familiar as possible with all the publications you
use.

Philadelphia, Pennsylvania 19120.

One of the most useful Qhings you can learn
about a subject is how to find out more about it.
No single publication can give you all the

Some of the publications that you will need

to study or refer to as you prepare for

information you need to perform the duties of
your rating. You should learn where to look for
accurate, authoritative, up-to-date information
on all subjects related to the naval requirements
for advancement and the occupational standards
of your rating.

advancement have already been discussed earlier

in this chapter. Here are the titles and short
descriptions of three more:
Tools and Their Uses. Although this training

manual is not specifically required for
advancement, you will find that it contains a

good deal of useful information on the care and

PUBLICATIONS YOU
SHOULD KNOW

use of many common handtools and portable
power tools.

The detailed information you need for

advancement

and

for everyday

work

Blueprint Reading and Sketching. Beginning
with a general discussion of the uses and kinds

is
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professional societies, and commercial
publishing houses. Operator's manuals,

of blueprints, the manual explains the common
terms, symbols, and conventions used in
connection with a variety of prints and

maintenance manuals, and service bulletins
supplied by the equipment manufacturers are of

drawings. Of particular interest to you is the
chapter on machine drawings which includes

particular value to the mechanic performing
"hands on" duties related to equipment
maintenance. These publications are available in

engine drawings and diagrams.
The Metric System This single - subject
training manual and its associated CCC -ECC

the maintenance shop ready reference. Other
publications which provide comprehensive

form a self-study package designed to train Navy
personnel in converting English units of weight
and measures to units in the metric or
International System (SI). Note; For your
immediate use, a listing of common equivalents

information on automotive and construction

equipment are: Automotive Mechanics by
William It Grouse and Moving The Earth by ILL.

Nichols Jr. Additional literature is available to

you in the station library, the Public Works

and conversions is contained in Appendix I of

Department, and the Battalion library.

this manual.
In

addition, you may find it useful to

TRAINING FILMS

consult the rate training manuals prepared for
other construction ratfriga. Reference to these

Training films available to naval personnel
are a valuable source of supplementary
information on many technical subjects. Training
films are listed in the United States Navy Film
Catalog, NAV'AIR 10I-777, published in 1971.
Copies may be ordered in accordance 'with the

manuals will add to your knowledge of the
duties of other people in the construction ratings.
U.S. Army technical manuals (TM's) provide

information cnncerning operation and

maintenance of all equipment procured by the
U.S Army. Much of this equipment is used b_ y
the SEABEES. TM's pertinent to equipment of
this type are provided for your use in the

Navy Stock List of Farms and Publications,
NAVSUP 2002. Monthly supplements to the
Film Catalog are distributed to catalog holders.

maintenance shop.

When selecting a film, note its date of issue
listed in

COMMERCIAL PUBLICATIONS

obsdlete' only in part, it may sometimes be

There is a wealth of information for the
Construction
reports, pamphlets,

shown effectively If before or during its showing
you carefully point out to trainees the
procedures that have changed.

contained in
handbooks, and texts

Mechanic

the Film Catalog. As you know,

procedures sometimes change rapidly. Thus
some films become obsolete rapidly. If a film is

field

published by trade associations, technical and

11

CHAPTER 2

PRINCIPLES OF INTERNAL COMBUSTION ENGINES
As a Construction Mechanic, you will be
concerned with repairing and replacing worn or
broken parts, making various adjustments to
vehicles and equipment, and seeing that vehicles
and equipment are properly serviced and
regularly inspected. To perfomt these duties

intelligently, it is important that you fully
understand the principles of internal combustion
engine operation and the function of the various
components that make up the internal

combustion engine. This understanding will
make your job of diagnosing trouble and making
corrections much easier. You will find that you

can save time, effort, and money by having a
thorough knowledge of the theory and functions
of the engine and its many components.

This chapter discusses basic principles of
engine operation and briefly explains some of
the terms used in connection therewith. You
will hear many of these terms used around the

COMBUSTION ENGINE

Combustion is the act or process of burning.

An internal or external combustion engine is

defined simply as "a machine that converts this

heat energy to mechanical energy." To fulfill
this purpose, the engine may take one of several
forms.

In the internal combustion engine,
combustion takes place inside the cylinder and is
directly responsible for forcing the piton to
move down.

In external combustion engines, such as
steam engines, combustion takes place outside
the engine. Figure 2-1 shows, in simplified form,
an external and an internal combustion engine.
The external combustion engine ,requires a
boiler to which heat is applied. This combustion

causes water to boil to produce steam. The
steam passes into the engine cylinder under

shop and will see them in maintenance and

pressure and
downward.

repair manuals.

forces the

piston

to move

LE

STEAM
WATER

COM,IiUSTION CHAAA

PISTON

IAt Cwt!

Num 2-I.Simmer, eternal and internal comburtion en
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The transformation of HEAT ENERGY to

Since similar action occurs in all cylinders of
an engine, let's use one cylinder to describe the
steps in the development of power. The
1-cylinder engine consists of four basic parts as

MECHANICAL ENERGY by the engine is based

on a fundamental law of physics which states
that gas will expand upon application of heat.
The law also states that when a gas is
compressed the temperature of the gas will

shown in figure 2-2.

increase. If the gas is confined with no outlet for
expansion, then the pressure of the gas will be
creased when heat is applied. In the internal
combustion engine, the burning of a fuel within

First we must have a CYLINDER which is
closed at one end; this cylinder is similar to a tall
metal can which is stationary within the engine
block.

a closed cylinder results in an expansion of
gases. This expansion creates pressure on top of

Inside this cylinder is

a piston, causing it to move downward. In an

the PISTON, a

movable metal plug, which fits snugly into the
cylinder, but can still slide up and down easily.
This movement of the piston is caused by the
burning of fuel in the cylinder resulting in the
production of reciprocating motion.

internal combustion engine, the piston moves up
and down Within a cylinder.
This up-and-down motion is known as
RECIPROCATING MOTION. This reciprocating

motion (straight line motion) must be changed

You have already learned that the
up-and-down movement of the piston is called

to ROTARY MOTION (turning motion) in
order to turn the wheels of a vehicle. A
crankshaft and a connecting rod change this

reciprocating motion. This motion must be
changed to rotary motion so the wheel or tracks
of vehicles can be made to rotate. This change is
accomplished by a throw on the CRANKSHAFT
and a CONNECTING ROD which connects the
piston and the crankshaft throw.

reciprocating motion to rotary motion.

All internal combustion engines, whether
gasoline or diesel, are basically the same. We can
best demonstrate this by saying they all rely on
three thingsFUEL, AIR, AND IGNITION.

The throw is an offset section of the
crankshaft, which scribes a circle as the shaft
rotates. The top end of the connecting rod is
connected to the piston and must therefore go
up and down. The lower end of the connecting

FUEL contains potenial energy for operating
the engine. AIR contains the oxygen necessary
for co rrib us tion; and IGNITION starts
combustion. All are fundamental, and the engine

rod is attached to the crankshaft. The lower end
of the connecting rod also moves up and down
but, because it is attached to the crankshaft,
it must also move in a circle.

will not operate without any one of them. Any
discussion of engines must be based on these

three factors and the steps and mechanisms
involved in delivering them to the combustion
chamber at the proper time.

When the piston of the engine slides
downward because of the pressure of the
expanding gases in the cylinder, the upper end
of the connecting rod moves downward with the
piston, in a straight line. The lower end of the
connecting rod moves down and in a circular
motion at the same time. This moves the throw
and, in turn, the throw rotates the crankshaft;
this rotation is the desired result. So remember,
the crankshaft and connecting rod combination

DEVELOPMENT
OF POWER

The power of an internal combustion engine
Carnes from burning a mixt= of fuel and air in
a small, enclosed space. When this mixture burns

it expands greatly, and the push or pressure
created is used to move the piston, thereby
rotating the crankshaft. This rnevement is
eventually sent back to the wheels to drive the

is a mechanism for the purpose of changing
straight line, or reciprocating motion to circular,
or rotary motion.

vehicle.
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BASIC ENGINE STROKES

Each movement of the piston from top to
bottom or from bottom to top is called a stroke.
The piston takes two strokes (an upstroke and a
downstroke) as the crankshaft makes one
complete revolution. When the piston is at the
top of a stroke (fig. 2-3), it is said to be at top

d cranshrrft for 1-cylinder engine.

have valves in them. These valves, activated by
the camshaft, close off either one or the other of
the ports, or both of them, during various stages
of engine operation. The camshaft has a number
of lobes along its length that open the valves and

dead center (TDC). When the piston is at the
bottom of a stroke (fig. 2-4), it is said to be at
bottom dead center (BDC). These positions are
called rock positions and will be discussed
further in this chapter under "Tirnthg."
The basic engine you have.studied so far has
no provisions for getting the fuel-air mixture into
the cylinder or burned gases out of the cylinder.
There are two openings in the enclosed end of a
cylinder. One of the openings, or ports, permits
an intake of air or an intake of a mixture of fuel
and air into the combustion area of the cylinder.

CRANKSHAFT

The other opening or port permits the burned
gases to escape from the cylinder. The two ports

Figui

8142.1
n top dead center (IDC).
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the piston is moving downward and the intake
valve is open. This downward movement of the
piston produces a partial vacuum in the cylinder,
and air-fuel mixture rushes into the cylinder past

the open intake valve. This is somewhat the
same effect as when you drink through a
straw. A partial vacuum is produced in the
mouth and the liquid moves up through the
straw to fill the vacuum.
PISTON

COMPRESSION STROKE

( BDC

When the piston reaches bottom dead center
at the end of the intake stroke and is therefore

CRANKSHAFT
1.42.5

Figure 2-4.Piston bottom dead center

hold them open for the correct length of time
during the piston stroke. The camshaft is driven

by the crankshaft through timing gears, or by
means of a timing chain. On a 4-stroke cycle
engine the camshaft turns at one-half the
crankshaft speed. This permits each valve to
open and close once for every two revolutions of

the crankshaft. One of the valves, called the
intake valve, opens to admit an intake of air or a

mixture of fuel and air into the cylinder. The
other valve, called the exhaust valve, opens to

allow the escape of burned gases after the
fuel-and-air mixture has burned. In the next
chapter you will learn more about how these
valves and their mechanisms operate.

The following paragraphs give a simplified
explanation of the action that takes place within
the engine cylinder. For the purpose of

explanation, we will illustrate the action of a
+stroke cycle gasoline engine. This type engine

referred to as a 4-stroke cycle because it
requires four complete strokes of the piston to
complete one engine cycle. Later in the chapter,
a 2-stroke cycleengine will be discussed. The
action of 'a 4-stroke cycle engine may be divided
into four parts: the intake f,troke, the

compression stroke, the power stroke, and the
exhaust stroke.
INTAKE STROKE

The first stroke in the sequence is called the
NTA10E stroke (fig. 2-5). During this stroke,

at

the bottom of the cylinder, the intake

valve closes. This seals the upper end of the
cylinder. As the crankshaft continues to rotate,
it pushes up, through the connecting rod, on the
piston. The piston is therefore pushed upward
and compresses the combustible mixture in the
cylinder; this is called the COMPRESSION
stroke (fig. 2-5). In gasoline engines, the mixture
is compressed to about one-eighth of its original
volume; which is called an 8 to 1 compression
ratio. This compression of the air-fuel mixture
increases the pressure within the cylinder.
Compressing the mixture in this way makes it

still more combustible; not only does the
pressure in the cylinder increase, but the

temperature of the mixture also increases.
POWER STROKE

As the piston reaches top dead center at the
end of the compression stroke and therefore has
moved to the top of the cylinder, the
compressed fuel-air mixture is ignited. The
ignition system causes an electric spark to occur
suddenly in the cylinder, and the spark ignites
the fuel-air mixture. In burning, the mixture gets

very hot and tries to expand in all directions.
The pressure rises to about 600 or 700 pounds
per square inch. Since the piston is the only thing

that can move, the force produced by the
expanding gases forces the piston down. This
force, or thrust, is carried through the
connecting rod to the crankshaft throw on the
crankshaft. The crankshaft is given a powerful
push. This is called the POWER stroke (fig. 2-5).

This turning effort, rapidly repeated in the
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Figure 2-5.--Four-stroke IFy cle in a gasoline engine.
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engine and carried through gears and shafts,

cylinder walls. It also has a blower to force the

turn the wheels of a vehicle and cause it

air into the cylinder when the inlet ports are
uncovered by the piston on its downward

move.

stroke. Since this engine is a diesel, it requires no

spark plugs-only a means of introducing fuel

EXHAUST STROKE

into the cylinder where the fuel burns due to the
high temperature of the compressed air.

After the fuel-air mixture has burned, it
must be cleared from the cylinder_ This is done
by opening the exhaust valve just as the power
stroke is finished and the piston starts back up
on the EXI-LAUST stroke (fig. 2-5). The piston
forces the burned gases out of the cylinder past
the open exhaust valve.

Here is how one cycle occurs with only two
strokes of the piston. The sequence of events is
intake, compression, power, and exhaust. Intake
begins when the inlet ports are uncovered as the
piston moves down in the cylinder. It continues

until the piston moves up, covering the ports
and blocking the airflow into the cylinder. Very

shortly after the inlet ports are covered, the

ENGINE CYCLES

exhaust valve closes and the compression stroke
begins.

During the compression stroke, the air is

four strokes (intake, compression,
power, and exhaust) are con tinously repeated as
the engine runs. Now, with the basic knowledge
you have of the parts and the four strokes of the
engine, let us see what happens during the actual
The

compressed to ignite the fuel which is injected
near the end of the upward movement of the
piston.

The pressure from combustion forces the

running of the engine. To produce sustained
power, an engine must accomplish the same
series of events-intake, compression, power,

piston down on the power stroke.

As the piston nears the intake ports, the
exhaust valve opens, starting the exhaust event,
and allowing the burned gases to start escaping.
The continued downward motion of the piston
uncovers the inlet port, then air (under pressure)
is forced into the cylinder and aids the exhaust

and exhaust-over and over again.
This series of events is called a cycle.
Remember that in a 4--troke cycle engine it
takes four complete strokes of the piston to

complete one engine cycle_

event by pushing the burned gases out of the
cylinder. This cleaning action is referred to as

Most engines that you will deal with are of

exhaust

gas scavenging. Details on the
relationship of piston covering and uncovering

the 4-stroke cycle design.

inlet ports and exhaust valves opening and
closing are given later.

2-STROKE
CYCLE ENGINE

4-STROKE CYCLE
VS 2-STROKE CYCLE

In the 2-stroke cycle engine, the same four
events (intake, compression, power, and
exhaust) take place in only two strokes of the

As indicated earlier, a power stroke is

piston and one complete revolution of the
crankshaft.

produced every crankshaft revolution within the
2-stroke cycle engine, whereas the 4-stroke cycle

engine requires two crankshaft revolutions for

A 2-stroke cycle diesel engine is shown in
figure 2-6. Each time the piston moves down, it
is on the power stroke. Since this engine does
the same thing in half as many strokes as the
4-stroke cycle engine, let's take a closer look at
its construction. Instead of intake valves, it has
holes, called inlet ports, stir-rounding the

one power stroke.

It might appear, then, that the 2-stroke cycle

could produce twice as much power as the
4-stroke cycle of the same size, operating at the

same speed. However, this power increase is
limited to approximately 70 to 80%© because
17
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Figure 2-6.Two-stroke cyc

some of the power is employed to drive a blower
that forces the air charge into the cylinder under
pressure. Also, the burned gases are not
completely cleared from the cylinder, reducing
combustion efficiency. Additionally, because of

the much shorter period the intake port is open

in a diesel engine.

(as compared to the period the intake valve in a
4-stroke is open), a relatively smaller amount of
air is admitted. Hence, with less air, less power
per power stroke is produced in a 2-stroke cycle
engine of like size operating at the same speed
with conditions being the same.

Chapter 2PRINCIPLES OF INTERNAL COI
COMBUSTION ENGINES
MULTIPLE-CYLINDER
ENGINES

The discussion so far in this chapter has been

on a single-cylinder engine. A single cylinder

provides only one power impulse every two
crankshaft revolutions in a 4-stroke cycle engine

and is delivering power only one-fourth of the
time. To provide for a more continuous flow of
power, modern engines use four, six, eight or
more cylinders. The same series of cycles

6- CYLINDER ENGINE

previously discussed take place in each cylinder.

In a 4-stroke cycle, 6-cylinder engine, for
example, the throws on the crankshaft are set
120 degrees apart, the throws for cylinders 1
and 6, 2 and 5, and 3 and 4 being in line with
each other (fig. 2-7). The cylinders fire or deliver

the power strokes

in

the following order:

1-5-3-6-2-4. Thus the power strokes follow each
other so closely that there is a fairly continuous
and even delivery of power to the crankshaft.
Even so, additional leveling off of the power
impluses is desirable, so that the engine will run
more smoothly, A flywheel (fig. 2-7) is used to
achieve this result.

To understand how a flywheel functions, let
us consider a single cylinder. engine. It is

75.81(81D)
Figure 2-7.Crankshaft for a 6- cylinder engine.

power strokes and giving up power to the engine

when the engine tends to slow down during
intervals when little power is being delivered by
the engine.
In addition to the engine itself, which is the
power producer, there must be accessory
systems to provide the engine with other
requirements necessary to operate it. These
systems are (1) the fuel system, (2) the

lubrication or oiling system, (3) the electric
system, (4) the cooling system, and (5) an
exhaust system. Each of these systems will be
discussed in later chapters in this manual.

delivering power only one-fourth of the time
during the power stroke; During the other three
strokes it is absorbing power to push out the

CLASSIFICATION OF ENGINES

exhaust gas, to pull in a fresh charge, and to
compress the charge. The flywheel makes the
engine run without varying much in speed

Engines for automotive and construction
equipment may be classified in a number of

during each revolution. It is a heavy steel wheel,
attached to the end of the crankshaft. When it is
rotating, considerable effort is required to slow

employed; or valve and cylinder arrangement.

it down or stop it. Thus, although the wheel
does slow down somewhat as it delivers power

to the engine during the exhaust, intake, and

ways:

type of fuel used; type of cooling

They all operate on the internal combustion
principle, and the application of basic principles
of construction to particular needs or systems of

manufacture has caused certain designs to be

compression strokes, the wheel speed increases

recognized as conventional.

during the engine power stroke. In effect, the
flywheel absorbs some of the engine power
during the power stroke, and then gives it back

engine burns gasoline or diesel fuel.

to the engine during the other three engine

strokes.

In the multicylinder engine the flywheel
functions in a similar manner, absorbing power
when the engine tends to speed up during the

The most common method of classification
is by the type of fuel used; that is, whether the
GASOLINE ENGINES
VS 'DIESEL ENGINES

Mechanically and in overall appearance,
asoline

and

diesel

engines

resemble

one

CONSTRUCTION MECHANIC 3
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another. However, in the diesel engine, many
parts are somewhat heavier and stronger, so that
they can withstand the higher temperatures and

pressures the engine generates. The engines
differ also in the fuel used, in the method of
introducing it into the cylinders, and in how the
air-fuel mixture is ignited. In the gasoline engine,

air and fuel first are mixed ,together in the
carburetor. After this mixture is compressed in
the cylinders, it is ignited by an electrical spark
from the spark plugs.

The diesel engine has no carburetor. Air
alone enters its cylinders, where it is compressed
and reaches high temperature due to

compression. The heat of compression ignites
the fuel injected into the cylinder and causes the
air-fuel mixture to bum. The diesel engine needs

no spark plugs; the very contact of the diesel
fuel with the hot air in the cylinders causes
ignition. In the gasoline engine the heat from
compression is not enough to ignite the air-fuel
mixture; therefore, spark plugs are necessary.
OPERATING CYCLES
In

the preceding paragraphs you learned

about the operating cycles of the internal
combustion engine. The following summarizes

the main points of this subject. Figure 2-5
illustrates the strokes of the 4-stroke cycle

POWER

4

gasoline engine, and figure 2-8 illustrates the
strokes of the 4-stroke cycle diesel engine. In
each cylinder of either engine, four strokes of

EXHAUST

5

54.19(81C)

the piston require two revolutions of the
crankshaft and one revolution of the camshaft

figure 2-8.Four.stroke cycle diesel engine.

to complete the cycle of the four events of

cylinders cast in a straight line above the

INTAKE, COMPRESSION, POWER, AND
EXHAUST. In the 2-stroke cycle engine (fig.

crankshaft, and V-TYPE with two banks of
cylinders mounted in a V shape above the

two piston strokes are required to
accomplish these four events. This engine
produces less energy per power stroke, but since
2-6),

crankshaft. While these are the two most
common arrangements, you might work
occasionally with a HORIZONTALLY
OPPOSED engine, whose cylinders are mounted
in two side rows, each opposite a central
crankshaft. Buses often are equipped with such
engines.

the power stroke occurs twice as often, it is as

efficient, or more so, than a 4-stroke cycle
engine of the same size and operating speed.
ARRANGEMENT
OF CYLINDERS

The cylinders are numbered. The cylinder
nearest the front of an inline engine is number 1.
The others are numbered 2,3,4, etc., from front
to rear. In V-type engines the numbering

Engines are classified also according to the
arrangement of the cylinders: INLINE, with all
20
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sequence varies with the manufacturer. You
should consult his manual for the correct order.

The FIRING ORDER (which is different
from the NUMBERING ORDER) of the

cylinders of most of the engines with which you
will be working is stamped on the cylinder block
or on the manufacturer's nameplate. If you are
unable to fund the firing order, and no operation

or instruction 'manual is at hand to guide you,

turn the engine over by the crankshaft and

L-Head

In the L-head engines both valves are placed

in the block on the same side of the cylinder.
The

valve-operating

mechanism

is

located

directly below the valves, and one camshaft
actuates both the intake and exhaust valves.
I-Head

Engines using the I-head construction are
called VALVE-IN-HEAD or
OVERHEAD VALVE engines, because the

watch the order in which the intake valves open.

commonly

VALVE ARRANGEMENT

valves are mounted in a cylinder head above the
cylinder. This arrangement requires a tappet, a
push rod, and a rocker arm above the cylinder to

Tue majority of internal combustion engines
also are classified according to the position and
arrangement of the intake and exhaust

valvesthat is, whether the valves are in the
cylinder block or in the cylinder head. Various

arrangements have been used, but the most

common are L-head, 1-head. and F-head (fig.
2-9). The letter designation is used because the
shape of the combustion chamber resembles the
form of the letter identifying it.

Figure 2-9.L-,

reverse the direction of valve movement, but
only one camshaft is required for both valves.
Some overhead valve engines make use of an
overhead camshaft. This arrangement eliminates
the long linkage between the camshaft and valve.
F-Head

the F-head engine, the intake valves
normally are located in the head, while the
In

81.46
and F-valve arrangement,
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Then, when it falls, it will strike the ground
hard; that is, it will do more work on the

exhaust valves are located in the engine block.
This arrangement

combines, in effect, the

L-head and the I-head valve arrangements. The
are actuated from the
camshaft through tappets, push rods, and rocker
arms (I-head arrangement), while the valves in
the block are actuated directly from the
camshaft by tappets (L-head arrangement).

ground.

Occasionally you may work on older engines
with T-HEAD valves where both valves are set in
the block, but on opposite sides of the cylinders.

another is said to be more powerful.

valves in the head

POWER is the rate at which work is done. It
takes more power to work rapidly than to work
slowly. Engines are rated in terms of the amount

of work they can do per minute. An engine
which can do more work per minute than
The work capacity of an engine is measured
in horsepower. A HORSEPOWER (hp) is the
power of a horse, or a measure of the rate at
which a horse can do work. It has been found
that an average horse can lift a weight of 200 lb
a distance of 165 ft in 1 minute. The amount of
work involved here is 33,000 foot-pounds (165
times 200). If 100 lb were lifted 330 ft, or if
330 lb were lifted 100 ft, the amount of work
would be the same, 33,000 foot-pounds. When
this amount of work is done in 1 minute, then 1
horsepower is required. If it takes 2 minutes to
do this amount of work, then 16,500
foot-pounds per minute, or 1/2 hp, would be

You will also find some engines, both 2-stroke
and 4-stroke cycle, that have two to four
exhaust valves per cylinder. On any other
unusual valve arrangement that you may
encounter, re fer to the manufacturer's
specifications or consult your Chief.
ENGINE MEASUREMENTS
AND PERFORMANCE

As a mechanic you will have to know the
various ways in which engines and engine
performance are measured. An engine may be
measured in terms of cylinder diameter, piston
stroke, and number of cylinders. It may be
measured, performance wise, in terms of the
torque and horsepower it develops, and in
efficiency. These various terms, their meanings,

required. The formula for horsepower is

hp c ft-lb. per

33,000

and their application will be discussed here. But,

LxW
33,00 x t

L 0 length, in feet, through which W is

before you get into the discussion, there are a
few engineering terms with which you need to

moved

become familiar.

W 0 force, in pounds, that is exerted
through distance L

DEFINITIONS

t = time, in minutes, required to move

WORK, in the mechanical sense of the term,
is done when a resistance is overcome by a force

W through L

acting through a measured distance. When a
weight is lifted from the ground, work is done
on the weight. It is moved upward against the

There are a number of devices that may be
used to measure the hp of an engine. The most

force of gravity. When a bulldozer pushes over a
tree, work is done as it forces it to the gound. If
a 1-lb weight is lifted ft, 1 FOOT-POUND of
work is done.

common device used for this purpose is the
dynamometer.

1

M ENGINE DYNAMOMETER may be used

to test an engine that has been removed from
the vehicle it drives. If the engine does not
develop the manufacturer's recommended
horsepower and torque at specific rpm's, you

ENERGY is the ability to do work. When
work is done on a body, energy is stored in that
body. The higher a weight is lifted from the
ground, the more energy is stored in the weight.
22
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2.16X

Figure 210.- Chassis

know there

is

need for further adjustments

TORQUE is twisting, or turning, effort.
When the lid on a jar is loosened, a twisting
force, or torque, is applied to it. You apply

and/or repairs on the engine.
The CHASSIS DYNAMOMETER is used for
automotive service, since it can give a very quick
report on engine conditions by measuring
output at various speeds and loads. This type of
machine is very useful in shop testing and
adjusting automatic transmissions.

torque to a wrench when you tighten or loosen a

nut. Torque is measured in pound-feet (not to
be confused with work, which is measured in
foot-pounds). For instance, suppose a wrench is
used to tighten a nut on a stud. If the handle of
the wrench were 1-ft long and a 10-lb force were

put on its end, 10 pound-feet of torque would
be applied to the nut. An illustration of a torque

On the chassis dynamometer, figure 2-10 the

driving wheels of the vesicle are placed on
rollers. The engine drives the wheels and the

wrench in use is shown in figure 2-11,

Do not confuse torque with work or with
power. Both work and power indicate motion,
but torque does not. It is merely a turning effort
the engine applies to the wheels through gears

wheels drive the rollers. By loading the rollers
varying amounts and by running the engine at
different rpm's, nearly all normal driving

conditions can be simulated. The tests and

and shafts.
FRICTION is the resistance to motion
between two objects in contact with each other.

checks can be made without the interference of

body noises, such as you would have when
checking the vehicle on the road.
23

30

CONSTRUCTION

[ECHANIC 3 & 2

automobile to keep moving after your foot is
removed from the accelerator. You apply the
brake to overcome the inertia of the automobile,
or its tendency to keep moving.
The term EFFICIENCY means the
relationship between the actual and theroretical
power output.
VOLUMETRIC EFFICIENCY is the ratio
between the amount of fuel-air mixture that

actually enters the cylinder and the amount that
could enter under ideal conditions. The greater
the volumetric efficiency_ , the greater the
amount of fuel-air mixture entering the cylinder;
and the greater the amount of fuel-air mixture,

the more power produced from the engine
cylinder.

Volumetric efficiency can be improved by
using a blower, or air-compressing device. On
gasoline

engines

this

device

is

called

a

supercharger. It raises the air pressure above
atmospheric pressure so that the air is pushed
into the cylinder.

MECHANICAL EFFICIENCY is the
relationship between brake horsepower (bhp)
and indicated horsepower (ihp). Brake
horsepower is the actual power put out by the
engine, while ihp is the power developed inside
the cylinder. From mechanical efficiency you

5.9(131C)

Figure 2-11.Torque wrench in use, tightening main
bearing stud of an engine.

The reason a sled will not slide on bare earth is
because of friction. It slides on snow because
snow offers little resistance, while the bare earth
offers much resistance.
Friction is both desirable and undesirable in
an automobile or any other vehicle. Friction in
the engine is undesirable because it decreases the
power output; in other words, it uses up some of
the energy of the engine. This is overcome by
using oil so the moving components in the
engine will slide or roll over each other
smoothly. Friction is desirable in clutches and
brakes since friction is exactly what is needed
for them to perform their function properly.
One other term you will often encounter is
INERTIA. Inertia is a characteristic of all

can tell what percentage of the power developed
in the cylinder is actually being delivered by the
engine. The remaining percent of power which is
not delivered is consumed by friction,
sometimes computed as friction horsepower
(fhp).
The term THERMAL means "of orpertaining to heat." THERMAL EFFICIENCY

of the engine is the relationship between the
power output and the energy in the fuel burned
to produce this output. Thermal efficiency has a
direct relationship to heat losses in the engine.
Because there is a great deal of heat lost during
engine operation, thermal efficiency usually
remains quite low at about 20 to 25 percent.

material objects. It causes them to resist any
change of speed or direction, of travel. A
motionless object tends to remain at rest and a

LINEAR MEASUREMENTS

moving object tends to keep moving at the same

The size of an engine cylinder is usually

speed and in the same direction. A goOd
example of inertia is the tendency of your

indicated in terms of bore and stroke. (See fig.
2-12.) BORE is the inside diameter of the
24
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cylinder. STROKE is the distance between top
dead center and bottom dead center. The bore is
always metioned first. For example, a 3 1/2 x 4
cylinder means that the cylinder bore, or
diameter, is 3 1/2 inches and the length of the
stroke is 4 inches. These measurements are used
to figure piston displacement.

TOC

411 STROKE

PISTON DISPLACEMENT is the volume of
space that the piston displaces as it moves from

BBC

one end of the stroke to the other. Thus the
piston displacement in a 3 1/2-inch by 4-inch
cylinder would be the area of a 3 1/2-inch circle

multiplied by 4, the length of the stroke. The
area of a circle is ,rR2 where R. is the radius (that
is, one-half the diameter) of the circle. Letting S

be the length of the stroke, the formula for the
volume (V) is

CRANKSHAFT

V =7rR2 x S

If this formula is applied to figure 2-12, the
piston displacement is computed as follows:

Figure 2 -1

re and

= 1/2 the diameter = 1/2 x 3.5 = 1.75 in.
= 3.14

65.94
oke of an anal a cylinder.

then

V=

(1.75)2 x 4

V = 3.14 x 3.06 x 4

V = 38.43 cu in.
The total displacement of an engine is found

by multiplying the volume of one cylinder by
the total number of cylinders.
ENGINE PERFORMANCE

The COMPRESSION RATIO of an engine is
a measurement of how much the air-fuel charge

CRANKSHA FT

is compressed in

calculated
PISTON AT TDC

the engine cylinder. It

by dividing

is

thq volume of one

cylinder with the piston at BDC by the volume

with the piston TDC (fig. 2-13). One should
note that the volume, space B in figure 2-13 is

PISTON AT BDC

called the clearance volume.
Figure

2-

mpression ratio

ratio

81.43
between

For example, suppose

that

an

engine

cylinder has a volume of 63 cu in. with the

A and S.
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piston at BDC, and a volume of 10 cu in. with
the piston at TDC. The compression ratio of this
cylinder would be 6.3 to 1, determined by
dividing 63 cubic inches by 10 cubic inches.
That is, the air-fuel mixture is compressed from

knocking

63 to 10 cu. in. or to 1/6.3 of its original volume.
Two major advantages of increasing

of supply of oxygen used M engines, the

by creating antiknock fuels.
(Antiknock fuels are described in a later chapter
of this manual.)
Oxygen must be present if combustion is to
occur in the cylinder, and since air is the source

problem arises of getting the proper amount of
air to support combustion. This factor is
commonly known as the AIR-FUEL RATIO. A
gasoline engine normally operates at
intermediate speeds on a 15 to ratio; that is,
15 pounds of air to 1 pound of gasoline.

compression ratio are that power and economy
of the engine improve without any added weight
or size. Theimprovements come about because

with a higher compression ratio the air-fuel

1

mixture is squeezed more. This means a higher
initial pressure at the start of the power stroke.
As a result, there is more force on the piston for
a greater part of the power stroke. Therefore,
more power is obtained from each power stroke.
Increasing the compression ratio, however,
brings up some problems. Fuel will stand only a
certain amount of squeezing without knocking.
Knocking is the sudden burning of the fuel-air
mixture which causes a quick increase in

TIMING

In a gasoline engine, the valves must open

and close at the proper times with regard to
piston position and stroke. In addition, the
ignition system must produce the sparks at the
proper time so that the power strokes can start.
Both valve and ignition system action must be
properly timed if good engine performance is to
be obtained.

pressure and a resulting rapping or knocking
noise. The fuel chemists have overcome this

TDC

TOP 0 _AD CENTER

INJECTION ENDS
Pr

INJECTION

BEGINS,

EXHAUST
VALVE

EXHAUST
VALVE

OPENS

CLOSES
iO
2

PISTON
UNCOVERS
PORTS

COVERS
PORTS
BDC

2-STROKE VALVE TIMING DIAGRAM

4- STROKE VALVE TIMING DIAGRAM

2.24)

Figure 2-14.Typical valve timing diagrams
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Valve timing is discussed more fully in a later

chapter of this book.

When the piston is at TDC the crankshaft
can move 15° to 20° without causing the piston
to move up and down any noticeable distance.
This is one of the two ROCK POSITIONS (fig.
2-15). When the piston moves up on the exhaust
stroke, considerable momentum is given to the

exhaust gases as they pass out through the
exhaust valve port, but if the exhaust valve

closes at TDC, a small amount of the gases will
be trapped and will dilute the incoming fuel-air
mixture when the intake valves open. Since the
piston has little downward movement while in
the rock position, the exhaust valve can remain

open during this period and thereby permit a
TDC

81.45
Figure 2-15.--Ftock

VALVE TIMING refers to the exact times in

the engine cycle at which the valves trap the
mixture arta then allow the burned gases to

escape. The valves must open and close so that

they are constantly in step with the piston
movement in the cylinder where they are
located. The position of the valves is determined

by the camshaft; the position of the piston is
determined by the crankshaft. Correct valve
timing is obtained by providing the proper
relationship between the camshaft and the
crankshaft. In actual operation the time at
which the valves operate will vary, as shown in

more complete scavenging of the exhaust gases.
IGNITION TIMING refers to the timing of
the spark plug firing with relation to the piston
position

during

will be more
manual.

the typical valve timing diagram (fig. 2-14.)
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the compression and power

strokes. The ignition system is timed so that the
spark occurs before the piston reaches TDC on
the compression stroke. This gives the mixture
enough time to ignite and start burning.
If this time were not providedthat is, if the
spark occurred at or after TDCthen the
pressure increases would take place too late to
provide a full power stroke.
At higher speeds, there is still less time for
the fuel-air mixture to ignite and bum. Inorder
to compensate for this, and thereby avoid power
loss, the ignition system includes both a vacuum
and a mechanical advance mechanism that alters
ignition timing as engine speed increases. There

on this in a later chapter of this

CHAPTER 3
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different kinds of engines because there are
many kinds of jobs to be done. However, the

In the preceding chapter, you learned how
the internal combustion engine operates. You
also learned how the basic moving parts of the

and service parts problem can be
simplified by designing engines so that they are
closely related in cylinder size, valve
arrangement, etc. As an example, the GM series
service

engine move in a timed relationship to one
another during engine operation.

This chapter introduces you to the many

71 engines can be obtained in 2-, 3-, 4-, and
6-cylinder inline models. GM V-type engines
come in 6-, 8-, 12-, and 16-cylinder models.
These engines are designed so that many of the
internal parts can be used on any of the models.

stationary parts and provides more information
on the moving parts of an internal combustion
engine. As a CM, you are concerned with how

these parts are made, what materials they are
made of, and their relationship to one another in
the smooth and efficient operation of the
internal combustion engine.

STATIONARY PARTS

Information is also provided which will
enable you to diagnose malfunctions of the

The stationary parts of an engine include the
cylinder block, cylinders, cylinder head or heads,
crankcase, and the exhaust and intake
manifolds. These parts furnish the framework of
the engine. All movable parts are attached to or
fitted into this framework.

engine and to decide what method to use in the
correction of these malfunctions. Since gasoline
and diesel engines used in today's construction
equipment are all basically the same internally,

the majority of items covered in this chapter
applies to both.

ENGINE CYLINDER BLOCK

The engine cylinder block is the basic frame
of a liquid-cooled engine, whether it be inline,
horizontally opposed, or V-type. The cylinder
block and crankcase are often cast in one piece;
this is the heaviest single piece of metal in the

ENGINE CONSTRUCTION
Basic engine construction varies little,
regardless of size and design of the engine. The

intended use of an engine must be considered
before the design and size can be determined.

engine. (See fig. 3-1.)

In most large diesel

engines, such as those used in power plants, the
crankcase is cast separately and is attached to a
heavy stationary engine base.

The temperature at which an engine will operate

has a great deal to do with determining what
metals must be used in its construction.
To simplify the service parts problem in the
field, and also to simplify servicing procedures,

In practically all automotive and
construction equipment, however, the cylinder
block and crankcase are cast in one piece. This

the present trend in engine construction and
is toward what is called ENGINE

spe of cylinder block

design

is designated

as a

cast-en-block or monoblock engine. In this

FAMILIES. There must, of necessity, be many
28
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manual we are concerned primarily
monoblock liquid-cooled engines.

CYLINDER AND
CRANKCASE

with

The cylinders of a liquid-cooled engine are
surrounded by interconnecting passages cast in
the block. Collectively these passages form the
WATER JACKET, which allows the circulation
of coolant through the cylinder block and the

ASSY

cylinder head to carry off the excessive heat
created by combustion.
The water jacket is accessible through holes

machined in the head and block to allow
removal of the material used for the casting of
the cylinder block. These holes are called core
holes and are sealed by CORE HOLE PLUGS

Figure 3-2.Cons hole plugs install

81.509
in cylinder block.

(freeze plugs). These plugs are of two types: cup
and disk. Figure 3-2 illustrates typical
installation of these plugs.
The air-cooled engine differs from that of a
liquid-cooled engine in that the cylinders have

5-0-RING GASKET
EXHAUST VALVE

5-WASHER
T-SLOTTED NUT

C.-INTAKE VALVE

U- ROCKER BOX COVER PLATE BOLT -

D-OUNDER

V-TAB WASHER
W-VALVE ROCKER COVER

I-CYLINDER IARREL NUT
P--LOCK NUT
0-DOME FIN DEFLECTOR (LH)
MI-BOLT

X-BOLT

V -LOCK WASHER

l- WASHER

J --LOCK WASHER
K-ARIMER NOZZLE ASSEMBLY

AA -VALVE LOCK
KI-VALVE SPRING RETAINER
CC-OUTER VALVE SPRING

L-INTAXE VALVE GUIDE
Ai-EXHAUST VALVE GUIDE
N- CAMSHAFT BEARING CAP
P-ROCKER SHAFT

DO-INTERMEDIATE VALVE SPRING
RI-INNER VALVE SPRING
Pr -VALVE SPRING SEAT
GG-DOME FIN DEFLECTOR (RH)

aROCKER
I-ROCKER SUPPORT BRACKET

81.48
Figure 3

an air - cooled engine.
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closely spaced fins surrounding the barrel. (See
fig. 3-3.) These fins provide a greatly increased
surface area from which heat can be dissipated.
This is in contrast to the liquid-cooled engine,
which ho a water jacket around its cylinders.

engine blocks are made from aluminum alloy.

Cylinders are machined by grinding, and/or

to give them the desired true inner
During

normal

engine

operation,

cylinder walls will wear out-of-round, or they
may become cracked and scored if not properly
lubricated or cooled. LINERS (fig. 3-4) made of
metal alloys resistant to wear, are used in many
gasoline engines and practically all diesel engines
to lessen wear. Liners for 4-stroke cycle engines

do not have air inlet ports as shown in figure
3-5. After they have been worn beyond the
maximum oversize, the liners can be replaced
individually, permitting the use of standard
pistons and rings. Thus you can avoid replacing
the entire cylinder block.

The liners are inserted into a hole in the
block with either a PRESS FIT or a SLIP FIT.
Liners are further designated as WET-TYPE or

ENGINE

Special

installing a wet-type liner. Use a lubricant on the

The cylinder block is east from gray iron or
iron alloyed with other metals such as nickel,
chromium, or molybdenum. Some lightweight

surface.

bottom by a rubber sealing ring; the dry-type

liner does not contact the coolant.

precautions must be taken with the seals when

CYLINDER BLOCK CONSTRUCTION

boring,

DRY-TYPE. The wet-type liner comes in direct
contact with the coolant and is sealed at the top
by the use of a metallic sealing ring and at the

seals to prevent them from rolling or twisting.
Soap or brake fluid is recommended for this
purpose. Continued overheating of an engine
during operation or improperly installed seals
will allow the coolant to enter the crankcase and
contaminate the engine oil. To determine which
seals are leaking, it is necessary to remove the
engine oil pan or inspection covers on the
crankcase and pressurize the cooling system,
observing the liners through the crankcase for
leakage.

Cylinder wear is caused by dirt getting
through the air cleaner and acting as a grinding
compound, by side thrust of the piston, and by
pressure of the piston rings against the cylinder
walls.

prevent

therefore, do not completely
wear. To check on wear and to

Liners,

determine how much overhaul is required, use
special gages and micrometers to obtain correct
measurements. Check the measurements you get
with the specifications given in the
manufacturer's manual. Most cylinder wall wear
occurs at the top of piston travel where
pressures are greatest.

Engine blocks for L-head engines contain the
passageways for the valves and valve ports. The
lower part of the block (crankcase) supports the
crankshaft (with main bearings and bearing caps)

BLOCK

and also provides a place for fastening the oil
pan.

The camshaft is supported in the cylinder
block by bushings that fit into machined holes

in the block. On L-head inline engines, the

SEAL

OSY CYLINDER LINER

intake and exhaust manifolds are attached to the
side of the cylinder block.

WET CYLINDER LINER

CYLINDER HEAD

The cylinder head provides the combustion
chamber for the engine cylinders. It is built to
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The I-head (overhead-valve) type of cylinder

head (fig. 3-7) contains not only water jackets
for cooling spark-plug openings, valve pockets,
and part of the combustion chamber, but it also

contains and supports the valves and valve
operating mechanisms. In this type of cylinder
head, the water jackets must be large enough to

cool not only the top of the combustion

cet serves as
The air-fuel

valve-operating mechanisms.

ompression

CRANKCASE

e has been

The crankcase is that part of the engine
block below the cylinders. It supports and

ket as the
e a rather
ixture, in

chamber but also the valve seats, valves, and

to violent
is uniform

encloses the crankshaft and provides a reservoir

proving the

places provided on the crankcase

for the lubricating oil. Oftentimes there are

for the

mounting of the oil pump, oil filter, starting
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lin

ha

or overhead valve engine

motor, and the generator. The lower part of the
crankcase is the OIL PAN, which is bolted at the

points. These points of contact usually are

bottom. The oil pan may be made of pressed
steel or cast metal and holds the lubricating oil
for the engine. Since it is the lowest part of the
power plant, the oil pan must be strong enough
to withstand blows from flying stones and

vibration, and therefore prevent damage to the
engine supports and the transmission.

obstructions sticking up from the road surfaces.
Checking for dents in the pan and oil leaks is an
important part of your job. Get into the habit of
checking the spot where the vehicle was parked
for water or oil leakage.

water or gasoline may seep down and appear in
the crankcase. These liquids evaporate after the
engine reaches operating temperature, and the
vapors are removed by ventilation.

The oil pump in the lubricating system
draws oil from the oil pan and sends it to

EXHAUST MANIFOLD

cushioned by rubber mounts which insulate the

frame and body of the vehicle from engine

As a result of normal engine operation,

working parts in the engine. As the oil drains off

The exhaust manifold is essentially a tube

and runs down into the pan, it is picked up by
the oil pump again and recirculated through the

that carriers waste products of combustion from

engine.

manifold is bolted to the side of the engine

the cylinders. On L-head engines the exhaust
block; on overhead-valve engines it is bolted to

The crankcase also has mounting brackets
which support the entire engine on the vehicle
frame. These brackets are either an integral part

manifolds may be single iron castings or may be

of the crankcase or are bolted to it in such a way

surface with no abrupt changes in size. (See fig.

that they support the engine at three or four

the side of the engine cylinder head. Exhaust

cast in sections. They have a smooth interior
3-8.)

CONSTRUCTION

equipped with an exhaust gas recirculation
system.
GASKETS

ECHANIC 3 & 2
The CYLINDER HEAD GASKET is placed
between the cylinder head and engine block to
maintain a gastight and coolanttight seal. These

gaskets may be metal sheets soft enough to

The principal stationary parts on an engine
have just been explained. The gaskets (fig. 3-9)
that serve as seals between these parts require as
much attention during assembly as any other
part. It is impractical to machine all surfaces so
that they fit together to form a perfect seal. The
gaskets make a sealed joint that will prevent loss
of compression, coolant, or lubricant.

deform as required but they are usually made in

the form of two thin plates of soft metal with
asbestos

idling

between

them.

Holes

are

punched in the gasket to conform with the
openings in the head and block, which allows
the cooling water to circulate. If a poorly made
or improper gasket is used, the flow of cooling
water may be restricted, causing troublesome
hot spots.
On some engines, especially V-type, the
gaskets are so nearly uniform that they can be
turned upside down or end for end and still fit
the retaining studs and combustion chambers. If
they are improperly installed, however, they will

stop water circulation at some parts of the
engine. It is important to make sure the correct
gasket is used and that the side marked UP or
TOP is facing away from the block. If no

markings are found, the first surface of the

gasket is placed against the block.
The INTAKE AND EXHAUST MANIFOLD

GASKETS are usually made from asbestos

formed to the desired shape. Some of them

are metal covered and similar in construction to a
head gasket. Because of the heat of the exhaust

and intake air, it is necessary that manifold
gaskets be made from a material that will not
burn.

The OIL PAN GASKET is generally made
from pressed cork. It may be made in one piece

but more often it is made in two piecesone
piece for each side of the pan. Each end of the
pan is sealed with cork or neoprene gasket
material.

The other gaskets for an engine are usually
cut from pressed paper that is oil resistant. The
thickness of the paper varies in accordance with
manufacturer's recommendations. Often the
gaskets used will create specified clearances
between stationary parts of an engine.
When installing any gasket in an engine, it is
important that the surfaces to be sealed be clean
and free from grit and parts of the old gasket. A
putty knife is useful for cleaning gasket surfaces.
81.62

Fiona 3-9.Engins overhaul gasket kit.

You must be sure the gasket is in the proper
position and does not slip when the two parts
are brought together. Heavy grease or a gasket
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stay in place and form a good seal.

principal moving parts are the piston assembly,
connecting rods, crankshaft assembly (including

SEALS

Valves, and gear train.

As explained above, gaskets prevent leaks
between stationary parts. As these gaskets are
not made to withstand movement of the engine
components, we have to use something to
prevent loss of liquids as the engine operates.
Seals or "0" rings are used to seal the clearances
between the moving and stationary parts and the

the cylinder exerts a pressure on the piston, thus

compound will help you make sure the gaskets

flywheel and vibration dampener), camshaft,
The burning of the air-fuel mixture within

pushing it down in the cylinder. The action of
the connecting rod and crankshaft converts this
downward motion to a rotary motion.
PISTON ASSEMBLY

Engine pistons serve a number of purposes:

outside of the engine.
Seals manufactured today are too numerous
in design to attempt coverage of each particular

they transmit the force of combustion to the
crankshaft through the connecting rod ; they act

as a guide for the upper end of the connecting
rod; and they serve as a carrier for the piston

design in this text. We will mention the more
common types and their use only. Most seals
you will become familiar with are made of
neoprene rubber, molded or crimped to a metal

rings used

cylinder.

to seal the compression in the
(See fig. 3-10.) Some pistons are

backing. These are known as lip-type seals. The
metal seals the outside diameter of the hole it is

used in by a press fit. The neoprene, which is
flexible and gives a snug fit around the moving
part, seals the inside to prevent leakage.

PISTON RINGS
(COMPRESSION)

"0" rings, another type of seal, are used
primarily in places where the clearance is
considerably smaller than with lip-type seals. As

PISTON PIN

PISTON RINGS

(OIL CONTROL)

the parts are installed, the "0" ring is squeezed

ir

PISTON

to form a tight seal.

PISTON PIN
SNAP RING

On most automotive engines, the rear main
seal is a 2-piece

strip of molded neoprene

PISTON PIN
SNAP RING

rubber, which is squeezed around the rear of the

crankshaft between the engine block and rear
main bearing cap. This seal works in the same
manner as the "0" ring.
As you gain experience in the mechanical
field, you will able to recognize the different
types of seals and how they work to prevent
leaks. In the meantime, if you discover a seal
that you have a question about, ask your senior
petty officers or the chief. They will be able to
explain how seals work and why they are made

C)

CONNECTING ROD
PISTON PIN BUSHING

CAP ATTACHING
BOLTS

CONNECTING
ROD BEARINGS

differently.

0 NECTING ROD
AND CAP

MOVING PARTS OF AN ENGINE
NUTS

LOCK WASHERS

The moving puts of an engine serve an
important function in turning heat energy into
mechanical energy. They further convert
reciprocal motion into rotary motion. The

75.70

Firms -10.Piston and connecting rod (exploded view).
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designed to cause turbulence in the cylinder in
order to mix the air and fuel more efficiently.
These pistons are discussed in a later chapter in
connection with the diesel fuel system.

The structural components of the piston are
the HEAD, SKIRT, RING GROOVES, and
LANDS (fig. 3-11). However, all pistons do not
look like the typical one illustrated here. Some
have differently shaped heads. Diesel engine

The piston must come to a complete stop at
the end of each stroke before reversing its course
in the cylinder. To withstand this lugged

pistons usually have more ring grooves and rings

than the pistons of gasoline engines. Some of
these rings may be installed below as well as

treatment and wear, it must be made of tough
material, yet be light in weight. To overcome

inertia and momentum at high speeds, it must be
carefully balanced and weighed. All the pistons
used in any one engine must be of similar weight
to avoid excessive vibration.

Pistons are made of grey cast iron or of

aluminum alloy. The former is the heavier and is
often used in slower, heavy-duty engines; the
latter is of lighter weight and is more adaptable

to the modern, high-speed engine. To reduce
weight, the head and skirt of the piston are

made as thin as is consistent with the strength
required. Ribs are an intergral part of the piston
which reinforce the head; the ribs also assist in
conducting heat from the head of the piston to
the piston rings and out through the cylinder
walls.

above the WRIST or PISTON PIN (fig. 3-12).

Fitting pistons properly is important.
metal expands when heated, and
because space must be provided for lubricants
between the pistons and the cylinder walls, the
pistons are fitted to the engine with a specified
clearance. This clearance depends upon the size
or diameter of the piston and the material from
which it is made. Cast iron does not expand as
fast or as much as aluminum. Aluminum pistons
Because

require more clearance to prevent binding or
seizing when the engine gets hot. The skirt or
bottom part of the piston runs much cooler than
the top; therefore, it does not require as much

clearance as the head.

The piston is kept in alinement by the skirt,
which is usually CAM GROUND (elliptical in

HEAD

OIL DRAIN
HOLES BEHIND
RING
PISTON PIN BOSS
REINFORCEMENT

PISTON PIN BOSS
GROOVE FOR
LOCKING
SNAP RING
(WHEN USED)

SKIRT
REINPORCEME

THREADED HOLE
FOR PISTON PIN
LOCK SCREW
(WHEN USED)

Figure 3 -11. The pans of a piston.
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RADIAL RIBS
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VERTICAL
dSTRUTS

UPPER PIECE

PISTON PIN HOLE CAP
RING EXPANDER-
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PISTON
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BUSHINGS

SPRING
CLIP

OIL CONTROL RINGS

BALANCING RIB

LOWER

OIL RETURN HOLES

PIECE
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Figure 3-12.Piston assembly of General Motors series 71 diesel engine.

cross section) as indicated in figure 3-13. This
elliptical shape permits the piston to fit the
cylinder, regardless of whether the piston is cold

to those of the cylinder, giving more strength
and better control of the oil film. The SLIPPER
TYPE (CUTAWAY) skirt has considerable relief
on the sides of the skirt, providing clearance for
crankshaft counterweights and leaving less area
for possible contact with the cylinder walls and
thereby reducing friction.

or at operating temperature. The narrowest

diameter of the piston is at the piston pin
bosses, where the metal is thickest. At the
widest diameter of the piston, the piston skirt is
thinnest. The piston is fitted to close limits at its

widest diameter so that piston noise (slap)

is

Piston Pins

prevented during engine warmup. As the piston

expanded by the heat generated during
operation, it becomes round because the
expansion is proportional to the thickness of the
is

The piston is attached to the connecting rod
by means of the piston pin (wrist pin). The pin
passes through the piston pin bosses and through
the upper end of the connecting rod, which rides

metal. The walls of the skid are cut away as
much as possible to reduce weight and to
prevent

excessive

expansion

during engine

within the piston on the middle of the pin.

operation. Many aluminum pistons are made
with SPLIT SKIRTS so that when the pistons

Piston pins are made of alloy steel with a

expand the skirt diameter will not increase.

sometimes chromium-plated to increase their
wearing qualities. Their tubular construction

.

precision

Two types of piston skirts found in most
are the FULL TRUNK and the
SLIPPER. The full-trunk type skirt has a full

finish

and are case-hardened

and

gives them a maximum of strength with a
minimum of weight. They are lubricated by
splash from the crankcase or by pressure

engines

cylindrical shape with bearing surfaces parallel

through passages bored in the connecting rods.
1 in

0.028 TO 0.033 IN. LESS THAN
DIAMETER AT (D)

D

5

THE SKIRT OF THE PISTON SHOULD
TAPER SO THAT THE DIAMETER

THE ELLIPTICAL SHAPE OF THE PISTON
SKIRT SHOULD BE 0.010 TO 0.012 IN.
LESS AT DIAMETER (A/ THAN ACROSS
THE THRUST FACES AT DIAMETER (8)

AT (C) IS FROM 0.0005 TO
0.0015 IN. LESS THAN AT (01.

Figure 3.13. Carr -ground piston.

There are three methods commonly used for

fastening a piston pin to the piston and the

connecting rod. (See fig. 3-14.) An anchored, or
fixed, pin is attached to the piston by a screw
running through one of the bosses; the
connecting rod oscillates on the pin. A
semifloating pin is anchored to the connecting

rod and turns in the piston pin bosses. A
full - floating pin is free to rotate in the
connecting rod and in the bosses, but is

prevented from working out against the sides of
the cylinder by plugs or snapring locks.

rings to the cylinder wall. Although piston rings
have been made from many materials, cast iron
has proved the most satisfactory, as it
withstands heat, forms a good wearing surface,
and retains a great amount of its elasticity after
considerable use Piston rings are often quite
complicated in design, are heat treated in various
ways, and are plated with other metals. There
are two distinct classifications of piston rings:
compression rungs and oil control rings. (See fig.
3- 1 5.)

The principal function of a compression ring

is to seal in the air-fuel
Rin 8s

Piston rings are used on pistons to maintain
gastight seals between the pistons and cylinders,

to assist in cooling the piston, and to control
cyluider-wall lubrication. About one-third of the
heat absorbed by the piston passes through the

81.55

mixture as it

is

compressed and also seal in the combustion
pressures

as the mixture burns during the

compression and power strokes. All piston rings
are split to permit assembly to the piston and to
allow for expansion. When the ring is in place,
the ends of the split joint do not form a perfect
seal; therefore, it is necessary to use more than

one ring and to stagger the joints around the
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piton. If cylinders are worn, expanders (figs.
3-12 and 3-15) are sometimes used to insure a
perfect seal.

The bottom ring, usually located just above
the piston pin, is an oil-regulating ring. This ring
scrapes the excess Oil from the cylinder wWls

and returns some of it, through slots, to the

piston ring grooves. The ring groove under an oil

ring is provided with openings through which
the oil flows back into the crankcase. In some
engines, additional

Connecting rods must be light and yet strong

enough to transmit the thrust of the pistons to
the crankshaft. Connecting rods are drop-forged
from a steel alloy capable of withstanding heavy
loads without bending or twisting. Holes at the

upper and lower ends are machined to permit
accurate fittings of bearings. These holes must
be parallel.

oil rings are used in the

piston skirt below the piston pin.

Prior to installing a new ring, first fit it,
proper side up, by pushing it part way into the

cylinder. By using the top of the piston as a
guide, the ring will be located in the proper
plane in the cylinder. Check the gap between the
ends of the ring. Clearances are specified in the
manufacturer's manual and should be carefully
adhered to.
Rings must be fitted also for the proper side
clearance. (See fig. 3-16.) This clearance will

vary in different types and makes of engines;
however, in the diesel engine the rings must be
given a greater clearance than in the gasoline
engine. If too much side clearance is given the
rings, excessive wear on the lands will result. If
there is too little side clearance, expansion may
cause the lands to break.

FIXED P1

CONNECTING RODS

The upper end of the connecting rod is
connected to the piston by the piston pin. If the
piston pin is locked in the piston pin bosses, or

if it floats in both piston and connecting rod,
the upper hole of the connecting rod will have a

solid bearing (bushing) of bronze or similar
material. As the lower end of the connecting rod

revolves with the crankshaft, the upper end is
forced to turn back and forth on the piston pin.
Although this movement is slight, the bushing is

necessary because the temperatures and the
pressures are high. If the piston pM is
semifloating, a bushing is not needed.

The lower hole in the connecting rod is split
permit it to be clamped around the
crankshaft. The bottom part, or cap, is made of
the same material as the rod and is attached by
two or more bolts. The surface that bears on the
crankshaft is generally a bearing materialin the
to

FULL-FLOATING

SEMIFLOATING

PIN

PIN

81.56
Pin VP1s.

°MAI >
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,i7-1-14
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CHECKING RING SIDE CLEARANCE

LI.OUTYVILP-REGULATI

Iilllii

BUTV

INSTALLING PISTON AND RINGS

FLEXIBLE RING WITH EXPANDER

Figure 3-16.Fi

a piston
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ring and installing piston.
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Figure 3-

.Pistun rings.

form of a separate split shell, although, in a few
cases, it may be spun or die-cast in the inside of
the rod and cap during manufacture. The two

parts of the separate bearing are positioned in
the rod and cap by dowel pins, projections, or
short brass screws. The shell may be of babbitt
metal that is die-cast on a backing of bronze or
steel. Split bearings may be of the precision or
semiprecision type.

The PRECISION type bearing is accurately
finished to fit the crankpin and does not require
further fitting during installation. It is

positioned by projections on the shell which

match reliefs in the rod and cap. The projections
prevent the bearings from moving sideway_ s and
from rotary motion in the rod and cap.

The SEMIPRECISION type bearing is
usually fastened to or die-cast with the rod and

cap. Prior to installation, it is machined and
fitted to the proper inside diameter with cap and
rod bolted together.
To maintain good engine balance,
connecting rods are carefully matched in sets.
When it becomes necessary to remove the
connecting rods, make sure they are marked so
they can be replaced in the same cylinder from
which they were removed. Most rods are marked

at the factory, but if they are not, use a center
punch or hacksaw to mark them in such a way

that you will not get them mixed.
In addition to the proper fit of the
connecting rod bearings and the proper position
of the connecting rod, the alinement of the rod

itself must be considered. That is to,say, the

hole for the piston pin and the crankpin must be

Chapter 3INTERNAL COMBUSTION ENGINESCONSTRUCTION

the connecting rod assembly attached to the

precisely parallel. Equipment of suitable
accuracy is available for checking connecting
rods. (See fig. 3-17.) EVERY connecting rod

THROWS or points of bearing support. These

throws

placed
counterbalance each other.

should be checked for proper alinement just
before it is installed in the engine. Misalinement
of connecting rods will cause many
hard-to-locate noises in the engine.

so

they

that

throws in one plane. In figure 3-19 you see that

the throws for No.

As the pistons collectively might be regarded
as the heart of the engine, so the
CRANKSHAFT may be considered its backbone

1

and No. 4 cylinders

(4-cylinder engine) are 1800 from those for No.

2 and No. 3 cylinders. On 6-cylinder engine
crankshafts, each of the three pairs of throws is
arranged 120° from the other two. Such

(fig. 3-18). It ties together the reactions of the
pistons and the connecting rods, transforming;
their reciprocating motion into a rotary motion.
and it transmits engine power through the
flywheel, clutch, transmission, and differential

crankshafts may be supported by as many as
seven main bearings; that is, one at each end of
the shaft and one between each of the
crankshaft throws. The crankshafts of 8-cylinder

to drive your vehicle.

V-type engines are similar to those for the

The crankshaft is forged or cast from an
alloy of steel and nickel, is machined smooth to

4-cylinder inline type or may have each of the
four throws liked at 90° from each other (as in

provide bearing surfaces for the connecting rods

main

be

Crank throw arrangements for 4-, 6-, and
8-cylinder engines are shown in figure 3-19.
Four-cylinder engine crankshafts have either
three or five main support bearings and four

CRANKSHAFT

and the

must

fig. 3-19) for better balance and smoother
operation.
V-type engines usually have two connecting

bearings, and is

CASEHARDENED, or coated in a furnace with

copper alloyed with carbon. These bearing

rods fastened side by side on one crankshaft
throw. With this arrangement one bank of the

surfaces are called JOURNALS. The crankshaft
counterweights impede the centrifugal force of

engine cylinders is set slightly ahead of the other
to allow the two rods to clear each other.

Any piece of rotating machinery has

a

CRITICAL SPEED at which it will vibrate.
FACE PLATE
FLYWHEEL
(WITH STARTER GEAR)

V-BLOCK

MAIN SUPPORT
ARING JOURNALS

CLAMP SCREW

TIMING

PISTON PIN

GEAR

ARBOR

CONNECTING ROD
BEARING JOURNALS

Figure

7

75.81(8 CIB

81.59
necking connac-dng rd eligiement_

Figure 3-18--Crankshaft of a A- cylinder angina
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Thus, the thrust of power described in the

preceding paragraphs creates a torsional or
twisting vibration of the crankshaft. Torsional
vibration is noticeable in long crankshafts, and
unless it is controlled, the crankshaft could
break. If you can imagine a rubber tube being
twisted by a forceful turn of a wheel to which it

is

connected, you can

visualize

a similar

characteristic in the crankshaft (only to a much
lesser degree) as it begins to turn against the
inertia of the flywheel.

The crankshaft rotates in MAIN bearings

located

W 3 -4

at both of its ends and at certain

intermediate points. Most crankshaft bearings
an precision bearings (prefit) that consist of a
hard shell of steel or bronze, with a thin lining
of antifrictional metal or bearing alloy. These
bearings often are channeled for oil distribution
and may be lubricated with crankcase oil by
pressure through drilled passages or by splash.

75.81(81C)8
arrangements commonly used.

Some main bearings have integral thrust faces
that eliminate crankshaft end play. To prevent
loss of oil, seals are placed at both ends of the
crankshaft where it extends through the
crankcase. Similar seals are placed in the

channels provided in the upper half of the
bearings. When replacing main bearings, tighten
the bearing-cap bolts to the proper tension with
a torque wrench and lock them with a cotter pin
or safety wire after they are in place.
Engine crankshafts are large and expensive;
therefore, it is often desirable to repair them
rather than replace them. An engine crankshaft
is subjected to terrific stresses and it may
develop minute cracks. Before extensive repair

work is started, check the shaft carefully for
cracks,

particularly near the ends

of the

connecting rod throws, near the ends of the
main bearing journals, and near the oil feed

holes. If the shaft is sound, the bearing journals
44
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This minimizes the effects of the torsional

may be reground and undersize bearings fitted.
A First Class Petty Officer or Chief will

vibration in the crankshaft. Several other types
of vibration dampers are used. However, they all

generally be the one who makes the final
decision whether to repair or to replace a
crankshaft.

operate in essentially the same way.
Engine Flywheel

Vibration Damper

The flywheel is mounted at the rear of the
crankshaft near the rear main bearing. This is

The power impulses of an engine tend to set
up torsional vibration in the crankshaft. If this

usually the longest and heaviest main bearing in
the engine, as it must support the weight of the

torsional vibration were not controlled, the
crankshaft might actually break at certain

flywheel.

speeds; a vibration damper mounted on the
front of the crankshaft is used to control this

The flywheel (fig. 3-21) stores up energy of
rotation during power impulses of the engine. It

vibration.

releases this energy between power impulses,
thus assuring fewer fluctuations in engine speed
and smoother engine operation. The size of the
flywheel will vary with the number of cylinders
and the general construction of the engine. With
a large number of cylinders and the consequent

Most types of vibration dampers resemble a
miniature clutch. (See fig. 3-20.) A friction
facing is mounted between the hub face and a
small damper flywheel. The damper flywheel is

mounted on the hub face with bolts that go
through rubber cones in the flywheel. These

overlapping of power impulses, there is less need

cones permit limited circumferential movement
between the crankshaft and damper flywheel.

for a flywheel; consequently, the flywheel can
be relatively small. The flywheel' rim carries a
ring gear, either integral with the flywheel or
shrunk on. By heating the ring gear, putting it in
place, and then allowing it to cool and contract
on the flywheel, the ring gear meshes with the

2
Figure

w of a ty-

d

81.63
Figure 3-21

r

A

Flywheel.
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rter driving gear for cranking the engine. The
r face of the flywheel is usually machined and
iund, and acts as one of the pressure surfaces

the clutch, becoming a part of the clutch
.Trnbly.

On L-, F-, or I-head engines, the camshaft is
usually

located to one side and above the

crankshaft, while in V-type engines it is usually

located directly above the crankshaft. On the
overhead camshaft engine, such as the 1 1/4 ton
cargo, the camshaft is located above the cylinder

,IVES AND VALVE MECHANISMS

head.

There are two valves for each cylinder in

The camshaft of a 4-stroke cycle engine
turns at one-half engine speed. It is driven off
the crankshaft through timing gears or a timing
chain. (The system of camshaft drive will be
explained later in this chapter.) In the 2-stroke
cycle engine the camshaft must turn at the same
speed as the crankshaft in order that each valve
may open and close once in each revolution of

st engines, one intake and one exhaust valve.
ce each of these valves operates at different

es, it is necessary that separate operating
chanisms be provided for each valve. Valves
normally held closed by heavy springs and
compression in the combustion chamber. The
pose of the valve-actuating mechanism is to
rcome the spring pressure and open the valve
the proper time. The valve-actuating
:hanisrn includes the engine camshaft,
ishaft followers (tappets), pushrods, and
cer arms.

shaft

In most cases the camshaft will do more

than operate the valve mechanism. It may have
extral cams or gears that operate fuel pumps,
Fuel injectors, the ignition distributor, or the
lubrication pump.
Camshafts are supported in the engine block
bearings. Camshaft bearing
journals are the largest machined surfaces on the
shaft. The bearings are usually made of bronze
and are bushings rather than split bearings. The
bushings are lubricated by oil circulating
through drilled passages from the crankcase. The
stresses on the camshaft are small, therefore, the

The cunshaft (fig. 3-22) is enclosed in the
ne block. It has eccentric lobes (cams)

by journals in

red on it for each valve in the engine. As the
shaft rotates, the cam lobe moves up under
valve tappet, exerting an upward thrust
ugh the tappet against the valve stem or a

irod_ This thrust overcomes the valve spring
sure as well

the engine.

as the gas pressure in the

bushings are not adjustable and require little
attention. The camshaft bushings are generally

ider, causing the valve to open. When the
moves from under the tappet, the valve

replaced only when
complete overhaul.

ig pressure reseats the valve.

the

engine requires a

Followers

Camshaft followers are the parts of the
valve-actuating mechanism that contact the

camshaft. You will probably hear them called
valve tappets or valve lifters. In the L-head
engine the followers or tappets directly contact
the end of the valve stem and have an adjusting
device in them (fig. 3-23). In the overhead valve
engine, the followers or valve tappets contact
the pushrod that operates the rocker arm (fig.
3-24). The end of the rocker arm opposite the

A - Camshaft
B - Camshaft Bearings
C - Bearing Journal

iaIv 3-

pushrod contacts the valve stem. The valve
adjusting device, in this case, is in the rocker

81.61

arm.
A
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Many engines have self-adjusting valve lifters

of the hydraulic type that operate at zero
clearance at all times. The operation of one type
of hydraulic valve tappet mechanism is shown in
figure 3-25. Oil under pressure is forced into the
tappet when the valve is closed, and this pressure

extends the plunger in the tappet so that all
valve clearance, or lash, is eliminated. When the

cam lobe moves around under the tappet and
starts to raise it, there will not be any tappet
noise. As the lobe starts to raise the tappet, the
oil is forced upward in the lower chamber of the
tappet. This action closes the ball check valve so
oil

cannot escape. Then the tappet acts as

though it were a simple, one-piece tappet and
the valve is opened. When the lobe moves out
from under the tappet and the valve closes, the
pressure in the lower chamber of the tappet is
relieved. Any slight loss of oil from the lower
chamber is then replaced by the oil pressure
from the engine lubricating system. This causes

the plunger to move up snugly against the

Figure

81.64
2 .L-head valve operating mechanism.

pushrod so that any clearance is eliminated.
Engine Valves
and Valve Seats

accumulation of carbon on the contact surface
of the seat, a condition which keeps the valve
from closing properly. To further reduce carbon

Most engines have POPPET VALVES (also
called MUSHROOM or TULIP VALVES). The
word "poppet" comes from the popping action

between the valve and seat, is used on some
engines. Carbon deposits, incidentally, tend to
pit the softer metal of the cylinder block and

of the valve; "mushroom" and "tulip" come

head.

from the shape of the valve. The intake valves
are ordinarily made of chromium-nickel alloy.

Many engines have replaceable VALVE
SEAT INSERTS (fig. 3-27) made of special heat

The exhaust valves are generally made of

resistant alloys. These inserts can be used in
either cast-iron or aluminum blocks or heads.
When a valve seat insert is badly worn from

buildup,

silichrome alloy because of the extremely high
temperatures they must withstand. Sometimes
exhaust valves contain sodium in a sealed cavity
extending from head to stem. This sodium cools
the valves by conducting heat away from it.
Both the intake and the exhaust valves
operate against the rims of circular openings
(valve ports) in the combustion chambers of the
cylinders. These rims are called VALVE SEATS
(fig. 3-26). The valve and valve seat must make
perfect contact. Although some earlier engines
were designed with flat contact surface for the
valve and valve seat, most are now designed with
valve seat angles of 30 to 45 degrees as shown in
figure 3-26. This angle helps prevent excessive

an interference

angle, usually

1°

grinding or pitting, it must be replaced.
Recondifioning Valves
and Valve Seats

Valve reconditioning includes grinding valves
valve seats, adjusting valve tappet
clearances, installing new seat inserts, and timing

and

the valves. Together these operations constitute

the VALVE SERVICE necessary for smooth
engine

output.
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Figure 3-24.Valve operating mechanism or an overhead valve engine.

"Grinding valves" is a common expression

improper combustion resulting from poor spark
ignition in the gasoline engine or improper fuel
injection in the diesel engine.

used around the shop. It is the major, but not
the only, operation in reconditioning them.
Before valves are ground or refaced on the
valve-refacing machine, they must be cleaned.
Heavy carbon deposits and excessively burned
valves may indicate the need for new rings or

To recondition valves and valve seats, first

take off the cylinder head and remove the
carbon from the head, cylinder block, and

valve guides and/or intake valve oil seas. Carbon

pistons. In cleaning the top of the pistons, you
must exercise care to prevent gougjng and

deposig'incl burned valves may also indicate
48
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Figure 3-26.Val

Head and set angle.

scratching, as rough spots collect carbon readily
and will lead to preignition and detonation

during engine operation. Remove the valves,

81.67

using a valve spring compressor (fig. 3-28). Next,

Figure 3-27. Valve seat

clean the valves with a wire brush or buffing
wheel (fig. 3-29). When using the buffing wheel,

make sure you wear proper eye protection to
prevent wire and other foreign matter from

interchanged, a new wear pattern is developed
causing excessive wear on the valve stern and

flying into your eyes.

guide.

To eliminate any confusion, you should
devise some system of marking the valves to
identify them with the cylinders from which
they were taken. The most common way to
identify valves is to place them in a piece of
board with holes drilled and numbered to

Be careful not to interchange the valves.
Each valve must be replaced in the same valve
port from which it was removed. The valve stern
moving up and down in the valve guide develops
a wear pattern. And, if the valves are
49
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Figure 3-28. Valve wring compressors

r L-head and atvein-

engines.

seats. Should cracks be found,eheck with your
supervisor for the proper procedure to follow.
After you inspect the cylinder head for cracks,
check the head for warpage, using a straightedge
and a thickness gage. The water passages inside
the head should be cleaned if an excessive
buildup of scale and must is found. The easiest
method is to remove the core plugs-and boil the
head in a cleaning solution. The alternate
method is to scrape the unwanted material loose
and then flush with water, air, or a combination

of both_ After a thorough inspection of . the
parts, the next step is to resurface the valve face
with a valve refacing machine (fig. 3-30). Clamp

the valve stern in the chuck of the refacing
machine. Be sure the grinding angle index is set
to the angle of the valve head you are about to
ng wheel.

grind. Follow the operating instructions of the
manufacturer of the refacing machine together

correspond with the cylinder the valves came
from. If any valves are found to be worn or
damaged beyond use during inspection, replace

If the tip ends of the valve sterns are rough,
srriooth them by grinding lightly with a special

81.68
Figure 3-29. =Cleaning a valve with a wire b

them with new ones from the parts room.

with those of your Chief while
familiar with the details of grinding.

becoming

attachrnent furnished with the valve refacing
machine.

After you have cleaned ,the valves, 'remove

the carbon from the intake and exhaust valve
ports. Inspect closely around the valve ports and
cylinders of the block for crackS and faulty valve

Before the valve seats are serviced, the valve
be serviced and replaced if

guides must
necessary.
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type. If of the integral type, it must be reamed
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to a larger size and a valve with an oversize stem
CHUCK

installed. But if it is of the replaceable type, it

ME NA

CIALOP
GENERIC EFIEIL
VALVE MEAD

should be removed and a new guide installed.

KNURLING of the valve guides has become
more popular as a method of compensating for
wear of the valve guides. Knurling is
accomplished by inserting a special tool in the
worn guide attached to an electric drill. This
method is not recommended if the guide has
been worn excessively or previously knurled.
guides should be removed and
replaced with special drivers. When working on a
valve -in -head engine, you may use an arbor press
to remove and replace valve guides.
Valve

E.scary pNoLe

81.9
Figure 3-30. Valve refacing machine.

Valve Guide
Service

After the valve guides are serviced and the
valve seats are ground, check the concentricity
of the two with a valve seat dial indicator (fig.
3-31). Any irregularity in the seat will register
on this dial.

Servicing of valve guides is an important, but

often neglected, part of a valve job. The guide
must be clean and in good condition before a
good valve seat can be made. Wear of valve
guides is generally the only trouble you will
encounter with them.
There are several satisfactory methods of
checking for valve guide wear. One procedure
for flathead guide service includes the use of a
dial indicator. With the valve in place, turn the
engine so the valve is moved off its seat. Install
the dial indicator on the block with indicating

button touching the edge of the valve head.
Move the valve sideways to determine the
amount of wear. Another checking procedure
involves the use of a small hole gage to measure

INDICATOR

VALVE

SEAT INSE
PILOT

the inside of the guide and a micrometer to
measure the valve stern; the difference in the
readings will be the clearance. Check the
manu al for the allowable
clearance. When the maximum
clearance is exceeded, the valve guide will need
m a n u fac hirer's

maximum

further servicing before you proceed with the
rest of the valve job.
Servicing procedures will depend on whether

the guide is of the integral or the replaceable

75.73
Figure
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Valve Seat Service

If a replaceable seat is badly worn or ground

down, replace it with a new one. Remove the
old seat either with a puller or by drilling it on
two opposite sides and then breaking it in halves
with hammer and chisel. New inserts should be
chilled in dry ice for about 15 minutes to shrink

them so that they can easily be driven into
place.
In

most cases the valve seats are not
replaceable, so they must be ground. Figures
3-32 through 3-34 illustrate the equipment used

2.30X
Valve seat grinding stone sleeve.

Figure

in valve seat grinding. Be sure you know how to

operate the kind of equipment that is in your
shop. Study the manufacturer's manual for
specific instructions.
Select the proper size pilot (fig. 3-33) for the
valve guide and insert and lock it into the guide.

Wipe the valve seat free of carbon dust and oil.
Then with a clean oily rag, apply a thin film of
oil to the pilot shaft.
Use two or more stone sleeves (fig. 3-34) to
facilitate seat grinding if the engine block has
both soft and hard seats or if a high-polish finish
grind is desired. One sleeve may carry a soft seat

stone, another a hard seat stone, and a third
sleeve a finishing stone.

All purpose stones are now available that
will do all of the above grinding jobs with one
stone. Make sure the stones are dressed at the
proper angle in accordance with the engine
manufacturer's specifications.
Only

a

few

seconds

are

required

to

recondition the average valve seat. Check the
progress of the grinding operation often and
make sure that you do not remove any more

2.28X

material than is necessary to get a good seat.

Figure 331. yelve seat grinding equipment-

Although recommended, it is usually not
necessary to lap the contact surfaces of the valve

and valve seat after they have been ground.
Always check your work by testing one or two

of the valves. This check can be made by
spreading a thin coat of prussian blue on the

_Amu

valve face or by putting lead pencil marks on the
valve seat. lf, when turning a valve on its seat, an
even deposit of the coloring is seen on the valve
seat, or the pencil lines are removed, the seating
is perfect. The valve should not be rotated more

2.29X

Figure 3-33. Sel

WWI
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than 1/8

as a high spot could give
indication if turned one full revolution.
will

false

Figure 3-35 shows a normal valve seat which
vary according to the manufacturer's

specification. When a great deal of grinding is

necessary on a badly burned or worn seat, a
condition such as that shown in figure 3-36 will
occur. When this happens, you should narrow
and center the valve seat by using a 200 stone to

cut down the upper portion of the valve seat,
and a 700 stone to cut down the lower portion
of the seat. Figure 3-37 illustrates a valve seat
that has been narrowed down from the top of

2,34
Figure 3 -37 . -- Correct valve seat after narrowing

the valve seat.

Grinding with the narrowing stones usually
requires only a few seconds. Check often while
grinding so that you will not remove too much

Checking Rocker

metal.

After rocker arms have been removed, they
should be inspected for wear or damage. Rocker
arms with bushings can be rebtished if the old
bushing is worn. On some rocker arms, the valve
ends, if worn, can be ground down on the valve
refacing machine. Excessively worn rocker arms
should be discarded.
The silent lash rocker arm can be
disassembled by removing the eccentric retaining

Arms

pin.

If more than one rocker arm is being

disassembled, do not mix the parts; make sure
all parts go back into the rocker arms from
which they were taken. When reassembling a
rocker arm, make sure the eccentric is installed
so that the recessed dot (which is on the side
with the smaller radius) is next to the plunger:
When reinstalling rocker arms and shafts in
the cylinder head, make sure that the oilholes
(in shafts so equipped) are on the underside so
they will feed oil to the rocker arms. Be sure
that all springs and rocker arms are restored to
their original positions as the shafts are attached
to the head.

2,32

Figure 3-35.Normal valve seat.

Checkhig Valve
Springs

Figura 3-36.Val

While working with valves, you may notice
that some of them have more than one spring.
These additional springs are coiled to offset a
tendency of the valve to vibrate at high engine

wide and low in block.
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speeds. They also insure proper valve seating and
provide a safety factor in case one spring should

Following the recommended procedure, adjust
the valves to meet the manufacturer's

break.
Test

specification. Never attempt to adjust valves
valve

springs

for uniformity and

with solid lifters by "ear." If, after adjusting the
valves with a gage, there is still excessive
valve-lash noise, do not attempt to tighten the
adjustment until the noise disappears. To do so

strength. For an accurate test use a valve spring
tester (fig. 3-38) when one is available. If a valve
spring tester is not available, place used springs
on a level surface beside a pair of new springs.
Use any straightedge to determine irregularities
in height. Replace worn out springs with new
ones. Unequal or cocked valve springs will
offset, in the assembled job, all the precision
that has been put into the grinding operation.
When you have reassembled an engine after
reconditioning the valves, make sure the
adjusting screws are backed off before rotating
the engine. A valve that is too tight could strike

may result in severe damage to the engine. When
valves are excessively noisy after adjustment, the
components of the valve operating mechanisms
should be disassembled and inspected for
abnormal wear of faulty components.

On any engine on which valve adjustments

have been made, be sure that the adjustment
locks are tight and that the valve mechanism
covers and gaskets are in place and securely
fastened to prevent oil leaks.

and damage the piston, or the valve, or both.
TIMING GEARS
(GEAR TRAINS)

Timing gears keep the crankshaft and
camshaft turning in proper relation to one

another so that the valves open and close at the
proper time. In some engines, sprockets and
chains are used.
The gears or sprockets, as the case may be, of
the camshaft and crankshaft are keyed in

position so that they cannot slip. Since they are

keyed to their respective shafts, they can be
replaced if they become worn or noisy.
With directly driven timing gears (fig. 3-39),

one gear usually has a mark on two adjacent
teeth and the other a mark on only one tooth.
To time the valves properly, it is necessary only
to mesh the gears so that the two marked teeth
of one gear straddle the single marked tooth of
the other.

In the case of chain-driven sprockets the
correct timing may be obtained by having a
certain number of chain-link teeth between the
marks,

or by lining up the marks with a

straightedge as shown in figure 3-40. In the

latter method the position of the piston is
determined by markings on the engine flywheel.
Some engines have timing marks on the
crankshaft fan pulley if no opening is provided

the flywheel housing. iOways check the
manufacturer's instructions when you are in
doubt about the method of timing the engine
in

2.3X
Figure IllValve spring twist.

you are overhauling.
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ALINE TIMING NARKS
WHEN INSTALLING

TIMING suss

Figure 3-40. Methods

81.70
valve timing with chain drive.

material is applied. (See fig. 3-41.) The bearing
material is relatively soft. Thus, if wear takes
place, it will be the bearing rather than the more

expensive engine part that wears. Then, the
bearing rather than the engine part can be
replaced when wear has progressed to the
Figure

3-39.Timing gears and fir rnerkings.

replacement point.

Bearing Lubrication
ENGINE BEARINGS

Bearings are installed in an engine where
there is relative motion between parts. Engine
bearings are called sleeve bearings because they
are in the shape of a sleeve that tits around the
rotating journal or shaft. Connecting-rod or
crankshaft (also called main) bearings are of the
split, or half, type (fig, 3-41). On main bearings,
the upper bearing half is installed in the
counterbore in the cylinder block. The lower
bearing half is held in place by the bearing cap
(fig. 3-1). On connecting-rod bearings, the upper
bearing half is installed in the rod and the lower

half is placed in the rod cap (fig. 3-10). The
--small-end-- (or piston-pin) bearing in the
connecting rod is of the full-round, or bushing
type.

The main bearings in most engines do not
have the oil distributing grooves as shown in
figure 3-41. They may or may not have the
annular grooves; many engines do not. On other

engines, only the upper halves of the main
bearings have them. On still other engines, both
the upper and lower main-bearing hat-yes have
the annular grooves. Connecting-rod big-end
bearings usually do not have oil grooves.
The typical bearing half is made of a steel or

bronze back to which a lining of bearing

The journal must be smaller in diameter than

the bearing (fig. 3-42) so that there will be
clearance (called oil clearance) between the two
parts; oil circulates through this clearance. The

lubricating system constantly feeds oil to the
bearing. The oil enters through the oilhole (fig.
3-41) and fills the oil groove in the bearing.
From there, the rotating journal carries the oil
around to all parts of the bearing. The oil works
its way to the outer edges of the bearing. From
there, it is thrown off and drops back into the
oil 'pan. The oil thrown off helps lubricate other
engine parts, suchas the cylinder walls, pistons,

and piston rings.

As the oil moves across the faces of the
bearings, it not only lubricates them but also

helps to cool them. The oil is relatively cool as it
leaves the oil pan. It picks up heat in its passage
through the bearing. This heat is then carried

down to the oil pan and released to the air

passing around the oil pan. The oil also flushes
and cleans the bearings, It tends to flush out
particles of grit and dirt that may have worked
into the bearing. The particles are carried back
to the oil pan by the circulating oil. They then
tend to drop to the bottom of the oil pan or are
removed from the oil by the oil screen or filter.
The greater the sad clearance (fig. 3-42), the
faster the oil will flow through the bearing.
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ring half.

Thus, as bearings wear, more and more oil is
thrown onto the cylinder walls. The piston rings
cannot handle an excessive amount of oil; part
of it works up into the combustion chambers,

where it bums and forms carbon. Resulting
carbon accumulation in the combustion
chambers reduces engine power and causes
other engine troubles. Excessive bearing oil
clearances can also cause some bearings to fail
from oil starvation. Here's the reason: The oil

JOURNAL AT REST

pump can deliver only so much oil. If the oil

JOURNAL

clearances are excessive, most of the oil will pass
THIN OIL FILM
BEAM

JOURNAL STARTS
TO ROTATE
ECCENTRICLTY

OIL FILM INK
ATES
JOURNAL
AT RATED SPEED

through the nearest bearings. There won't be
enough for the more distant bearings; these
haring_ will probably fail from lack of oil. An
engine with excessive bearing oil clearances
usually has low oil pressure; the oil pump cannot
build up normal pressure because of the
excessive oil clearances in the bearings.

On the other hand, if oil clearances are not
sufficiently great, there will be metal-to-nnetal
contact between the bearing and shaft journal.

Extremely rapd wear and quick failure will
result. Also, there will
Figure

81.338
bearing and shaft.

not be enough oil

throwoff for adequate lubrication of cylinder
walls, pistons, and rings.
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Bearing Requirements

Bearings must be able to do other things
besides carry the loads imposed on them, as

noted below.
1.

displace bearing material, thus producing local
high spots (fig. 3-43). However, with high
conformability, the material flows away from
the high spots. This tends to prevent local heavy
loading that could cause bearing failure.

LOAD-CARRYING CAPACITY.

Modern engines are lighter and more powerful.
They have higher compression ratios and thus
impose greater bearing loads.

5. CORROSION RESISTANCE.

The

bearing materials must be resistant to corrosion,
since some of the byproducts of combustion
may form corrosive substances.

6. WEAR. RATE. The bearing material

2.

must be sufficiently hard and tough so that it
will not wear too fast. At the same time, it must

FATIGUE RESISTANCE. When a piece
of metal is repeatedly stressed so that it flexes or
bends, it tends to harden and ultimately breaks;
this is called FATIGUE FAILURE. Repeatedly

be soft enough to permit good embedability and
conformability.

subjected

Bearing Materials

fang from fatigue.

lining material
metals, mixed,

bending a piece of wire or sheet metal will
demonstrate fatigue failure. Bearings are
to varying loads and are thus
repeatedly stressed. The bearing material must
be able to withstand these varying loads without
3.

The bearing back is usually of steel. The
is a combination of several

the ability

or alloyed, to provide the

combination of desired characteristics. Such
metals as copper, lead, tin, mercury, antimony,
cadmium, and silver are used. Many
combinations are possible. Each ingredient, or

EMBEDABILITY. This term refers to

of a bearing to permit foreign

particles to embed in it. Dirt and dust particles
enter the engine despite the air cleaner and oil
filter. Some of them work onto the bearings and

metal,

supplies certain characteristics. The
designer selects the combination of
ingredients that will best suit the engine.

are not flushed away by the oil. A bearing

engine

protects itself by permitting such articles to sink
into, or embed in, the bearing lining material. If

the bearing were too hard to allow this, the

particles would simply lie on the surface. They
would scratch the shaft journal and probably
gouge out the bearing. This, in turn, would cause
overheating and rapid bearing failure. Thus, the
bearing material must be soft enough for
adequate embedability.

AUXILIARY ASSEMBLIES

We have discussed the main parts of the
engine proper; but there are other parts, both
moving and stationary, that are essential to
BABBITT LINING

4. CONFORMABILITY. This is associated
with embedability_ It refers to the ability of the

METALLIC PARTICLE

OIL CLEARANCE

..

BACK OF BEARING

bearing material to conform to variations in

shaft alinement and journal shape. For example,
suppose a shaft journal is slightly tapered. The
bearing under the large diameter will be more
heavily loaded. If the bearing material has high
conformability, it will flow slightly away from
the heavily loaded areas to..the lightly loaded
areas. This redistributes the bearing material so
that the bearing is more uniformly loaded. A
similar action takes place when foreign particles
embed in the bearing. As they embed, they

DISPLACED BEARING MATERIAL

81.339

Figure 3-43.- Effect of a metallic particle embedded in
bearing material (Rabbit lining.
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engine operation. They are not built into the

POWER PACKAGE
CONCEPT

engine itself, but, in most cases, are attached to
the engine block or cylinder head.

you were reading the foregoing discussion

The fuel system includes a fuel pump and
carburetor mounted on the engine. In diesel
engines the fuel injection mechanism replaces

on engine structure, you may have become
aware of the unitary nature of the engine. Its

the carburetor. An electrical system is provided
to supply power for starting the engine and also

can be removed from and replaced in the vehicle

As

parts are designed so that the whole assembly

as a unit or PACKAGE. This is the POWER
PACKAGE CONCEPT. If a vehicle requires a
major engine job, it is not necessary to tie it up
while the work on the engine is being done.
Instead, the power plant can be removed and

during operation. An efficient
cooling system is necessary for operating an
for ignition

internal combustion engine. In water cooled
engines a water pump and fan are used, while in
air-cooled engines a blower is generally used to
force cool air around the engine cylinders.

another one quickly installed in the vehicle.
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CHAPTER 4

FUEL SYSTEMS
fuel system of the ntemal combustion

engine is designed to provide the

proper

quantity of fuel to the engine under all normal
operating conditions. The type of fuel used in
either a gasoline or a diesel engine varies
according to the design of the engine and the
geographical location in which the engine will
operate. Additionally, each application of the
engine may require changes in the type or design

of fuel pump, carburetor, or fuel injection
components.

Governors are used to control engine speed

on stationary as well as on some automotive
gasoline engines. All diesel engines used by the
Navy have governors to control the engine speed
and prevent excessive fluctuation of speed.
This chapter presents informatioe on various

types of fuel systems, their components, and

components to insure long life and economical
operation of the engine.

Gasoline contains carbon and hydrogen in
such proportions that the gasoline burns freely
and liberates HEAT ENERGY. If all the
potential heat energy contained in a gallon of
gasoline could be converted into work, a motor
vehicle could run hundreds of miles on each
gallon. However, only a small percentage of this
heat energy is converted into mechanical energy
by the engine. Most authorities consider the
power losses within the engine to be as follows:
Engine

Cooling System
Exhaust Gases
Engine Friction

how the components function to provide fuel to
the engine in the proper quantity.

Total

Percent of Powe
35
35

5 to 10
.75 to 80

The question of what is ideal gasoline is
mare theoretical than practical. Every
manufacturer recommends the octane rating of
the gasoline he feels is best for the engines he

FUELS

Fuels used in modern Navy equipment are
manufactured for use in various geographical
locations. For instance, fuels manufactured for

produces. Besides engine design, factors like the

weight of the vehicle, the terrain and highways
over which it is to be driven, and the climate and
altitude of the locality also determine what

use in subzero temperatures must be more
volatile than those for use in tropical areas.

gasoline is best to use.

Otherwise, the fuel in cold climates would not
vaporize (evaporate) readily enough to allow
efficient engine operation. The result would be
hard starting, excessive fuel consumption, and a
marked decrease in power developed by the
engine. These problems are solved for you by
the manufacturer and the supply department.

PROPERTIES OF
GASOLINE

Your concern with the fuel system is in the
maintenance and repair of the systerres

The function of the gasoline fuel system is
store, transfer and provide gasoline to the
59
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engine in varying quantities to insure a proper
fuel-air mixture at all engine operating speeds. In

order for this system to function properly, it is
necessary that the gasoline have the right
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the fuel mixture burning, and the flame spreads
through the layers of the mixture, very quickly
compressing and heating them, The last layers

become so compressed and heated that they

qualities to burn evenly no matter what the

explode violently. The explosive pressure strikes

engine's demands are. To help you recognize the
qualities required of gasoline used for fuel, let us
examine some of the properties of gasoline and
their effects on the operation of the engine.

the piston head and the walls of the cylinder,
and causes the knock you hear in the engine. It
is the fuel, not the engine that knocks. Besides
being an annoying sound, persistent knocking

VOLATILITY

results in engine overheating, loss of power, and
increased fuel consumption. It causes severe

The blend of a gasoline determines
VOLATILITYthat is, its tendency to change
from a liquid to a vapor at any given
temperature. The rate of vaporization increases
as the temperature of the gasoline rises.

A gasoline of low volatility brings about
better fuel economy and combats VAPOR
LOCK (the formation of vapor in the fuel lines

in a quantity sufficient to block the flow of
gasoline through the system). In the summer and
in hot climates, fuels with low volatility lessen
the tendency toward vapor lock.
ANTIKNOCK QUALITY
AND DETONATION

Reviewing the process of combustion in
chapter 2 will help you understand the
ANTIKNOCK quality of gasoline. When any
substance burns, its molecules and those of the
oxygen in the air around it are set into motion,

producing heat that unites the two groups of
molecules in a rapid chemical reaction. In the
combustion chamber of an engine cylinder, the
gasoline vapor and oxygen in the air are ignited

and bum. They combine, and the molecules
begin to move about very rapidly, as the high
temperatures of combustion are reached. This
rapid movement of molecules provides the push

on the piston to force it downward on the
power stroke.

In modern high compression gasoline engines
the air-fuel mixture tends to ignite

spontaneously or to explode instead of burning

rather slowly and uniformly. The result is a
knock, a ping, or a DETONATION. In
detonation the spark from the spark plug starts

shock to the spark plugs, pistons, connecting
rods, and crankshaft. To slow down this burning
rate of the fuel, a fuel of a higher octane rating
must be used.
OCTANE RATING

The property of a fuel to resist detonation is
called its antiknock or OCTANE rating. The

octane rating is obtained by comparing the
antiknock qualities of gasoline in a special test
engine. In the test engine, the compression can
be raised or lowered, and other engine controls

are provided to make the engine knock or
detonate. Two separate fuel chambers are also
provided, with a rapid means of changing from
the fuel being tested to the standard reference
fuel. This reference fuel consists of a mixture of
iso-octane, which has a very high antiknock
rating, and heptane, which produces a

pronounced knock. The octane rating of a
is the percentage by

gasoline being tested

volume of iso-octane that must be mixed with
normal heptane in order to match the knocking
of the gasoline being tested. Octane numbers
range from 50 to over 100. A number higher
than 100 indicates that the antiknock value is
greater than that of iso-octane.
The octane rating of gasoline can be raised in
two ways: by mixing it with another fuel, or by
treating it with a chemical. While alcohol and
benzol can be added to improve the antiknock

rating of a gasoline, their use will reduce the
heat-producing value of the fuel. In this country,

where alcohol and benzol are not commonly
used for fuel, a chemical is added to gasoline to
Improve its octane rating.
The best chemical for this purpose is
tetraethyl lead compound, which is added to the

Chapter 4FUEL SYSTEMS
gasoline with ETHYL FLUID. In addition to the
tetraethyl lead, ethyl fluid contains other
chemicals that prevent lead deposits from
forming within the engine. Lead oxide causes
considerable corrosion.
The LEAD CONTENT of ethyl fluid is very
poisonous. Ethyl gasoline should be used only

for engine fuel and for no other

purpose.

It

should NEVER be used as a cleaning agent.

An engine which does not knock on a low
octane fuel will not operate more efficiently by

using a fuel of high octane rating. An engine

NORMAL

which knocks on a given fuel should use one of a
higher rating. If a higher octane fuel does not
stop the knocking, some mechanical adjustments

are probably necessary. Retarding the spark so
that the engine will fire later may end knocking.
However, an engine operating on retarded spark
will use more fuel and will overheat. It may be
less expensive to use a higher priced, high-octane

gasoline with an advanced spark than to use a
cheaper, low-octane gasoline with a retarded
spark.
Besides a spark which is too advanced, a lean

fuel mixture, a defective cooling system, or
preignition

also

may

be

responsible

DETONATION

for

knocking, preignition should not be confused
with engine knock itself, which occurs late in

the combustion process, after the spark has
occurred. In preignition the air-fuel mixture
begins to burn before the spark occurs. This
condition may be caused by an overheated
exhaust valve head, hot spark plugs, or glowing
pieces of carbon within the combustion
chamber. In figure 4-1 you see the diagrammed
course of the air-fuel mixture in the cylinder
under circumstances of preignition and
detonation, as well as in normal combustion.
PREIGNITION

GASOLINE FUEL
SYSTEM COMPONENTS

21.7:

Figure 4-1

The gasoline fu e6 system (fig. 4-2) consists of

the fuel tank, Nei pump, fuel filter, carburetor
intake manifold, and fuel lines or tubes,
connecting the tank num, and rorkitr,,terr

fuel tank, then .onverts this liquid into a vapor

and mixes it with air. The mixture enters the
=

CONSTRUCTION
FILTER TO PUMP HOSE

_

ECHANIC 3

2

PUMP TO CARBURETOR TUBE
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Figure

Typical fuel system for a gasoline engine.

forces the pistons downward on the power
strokes.

The fuel

must vary

system

FUEL TANK

the

proportions of air and gasoline for different
operating conditions. For normal running with a
warm engine, the proper mixture ratio is about
15 pounds of air to 1 pound of gasoline. But for
initial starting with a cold engine, a much richer
mixture is needed; the mixture does not burn as

readily in a cold engine and the gasoline does
not turn to vapor so readily. Also, when
accelerating, or during high-speed or full-load
operation,

a
richer mixture is required.
RICHNESS here means a higher proportion of

gasoline; a mixture of 9 pounds of air to

1

pound of gasoline would be a rich mixture. The
opposite of RICHNESS is LEANESS. A 15 to 1

mix ture ratio would be

a

relatively lean

On passenger vehicles the fuel tank is
generally mounted in the rear of the chassis. On
trucks, it is generally installed under or behind
the driver's seat or on the frame behind or to the
side of the cab.

Figure 4-3 illustrates the general
construction of a fuel tank used on automotive
equipment. Most fuel tanks are of similar
construction. They are usually made of rust
resistant sheet metal, and have an inlet or filler
pipe and an outlet. The outlet, with a fitting for
the fuel-line connection, may be in the top or

mixture.

side of the tank. The lower end of the outlet
pipe is placed about one-half inch from the

Some gasoline engines use a fuel-injection
system. With this system, a pump delivers fuel to

bottom of the tank so that any sediment which
collects in the tank will not be carried to the
carburetor. Baffle plates may be placed inside

a

A "Ai

;

_

2

44. -

Ir.
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they are punctured or develop leaks, they should
not be welded or repaired with or wear an open
flame until all traces of fuel and fuel vapors have
been completely removed from the tank. Before
attempting to make any repairs to a fuel tank,

FILLER PIPE

TANK UNIT OF
ELECTRIC FUEL GAGE

BAFFLES

always consult with the shop supervisor for
specific instructions on all safety precautions to
be observed. Remember that fuel tanks can be
extremely dangerous.
FUEL LINE

Fuel Gages

CONNECTION

MOUNTING
FLANGE

CORK
FLOAT

70
CARBURETOR

The tiel gage is a signaling system which
indicates the amount of fuel in the tank. Most

81.76

fuel gages are electrically operated and are

Figure 4-3.Fuel tank with tap cut away.

composed of two nails: the gage itself, which is
mounted c the instrument panel of the vehicle;
and the sopding unit, which is mounted on the
fuel tank,
Air elee,rical fuel gage normally opera
only when +he ignition switch is turned on.
The tank unit of the BALANCING
COIL-TYPE FUEL GAGE (fig. 44) has a float
and arm assembly connected to a sliding
contact. As the fuel level in the tank ch:Inges,
the position of the contact changes on a rheostat
winding, thus varying circuit resistance and

must be equipped with an air vent. This vent is
usually located in the cap of the inlet pipe.
Some vehicles, especially heavy-duty ones,
have more than one tank. On these the auxiaary
tanks are interconnected, and each has a shutoff
valve, so that the flow of fuel from one or more
of the tanks may be turned off.
Fuel tanks give little or no trouble, and as a
rule require no servicing other than an

occasional draining and cleaning. However, if

AMMETER
IGNITION GIVITCM

GAGE

I

opiaAram
COIL

LIMITI
COIL

CONNECTOR

riARTST RUI L FO %ITIOR

BATTER',

FLOA

tat

RHEOSTAT

RUCTION

resulting

current flow. The unit on the
instrument panel contains two magnetic coils
(limiting coil and operating coil) and a
permanent magnet which is attached to the gage
needle. When the fuel tank is empty, the limiting

ANTIC 3 & 2

screen, then out through the outlet. A_ny water
or solid matter caught by the filter fails to the
bottom of the filter bowl. Dirt in fuel generally

cones from rust scales in tank cars, storage
tanks, and drums. Water caught by the filter

coil is Ammer than the operating coil, thus the
magnet is drawn toward it and the needle reads
EMPTY on the gage. As the tank is .fdled, the
operating coil becomes stronger, attracting the
magnet and moving the needle toward the F or

generally comes from condensation of moisture
in the fuel tank or is introduced through
delivery from storage facilities. The filter
element is usually a fine metal-mesh screen.

FULL position.

sediment bulb in place against a cork washer.

Fuel Tank Caps

Thumbscrews or spring wire clips hold the
Another type of filter is made of a series of
laminated disks placed within a large bowl which

The fuel tank cap is designed to seal the
filler tube of the fuel tank and prevent the fuel

from escaping on hills and incles. The cap

acts as

a

settling chamber for the fuel and

encloses the disks or strainer assembly (fig. 4-6).
Some 'vehicles use inline filters Atli either paper

allows air to enter the tank as the fuel is used, or
seals the opening to the tank when other means
of ventilation are used to vent the tank. Valves
are incorporated in fuel tank caps used on
tactical vehicles if the vehicle's fuel tank will be

or ceramic elements. These are replaced when
the flow of fuel is restricted.

under water for fording purposes. Using the
wrong type of cap can restrict the pumping
action of the fuel pump or may cause the fuel

Th fuel pump must deliver enough fuel to
supply he requirements of the engine, and also

FUEL rump

tank to collapse.
FUEL FILTER
SMAINER

figure 4-5, a common type of filter is
shown attached to the fuel pump. The fuel
enters a bowl and passes up through the filter

ASEENBLY

OUTLET

COVER

INLET

SHELL
DRAIN PLUG

Chap
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maintain a proper pressure in the line between
the fuel pump and the carburetor.
Excessive fuel-pump pressure holds the

carburetor float needle off its seat, causing a
high-gasoline level in the float chamber, which in
turn ,increases gasoline consumption. Too low a

fuel-pump pressure may cause an insufficient
fuel flow into the carburetor and cause air locks

(vapor locks) to occur in the fuel lines. Air in
the fuel line will interrupt the flow of fuel to the

carburetor resulting in engine power loss or
operational failure. The aver !e fuel pump
operating pressure will van, free 3 to 5 psi. The

pump should be tested peeee,ically to insure
proper operating pressure.
The vacuum gage e lieteesally used to check

the output of the fuel pump. To check the
output, remove the fuel line, leading from the
pump to the carburetor, from the fuel pump.
Attach the vacuum gage to the fuel line
connection with the use of an adapter supplitd
with the gage. While cranking the engine, obseee4e

the reading on the pressure scale. If no v
Trk
gage is available, any liquid pressure gage,
designed for use with petroleum products, with
a small scale reading, can be used. If pressure is
not within the manufacturer's specifications_ the
pump should be
replaced.

removed and rebuilt or

During the suction stroke of a mechanical
fuel pump, the rotation of an eccentric on the
camshaft moves the pump operating an which
pulls ,:t.he diaphragm lever and the diaphragm
downward. This downward motion against the
preseire of the diaphragm spring produces a
vacuum, in the pump chamber. The vacuum
holds the outlet valve closed, atmospheric
pressure pushes the inlet valve open, and fuel is
delivered from the supply tank. The fuel flews
through the inlet. up through the filter screen,
and down through the inlet valve into the pump
chamber. During the return stroke, the
dieeeragm is forced up by the diaphragm spring,
the inlet valve closes, and the outlet valve is
forced open. This action allows the fuel to flow
through the outlet to the carburetor.
The diaphragm operating lever is hinged to

S

lever is moved upward only by the diaphragm
spring. The pump, therefore, delivers fuel to the
carburetor only when the fuel pressure in the
outlet is less than the pressure maintained by the
diaphragm spring.

condition arises when the
fuel passage from the pump into the carburetor
float chamber is open and the float needle valve
is not seated. The carburetor float and needle

valve control the fuel level in the carburetor.
The dome-shaped air chamber found on some
fuel pumps is added to smooth out the pulsation
(surging) of fuel being pumped.

Fuel pumps are classified as positive and
nonpositive diaphragm. The POSITIVE type
continues to pump fuel even when the

carburetor bowl is filled and requires a method
of bypassing the fuel back to the tank. The
NONPOSITIVE DIAPHRAGM PUMP is the one
usually found in the gasoline engine. It delivers
fuel to the carburetor only when it is needed for
the requirements of the engine. The diaphragm
is a reciprocating disk that causes the pumping

action.

Some pumps, especially on truck and bus
engines, operate electrically. One type of electric

pump uses a motor to drive a set of gears,

impeller, or centrifugal rotor (fig. 4-7), and is
FILL
PIPE

FUEL
TANK-

ELECTRICAL
CONNECTOR

FUEL GAGE

SENDING MT
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installed directly in the tank compartment. The
inlet of the pump is submerged in the fuel. This
application is a positive displacement pump and
return lines are necessary to bring excess fuel
back to the tank.
A bellows autopulse type pump (fig. 4-8) is
used quite extensively in military equipment. It

is in operation at all times when the ignition

in the operating linkages will prevent proper
pumping action. New diaphragms, washers,
springs, check valves, and other necessary

replacement parts will be found in the repair kit
of this particular type of pump. There is also a
kit for repairing the bellows type of pump.
Some pumps have vacuum boosters (fig. 4-9)
built into them to provide for positive operation

switch is On. An electric circuit expands the

of the vacuum type windshield wiper at

bellows through a solenoid switch to take in a
charge of fuel. The expanded bellows breaks the
circuit through contact points and the collapsing
action of the bellows forces the fuel through the
lines when the carburetor requires it to maintain

They operate the wipers only when the manifold
vacuum itself is not sufficient to maintain
action. The booster unit diaphragm is pushed up

the float level.

Repair kits are provided for overhauling

either type of fuel pump. The diaphragm,
composed of several layers of specially treated
cloth which is not affected by gasoline, will wear

and need replacing. A good indication of a
diaphragm leaking is the presence of gasoline in

all

times. These boosters overcome any failure of
the wipers on acceleration and on full throttle.

when the rotation of the camshaft eccentric
moves the rocker arm and expels air through the
exhaust valve. On the return stroke of the rocker

arm, a spring moves the diaphragm down,

creating a vacuum in the pump chamber. This
vacuum keeps the windshield wipers operating
normally when the throttle is wide open. When
the wipers are not being used the vacuum holds

the crankcase. Current models of diaphragm

the diaphragm up against spring pressure so_ that

pumps leak externally when failure occurs, thus
preventing dilution of their oil_ Excessive ..vear

movement.

it is not fully pushed up at each rocker arm
FUEL LINES

FUEL LINES connecting the various units
of the fuel system are usually made of copper
tubing. However, copper tubing is being replaced
by steel tubing which is rustproofeel by copper
or zinc plating. You have learned about cutting

and fitting tubing in Tools and Their Uses,
NAVPERS 10085-B. Three kinds of fittings are
SHUTOFF
VALVE

FUEL

shown in figure 4-10. There are the flared,
compression, and soldered types. Of the three,
the flared fitting is most common.

PUMP

Fuel lines are placed away from exhaust
GASOLINE

SEDIMENT
BULB

ELECTRICAL
CONTACT

-

pipes, mufflers and manifolds so that excessive

heat will not cause vapor locks. They are

attached to the frame, engine, and other units so
that the effects of vibration will be minimized.
Fuel lines should be free of contact with sharp

edges which might cause wear. In places of

- - --
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break the lines, or they could become r
or flattened by flying rocks. Such damag,
interfere with the flow of the fuel.
A certain amount of scale forms witl
lines and sometimes causes a stoppage.

condition occurs, blow the lines clea
compressed air.
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cuum booste

sings of a carburetor- and how the other

ponents of the fuel system function to
ide a combustible mixture of fuel and air to
ngine cylinders.

Ur is composed of various gases, mostly
gen and oxygen. These gases are, in turn,
up of tiny particles called molecules. All
ances, whether solid, liquid, or gas. are
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partial vacuum will evaporate more rapidly than
the same liquid under pressure.
If the evaporation is taking place in a closed
chamber, as for instance in a jar, evaporation of
the liquid will soon stop; the closed space above
the liquid will soon become "filled" with
escaped molecules. These escaped molecules are
in motion, just as

all other molecules are

moving. Some of the escaped molecules will be
knocked back into the liquid. This action
balances the escapes so that for every molecule
that leaves the liquid, a molecule will reenter the

liquid. As a result, state of balance exists and

81.82

of fittings used on fuel lines.
(A) Flared. (B) Compression. (C) Soldered.

Figure

4-111- Types

they can move with respect to each other. In
gases,

there is still less tendency for the

molecules to hold together and the molecules
can therefore move quite freely. The molecules
of a gas are attracted to the earth by gravity, or
by their weight. It is the combined weight of the

countless molecules in the air that make up
atmospheric pressure.

When a liquid changes to a vapor, it has
evaporated. When this happens, molecules of the
liquid move from the liquid into the air. As this
continues, the liquid disappears from its

container and appears as vapor in the air. The
rapidity of evaporation varies with a number of

factors. One of these is the volatility of the

liquid. Others include temperature, total
pressure above the liquid, and amount of liquid,
and amount of liquid that has already
evaporated into the air above the liquid.
When a substance is heated the molecules
move faster. This is true regardless of whether
the molecules are in a solid, liquid, or gas. In
other words the rate of evaporation increases
with increased temperature. This action can be
seen in the process of boiling water.
-

1,

evaporation can be said to have stopped.
VOLATILITY refers to the ease with which
a liquid vaporizes. A highly volatile liquid
evaporates very rapidly. A liquid of low
volatility evaporates slowly_ . Gasoline is a

mixture of several different components with
varying degrees of volatility.

ATOMIZATION means breaking a liquid
into very tiny particles or globules. Atomization
helps to turn a liquid into a vapor. If a spoonful
of gasoline is put into a pan, it will take several
seconds for it to evaporate, the length of time
depending on, temperature, volatility, and
pressure. However, if this spoonful of gasoline is
put into an ordinary spray gun (fig. 4-11), the

gasoline will be broken into a fine mist when
operating the gun and this mist will turn almost
instantly into vapor. The reason for this is that a
much greater area of the liquid is exposed to air

when the gasOline is atomized. Evaporation
takes place from all surfaces and increases with

gmater surface area.
A venturi is an hourglass-shaped restriction.

In the carburetor (fig. 4-12), a venturi is placed
in the air horn through which the air must pass
on its way to the intake manifold and the engine

apter 4F
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necessary so the speed of the engine can be
controlled. The throttle valve (fig. 4-13) is
simply a round disk mounted on a shaft so it can

ATMOSPHERIC

be tilted at various angles in the carburetor

PRESSURE

throttle valve body. When it is parallel to the air

flow, it offers almost no restriction and a full
volume of fuel-air mixture can pass into the
intake manifold. The throttle valve is connected
by linkage to the control (accelerator pedal and
hand throttle) in the driver's compartment.
Float Circuit

The float circuit maintains the fuel level in
the carburetor bowl at a constant vel during
engine operation. (See fig. 4-14.) The float
circuit automatically permits fuel to flow into
the bowl when the fuel level drops below a
81.84

Figure 4-12. rnplified cars uretorr.

predetermined level, and shuts off the supply of
fuel when the level reaches the specified height.
Up-and-down movement of the float on the fuel

controls the fuel supply by means of a needle
cylinders. The purpose of the venturi is to create
a
partial vacuum (pressure less than

mospheric) at the outlet of the nozzle. This
will permit the atmospheric pressure on the

valve and seat.

The float level must be set with accuracy in

accordance

with the

surface of the gasoline in the float bowl to force
the gasoline out through the nozzle. This
gasoline then sprays and atomizes in the passing
air to form the fuel-air mixture.
Several controls and circuits must be added
to the simplified carburetor shown in figure 4-12

for it to vary the fuel-air ratio for different
operating conditions. These controls and circuits
include' the accelerating system, which
momentarily enriches the mixture for improved

acceleration when the throttle is Opened; the
maximum power circuit, which enriches the
mixture when the throttle is opened wide for
high-speed or full-speed operation; the float
system, for keeping a constant level of gasoline

in the carburetor bowl; the idling circuit, for
supplying an enriched mixture during engine
idling; and the choke circuit for engine starting.

Throttle

THROTTLE
VALVE

manufacturer's
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IDLE AND LOW-

Figura 4.14.A typical float circuit

SPEED CIRCUIT

IDLE MIXTURE ADJUSTMENT

specifications.

If the fuel

level is

too low,

insufficient fuel will be supplied to the jets, and
engine performance will be sacrificed. On the
other hand, if the fuel level is too high, excessive
fuel

will reach the jets. In facts NO may

THROTTLE VALVE

Figure 4-15.A simplified di

and lo -sp

81.87
circuit.

continue to flow from the jets when the engine

is stopped. In actual operation, the float and
needle valve maintain a position that permits the

fuel coming in to just balance the fuel that is
flowing to the jets.
Low-Speed Circui

When the throttle is almost closed, there will

be very little air passing through the venturi.
Therefore, there will be very little vacuum at the

venturi and the fuel nozzle will not discharge
any appreciable amount of fuel. Without some
additional circuit to assure fuel delivery with a

force fuel from the float bowl through the idle
circuit and out the discharge hole. An adjustable
needle valve is arranged to permit more or less

fuel to discharge from the hole; this makes it
possible to adjust the idling mixture richness by
allowing more or less fuel to discharge during
idle.

An air bleed is arranged to allow air to bleed
into the idle circuit when it is operating. This air
mixes with the fuel and partly atomizes it before

it discharges from the hole into the air horn.
Some such assistance is needed because' air

closed

movement through the horn is much slower and,
therefore, there is less tendency for atomization

IDLE AND LOW-SPEED CIRCUIT (fig. 4-15).

bleed also helps to produce fuel flow
when pressure differences (between upper and

throttle, the engine would stop. The
circuit that takes err of fuel delivery during
closed or nearly closed throttle is called the
Actually, in some respects, this is really two
circuits: an idle circuit and a low-speed circuit.

When the throttle is closed, there is a
relatively high vacuum in the intake manifold
and below the throttle. The idle circuit has a
discharge port, or hole, that is just below the

to take place at the hole during idle. The air

lower portion of the air horn) are low; the

mixture flows more easily than liquid fuel alone.

When the throttle is opened a little, the air
flow is still too restricted for the venturi to
discharge fuel. Yet more air is flowing and,
consequently, more fuel must discharge. The
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port) is included in the idle circuit. This hole is
so placed that it is slightly above the edge of the

pressure difference which causes a discharge of
fuel from the nozzle. Throughout the

throttle valve when it is closed, but slightly

intermediate- and

below the edge of the throttle valve when it is
opened a small amount. In this latter position,

high-speed range, this
discharge increases with the volume of air

act on the

passing through so that a fairly uniform fuel-air
mixture ratio is maintained. Assisting in

low-speed hole and therefore supply additional

maintaining this fairly constant ratio is an air

fuel from the bowl through the circuit. The
same circuit is used by both the idle- and the

bleed which is incorporated in the nozzle. With
increased air speed through the venturi,

low-speed holes. The low-speed hole simply

yr _re..!aszel air bleeding into the main nozzle takes
preventing overricimess. Note the air
bleeds in figures 4-16 and 4-17.

intake

manifold

vacuum

can

permits more fuel to discharge into the
throttle-valve body as the throttle is swung away
from the fully closed position.
High-Speed Circuit

The high-speed circuit consists essentially of

the main nozzle, which is centered in the
venturi. The carburetor normally contains a
multiple venturi; that is, several venturi, one
inside another. When the throttle is opened
sufficiently, the air passing through creates a

The high-speed and low-speed circuits
overlap. As the throttle is moved from closed to
opened position, for example, the idle low-speed
and high-speed circuits successively take over the

main job of supplying fuel. With a closed
throttle, the idle discharge hole alone supplies
fuel. As the throttle is opened so its edge moves
past the low-speed hole, the low-speed hole
begins to discharge fuel to meet the added fuel

requirements of the engine as engine speed

VACUUM PISTON

CHANNEL VACUU

POWER JET VALVE
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vacuum-controlled piston assembly is moved by
atmospheric pressure in the float chamber to t.e

top of its cylinder against the tension of
METERING ROO
VENTURI

a

spring, closing the valve. When the throttle is

opened to a point where additional fuel

is

required, the manifold vacuum has decreased
sufficiently so that the spring on the piston
assembly moves the piston down, thereby
opening the power jet to feed additional fuel
into the high-speed circuit. The jet valve is
sometimes referred to as the economizer valve

AIR SLEW

since its operation provides full-power operation
where needed and more economical operation at
other times.
MIGH-SPEED JET

Instead of using a power
some
carburetors accomplish the same result by

employing a METERING ROD which varies the

size of the high-speed jet openings. Fuel from

the float bowl is metered to the high-speed

Figure

lug r

II

load circuit

increases. As the throttle opens still wider, the
additional and faster moving air through the air
horn begins to produce fuel discharge from the
main nozzle. As the main nozzle takes over, the
low-speed discharge hole no longer functions,

The carburetor is so designed that the
fuel-air ratio of the mixture supplied with an
open throttle provides economical operation.
This ratio is somewhere around 15:1, by we
If the mixture is enriched to around 1 1:1 or
12:1, the engine will produce greater power even
though it will not run quite as economically. T.,
increase engine power for high-speed or
heavy-load operation (as when pulling up a hill),
and still maintain reasonable economy, an

additional circuit is included in the carburetor
which enriches the mixture with a wide-open

throttle. These are known as the full-load,

high-speed circuits and may be of several types.
In some carburetors, a POWER JET provides
the additional fuel necessary for maximum
power
at wide-open throttle. The power-jet valve
.4

circuit through the calibrated orifice provided

by the high-speed jet and the metering rod
within it From this point, the fuel is conducted
to the nozzle extending into the venturi., As the
throttle valve is opened, its linkage reises the

metering rod in the jet. The rod has several
steps, or tapers, machined on the lower end and,

as it is raised in the jet, it makes the effective
size of the fuel orifice greater, permitting more
fuel to flow through the circuit to meet the load
demand imposed upon the engine. At, the
wide-open throttle position, the smallest step of
the metering rod is in the circular opening of the
jet, permitting the maximum amount of fuel to
flow through the circuit to meet the
requirements of maximum power. The metering

rod position must be synchronized with every
throttle valve position so that the proper ratio of
air and gasoline is delivered to the engine for all
speeds and driving conditions.
The VACUUM STEP -UP (fig, 4-18) operates

much like the power jet. It consists of a step-up
piston which is fastened to a step-up roduWhen
high vacuum develops in the intake manifold, as
it does under part-throttle operation, atmospheric
pressure holds the step-up Piston down,azainst
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by a lever mounted on the throttle shaft, or

iEFUP PISTON ASSEMBLY

STEP-UP PISTON
SPRING

vacuum-operated by intake manifold vacuum;
an intake check valve located in the bottom of
the pump cylinder to control the passage of fuel

STEP-UP

discharge check valve; and an accelerating jet to

from

the bowl into the pump cylinder; a

meter the amount of fuel used. A typical

ROD

arrangement with a mechanically actuated
plunger is shown in figure 4-19.
VENT
TUNE

STEP-UP

JET

When the throttle is opened, the pump
plunger moires downward in its cylinder. if the
plunger is mechanically operated, the downward

MAIN IMETERINO

movement will be brought about by direct
linkage with the throttle. If it is

JET

vacuum-actuated, a sudden throttle opening Will
cause the manifold vacuum to drop, allowing the

VACUUM PASSAGE,

accelerating pump spring to force the pump
Figure 4

Vacuum

up high wee

"rcuit.

difference in pressure above and below the

plunger down in the cylinder. In either case, the
subsequent action of the accelerating-pump
circuit is the same. The downward travel of the

plunger forces fuel past the discharge check
valve to the accelerating jet, which meters the
rate at which it is discharged into the air stream.

piston is small. Consequently, the piston is

moved up by its spring pressure and the rod is
raised out of the jet. Additional fuel for
full-power operation is
PUMP PLUNGER

Accelerating
Pump Circuit

[DISCHARGE

The accelerating pump circuit controls a

amount of fuel that is Momentarily
discharged into the air stream when the throttle
is opened quickly. This extra amount of fuel is
necessary to insure instantaneous response from
the engine on acceleration. When the throttle is
suddenly opened, air rushes through both the
carburetor an-d the intake manifold. The air is
lighter than the liquid fuel and gets into motion
quicker, so it reaches the manifold before the
fuel charge supplied by the high-speed system.
This results in a momentar=ily_ lean mixture and
hesitation during fast acceleration. To
counteract this condition, additional fuel must
be supplied: this is accomplished by the
small

ACCELERATING
JET

INTAKE CHECK
VALVE

CONSTRUCTIO

Fuel is supplied to the pump cylinder through
the intake check valve at the bottom. The level
of fuel in the pump cylinder when the plunger is
held up to the top of its stroke is approximately
equal to the level in the fuel bowl. The intake
check valve in the bottom of the cylinder
permits a supply fuel to reach the cylinder but

closes on the downstroke of the plunger,
preventing the fuel in the cylinder from being
pushed back into the bowl. The
accelerating-pump discharge is needed only
momentarily when the throttle is opened

suddenly. To prevent the accelerating jet from
flowing at constant throttle openings, some

models have an air-vent check valve placed

between the accelerating jet and pump cylinder

above the fuel level. At steady part-throttle

positions, when the pump plunger is inoperative,

no pressure exists on the fuel in the pump

cylinder. Under this condition, the air-vent

check valve will be open and the air will enter
the passage connecting the pump cylinder and
accelerating jet, preventing fuel from flowing
through
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have enough vapor to assure combustion. This is

accomplished t y the choke circuit, which is

When a driver operates the choke, the choke
valve tilts in the air horn to reduce the amount
of air entering the throat, giving a very rich
mixture. Only the volatile parts of the gasoline
will vaporize at cold temperatures; therefore, a
rich mixture is necessary. It provides enough
ignitible vapor to start the engine. However, if
the choke valve is in the full-choke position, it is
completely closed, shutting off the supply of air.
Consequently, there is not enough air entering
the throat to allow the gasoline to ignite. The
necessary air is admitted in manual chokes by
either one of two semiautomatic features.
In one design, the choke valve incorporates a
spring-loaded poppet valve (fig. 4-20). The
poppet is held in the closed position by 'a weak

the jet. The pressure on the fuel,

created by the downstroke of the pump plunger,
causes the air-vent check valve to close against
its seat to prevent the fuel from being discharged
back into the bowl through the air-vent passage.
On some carburetors, the area above the plunger
is connected to the intake manifold so that the

accelerating pump does not work while the
engine is not running. Under these conditions,
the pressure in

the intake manifold is near

atmospheric and holds the pump plunger down.
Sucessful operation of the accelerating pump
depends on a delayed action, which provides a
continual stream of fuel from the pump jet after
the throttle has ceased moving. This is to take
care of the fuel demands of the engine in the
interval that exists between the time the throttle
is opened and the time the high-speed nozzle
begins to discharge fuel.
Choke Circuit

When the engine is cold, the gasoline vapors

a

choke valve plate placed in the carburetor throat
above the venturi.

POPPET VALVE
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closed position. As soon as the engine turns
over, an increased pressure differential
overcomes the spring tension and opens the
choke valve part way_ , admitting enough air to
prevent overchoking or flooding the engine. As
the engine warms up, the choke valve is
gradually advanced to the wide-open position by
the operator to supply the leaner mixture
required for a hot engine.
AUTOMATIC CHOKES (figs. 4-22 and
23) have replaced the conventional manual

choke. They control the fuel-air ratio for quick
starting at low temperature and also provide for
31.93
y figure 4-21.Oficenter choke valve,

the proper amount of choking to enrich the
fuel-air mixture for all conditions of engine
operation during the warmup period. The
automatic choke built into the carburetor in

spring. As soon as the engine turns over, there is
sufficient pressure differential to open the valve,
allowing a small amount of air to flow.

figure 4-22 consists of a thermostatic (bimetal)
spring and a vacuum piston which opposes the
action of the spring. The spring is connected to
the choke valve in such a manner as to close the

In the other design, the valve is offcenter

valve when the spring is cold. The vacuum piston

(fig. 4-21) and operated through a coiled spring
on the end of the choke shaft. In the full-choke
position, the spring holds the choke valve in the

tends to open the choke valve when the engine
manifold vacuum is high. The choke valve is
mounted offcenter on the choke shaft so that

THERMOSTATIC COIL SPRING

BAFFLE PLATE

CHOKE

VALVE
SHAFT
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or left, and retightening the screws. One trouble
encountered with this choke is that carbon from
the exhaust causes the vacuum piston to stick; as
a result, no choking occurs when the engine is

CHOKE VALVE
VACUUM
DIAPHRAGM

UNIT

cold.
In figure 4 -24,

DIAPHRAGM

ROD

THERMOSTATIC

ENGINE

COIL

MANIFOLD
VACUUM

the thermostatic coil

is

mounted in the manifold and connected to the
choke valve by mechanical linkage. A vacuum
diaphragm is mounted on the carburetor and
attached to the linkage to retard choking action
after the engine is started. In the operation of
the automatic choke illustrated in figure 4-23,
the thermostatic coil closes the choke valve until
the engine is started. After starting, the vacuum
diaphragm, in conjunction with the air entering
the carburetor throat, overcomes part of the

tension acting on the choke valve from the
81.512

Figure 423.Autornatic choke with thermostatic coil
mounted In the manifold,

any increase in air velocity through the air horn
will tend to open the valve.

The operation of the automatic choke
dependent

is

three factors; heat, intake
manifold vacuum, and the velocity of air passing
through the air horn. When the engine is cold.
on

the thermostatic spring holds the choke valve
closed. When the engine is started, the low
pressure (high vacuum) below the throttle valve
permits atmospheric pressure to move the piston
down and partially open the valve against the
tension of the thermostatic spring. Under

varying load conditions during warmup, the
position of the choke valve will be changed by
the operation of the vacuum piston working

against the thermostatic spring, and the air
velocity in the air horn. Hot air from the
exhaust manifold is directed to the thermostatic
spring so that the spring loses its tension as the
engine is heated. This permits the choke to open
stradually n nil ftP r it rirlloc

thermostatic coil, and lessens the choking effect.

As the engine warms up, the thermostatic coil
continues to expand and open the choke until
-.2rating temperature of the engine is reached.
is type of choke can be adjusted by two
methods. Some manufacturers allow for
adjustment by providing more than one
attaching point of the linkage to the
thermostatic coil, while others provide
adjustment by bending the mechanical linkage
between the thermostatic coil and the choke

shaft. Be sure to check the manufacturer's
recommended method before adjusting this type
of choke.

Carburetor Troubles

Here are some of the engine troubles that
usually (but NOT always) can be traced to some
fault in the carburetor system:
I. EXCESSIVE FUEL CONSUMPTION
can result from a high float level, a leaky float, a

sticking metering rod or full power piston,

sticking accelerator pump, and too rich an idling
mixture.
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idle mixture, a defective choke, or an incorrectly
adjusted idle speed screw at the throttle valve.

4. FAILURE OF THE ENGINE TO

START may be caused by an incorrectly
adjusted choke, clogged fuel lines, or air leak
into the intake manifold.

5. HARD STARTING OF A WARM

ENGINE could be due to a defective or
improperly adjusted throttle link.
6.

SLOW ENGINE WARMUP may indicate

defective choke or defective radiator
thermostat.
7. A SMOKY, BLACK EXHAUST indicates
a very rich air-fuel mixture.
8. STALLING OF THE ENGINE AS IT
WARMS could be caused by a defective choke
a

or closed choke valve.

9. A BACKFIRING ENGINE may be due
to an incorrect, often lean, air-fuel mixture

reaching the engine_ In turn, this condition

could be caused by clogged fuel lines or a
fluctuating fuel level.

air flows past the oil-filled reservoir, picking up
pal tides oP. oil and carrying them into the filter.
The filter traps the oil and particles and allows

the oil to seep back to the reservoir. The air
finally hits the cover
through a passage to

,te and is deflected down
carburetor.

The metal gauze or threads in the filter also
act as a flame arrester in case of severe flashback
or backfire. Many aiir cleaners are equipped with
a
silencing unit called the SOUND

NEUTRALIZING CHAMBER. It consists of
air-intake passages designed to muffle air noises.,

and a felt pad that acts as a gasket and absorbs
engine intake noises.
The DRY-TYPE AIR CLLANTER (fig. 4-25)
uses a treated and pleated paper cleaner element
which requires periodic replacement. The
element is sealed in the air breather by presJ.ire

against the rubberized material bonded to he
filter element and the cover plate and housing.
This type of air cleaner element is gradually
replacing the oil-bath type due to its ability to
remove smaller particles from the airflow into
the engine.

The more stubborn troubles in a carburetor

can sometimes be eliminated only with its
disassembly and overhauling. The pro
vary wording to the manufa,

ores

specifications, which you should follow

.Ay.

!rs

engine because of a poor cleaner will also cause
excessive engine wear and operating troubles.

At each chassis lui,rication, remove the air

AIR CLEANER

The air cleaner

A clogged air cleaner produces an action
similar to choking which results in too rich a
fuel mixture. Foreign matter passed into the

c, mer and wash metallic filter elements in
placed at the air entrance

of the carburetor to remove dust and other
foreign matter from the air before it enters the

carburetor. A great deal of air, as much as
100,000 cubic feet for every 1000 car miles, is
introduced into the engine. Without an air

cleaner, dust and grit would enter the engine
with the air and would cause excessive wear and
operating troubles.
Two types of air cleaner are used a wet type

r:inflammable cleaning .solvent. Never wash

them in gasoline, for gasoline could be ignited
by static electricity, or even by the friction of
rubbing surfaces. Paper elements should be
replaced at intervals recommended by the

manufacturer. Wash the other air cleaner parts.
In wet-type cleaners, drain the old oil and add
new oil. Be sure that the weight of the new oil
conforms to the manufacturer's specifications,
and that you add it to the level indicated on the
filter body.

CONSTRU
COVER-

ELEMENT GAS

COVER GASKET

OIL
RESERVOIR

THROAT GASKET--'"
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Figure

CLEANER ELEMENT
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Figure 4-25. -Dry -type air cleaner.
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eke manifold is usually a cast iron
)ugh which the air-fuel mixture
ich cylinder. The intake manifold
short and as straight as possible to
;es of condensation and aid the flow
cture from the oxburetor. The
nounted on the side of the cylinder

head engines, on the side of the
in l-head engines, and between the
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the individual cylinders. Connections between
the engine block and the manifold, and between
the carburetor and the manifold, must be
airtight. They are usually sealed by thick gaskets

The gasket between the exhaust manifold
and the cylinder block or cylinder head must

which allow for any slight irregularity in the

asbestos, they can burn, and they will have to be
replaced if the connections become loose.

joining metal surfaces. Leaks and cracks permit
air to enter the engine without passing through
the carburetor, resulting in a lean and possibly

dirty mixture (air containing dust and foreign
particles).

The exhaust manifold is usually a cast-iron
passage through which the used gases are carried
away from the engine cylinders. It is attached to
the side of the cylinder block on L-head engines
and to the side of the cylinder head on overhead
valve engines. On V-8 engines there are two
exhaust manifolds, one for each bank of
cylinders. The manifolds are usually connected

by a crossover pipe and exhaust through a

common muffler and tail pipe. Some vehicles
ith dual exhausts have two m_ ufflers and two
tail pipes which increase the efficiency of the
engine by reducing back pressure.

withstand the intense heat of the exhaust gases.

Although gaskets are made of metal-covered

Exhaust gas leaks can be detected by smoke
discolorations at the connections. If the leak is
bad enough, it can be felt and heard when the
engine is running.
A device called

a MANIFOLD HEAT
CONTROL VALVE is often built into the
exhaust manifold to promote better
vaporization of the fuel during engine warrnup.
In cold weather, evaporation of the gasoline in
the air-fuel mixture entering the engine is poor,
since gasoline evaporates more slowly when it is

cold. To assist in the vaporization of the fuel,
the heat control valve deflects the exhaust gases
toward the intake manifold (shown in fig. 4-26),
when the engine temperature is low. As the hot
exhaust gases pass around the intake manifold,
they heat the manifold and the incoming air-fuel
mixture.
K

INTAKE

MANIFOLD,

HEAT CONTROL VALVE
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When the engine is warmed up enough to
insure adequate vaporization of the fuel, the
valve turns as shown in figure 426. Now the used
gases are deflected th,wnward into the exhaust
pipe and no longer circulate around the intake
manifold. The space around the intake manifold
which is heated by exhaust gases is sometimes
called the HOTSPOT.

This valve should be checked regularly to
make sure it operates freely. If the valve sticks in

the warmup position, the exhaust valves will
burn due to the increased temperature resulting
from the restricted flow of exhaust gases.
If you find a stuck valve, add a few drops of
penetrating oil mixed with graphite to the shaft
and manually work the valve until it becomes
free to operate by spring tension.

Before reaching the tail pipe, the used gases

pass down the exhaust pipe through the
MUFFLER (fig. 4-27). The muffler, exhaust
pipe, and tail pipe comprise the exhaust system.

The muffler quiets the noise of the exhaust
by reducing the pressure of the used gases. These
gases expand and cool in the separate chambers
of the muffler. Flames and sparks leaving the
exhaust manifold with the gases are "trapped"

by the muffler, which also acts as a flame

arrester.
The muffler is connected between the
exhaust pipe and the tail pipe by slip joints and
clamps and is supported from the frame of the

vehicle by straps. Rust on the outside of the
muffler is caused by snow, rain, and humidity.
Rust on the inside results from burning fuel.
You have learned that the products of
cornbustion contain water in suspension. This
water, trapped in the muffler, will gradually rust
it. With every gallon of gasoline that is burned,
approximately 6.9 lb of water are formed, and
pass through the muffler. Much of this moisture
will remain in the muffler if the vehicle is driven

only short distances, but most of it will be
expelled if the vehicle is driven speedily for a
long distance. In time, the rust, together with
the pressure of the exhaust gases, will force
holes in the muffler, through which the
poisonous fumes of carbon monoxide will seep
into the vehicle and car, affect the occupants,
sometimes fatally.
When you install a muffler, be sure that the
small drain hole in the case is at the bottom, and
that the clamp fasteners are tight.

Mufflers must be rep!?.-JA
they cre known to be defeeive.

,h-nediately if
silould be

FLANGE CAPSCREW

MUFFLER CLIP
EXHAUST

PIPE FLANGE

CLAMP

EXHAUST PIPE
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replaced also if suspected of being clogged with
carbon particles or other foreign matter.

Inability of the engine to develop maximum
power, difficult starting, and operation of the
engine at higher than normal temperatures may
indicate clogging of either the muffler or
another part of the exhaust system.

The emissions from the gasoline fuel system
and engine originate from four sources: the fuel
tank, carburetor, crankcase, and exhaust. Each
source requires its own controlling device.

Fuel systems on older models of gasoline
engines were vented to the atmosphere. This
method of ventilation allowed fuel vapors

The muffler TAIL PIPE or OUTLET PIPE,
which extends to the rear of the vehicle (or over

When combined, HC and oxides of nitrogen

the cab on some construction equipment, and

(NOx) cause smog in areas where there is a large

trucks), should be kept open so that the exhaust

volume of vehicle traffic. This smog causes
reduced vision and irritation to the eyes and

gases can escape easily. A pinched or partly
closed tail pipe can affect engine operation to
the extent that the engine may stop. Unless the
used gases are removed from the cylinders, a
fresh mixture cannot enter.
Rain caps should be installed on exhaust
pipes which extend upward. These caps prevent
rain and dirt from entering the exhaust pipe and
engine when the equipment is not being used,
thus eliminating starting and operating
problems. The exhaust pipe of equipment with
turbochargers

must

be

sealed when

being

transported unless the engine is left running.
This prevents damage to the turbocharger, which
could be caused by air flowing into the vertical
exhaust pipe and turning the t'..,,joeharger with
no lubrication.

containing hydrogen and carbon (HC) to escape.

respiratory system.

Many changes have been made to
gasoline-powered equipment in recent years to
reduce the emissions and reverse this trend.
All gasoline engines you will encounter
today have had some type of emission control
devices installed. They will in one way or
another affect the engines' operation and
maintenance procedures. In order for you to
perform the necessary maintenance on these

engines, it is important that you consult the

manufacturer's manual for the specific engine
and application you are working on This will

allow you to make repairs and adjustments
without reducing the effectiveness of these
devices.

GASOLINE ENGINE
EMISSIONS

Air pollution should be a major concern of
every American citizen. In many large
metropolitan areas where traffic is congested
and industry is concentrated, contamination of
the air has become a serious problem.
The major causes of air pollution are
industry and the gasoline engine. As a
Construction Mechanic, you are directly

concerned with the prevention of pollution by
the gasoline engine and its fuel system.

THE DIESEL FUEL SYSTEM

Like the gasoline engine, the diesel engine is
an internal combustion engine using either a 2or 4-stroke cycle (discussed in chapter 2). Power
is obtained by the burning or combustion of fuel
within the engine cylinders. The diesel engine
does not use a carburetor because the diesel fuel
is

mixed n the engine cylinder with the

compressed air.

Compression ratios in the diesel engine range

between 14:I and 19:1. This high ratio causes
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high temperature. The diesel engine is known as
a COMPRESSION-IGNITION engine, while the
gasoline engine is a SPARK-IGNITION engine.

Figure 4-28 shows the comparison of the
four strokes of a 4-cycle diesel and a 4-cycle
gasoline engine.
The speed of a diesel engine is controlled by
the amount of fuel injected into the cylinders; in

a gasoline engine the speed of the engine is
controlled by__the amount of air admitted into
the carburetor.
Mechanically, the diesel engine is similar' to
the gasoline engine. The int:tke, compression,
power, and exhaust strokes occur in the same
order. The arrangement of the pistons,
connecting rods, crankshaft, and engine valves are
about the sacra c. The diesel engine is also
classified as 'MINE or V-TYPE.

In comparison to the gasoline engine, the
diesel engine produces more power per pound of
fuel, is more reliable, has lower fuel
consumption per horsepower per hour, and
presents less of a fire hazard.
These advantages are partially offset by high

initial cost, heavier construction needed for its
high compression pressures, and the difficulty in
starting which results from these pressures.

damage. It must also be clean, mix rapidly with
the air, and bum smoothly to produce an even
thrust on the piston during combustion.
The properties to consider in selecting a fuel

for a diesel engine are volatility, cleanliness,
viscosity, and ignition quality.
Volatility

The volatility of a diesel fuel is measured by
the 90- percent distillation temperature. This is
the temperature at which 90 percent of a sample
of the fuel ha,-; been distilled off. The lower this
temperature, the higher the volatility of the fuel.
In small diesel engines, a fuel of high volatility is
more necessary than in large engines if there is
to be low fuel consumption, low exhaust
temperature, and little exhaust smoke.
Cleanliness

Cleanliness of diesel fuel is very important.

Fuel should not contain more than a trace of
foreign substances; otherwise, fuel pump and
injector difficulties will develop_ Because it is
heavier and more viscow.
.1 will hold
dirt particles in suspen,
r periods
than will gasoline. In this

foreign matter can be ,
matter like dirt and water

css, not all

and harmful
get into the fuel
while it is being handled. Water especially will
DIESEL FUEL
rust an engine. Water will also cause hard
starting
and misfiring. Dirt will clog injectors
Diesel fuef, is heavier than gasoline because it
and
spray
nozzles and may cause an engine to
is obtained from the residue ',t the crude oil misfire or stop
altogether.
after the more volatile fuels have been removed.
As with gasoline, the efficiency of a diesel fuel
Viscosity
varies with the type of engine in which it is used.
By distillation, cracking, and blending of several
The viscosity of fuel is the measure of its
oils, a suitable diesel fuel earl be obtained for all
resistance
to flow. Viscosity is expressed by the
engine operating conditions. Slow speed diesels
number
of
seconds required for a certain volume
use a wide variety of heavy fuels; high speed
of
fuel
to
flow through a hole of a certain
diesel engines require a lighter fuel. Using a poor
diameter
at
a given temperature. The viscosity of
or an improper grade of fuel can cause hard

diesel fuel must he inw onniloh tr, nnuf Freolir of
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GASOLINE

DIESEL

IN TA

ON DOWNWARD STROKE OF PISTON,

ON DOWNW-',HE, STP.)KE OF PISTON.

INTAKE VALVE OPENS AND ATMOSPHERIC PRESSURE FORCES AIR
THROUGH CARBURETOR WHERE IT
PICKS UP A METERED COMBUSTIBLE
CHARGE OF FUEL. THE MIXTURE
GOES PAST THE

INTAKE VALVE OPENS AND ATmosPHFRIC PRESSURE. FORCES PURE

AIR INT.) THE CYLINDER SPACE
VACATED BY THE PISTON; THERE
BEING NO CARBURETOR OR THROTTLE
VALVE. CYLINDER FILLS WITH SAME
QUANTITY OF AIR, REGARDLESS OFLOAD ON THE ENGINE.

'OTTLE VALVE

INTO CYLINDER SPACE VACATED BY
THE PISTON.

COMPRESSION STROKE

UPSTROKE OF PISTON. VALVES
ARE CLOSED AND MIXTURE IS COMPRESSED. USUALLY FROM 110 TO 150
PSI. DEPENDING ON COMPRESSION
RATIG OF ENGINE.

ON UPSTROKE OF PISTON. VALVES
ARE CLOSED AND AIR IS COMPRESSED
TO 400 TO 600

POWER STROKE

NOZZLE

SPARK PLUG

HIGH COMPRESSION PRODJCES HIGH

COMPRESSED FUEL-AIR MIXTURE IS

TEMPERATURE FOR SPONTANEOUS

IGNITED BY ELECTRIC SPARK. HEAT
OF COMBUSTION CAUSES FOPCEFUL

IGNITION OF FUEL INJECTED NEAR
END OF C1 't1PRESSION STROKE.
HEAT OF COMBUSION EXPANDS
CYLINDER GASES AGAINST PISTON,

EXPANSION OF CYLINDER GASES
AGAINST PISTON, RESULTING IN
POWER STROKE.

MAGNETO
OR

RESULTING IN POWER STROKE.

FUEL.
INJECTION.

PUMP

DISTRIBUTOR

EXHAUST STROKE
1300 °F

UPSTROKE OF PISTON WITH EXHAUST
VALVE OPEN FORCES BURNED GASES
OUT MAKING READY FOR ANOTHER
INTAKE STROKE.

F

UPSTROKE OF PISTON WITH EXHAUST
VALVE OPEN FORCES BURNED GASES

OUT MAKING READY FOR ANOTHER
INTA/CP c-romker
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gnition Quality

The ignition quality of a diesel fuel is its
ability to ignite when it is injected into the
compressed air within the t-ngh-te cylinders.

better. Diesel combustion chambers are designed
to provide swift movement of air in the cylinder.

The air assists in providing a uniform mixture
when the fuel is injected into the cylinder.

Ignition quality is measured '.)y the CETANE

RATING of the fuel. A cetane number is
obtained by comparing the ignition quality of a
given diesel fuel with that of a reference fuel of

known cetane number in a test engine. This

COMBUSTION CHAMBER DESIGN

Several types of combustion chambers are
used in modern diesel engines. They are designed

reference fuel is a mixture of
alphamethylnapthalene, which is difficult to

to create turbulence in the cylinder in order to
mix the air and fuel effectively. All modern

ig./ite alone, and cetane, which will ignite readily

combustion chambers may be classified under
one of the following four designs: OPEN type,
PRECOMBUSTION type, TURBULENCE

at temperatures and pressures comparable to
those in the cylinders of a diesel engine. The
cetane rating indicates the percentage of cetane

chambers,

and HYPERCYCLE combustion
chambers. In construction equipment, the most
common types are the open combustion
chamber and the precombustion chamber.

in a reference fuel which will just match the
ignition quality of the fuel being tested. The
higher cetane numbers indicate more efficient
fuels. The large, slow diesels can use 30 cetane
fuel, but the high speed diesels must use at least
a 40 cetane fuel, while some require as high as a
60 cetane fuel.
The ignition quality of a diesel fuel depends
also on its FLASH POINT and its FIRE POINT.
The flash point is the temperature to which the

Open Combustion
Chamber

The open combustion chamber (fig. 4-29 ) is
the simplest form of chamber, Due to the design

fuel vapors must be heated to flash or ignite.
The minimum flash point for dief;e1 fuel is
150°F. A fuel having too low a flash point is
dangerous both to handle and to store.
The fire point is that temperature at which
the fuel vapors-will continue to bum after being
ignited. It is usually 50 to 120 degrees higher
than the flashpoint.

You will sometimes hear knocks in dickl
engines. They are believed to be caused by the
rapid burning of the fuel that accumulates
during the delay period between injection and
ignition. This delay is known as IGNITION LAG
or IGNITION DELAY. When the fuel is injected
into the cylinders, it must vaporize and be

heated to the flash point to start combustion.
The lit hPtuiPon trnnelti7atirill nnri finch

nes:cif

fi
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of the piston crown, turbulence is generated as
the piston comes up on the compression stroke.
The injector is mounted in the cylinder head so
that the end extends slightly below the bottom.
The fuel is injected directly into the combustion
space formed by the top of the piston and the
cylinder head. The open chamber requires higher
injection pressures and a greater degree of
atomization to obtain the proper air-fuel

mixture than the other types of combustion
To' equalize combustion in the
combustion chamber, it uses a multiple
orifice-type injector tip for effective penetration
and angle of spray.
chambers.

c om pressed

air

enters

the

precombustion

chamber where it swirls rapidly within a small
space. The fuel nozzle is of the single hole type
and
is mounted
into the precombustion

chamber. As it is injected from a single hole
nozzle, the fuel is only slightly ,,'.6.nized and
depends on this highly turbulerc; r tot further
atomization and ignition. FE:,711
.:r ;sure builds
up inside the precombustion e'1,:1,11er as ignition
begins. This pressure causes the remaining fuel
to vaporize and, at the same time, move into the
combustion space.
ulence Chamber

Precombustion Chamber

Figure 4-30 shows a diagram of a
precombustion chamber. This cuamber is usually
separate from the cylinder head, but is screwed

or pressed into the opening provided in the
cylinder head. The precombustion chamber is
water-cooled because it extends through the
water jacket and into the bottom of the cylinder
head. It must be sealed at both ends to prevent

water leakage. As the piston moves up on the
compression

stroke,

a

small

part

of

the

The turbulence chamber (fig. 4-31) is similar
in appearance to the precombustion chamber,
but its function is different. The-- is very little
clearance between the top of the piston and the
head, so that a high percentage of the air

between the piston and the cylinder head is
forced into the turbulence chamber during the
compression stroke. The chamber is usually
spherical, and the small opening through which
the air must pass causes an increase in air
velocity as it enters the chamber. This
turbulence speed is about 50 times crankshaft

PRECf:1MBUSTION
CHAMBER-

TURBULENCE
CHAMBER

CONSTRUCTION MECHANIL

speed. The fuel injection is timed to occur when
the turbulence in the chamber is greatest. This

insures a thorough mixing of the fuel and air,
causing the greater part of combustion to take
=lace in the turbulence chamber. The pressure

flowing into the cylinders of the engine. The
carburetor is designed to control the airflow.
The amount of air and its velocity, in turn,
control the quantity of fuel with which fly.. r/ir is

mixed before the mixture enteo- tht?

created by the expansion of the burning gases is

force that drives the piston downward on
ire power stroke.
Hyperc-ycle

Combustion Chamber

The hypercycle combustion chamber
encountered by the Construction Mechanic is
found in the multifuel engine used on tactical
military vehicles. The engine is designed to burn
various grades of fuel. However, the use of fuels
other than diesel or jet fuel (JP-5) will severely
shorten the engine's life.
The hypercycle combustion -hai.':oer is
located in the crown of the piston. A small

amount of fuel is injected directly into this
chamber where combustion starts and moves
upward as the fuel burning continues. Figure
4-32 illustrates the action which takes place
during each stroke of an engine using the
hypercycle combustion chamber.
GOVERNORS

The speed and the power output of an
eidne are determined by the combustion
process in the cylinders. Since combustion
depends upon air and fuel, the speed and t)13

output of an engine can be controlled by

regulating the amounts of air and fuel supplied
for the combustion process.
In diesel engines, a varying amount of fuel is
mixed with a constant amount of compressed air
inside the cylinder. A full charge of air enters
the cylinder during each intake event. Since the
quantity of air admitted is constant, combusiion
and,

n

turn, speed and power output are

controlled by reuillatirw thn nrrinitnt of fuel

The quantity and velocity of air flowing to
the cylinders is controlled by the throttle valve.
By operating the veye, you admit more or less
air to the engine, and the carburetor
automatically supplies the gasoline necessary to
maintain the correct fuel-air ratio. Regulation of
fuel or air supply by manual throttle control is
adequate when engine speed and output
requirements remain rather constant, However,
the requirements of most engh(es used by the

Navy vary because of fluctuating loads. The
conditions under which construction equipment

engines and the engine of a generating unit
operate are examples of fluctuating loads. In
road buildiro;,, construction equipment
constantly curries heavy loads outbound, but
returns with no load. In the case of a generating

unit, the demands for electricity are variable.
Manual throttle control is not adequate to hold
engine speed reasonably constant during such
fluctuations in load. For this reason, a speed
control device, or governor, is provided to
prevent the engine from overspeeding and to
allow the engine to meet changing load
conditions.

Relation of Governor
to Fuel System

Even though it is not a part of the fuel
system, a governor is directly related to this
system since it functions to regulate speed by
control of the fuel or of the fuel-air mixture,
depending upon the type of engine. In diesel
engines, governors are connected in the linkage
between the throttle and the fuel injectors. The
orivPrneir

t.Pte
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AIR INTAKE STROKE

AIR COMPRESSION STROKE

INTAKE
VALVE

INTAKE &

OPEN

EXHAUST
VALVES

AIR INTAKE PASSAGE
15 SHAPED TO PRODPCE
AN AIR SWIRL IN THE
CYLINDER DURING INTAKE
TROKE OF PISTON.

CLOSED

SPHERICAL
COMBUSTION
CHAMBER
POCKET

AIR SWIRL
CONTINUES
THROUGHOUT
COMPRESSION
STROKE.

FUEL INJECTION
INTAKE &
EXHAUST
VALVES

CLOSED

AIR SWIRL
CONTINUES
DURING FUEL
INJECTION.
OF INJECTF!)
FUEL MILc::.
DIRECTLY '-x)1

AIR AS DPUc'LTS
AND
IN
A 5.PHERIC,-,i.L

COMBUSTION
CHAMBE7.

ER STROKE
INTAKE

EXHAUST STROKE
EXHAUST

iXHAUS

VALVE

VALVES

OPEN

CLOSED

BURNED GASES
ARE THEN
EXHAUSTED ON
THE EXHAUST
STROKE OF
PISTON TO

COMPLETE THE
CYCLE.

AIR SWIRL CONTINUES
TO REMOVE ONLY THE
UPPER SURFACE OF
DEPOSITED FUEL IN
THE SPHERICAL
COMBUSTIOW CHAMBER
THROUGHOUT THE
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that they control the amount of ,he mixture
flowing from the carburetor tc, the intake
manifold.

Governors,

like

carburetors

injection equipment,

seem

and

fuel

somewhat

complicated unless one has a thorough
understanding of the construction and operating
principles of the equipment. As you progress
through the Construction Mechanic rating, you
will acquire, through practical experience and
study, the knowledge necessary to understand
the factors which may seem complicated at the
present. For the time being, it is enough to
understand the relationship of speed-conrro
devices to the fuel system of an engine. For th
reason, the information on governors which
given in this course is general in nature,
Speed-Regulating
Governors for Diesel Engine

The type of load and the degree of control
desired determine the kind of governor to be
used on a diesel engine. Since all governors used
on diesel engines control engine speed through
the regulation of the quantity of fuel delivered
to the cylinders, these governors may be
c la ssitiel under the general heading of
speed-regulating governors. Governors used on

diesel engines may also be classified in various
other ways, such as according to the function or
functions performed, the forces utilized in
operation, and the means by which the governor
operates the fuel-control mechanism.

Governors are designed to control engine
speed under varying load conditions. Since the
type of load and the degree of control desired
vary from one type of installation to another,

devices which are designed to keep an engine
from exceeding a specified maximum speed and
from dropping below a specified minimum speed
are classified as SPEED-LIMITING governors.
(In some cases, speed-limiting governors

function only to limit maximum speed.) Some
engine installations require a control device that
limits the load which the engine will handle at

various speeds.

Such devices
LOAD-LIMITING governors.

called

A governor may also be designed to perform
two or more of the functions just listed. In this
case., it%

j.-c.,?-ing mechanisms which perform

the v-,1-;,:as functions are combined in a single
unit.
Spring-Loaded
Centrifugal Governors

In most of the governors installed on diesel
engines used by the Navy, the centrifugal force
of rotating weights (flyballs) and the tension of
a helical coil spring (or springs) are utilized in
governor operation. On this basis, most of the
governors used on diesel engia aro generally
called SPRING-LOADED --ENTRIFUGAL
governors.

In spring-loaded centrifugal governors, two
forces oppose each otner. One of these forces is
the tension of a spring (or springs) which may be
varied

either by an adjusting device or by

vernent of the manual throttle. The other
force is produced by the engine. Weights
attached to the governor drive shaft are rotated,
and a centrifugal force is created when the shaft

is driven by the engine. The centrifugal force
varies directly with the speed of the engine.

Transmitted to the fuel system through a

the primary function of a governor depends
upon the requirements of a .particular

springs) tends to

installation.

delivcrvel to the et .f

Snme inctanatinnq reniiire that encine 4ned

are

connecting linkage

the centrifugal force

the spring (or

-nount of fuel
_:re other hand,
weights,
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governor are balanced, so that the engin, speed
is constant, If the load is increased, the engine
speed decreases, resulting in a reduction in the
centrifugal force of the flyballs. The spring
tension then becomes the greater force and it
acts on the fuel-control mechanism to increase
the quantity of fuel delivered to the engine. The
increase in fuel results in an increase in engine
speed until
reached.

balance of the

forces is again

When the load On an engine is reduced or
removed, the engine speed increases and the
centrifugal force within the governor increases.
The centrifugal force then becomes greater than

the spring tension and acts on the fuel control
linkage to reduce the amount of fuel delivered
to the cylinders. This causes the engine speed to

decrease until a balance between the opposing

directly, through a mechanical linkage which
operates the fuel-control mechanism, Other
governors are designed so that the centrifugal
force of the rotating weights regulates the fuel
supply indirectly, by moving a hydraulic pilot
valve which controls oil pressure. Oil pressure is
then exerted on either side of a power piston
which operates the fuel-control mechanism.

Governors which regulate the fuel supply
directly (through mechanical linkage) are called
MECHANICAL GOVERNORS; and those which

control the fuel supply indirectly (through oil

pressure) are called HYDRAULIC

GOVERNORS. Simple governors of the
mechanical and hydraulic types are shown in
figures 4-33 and 4-34, respectively.

and engine speed

Note that in the illustration of the
mechanical governor, the weights, or flyballs, are

Governors are also classified according to the
method by which fuel-control mechanisms are
regulated. In some cases, the centrifugal force of
the rotating weights regulates the fuel supply

centrifugal force of the weights and the tension
of the spring are balanced; in other words, the
engine is operating at constant load and speed.
In the case of the hydraulic governor, the
positions of the parts indicate that the engine is
responding to an increase in load with a resulting
decrease in engine speed. Note that the weights
tilt inward at the top. As engine speed decreases,

forces is again reached
becomes constant.

in an upright position, This indicates that the

Other Classifications
of Governors

`SPRINC
FLYBALL

FLY BALL
POWER

PISTON

FULCRUM

PASSAGE "A°

PILOT VALVE

-dr
FUEL ON
FUEL OFF

FUEL ON

-FULCRUM

FUEL OFF
FROM -LIMP

FUEL PIPE
FUEL PIPE

56

81.157

Figure 4.33.- Simple mechanical governor.

Figure 4-

89

.-Simple hydraulic governor.

CONSTRUCTION MEGRANIC 3 & 2
the spring tension overcomes the centrifugal

operated mechanism which shuts off the intake
air at the inlet passage to the blower. If no air
shutoff mechanism is provided and shutting off

force of these rotating weights. When the spring

tension is greater than the centrifugal force of
the flyballs, the governor mechanism acts to
permit oil under pressure to force the piston to
increase the fuel valve opening, The increased
fuel supply causes an increase in engine power
output and speed. The governor regulates the
fuel supply so that enough power is developed

fuel will not stop an engine which

the

is

over-speeding, anything which can be placed
over the engine's air intake to stop airflow, SI
as a piece of canvas or even a pair of dungarees,
will stop the engine.

Excessive engine speeds more commonly

to handle the increase in load.
Hydraulic governors are more sensitive than
those of the mechanical type. Also, the design of

result from do improperly functioning regulating

governor than from any other cause. The usual
me thod o f accomplishing an emergency
shutdown when the regulating governor fails to
function properly is to shut off the fuel oil
supply to the cylinders. If this fails to slow the
engine or stop it, the air supply to the engine
must he cut off.
CAUTION: Do not risk personal injury to
stop an overspeeding engine when all normal

hydraulic governor enables a comparatively
governing unit to control the fuel
mechanism of a large engine. The mechanical
governor is used more often on small engines,
which do not require extremely close regulation
of the fuel. Hydraulic governors are more
suitable to large engines, in which more accurate
a

small

regulation of fuel is necessary.

means have failed.

Danger of
Excessive Speed

Stopping Fuel Supply

Shutting off the fuel supply to the cylinders
of an engine may be done in various ways. The

Engines which are maintained in proper
operating condition seldom reach speeds above
those for which they are designed. However,
there may be times when speeds become too
high. The operation of an engine at excessive
speeds is extremely dangerous. If the engine
speed is high enough, the high inertia and
centrifugal force developed may cause parts to

fuel-control mechanism may be forced to the
NO FUEL position; the fuel line may be blocked

by closing a valve; the pressure in the fuel

injection line may be relieved by opening a
or the mechanical movement of the
injection pump may be prevented, These

valve;

methods of shutting off the fuel supply may be
done either manually or automatically.

become seriously damaged or even to fly apart.
Therefore, it is essential that you know why an
engine may reach a dangerously high speed, and
how it may be brought under control when too
much speed occurs.

erspeed Safety Devices

Automatic operation of fuel and air control
Causes of
Excessive Speed

mechanisms is accomplished by overspeed safety

devices. As emergency controls, these safety
devices operate only in the event the regular
speed governor fails to maintain engine speed

In some 2-stroke cycle engines, lubricating

oil may leak into the cylinders as a result of
leaky blower seals or broken piping. Even
though the fuel is shut off, the engine may

within the maximum design limit. Devices which

function to bring an overspeeding engine to a
full stop by completely shutting off the fuel or
air supply are generally called OVERSPEED
TRIPS. Devices which function to reduce the

continue to operate or even run away, as a result

of this combustible material coming from the
uncontrolled source. Engines in which
lubricating oil may accumlate in the cylinders
are 'generally equipped with an automatically

excessive speed of an engine, but allow the
engine to operate at safe speeds, are called
OVERSPEED GOVERNORS.

90
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overspeed governors and trips depend

upon a spring-loaded centrifugal governor
element for their operation. In overspeed

devices, the spring tension is great enough to
overbalance the centrifugal force of the weights
until the engine speed rises above the desired
maximum. When an excessive speed is reached,
the centrifugal force overcomes the spring
tension and operates the mechanism which stops
or limits the fuel or air supply.

foreign objects or striking the ground. Fuel tank
caps are usually threaded internally and screw
onto the tank filler pipe. Most fuel caps are
equipped with a sealing gasket and vent hole.
FUEL GAGES

The electric gages used on diesel fuel tanks
are the same type as used in the gasoline fuel
system. Some manufacturers use a bayonet type

gage permanently attached to the filler cap of
the fuel tank or installed under the fuel cap.

Governors as
Safety Devices

These are graduated and the fuel level is checked
by the same method as oil in an engine.

When a governor serves as the safety device,

the actual operation of the fuel or air control
mechanism by centrifugal force may be brought

FUEL FILTERS

Fuel filters are built into the fuel supply

about directly, as in a mechanical governor, or
indirectly, as in a hydraulic governor. In the case

systems of diesel engines to filter any abrasive

operated by a power spring. The spring is placed
under tension when the trip is manually set, and
held in place by a latch. If the maximum speed
limit is exceeded, a spring-loaded centrifugal
weight moves out and trips the latch, allowing
the power spring to operate the shutoff

impurities may have been difficult to eliminate
during the process of refining, or they may enter
the fuel tank through caretis refueling.
Whatever the source, these impurities must be
removed to protect the closely fitted parts in the
pumps and nozzles.
Most diesel engines have two filters in the
fuel supply system. The primary (coarse) filter is
usually located between the supply tank and the
fuel supply pump, and the secondary (fine) filter
between the fuel supply Pump and the injection
pump. Additional filtering elements are
frequently installed between the injection pump
and the nozzle.

impurities

of an overspeed trip, the shutoff control is

mecha cisme

DIESEL FUEL
SYSTEM COMPONENTS

The diesel fuel system is similar to the
gasoline system in tank and fuel line
construction only. Each manufacturer has his
own method of transferring the fuel and creating
the high pressure required for injection of the

that may be in the fuel. These

Diesel fuel oil filters are referred to as

FULL-FLOW filters, since all the fuel must pass
through the filters before reaching the injection
pumps. Filters must be inspected regularly and
cleaned or replaced, if the maximum efficiency
is to be maintained. ALL HETAL-DISK filters
are cleanable, but most cloth or fabric elements
must be replaced when they become dirty.

fuel into the cylinders.
FUEL TANKS

The diesel fuel tank is mounted directly on
the chassis of construction equipment because
of its weight (when filled) and to prevent
movement of the tank when the equipment is
operated over rough terrain. Its location also

Metal-Disk Filter

The metal-disk filter shown in figure 4-35 is
made of a series of laminated disks placed within
a large howl, which acts as a settling chamber for
the fuel and encloses the disks or strainer

depends on the type of equipment and the
equipment's use. On equipment used for ground

clearing and earthwork, the tank is mounted
where it has less chance of being damaged by

assembly. Fuel enters the filter at the top intet
connection and, flowing down, goes between the
91
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filter element if the disks become clogged. A
diesel fuel oil filter usually has an air vent for
releasing any air which night accumulate in the
filter.

Fabric Filter
Fabric filters, because

of their greater

filtering qualities, are used principally as main
filters for protecting the fuel injection pump.
Most fuel systems now use microporous paper
fuel filters (Fig. 4-36) which are of the
replaceable cartridge type.
FUEL SUPPLY PUMP

Fuel injection pumps must be supplied with
fuel

oil under pressure because

they have

VENT VALVE
CLEANING KNIFE

-- COVER

ASSEMBLY
COVER GASKET

81.151

Figure 4.35.

FILTER ELEMENT

disk fuel filter.

disks, and then up a central passage to the outlet

connection at the top. Dirt and foreign matter

FILTER CASE

cannot pass between the disks and are deposited

at the outer rirn. The clearance between the
disks (0.003 inch) is small enough to prevent the
passage of water. This is possible because water,
OCK

DRAIN

when present in gasoline or oil, forms small

SQUARE NUT

globules that are too large to pass between the
disks.- The filter shown in figure 4-35 is the same

as the one mentioned above except that a

BOLT

clean* knife is added. Solids larger than 0.005
inch remain on the outside of the element, and
the cleaning knife scrapes these deposits off the
filtering disks. The solids fall to the bottom of
the filter housing, where they can be removed

BRACKET
>Ilt 51,3

through the drain plug hole. A ball relief valve in
the filter cover enables the fuel oil to bypass the

Figure

4-

.Fuel i1lter
ele
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insufficient suction ability. All diesel injection
systems require a supply pump to transfer fuel
from the supply tank, through the filters and
lines

PLUG

GASKET

BOLT

to the injection pumps. Two types of

SPRING

supply pumps used on diesel engines today are
the gear type and the vane type.

BODY.

DRIVEN
GEAR

Gear Pump

RELIEF
VALVE

OIL
SEALS

DRIVEN
SHAFT

The simple GEAR PUMP (fig. 4-37) has two

STEEL

spur gears which mesh together; one is the

BALL

driving gear, the other the driven gear.
Clearances between the gear faces and casing are

DRIVE
SHAFT

only a few thousandths of an inch. When the
gears turn, liquid in the spaces between the

\if

COVER

unmeshed teeth, at the suction side of the pump,

is carried by the teeth towards the sides, Then
the liquid is trapped between the tooth pockets

DOWEL

DRIVE
GEAR

and the casing, and carried through to the

discharge side of the pump. The liquid entering
the discharge side cannot return to the suction

81.370

Figure 4-37.Typical mar fuel pump assembly.

side because the 'fleshing teeth at the center
force the liquid out of the tooth pockets.

differently by each manufacturer and is referred
to as FUEL INJECTION.

Vane Pump

FUEL
INJECTION

In the VANE-TYPE PUMP (fig. 4-38 and
4-39) a steel rotor and shaft, one end supported
in the pump cover, revolve in the body, the bore
of which is eccentric to the rotor. Two sliding

Diesel _fuel injection systems must
accomplish five particular functions: Meter,

vanes are placed 180 degrees apart in slots in the
rotor, and are pressed against the body bore by
springs in the slots. When the shaft is rotated,
the vanes pick up fuel at the inlet port and carry
it around the body to the outlet side, where the
fuel is discharged. Pressure is produced by the
wedging action of the fuel as it is forced toward

inject, time, atomize, and create pressure. A

the outlet port by the vane. A spring-loaded

into the combustion chamber.

description of these functions follows:

I. METERAccurately

measure

the

amount of fuel to be injected.

2. INJECTForce and distribute the fuel

relief valve is provided in the cover of the pump,
connecting the inlet and outlet ports. This valve
opens at a pressure of approximately 55 psi. Its
purpose is to relieve excessive pump pressure
which will build up if fuel lines or filters become
clogged. When the valve opens, fuel passes from
the discharge side (pressure side) to the suction
side of the pump.

3.

TIMEinjection of the fuel must start

and stop at the proper time.

4. ATOMIZEBreak the fuel up into fine
particles.

5. CREATE PRESSURECreate the
necessary high pressure for injection.

You can remember these functions by the
initials, MITAC. All five of these functions are
necessary for complete and efficient
combustion.

The remaining task to be accomplished by
the fuel system is to provide the proper quantity
of fuel to the engine's cylinders. This is done
93
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VANE SPRING GUIDE

PUMP BODY

GASKETS

MOUNTING FLANGE

VANE
PUMP COVER

ANE SPRING

DOWELS

VALVE GAGE

RELIEF VALVE
VALVE SEAT
OIL SEALS

"-yrDRAIN

OUTLET PORT
----,
VALVE SPRING

ROTOR SHAFT
PUMP ROTOR

GASKET

INLET PORT
RETAINER SCREW
VALVE RETAINER SPRING

81.148

Figure X38. Out way view of vane-type fuel pump.

Metering

fires; and upon equal volumes of fuel being
delivered to all cylinders of the engine.

Accurate metering or measuring of the fuel
means that, for the same fuel control setting, the
same quantity of fuel must be delivered to each

Injection Control

cylinder for each power stroke of the engine.

A fuel system must also control the rate of

Only in this way can the engine operate at

injection. The rate at which fuel is injected

uniform speed with a uniform power output.
Smooth engine operation and an even
distribution of the load between the cylinders

determines the rate of combustion. The rate of
injection at the start should be low enough that
excessive fuel does not accumulate in the
cylinder during the initial ignition delay (before
combustion begins). Injection should proceed at

depend upon the same volume of the fuel being

admitted to a particular cylinder each time it
94
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This, in turn, results in poor fuel economy, high
ROTOR HOUSIN

exhaust gas temperature, and smoke in the
exhaust. When fuel is injected too late in the

ANE

cycle, all the fuel will not be burned until the
piston has traveled well past top center. When
this happens, the engine does not develop its
maximum power, the exhaust is smoky, and the
fuel consumption is high.

Atomization of Fuel

As used in connection with fuel injection,
atomization means the breaking up of the fuel,

it enters the cylinder, into small particles
which form a rnistlike spray. Atomization of
as

the fuel must meet the requirements of the type
of combustion chamber in use. Some chambers
require very fine atomization; others function
with coarser atomization. (Because of the design
of the multifuel hypercycle chamber, discussed
earlier in this chapter, atomization is
accomplished differently in chambers so
designed.) Proper atomization makes it easier to
start the burning process, and insures that each
minute particle of fuel is surrounded by particles
of oxygen with which it can combine.
Atomization is generally obtained when the
liquid fuel, under high pressure, passes through
the small opening (or openings), in the injector

INLET

R TOR
81.'150
Figure

39.Vanes and rotor in housing of a vane -typo
fuel pump.

such a rate that the rise in combustion pressure
is not too great, yet the rate of injection must be
such that fuel is introduced as rapidly as possible

in order to obtain complete combustion_ An
rate of injection affects engine
operation in the same way as improper timing.

or nozzle. As the fuel enters the combustion
space, high velocity is developed because the
pressure in the cylinder is lower than the fuel

incorrect

When the rate of injection is too high, the results

pressure, The created friction, resulting from the

are similar to those caused by a too early

fuel passing through the air at high velocity,

injection; when the rate is too low, the results
are similar to
injection.

causes the fuel to break up into small particles.

those caused by a too late

Creating Pressure

Timing

A fuel injection system must increase the
of the fuel enough to overcome
compression pressures and to insure proper
pressure

In addition to measuring the amount of fuel
injected, the system must properly time

dispersion of the fuel injected into the
combustion space. Proper dispersion is essential

injection to insure efficient combustion so that
maximum energy can be obtained from the fuel.
When the fuel is injected too early in the cycle,
ignition may be delayed because the
temperature of the air at this point is not high
enough. An excessive delay, on the other hand,
gives rough and noisy operation of the engine,
and also permits some fuel to be lost due to the
wetting of the cylinder walls and piston head.

if the fuel is to mix thoroughly with the air and
burn efficiently. While pressure is a chief
contributing factor, the dispersion of the fuel is
influenced, in part, by atomization and

penetration of the fuel. (Penetration is the
distance through which the fuel particles are
carried by the motion given them as they leave
the injector or nozzle.)
9-
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If the atomization process reduces the size

of the fuel particles too much they will lack
penetration. Too little penetration results in the
small particles of fuel igniting before they have

must be replaced when worn or damaged,
although the tip opening may be cleaned with a
special tool if clogged or dirty from carbon
d eposits.

been properly distributed, or dispersed in the
combustion space. Since penetration and
atomization tend to oppose each other, a
compromise in the degree of each is necessary in
the design of fuel injection equipment,
particularly if uniform distribution of fuel
within the combustion chamber is to be
obtained.

The fuel is drawn from the tank by a
gear-type transfer pump which delivers the fuel
through filters into the fuel manifold in the fuel
injection housing; from the fuel manifold, the

is supplied by separate passages to the
fuel injection pumps. The fuel
injection pumps deliver the proper amount of
fuel

individual

fuel through the fuel lines to the individual fuel

injection valves at the proper time. From the
injection valves the fuel enters the

METHODS OF FUEL
INJECTION

precombustion chambers. Ignition starts to take
place in the precombustion chambers.

Basically, there are four methods used in
today's diesel engines to accomplish the
injection of fuel into the cylinders of the engine.

Removal of
Injection Valves

These methods are: pump and nozzle, unit
When there is a requirement for removal of
injection valves from the engine, clean all dust
and dirt from the injectors and adjacent area to

injection, distributor, and the pressure time (PT)
system. Some engine manufacturers make and
install their own fuel injection equipment. Others
rely on manufacturers who specialize in fuel
injection equipment and who design or modify
their product to meet the requirements of the

prevent dirt from entering the fuel system.
Disconnect the fuel line and install a cap to
prevent dirt and dust from entering the line. The
valve and body can be lifted out after removing
the retaining nut. The capsule is only finger tight

engine manufacturer.

on the body and is easily replaceable. When

CATERPILLAR
FUEL INJECTION

reinstalling the capsule, tighten the retaining nut
to the manufacturer's specifications. A nut that

is too loose, will allow leaks; one that is too
tight will damage the capsule and cause poor

The CATERPILLAR diesel engine uses the
pump and nozzle injection system (fig. 4-40).
Each pump measures the amount of fuel to be

injection.

injected into the particular cylinder, produces
the pressure for injection of the fuel, and times
the exact point of injection. The injection pump
plunger is lifted by cam action and returned by
spring action. The metering of fuel is varied by

Servicing Injection Pumps

Caterpillar injection pumps are
interchangeable between cylinders on a
particular engine and also between engines
having the same bore, no matter whether the
engines have four or six cylfriders. However,

the

plungers turning in the barrels. These
plungers are turned by governor action through
a rack which meshes with the gear segments on
the bottom of the pump plungers. Each pump is
interchangeable with other injection pump_ s
mounted on the pump housing.

each fuel injection pump assembly is machined
and lapped to such exact clearances between the

plunger and barrel that they must be used,
removed, and replaced as a unit.

The capsule-type nozzle is widely used in
Caterpillar diesel engines. (See fig. 4-41.) The
capsule-type nozzle is a sealed unit; therefore, it

In removing fuel injection pumps, take every

precaution to prevent dirt from entering the
pump or pump housing. Before disconnecting
96
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I. Injection pump.
2. Injection valve.

8. Housing.

9. Tank.

3. Passage.
4. Lower vent,

10, Gage.
11. Housing;

5. Upper chamber.
6. Upper vent.
7. Bypass valve.

12. Transfer pump.'
1.3. Lower chamber,
81.344
pillar fuel ristern.

any fuel lines or removing the inspection plate
on the pump assembly housing, clean the top
and sides of the housing thoroughly.
Slirt with the end pump of each bank when
you are ready to remove them. With 4-cylinder
enginee there is only one bank of pumps, but
with &cylinder engines the pumps are arranged
in two, banks of three each. The end pumps can
be removed without disturbing the others. The

&cylinder arrangement, can be removed more
easily if the pump next to it has been removed.
After disconnecting the fuel lines from the
pumps, cover the openings immediately with the
caps and plugs provided in the toolkit for this
purpose. Then, after removing the coupling,
retaining plates, and rack, take out the

capscro.vs that hold the fuel injection pump
clamps. Make sure the cap on the fuel outlet on
top of the pump is in place while the pump is

center ,pump, for example two or five in a
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If the pump plunger should fall out, wash it
thoroughly with clean diesel fuel and then
replace it in the pump barrel. As a check against

accidental nicks and scratches that will shorten

the life of the pump, rotate the plunger gear
segment to make sure that the plunger turns

SCREEN

freely and does not bind.

FILTER

To synchronize pump operation, turn the
gears on the pump plungers until the marked
tooth of each gear faces outward toward the

pump rack. Replace the pump so that the
marked teeth of the plunger gears engage with
the marked rack teeth.
After sliding the rack into position, pull it

NOZZLE
ASSEMBLY

out again to see that the marks are correctly
alined. Then fasten the racks with the retaining
plates; install the coupling (fork) between the

PRECOMBUSTION
CHAMBER

rack and the fuel pump slide bar; replace the

CHECK

inspection cover; and connect the fuel lines.

VALVE

Before starting the engine, bleed the fuel
system to remove all air trapped in the fuel lines.
Governor Operation
and Adjustments

The Caterpillar governor, like most
governors used on diesels, is of the flyweight
type (mechanical) and acts throughout the
entire speed rang_ e of the engine. Once the
desired speed is set by the position of the
throttle, the governor acts automatically to

131.345X

Figure 4-41. Capsule -type fuel injection valve assembly.

_

disconnected from the engine. Remove the

maintain a relatively constant operating speed if
the load changes. That is, all mechanical
governors show a slight engine speed drop when
a heavy load is first applied, and the engine will
overspeed momentarily when the load is
reduced. The throttle, connected to the
governor by a suitable linkage, is merely ,a

clamps that hold the fuel injection pumps to the
housing. Now, the pumps can be lifted from the
housing.

Lift out the pumps individually (see

fig.

4-42). At first, lift them straight up only enough
to clear the dowel pins. Then reach through the
inspection opening and hold the pump plunger

controlling device which adjusts the speed at
which it then holds the engine.

to keep it from sliding out of the barrel. To
remove the pump entirely, it will be necessary to

The installation will vary with different
engine models. On most Caterpillar tractors,
however, the governors are vertically mounted

shift the pump slightly to one side to free the
plunger from the slot in the lifter yoke.

and driven by the camshaft gear in the accessory

When installing a fuel injection pump, again
be careful that the pump plunger does not slide

housing at the front end of the injection pump
housing. The throttle control is located where it
is convenient for the operator. Figure 4-43

out of the barrel. Slide the end of the plunger
into the slot on the lifter; lower the pump on

illustrates the working parts of a Caterpillar

the dowel pins and fasten in place.

governor.
98
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Removing or replacing fuel in'

'DK the governor shaft is driven

.

pump on a

linder caterpillar diesel.

and bushings, oil is furnished under pressure
through drilled passages in the housing or
through tubes. Other parts of the governor are
lubricated by the oil splash thrown off by the

oil the, engine 4ecessorY drive gear. As the engine
u.sisr3eNs

>TEIaIS

flyweights (governor weights)

1"--Red to the governor shaft swing out by

centrifuggl foMt. This action is opposed by the
governor 5Prifik. The forces of the flyweights
amt.- l vector 5k)rings act upon the slide bar to
the steed of the engine M accordance
tension placed on the springs by the
the throttle. As the flyweights change
tir pos do With varYing engine speeds, this
mov
Nnsrnitted through the slide bar
tot; be
pump control rack. The control
rack
al, rotates each pump plunger

rotating parts.

Major adjustments are generally necessary

only at the time the governor is completely
disassembled, inspected, and repaired in the
shop.

This should be done by men who

thoroughly understand the governor operation.
However, it will sometimes be necessary to make

idling and high-idle speed adjustments in the
field. These adjustments can be made by
removing the COver from the top of the governor

.

rnklltaneciuslY 'to regulate the fuel delivered at
Yalve,k, Thus, as the operator changes

(fig. 4-44) and turning the adjusting screws. The
holes in the cover are serrated to act as retainers

theittlition co the throttle, the tension of the

to prevent the screws from turning a fter the

gfv.eirtor 6Pring ta changed, and the governor will

adjustment is made.

the etlgsne speed called for by that
Ular thr°ttlt setting.

To make a low-idle speed adjustment, put
the engine speed control lever in the low-idle
position. Turn the low-idle screw clockwise to
decrease the speed or counterclockwise to

brica d by oil from the
g oVer71 z is lubricated
;liPliCal-klIg system. At points where

increase the speed. The engine rpm can be

1001lostion is rreCeSSarY, such as bearings
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UPPER BEARING
CRANK

SLICE EAR

RETAINER

GOVERNOR SPRING

0

THRUST

GOVERNOR
WEIGHTS

TUBE

264X
Figure 4-43.Cross section of a Caterpillar governor.

with a tachometer at the drive
connection on the hour meter.
In checking engine speed at the hour meter,
remember that the tachometer drive shaft turns
only at one-half engine speed, If, for'example, a
450 rpm idling speed is desired, you should read
225 rpm on the-hand tachometer.
checked

RETAINER
HOLES

In ADJUSTING THE-HIGH-IDLE SPEED at

the governor, see that the engine speed control
lever is pulled all the way back when you check
the engine speed. The adjustment should be as
close as possible to the manufacturer's
recommendations. For example, if the
recommended highidle speed is given as 1550
rpm, and you read 1280 rpm (640 rpm x 2) at
the tachometer drive connection, the engine is
running too slowly to develop its rated power
with a full load, In this case, turn the high-idle
speed adjusting screw counterclockwise to

2.66X

Figura 4-44.Gova

me

increase the speed.
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f the engine runs too fast, turn the same

loading the engine. If these governor setting

screw clockwise to reduce the speed. Make only
small corrections at a time. After each

fixtures are available, make sure you know how
to use them, and follow the manufacturer's

adjustment, close and open the throttle and

manual concerning the installation and use of

recheck the speed. A recommended maximum
speed of 1550 rpm will result in approximately a
full-load speed of 1400 rpm when the normal
speed drop is considered. A full-load speed of

the fixtures.

100 rpm less than recommended maximum

Sleeve Metering

Fuel Pump

The injection pump used on small bore

without a load is good insurance against possible
damage from overspeeding the engine.

Caterpillar engines is referred to as a SLEEVE
METERING fuel pump because of the method
used to control the amount of fuel injected into
the cylinders. The pump assembly (fig. 4-45)
contains the fuel transfer pump, governor, and

If it is necessary to adjust full-load speed
more accurately, special governor setting
fixtures are needed. With them, the maximum
full-load speed can be adjusted without actually

PLUNGER

SLEEVE

SLEEVE CONTROL LEVER

BARREL

SLEEVE CONTROL SHAFT

FILL PORT
SPILL PORT

BALL AND SOCKET
JOINT
VERTICAL RISER SHAFT
CONNECTING LEVER

THRUST COLLAR

GOVERNOR SPRING

GOVERNOR CONTROL LEVER

01.514

Figure 4.45.Sleeve metering fuel pump assembly.
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high pressure pump units in one housing. The
entire fuel pump assembly is lubricated by diesel
fuel and pressurized by the fuel transfer pump.

BARREL

Rather than rotate the plungers to control
the amount of fuel to be injected, like most

-FILL PORT
PLUNGER

pump and nozzle injection systems, the use of a
sliding sleeve is incorporated with the plunger.
The sleeve blocks a spill port, which is drilled
into the plunger. The amount of plunger travel
with its port blocked determines the amount of
fuel to be injected
Whenever the fill port is below the bottom
edge of the barrel, fuel under pressure from the

housing is forced into the plunger, keeping a
maximum supply of fuel available for injection

SLEEVE

SPILL PORT

FILLING

when needed by the engine.

As the cam lobe raises the plunger (fig.

4-46), the fill port and spill port are blocked.
When this occurs, the continued upward motion
of the plunger pressurizes the trapped fuel and
injection begins. Injection stops when the spill

port, in the plunger, rises above the sleeve
releasing the pressure within the plunger and
barrel. The design of this pump allows maximum

fuel when starting regardless of the throttle
setting. The governor assumes control at idle
speed, approximately 500 rpm, and controls the
amount of fuel injected at all engine operating
speeds. The only adjustment needed with this
unit is the initial setting of the high and low idle
speeds. The high pressure pumps are
interchangeable for all engine models, with the
plunger, barrel, and sleeve being replaced as a

BEGIN
INJECTION

CONTINUE
INJECTION

END
INJECTION

81.515
Figure 4-46.Injecfion pump operating cycle.

inlet metering, twin cylinder (DC), distributor
type pump. The main components are the drive
shaft, distributor rotor, transfer pump, pumping
plungers, internal cam ring, hydraulic head, end
plate, governor and the pump housing with an
integral advance mechanism. Early advance
mechanisms were attached to the pump housing
and could be removed from the housing as a unit
for servicing.

The rotating members which revolve on a°
common axis, include the drive shaft, distributor
rotor and transfer pump.

unit.

In the DC pump (fig. 4-47) the driving
member is the drive shaft (22) that rotates inside
a pilot tube pressed into the housing. The splines

INTERNATIONAL HARVESTER
FUEL INJECTION SYSTEMS

at the rear end of the shaft engage the internal
splines in the front of the rotor (12) and turn
the rotor with the shaft. A lip type seal prevents
the entrance of engine oil into the pump and
another retains the fuel used for pump
lubrication. The governor weight retainer (19) is
supported on the forward end of the rotor (12)

Internniwnal Harvester engines that you
may encounter have two types of fuel injection

systems. The smaller engines use the Roosa
Master fuel injection pump while the larger 817
series engines are equipped with a variation of
the pump and nozzle system.

that is externally splined.

Roosa Master Fuel
Injection Pump

The rotor contains the four pumping
plungers (18), two in each of the two pumping
cylinders. Slots in the rear end of the rotor
provide a place for the two spring-loaded
transfer pump blades (fig. 448). These blades

The Roosa Master fuel injection pump
commonly encountered is the opposed plunger,
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1.

Idle adjusting screw.

2. Throttle shalt lever.
3. Shut-off arm.
4. Stop earn.
5.

Metering valve.

6. Guide stud.
7. Hydraulic head,
8.

Fuel Inlet.

9. Pressure regulating
valve assembly_ .
10. End plate.
11. Delivery valve stop.
12. Rotor.
13. Connector screw.

14.
15.
16,
17.
18.
19.

Ball cheek.
Cam advance pin.
Advance mechanism.
Cam ring.
Plungers.
Governor weight retainer_
Leaf spring.
Sleeve.
Drive shaft.
GOvernor weight.
Governor arm.

20.
21,
22.
23.
24.
25. Governor spring_ .
26. Linkage hook.

81.350

Figure 447.Cutavt

uo Master fuel injection pump (modeI DC).

CDNSTRU
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48.Pump rotating Darts (model DC).

turn inside a pump liner and develop the
necessary pressure to charge the pumping

81.351

drive end of the distributor rotor. The action of
the weights in their retainer is transmitted

cylinders.

through a sleeve to the governor arm, and
through a linkage to the metering valve, The

The mechanical flyweight variable speed
type GOVERNOR (fig. 4-49) is Incanted on the

governed engine speed is the speed at which the

THROTTLE SHAFT--,,

SHUTOFF CAM

LEVER

GOVERNOR

SPRING

LINKAGE HOOK

GOVERNOR

ARM
GUIDE
STUD.

PILOT
H AFT

METERING

VALVE
ETERING VALVE ARM
WEIGHTS

IDLING SPRING
MOUNTING SPLINES

THRUST
SLEEVE

THRUST WASHER

WEIGHT
RETAINER

Figure 4-4 .

mbly (roorieg DC
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force of the governor springs is balanced on the
governor arm pivot shaft. The pressure of the
springs on the governor arm can be varied with
the throttle shaft lever, thus providing variable
engine speed. The idling spring
provides sensitive governor action at low engine
speeds. A governor linkage hook, connected to
the metering valve, is actuated by the governor
arm.
governed

The drive end of the model DC rotor has
two bores containing two plungers each. (The
plungers are actuated in the same manner as for
the model DB rotor.)
In the DC ROTOR, the shoe, which provides
a large bearing surface for the roller, is carried in

guide slots in the distributor rotor. The rotor

shaft rotates with a very close fit in the
hydraulic head. A passage through the center of

the rotor shaft connects the pumping cylinder
with one charging port and one discharge port.

The hydraulic head in which the rotor shaft
turns has six charging ports and six discharge
ports.

A positive displacement, vane type fuel
TRANSFER PUMP is mounted at the end of the
rotor shaft. Fuel pressure developed by the fuel
transfer pump is controlled by a pressure
regulator valve in the pump end plate. A passage
at the top of the transfer pump facilitates

removal of air introduced in the system. This
passage connects with the pump housing
through the fuel return line to the supply tank.

I. Transfer pump blade. 4. Inlet strainer.
2. Transfer pump liner. 5. Regulating spring.
3. End plate adjusting
6. Regulating piston.
7. End plate plug.
plug.

Fuel is drawn from the final filter into the
pump through the inlet strainer (4, fig. 4-50) by

the vane type fuel transfer pump. The fuel

81.353

transfer pump capacity greatly exceeds the fuel
required for injection; therefore, a large

percentage of the

fuel from

Figure 4-

Transfer pump (model DC).

the pump is

bypassed through the pressure regulating valve

As the rotor revolves, its charging port
registers with one of six charging ports in the
head. This rotor charging port connects
perfectly to the pumping cylinder and axial

to the inlet side of the pump. The quanity of
fuel bypassed increases as the pump speed
increases. The bypass pressure also increases
with speed.

passage of the rotor.
As the fuel enters the pumping cylinder, the
plungers are forced outward, a distance

Fuel not bypassed by the regulating valve
passes through a hydraulic head passage to the
metering valve. Fuel is metered by the metering
valve in a quantity determined by engine

proportionate to the quantity of fuel to be
injected. The quantity of fuel entering the
pumping cylinder is controlled by the fuel

demand.
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pressure at the charging ports, time available for
charging, and total plunger displacement
available as limited by the leaf spring.
Fuel

Further rotation of the rotor brings its
discharge port into register with an outlet
passage in the hydraulic head, at which time the
rollers simultaneously contact the opposing cam
lobes. The cam lobes force the plungers toward
each other, discharging the fuel from the

the charging ports is
controlled by the metering valve and by the
pressure at

transfer pump pressure which varies with engine

cylinder through the outlet port into the outlet

speed. The time available for charging is the

passage in the hydraulic head and the fuel
injection line connected to this passage (fig.
4-52). The cant is relieved to allow a slight
outward movement of the roller before the

length of time the charging port in the hydraulic
head remains in register with the charging port

of the rotor. The length of time the charging
port remains in register depends entirely on
engine speed. The maximum amount of fuel
which can be injected is limited by maximum
outward travel of the plungers. This maximum
plunger travel is limited by the roller shoes
contacting the adjustable leaf spring stop. At the
time when the charging ports are in register, the
rollers are between the cam lObes (fig. 4-51);
therefore,
their outward movement is
unrestricted during the charging cycle except as

discharge port is closed off. This action drops
the pressure in the injection line enough to give
sharp cutoff injection and prevent nozzle
dribbling.

A displacement type DELIVERY VALVE
(fig. 4-52) is located in the drive passage of the
rotor between the charging port and the

discharge port of the rotor. It remains closed

limited by the leaf spring.
The fuel is trapped in the cylinder for a very
slight interval of time after charging is complete.
This is caused by the fact that the charging port

during charging and opens under high pressure as
the plungers are forced together. Its purpose is
to aid, by injection line pressure relief, the cam
"retraction" previously described. Two small
grooves are located on either side of the charging

with an outlet port of the hydraulic head.

grooves carry off fuel from the hydraulic head
charging ports to the housing. This flow of fuel
lubricates the cam, rollers, governor parts, etc.
The fuel flows though the entire pump housing,

of the rotor has passed out of register with a
charging port and the head and the rotor
discharge port has not yet come into register

port of the rotor near its flange end. These

METERING VALVE
NorOR DISCHARGE

FROM

TRANSFER
PUMP

DELIVERY VALVE

SPRI

DISCHARGE

Ficurs

81.355
.Rotor in chiming position with the rollers

Figure

between the cern lobes (DC pump).
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4-52.--Rotor

in discharge
pump).

81.357
position (DC
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absorbs heat, and is allowed to return to the

FUEL

supply tank through a fuel return line connected

INLET

to the pump housing cover, thus providing for
pump cooling.

The END PLATE functions to provide
passages for fuel and to cover and absorb end

thrust of the transfer pump; to house the
pressure regulator valve; and to house the

HAND

PRIMING

priming bypass spring which permits fuel to
bypass the transfer pump during hand priming.
Figures 4-53, 4-54, and 4-55 show the
regulating piston in three positions: at rest,
during hand priming, and in operation. Figure
4-53 shows the piston covering the hand priming
port (A) and resting against the priming bypass
spring. During hand priming, the pressure
differential across the transfer pump, caused by
the hand primer, forces the piston down,
compressing the spring until the priming port
(A, rig. 4-54) is uncovered. Fuel bypasses the
stationary transfer pump to fill the system.

Figure

81.360
Wining piston, during hand, priming.

FUEL

INLET

When the piston is in the pressure regulating

position, fuel forces the piston up the sleeve
until the regulating port or ports (B, fig. 4-55)

PRESSURE
REGULATING

FUEL
INLET
SLEEVE
PI STON

AT

REST
FUEL OUTLET
61

Figure 4-56.Regulating piston, in pressure regulating
PERN061

position.

SPRING

FUEL
OUTLET

Figure 4-

LATING
RING

are uncovered. Since the pressure on the piston
is opposed by the regulating spring the delivery
pressure of the transfer pump is controlled by
the spring rate, size, and number of regulating
ports.

Regulating piston, et r
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The torque delivered by an engine increases
progressively with a decreasing rpm caused by an
overload, The torque continues to increase until

it reaches its peak at a certain predetermined
engine speed. This desirable engine feature is
called TORQUE BACKUP. The torque backup,
when the engine is overloaded, is caused
primarily by the following three factors:
I. More time is available for combustion of
fuel.
2. Volumetric efficiency increases as engine
speed decreases.
3. Engine fnction losses (and accessory
loads) decrease with engine speed.

Since volumetric efficiency increases with
decreasing engine speed, more fuel can be
injected and burned at the reduced engine speed,
thus increasing the torque output.
In order _to fully explain how torque control
is accomplished when the pump is properly
adjusted, it is necessary to use an example,
starting with a condition where the engine is
operating at high idle speed and then
progressively load the engine until engine rpm
drops to peak torque speed.

When the engine is operating at high idle
speed, no load, the quantity of fuel delivered is
controlled by governor action on the metering
valve, Torque screw and leaf spring adjustment

to the fact that the charging ports remain in

register for a greater length of time because of
slower engine speeds. This allows more time for
the charge of fuel to pass through the metering
valve which is stationary, thus charging the
cylinder with a larger quantity of fuel.
As the engine speed continues to drop and
reaches a speed at which maximum torque is
developed, the charge of fuel becomes great
enough to force the plungers outward far
enough during each charging cycle to bring the
roller shoes into contact with the leaf spring.
This prevents further outward movement of the
plungers and therefore limits the maximum
amount of fuel which can be injected. From this
it can be seen that the maximum amount of fuel
which can be injected during overload operation

below peak torque is controlled by the leaf

spring adjustment.

the DC pump, the speed advance
mechanism provides controlled movement of the
cam in the pump housing to advance injection at
In

high speeds. The rising fuel pressure from the
transfer pump increases flow to the power side
of the advance piston (fig. 4-56). This flow from
the transfer pump passes through a cut on the
metering valve, through a passage in the
hydraulic head, and then by the check valve in
the drilled bottom head locking screw. The

have no effect under this 'condition.

As load is progressively applied, the governor

ETENIPie VALVE

action on the metering valve continues to
control the quantity of fuel delivered until

engine rpm drops to rated load speed. At this
point, the governor has opened the metering
valve enough to bring an aria on the valve into
contact with the torque screw which prevents
further opening of the metering valve. The
maximum amount of fuel which can be injected
at rated load speed is controlled by the torque

BOTTOM 'ICAO
LOCKING SCREW

screw; leaf spring adjustment has no effect.
As overload is progres4vely applied to the

engine, the governor continues to hold the
metering valve arm in contact with the torque
screw; therefore, the metering valve does not

SPEED ADVANCE OP

move during overload operation. However, fuel
delivery increases as the engine speed drops, due

Figure
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check valve provides a hydraulic lock, preventing
the cam from retarding during injection. Fuel is
directed by a passage in the advance housing end
plug to the pressure side of the advance piston.

multiorifice injector tip. Pressure is maintained

The piston moves the cam counterclockwise
(opposite to the direction of pump rotation).

end of the stroke. This completes the cycle and

through the entire downstroke of the plunger
and a sharp cutoff of the spray is obtained when

the plunger bottoms in the injector tip at the
another injection cycle starts with the engine
intake stroke, when the plunger begins its
"spring returned" upstroke, drawing clean air
into the injector tip through the orifice holes.

The spring-loaded side of the piston balances the

force of the power side of the piston and limits
the maximum movement of the cam. Therefore,
with increasing speed, the cam is advanced and,
with decreasing speed, it is retarded_

The fuel port in the bushing begins to uncover as
the engine starts thke compression stroke and
shortly afterwards the metering pump begins to
deliver the metered fuel to the injector.

Fuel Injector817 Series

The metered fuel passes through the inlet
screen, the check valve, and the port in the

The International 817 series engines use a

bushing; then it mixes with the air in the
injector tip. As the engine approaches top dead
center of the compression stroke, the cam drives
the plunger rapidly down to inject the trapped
charge of fuel and air below the plunger into the
combustion chamber. The fuel port in the
bushing is closed off early in the downstroke,
protecting the check valve and fuel passage from

"C"-type fuel injection pump that meters fuel to
the injectors (fig. 41-57) in quantities
proportional to load demands. This engine uses
an open-type combustion chamber with a

moderate swirling air motion. The function of
the injector is to break up the fuel charge from
the metering pump into finely atomized
particles and to mix them with the available air.
The high pressure needed for good
atomization and dispersion of the fuel is
obtained mechanically from the downstroke of
the cam-actuated plunger. This action cbrifines
the fuel into the small space below the plunger,
within the bushing and injector tip. Here the
fuel charge is then broken up and distributed to
the combustion air as it passes through the

the high injection pressure_

The injector plunger remains firmly
bottomed during the power stroke and exhaust

stroke of the engine, preventing backflow of
combustion products into the injector. This
injector has a variable beginning and a constant
ending of injection due to the volume of the fuel
supplied at different speed ranges, thereby

FUEL INLET

2.54X
Figure 4-67.--114actor
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varying the distance the plunger must travel
before contacting the fuel.
GENERAL MOTORS UNIT INJECTION

[ECI -IANIC

&2

nozzle in one housing. There is one unit injector
per cylinder. (See fig. 4-58.)

The fuel first passes through a primary filter
located between the fuel tank and the transfer
pump, which may be of either the gear or the
vane type. On the discharge side of this pump is

The General Motors diesel uses the unit
injection system, combining the pump and the

OUTLET
MANIFOLD

FUEL NJECTOR

INLET MANIFOLD
RESTRICTED ELBOW

2.67X

Diagram

typical Gertoral Moton d
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a secondary filter with a drain cock at the

In timing injectors on General Motors series

bottom of the housing for removing water and
dirt separated from the fuel. From the filter the
fuel passes to the fuel manifolds. The LOWER
MANIFOLD is the INLET, from which the fuel
flows into the injector.

71 diesel engines, use the proper timing gage
(fig. 4-59).

To properly time an injector, adjust the
injector follower to a definite height in relation
to the injector body. (See fig. 4-60.) This will
vary according to the size of the injector being

Each injector is fitted into a water-cooled
copper tube in the cylinder head and is held in
place by an injector clamp. It is operated by a

used.

Check the manufacturer's manual to

determine the proper gage to use.

push rod and rocker amt. As the rocker arm
Place the engine speed control lever to the
shutoff position and rotate the crankshaft in the

forces the plunger down, the upper helix closes

the upper port, and fuel injection begins. The

direction of engine rotation until the exhaust
valves are fully depressed on the particular
cylinder to be timed. Place the small end of the
injector timing gage in the hole provided in the
top of the injector body. Loosen the push rod

upper helix and a lower helix are machined into

the lower end of the plunger for metering
purposes. The relation of these helices to the
ports changes with the rotation of the plunger.
As the plunger moves downward, a portion of
the fuel oil trapped in the bushing under the

locknut, turn the push rod and adjust the
injector rocker arm until the extended part orshoulder of the gage will just pass over the top
of the injector follower. Hold the push rod and
tighten the locknut. Check adjustment after

plunger is displaced through the lower port buck
into the supply chamber, until the port is closed

off by the lower end of the plunger. A portion
of the fuel still trapped under the plunger is then
forced upward through the central passage of

tightening the locknut and readjust as necessary.
By following the sequence of the engine firing
order, you can time the injectors in one
revolution of the crankshaft.

the plunger into the recess between the two
helices and then into the supply chamber
through the upper port, until the upper helix
closes that port. With the upper and lower ports

closed, the remaining fuel trapped under the

Equalizing Injectors

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 its seat and the fuel is forced

Equalizing injectors means to adjust the
injector racks so that all injectors in an engine

through small orifices in the spray tip and
atomized into the combustion chamber. The
rotation of the plunger, by moving the rack,
changes the position of the helices and retards or

advances the closing of the ports and the
beginning and ending of the injection period.
Fuel injection ends when the lower helix opens
the lower port. The remaining fuel then
proceeds through the UPPER MANIFOLD, or
OUTLET, back into the tank.
Injector Timing

Whenever an injector has been removed and
reinstalled, or a new injector has been installed
in an engine, the injector must be timed and the
injector control rack positioned.

81.364
Figure 4-89. Tinning gage.
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Figure 4.61.Control rack adjusting sere

1. Rocker injector
2. Push rod.
3. Lock nut.

comparatively cooler cylinder. Its control rack,
therefore, should be adjusted for more fuel. A

4. Fuel inject
5. Injector follower.
6. Injector timing

slight knocking noise from another cylinder
would indicate an adjustment for a slightly

gage.

smaller amount of fuel.

To increase the amount of fuel injected,

81.365

Figure 4-60.Timing fuel

loosen the outer adjusting screw and tighten the

n.

inner screw, thereby moving the control rack
inward. To decrease fuel injection, loosen the
inner adjusting screw slightly and tighten the

inject the same amount of fuel at any given
engine speed. This is done by adjusting the inner

outer screw which moves the control rack

and outer adjusting screw on the rack control
lever. (See fig. 4-61.) This is a rather delicate

outward. In making these operating adjustments,
never turn the adjusting screws more than

adjustment to make.
When calibrated injectors are used, the
manufacturer's method of equalizing racks
should be followed.
It may be necessary to make these
adjustments several times before the engine runs
just right.
Sometimes smoother engine operation can

one-fourth turn at a time, for if one injector is
adjusted too far out of line with the others, it
will prevent the full travel of the racks and
reduce the maximum power of the engine.

Do not attempt to obtain a smooth running
engine by changing control-rack settings without
first timing and equalizing injection in the
recommended manner.

be obtained by making slight changes to the
equalizing adjustments after the engine is
warmed to operating temperatures (above

Governor

140°F). For example, one cylinder may not be
carrying its share of the load as indicated by a

Horsepower requirements for an engine may

vary because of fluctuating loads; therefore,
112

1

sc' i m

inettic'd gi ,Ist be provided to control the

amount of fuel required to hold the engine
speed reAsoilblY constant during load

fluctilatiero. To accomplish this control, a

at:wet-nor

-nirck
--A-thiced in the linkage between
i

the Nine spec" control and the fuel injectors.
On the GO sellN 71 engines the governor is
mounted op the front end of the blower and is

variations are caused by the governor. Make sure
the speed changes are not the result of excessive

load fluctuations. Check the engine to be sure
that all cylinders are firing properly. Check for
bind that may exist in the governor operating
mechanism or in the linkage between the
governor and the injector control tube. After

driveb by the upper blo wer rotor.
three types of governors
3_, 4-, and 6-cylinder GM
series 71 erpnes, 'they are:

There

no-load speed, and (3) holds the engine at any
constant speed between idle and maximum as
desired by the operator.
Governor difficulties are usually indicated
by speed variations of the engine; however, it
does not necessarily mean that all speed

are

corn. illonly used

you are fairly certain that it is a governor

malfunction that is causing the difficulties,
proceed with governor adjustments as outlined

Lirpiting '1.)eed mechanical govern

2'

in the manufacturer's manual for the particular

VarOble5beed mechanical governor
Hydraulic governor

installation with which you are working.
THE CUMMINS PRESSURE
TIME (PT) FUEL SYSTEM

E

gines requiting a _minimum and maximum
speet c©1trol, together with manually
con UtAled internlecliate speeds, are equipped
with a oft mrrING
FEED MECHANICAL

The PT fuel system is used exclusively on
the Cummins diesel engine found in modern

GOV RNa

equipment.

The operation of the Cummins PT fuel
based on the basic principle of

Ehgines subject to varying load conditions
requiN govern to maintain a near constant

engiee speed,

A

system is

hydraulics, that by changing the pressure of a
liquid flowing through a pipe, you change the
amount of liquid coming out of the open end.
Decreasing the pressure decrt-:ases the flow or

VARIABLE SPEED

MEC. Ai-) NiCAL q0VERNOR usually suffices

for this purPc's4' This type of governor has an
engin sneed c°11ttal lever, which the operator
can Lite tro Cftanige the speed manually.
A

Li ypRALII.IC

amount of liquid delivered, or vice versa.

Fuel Pump

GOVERNOR is more

effective tfian a mechanical governor in
cc4r1stant engine speed with a
inail?t4ining
fmnin-ibrn weed droop under varying load

The fuel pump is made up of three main
units: (I) a gear pump which draws fuel from
the supply tank and delivers it under pressure

through the pump and supply lines to the

conditions. the Steed droop is the difference

Detweta no..joaO Maximum speed and full-load
fnaXtrqurn speed.

individual injectors, (2) the pressure regulator

which limits the pressure of the fuel to the
injectors, and (3) the governor and throttle

Sibce 01$4 5elNie5 71 engines are used for
man), different Ptkrposes, the type of governor
cost be eboserl to suit the installation. The
variable speed Inkhanical governor is the one
commonly dyed 0'1 construction equipment.

which act independently of the pressure
regulator to control fuel pressure to the
injectors. The location of these respective units
of the pump are indicated in figure 4-62.

Thy sable speed mechanical governor
perforrns tfiree tlifletiOnS: (1) controls the
engine
idle steed, (2) limits the maximum

Governor

Mechanical governor- action is provided by a
system of springs and weights; the governor has
113
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FILTER SCREEN

SHUT DOWN VALVE

TACHOMETER SHAFT
PRESSURE REGULATOR

GEAR PUMP

IDLE SPRINGS
MAIN SHAFT

SPRING PACK COVER

IDLE ADJUSTING SCREW
SCREW

GOVERNOR WEIGHTS -----THROTTLE SHAFT

MAXIMUM SPEED SPRING

2.72X

Figure 4-13Z

two functions. First, it maintains sufficient. fuel

for idling with the throttle control in idle
position; and second, it cuts off fuel above
maximum rated rpm. The idle spring_ s in the

governor spring pack push on the governor
plunger so that the idle fuel jet is opened enough
to permit passage of fuel to maintain engine idle
speed.

operation between idle and
fuel flows through the
governor to the injectors in accord with the
engine requirements as controlled by the
During

maximum

speeds,

throttle and limited by the pressure regulator.
When the engine reaches governed speed, the
flyweights move the governor plunger, cutting
off fuel passages to the fuel supply manifold. At
the same time another passage opens and dumps

of PT fuel pump.

the fuel to the supply manifold back into the
main pump body. In this manner, engine speed

controlled and limited by the governor
regardless of throttle position. Fuel leaving the
governor travels through the shutdown valve,
inlet supply lines, and on into the injectors.
is

Maximum engine speed is adjusted by
removing or adding shims under the maximum
speed spring. Normally, this adjustment is made
at the time of overhaul and will not have to be
changed in the field, To adjust the idle speed,
the engine should first be warmed up to normal
operating temperature. Remove the pipe plug
from the end of the spring-pack cover and turn
the idle adjusting screw IN TO INCREASE the
speed, or OUT TO DECREASE the speed. Idle

speed should be set 40 to 50 rpm lower than

Chapter 4FUEL SYSTEMS
desired if the adjustment is made with the

As the plunger comes up_ , the injector feed

engine running. The reason is that air collects in
the spring-pack housing and a speed change will
result when the housing fills with fuel.
Two models of PT fuel pumps are used the
PT (type G) and PT (type R). The PT (type G)
indicates that fuel pressure regulation is a part of
the governor function. The PT (type R) refers to
fuel pressure regulation as a function of a
regulator assembly.

passage is opened and fuel flows through the
metering orifice into the cup, at the same time
fuel flows past the cup and out the drain orifice.

The amount of fuel which enters the cup is
controlled by the fuel pressure against the
metering orifice.

The plunger during injection moves down
until the metering orifice is closed and the fuel
in the cup is injected into the cylinder. While the
plunger is seated in the cup_ all fuel flow in the
injector is stopped.
Injector adjustments are very important on

Injectors

PT injectors because they perform the dual

The fuel injectors are operated mechanically

by a plunger return spring and a rocker arm
mechanism operating off the camshaft. Fuel

functions of metering and injecting. Check the

manufacturer's manual for proper settings of
injectors. On an engine where new or rebuilt
injectors have been installed, initial injector
adjustment can be made with the engine cold.
Always readjust the injectors, using a torque
wrench calibrated in inch-pounds, after the
engine has been warmed up to where the oil

circulates through the injector during the intake
and compression strokes. From the inlet
connection, fuel flows down the inlet passage of
the injector, around the injector plunger,

between the body end and cup, up the drain
passage to the drain connections and manifold,
and back to the supply tank. (See fig. 4-63.)

temperature is between 140°F and 160°F.

PLUNGER

SEAL

DRAIN

ORIFICE
GASKET
METERI

ORIFICE-

INJECTOR

METERING
ORIFICE

CUP

CAP

START
UP-STROKE

INJECTION
METERING

INJECTING FUEL

COMPLETE

2.73X
Figure 4-63.Fuel Injector cycle in a PT injector.
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SUPERCHARGERS AND
TURBOCHARGERS

Another advantage of using the supercharger is
an increase in cylinder turbulence which allows
more efficient mixing of the fuel with the air.
This mixing results in more efficient burning and
increased fuel economy.
Four-stroke engines are supercharged either
by positive displacement rotary blowers or by
centrifugal blowers. The positive displacement
blowers are driven from the crankshaft, either
by gears, chains, or belts. The centrifugal

Many late model diesel engines have a
supercharger or turbocharger as part of the air
system. These units force additional air into the
combustion chambers so the engine can burn
more fuel and develop more horsepower.

The use of a supercharger, such as the one
illustrated in figure 4-64 will cause an increase in

power developed by the engine on which it is
used. The supercharger is similar to an air
compressor in that it compresses the inlet air
and actually forces the air into the cylinders
when the intake valves open. This increased
volume of air causes higher pressures and
temperatures in the cylinders. In addition, the
amount of fuel can be increased to maintain a
fuel air ratio of approximately 15 to 1. As a

blowers are driven by turbines operated by
exhaust gases coming from the engine which the
blower serves.

A turbocharger utilizes normally wasted
exhaust energy to increase the amount of air
taken into an engine. A greater quantity of fuel

may be efficiently used, and the result is an

increase in horsepower. The turbocharger (fig.
4-65) consists of thee basic parts: an exhaust

result, the engine will develop more horsepower.

Figure 4-64.Supercharger.
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1. Compressor Cover
2. Turbine Housing
3. Air Inlet Opening
4. Impeller
5. Compressor Extension
Figure

6. Turbine Wheel
7. Exhaust Outlet
8. Nozzle

9. Exhaust Inlet Opening

81,7

charger (cutaway vi

gas turbine, sometimes called the hot wheel; an

the driving force to turn the turbine and are
then expelled from the turbine housing at the
outlet. Air from the air cleaner passes through
the inlet opening of the compressor housing and
the impeller. Air is compressed as it passes
through the impeller and is then directed to the

impeller or compressor, referred to as a cold
wheel; and housings which support the parts and

direct the flow of exhaust gases and intake air.
Exhaust gases passing through the turbine cause
it and the compressor impeller to rotate. Air is
therefore pumped into the engine and a greater
amount is available than would be supplied by
normal atmospheric pressure. Hence, more fuel
can be burned efficiently, and engine power can

inlet manifold of the diesel

engine.

The rotating assembly, consisting

of the

impeller, the turbine, and a common shaft, is the

be increased.

heart of the turbocharger. These parts are

designed and built to operate at extremely high
speeds; 50,000 revolutions per rnhiute is often
encountered in normal operation. At such high
speeds, balance is of utmost importance. A very

Exhaust gases enter the turbine housing and
are directed through vanes of the nozzle toward

the turbine blades. The exhaust gases provide
117
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slight unbalance shows up at high speeds and can
be detected by excessive vibration.
Labyrinth or screw-type seals are utilized on
the large turbocharger. Piston ring type oil seals
are used with small turbochargers.

with a gasoline starting engine, passes the
exhaust of the starting engine through an inner
passage of the intake manifold. Here the heat of

To keep the lubricating oil in the unit and
the hot exhaust gases out, air pressure is bled
from the compressor housing to balance the
normal oil pressure at the impeller seal and the

GLOW PLUGS

exhaust pressure at the turbine seal. The rotating
speed of the turbine changes as the energy level

cylinder head. The injection nozzle is also in this
chamber. While you crank the ert;ine, the glow
plug (fig. 4-66) is turned on. The heat created by

the starting engine's exhaust is absorbed by air
before it enters the diesel's cylinders.

Glow plugs are installed directly in the
precombustion or turbulence chamber of the

of the exhaust gas changes. Thus the engine is
supplied with enough air to burn the fuel for its

electrical resistance in the glow plug heats the

load requirements at all speeds.
Turbochargers and superchargers require

fuel and air mixture. Heat generated by the glow
plug permits burning of the fuel in the chamber
and cylinder.

little maintenance between engine overhauls if
the air cleaners are serviced regularly, in

accordance with the manufacturer's

STARTING FLUID

recommendations. The turbocharger turbine
blades and nozzles require periodic cleaning to

Starting fluid, in either an aerosol container
or capsule, is frequently used as a starting aid.
This fluid is a highly volatile fluid (ether or a
suitable substitute) which is injected into the
intake manifold as you crank the diesel engine.
Since ether has a low ignition point, the heat
generated in the combustion chamber is able to
ignite it. Heat from this ignition then ignites the

carbon deposits which cause an
unbalanced condition at the high relative speeds
at which the turbine must turn.
remove

COLD WEATHER STARTING
Diesel fuel evaporates much slower than
gasoline and requires more heat to cause

combustion' in the engine's cylinders. For this
reason, preheating devices and starting aids are
found on all Navy equipment using diesel
engines. These devices and starting aids either
heat the air before it is drawn into the cylinder

TERMINAL

BODY

or allow combustion at a lower temperature
than during normal engine operation.
PREHEATERS
Preheaters, the most common type of
heating device, are installed in the intake
manifold or in the case of 2-stroke cycle engines,

are placed in the air passages surrounding the
cylinders. The preheater burns a small quantity
of diesel fuel in the air prior to the air being

HEATING

ELEMENT

drawn into the cylinders. This burning process is
accomplished by the use of either a glow plug or
an ignition coil which produces a spark to ignite

a fine spray of diesel fuel. The resulting heat
warms the remaining air before it is drawn into
the cylinders. The Caterpillar diesel, equipped

81.517
Figure 4-68.
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diesel fuel and normal combustion takes place.
Once the diesel engine starts, no more fluid is
needed.

When using cold weather starting aids, be
sure to follow the manufacturer's instruction in
order to prevent damage to the engine or the

starting aid.

If all diesel engines had nearly identical fuel
systems (like gasoline engines) trouble diagnosis

and maintenance procedures could follow a
general pattern much like the one that is used
for gasoline engines. But, with the exception of
engine

exhaust without being completely burned,
causing black smoke. Too much fuel may cause

identified.

Improper injection pump operation,
however, is not so easily recognized. It is more

likely caused by excessive wear than by an

accumulation of dirt or carbon such as the spray
nozzle is subjected to in the cylinder
combustion chamber. If considerable abrasive
dirt gets by the filters to increase (by wear) the
very small clearance between the injector pump
plunger and barrel, fuel will leak by the plunger
instead of being forced into the injector nozzle

similar fuel tanks, filters, and a basic piping
diesel

scratched by particles of dirt so that it cannot
seat properly will allow fuel to pass into the
a cylinder to miss entirely. If dirt prevents the
proper amount of fuel from entering the
cylinders by restricting spray nozzle holes, the
engine may skip, or stop entirely. In most cases,
injector or spray valve troubles are easily

DIESEL FUEL SYSTEM
MAINTENANCE

system,

spray nozzle valves. In this event, it is almost a
sure bet that dirt is responsible for improper fuel
injection into the cylinder. A valve held open or

fuel

systems differ
each engine
manufacturer recommends different specific
maintenance procedures. Those described herein

considerably. Consequently,

for the more popular International, Caterpillar,
Cummins, and General Motors diesels are by no
means all you will need to know. However, the
tune-up and maintenance procedures described
are representative of jobs you will do. For all
jobs you do not thoroughly understand, refer to
the manufacturer's maintenance manual for the

in the cylinder. This gradual decrease in fuel
delivery at the spray nozzle may remain
unnoticed for some time, or until the
Equipment Operator complains of sluggish
engine performance.

fuel system concerned.

Although worn injector pumps will result in

loss of engine power and hard starting, worn
piston rings, cylinder liners, and valves (air
intake or exhaust) can be responsible for the
same conditions. However, with worn cylinder
parts Or valves, the hard starting and loss of
power will be accompanied by poor
compression, a smoky exhaust, and excessive

DIRT IN
FUEL SYSTEM

Many diesel engine operating troubles result

directly or indirectly from dirt in the fuel
system. That is why proper fuel storage and
handling are so important. One of the most

blowby from the crankcase breather.

important aspects of diesel fuel is cleanliness.
The fuel should not contain more than a trace of
foreign substance; otherwise, fuel pump and

WAITER IN

FUEL SYSTEM

injector troubles will occur. Diesel fuel, because
it is more viscous than gasoline, will hold dirt in
suspension for longer periods. Therefore every

It requires only a little WATER in a fuel
system to cause an engine to miss, and if present
in large enough quantities, the engine will stop

precaution should be made to keep the fuel

entirely. Many fuel filters are designed to clog

clean.

completely when exposed to water, thereby

If the

engine starts missing, running
irregularly, rapping, or puffing black, smoke from

stopping all fuel flow. Water that enters a tank
with the fuel oil, or that forms by condensation
in a partially empty tank or line, usually settles

the exhaust manifold, look for trouble at the
II9
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to the lowest part of the fuel system. This water
should be drained off daily.

Use clean diesel fuel for washing the parts.
Disassemble one nozzle or pump assembly at a
time to prevent mixing of mating parts. Exercise

AIR IN
FUEL SYSTEM

care to prevent damage to nozzle and pump
parts. Inspect and clean all parts as they are
disassembled. Carbon may be scraped from the
outside of the nozzle, but be careful not to mar
the edges of the holes (orifices). When cleaning
fluid is used to clean pump and nozzle parts, dip
the parts in diesel fuel immediatley after
cleaning. This will prevent moisture from the
hands from marring the highly polished surfaces.

Air trapped in diesel fuel systems is one of
the main reasons for a hard starting engine. Air
can enter the fuel system at loose joints in the
piping or through a spray nozzle that does not
close properly. Letting the vehicle run out of
fuel will also cause air to enter the system. Like
water, air can interfere with the unbroken flow
of fuel from the tank to the cylinder. A great
deal of air in a system will prevent fuel pumps
from picking up fuel and pushing it through the
piping systems. Air can be removed by bleeding
the system as set forth in the procedures
described in the manufacturer's maintenance

Reaming tools and special drills are provided
for cleaning spray nozzle holes. No drills other
than those recommended by the manufacturer
should be used. The drills are hand operated, the

smaller, needle-type being held with a small
chuck called a pin vise (fig. 4-67).

manual.

SERVICING INJECTION
EQUIPMENT

In performing reaming operations, remove
only the foreign matter; be particularly careful
not to burr the metal.

Diesel injection parts (injectors or spray
valves and pumps) are assembled units of

TESTING FUEL
INJECTION NOZZLES

precision parts;

they cannot be cleaned or

adjusted adequately in the field. To operate

When fuel injection troubles are suspected,

efficiently, they must be cleaned, repaired, and
adjusted with special equipment.
Proper arrangement and suitable housing of
injector test apparatus are essential so that the
apparatus can be given proper care and
protection.

and before removing the injector nozzles for
shop testing, it is a good practice to check the

injectors to find out if just one of them is

causing the trouble. To do so, first operate the
engine at a speed at which the defect is more
CLEANING
NEEDLE

CLEANING INJECTORS

Unless special servicing equipment and repair
instructions are available, defective nozzles and

pumps are usually exchanged for new ones.
However, in an emergency, and if spray valves or

pumps are not too badly worn, they may be
returned to a serviceable condition, with minor
adjustment, after a thorough cleaning.

Injector spray nozzles or pumps should
never be disassembled in the field. They should
be removed from the equipment and brought to
the shop for repair. The first requirement for the

2.45

cleaning job is a clean working space.

Figure 4-67.Cleaning injector spray nozzle holes.
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pronounced. While the engine with the pump
and nozzle fuel system operates at this speed,
loosen the fuel line connection at each injection
pump one at a time to "cut out" the cylinder.
When you find one that makes very little or no
difference in the irregular operation of the

SYSTEMS

engine, the injector for that cylinder is probably
causing the trouble and needs to be removed and
tested. It is seldom that one injector valve alone
is responsible for all the trouble. Therefore, you

should continue the testing until all injectors
have been tested.

CHAPTER 5

COOLING AND LUBRICATING SYSTEMS
Ali internal combustion engines arc
equipped with cooling and lubricating systems
which work in conjunction with each other to
pro mote e fficient engine operation and
performance.

The

cooling

and

The necessity for cooling may be
emphasized by considering the total heat
developed by an ordinary six-cylinder engine. It

is estimated that such an engine operating at
ordinary speeds generates sufficient heat to
warm a six -room house in freezing weather.

lubricating

systerns discussed in this chapter, along with
their respective components and maintenance
requirements, are representative of the types of

Also, peak combustion temperatures in gasoline
engines may reach as high as 4500°F, while that
of a diesel engine may approach 5000°F. Some

systeiris you will be expected to maintain.

of this heat is absorbed by the valves, pistons,
cylinder walls, and cylinder head, all of which

Because of the variety of engines used in
SENnE equipment, there are differences in the
applications of features of their cooling and

must be provided with some means of cooling to
avoid excessive temperatures. Thus, even though

very high temperatures may be reached by the
heated gases, the cylinder wall temperatures

mind that
operational
characteristics vary from engine to engine;

lubricating

systems.

Keep

maintenance procedures

in
and

must not be allowed to rise beyond 400° to

therefore, always refer to the manufacturer's

500°F. Temperatures above this result in serious
damage, as already indicated. However, for best
thermal efficiency, it is desirable to operate the

instructions for specific information.

engine at temperatures closely approximating
the limits imp_ osed
properties.

CLING SYSTEMS
As

You

have

previously

learned,

the lubricating oil

The purpose of the cooling system is to
absorb and remove or transfer heat from the

the

internal-combustion engine produces power by
burning fuel within the cylinders, and is
therefore sometimes referred to as a "heat
engine." However, it was pointed out that only
about 25 percent of the heat is converted into
useful power for propelling the vehicle or for
doing other work. What, happens to the
remaining 75 percent of the heat? It is largely
absorbed by the engine parts or passes out with
the exhaust gases. If this heat were not removed
quiddY, overheating and extensive damage to
the engine would result. Valves would bum and
warp, lubricating oil would break down, pistons
and bearings would overheat and seize, and the
engine would soon stop.

by

as well as regulate the operating
temperature of the engine for best efficiency. It

engine

is estimated that about 25 percent of the heat
produced in the combustion chambers by the
burning of the fuel is dissipated via the cooling
system

along with the lubrication and fuel

systems. Nearly 50 percent of the heat produced
passes out with the exhaust gases. An additional

function of the cooling system

is

that of

temperature in the vehicle
passenger compartment to a comfortable range
controlling the

in cold weather, usually through use of hot
water heaters.

Air is the only thing which is continually
present in large enough quantities to cool the
122
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running

engine.

Vehicles

are

designed

to

dissipate the heat from the engine into the air
through which they pass. This is accomplished

either by direct air cooling or indirectly by
liquid cooling. Thus, in the final analysis, the
cooling of all automotive engines is actually air

surrounding air is cooler than the "heat engine."
The main components of an air-cooled system
are the fan, shround, baffles, and fins. A typical
air-cooled engine is shown in figure 5-1.

cooling, regardless of whether they are classified
as air - cooled or liquid-cooled. In this chapter we

Fan and Shroud

will be concerned with both types, and the
a description of the
various components of the systems and an

All stationary air-cooled engines must have
fans or blowers of some type to circulate a large

discussion will include

explanation of their operation.
MR-COOLING
SYSTEMS

The simplest type of cooling is the
air-cooled, or direct, method in which the heat is

drawn off by moving air in direct contact with
the engine. Several fundamental principles of
cooling are embodied in this type of engine
cooling. The rate of the cooling is dependent
upon the area exposed to the cooling medium,

volume of cooling air over and around the
cylinders. The fan for the air-cooled engine
shown in figure 5-1 is built into the flywheel.
Notice that the shrouding or cowling, when

assembled, will form a compartment around the
engine so that the cooling air is properly
directed for effective cooling. Air-cooled

engines, such as those used on motorcycles and
outboard engines, do not require the use of fans
or shrouds because their movement through the
air results in sufficient airflow over the engine
for adequate cooling.
Baffles and Fins

the heat conductivity of the metal used, the
volume of the metal or its size in cross section,

the amount of air flowing over the heated

surfaces, and the difference in temperature

between the exposed metal surfaces and the
cooling

air. Some heat, of course, must be

retained for efficient operation. This is done by
use

of thermostatic controls and mechanical

linkage, which open and close shutters to

control the volume of cooling air. You will find

that air-cooled engines generally operate at a
higher temperature than liquid-cooled engines,
whose operating temperature is largely limited

by the boiling point of the coolant used.
Consequently, greater clearances must be
provided between the moving parts of air-cooled

In addition to the fan and shroud, some

engines use baffles or deflectors to direct the
cooling air from the fan to those parts of the
engine not in the direct path of airflow. Baffles
are usually made of light metal and are
semicircular with one edge in the airstearn, so
that the air can be directed to the back of the
cylinders. Most air-cooled engines use fins. These
are thin, raised projections on the cylinder barrel
and head. (See fig. 5-1.) The fins provide more

cooling area or surface and aid in directing

airflow. Heat resulting from combustion passes

by conduction from the cylinder walls and
cylinder head to the fins and is carried away by
the passing air.

engines to allow for the increased expansion.
Also, lubricating oil of a higher viscosity is
generally required.

Maintaining the
Air-Cooled System

In air-cooled engines the cylinders are
mounted independently to the crankcase so that
an adequate volume of air can circulate directly
around each cylinder, absorbing heat in passing

You may feel that because the air-cooling
system is so simple it requires no maintenance.

Too many mechanics feel this way; many
air-cooled engine failures occur as a result.

the cylinders and maintaining cylinder head
temperatures within allowable limits for

Maintenance of an air-cooling system consists
primarily of keeping cooling components clean.
Clean components permit rapid transfer of heat

satisfactory operation. In all cases, the cooling
action is based on the simple principle that the
123
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1. shut Metal Shrouding
2. Finned Cylinder Head

3. Finned Cylinder Barrel
4. Flywheel Fan
8

Figure 8.1. Air -pled engine.

and insure that nothing prevents the continuous
flow and circulation of air. To accomplish this,
keep fans, shrouds, baffles, and fins free of dirt,

bugs, grease, and other foreign matter. The
engine may look clean from the outside, but
what is under the shroud? Accumulation of dirt
and debris here can cause real problems.

Keep the area between the engine and
shroud clean, too. Paint can cause a problem.
Sometimes a mechanic will reduce the efficiency

of the cooling system by careless use of paint.
The engine may look good but most paints act
as an insulator and hold in heat. In addition to
keeping the cooling components clean, you

should inspect them each time the engine is
serviced. Replace or repair any broken or bent
parts. Check the fins for cracks or breaks. When

cracks extend Into the combustion chamber
area; the cylinder barrel must be replaced.

Now that we have studied the simplest
method of cooling, let's look at a more
common, but also more complex, method.

LIQUID-COOLING SYSTEM
Nearly all multicylinder engines used in
construction and materials-

automotive,

handling equipment use a liquid-cooling system.
Any liquid used m this type of system is called a
COOLANT..

In most liquid-cooled engines, excess heat is

removed by the circulation of the coolant
through hollow passages surrounding the hottest

parts of the engine, Heat first flows into the
coolant while the coolant is being pumped
through the passages of the cylinder block and

up into the cylinder head. The coolant then
moves on through similar passages in the head,
picks up more heat as it circulates, and finally
leaves the engine through an outlet at the top,
After leaving the engine, the coolant passes

though an upper hose connection and carries
the heat into a radiator. As the coolant flows
down through the radiator, the heat is removed

Chapter 5COOLING AND LUBRICATING SYSTEMS

by a stream of air forced through the radiator,

temperature within the limitation imposed by

by the action of a fan only in stationary engines,

the

and by both the fan and forward motion in
vehicles.

From the bottom of

the radiator, the

coolant. Figure 5-2 shows a typical
liquid-cooling system and includes most of the

components discussed

in

the

following

paragraphs.

coolant flows through a lower hose connection

to the pump where it is again forced into the
cylinder block and repeats the cooling cycle,
removing more heat from the engine and

Radiator

carrying the heat into the radiator.

liquid-cooled system, being a device for holding

The radiator is probably the key unit in a

The amount of engine heat that must be

considerable volume of coolant in close
contact with a large volume of air so that heat
may be transferred from the coolant to the air.
The usual radiator assembly consists of a
raditor core with a top tank and a bottom tank.
The top, or inlet tank, has an outside pipe called
a

removed by the cooling system is much greater
than is generally realized. To handle this heat
load, it may be necessary for the cooling system

in some engines to circulate 4000 to 10,000
gallons of coolant per hour. The water passages,

the size of the pump and radiator, and other
details are so designed as to maintain the

the radiator inlet and usually has a coolant
baffle inside and above, or at the inlet opening.
The radiator filler neck is generally attached to

working parts of the engine at the most efficient
CYLINDER BLOCK WATER

DISTRIBUTION

WATER PUMP BY-PASS

TUBE _

HOSE

RADIATOR
HOSE

RADIATOR

INLET

CAP

FILLER
UPPER TANK

WATER OUTLET
ELBOW AND

THERMOSTAT
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Figure 5-2. quid-cooling :vs
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the upper part of the top tank and has an outlet
to the overflow pipe. The bottom tank also has a
pipe which is the radiator outlet. Many radiators
for vehicles equipped with automatic
transmissions have an inner core located in the
bottom tank through which transmission oil
circulated to assist cooling of the transmission.
Practically all cooling systems have tubular
radiator cores (fig. 5-3), which consist of a large
number of vertical tubes and many horizontal
air fins around the tubes. Water passages in the

TOP

HEADER
WATER TUBE

AIR FINS

tubes are usually quite narrow, and the tube
itself is made of thin metal.
Through the water tubes, the flow of
coolant is disided into many small streams
which cause a small amount of cooling liquid to

be exposed to a comparatively large cooling
surface. This results in rapid flow of heat from

the coolant to the tubes and air fins. Heat is
carried away from the tubes and fins by the

Figure

Tubular radiat

81.102
e construction.

movement of the air through the core.

Connections must be provided to carry the

water from the engine water jacket to the
radiator, and from the radiator back to the
engine. Vibration and movement between the
radiator and the engine would cause breakage of
metal pipe. For this reason, flexible hose is used
for radiator connections. Sometimes, pieces of
pipe are placed in sections of long hoses. This
reduces the dangers of hose collapse and makes
a stronger connection.

assembly and a gasket on this seat prevents
leakage between the cap and the filler neck.

The pressure valve acts as a safety valve to
relieve extra pressure within the system. The
cooling system may be designed to- operate at
various pressures; 4 to 17 psi, depending on the
manufacturer's specifications. The pressure valve
in the cap is preset by the manufacturer. When
replacing a pressure cap, make sure you use a

cap with the' proper pressure setting which is

Radiator Pressure Cap

usually marked on the top surface of the cap.

The raidator pressure cap (fig. 5-4) is used
On nearly all modern engines. The pressure cap
closes off the overflow pipe and prevents loss of
coolant during normal operation. It also allows a
certain amount of pressure to develop within the
cooling system. The pressure raises the boiling
point of the coolant approximately 30 for each

pressure within the cooling system drops below

The vacuum valve opens only when the
the outside air pressure as the engine cools
down. This automatic action of the vacuum
valve prevents collapse of hose and, the radiator.

CAUTION: ALWAYS REMOVE THE
RADIATOR CAP SLOWLY AND CAREFULLY.

pound and permits the engine to operate at
higher temperatures without loss of coolant

Removing the cap from a hot, pressurized
radiator can cause serious burns from escaping
steam and coolant.

from boiling.

The pressure cap contains two spring-loaded

Water Pump

valves. The larger valve is called the pressure
valve and the smaller one is called the vacuum
valve. A shoulder in the radiator filler neck
provides a seat for the bottom of the cap

The water purrip is the heart of the cooling
system. Most engines use a centrifugal water
pump. like the one shown in figure 5-5, which
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VACUUM VALVE
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RADIATOR UPPER TANK

RADIATOR CORE

OVERFLOW
1.112F
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Figur

idiator pre

a large volume capacity and is
nonpositive in displacement. This type pump has
an impeller with blades which force the coolant
provides

outward as the impeller rotates. The shaft on
which the impeller is mounted is usually driven
by a fan belt and revolves in a bushing or in ball

re cap -

water in the radiator, the flow of air created by
the fan causes some direct cooling of the engine
itself. Some engines are equipped with a shroud
that improves an efficiency by assuring that all

the air handled by the fan passes through the
radiator.

bearings .inside the housing, as shown in the

Fan blades are spaced at intervals around the
fan hub to aid in controlling vibration and noise.
They are often curled at the tip to increase their

illustration- Also shown in the illustration is the
nonadjustable seal assembly, which prevents

leakage around the externally driven water
pump shaft. For different cooling systems,
pumps vary considerably in construction of

ability to move air. Except for differences in
location around the hub, most blades have the

seals, bearings, mounting, and drive.

same pitch and angularity.

Fan arid Shroud

Bent fan blades are very common and result
in noise, vibration, and excess wear on the water

pump shaft. You should make it a practice to
visually

The engine fan is usually mounted on the

inspect

the

fan

blades,

pulleys,

purnpshaft end play, and drive belts at every

end of the water pump shaft and is driven by the
same belt that drives the pump. The fan pulls a

preventive maintenance inspection.

lazge volume of air through the radiator core

At 300 rpm an 18-inch fan will consume
over 2 hp. This power drain increases rapidly

whicht _cools the hot water circulating through

the radiator. Besides removing heat from the

with an increase in engine speed. Since the fan is
127
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The BIMETALLIC SPRING type fan drive

clutch uses a spring connected to an opening

A

plate. This produces an action much the same as
the bimetallic strip type of control. Both types
of controls cause the fan speed to increase with
a rise

in temperature and to decrease as the

temperature goes down.
Water Jacket

The water passages in the cylinder block and
cylinder head form the engine water jacket. (See
fig. 5-2.) In the cylinder block, the water jacket

completely surrounds all cylinders along their
full length. Within the jacket, narrow passages
are provided between the cylinders for coolant

A. PULLEY AND

circulation around them. In addition, water

H UE ASSEMBLY

R. BEARING RETAINER
C. SHAFT AND

passages are provided around the valve seats and

D. BODY

other hot parts of the cylinder block. In the
cylinder head, the water jacket covers the

E. SEAL WASHER

combustion chambers at the top of the cylinders

S EARING ASSEMBLY

F- SEAL WOOLY

and contains passages around the valve seats

G. IMPELLER
H. PLATE GASKET

when the valves are located in the head.

J. ELATE

The passages of the water jacket are designed

to control circulation of coolant and provide
proper cooling throughout the engine. The
pump forces coolant directly from the lower
radiator tank connection into the forward

81.101
Figura ts-5.- -Warar pump.

required

at low engine speeds,
couplings have been devised which disconnect
primarily

the fan above certain speeds.

The FAN DRIVE CLUTCH is

a fluid

coupling which contains silicone oil. Fan speed
is controlled by the torque-carrying capacity of
the oil. The more silicone oil in the coupling, the
greater the fan speed; the less silicone oil, the
slower the fan speed.
Two types of fan drive clutch controls are in
use today. One type- uses a BIMETALLIC STRIP

portion of the cylinder block This type of
circulation would, obviously, cool number one
cylinder first, causing the rear cylinders to
accept coolant progressively heated by the
cylinders ahead. To prevent this condition, the
L-head block in figure 5-2 is equipped with a
water distribution tube that extends from front
to rear of the block, having holes adjacent to
(and directed at) the hottest parts of each
cylinder. I-head engines are equipped with
ferrule type water directors which direct a jet of
water toward the exhaust valve seats.

and control piston in the front of the fluid
coupling. The bimetallic strip bows outward
with an increase in surrounding temperatures
and allows the piston to move outward. The

Thermostats

piston opens a valve which regulates the flow of

Automatic control of the engine's
temperature is necessary for efficient engine

silicone oil into the coupling from a reserve
chamber. When the valve is closed the oil is

performance and economical operation. If the

returned to the reserve chamber through a bleed

engine

is allowed to operate at a low
temperature, sludge buildup and excessive fuel

hole.
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consumption will occur. On the other hand,
overheating the engine or operating it above
normal temperature will result in burnt valves

The PELLET thermostat (fig. 5-8) uses th
piston and spring pressure principle. A smal

and faulty lubrication. The latter usually causes

small sealed receptacle (pellet) from which
small-. piston rod extends to the valve. Thy

mass of powderlike crystals is enclosed within

early engine failure.

crystals, being of high expansion valve, expan(

Since all engine parts are in a contracted

under heat and push the piston sufficiently t(
overcome spring tension. This opens the valve
Spring tension -closes the thermostat when till
crystals contract. Operative failure of this kin(
of thermostat is caused by impregnation of tip

state when cold, the engine temperature should
be brought to normal as quickly as possible. The
water pump starts coolant circulating the
moment the engine is started, which is
undesirable for cold weather operation. To

pellet with coolant, causing it to remain in Opel
position.

restrict coolant circulation, a thermostatically
controlled valve, or thermostat, is installed in
tilt- cylinder head water outlet. This valve allows
coolant to circulate freely only within the block

until the desired temperature is reached. This
shortens the warmup period. A bypass is used to

direct the water from the block back to the
pump when the passage to the radiator is
blocked by the closed thermostat (fig. 5-6).
Thermostats are manufactured in several
designs, the most common being the bellows and
the pellet. The BELLOWS thermostat (fig. 5-7)

consists of a round bellows which contains a

Although a thermostat is designed to open al
a specific temperature, most thermostats vary

few degrees in the temperature at which the
begin to open. In addition, they may require
temperature from 20° to 25° higher before they
are fully

at any temperature between 146° and I54°F
This same thermostat should be fully op_ en al
170° to 175°F.

small amount of a highly volatile liquid (such as

ether). The liquid creates a pressure when
heated. This pressure opens the valve as the
engine warms up and allows the coolant to
circulate. Should the bellows become punctured

or ruptured, the thermostat will remain in the
open position.

open. For instance, a thermostat

designed to open at 150 °F might begin to oper

Some stationary engines and large trucks are

equipped with shutters which supplement the
action of the thermostat in providing a faster
warmup and in maintaining proper operating
temperatures. When the engine coolant is below

a predetermined temperature (185° to 195°F),

the shutters, located in front of the radiator,

THERMOSTAT
CLOSED
ENGINE

THERMOSTAT
OPENED
WATER
PUMP

ENGINE

f

_rte

FAN

ENGINE COLDVALVE

ENGINE WARM VALVE

CLOSED BY THERMOSTAT
ALLOWS WATER TO CIRCULATE_
THROUGH THE ENGINE BUT
NOT THE RADIATOR.

OPENED BY THERMOSTAT
ALLOWS WATER TO CIRCULATE
THROUGH THE ENGINE
AND THE RADIATOR

RADIATOR

RADIATOR
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circulate through the valve. The temperature of
the coolant, when it reaches the predetermined
temperature, causes the valve to expand,
extending a rod which through linkage, forces
the shutters open. Trucks, when equipped With
an airbrake system, use a smaller thermostatic
valve that actuates an air valve. This air valve
allows air pressure from the air tank to enter the

air cylinder attached to the shutter operating
linkage thus forcing the shutters open.
CLOSED

OPEN

81.510

Figure 5p7. _list- therm

Should the shutterstat fail during operation,
it will remain open the same as all thermostats
used on Navy owned equipment. Lubrication to
the linkage, and replacement of the valve should
failure occur, are normally the only maintenance
needed.

Overflow Tank

An overflow, sometimes referred to as a
surge tank or expansion tank, serves as a
receptacle

for

coolant forced out of the

radiator overflow pipe and provides for its
return to the system. As the engine cools, the
balancing of pressures causes the coolant to
syphon back into the radiator. This requires a
plain cap on the radiator and a pressure cap on
the overflow tank.

Cooling systems using an 'overflow tank are

known as closed cooling systems. Coolant is
usually

added to

this system through the

overflow tank which is marked for proper
coolant level. NEVER remove the plain cap
located on the radiator unless you are positive
the system is cold. If there is any pressure in the

radiator, it will spray you with hot steam and
coolant. Use extreme caution whenever you

81.520

Figure 5-& Pellet them

work around a closed cooling system.
Temperature Gage

remain closed and restrict the flow of air
through the radiator. Then as the coolant

The engine temperature gage is made up of
two principal parts: the gage unit mounted on
the instrument panel, and the engine thermal

reaches proper temperature, the shutters start to

open. Two methods are used to control the
shutter opening.

Stationary engines use a

unit. When operated on the principle of the

SHUUERSTAT (long thermostatic valve)
connected to the engine cooling system with

Bourdon tube, the temperature gage is acutuated
by pressure from a bulb, which is screwed into
the water jacket of the engine. The heat of the

hoses or pipes that allow the engines coolant to
130
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water vaporizes the liquid in the bulb, arid the
vapors flow through a capillary, which is a. very
small tube connecting the bulb to the gage. The

geaterthe heat, the more vapor given off, the
greater the pressure, and the higher the
temperature indicated on the gage.

When installing the temperature gage or
repairing other parts of the engine, be careful not
to kink the tube connecting the gage and
sending unit. Although it looks like an ordinary
wire, this tube contains the fluid which operates
the gage

unit on the instrument panel. A

damaged temperature gage must be replaced as a

whole unit and cannot be repaired in the shop.
Some vehicles are equipped with an electric
temperature gage. The higher temperature, the
greater the current passing through the coils to

the indicating unit, which in turn moves the
needle to register the engine temperature.

neglected. However, the requirements of modern
liquid-cooled engines and the severe conditions
under which they often operate make it
necessary that the cooling system be maintained
at maximum efficiency. This is particularly true
in the case of V-8 engines, especially the larger
ones, because of the increase in the heat
generated and the slight margin of safety
provided by the design of the cooling system. In

fact, only a slight loss in circulation or cooling
efficiency can be critical, especially when the
vehicle is loaded with power equipment, which
places an additional load on the engine at idle or
in slow traffic on hot days. In view of this, it is
essential that proper inspection and servicing be

accomplished to keep the cooling system in
good condition. In this portion of our study,
you will be introduced

to several service

operations pertaining to the system, including
cleaning and flushing, rust prevention, use of
antifreeze, and cooling system testing.

Coolants and
Antifreeze

Cleaning and
Flushing

Since water is easily obtained, cheap, and
has the ability to transfer heat readily, it has

Accumulations of rust and scale in the
cooling system eventually restrict the circulation
of coolant, and the engine is likely to overheat.

served as a basic coolant for many years. Some

properties of water, such as its boiling point,
freezing point, and natural corrosive action on
metals, limit its, usefulness as a coolant. To
counteract thiS, an antifreeze is used The most
commonly used type of antifreeze is ethylene
glycol. It is chemically compounded of a
mixture of ethylene and glycerine derivatives
and is manufactured under many trade names.
Maximum freezing protection is achieved by
mixing. 60% ethylene glycol with 40% water.
This will protect the cooling system to about
-62°F. Ethylene glycol has a very high boiling
point, does not evaporate easily, is noncorrosive
and practically nonflammable.

A good cleaning compound can be used to
overcome this condition. In using the
compound, you Must be careful to follow the
manufacturer's instructions. Following this, the

system should be neutralized, since cleaners
contain strong acids which, if not completely
removed, attack parts of the cooling system.
CAUTION:

Avoid spilling any cleaning

compound on the skin, clothing, or vehicle
paint.

Some

manufacturers recommend

reverse-flushing; i.e., forcing

water and air

through the system in the direction opposite to
SERVICING THE
LIQUID-COOLING SYSTEM

Because the effects or damages that result
from an improperly serviced cooling system
unially'occur graduWly, this system tends to be

normal circulation. This tends to loosen the
scale and flush italong with any sedimentout
of the system.

Some CM shops are equipped with
reverse-flushing equipment. It usually consists of
a flushing gun device similar to that shown in

CONSTRUCTION MECHANIC 3 & 2

figure 5-9. In the figure, a gun is being used on

the radiator which has been filled with water
and the cap installed. Notice that the lower
radiator hose has been disconnected from the
water pump and that the gun is used to force
water and air through this hose and into the
radiator. The air pressure is applied
intermittently to loosen scale and sediment

WATER HOSE

-FLUSHING GUN

CLAMP
CLAMP

OUTLET ELBOW
THERMOSTAT REMOVED

better. Excessive air pressure should be avoided
to prevent damage to the radiator. Starting and
stop_ ping

the waterflow produces a fluctuation

of pressure and tends to loosen all foreign
matter clinging to the water passages in the
radiator core. As shown in the figure, the upper
hose has been disconnected from the engine so
that the water can be directed to the ground or
floor drains.
Reverse-flushing equipment can also be used,

as shown in figure 5-10, to reverse-flush the
engine block and head. First, remove the
thermostat and disconnect the upper radiator
hose between the water outlet and the radiator.
Then disconnect the lower radiator hose at the

Figure 5--1O.

81.522
Reverse flushing of water jackets.

water pump and insert the flushing equipment in
the upper radiator hose. Reverse-flush the

system by sending water and air through the
water jackets and coolant passages. Following
flushing, the thermostat and hoses can be
replaced

and the system refilled. Where
reverse-flushing equipment is unavailable, you
can still

reverse-flush

the

system with an

ordinary garden hose. This is often effective
following the use of a cleaner and neutralizer.
Preventing Rust

Rust is the result of iron and oxygen present
in the system and it can only be controlled by
manintaining full-strength corrosion protection
at all times. An indication of the presence of
rust, scale, or grease can be obtained by running
your finger around the inside of the filler neck

of the radiator. The grease and rust deposits
collected on your finger will show if this
servicing is required.

The use of inhibitors or rust preventives
reduces the corrosion of metals and prevents the

formation of scale. Inhibitors are not cleaners
and do not remove rust or scale already formed.

Treating the cooling system with an inhibitor
consists of adding it to the coolant. The

81.521
F'

Reverse flushing of radiator.
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inhibitor should be renewed periodically,
especially if the system has been recently

Table 5-1.Permanent Antifreeze Needed Per Gallon of
Cooling System Capacity.

cleaned or flushed. Permanent type antifreeze
contains an inhibitor so that during cold weather
a separate inhibitor need not be used. Inhibitor
in the required amount should always be used in

Protection to:

the cooling system after antifreeze has been
drained. The required amount of inhibitor is
indicated on the container and depends on the

+10°F

cooling system capacity.
Using Antifreeze

Permanent antifreeze of the ethylene glycol
type is used to protect the cooling system during
cold weather. Before installing antifreeze in the

system, you should check for leaks and, if

2

0°F

2 3/4

-10°F

3 1/4

-20°F

3 1/2

-30°F

4

-40°F

4 1/4

-50°F

4 1/2
4 3/4

-60°F

necessary, clean and flush the cooling system.
Also, you should check the thermostat, pressure
cap, and all hoses. If the system has a radiator

Pints

overflow tank, you should rinse it by filling with
water and then completely draining.

containing 60 percent ethylene glycol and 40
percent water. In other words, up to a point the
water acts as an "antifreeze" for the ethylene

After filling the system to about one-third
capacity with water, you are ready to add the

glycol.

After adding the required amount of
antifreeze, you should fill the system with clean

antifreeze.' But just how much antifreeze should
you use? This will depend on the capacity of the
cooling system and the lowest expected
temperature. The system should be protected to
at least 10° below the lowest expected
temperature. Table 5-1 indicates the number of
pints of permanent antifreeze needed per gallon
of cooling system capacity to afford protection
to the various temperatures listed. Thus, if your

water, leaving room for the expansion, and
operate the engine to mix the solution. Then
add water, if necessary, to bring the coolant
level to that prescribed for the vehicle. You
should then stop the engine and check the
solution with an antifreeze hydrometerto be
discussed laterin order to make sure the system
is protected to the desired temperature.

cooling system (with heater) had a capacity of
22 quarts (5 1/2 gallons), you would need to use
approximately 18 pints (2 1/4 gallons) of
antifreeze to afford adequate protection to

Most modem high compression engines,
especially those equipped with air-conditioning,

require the use of antifreeze year round for
efficient cooling system and engine

-10°F or 19 1/4 pints (slightly over 2 3/8

gallons) to protect to -20°F. In this connection,
you should note that the maximum protection
available is obtained by using about 4 3/4 pints
of ethylene glycol for each gallon of the cooling
system capacity. This means that the solution
would then contain about 60 percent ethylene
glycol by volume to protect to -60°F. When you
attempt to use a greater proportion of antifreeze

performance.
Cooling System
Testing

than this, littleif anyadvantage results. The
reason is that a straight ethylene glycol (100

It is often necessary to check the cooling
system for leaks that are hard to find. Leaks in
the cooling system should not be permitted to

percent) affords less protection than one

continue, since boiling and overheating will tend
133
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to occur, resulting in breaking down the oil film
and possibly damaging the engine. Air will be

drawn into the system if leaks are present

between the radiator and water pump, causing
foaming and loss of coolant as well as
accelerating rusting and corrosion. To check for
such leaks, connect a hose to the overflow pipe
and place the other end of the hose in a pail of
water. If the system is full and the warmed -up
engine is running, any air drawn into the system

will be indicated by bubbling in the pail of
water. Air leaks are usually corrected by
tightening the hose clamps of the hose

connecting the radiator to the water pump or
replacing the hose if necessary. The trouble also

may be caused by a leaking water pump or
exhaust gas leakage.

you can determine which bank is at fault by
disconnecting the spark plug leads from one
bank and running the engine on the other. The
combustion leak is in the bank furnishing the
power when the pressure fluctuates. To
determine which cylinder is leaking, disconnect

the spark plug wires one at a time and observe
the tester dial. When the plug wire is removed
from the leaking cylinder, the indicator will stop
fluctuating. If more than one cylinder leaks,
removing the

plug lead from an offending

cylinder will cause the fluctuation to become
less frequent. If tightening the cylinder head to
specifications does not stop the leak, replace the
head gasket and recheck for leakage.
The radiator pressure tester can also be used

to test the radiator pressure cap by using an

Exhaust gas leaking into the cooling system,

usually as a result of a leaking cylinder head
gasket, will result in damage to the system due
to the action of acids formed in the system. To
check for exhaust gas leakage, remove the fan
belt, upper radiator hose, and thermostat. Then
drain out some coolant until its level is just
above the top of the cylinder head. Then if the
engine is accelerated quickly several times,
exhaust gas leakage will generally reveal itself by

adapter provided for this purpose. The adapter is

screwed onto the tower end of the tester, and
the pressure cap is installed on the other end of
the adapter. The cap rubber gasket should be
wet to insure an airtight seal. Then by applying
air pressure as specified for the particular cap,
you can determine if it is capable of retaining
the pressure as it should.
Another tester used with cooling systems is

the ANTIFREEZE HYDROMETER which is
used to determine if adequate protection against
freezing is afforded by the antifreeze solution in
use. This hydrometer shows the specific gravity
of the solution, thus giving you an indication of
what percentage of the solution is water and
what percentage is ethylene glycol. Then by

bubbling at the thermostat outlet or by a rise in

coolant level beyond that caused by normal
coolant expansion.

A radiator pressure tester can also be used to

check for leaks. The device is installed on the
radiator filler neck in place of the pressure cap.

referring to a chart, which corrects for the

coolant temperature, you can determine if
additional compound should be added to the

Then air presSure is applied and the gage
observed for a pressure drop which would

system. The accuracy of the tester can be

indicate a leak. Pressure should not exceed that
recommended by the manufacturer. On a system
with a 14-pound pressure cap, for example, do
not apply more than 15 psi. If the leak cannot be

checked by taking a test reading of a mixture
containing one part anitfreeze compound and
two parts water, which should test to 0°F. The
tester manufacturer's instructions should be
followed for proper use and care of the
hydrometer. Accurate readings are not possible
if the float and the inside of the glass barrel are

located externally, inspect the engine oil to
determine whether coolant is leaking into the
crankcase due to a cracked cylir ler block or
leaking head gasket.

dirty.
Before reading the tester, you should fill and

To check for compression or combustion
leakage, run the engine until it reaches normal
operating temperature. Then pressurize the
system with the engine running. Fluctuating

empty the hydrometer barrel several times in
order to equalize the temperature of Al parts.
First read the first number or letter on the float

pressure as the engine is accelerated indicates a
combustion leak. In the case of a V-8 engine,

above the surface of the liquid and then note the
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solution temperature from the first division or
number above the top of the indicating column
of the thermometer. These two readings should

with a torque wrench is essential for preventing

be made at the same time and as soon as possible

replaced.

leaks around the head gasket. It this fails to
correct the difficulty, the gasket must be

after drawing the solution into the hydrometer.
The freezing protection of the solution is
determined from float and thermometer
readings by referring them to the chart on the
hydrometer. Tests will be inaccurate if made
immediately after adding water or antifreeze.
Most antifreeze hydrometers give best reading
accuracy at solution temperatures around
110°F. Even with hydrometers designed to read
at solution temperatures below 0°F, tests should
always be made with the temperature of coolant
above 60°F, if possible, because the solution is
more viscous when cold. This condition prevents
the float from finding its true level quickly and

Radiator

The radiator should be checked for leaks,
particularly where the tanks are soldered to the
core, since vibration and pulsation from pressure

can cause fatigue of soldered joints or seams.
Neglect of small leaks may result in complete
radiator failure, excessive leakage, rust clogging,
and overheating difficulties. Thus, it is
extremely important to keep the radiator

mounting properly adjusted and tight at

may result in a false float reading.

marks or watermarks below the leak on the
outside of the core. Contrary to popular
conceptions, permanent antifreeze does not leak

REPAIRING COOLING
SYSTEM COMPONENTS

through spaces where water won't pass. What
actually occurs is that the antifreeze leak is more
noticeable, since it does not evaporate as quickly

The individual components of the cooling
system

which require servicing

all

times and to detect and correct even the smallest
leaks. A leak usually reveals its presence by scale

as water. Often, small leaks can be effectively
mended by using one of several commercially
available radiator sealers (powders or
liquid-solder compounds) which harden upon
contact with the air, thus sealing off any small

and repair

include the water jacket in the cylinder block
and head, radiator, hoses, water pump, fan and
belt, and thermostat. Repair of these
components will be discussed separately.
fan

openings. Leaks can also be repaired by ordinary

soldering. When large leaks or considerable
damage is present, removal of the radiator for

Water Jacket

extensive
required.

Some maintenance aspects in connection
with the water jacket have already been
discussed, including cleaning and preventing rust
and corrosion. But where water jackets are badly

repair or replacement

is

usually

Bent fins should be straightened and the
radiator core checked for any obstructions

clogged and do not respond to regular or

tending to restrict the airflow. Radiator air
passages can be cleaned by blowing them out
with an airhose in the direction opposite to the
ordinary flow of air. Water can also be used to

reverse-flushing, some of the core hole plugs can

be removed from the cylinder block and head.
With a suitable length of small copper tubing
attached to the flushing gun nuzzle, the water
jacket can be flushed through the openings. New
plugs should then be installed. Any plugs which
show signs of leaking or rusting must be
replaced. All drain plugs should be kept free of

soften obstructions before applying the airblast.
In any event, the cleaning gets rid of dirt, bugs,
leaves, siraw, and other debris which otherwise
would clog the radiator and reduce its cooling
efficiency. Sometimes screens are used in front
of radiator cores to prevent this type of

rust and scale. Gaskets must be in good

condition to prevent both internal and external
leaks. If there are external leaks around gaskets,
there may also be internal leaks into the engine.
Proper tightening of the head bolts or capscrews

clogging.

The radiator can be checked for internal
clogging by removing the hose connections and
135
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elrainling the radiator. Then introduce a stream of

water into the top from a garden hose and

observe the flow corning out at the bottom. If
the flow IS sluggish, the radiator is partially
clogged, Another way to check for this
condition is to feel the radiator with your hand
after the engine has been operated for some
time. The radiator should be warm at the
bottom and hot at the top, with the temperature
Increasing uniformly from bottom to top. Any
ed sections will feel cool.

el

CAUTION: Be sure the engine is not running
when ITIalcing this test to avoid injury from the
fan,

engine coolant to boil over. Therefore, all old,
cracked, or spongy hose should be replaced as
soon as the condition is discovered. The lower
radiator hose is a particular suspect because it is
on the vacuum side of the pump. When this hose
becomes soft with age, it tends to collapse, with
the result just described. You can check such
hoses as well as others by squeezing them; if

they are "mushy" they should be replaced.

However, where spiral spring stiffeners are used
to control the tendency to collapse, such a test

will not work and the hose will need to
removed for inspection.

be

Water Pump
Where

use

of cleaning compounds and

reverse-ihishing fails to relieve a clogged core,

Normally, the water pump requires little in

cleaning, This requires the removal of upper and

the way of maintenance in day-to-day operation.
Nearly all water pumps use sealed bearings, so
that even lubrication service has been

the radiator must be removed for mechanical
lower tanks and rodding out the accumulated
nist and scale from the water passages of the
core.

Thy radiator pressure cap should also be
r condition and proper operation. If
it is arty, the cap can be cleaned with soap and
Checked

Water and then rinsed. The seating surfaces of

the vacuum and pressure valves should be
tooth and undamaged. The valves should
Aerate freely when pressed against their spring
Pressures and should seal properly when closed.
BY using the pressure tester, you can quickly
check the cap for proper operation.

RIl hoses and tubing should be checked
uentlY for leakage and general condition.

of a pressure surge.

Whether a defective pump is replaced or

and cause overheating- Any restriction in the
radiator slows circulation so that the suction of
the water pump creates a low-pressure pocket,
water

to

replacement or rebuilding. Pumping capacity can

a buildup of rust or mineral deposits on the

become lodged in the radiator, tending to clog it

the

bearings or other defects. It will then require

impellers or vanes. The pump operation can be
checked with the engine running by squeezing
the upper radiator hose to ascertain the presence

preclude future troubles. For example, hoses
solnetirnes rot on the inside, allowing tiny
attstients to flow through the system and

permit

by replacing the pump gasket. However, after
long service, the pump may develop a leak
around the shaft or become noisy due to worn

Sometimes a pump may cease to circulate
coolant because of eroded impellers or vanes or

leakage may often be corrected by
ghtening or replacing the hose clamps.
Deteriorated hoses should be replaced to

tc)

also quite common, may sometimes be corrected

be reduced as a result of edge wear of impeller
blades and wear of the pump housing caused by
abrasive action of sand or rust in the system.

Hoses

tanoing

eliminated. However, where provided,. the air
vent at the top of the housing and the drain hole
at the bottom should be checked to make sure
they are not plugged with grease or dirt.
Pumping failures are most often caused by a
broken or loose drive belt, requiring that the
belt be replaced or adjusted. Leaks, which are

rebuilt depends on parts supply and cost. Repair
kits are sometimes available for rebuilding water
pumps. In most cases, however, it is more
economical simply to replace the pump. In fact,
there are some pumps for which repair kits are

convert

ediatelY to steam and perhaps cause the
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not made. In any event, the removal and

Thermostat

installation procedures, as well as the rebuilding
procedure (if applicable), will vary on different
pumps. Therefore, the applicable shop manual
must be consulted for the step-by-step
procedures and any specifications, clearances,
tolerances, and so on, pertinent to the job.

made on the ordinary thermostat. The unit must
be replaced if it fails to operate properly. The

There are no repairs or adjustments to be
temperature at which the thermostat opens is
very important and should be tested whenever
the cooling system operating temperature
indicates the need. To remove the thermostat,

When you replace a pump, install a new

drain the coolant until its level is below the
thermostat, remove the hose connecting the
thermostat outlet to the radiator if necessary,

gasket.. Make sure the mating surfaces are clean

and smooth. The application of sealer to both
sides of the gasket is often recommended. Then
after refilling the system, the pump should be
checked for leaks, noise, and proper operation.

and remove the outlet retaining capscrews. The

thermostat can then be removed and checked
for condition and operation. If it is excessively

rusted or bent, or if the valve is not tightly

Fan and Belt

closed, the thermostat must be discarded.

If the thermostat appears to be in good

A bent or distorted fan or one with a loose

condition, its operation can be tested as shown
in figure 5-11. The thermostat is suspended in a
container of water together with a
high-temperature thermometer. Then by heating
the container on a stove or hotplate, the
temperature at which the thermostat begins to

blade should be replaced. Where the fan is
merely loose on its mounting, tightening is in
order. Loose fan belts can be adjusted for proper
tension, usually by shifting the generator on its

mounting. A common method for measuring
belt tension is to press down on the belt at a
point midway between the generator and fan
pulley; then measure the amount of deflection.
The amount of deflection will vary and should
be set to the manufacturer's specification. The
amount of deflection will depend on whether
the belt is new or used and the distance between
the pulleys.

A belt adjustment that is just tight enough
to prevent slipping may be considered correct. A

belt that is too tight can cause the generator
or alternator bearing to wear rapidly. A belt that

is too loose may squeak when the engine is
accelerating. When a belt is misalined, a squeak
may occur at idle speed. Correction can be made
by using spacers on the accessories or by filing
brackets. However, if the squeak is caused by a

nonuniform groove or eccentric pulley, the
pulley should be replaced.

Replacement of a defective belt is usually
made by loosening the generator mounting bolts
and the generator adjusting arm and moving the
generator closer to the engine. The belt can then
be removed over the fan and a new one installed
and adjusted.

81.523
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open, as well as the full-open temperature, can
be determined. If the thermostat fails to respond
at specified temperatures, it should be discarded.
Specifications vary on different vehicles, but on
one popular make, the opening temperature is
1800 to 185°F, and the full-open temperature is
200° to 202° F. If the tests are satisfactory, the
thermostat can be reinstalled. A new gasketor
gaskets in the case of some V-8 enginesshould

be used and the capscrews tightened to the
specified torque. Then the cooling system can be
filled and the engine operated to check for leaks
as well as proper thermostat action.

You should now have a good understanding

of the service and repair requirements that

valve

tappets, gears, drives, couplings, and

bearings are the main parts which must be
lubricated to guard against friction.
Helping to cool the engine is another
function of the lubrication system. The oil goes
through some very hot regions in the engine, and
heat is absorbed by the oil, thus raising the oil

temperature. The heat so absorbed is carried
back to the oil pan, from which it is dissipated
into the surrounding air.
Other purposes of lubricating oil are:
absorbing shocks between bearings and other
engine parts; forming a seal between piston rings
and

cylinder wall; and helping to clean the

pertain to cooling systems in general. However,
it is good to remember that specific procedures

engine parts.

or those peculiar to the system on a particular
vehicle will require reference to the applicable
manufacturer's or other technical publication.

As a shock-absorbing agent, oil around the
piston bearings and journals acts as a cushion
against the jars they receive from the
harnmerlike blows of the thrusts of the piston. A

load of as much as one and a quarter tons is
suddenly thrown upon the top of the piston
when combustion takes place. This sudden

ENO IE LUBRICATION
SYSTEMS

Nearly all internal combustion engines are
equipped with an internal lubrication system.
Without lubrication, an engine would quickly
overheat, and its working parts would seize or
stick because of excessive friction. All the
moving parts must be adequately lubricated to
assure minimum wear and long engine life. With

this in mind, we will explain the purposes of

lubrication,

the

function

of the

different

components found in lubrication systems, the
different types of systems in use today, and the
maintenance requirements of representative
systems.

thrust on the piston is carried through the piston
pin and connecting rod bearings. Oil helps quiet
the piston movement and reduces the wear of its
parts.

Piston rings must form a gastight seal with
the cylinder walls. The lubricating oil delivered
to the cylinder walls helps in this respect. The
oil film also provides lubrication of the ring_ s so

that they can move easily in the piston ring

grooves and on the cylinder walls.

As oil circulates through the engine, it tends
wash off and carry dirt, particles of carbon,

and other foreign matter into the crankcase,
where the larger particles drop to the bottom of

PURPOSES OF
LUBRICATION

The primary function of engine lubrication

is to reduce friction between moving parts.
Lubrication supplies a thin film of oil which
prevents metal-to-metal contact, thus greatly
reducing friction. The crankshaft, connecting
rods, bearings, pistons, piston rings, valve stems,

the pan. The oil filter removes many of the
smaller particles.

LUBRICATION SYSTEM
COMPONENTS

All modern engines are lubricated under
pressure. The oil supply is carried in the oil pan
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attached to the underside of the crankcase, from

of restrictions in the system caused by closely
mated parts in the engine and pump. The gear

network of tubes, pipes, and drilled passages by

pump may be driven directly from the camshaft
or indirectly by the distributor.

which it is drawn up and forced through a

the oil pump. The other main components of
the system include the oil pressure gage, oil
strainer, oil filter, oil level gage, and oil

The ROTARY pump (fig. 5-13) has an inner

temperature regulator (oil cooler).

rotor with lobes that match similar . shaped
depressions in the outer rotor. The inner rotor is

Oil Plump

offcenter from the outer rotor. As the inner
rotor turns, it turns the outer rotor with it. As

The oil pump is the heart of the engine
lubricating system. Depending on the type of
engine, the pump will be mounted either inside
or outside the crankcase. The two common

the two rotors turn, the openings between them

are filled with oil. This oil is forced out from
between the rotors as the inner rotor lobes enter
the opening in the outer rotor. As you can see in
figure 5-13 the inner rotor lobes have'very little
clearance as they approach the discharge. This
allows the oil to be pressurized prior to

types of oil pumps generally used in automotive
engines are the gear and the rotary.

discharge.

The GEAR pump (fig. 5-12) consists of two

pump gears mounted within a close fitting

As a safety factor to assure sufficient oil

One of these two pump gears is driven
by the pump's drive shaft which in turn actuates
housing.

delivery under extreme operating conditions, the
oil pump is designed to supply a greater amount

the other gear mounted on a stub shaft. The two

of oil than is normally needed for adequate

gears are in mesh and rotate in opposite
directions. Oil is picked up in the spaces

lubrication. This requires that an oil pressure
relief valve, usually incorporated in the pump, as

between the gear teeth and the housing. This oil
is then carried around to the pump outlet where
it is discharged. Pressure is developed because

shown in figures 5-12 and 5-13, be used in the
to prevent excessive oil pressure,
especially at high speeds or when the oil is cold.
system

relief valve has a springloaded ball or
plunger that is forced off its seat when the
The

PUMP GEAR

INLET
SIDE

desired pressure, which ranges ftorn 30 to 50 psi,
is reached, allowing the excess oil to be delivered

PUMP BODY

DRIVI

'OUTLET

EAR

SIDE
PRESSURE RELIEF
VALVE

RELIEF VALVE
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Figure 5-1

Figure 5-13. Rotary oil pump.

Gear oiI pump.
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to the inlet side of the pump or to return to the

2

crankcase through a drilled passage.

pan, where dirt, water, and sludge are likely to
collect. The strainer screen is held to the float
by a holding clip and the up or down movement

Oil Pressure Gage

of the float is limited b_ y stops.

The pressure gage is mounted on the
instrument panel of the vehicle. Marked off on a
dial in psi, the gage indicates how regularly and
evenly the oil is being delivered to all vital parts
of the engine, and warns of any stoppages in this
delivery. Pressure gages may be MECHANICAL

or ELECTRICAL. In the mechanical type, the
gage on the instrument panel is connected to an
oil line tapped into the main oil supply passage
leading from the pump. The pressure of the oil
in the system acts on a diaphragm within the
gage, causing a needle to register on a dial. In the
electrical type, the oil pressure operates a device

on the engine which signals electrically to the
pressure gage which indicates the oil pressure.

Some of the vehicles brought into the shop
will not be equipped with an oil pressure gage,
but will have electrically operated warning lights

on the instrument panel, which flash on and
remain lighted to indicate low oil pressures.

The F IX ED STRAINER is simply an
inverted funnel-like device, as shown in figure
5-14, placed about 1/2 inch to 1 inch from the
bottom of the oil pan. Thus, any sludge or dirt
accumulation in

the bottom of the pan

is

prevented from circulating through the system.
The assembly is attached solidly to the oil pump
in a fixed position.
Oil Filte

The oil cleaner, or filter, is placed in the oil
line beyond the pump and is usually mounted
on the engine in an accessible location. The
average automotive engine uses a single filter
while larger engines, especially diesel, use banks
of two or more filters.

The filter cleans the oil and removes most of
the impurities that were picked up by the oil as
it circulated through the engine. The filter is

connected so that part of all of the oil passes

Oil Strainers

Most engines use at least one oil strainer or
screen in the lubrication system. The strainer
must have a mesh suitable for straining out
undesirable particles from the oil and yet pass a
sufficient quantity of oil to the inlet side of the

through it each time the oil is circulated through
the engine. Some oil filters have washable filter
elements and some have replaceable elements or
cartridges, while still others require replacement
or the entire assembly.
OIL LEVEL

pump. The strainer is located so that all oil

OIL UMP

entering the pump from the oil pan must flow

through

it.

Some

screen

assemblies

also

incorporate a safety valve which opens in the
event the screen becomes clogged, thus by-

LOWER
CRANKCASE

passing oil to the pump. Strainer assemblies may
be either the floating or the fixed type.

OIL
INLET
SHIELD

The FLOATING STRAINER has a sealed air

chamber, is lunged to the oil pump inlet, and
floats just below the top of the oil. As the oil

OIL INLET SCREEN-S

level changes, the floating intake will rise or fall
accordingly. Thus, all oil taken into the pump
comes from the surface. This prevents the pump

DRAIN
PLUG

81.112

from drawing oil from the bottom of the oil

Figure 5-14.Fixed oil strainer.
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The elements themselves may be either

enters the filter and flows through the filter

metallic or nonmetallic. The metallic elements

element. It then passes into the metal perforated
collector in the center of the filter. The filtered
oil then flows out the outlet, which is restricted
to prevent loss of pressure. After passing
through the restriction, the oil either returns to
the crankcase directly or by way of the timing

are made of bronze and are more or

less

permanent, since they are washable, Nonmetallic
filter elements are composed of paper or a

composition of paper and other materials, and
must be replaced periodically.

gears,

rocker arms, or other parts needing

FULL FLOW FILTERS (fig. 5-15) are
designed to filter the full oil output of the
pump. This type of filter strains all of the oil

lubrication. Where the return oil is used for
lubricating such parts, a bypass valve must be
used to assure circulation in the event the filter

before it is distributed to the engine.

becomes

clogged. A drain

plug is usually

incorporated in the bottom of the filter case for

With the full flow type filter, a relief or

sludge removal.

bypass valve must be provided to allow the oil to

flow around the filter in the event the filter

Oil Level Gage

becomes clogged. This valve opens when the
back pressure caused by clogging becomes
greater than the tension of the valve spring. The
engine is thus assured an adequate supply of oil

in case of filter failure. The bypass valve

The oil level gage, known also as a dipstick,

is usually of the bayonet type. It consists of a
long rod or blade that extends into the oil pan.

is

incorporated in the filter assembly or located in
the engine block near the filter.

It is marked to show EMPTY, LOW, and FULL,
or sometimes just LOW and FULL or FULL and
ADD. Readings are taken by pulling the rod out
from its normal place in the crankcase, wiping it
clean, replacing it, and again removing and

PARTIAL FLOW FILTERS (fig. 5-16) strain

only a small amount of the oil being circulated
by the pump. The oil from the main oil gallery

noting the height of the oil on the lower or

FULL FLOW FILTER WITH

FULL FLOW FILTER WITH
BY-PASS IN FILTER

BYPASS IN SYSTEM

_RELIEF VALVE
(Opens when
pressure exceeds

OIL PRESSURE

a

GAUGE

RELIEF
VALVE
SEAT
BEARING

OIL PRESSURE
aUGE

Xt-Zi-,z \\Van

OIL _

BEARING

.EXCESS

L

RETURN

EXCESS olL
RETURN

21.388X
1

Full flow Mar&
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BY -PASS YSTEM

OIL PRESSURE
GAUGE

FILTER INLET
FILTER

TAKEN FROM MAIN
OIL GALLERY

PRESSURE
REGULATING
VALVE

OIL

R

RESTRICTION
IN FILTER
METERS FLOW
TO PREVENT
LOSS OF Oil.
PRESSURE
CRANKCASE

RETURN LINE

RETURN

(RETURN
OIL PUMP

ti7X

Figure 5.16. -Partial flow filter.

marked end. This should be done with the
engine

stopped unless the manufacturer
recommends otherwise. It is very important that
the oil level not drop below the LOW mark orrise above the FULL mark.

81.116
Figure 5-17.Oil temperature regulator (cooler).

Oil Temperature
Regulator

TYPES OF LUBRICATION

The oil temperature regulator, found mostly
in diesel engine lubricating systems, prevents the

Now that you are familar with the
lubrication system in general, you are ready to
study the_different methods used to.circulate oil
through the engine, The systems used to
circulate oil are known as splash, combination

SYSTEMS

temperature of the oil from rising too high in
hot weather. The regulator unit (fig. 15-17),
which makes use of the water in the cooling
system, is made up of a core and a houshig. The
core, through which the oil circulates, is exposed
to the water which circulates ihrough the
housing. As the oil passes through the regulator,

splash force-feed, force-feed, and full force-feed.
Splash

it is either cooled or heated, depending on the
temperature of the water in the cooling system.

In the splash system, dippers on the
connecting rods enter the oil in the crankcase

From the regulator the oil enters the oil passages
that lead to the engine parts.

with each revolution of the crankshaft and
splash oil to the upper parts of the engine. The

Some military vehicles use an oil cooler

oil thus thrown upward in droplets and mist

which consists of a radiator through which air is
circulated by movement of the vehicle and the

provides lubrication for the valve mechanisms,
piston pins, and other moving parts. The splash

cooling fan. This radiator, through which oil

system is rarely found on modem engines,

passes to and from the oil pan through the

because its lubricating effect is too uncertain to
meet today's heavy operating demands. On a full

engine passages,, acts only to cool the oil.
-142
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nkcase it could mean overlubrication and
-roybq,fmt

waste of oil, while on a partly filled crankcase
could cause inadequate lubrication and failure

vg 7

0,10

the engine.
woo

Combination Splash
Force-Feed

iilvag.

The combination splash force-feed system
(fig. 5-18), as the term implies, depends on oil
splash and pressure to accomplish engine
lubrication. The oil pump forces oil under

pressure to the main and camshaft bearings and
the valve mechanisms. But the connecting rods,
the pistons, piston pins, and cylinder walls are

lubricated by dippers splashing oil into the
troughs underneath the connecting rod bearing
caps. These troughs are kept filled by the oil

81

Figure

17

F rcefood lubrication system.

pump, which delivers the oil through nozzles.

bearings, which in turn feed the oil into drilled
passages in the crankshaft. From these passages
it flows through holes in the connecting rods.
The cylinder walls, pistons, and piston pins are

Force-Feed

The force-feed (or pressure-feed) system (fig.
5-19) forces oil from the crankcase to the main
bearings, camshaft bearings, and connecting rod
bearings. The oil enters a line or a channel from

lubricated by the

oil

thrown off from the

connecting rods,

the pump and then flows to the crankshaft
Full Force -Feed

In the full force-feed system (fig. 5-20) all
bearings, as well as the pistons and piston pins,

are lubricated by oil under pressure from the
pump. Oil enters the crankshaft oil passages,
passes to the connecting rod bearings, enters
holes drilled in the connecting rods, goes up
through the rod passages to the piston pin
bearings, and helps lubricate both the pistons
and the cylinder walls.
LUBRICATION SYSTEM
NIAINTENANCE

As a 3rd or 2nd class mechanic, you will be
Figure 5-18.-- Combination spa

required

81.118
d lubrication

to maintain the engine lubrication

system. This maintenance normally consists of
changing the oil and filters. Occasionally you

system.
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not drain readily, and foreign matter will tend to
stick to the sides of the oil pan when the engine
is cold. Usually the filter elements are changed
at the time the oil is changed in the crankcase.
On new engines it may be changed after the first
500 or 1000 miles; according to the
manufacturer's instructions; or according to
shop policy. The filter element should

4

be

replaced by the type recommended by the
manufacturer. Be sure to remove the old gasket
and make sure that the new gasket under the
cover or in the crankcase is properly fitted.

In replacing the filter element, remove the

drain plug from the bottom of the housing.
Next, remove the cover by loosening the center
bolt or clamp. Now lift out the old element, and
81119
Figure

force-feed lubrication

m.

might be required to perform such maintenance
tasks as replacing lines and fittings, servicing the
oil pump and relief valve, and flushing the
system. The following discussion provides
information which will aid you in carry_ ing out
these duties.
Oil and
Filter Change

Whenever the engine oil feels gritty when
rubbed between your fingers or has no body, it
has lost its lubricating qualities and should be
changed. In any case, oil and filter changes are
made in accordance with PH schedules. On most
of your equipment the grade and quantity of the
oil to be used will be found on a plate or chart

the cab. The oil should be changed more
frequently in cold weather and in vehicles
in

operated under dusty or other very unfavorable
conditions. Your chief or leading petty officer
will give you specific directions about oil
changes on such vehicles.

Drain the oil only after the engine has been
run and is warmed up. This warrnup period will

thin the oil and stir up the sludge and foreign
matter in the oil pan. Cold oil is thick and will

wipe the inside of the housing with .a clean
cloth. Sonic filter housings do not have drain
plugs. Therefore, you must first remove the
cover; next remove the filter element and take
out the dirty oil with a siphon gun; and then
wipe the inside of the housing with a clean
tintless cloth. Remove all traces of dirt or lint
which remain inside. Install the new element.
Finally, replace the drain plug and the cover,
using a new gasket, or just the gasket and cover
on filter housing without drain plugs.

On the type of filter that does not have a
replaceable element, disconnect the oil lines to
the old filter, dismount the filter, install the new
one, and reconnect the oil lines.

The screw-on type of filter, which is
disposable, has an integral gasket. Installation

instructions are printed right on the filter or
included in the carton. The greatest danger with
this filter is installing it too tight.
After filling the oil pan with new oil,

recheck the oil level to be certain that the oil
column reaches the FULL marking on the

dipstick. Then run the engine for a few minutes
to insure no leaks exists, particularly around the
oil filter housing and the oil drain plug. Get into
the habit of looking at the ground or pavement
over which a vehicle has been parked, for any oil
spots that may indicate leakage.
Ordinarily, low oil pressure readings may be
due to thin or diluted oil, excessive heating, an
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improper grade of oil, or a low oil level in the oil

pan. If no pressure shows, or if the pressure is
erratic even after replacing the old oil with new
of the proper grade, a defective oil gage may be
the cause. If so, it is usually better to replace the
entire gage unit than attempt repairs.

Persistent low pressure readings or a zero
reading could point to trouble in the oil pump.
While a complete failure of the oil pump is rare,
any wear of its moving parts is likely to impair
its efficiency.

Oil Pump
and Relief Valve
Service on oil pumps and most relief valves is
rat her limited, since they are relatively

trouble-free. An oil pump will often still be
operating effectively when the vehicle is ready
for salvage. Thus, when low oil pressure or lack
of oil pressure develops, you should not
immediately assume that the pump is at fault.

More commonly, the trouble is caused by an
inaccurate or inoperative oil pressure gage, oil of
too low viscosity, high engine operating
temperatures, cracked or clogged lines or
screens, or a malfunctioning relief valve.

High pressure readings may be observed
while the engine is warming up in cold weather,
before the oil has reached operating

temperature. After a brief warmup period the
indicator should return to normal. A

however, where the oil pump is found to be at
fault, it will be necessary to remove it and either
repair or replace it Most often the pump is
replaced with a new or factory rebuilt pump.

gage

persistent high pressure points to the possibility

of a clogged oil line or a poorly operating
pressure relief valve.

To replace the oil pump, it is first necessary
to determine its location and method of drive.
The pump may be located either in the oil pan
or outside on the lower part of the crankcase,
and driven either directly by the camshaft or
indirectly via the distributor shaft. Those driven
indirectly from the distributor shaft are easily
replaced regardless or their location. The
directly driven pumps, on the other hand, pose a

Servicing Oil Line
Fittings, and Strai
Oil lines and fittings must be maintained f;(3

as to correct leakage and loss of oil pressure.
lines we leaking at connections,
correction can often be made by tightening the
fittings or couplings, being sure to use two
wrenches as with fuel lines. Leaks in a line,
whether flexible or rigid, require replacement of
the line. Lines showing evidence of cracks or
deterioration should also be replaced.

Whe re

problem, since they usually drive the distributor.

The procedure for removing and replacing a
pump of this type is outlined in the vehicle's
maintenance manuals. The quickest way to find
out how an engine's pump is driven is to check

the manual, The next best and most expedient
method is to lift the distributor and look at its
shaft. If it has a gear, it drives the pump, and
removal of the pump will not affect timirig. On
the other hand, if it has a slot or driving lug
instead of a gear, it's driven by the pump shaft.
The general procedure in the latter case is to
remove the distributor cap and crank the engine
until the rotor is aimed at No.1 cylinder. Aline
the tinting marks (flywheel or crankshaft front
pulley). Then proceed with the removal of the
oil pump. In replacing the pump, simply index
its drive gear so that the clutch or driving lug on
the distributor and pump shafts will aline and
mesh without movement of the distributor shaft
(or at least with a minimum of movement). If it

It is most essential that the oil strainer be
kept clean to permit free flow of oil to the
pump. The need for cleaning is sometimes
indicated by lowered oil pressure. When cleaning

a strainer, you should note any deposits, since
they may furnish valuable clues as to the engine
condition. Metal bearing particles, for example,
indicate

deterioration

of some bearing or

journal. To service the strainer, remove the of
pan; clean the fine -mesh bronze strainer using
solvent and a brush; and then dry with
compressed air. If the screen is damaged, it must

be replaced. In the case of the floating type
strainer, you should also make sure it is not
binding.
145
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moves, the ignition must be retirned. Under no
circumstances should you. ever drive or force an
oil pump into or out of place. Instead, find out
what is holding it; a safety pin or burr on a
casting are the most frequent causes. Also, when
replacing either the gear OT rotary pump, you
should always fill the pumping chamber with oil.
The pumps need that oil to effect a positive seal

and to pthne them. A new gasket should be
used and the retaining screws tightened as

specified.

Cleaning and adjusting is all that is usually
required on the relief valve, although some types

are nonadjustable. A relief valve is cleaned to
prevent or to cure sticking. Mae plunger or valve

must be free to move one way or the other
under pressure from the oil or spring. A relief
valve may be adjusted in one of two ways. It
may be done with an adjusting screw (having a
jam or locknut) which either adds or relieves
pressure on the spring, CM it may be done by
adding or removing shims or by replacing the
spring with one of a different strength. In either
case,

you should follow the manufacturer's

flushed the engine on jeep B, most of the sludge
carbon buildup was removed, leaving
excessive clearance between parts. So remember,
periodic flushing will aid in prolonging engineand

life.

The object of flushing is to remove as much
carbon, sludge, metal particles, dirt, and so on,
as possible. Don't expect to get it all; the most
you do is get the bulk of it. Before attempting
to flush an engine, remove the filter element,
clean the filter case thoroughly, and reinstall the
cover. In the case of some of the modern engines
using throwaway filter units, you can use an
adapter cover in place of the filter or burn out a
discarded filter unit (removing all the filter
element and cleaning out the ashes) and use the
case. Another alternative is to use a new
throwaway cartridge for flushing and then
replace it before filling the crankcase with new

oil. This is somewhat expensive but is quite
effective.

The next preparatory to flushing is to drain

recommendations.

the engine oil, making sure the engine is hot, like
you do when making a regular oil change. Then

Flushing
the System

replace the drain plug and mix and pour the
flushing compound into the engine. The most
common flushing compounds consist of a
regular lubricating oil mixed with an equal
quantity of either diesel fuel (No.
or 2),
1

Flushing the lubrication system is designed

to keep an engine clean, but can have an
undesirable_ effect if used on an old engine which

has never been flushed. For example, let us
compare two jeeps (A ea l3) that have
accumulated 50,000 miles each. Let's assume

kerosene, pr solvent. Do NOT use straight diesel
fuel, kerosene, or solvent to flush an engine.

The compound must be thoroughly mixed in
a container before it is poured into the engine.
The crankcase is normally overfilled by 51 to 25

percent. For example, a 6-quart system should

that jeep A has had an engine flush every other
oil change while jeep B has never h.adne. If you
give both jeeps a good flushing now, jeep B will
probably develop what is known as a "loose
engine." The engine may rattle, blow smoke and
leak oil. The reason for this is th.at jeep A had

have about 8 quarts of compound used for
flushing. Flushing may also be accomplished
with additives. To use these, you perform a
regular oil change, refilling with a lightweight oil

and then pouring in the additive compound.
Normally, 1 quart of compound is added per 5
quarts of crankcase capacity. This varies, so
follow the instructions provided. For example,
one manufacturer recommends flushing only

most of its sludge and carbon removed as it

accumulated, leaving the parts clean and free to
operate., Jeep B, ,on the other hand, was allowed
to accumulate all this sludge and carbon. This
accumulation wore metal away on rings, valve
stems, and so on, and literally replaced the worn
away metal with sludge and carbon. When you

with a good grade of SAE lOW engine oil.

Proceed by starting the engine and operating
at a fast idle for from 5 to 20 minutes. With the
146
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lighter oil, the engine will sound noisier than
usual. 'While the engine is running, you should

constantly monitor or watch the ,oil pressure
ge. There will be a noticeable drop in oil
pressure. However, if there is a considerable
drop in pressure, immediately stop the engine.

147

By the same token, if there is a sudden and
marked increase in pressure, stop the engine,
since this indicates clogging of an oil line. This
would require cleaning all the oil passages.

Always check with your supervisor about
whether an engine needs flushing or no t.

CHAPTER 6

AUTOMOTIVE ELECTRICITY: PART I
The electrical systems on equipment used by

the Navy are designed to perform a variety of
functions. Some electrical systems may have
only one circuit while the more complex ones
could contain the five circuits illustrated in
figure 6-1. In this chapter we will discuss the
charging circuit components in detail. The
remaining circuits illustrated in figure 6-1 will be
discussed in chapter 7.

To understand the electrical equipment
described in this training manual, you must be
familiar with the fundamentals of magnetism

and the flow of current. Chapter 2 of Basic
Electricity,

10086-B, contains a
detailed explanation of electrical theory. Only a
brief review of some of the principles of
electricity will be given in this chapter so that
you may have a better understanding of how
and why automotive electrical units function the
way they do. Unless you have a clear
understanding of the fundamentals of
electricity, you will find it difficult to
understand and service the various electrical
units in this chapter and the one which follows.
NAV-PERS

talk of electric current, we mean electrons in
motion.

When electrons flow in one direction only,
the current is called DIRECT CURRENT (d).

A direct current is the movement of free
electrons from atom to atom along the
conductor. The electrons flow out of the

negative terminal of the source, through the
load, and back to the positive terminal. The
circuit is completed through the source, and the

direction of current is always one way in all
parts of the circuit,

An ALTERNATING CURRENT (a-c)
consists of electrons that move first in one
direction and then in the other. This may sound
like

a contradiction of the electron theory.

However, in alternating current, the positive
terminal and the negative terminal of the source
actually change polarity as the direction of the
electron flow changes. In standard 60-cycle

house current, for instance, the positive and
negative terminals of the source will change
polarity 60 times in 1 second.
CONDUCTORS

ELECTRIC CURRENT

Conductors permit the motion of a large
of electrons. Copper is a good
conductor because it has many free electrons.
Electrical energy is transferred through
conductors by electrons that are freed from
number

Early scientists assumed the direction of
electric current to be from a
positively charged terminal to a negatively
charged terminal.

flow of an

their orbits and travel from atom to atom inside
the conductor. Each electron moves a very short
distance to a nearby atom, where it replaces one
or more electrons by forcing them out of their
orbits. The replaced electrons repeat the process
on other nearby atoms until the electrons are in

The present day theory is referred to as the
ELECTRON THEORY. According to the
electron theory, electric current flow is a
movement of electrons within a conductor
moving from the negative to the positive
terminal of an electrical circuit. Thus, when we

motion throughout the entire length of the
148
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IGNITION CIRCUIT

ACCESSORY CIRCUIT

CHARGING -CIRCUIT

STARTING CIRCUIT

LIGHTING CIRCUIT
81.120

Figure 6 -1. Electrical circuits.

conductor. The greater the number of electrons
that can be made to move in a material under
the application of a given force, the better are
the conductive qualities of that material. Silver,
copper, aluminum, zinc, brass, and iron are all
good conductors of electrons, and therefore of

electrons in motion. lvlaterials that do not have
many free electrons are called poor conductors,
nonconductors, or insulators. Actually, there is
no sharp line between conductors and insulators,
since electron motion is known to exist to some
extent in all matter. Electricians simply use the

electricity.

best conductors to carry current where it is
wanted and the poorest conductors to keep

INSULATORS

current from unwanted places.

In contrast to good conductors, some
substances, such as rubber, glass, and dry wood
have very few free electrons. In these materials

AMPERAGE AND VOLTAGE

much energy must be spent to set the free

M amperes. While we normally consider that one

Current flow, or electron flow, is measured
149
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If the resistance stays the same but the

ampere is a rather small current of electricity (it

about what a 100-watt light bulb would

voltage increases, the amperage also increases.

draw), it is actually a tremendous flow of
electrons. More than 6 billion electrons a second
required to make up one ampere.

This is a condition that might occur if a
generator voltage regulator became defective. In

is

wire

Before an electric current can flow through a
there must be a source of electric

"pressure," just as you must have a pump to
build up water pressure before water will flow
through a pipe. This electric pressure is known
as ELECTROMOTIVE FORCE (emf) or voltage.

This force may be supplied by a generator or
storage battery.

The higher the voltage goes, the greater the
ctron imbalance becomes within the current.
The greater this electron imbalance, the harder
the

push on the electrons (more electrons

repelling each other) and the greater the current
of electrons in the circuit. When there are many
electrons concentrated at the negative terminal
of a generator (with corresponding lack of
electrons at the positive terminal), there is a
much stronger repelling force on the electrons
and, consequently, many more electrons moving
in the wire. This is exactly the same as saying

that the higher the voltage, the more electric
current will flow in a circuit, all other things,

such a case, there would be nothing to hold the
generator voltage within limits, and the voltage
might increase excessively. This would force
excessive amounts of current through various
circuits and cause serious damage. If too much

current were to go through the light bulb

filaments, for example, the filaments would
overheat and burn out. Also, other electrical

do.lces probably would be damaged.

On the other hand, if the voltage is reduced,
the amount of current flowing in a circuit will
also be reduced if the resistance stays the same.
For example, with a rundown storage battery,
battery voltage will drop excessively with a
heavy discharge. When you try to start an engine
with a rundown storage battery, the voltage will

drop so low that it cannot push enough current
through the cranking motor for effective starting
of the engine.
MAGNETISM

There are many facts relating to magnetic

such as resistance, being equal.

forces and many applications of magnetic
principles which are responsible for the
improvements made in electrical systems.

RESISTANCE

Without the effects of magnetism, there would
be no generators for charging batteries or motors

Even though a copper wire will conduct
electricity with relative ease, it still offers
resistance to the flow. It takes force (or voltage)

for starting engines.

to move the electrons along the wire. This
resistance to electron (or current) flow is
expressed in ohms. The resistance of a wire
varies according to its length, diameter,

MAGNETIC FIELD

The property or condition of space around a

composition, and temperature.

magnet is called a magnetic field. Within the

Many electrical troubles on automotive
equipment result from increased resistance in
circuits due to bad connections, deteriorated

magnetic field there is a force exerted upon any
piece of magnetic material that is placed in
proximity to the magnet. If you were to place a

piece of glass on top of a bar magnet, then

wiring, dirty or burned contacts in switches, and

forth. With any of these conditions, the

sprinkle iron filings on the glass, you would see

resistance of the circuit goes up and the ampere
flow through that circuit goes down. Bad
contact points in the ignition circuit will reduce
current flow in the circuit and cause weak sparks
at the spark plugs.

that the filings would be arranged in curved

so

lines.

(See

fig.

6-2.)

These

curved

lines,

extending from the two poles of the magnet
(north and south), follow the MAGNETIC
LINES OF FORCE surrounding the magnet.
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each case notice how the lines of force curve and
pass from the north to the south pole.

When two unlike magnetic poles are brought

together, they attract. But when like magnetic
poles are brought together, they repel. Other
important characteristics of magnetic lines of
force are that they cannot be insulated, and they
will never cross each other. They cannot be seen
or felt, but they are ever present.
ELECTROMAGNETISM

41.4(2713)

Figure 6-2.Magnetic lines of force of a bar magnet as
shown by iron filings.

This behavior is characteristic of all types of
magnets. The paths through which these lines of

force flow are known as magnetic circuits or
magnetic lines of force.
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the lines of force will circle the two loops (Fig.
6-5). In the area between the adjacent loops, the
magnetic lines are going_ in opposite directions.

out. The lines of force circle the two loops
almost as though they were a single loop.

I.U..(..

----

in figure 6-4. In a straight wire the magnetic
lines of force merely circle the wire, but in
figure 6-4 they must follow the curve of the
wire. If two loops are made in the conductor,

In such a case, since they are of the same
strength (from the same amount of current

The magnetic fields of a bar and of a
horseshoe magnet are shown in figure 6-3. In

1

An electric current always produces a
magnetic field. The magnetic field produced by
current flowing in a single loop of wire is shown

I

I

41.6
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Figure 6-3.Magnetic fields of a bar and horseshoe

Figure 6-4Magnetic field in a loop of wire =Tying

magnet.

Current.
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However, the lines of force will be twice as
strong since the lines of force of the two loops

The field coils of generators and cranking

combine.

motors, the coils in electric gages, even the
windings in a motor armature can be considered

When many loops of wire are formed into a
coil as shown in figure 6-6, the lines of force of

magnetism by electrical means.

all loops combine into a pattern that greatly
resembles the magnetic field surrounding a bar
magnet. Fixing an iron core in the coil increases

the intensity of this magnetic force. Such a
configuration is called an electromagnet.

to be electromagnets. All of these produce

ELECTROMAGNETIC INDUCTION

Current can be induced to flow in a
conductor if it is moved through a magnetic
field. In figure 6-7, the wire is moved downward

through the magnetic field between the two
magnetic poles. As it moves downward, cutting

lines of force, current is induced in it. The
reason for this is that the lines of force resist
cutting, and tend to wrap around the core as
shown. With Lines of force wrapping around the

wire, current is induced. The wire movement
through the magnetic field produces a magnetic

"whirl" around the wire, which pushes the
electrons along the wire.

If the wire is held stationary and the
magnetic field is moved, the effect is the same.

All that is required is that there be relative
movement between the conductor and the
magnetic lines of force to produce enough
to
conductor.
voltage

is field in
of wire.

the

electrons along the

The magnetic field can be moved by moving
the magnet. Or, if the magnetic field is from an
electromagnet, it can be moved by starting and
stopping the current flow in the electrornag

81.123

Figure 6-5.

move

two adjoining loops

Suppose you had an electromagnet such ae
one shown in figure 6-6, and held a wire close-to t:4-

ft When you connect the electromagnet to.-a
battery, current will start to flow through it.
This current, as it flows, builds up a magnetic
field. This magnetic field might be considered to

expand and move out from the electromagnet.
As the lines of force move out, they will be cut
by the wire. This wire will therefore have
current induced in it. If the electromagnet is
disconnected from the battery, these lines of
force will disappear and current will stop
flowing in the wire.

It can be seen now that current can be

41.6(810)
Figure &B. tlliagnetic field in an electromagnet.

induced in a wire by three methods: (1) the wire
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WIRE

0

Figure 6-7.Current Induced by

can be moved through the stationary magnetic
field (the principle applied in a d-c generator, (2)
the wire can be held stationary and the magnet
can be moved so the field is carried past the wire
(the principle applied in an a-c generator), or (3)

the wire and electromagnet can both be held
stationary and the current turned on and off to
cause the magnetic field to build up and collapse
so that the magnetic field moves one way or the
other across the wire (the principle applied in an
ignition coil).

4
rornegnetic induction.

BATTERY CONSTRUCTION

A typical lead-acid storage battery is shown
in figure 6-8. Like most batteries it consists of a

molded container with individual cell
compartments, cell elements, cell connectors,
cell covers, terminal posts, and vented filler caps.
CELL
CONNECTOR

SEALING
CONFOUND

STORAGE BATTERY

The storage battery is the heart of the
charging circuit. The type used in automotive,
construction, and weight-handling equipment is
a lead-acid cell-type battery. It is not a storage
tank for electricity but actually stores energy in
a chemical form. The battery acts as a stabilizer
to the voltage of the electrical system and may,
for a limited time, furnish current when the
electrical demands of the vehicle exceed the
generator output.

Active materials within the battery react
chemically to produce a flow of direct current
whenever lights, cranking motor, or other
current consuming devices are connected to the
battery posts. This current is produced by
chemical reaction between the active materials

stoIMEN

srAca

POSITI

PLAT

of the plates and the sulfuric acid of the

81.1

electrolyte.

Figure 6-8.-
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The container is made of molded hard
rubber, plastic, or bituminous material. It must
withstand shock and vibration as well as the heat
of the engine compartment. Each cell
compartment has rests to support the elements
and space for an adequate supply of electrolyte,
An area between the element rests allows for
any material from the elements to settle without
contacting the elements and causing an internal
short.

BATTERY RATINGS

Storage batteries are rated by their
their AMPERE-HOUR

VOLTAGE and

CAPACITY. Each cell has a rated output of

approximately 2.0 volts per cell. To get higher
voltage from the battery, just connect more cells
in series. The common storage battery comes in
multiples of 2 volts, such as 6-volt and 12-volt.

The cell elements contain two kinds of lead
plates, known as positive and negative. These
plates are insulated from each other by suitable
separators made of microporous, nonconductor
material (usually porous rubber or spun glass)
and are submerged in a sulfuric acid solution

Standard automotive batteries have a
20-hour discharge rate. The 20-hour discharge
rate of a battery is equal to the constant current
in amperes which the battery, starting with an

(electrolyte).

voltage has dropped to the low voltage limit at

The newer designs of batteries have a single
cover that extends over all cells. In many of the

example, a battery rated by the manufacturer as
a 6-volt 120-ampere-hour (Ah) capacity would
be discharged at 1/20 of 120 or 6 amperes, until
the voltage has dropped to its specified limiting
voltage. The number of hours required for the

initial electrolyte temperature of 80°F, can
supply continuously for 20 hours before the
which the discharge should be stopped. For

batteries only the filler caps and the terminal
posts protrude from the cover. In other batteries
having a single cover, only the filler caps extend
above the cover; the terminal posts extend
through the side. The latest designs of batteries
are the so-called maintenance-free batteries
which have no means of checking the electrolyte
or adding water.

discharge (20) multiplied by the rate of 6

amperes would give you a battery rating of 120

ampere-hours. The voltage and ampere-hour

rating of a battery may be stamped on the
battery case.

As a storage battery discharges, the sulfuric
acid is depleted and the electrolyte is gradually

BA iVERY CAPACITY

converted into water. This action provides a
guide in determining the state of discharge of

The capacity of a battery is measured in

the lead-acid cell. The electrolyte that is usually

The ampere-hour capacity is

placed in a lead-acid battery has a specific
gravity of 1.350 or less. Generally, the specific

ampere-hours.

equal to the product of the current in amperes
and the time in hours during which the battery
is supplying this current. The ampere-hour
capacity varies inversely with the discharge

gravity of the electrolyte in Navy portable
batteries is adjusted between 1.210 and 1.280,
but may be as high as 1.300.

current. The size of a cell is determined
generally by its ampere-hour capacity. The

The specific gravity of an electrolyte is

capacity of a cell depends upon many factors,
the most important of which are (1) the area of
the plates in contact with the electrolyte; (2) the
quantity and specific gravity of the electrolyte;
(3) the type of separators; (4) the general
condition of the battery (degree of sulfating,
plates buckled, separators warped, sediment in
bottom of cells, and so forth); and (5) the final

actually a measure of its density. The electrolyte
becomes less dense as its temperature rises, and
more dense as its temperature falls. Thus, a high
temperature means a low specific gravity and a
low temperature means a high specific gravity.
The hydrometer that you use is marked to read

specific gravity at only one temperature 80°F.
Under normal conditions the temperature of
your electrolyte will not vary much from this

limiting voltage.
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mark. However, large changes in temperature
require a correction in your reading.

For EVERY I 0-degree change in
temperature above 80°F, you must ADD 0.004
to your specific gxavity reading. For EVERY
10-degree change in temperature BELOW 80°F,
you must SUBTRACT 0.004 from you specific
gravity reading. Suppose you have just taken the
gravity reading of a cell. The hydrometer reads
1.280. A thermometer in the cell indicates an
electrolyte temperature of 60°F. That is a
difference of 20 degrees from the normal of

80° F To get the true gravity reading you must
subt.,_-t 0.008 from I .28L Thus the specific
gravity of the cell is actually 1.272. A
hydrometer conversion chart similar to the one
shown in figure 6-9 is usually found on the
hydrometer. From it you can obtain the specific

gravity correction for temperature changes
above or below 80°F.

BATTERY CHARGING

A hydrometer reading below 1.240 specific

gravity at 80°F is a danger signal, and if
obtained, the battery should be removed and
charged. Except in extremely warm climates,
never allow the specific gravity to drop below
1.225; in tropical climates this reading indicates
a fully charged battery.

Recharge immediately a =down battery
which is brought into the shop. There are several

methods for charging batteries; only direct
current is used with each method. If only

alternating current is available, a rectifier or
motor generator must be used to convert to
direct current The two principal methods of
charging are (1) constant current, and (2)
constant voltage (constant potential). Constant

IRO.

current charging may be used on a single battery

014

or a number of batteries in series. Constant

JO'

potential

charging is used with batteries
connected in parallel. (A parallel circuit has

010

00

004
DOR

more than one path between the two source

terminals; a series circuit is a one-path circuit.)
You know both methods, although the latter is
more often used.

NORMAL- 6

Constant Current Charging
With the constant current method, the
battery is connected to a charging device that
supplies a steady flow of current. The charging

device has a rectifier (a gas-filled bulb or a series
of chemical disks), which allows the cu rent to
flow only one way; thus, the alternating current
is, changed into direct current. A rheostat
(resistor for regulating current) of some kind is

usually built into the charger so that you can

=Mt

adjust the amount of current flow to the

battery. Once the rheostat is set, the amount of
current remains constant. The usual charging
rate is 1 amp per positive plate per cell. Thus, a
21-plate battery (which has 10 positive plates
per cell) should have .a charging rate no greater
than 10 amps. When using this method of
charging a battery, you should check the battery
Figure 6--9. Hydrometer conversion

frequently, particularly near the end of the
charging period. When the battery is gassing

chaff
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freely and the specific gravity remains constant
for 2 hours, you can assume that the battery will
take no more charge.
The main disadvantage of constant current
charging

THE CHARGING CURRENT

is

REMAINS AT A STEADY VALUE UNLESS
YOU CHANGE IT A battery charged with too
high a current rate will overheat and damage the

plates, making the battery useless. Do NOT
allow the battery temperature to excedd 1100

most cases, slightly larger than the negative post.
Insure all connections are tight.

See that the vent holes are clear and

dirt out of the cells.
4. Check the

electrolyte level before
during charging. Add
distilled water if the level of electrolyte is below
the top of the plate.
5. Keep the charging room well ventilated.
DO NOT SMOKE NEAR BATTERIES BEING
CHARGED. Batteries on charge release

constant potential charging, is usually done with

motor-generator set. The motor drives a
generator (similar to a generator on a vehicle);
this generator produces current to charge the
battery. The voltage in this type of system is
usually held constant. With a constant voltage,
the charging rate to a low battery will be high.
But as the battery approaches full charge, the
opposing voltage of the battery goes up so that
it more strongly opposes the charging current.
This opposition to the charging current indicates
that a smaller charging is needed. As the battery
approaches full charge, the charging voltage
decreases. This lessens the ability to maintain a
charging current to the battery. As a result, the
charging current tapers off to a very low value
by the time the battery is fully charged. This is
the principle of operation of the generator and

charging

a

and

explosion.
6. Take frequent hydrometer readings of
each cell and record them. You can expect the
specific gravity to rise during the charge. If it
does riot rise, remove the battery and dispose of
it as instructed by your chief. Except for minor
external repairs, batteries are seldom repaired in

the maintenance shop.
7. Keep a close watch for excessive gassing,

especially at the very beginning of the charge
when using the constant voltage method.

Good Charging Practices

Reduce the charging current if excessive gassing
Some gassing is normal and aids in
remixing the electrolyte.

easy to connect the battery to the

charger, turn the charging current on, and, after

8.

a normal charging period, turn the charging
current off and remove the battery, Certain
necessary

begins

hydrogen gas. A small spark may cause an

voltage regulator on a vehicle.

are

battery terminals are connected
properly; connect positive post to positive (+)
terminal and negative post to negative (-)
terminal. The positive terminals of both battery
and charger are marked; those unmarked are
negative. The positive post of the battery is, in

spraying onto the top of the battery and keeps

Constant voltage charging, also known as

however,

Connect the battery to the charger. Be
the

open. DO NOT REMOVE VENT PLUGS
DURING CHARGING. This prevents acid from

Constant Voltage Charging

precautions,

2.

sure

3.

while charging.

It is
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Do not remove a battery until it has

been completely charged.

both

BEFORE and DURING the charging period.

SELF - DISCHARGE

They are:
I. Clean and inspect the battery thoroughly

Discharge takes

before placing it on charge. Use a solution of

place in wet, lead-acid

storage batteries even when they are not in use.
The rate of discharge varies with temperature
an d specific gravity of the electrolyte.
Self-discharge changes the specific gravity of the
electrolyte, just as normal discharge does.

baking soda and water for cleaning; and inspect
for cracks or breaks in the container.
CAUTION: Do not permit the soda and water

solution to enter the cells. To do so would

Inactive charged batteries should be checked

neutralize the acid within the electrolyte.
156

/

Chapter 6 AIJTt MOTIVE ELECTRICITY: PART I
periodically and recharged if necessary. This is
especially important in cold weather to prevent
freezing. At 1.100 specific gravity the
electrolyte freezes at 18°F; at 1.220 it freezes
at -31 F. A fully charged battery (specific
gravity 1.285) will not normally freeze until the
temperature reaches approximately -95°F.
PLACING NEW

BATTERIES IN SERVICE
New batteries may come to your unit full of
electrolyte and fully charged. In this case, all
that is necessary is to properly install the
batteries in the equipment. Most batteries

more than .030 points lower than it
e
time of initial filling, or if one or more cells gas
violently after adding the electrolyte, the
battery should be fully charged before use. If
the electrolyte reading fails to rise during
charging; discard the battery.
Most shops receive ready-mixed electrolyte.
Some units may still get concentrated sulfuric
acid that must be mixed with distilled water in
order to get the proper specific gravity for
electrolyte.
MIXING ELECTROLYTE is a dangerous
job. You have probably seen holes appear in a
uniform for no apparent reason. Later you

shipped to SEABEE units, however, are received
charged and dry.

remembered replacing a storage battery and
having carelessly brushed against the battery.

Charged and dry batteries will retain their
state of full charge indefinitely so long as

When mixing electrolyte, you are handling pure

moisture

is not allowed to enter the

cells.

Therefore, batteries should be stored in a dry
place. Moisture and air entering the cells will
allow the negative plates to oxidize, thus losing
their charge.

To activate a dry battery, remove he
restrictors from the vents and remove the vent

caps. Then fill all the cells to proper level with
electrolyte. Best results are obtained when the
temperature of battery and electrolyte is within
the range of 60°F to 80°F. Some gassing will
occur while you are filling the battery due to the

release of carbon dioxide, a product of the

drying process, or hydrogen sulfide, caused by
the presence of some free sulfur. Therefore, the
filling operations should be in a well-ventilated
area. These gases arid odors are normal and are
no cause for alarm.
Approximately 5 minutes after adding

electrolyte the battery should be checked for
voltage and electrolyte strength. More than 6

volts or more than 12 volts, depending upon the
rated voltage of the battery, indicates the
battery is ready for service. From 5 to 6 volts or
from 10 to 12 vorF indicates oxidized negative
plates and the battery ihotll ci be charged before
use. Less than 5 or less than 10 volts, depending
upon the rated voltage, indieates a bad battery
which should not be place ti eiservice.

sulfuric acid which can burn clothing quickly
and severely burn your hands and face. Always
wear rubber gloves, an apron, and goggles for
protection against splashes or accidental spilling.
If you or one of your men is accidentally burned
by acid, keep calm and apply FIRST AID. First,

-douse the burned area with large amounts of
water to remove most of the acid. Then apply a
solution of baking soda and water, or ammonia

and water, to neutralize any remaining acid.
Check, in immediately to the nearest dispensary
for further treatment.

New batteries may be accompanied by acid
of 1.835 specific gravity or electrolyte of 1.400
specific gravity. It will be necessary to dilute
these with distilled water to reduce the
electrolyte to the proper specific gravity for the

climate in which the battery will be used. If
distilled water is not available, use rainwater

which has been stored in nonmetallic containers.
The container in which the acid is diluted should
be made of glass, earthenware, or lead. Such a
container will resist acid and the heat generated
during the mixing operation.
When mixing, NEVER POUR WATER INTO

THE ACID. ALWAYS POUR A.C1D INTO
WATER. If water is added to cor=eentrated

sulfuric acid, the mixture may explode or

splatter and cause severe burns. Pour the acid
the water slowly. stirring= °put hr but

CONSTRUCTION

Figure 6-10 shows you how much water and

to mix for obtaining a certain specific
gravity. For example, an electrolyte of 1.300
acid

specific gravity is produced by mixing live parts
of water to two parts of acid, when starting with

1.835 specific gravity acid. If you use 1.400
specific gravity acid, two parts water and five
parts acid will give the same results.
Let

the mixed electrolyte cool to room

temperature before adding it to the battery cells.

Hot electrolyte will eat up the cell plates
rapidly. To be on the safe side, do not add the
electrolyte if its temperature is above 90°F.
After filling the battery cells, let the electrolyte
cool again because more heat is generated by its

contact with the battery plates. Next, take
hydrometer readings.

The. specific gravity of the electrolyte will
correspond quite closely to the values on the
mixing chart if the parts of water and acid are
mixed correctly.
BATTERY MAINTENANCE
AND TESTING

Battery maintenance and testing should

always begin with a thorough visual inspection.

Look for signs of corrision on or around the
battery. Clean the top of the battery with a stiff
bristle brush being careful that the particles you
Using 1.835

Sp. Gr. Acid
Specific
Gravity
Desired

1.400
1.345
1.300
1.290
1.275
1.250
1.225
1.200

Parts

Using 1.400

Parts

Parts

of

of

Water

Acid

Water

8

3

11

4
4

13
11

13

Parts

of
Acid

1

7

2
9

5

11

3
1

13

brush off do not get on your skin or clothing.

Wipe the top of the battery off with a cloth
moistened with either ammonia or baking soda
dissolved in water; be careful

not to allow

cleaning solution to enter the battery.
Remove the cables and inspect the terminal

posts to see if they are deformed or broken.
Clean the terminal posts and the inside surfaces
of the cable clamps before replacing them on the
terminal posts. Inspect the battery holder
(cradle) and the battery holddown device.
Inspect the battery for a cracked or bulging case
and the sealing compound on top of the battery
for leaks or cracks.

Remove the vent cap from each cell and
check the electrolyte level of the battery. Make
sure the vents in the vent caps are free of any
obstructions.

The state of charge may be tested with a
hydrometer or a light load tester." The light
load or open circuit voltage (OCV) tester is an
electrical substitute for the hydrometer and is
especially convenient when the electrolyte is
low. It is fast and simple to use. It is nothing
more than an expanded scale voltmeter with
readings from 1.85 volts to 2.25 volts. If a
battery has been receiving a charge it will have a
surface charge that will cause the cell voltage to
be abnormally high. Remove the surface charge

by turning on the headlights or some other
electrical unit for approximately
before making a light load test.
If the battery has been on

Sp. Gr. Acid

of

ECHANIC

20
20
4
1

10

minute

1

discharge

immediately prior to testing, it must be allowed
to stand long enough to stabilize before making
the test; otherwise, an abnormally low reading
will be obtained.

The procedure for testing the battery state
of charge will be given on the dial of the tester
or in the manufacturer's manual for the tester
you have.

The battery load test is recommended by
most battery manufactuers. This test indicates
how well the battery will perform under normal
cranking load conditions. A BATTERYSTARTER tester is the instrument used to make
41_ !-
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proper operating procedures for the type
of tester you have available. Improper operation
of electrical test equipment may result in serious
damage to the test equipment or the unit being
tested.

voltage

BATTERY SHOP SAFETY

have occurred in the Navy from electrical shock

Ventilation of the battery shop is important
to your well-being. Make sure there is sufficient

ventilation to carry off fumes before they can
cause any ill effects. There is also danger of
explosion where ventilation is poor. (See figure

6-II.) Do not smoke or cause a spark in the
battery room. Never connect or remove batteries
while the charger is operating.
If acid splashes in your eyes wash it out with
water. Deluge showers and eye-wash fountains
should be provided in the immediate vicinity of
all battery maintenance and electrolyte handling
operations. When these devices are not available,
make sure you use care in putting water into the
eye. Turn the head to one side in such a position
that the water will drain to the side of the head
and not toward the other eye.

infection. Burns may be caused by contact with
acid or with live equipment.

An idea has become widespread that the

in a 115-volt line

is

too low to be

harmful. Actually, most of the fatalities that
have been due to the victim's contact with a
115-volt line. Even a current as low as 1/5

ampere can be dangerous given the right
conditions of defective insulation or dampness.

Treat every electrical circuit, even those as low
as 35 volts, as a potential source of danger.
If a person comes into contact with a live
circuit, immediately deenergize the circuit. If
this is not possible, use.' 3 wooden stick or pole
to free the person from contact with the
coridw tor.
E1ectni

shock usually will stun the nerve

center at the base of the brain causing the shock
victim to

breathing. Use any approved

mechanical resuscitator to restore breathing, but
do not waste time 'salting for one 13enin at once
to give artificial respiration and continue until
medical aid arrives.

Buns cause shock and infection. Prompt
lessen shock and help prevent

first aid will

GENE!

The generator is a machine which applies the
principle of electromagnetic induction to
convert mechanical energy, supplied by the
engine, into electrical energy. The generator

restores to the battery the energy that has been
used up in cranking the engine. Whether the

energy required for the rest of the electrical
system is supplied directly by the generator, by

battery, or by a combination of both,
depends on the conditions under which the
the

generator is operating.

There are two types of generators used in
automotive, construction, and weight handling
equipment. The d-c generator supplies electrical
energy directly to the battery and/or electrical
system through various regulating devices
(explained later). The a-c generator (alternator)

ST

C

ECHANTle 3

MAGNETIC LINE
OF FORCE

FIELD COIL

INFECT-CURRENT GENERA7OR.
The

(MAGNETIC)

essential parts of

a

direct-current

generator are the armature coil, commutator
with brushes, and a stationary field coil. A
simple d-c generator is illustrated in figure 6-12.
The commutator is a ring split into two

segments, which are insulated from each other
so that no electrical contact is present between
any part of the commutator or armature. The

dial and pointer

BRUSH

ARNATURE COIL

armature turns.

GALVANOMETER

41.9

Figure 6-12.A limp!e dir

in figures 6-12 and 6-13
represent a galvanometer, an instrument for
measuring small amounts of electric current.
Notice how the two brushes are mounted on
opposite sides of the split ring to permit each
brush to be in contact with eac, egrnent as the

u turn

OF.

in view A of figure 6-13, tl a immature is
rotating clockwise; the black segment of the
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arrriature is moving toward the north pole, and
the white segrnent is moving toward the south
pole. 13cth. segments of the armature are parallel
to the lines of force but not cutting across any

line; therefore, no voltage is indicated by the
galv anomie ter .

B, the armature has rotated 90
degrees. Both segments of the armature are
In vievi

cutting across the lines of force and the voltage
is at maximum by the galvanometer.
In views A and C, no lines
force are being
crossed; therefore, we have a -z.zrt) reading on the

galvan'atneter, indicating no ,,,!page. In views B

and b, both segments

f

cutting across the 'hie::
inducing maximum voltage.

the armature are
force, thereby

In studying figure 6-13, note carefully that
in view B, the black brush is in contact with the
black segment of the armature and the white.
brush is in contact with the white segment c,f

the armature; at view C, the black brush :s
slipping off the black segment onto the white,
while at tie same instant the '.vhite brush is
corning into contact with the black segment.

This switching of commutator segments also
switches the segments -.of the armature. In this
way

the BLACK BRUSH IS ALWAYS IN

CONTACT WITH THE SEGMENT MOVING
DOWNVARD and the WHITE BRUSH IS
ALWAYS IV CONTACT WITH THE SEGMENT

OF THE ARMATURE MOVING UPWARD.
Though the current actually reverses itself in the
loop, it always flows in the same direction
(direct current) outside the generator.
Plany loops, or turns, of wire are required in

to the overlapping of power impulses in an
8-cylinder engine.

The purpose of the field windings (field coil)

(fig. 6-14) is to increase the strength of the
magnetic field so that more current will be
induced in the armature windings as the

armature rotates. There are two types of field
circuits, determined by the point at which the
field circuit is pounded. One circuit, referred to
as the "A" circuit, shunts the field current from
insulated brushes through the field winding
grounding externally at the regulator. In the
other, the "B" circuit, the field current is
shunted front the armature series winding in the
regulator to the generator field windings,
grounding internally within the generator.
The three basic design factors that determine

a generator's output are the speed of armature
rotation, the number of armature conductors,
and the strength of the magnetic field. Any one
f these design factors could be used to control
the generator voltage and current. However, the
;;implest method is to determine the strength of
the magnetic field and thus limit the voltage and
current output of the generator.

Generator Output Control
Since the voltage produced in a d-c generator

is dependent upon the amount of current in the
fields and the number of lines of force that are
cut per second, the voltage will naturally
increase with the speed. Regulators are of two
types, functioning to regulate either voltage or

current. The voltage regulator repdates the
voltage in the electric system and prevents

the armature for the generator to produce any
appreciable amount of current and an even flow

excessive voltage, which would cause damage to

pla.,;i; in a generator. Notice that many turns are
used in the armature windings. The windings are
assembled into a soft iron core because the iron
is more permeable (conductive of magnetic lines

beyond the rated output of the generator.

of 6urrerit. Fig= 6-14 shows an armature in

of force) than other substances that could be
I ,e A Ttla

cm

-

the electric units and overcharge the battery_ .
The current regulator is a current limiter; it
prevents the generator output from increasing
Regulation of voltage only might be
satisfactory from
the standpoint of the battery;
.
.
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Figure

ARMATURE

ARMATURE
WINDINGS

4.Sectio

and voltage controls are used in a charging
system.

In most ,,ppGcations, a regulator assembly
consists of a cutout relay, current regulator, and
voltage regulator. Fact' unit contains a separate
core, coil and set of contacts. (See fig. 6-15-)
The regulator assembly provides full control of
the shunt-type generator under all conditions.
Either the current regulator or the voltage
regulator may be operating at any one time, but

in no case do they both operate at the same
time.

POLE
SHOE

FIELD

FAN,

COIL

DRIVE END
HEAD

75.177
I

a d-c 9

voltage is not sufficient to cause the voltage
regulator tk, operate. But if the load

requirements are reduced or the battery begins

to come up to charge, the line voltage will
increase to a value sufficient to cause the voltage

regulator to operate. When this happens, the
generator output is reduced; it is no longer
sufficiently high to cause the current regulator
to operate. All regulation is then dependent on
the voltage regulator.

6-1 6 shows a salematic wiring
diagram of a typical charging circuit. In this
Figure
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CURRENT REGULATOR

VOLTAGE REGULATOR

CUTOUT
RELAY

reduce the generator output as it operates, and it

requires more resistance to reduce the output
than merely to prevent the output from going
beyond the safe maximinn of the generator.

For some special appfications, you may find
GROUND SCREW

a combined current-voltage regulator. In this
case both regulators are combined in a single
unit. The regulator assembly will consist of two
(regulator and circuit breaker) instead of three

ARMATURE
TERMINAL

units.

The regulators just described are known as
electromagnetic vibrating-contact regulators.

The points on the armatures of the regulators
FIELD TERMINAL
BATTERY TERMINAL
2.306
Figure 6-15.Regulator assembly with cover removed.

generator output from exceeding its safe
maximum. When the voltage regulator contact
points open, only one resistance is inserted into

the generator-field circuit, and this provides a
higher value of resistance. The voltage regulator
must employ a higher resistance because it must

BATTERY

CUTOUT
RELAY

CURRENT
REGULATOR

may open and close as many es 300 times in one
order to achieve the desired

second in
regulation.

The TRANSISTOR TYPE REGULATOR is

being used in late model equipment. This
regulator has no moving parts. It consists of
transistors, diodes, condensers, and resistors.
Some models have two filter condensers, while
others have only one.

Adjustments are provided on some types of
regulators and should be made only with the use
of the manufacturer's instructions and the
recommended testing equipment. TRIAL AND

VOLTAGE
REGULATOR

SERIES WINDING

SHUNT
WINDING

GENERATOR

AMMETER
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ERROR METHOD OF REPAIR WILL NOT
WORK.

Generator Mainten

The d-c generator requires periodic cleaning,
brushes and
commutator, and testing of brush spring tension.
In addition, the electrical connections need
attention to insure clean, metal-to-metal contact
and tightness.

lubrication, inspection of

Some generators have lunged cap oilers.
Lubricate these with a few drops of
medium weight oil at each maintenance cycle.
Do not overlubricate, because an excessive
amount of oil can get on the commutator and
prevent the brushes from functioning properly.
Visually and manually inspect the condition
of all starting and charging system cables,
clamps, wires, and terminal connections. See
that the generator drive pulley is tight on the
shaft, and that the drive belt is in good
condition and adjusted to proper tension. Also,
make sure that the starter, generator, and
voltage regulator are securely mounted and have
a good ground.

Remove the cover band, on generators so
equipped, and inspect the inner surface of the
generator cover band for tiny globules of solder.
If any solder is found, the generator is producing
excessive current and has melted the solder used
in connecting the armature wires to the

commutator bars. This condition will require

removal of the generator to repair or replace the
armature.
If no solder is found, inspect the
commutator, brushes, and electrical
connections. If the commutator is dirty or
slightly rough, sand it with number 00
sandpaper or use a special sanding tool. NEVER
use emery cloth on a commutator.

To sand the commutator, wrap the end of a
flat piece of soft wood with a strip of number
00 sandpaper. Then, with the generator in
operation, hold the sandpaper against the
_

.

.

2

than toward, the sandpaper to avoid damaging
the commutator.
Blow clean compressed air through the
interior of the generator to remove any excess
dirt and brush particles. Lift brushes in the
brush holder to see that they are free to operate
and have sufficient tension to prevent arcing and
burning of the commutator and brushes. If the
brushes are worn down to one-half their original
length, replace them.

Some generators in use today are not
equipped with cover bands. They may have open
slots over the commutator or be entirely sealed.
On those with open slots, the commutator can
be sanded through the slots but brush removal

can only be accomplished by removing the
commutator end frame. On sealed units,
maintenance can only
disassembly.

be

performed after

Generator Repair
Automotive generators are

disassembled

only when major repairs are to be made. Other
than cleaning commutators and replacing worn
brushes during periodic maintenance checks on
the vehicle, automotive generators need few
major

repairs during normal service life.
However, if neglected, generators will develop
troubles that cannot be remedied in the field.
Before removing a generator suspected of
being faulty, you should check the battery, as
discussed earlier, and the generator output.

One piece of test equipment used to test
generator output is item 6 in the engine analyzer
set shown in figure 6-17. This kit is organic to all
NRCB shops. Another piece of test equipment

used to test generator output, particularly at
permanent shore stations, is the combination
voltampere tester shown in figure 6-18.

Should it become necessary for you to use

either type of test equipment, refer to the

appropriate manufacturer's manual for generator
out put specifications and proper testing
procedures. If the generator is operating
pro perly, and the battery, wiring, and

ring Case
lbly No. 2
finder Analyzer
3, Assembly No. 2
Assembly No. 1
Lrter-%nition Switch
t)

Llternator Test Kit
park Plug Connector Set
uel Pump Tester
(Part of Model TAT)
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VOLTMETER

`FIELD

NTROL

VOLT SELECTOR

FIELD LEAD

LOAD INCREASE
CONTROL

Exer VOLTS LEADS

2. 2012U)
Figure 6-18.Voltampere tester (VAT).

a new one, However, if the generator does not
produce the specified amperes at the specified
engine revolutions per minute, then it must be
removed from the vehicle and repaired.

GENERATOR DISASSEMBLY.Disassembling the genewor is generally limited to
removing the commutator end frame and drive
end frame so that the armature and bearings can
be removed for testing and inspection. A
disassembled generator is shown in figure 6-19.

The field coils are, tested in the frame, and if
found defective, the field coil and frame
assembly are replaced as a unit.

Although generators differ in size, number

After removing the cover band, carefully

examine

the

generator.

Study

the

brush

arrangement to obtain a mental picture of the
brush lead connections. Make a pencil sketch so
you will know where to replace the wires. Most
generators have marks, either scratched or

center-punched on the adjacent edges of the

frame assembly and end pieces to help in alining
these parts during assembly. If these marks are
not clearly discernible, make new marks.

It is best to place the generator on end when
removing the crri frames, because the bearings

that center the armature are attached to these
frames. This prevents possible damage from the

heavy armature dropping down on the field
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COM

UTATOR END CO FR

FIELD AND FRAME ASSEMBLY

COMMUTATOR END
HEAD ASSEMBLY
BRUSH

OLDER

THRU BOL

DRIVE END HEAD

BALL BEARING

00DRUFF KEY

COMMUTATOR

t=2,

COLLAR

ARMATURE ASSEMBLY

BALL BEARING RETAINER

2.82
Figure 6-19. Disess-

holders and brushes come away with the

commutator end frame. Therefore, in removing
the end frame, see that the brushes have been
taken from the holders so they are not damaged
in sliding off the commutator. NEVER remove
the brushes from the holders by pulling on the
pigtails without first easing the spring tension

iew of a twobrush generator.

resistance in the field coil wire, it should not
burn with normal brilliancy. Normal brilliancy
of the test light bulb indicates a possible short
circuit between the coils of the field. If the light
does not burn, the field is open circuited.

A grounded field coil is found by placing

one test probe on the field terminal and the

against the brushes.

other on the generator frame (fig. 6-21). If the
test lamp lights, the field is grounded. The

TESTING FIELD COILS.To test the
generator field, you must disconnect the

round may he caused by frayed wires at the
coil ends. In most cases, grounds and open
circuits in field coils cannot be satisfactorily

pounded ends from the frame. Place one probe
of the test lamp circuit (fig. 6-20) on the field
terminal end of the coils and the other probe on

repaired. The defective field coil must then be
replaced.

CONSTRUCTION tvIECHANIC

testing a coil having an open circuit. Py
following the manufacturer's instructions in
using the ohmmeter, field coil tests can be made
more quickly and accurately than by using ,a test
lamp circuit.

ARMATURE TEST AND REPAIR..The
armature must be cleaned before it is inspected.

Use compressed air to blow off all loose dirt.
Then use a cloth dampened in a Navy-aiproved
cleaning fluid to wipe off the armature. Do not
allow cleaning fluid to soak into the armature
windings.

Inspect
zee
Figure 6-

Test probes with tart imp.

the

commutator riser

bar

connections for signs of melted solder and the
resulting loosened connections. Small specks of
melted solder, even if the connections are tight,
indicate that the generator has been overheated

from operating at an overload. In order to
eliminate a possible breakdown in the near
future, armatures found in this condition should
be reassembled with the generator.

not

Commutator riser bar connections looSened
front handling or for other reasons, except
overheating, can be soldered. Always use 'rosin
flux in soldering electrical connections Never
use an acid flux as it promotes corrosion.,
Check commutator out-of-round by placing

the armature in V-blocks and using a dial
indicator as shown in figure 6-22. If run -out

L84
Figure 6-2 .Testing field ails for groundp.

OHMMETER. The ohmmeter has test probes
similar to the test lamp circuit. When these test
probes are connected to the field coil ends the
ohmmeter will measure the actual resistance of
the coil. If the specified resistance of a field coil
is given in the manufacturer's manualalso
obtained by measuring a new coilyou can

compare values obtained through tests. For
example, a short-circuited field coil would have

practicadly no resistance and the ohmmeter

2R
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0.001 of an inch, or if the commutator

or has mica insulation sticking up
tween segments, the commutator should be
--.1-4gh

turned down.

When it is necessary to turn down the
commutator, mount the armature in a lathe,
preferably on the armature shaft bearing seats. if
that is impossible, the armature may be

mounted in the lathe on the armature shaft

centers. In turning down a commutator, position

the cutting tool on a 90-degree angle with the
commutator and approximately 1/32 of an inch
below the center line of the armature shaft, (See
fig. 6-21)

When turning down the commutator, take
small cuts and do not remove any more material
than is necessary.

If you have to turn the

2.87

figure 6-24. Undercutting commutator mica

with

undercutter.

commutator down so much that the ends of the
commutator segments are ess than 1/16 of an
inch thick, discard the armature. When the ends
of the segments are less than 1/16 of an inch,
the commutator bars become so thin that they

do not have enough strength to retain their

h.14

shape.

After cutting the commutator, use 00
sandpaper to smooth any burrs that may be left;

then undercut the mica 1/32 of an inch. Mica
can be cut by a rnachii,..:
purpose (1-11,,. 6-24).

:.specially for that
Idercutter is not

COMMUTATOR

START GROOVE IN MICA
WITH 3 CORNERED FILE

COMMUTATOR

UNDERCUT MICA WITH PIECE
OF HACKSAW BLADE

2.88
Figure 6- 25. Undercutting mica with a hacksaw blade.

availaWe, you can use handtoo s and cut the
mica

as

indicated in figure 6-25

Use care M undercutting mica so as not to
widen commutator slots by removing metal
from bars. Do not leave a thin edge of mica next
to the bars. Figure 6-26 shows examples of good
and poor undercutting.
TAKE LIGHT cUT4

There are two practical tests for locating
shorts, opens, and grounds in amatures: the
growler test, and the bar-to-bar test.

To test for short circuits, place the armature

CONSTRUCTION
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ARMATURE WINDINGS

,COMMUTATOR RISERS
MMUTATOR BARS

MICA INSULATION

POOR

DOD

UNDERCUTTING

UNDERCUTTING
Figure 6-26.---G

t end poor erica under

is good) held over the core, as shown in figure
6-27, rotate the armature slowly through a
complete revolution. If a short is present, the
steel strip will become magnetized and vibrate.
To find out whether the asmatvre coils of the
commutator are short circuited, clean between
the commutator segments and repeat the test.
Should the thin metal strip still vibrate, the
armature is short circuited internally and must
be replaced.

Not all armatures can be tested for short
circuits by the method just described. These

armatures can be identified by excessive
vibration of the saw blade all around the
armature during the test. With these armatures,
test for short circuits by using the milliampere

contacts on an a-c milliarnmeter as shown in
figure 6-28. In doing so, keep the armature

stationary in the V-block and move the contacts
around the commutator until the highest reading

is obtained. Then turn the armature to bring
each pair of segments under the contacts arid
read the milliammeter at the same time. The

readings should be nearly the same for each pair
of adjacent bars. If a coil is short circuited_ the

It

rti

2.89

Chapter

AUTOMOTIVE ELECTRICITY: PART I

2.92
2.91

Figure

.Te ing an armature for grounds.

Figure 6-28.Testing an armature for short circuits
with an a-c milliamrneter.

factory-built growlers. (See fig. 6-29.) Place the
armature on the V-block arid touch one of the
test probes to the armature core iron Touch the

CHECK BEFORE GENERATOR

REASSEMBLY. - Before reassembling the
generator, inspect the bearings and bushings. If
they are worn considerably, replace them or
service them according to the manufactuer's

other probe to each commutator segment in
turn. If the armature is grounded, the bulb in
the base of the growler will light. In contacting
armature surfaces with the test probes, do not
touch bearing or commutator brush surfaces.
The arc would burn or pit the smooth finish.
Replace the armature if it is grounded.

In testing individual armature coils for open
circuits, use the test probes as shown in figure
6-30: Place them on the riser part of adjacent
commutator bars, not on the brush surfaces. If

the test lamp does not light, there is a break
somewhere in the coil. Repeat this test on every

pair of adjacent bars. Do this by walking the

TOUCH ADJACENT
RISERS

CONSTRUCTION MECHANIC 3 &
instructions. Clean the bearings by revolving

them in cleaning fluid until all grease and dirt
are removed. Remove the cleaner with
compressed air, However, do not spin the
bearings with the air. The high turning speed

may damage them, and if blown from your
hand, the spinning bearing may injure persons
working near you. After cleaning the bearings,
repack them with grease recommended by the
manufacturer, not ordinary cup grease or chassis

TAKE READING AS ARM LEAVES BRUSH

lubricant.

Replace

HOOK GAGE IN HOLE IN ARM

any

defective insulator, screw,

washer, wire lead, stud, or similar small part.
coils or armature
before testing them, rewrap or apply insulating
shellac to chafed or bare wires. If a coil must be
rewrapped, see that the finished job does not
extend beyond its original position so that the

CLAMP IN SOFT JAWED VISE

While inspecting the field

rotating armature can strike it.

GENERATOR ASSEMBLY.Having taken
apart, you should have little
trouble in assembling it. Replace all worn orbroken parts, install new brushes, and assemble
the generator

the generator end frames so that they
up with the field frame assembly. Seat
brushes and check the generator brush
tension.

line
the
spring

Brush spring tension is measured with a scale
and hook, as shown in figure 6-31. This tension
will vary between 15 and 60 ounces, depending

on the generator. Consult the manufacturer's
specifications

2.93

Figure 6-31.Measuring brush spring tension.

for

the

proper

brush

spring

tension to use. If the tested spring or springs do
not meet specifications, they must be replaced.
The tension of a brush spring cannot be
satisfactorily adjusted.
POLARIZING THE GENERATOR. When a
generator is installed, tested or repaired, it

should be polarized to make sure it has the
correct polarity with respect to the battery in
the circuit. If the generatofli operated with
reverse polarity, it may be damaged and. in

On "A" circuit generators, with the leads
connected, momentarily connect a jumper wire
between the "Gen" and "Bat" terminals of the
regulator before starting the engine. This permits
a momentary surge of current to pass through
the generator to polarize it correctly.
For "B" circuit generators, disconnect the
lead from the field terminal of the regulator and
momentarily touch that lead to the regulator
battery terminal.
On vehicles equipped with a double-contact
voltage regulator, remove the field lead from the
regulator and ground. Then, momentarily

place a jumper lead from the battery to the

ven

'Or drillntlifn
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equipment resulted in the d-c generator being
replaced, in most applications, with a more

efficient generating

unit

called

the

ALTERNATOR. Basically_ , the need called for

high current output at low speed, combined
with reduced size and

LOAD

CIRCUIT

CHANGED
POLARITY

,.2ht.

In operation the ,ornator is somewhat
different than the d-c generator. An alternator
has a rotating magnet (rotor) which causes the
magnetic lines of force to rotate with it. These
lines of force are cut by the stationary (stator)
windings in the alternator frame as the rotor
turns. This induces alternating current and
voltage as illustrated in figure 6-32. The current
then flows to a diode assembly which allows

ROTATING
MAGNETIC

FIELD

only direct current to pass.
The major components of tile alternator (fig.
6-33) are a rotor, a stator, and a diode assembly,

all of which are assembled in a unit similar to
the d-c generator.

The ROTOR (fig. 6-33) consists of a sAriie
wound into a coil placed over an iron core. Two
pole pieces are placed over the coil. Sliprings are

81.526

Figure 6-32.Simple alternator illustrating reversing

added to one end of the shaft and the ends of

magnetic field and resulting current flow.

ADJUSTING

SLIPPING
END FRAME

END FRAME
DIODES

LUG

THRU BOLT

DRIVE
END FRAME

BEARING

DOSH 8
TERMINAL.
ASSEMBLY

SLIPRV :GS

BE PANG
CAPACITOR

PULLEY

HEAT SINK
_rA
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the wire coil are attached to the rings. Brushes,
mounted in the end frame of the alternator, are
held in contact with the rings by small springs
providing a path for the external current

required to create the magnetic field of the
alternator.

By introducing electric current at one brush,
the current will flow via the slipring through the
rotor coil and to ground through the other
slipring and brush. This current flow creates the
magnetic field in the alternator, causing the pole

pieces to become north and south poles of the
magnet as illustrated in figure 6-34.

The STATOR (fig. 6-33), which is part of

the alternator frame when assembled, consists of
three windings fitted into slots in a laminated
frame. One end of these windings is connected
in the stator assembly and the other is
connected to a pair of diodes, one positive and
one negative.

The DIODE ASSEMBLY consists of six

diodes (fig. 6-33), one pair for each stator

winding. The diodes function in pairs. The
current flowing from the winding is allowed to
pass through the insulated diode. As the current
reverses direction, it flows to ground through
the wounded diode. The insulated and grounded
diodes prevent the reversal of the current from
the rest of the charging system. By this
switching act'on, and the number of current

pulses created by rnotio

tween the windings

of the stator and rotor a fairly even flow of
current is supplied to the battery terminal of the

alternator. A cross sectional view of a typical
diode is illustrated in figure 6-35. Note that the
illusation also shows the diode symbol used in
wiring diagrams. The arrow in this symbol
indicates the only direction that current will
flow. The diode is sealed to keep out moisture.
Three negative and three positive diodes are
mounted in the end frame of the alternator. The
polarity of the electrical system determines
which set of diodes are sounded. The remaining
set is mounted in an insulated heat sink that is
connected
the battery terminal of the
alte mator.

When the alternator is producing current,
the insulated diodes pass only the outflowing
current to the battery. The diodes provide a
block preventing reverse current flow from the
alternator. Figure 6-36 illustrates the flow of
current from the stator to the battery.

DIODE ASSEMBLY

DIODE CROSS SECTION
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Alternator Maintenance
A.C. STATOR

Alternator testing and service call for special
precautions since the alternator output terminal
is connected to the battery at all times.

SIX DIODES

Use care to avoid reverse polarity when
performing battery service of any kind. A surge
of current in the opposite direction could burn
out the alternator diodes.
Do not purposely or accidentally "short" or
"ground" the system when disconnecting wires

or connecting test leads to terminals of the
alternator or regulator. For example, grounding

of the

field

terminal at either alternator or

regulator will damage the regulator. Grounding

of the alternator output terminal will damage
the alternator and possibly other portions of the
charging system.

Never operate an alternator on an open
circuit. With no battery or electrical load in the
circuit, alternators are capable of building high
224.44

Figure 5-36.Current flow from th

voltage
damage

(50 to over 110 volts) which may

diodes and endanger anyone
touches the alternator output terminal.

for to the

who

battery.

Alternators are made in various designs.
Sono! have brushes that can be replaced without

removal of the alternator while others do not
have brushes. The only thing common to all
aiterreitors is their use of a controlling device
(regulator) that is matched for use with a
specific type alternator. Regulators are not
interchangeable.

Alternator maintenance is minimized by the
use of prelubricated hearings and long brushes.
If a problem exists in the charging circuit, check

for a complete field circuit by placing a large
th; alternator rear bearing
surface. If the field circuit is complete, there will
screwdriver on

be a strong magnetic pull on the blade of the
screwdriver which indicates that the field is
energized. If there is no field current, the
alternator will not charge becuase it is excited
by battery voltage and current.

Alternator Output Con

Should you suspect troubles within the
charging system

Output controls for alternators are made and
installed in many ways. The magnetic relay type
of regulator, which is similar to the d-c generator
regulator, came first. Now, most of the

after checking the wiring

connections and battery, connect a voltmeter
across the battery terminals. If the voltage
reading, with the engine speed increased, is
within recommended levels, the charging system
.

.

.
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Alternator Disassembly
and TesSrig

To disassemble the alternator, mark the
-matching portions of the housing to assist in the
reassembly after repair-3 have been made. The
brilshes need to be removed from some
alternators before separating the housing. Check
your maintenance manual before disassembly.

Remove the through bolts and separate the
housing by lightly tapping the front case, or by
gently prying between the front case and stator.

ROTOR TESTING.The rotor should be
tested for grounds, shorts, and opens. To cheek
for grounds, connect a test lamp or ohmmeter
from either slipring to the rotor shaft (fig. 6-37).
A low ohmmeter reading or lighting of the test
lamp indicates that the rotor winding is
wounded. To check the rotor winding for opens
and shorts, connect an ohmmeter to both
sliprings as shown in figure 6-38. An ohmmeter
reading below the specified resistance value
indicates a short, whereas a readitiL, above the
specified value indicates an open. If a test lamp
does not light when connected to both sliprings,
the winding is open.

STATOR TESTING.The stator winding
cirri be checked for opens after it has been
from the end frame. If the
ohmmeter reading is low or the test lamp lights

disconnected

2.311

Figure 6- g. Testing rotor for opens and shorts.

when connected between each pair of stator
leads (fig. 6-39), the stator winding is electri.cally
good. A high ohmmeter reading or failure cf the
test lamp to light when connected from any one

of the leads to the stator frame (fig. 6-40)
indicates the winding is i:.'t grounded. It is not
practical to check the stator for shorts due to
the very low resistance of the winding.

DIODE TESTING.With the stator windings
disconnected, each diode may I)c Aed with an

ohmmeter by connecting Got t2s.: ierid LO the
diode lead, and the other ohirirniJtr lead to the

OPEN

ELECTRICALLY

/ GOOD
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2.313
Figure

4O. Testing stator for grou

2 .315

Figure 6-42.Testing silicon-diodes

a test lamp.

one high reading. An alternate method of testing
each diode is to use a test lamp with a battery of
not more than 12 volts. Connect one of the test

leads to the diode lead, and the other test lead
to the diode case, as shown in fig_ ure 6-42. Then

reverse the lead connections. If the lamp lights

in both checks, the diode is defective. Or, if
the lamp fails to light in either direction, the
diode is defective. When checking a good
diode, the lamp will light in only one of the
two checks.

After completing the required tests and
making any necessary repairs or replacement of
2.314
lure 6-41.Testing s l con diodes with ohs71-,.

le

case, as shown in figure 6-41. Note he

ing. Then reverse the ohmmeter leads to the
and again note the reading. If both
ings are very low or very high, the diode is
ctive. A good diode will give one low and

Le

parts, reassemble the alternator and install on
the equipment. After installation, start the
equipment and check to insure that the charging
system is functioning properly. NEVER
ATTEMPT TO POLARIZE AN ALTERNATOR.
It doesn't have to be polarized. Attempts

to do so serve no purpose and may damage
the diodes, wiring, or other charging circuit
components.

CHAPTER 7

AUTOMOTIVE ELECTRICITY: PART II
Chapter 6 points out that some electrical
systems in Navy equipment contain as many as
five circuits; namely, charging, starting, ignition,
lighting, and accessories. Of these, the charging
circuit was covered in chapter 6; the remaining
circuits will be discussed in this chapter. Careful
study of the material here and in the preceding
chapter will ai.A you in understanding how these
circuits work Ltd in making various adjustments
and repairs needed to keep electrical systems in
Navy equipment in peak operating condition.

Very little of your equipment will be started

method; most of it is cranked by an ELECTRIC

STARTERone of the major units of the
starting circuit. Starting the engine requires the
most current or power draw from the battery_ ,
is

thick and you can barely "turn it over."

The principal units of a -tatting circuit

include an dectric motor, a storage battery, a
switch mechanism for starting and stopping the
motor, and the essential wiring. In most, if not
all equipment, you will probably find a special
which

the button or turning the

ignition switch completes the circuit to the
electromagneth' device (solenoid) attached to
the cranking motor, as shown in figure 7.1. This
device automatically shifts a small gear (pinion)
into mesh with the fly_ wheel ring gear and then

connects the battery with the starter motor to
crank the engine. After the engine start and the
switch is released, the shift lever sprig u back to
disengage the pinion and disconnect the battery

from the .starting motor. In this system, the
ignition switch is connected in the control
the ignition switch is closed.

by the old fashioned "strong-arm" craaing

device

Pressing

circuit so that the starter will not operate until

STARTING CIRCUITS

especially on a cold morning when the oil

engine.

There are many arrarff
starting systems. The be'
under the engine hood,
any convenient place o,l

I

of units in
installed

card, or in
de where it vill

not tilt or be darnagA, T.,
zing switch may
be located on the starter, the noor of the cab, or
the instrument panel. The starter, whether
inboard or outboard drive, must be bolted to the
flywheel housing. An inboard drive starter is
designed so that the pinion moves toward the
motor to mesh with the flywheel rim! gear teeth,

as illustrated in figure 7-2. All inboard drive
starter pinions engage as a result of centrifugal
force.

automatically disconnects the

starting motor from the engine as soon as the
switch is released and the engine begins running
under its own power. Almost all self-propelled

equipment makes use of more complicated

Starters in which the pinion moves away
from the motor to engage are called outboard
drive starters.
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Figure 7- .Remote controlled solenoid- operated starting circuit with overrunning clutch drive.

the armature around. This rotation (mechanical
energy), when properly hooked to the flywheel
of an engine, will cause the engine's crankshaft
to turn.

.rateak_
FLYWH
KOTOR
ICI

Starting Motor
Construction

Figure 7-3 is a sectional via of a typical
heavy-duty starting motor. This particular motor
employs a magnetic switch to control the motor,
a reduction gear, and a Bendix drive. These units
will be discussed later in this chapter.
81.132

Figure 7 -2= -8 sting motor WA inboard-type Bendix

between an electric starting motor and

Except for

mechanism,

drive.

the drive end and control

the

general

construction

characteristics of the starting motor are similar
to the d-c generator.
all
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The field windings are used to increase the
strength of the magnetic field and thereby
increase

the power of the motor. The field

windings are connected so that the current flows
through both the field windings and the
armature windings at the same time to produce
motoring action. A help.), conductor is used in

both the fields and the armature so that the

resistance of the motor is very low. This permits

an extremely large current to flow, so that the
motor develops high torque.
Types Of
Starting Motors

Two tvnec of stamina mr.

MOW DRIVE

of a heavy -duty

ing motor,

DIRECT DIJVE STARTERS make use of

a

pinion gear on the starting motor's armature
shaft. This gear meshes with teeth on the engine
flywheel. There are from 10 to 16 teeth on the

flywheel for every tooth on the starting motor
pinion. Therefore, the starting motor armature
r,-.solves 10 to 16 times for every revolution of
the engine ft...Owe'. In operation, the starting
motor armatcre revolves at a rate of 2000 to
3000 revolutions per minute, thus turning the
engine crankshaft at
revolutions per minute.

speeds

up

to

200

DOUBLE REDUCTION STARTERS make

use of a gear reduction, in addition to the
reduction between the drive pinion and the
flywheel. The gear _- '.iuction drive head is used
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permits. the use of a small starting motor running
at high speeds. This provides additional
breakaway, or starting torque, and greater
cranking power. On some starting motors with a

engaged with the flywheel gear, the pinion is
then driven by the starting motor through the

gear reduction drive head, the cranking motor
armature may turn, during cranking, as many as

The drive spring acts as a cushion while the

40 times for every revolution of the engine
flywheel.

When the engine begins to operate it may be

speeded up to 3000 to 4000 revolutions per
minute. If the starting motor did not de-mesh
from the flywheel teeth, the starting motor
armature would be spun at speeds up to 60,000
revolutions per minute. These high speeds would
throw the windings Forn the slots in the
armature and the segments from the
commutator. To prevent this, various methods
of meshing and de-meshing the starting motor
pinion with the flywheel have been devised.
Starter Engaging
Mechanisms

Engaging mechanisms found on starters you

will encounter are of three designs: Bendix,
overrunning clutch, and Dyer drive. The Bendix
drive is normally used on engines of relatively
low cylinder displacement and horsepower. The
overrunning clutch and Dyer drive are used on
heavy-duty engines.

The BENDIX DRIVE (fig. 7-3) is one device

that accomplishes meshing and de-meshing of
the drive pinion with the flywheel. It relies upon
the principle of inertia to cause its pinion to
mesh.

When the starting motor is not operating,
the pinion is out of mesh and entirely away
from the flywheel gear. When the starting motor
switch is engaged and the total battery voltage is
applied to the starting motor, the armature
immediately starts to rotate at high speed.

The pinion, being weighted on one side and

having internal screw threads, does not rotate

with the flywheel. When the pinion gear is fully

comp essed drive spring and cranks the engine.
engine is being cranked against compression.

When the engine fires and rure.

or:

its own

power, the flywheel drives the peliee at a higher
speed than does the starting yi;rtt..:' Llusing the
pinion to turn in the opposite ee-eetion on the
threaded sleeve and automatically disengage
from the flywheel. This prevents the engine

'cern driving the starting motor. Several other
s of inertia or Bendix-type drtves are also in

although they may differ considerably in
and construction, their method of
..ation is similar in many respects to the

Bendix drive just discussed.

The OVERRUNNING CLUTCH provides
positive meshing and de-meshing of the starting
motor pinion gear and engine flywheel gear. The
shell and sleeve assembly of the clutch (fig. 74)
is driven by the starting motor armature shaft.

The rotor assembly is connected to the pinion
gear, which meshes with the engine flywheel
gear. Spring-loaded steel rollers are located in
tapered notches between the shell and the rotor,

The springs and plungei-s hold the rollers in
position in the tapered notches. When the
armature shaft turns, the rollers are jammed
between the notched surfaces, forcing the inner
and outer members of the assembly to rotate as
a unit and crank the engine. After the engine is

started, the flywheel rotates faster than the
pinion gear, thus tending to work the rollers
back against the plungers (fig, 7-4), and thereby
causing an overrunning action. This action
prevents excessive speed of the motor. When the
starting motor is released, the collar and spring
assembly pulls the pinion out of mesh with the
flywheel gear.

The DYER DRIVE (fig. 7-5) is another type
of starting motor drive which combines some of
the principles of both the Rend

ntiri thp
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Figure 7-4.Typical overrunning clutch construction.
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Figure 7-5.Dyer drive.
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occurs, the connections in the starting circuit
should be
tightness.

START SWITCH

NEUTRAL SAFETY SWITCH
SOLENOID

HOLD-IN
WINDING
TO
BATTERY

rLUNGER

CONTACTS

SHIFT LEVER
PULL-IN
WINDING

I;

STARTING

1

MOTOR

cleanliness

and

A RELAY is frequently used in the control
circuit to supply current to the solenoid coils.
Only a low current control circuit is needed to
the instrument panel switch with this
application. This relay is used to close the circuit
between the battery and the solenoid. Relays of
this type are commonly found on 24-volt
starting circuits.

Some starting circuits use the relay and no
solenoid on the starter. This method of starter
control is conm7on to all starters that have no
shift mechanism

for the starter pinion.

transmissions j-ave an additional item in the

81.528
circ it with rrllutral Welty
7-6.Typical starting circuit
switch.

causec

for

Navy vehicles or equipment with automatic

CLLITCI#

e

examined

Airrent to flow through the solenoid

(causinll r magnetic attraction of the plunger) to
grouNl.

of tne plunger causes the

pinion with the
the pinion is engaged,
further travel
the plunger causes the contacts
inside the solenoid to close and directly connect
the battery to the starter.
gc;

.

After the engine is started, releasing the
starter button

to depress the clutch pedal before the starter
will operate. For safety reasons, THIS SWITCH

SHOULD FUNCTION PROPERLY AT ALL

Ana

flywheel

starting circiiii called a NEUTRAL SAFETY
SWITCH. TYL switch, which is actuated by the
transmissio. fl ft linkage, prevents accidental
starting of the engine while the transmission is in
gear. Some ,Ar the newer standard shift vehicles
have a similar switch that requires the operator

tion key will stop the flow

of current through the solenoid. The plunger
spring returns the plynger to its normal rest
posit ,e,, causing the shift !ever to move the
starter pinion away from the flywheel. This
prevents accidental starter pinion engagement
while the engine is operating.

TIMES.
SERIES- PARALLEL
STARTING CIRCUIT

Because of the high comp_ ression ratios of

some diesel engines, a high voltage is often
necessary to insure sufficient starting power. A
series-parallel switch provides a series connection

of the batteries for starting and a parallel
connection for normal operation.

For example, two 12-volt batteries
connected in series will supply 24 volts; but two
12-volt batteries connected in parallel will
supply only 12 volts.

CO ,TRUCTION MECHANIC 3 & 2
SERIES

PARALLEL
WITCH

operation of other electrical accessories. (See fig.
Spring tension pulls the heavy
series-parallel switch disk away from the heavy
contacts and opens the series connections at the

7-8.)

A- and B+ terminals of the switch. At the same

time, the small contacts within the switch,
connected to the B-, the SW (switch), and the
ground terminals, move to complete the circuit
connecting the batteries in parallel.
During normal operation, generator charging

current enters this two-battery system at the
A- terminal of the switch. It divides as it enters;
part c
. ez.e1,-Lnt entering the A battery, the
oilier ;e1rt going through the contacts in the
yries 11.;ii2; switch, down to the starting motor
_ad from there to the minus terminal of the B
battery. The current from the A battery flows
directly to ground and then back to the
generator. The current from the B battery flows
STARTING MOTOR

Figure 7-I.Seriesparallel switch circuit, .ho
teries connected in series for starting.

help you understand its operation so that you
may locate troubles, if and when they occur.
The starting motor solenoid circuit is
connected to ground at the plus terminal of
battery A through a pair of contacts in the
series-parallel switch. The other side of the

solenoid is.eonnected to the minus terminal of
battery B. This imposes 24 volts on the solenoid,

so that it operates to mesh the starter drive
pinion with the engine flywheel, and closer, the
circuit from the batteries to the starting motor.
Since the two batteries are connected in series
through the heavy contact disk and heavy

through the series-parallel switch to ground and
then back to the generator.
The ammeter in the series-pa-ailei system

registers one-half of the current flowing from
the generator to the batteries; it registers the
half which is entering and charg; ,g battery B.
This provides a check on the
oration of the
system. With two batteries connected in parallel,
as the electrical load increases, half the current
required is withdrawn f orn each battery.
During the starting interval, the I 2-eolt

supply for lights and other accessories is taken
I.:ern the A battery only.

CAUTION: In making repairs to vehicles
provided with a series-parallel starting circuit,
avoid careless grounding of the starting switch
terminals. For example, a short circuit caused by
a wrench or an oil measuring sti,ck may result in a
tremendous surge of
the series
circuit and seriously
-eipment.
Normally, fuses
t

rtf

a

the

nrnvirip
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Figure 7-8

cted in parallel.

by a faulty starter can be reduced, if not

G CIRCUIT
NANCE

eliminated.

A visual inspection for clean, tight electrical
connections and secure mounting at the
flywheel housing is about the extent of a

The condition of the starting motor should
be carefully checked at each PM service. This
will permit you to take appropriate action,
where needed, so that equipment failures caused

maintenance check. Operate the starter and

observe the speed of rotation and steadiness of
185

193
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operation. During tills deck, never operate the
starter for iltore tliata 30 seconds without

allowing it to cool, Tlia5karting motor normallY
runs only for a rem, seconds each time it is used
and carries a great averipad when ninnirig To
Carry such a heavy load,
This current, l co 0 S50 amperes (depending on

the type of engine it is used on), causes the
starter to heat op rarridly, The heat generated
will cause the in5ulatioin ihside the starter t0 fail,

resulting in damage, tO the starter by internal
shorting of the viirijts,

2.97

Replacing the eir..diA spring is a common
job associated with repaihog starters. when the

operator repert5 hearink the cranking motor
spinning without tarunk the engine, you will
know the Betwix 5P rill; 0 broken or that the

Figure 7-9_In

Starter Removal
And Replacement

fastening screw bolts havq been sheared.

if you are dieeic-ine Me starter and it barely

turns the engine or Ir fakes a series of loud
clicks, you cart be falrEy Sore there is a problem
with the battery Stutets seldom fail unleSs they
are used exeessivelY. Since the starter relies
completely on the bgttery for its proper
operation, a batterY capacity test should be
made before the starter xi removed for repair or
replacement.

urnent hookup for battery capac ty tett.

Prior to removing the starter, disconnect the

cables and wiring and remove the mounting
bolts. Relove the starter carefully in order to
prevent dropping it on the floor and damaging
the housing or connections.

The similarity of construction between the
d-c generator and starting motor allows the same
basic procedures to be used for disassembly and
repairs. The starter drive, if faulty, in most cases
is not repairable and must be replaced as a unit.

If the brushes are worn to half their normal
length, they should be replaced. Brush spring

Battery
Capacity Test

tension should be

tested at the

time of

reassembly to insure that the brushes are held
To make a battery rapacity test you ITIUSt
know the arapereAour rating of the batteryThis is generily stamped on the battery case. If
it is not, Corisolt t=iler Manufacturer's manual
Connect the hat-tely starter tester as
the variable resistor
shown in fig-tiro 7.9 control knob on the teslor clockwise until the

ammeter reads three Mmes the ampere-hour
rating of the batter/ ; For example, 360 artiPeres
for a 12G-attipere4"t battery. With the test
ammeter regaiti$

..peeified

load Pr 15

seconds, note the volAiritter reading. Turn the
variable restztor

c

ritial !cob to the OFF

position and refer to battery test indications and
recommendations. If Lila test indicates that the
battery is in satisfoctony condition, remove the
starter for repair or

Firmly against the armature when assembled.

When cleaning armature or field windings,

not use a grease-dissolving or
high-temperature cleaning solution, as it may
do

damage the insulation.

Test the operation of the drive pinion on the
overrunning clutch drive unit. It should turn
freely in the overrunning direction, and should
not slip in the driving direction. Clean the
Bendix drive, on starters so equipped, with a
suitable cleaning agent and apply a light coat of
engine r) -on the spiral sleeve. Do not use grease

to lubricate the drive mechanism. This will
usually result in failure of the mechanism to
function properly.
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Before installing the starting motor in the
flywheel housing, be sure to bend the tabs on
the lock- washer under the Bendix
spring-fastening screws against the screw
heads to hold the screws securely in place. Also

inspect the pinion gear for wear and burred
edges. A worn pinion gear is often responsible
for a motor being stuck or locked in the engine

or 24-volt systems. The ignition systems are
actually made of two separate circuits which
work together to cause the spark at the spark
These two circuits consist of the
PRIMARY (circuit with reduced battery
voltage) and the SECONDARY (circuit with coil
voltage).
plug.

flywheel.

A locked starting motor can sometimes be
freed by cranking the engine with the
handcrank. If there is no handcrank, or if the
pinion will not release by this method, you can

try putting the vehicle in forward gear and

pushing it backwards. Loosening the starting

motor fastening bolts to release the starting
motor is often the best method and the safest.

Primary Circuit

The function of the primary circuit is to
provide the voltage and current to create the
magnetic field at the ignition coil. In the
diagram in figure 7-10, you can trace the two
circuits of the battery-ignition system. The low
voltage

circuit shown as solid black in the

illustration contains battery voltage. This circuit
is known as the primary circuit. Current flows

through this circuit to ground only when the
IGNITION CIRCUITS

Ignition,

or burning of the fuel and air

mixture within the engine, is accomplished by
one of two methods. The gasoline engine relies
on an electrical spark at the spark plug while the
diesel uses the heat from compression to ignite
the fuel. Since compression ignition is inherent
with the diesel, only those ignition circuits used
with the gasoline engine will be discussed in this
chapter.

Conventional ignition circuits are of two
types: BATTERY and MAGNETO. Both types
perform the same function of providing a high
voltage spark, at the right time during the

ignition points are closed. Resistance is placed in
this circuit to cause increased point life. A
resistor, or wiring in which the conductors have
resistance, reduces primary voltage to
approximately 6 volts during normal operation.
Secondary Circuit

The secondary circuit is the high voltage
circuit of the ignition system. This circuit carries
the high voltage from the secondary windings of
the ignition coil to electrodes in the distributor
cap, then through the wiring to the spark plugs.

operating cycle, to ignite the mixture in the
engine's cylinder. A variation of the battery

Ignition Coil

ignition circuit, called the transistorized ignition,
is rapidly replacing the old breaker type ignition.

The ignition coil (fig. 7-11) is made of a soft
iron core surrounded by two coils of wire. The

The newer design is an improvement over the
breaker type and is virtually maintenance-free
for many miles or hours of operation.

inner coil, or SECONDARY WINDING, is a fine

wire consisting of approximately 22,000 turns.
The outer PRIMARY WINDING is made up of

only about 200 turns of heavy gage wire, the

THE BATTERY
IGNITION SYSTEM
The battery ignition systems you will
encounter in Navy equipment are either 12-volt

ends of which are attached to the primary

terminals of the coil. The secondary winding is
wound in the opposite direction of the primary.
Its ends are attached internally to the primary
winding and the coil tower (high tension
terminal).
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Figure 7-10.Schernatic wiring circuits of a battery ignition system.

To obtain the high voltage needed in the
secondary circuit, the primary circuit is opened
(stopping current flow), causing the magnetic
field

in the ignition coil to collapse. As the

magnetic field collapses, a high electrical voltage
is induced .in to the secondary circuit
(approximately 1 volt for each turn of wire
contained in the secondary windings).
Since both the primary and secondary
windings of an induction coil are stationary

windings, some means other than movement of

the windings must be found to change the
magnetic field surrounding the coils. In practice,

this effect is CREATED by a switch device in
the primary circuit. When the primary circuit is

complete, current flows through the primary
coil winding, and the magnetic field builds up
around it In building up, the magnetic lines of
force link the primary and secondary windings
and induce voltage in each winding. In the
primary winding, the induced voltage opposes
the battery voltage. For this reason, the
magnetic field is not built up instantly, but

requires a fraction of a second to reach full
strength. This is called the saturation. period.

Contact Points
And Cam

The switch, which consists of contact points
and rotating cam, is located in the distributor.
The job of this device is to cause intermittent
current flow in the primary circuit, thus causing
the magnetic field in the coil to build up and
then collapse when it reaches maximum
strength. The collapse induces a. surge of high
voltage in the secondary winding, and causes a
brief but strong flow of current in the secondary

circuit. The flow of current in the secondary
circuit makes a spark jump across the gap of the

particular spark plug, which is connected into
the secondary circuit by miettrs of the
distributor.
The collapse of the magnetic field also

induces a moderately high-voltage surge in the
primary coil winding, because this coil is also

196
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CONDENSER (capacitor) is wired in parallel
with the contact points and grounded through
the distributor housing. The condenser takes up
the current from the induced primary voltage,
allowing the magnetic field to collapse very
quickly and induce a high secondary voltage.
The result is a good high-voltage spark, which is
needed to ignite the fuel-air charge.
Induced

voltages

in

the

primary

and

secondary coil windings depend on the number
of turns of wire in the two windings. The voltage
induced in the secondary winding when the field
collapses may be as high as 20,0\00 volts.

Actually, the spark usually jumps at a lower
voltage approximately 10,000 volts; the
secondary voltage probably never goes as high as
20,000 volts, unless there is excessive resistance
in the secondary circuit.

Distributor
Figure 7 -12 is a sectional and top view of the
main

distributor unit. The distributor's

functions are as follows: (1) to open and close

the primary circuit to produce the magnetic
buildup and collapse in the ignition coil; (2) to
conduct the high voltage surges from the
secondary winding at the proper time ;and (3) to
direct these high voltage surges to the proper
spark plugs.

The distributor cap has separate terminals for

the high-tension leads to the spark plugs. The
cap fits over the distributor housing that
contains the condenser and breaker earn. The

breaker cam and the rotor rotate at one-half
engine speed on a shaft which is driven by the
camshaft or oil pump. The rotor conducts the
high-voltage surge from the secondary to the

77.156

separate spark plug leads.

The distributor shaft is so designed that the
rotor makes contact with one of the spark plug
leads each time the primary circuit is broken and
the high voltage surge occurs. Note in fig_ ure
Me of

7-10 that the spark plugs and cylinders are

ibu tor
uickly
the

numbered in a standard manner beginning with
number I at the front of the engine, working_ on
back to number 6 (6-cylinder engine) at the rear
of the engine. The leads from the distributor cap
1&9
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are so arranged that the rotor will direct the
high-voltage surges to the plugs in the firing
order 1-5-3-6-2-4.
Breaker Cam

The breaker cam is a part of, or is attached

to, the distributor shaft and has one lobe for
each cylinder in a 4-stroke cycle engine. As the
earn rotates with the shaft, the lobes cause the
movable contact arm to move and open or close
the primary circuit. At the same time the points

NOUSI

open, a

rotor attached to the end of the

distributor shaft and in contact with the center
distributor cap contact alines with one of the
spark plug wire terminals. This provides a path
for the high voltage induced in the ignition coil
to reach the spark plug in the engine and ignite
the fuel air mixture.
CAP

SPARK ADVANCE

CIRCUIT
BR AK ER

PLATE

For efficient engine operation under

ROTOR

ASISEAIBLY

all

speed and load conditions, it is essential that the

spark occur at the correct instant. That instant
will vary according to the engine load and speed.

For this reason, a mechanism is provided to
automatically advance or retard the spark as

'CENTRIFUGAL
ADVANCE
MECHANISM

PERMANENT
LU BRIICATION

RESERVOIR.

engine operating conditions require. On gasoline

engines that you will encounter, two methods
are usually employed to actuate the advance

BUSHINGS

m e c hanism
HOUSING

CONTACT
SET

centrifugal

force

and

engine

VaCuUrn.

CONTACT
SET

iTTACHINB
SCREW

GEAR

PRIMARY
LEAD

Centrifugal Advance

When the engine is idling, the spark generally

is timed to occur just before the piston reaches
the top of the compression stroke. At higher
engine speed, there is less time for the fuel
mixture to ignite and expand. For this reason,
some means is necessary to advance the time the
spark occurs in the cylinder.

CAM
AN
A DJUI

SLOT
CIRCUIT
BRAN ER
PLATE
ASSEMBLY

This spark advance is accomplished by
means of the centrifugal advance mechanism
(fig. 7-12). The advance mechanism may be
found either above or below the breaker plate

R

VACUUM UNIT

75-1 8[ {81rrl

Pow. 7 -1Z.

assembly.

dIstilbutor.
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conventional systems. The conventional ignition

The centrifugal advance mechanism consists

used a fairly high current flow through the
points, resulting in arcing and pitting of the

of two weights which tend to move outward
against spring tension as the distributor shaft
rotates. The faster the rotation of the shaft, the
water the movement of the weights. In older
distributors, movement of the weights was
transmitted
to the breaker cam so that the cam
,es
rotated in an advanced position in relation to

contacts as they opened and closed. At the same
time, wear of the rubbing block on the movable
contact caused the dwell to change and alter the
coil saturation period. This created the need for
frequent adjustment of the points.
Early models of transistorized ignitions
eliminated the condenser and reduced the

the distributor shaft. Most advance mechanisms

that you will encounter today have a rigidly
attached cam on the shaft and the breaker plate
is caused to move.
To obtain maximum efficiency

current to the contacts from approximately 5
amperes to less than 1. This type of ignition
improved point life considerably, but the
problem of wear on the movable contact
rubbing block still remained.

during

part-throttle operation, a device known as a
vacuum unit, is used to provide the required
spark advance. This vacuum unit is needed
because the speed of the shaft does not cause

The transistor ignitions in use today have no

contact points. A toothed rotating piece has

the spring-loaded weights to move far enough.

replaced the distributor cam, and a pickup coil
and magnet are used in place of the contacts.
Figures 7-13 and 7-14 illustrate the type most
commonly encountered
The rotating piece is attached o the
distributor shaft and has equally spaced teeth,
one for each cylinder. The appearance of the

Vacuum Advance

A conventional vacuum unit

(fig. 7 -12)

utilizes engine vacuum from the carburetor to
provide the additional spark advance required
under part-throttle operation. The vacuum unit
contains a spring-loaded diaphragm connected
by linkage to the breaker plate. The
spring-loaded side of the diaphragm is airti
and connected by tubing to the carburetor.
At idle speed, or as the throttle is opened,
vacuum acts on the diaphragm and causes it to
rotate the breaker plate in the distributor. Older
models were made to allow the vacuum unit to
rotate the distributor housing in relation to the

rotating piece and its trade name varies with
each

manufacturer_ It may be called a
RELUCTOR, ARMATURE, TIMER CORE, or
TRIGGER WHEEL.

The pickup coil and magnet are positioned
in relation to the rotating piece in such a manner
that the magnetic field is disturbed each time a
tooth passes the magnet. The disturbance of the
magnetic field causes a very small current pulse

The amount of advance is proportional to
amount of vacuum. The vacuum unit
con trots advance at low speed (below

to be induced in the pickup coil. This pulse is
used to trigger the transistor in the control unit
(amplifier or control module in other designs).
The transistorized circuitry in the control

approximately 700 rpm) when vacuum is high at

unit either lowers or stops primary current

the vacuum port in the carburetor. As engine

through the ignition coil windings, causing the
high voltage spark in the secondary circuit. The
transistor in the control unit, which causes this

shaft.
the

both advance units work
together during various engine speed and load
conditions, and engine spark is controlled to
provide maximum power and economy.
speed , increases,

IGNITION cmcuns

intermittent current flow, is a solid metallic
device that allows current to pass until a very
small relay current is used to interrupt the
normal flow. This action is instantaneous and
accomplished electronically so that no

The transistorized ignition was developed to
eliminate some of the problems encountered in

movement of the parts is needed. The remaining
parts of these ignition systems are similar to the
conventional ones discussed earlier.

TRANSISTORIZED
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mixture with exhaust circulation incorporated
BATTERY TO AMMETER

AUXILIARY
RESISTOR(ELECTRONIC

IGNITION ONLY)

IGNITION'``

IGNITION2

AST

DU

TO VOLTAGE REGULATOR
AND ALTERNATOR FIELD

0

COMPENSATING RESISTOR

IGNITION
COIL

stable as long as

the components are not

changed due to failure. For this reason these
ignitions are considered adjustment-free.
There are several kinds of transistor ignition

difference is that in newer systems the transistor
is triggered by a magnetic pulse generator in a
special distributor instead of by contact points.

CONTROL

UNIT

If you ever need to make repairs to a
transistor ignition system, consult the

81.529
7-

provide an adjustment in the distributor during
initial assembly. Tbs adjustment should.remain

systems. They may vary in design but their
operating principles are similar. The main

DISTRIBUTOR

Figure

into the engine's system.
Dwell is electronically controlled in the
transistorized ignition and cannot be changed by
adjustment. It can be checked with the aid of an
ignition scope tester. Two manufacturers

.Transistorized ignition circuit wiring
diagram.

manufacturer's roarnial and troubleshooting
chart. In these systems, one flash of current in a
reverse polarity may damage some parts of the
system beyond repair.
MAGNETO IGNITION
SYSTEM

The magneto (fig. 7-15 used for ignition is a

self-contained unit. With the exception of the
MAGNETO

DISTRIBUTOR
PLATE COVER

MAGNETO

CONNECTIONS

Figure

7.1A. Distributor

used

2.526
with transistorized

ignition.

Most transistorized ignition systems operate
with a higher secondary voltage than the
conventional ones. This higher voltage is
necessary with the leaner fuel mixtures used in
modern engines. Higher voltages are necessary to

IMPULSE
:OUPLING

provide a strong enough spark to ignite the

Figure 7-1 - Automotive
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eliminating the need of a battery in the ignition

spark plugs and the wires leading to them, the
magneto includes or substitutes for all the units
usually found in the battery-ignition system.
THE MAGNETO PROVIDES ELECTRICITY

system.
Types of Magnetos

FOR IGNITION ALONE AND IS PRIMARILY

USED ON SMALL ENGINES THAT ARE

There are several types of present-day
magnetos that differ in magnetic circuits and in

STARTED BY FIANDCRANKING.

Figure 7.16 shows a horseshoe magnet and
the pole pieces that produce a magnetic field.
The primary and secondary windings are wound
on an armature which rotates within the

the way in which the low-tension current is
induced. The ROTATING ARMATURE-TYPE

magneto, just described, is the oldest and the
one commonly used for automotive equipment.
It generates low-tension current on the principle
of rotating windings and a stationary field. In
the INDUCTION TYPE OF MAGNETO, the
windings are stationary and the magnets rotate.

magnetic field. As the armature revolves, an
alternating current of low voltage is generated in
the turns of the wire. When this current reaches

its highest value, the breaker points open, and
high-tension current is induced in the secondary
winding, as in the battery-ignition system. The
high- tension current is

then directed to the

Coming-in Speed

magneto distributor and on to the spark plugs in
the proper firing order.
As a simple form of electric generator, the
magneto produces its own current, thus

The magneto must be turned at higher than
a minimum speed to generate a primary current

with enough strength to start the engine and
keep it running. This speed will vary with
different types of magnetos; the average is about

CABLES TO SPARK PLUGS

100 revolutions per minute, and is called the
COMING-IN speed of the magneto.

In starting the engine, it is difficult to rotate

the crankshaft fast enough to produce this
corning-in speed of the magneto. An impulse
coupling is used to obtain an initial starting
current from the magneto.
PRIMARY
WINDING

SECONDARY
WINDING

Impulse Coupling

The impulse coupling is mounted between

the magneto drive from the engine and the
IATURE GROUNDED CONTACT

LIVE CONTACT
RETARD

magneto-driven shaft. It consists of a spring and
ratchet drive. When the engine is turned over by
the handcrank, the spring in the device is wound
up against a ratchet or trigger arrangement. As

the piston reaches firing position, the trigger
releases automatically. The spring, which is
connected to the magneto-drive shaft, pulls it
with enough speed to produce current for one

ADVANCE

INTERRUPTER
(BREAKER POINTS)

firing. The operation continues until the engine

fires and starts to run. As the engine speed
Figure 746.-

increases, the ii..pulse coupling locks out and the
magneto is driven normally.

81.140
ireuits of a high tension magneto.
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Should you have to check the secondary circuit

IGNITION SYSTEM
MAINTENANCE

for a spark at the spark plug, hold the lead
approximately 1/4 inch from a good clean
ground on the engine block with a suitably
insulated tool. This will prevent the possibility

Both battery and magneto ignition systems
will malfunction from faulty condensers, points,
or ignition coils. Ignition troubles also result

of shock, or bleed off of the high voltage to
ground elsewhere through the cable's insulation.
Use care not to ground any of the

from loose or broken connections caused by
abrasion and vibration during normal engine
operation. Unless the engine stops entirely on
the job, trouble indications are reported by the
driver and the equipment is turned in to the

interconnecting wiring of the ignition circuit
when the switch is on. This could cause damage

to the control unit or other portions of the
system.

shop for repairs.

Unless the trouble is known, a systematic

Spark Plugs

procedure should be followed to locate the
cause. Trace the ignition wires for grounds,
shorts, and open circuits. Remember, the
electric current follows the path of least

Under normal operating conditions, spark
plugs (fig. 7-17) wear out due to the destructive
action, under. intense heat, of sulphur and lead
compounds in the fuel and the bombardment of
the electric spark on the electrodes. It is

resistance, and it will not flow if the resistance
is too great. Bare wires, loose
connections, and corrosion are found through

of the circuit

reasonable to expect 10,000 miles of useful

visual inspections.

life from a spark plug which has been cleaned

cannot be
determined by visual inspection and must be

A faulty condenser or

and regapped at regular intervals. However,
operating conditions are an important factor

coil

TESTED USING SPECIAL EQUIPMENT. A
partly discharged battery will affect the
operation of the ignition system, and is most
noticeable when you try to start the engine. The
hydrometer or a high-rate discharge tester is
used to test the battery. In the field, a
discharged battery can be detected by checking
the operation of other electrical units to which

TERMINAL NUT

it supplies power.

j

BINDING POST

CENTER
ELECTRODE

In servicing transistorized ignition circuits,
make sure you closely follow any testing and
troubleshooting procedures recommended by

GASKETS

SEAL

manufacturer. In the absence of the
manufacturer's procedures, the following
procedures will apply generally to all
transistorized ignition circuits.
the

INSULATOR

SHELL
ASSEMBLY

CEM ENT

The secondary wiring should be handled

INSULATOR

with care to prevent any possibility of damage
to the internal conductors. A higher voltage is
used in the secondary circuit and, as a result,
more attention to these cables is required.
Normal service consists of an inspection of the
wiring and cleaning or changing the spark plugs.

GASKET -GROUND
ELECTRODE

77.158

Figure 74 7.Sectional view of a typical irk plug.
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and life expectancy of the spark plug

will

vary with the type of service in which the
engine is used.

The same type of spark plug used in two

engines of the same make and model may
frequently show wide variation in appearance.
These differences are caused by the condition of

the engine, its piston rings, carburetor setting,
kind of fuel used, and conditions under which
the engine is operated; namely, sustained high
speeds or heavy loads, continual low speed, and
stop-and-go-driving.

Spark plugs are frequently blamed for faulty

engine operation which they do not cause.

Replvcrnent of old spark plugs with new ones
may temporarily improve poor engine
performance because of the lessened demand
new plugs make on the ignition system. This

permanently cure poor engine
performance caused by worn rings or cylinders,
weak coil, worn contact points, faulty
carburetion or other engine ills.
cannot

Figure 7-I8.Normal operation.

Dry, fluffy black carbon deposits (fig. 7-19)
may result from overrich carburetion, excessive

fouling may occur on new

Spark plug
engines, or on units which have new piston rings,
during the ring seating period. Lower operating

hand choking, a faulty automatic choke, or a
sticking manifold heat valve. Poor ignition

output (faulty breaker points, weak coil or

speeds with rich carburetor settings are also a
factor during initial engine run-in. In these
instances, the spark plugs are not worn, and can
serviced by abrasive cleaning,
regapping, and reinstalling with new seat gaskets.

easily be

Some problems commonly encountered with
spark plugs, due to various operating conditions,
are discussed below.

The experienced mechanic finds it extremely
helpful, when diagnosing a problem, to remove

and examine the appearance of the plug. The
appearance of a plug under normal operation
conditions is illustrated in figure 7-18. Brown to
grayish-tan deposits &id slight electrode wear
indicate correct spark plug heat range and mixed

periods of high and low speed driving. Spark
plugs having this appearance may be cleaned,
regapped and reinstalled. When reinstalling spark

plugs that have been cleaned and regapped, be
sure to use a new engine seat gasket if one is
required. Some automotive-type spark plugs are
Figure 7.19. -Carbon fouling.

beveled and need no gasket.
195
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condenser, worn ignition cables) can reduce

be necessary in severe
satisfactory service.

voltage and cause misfiring. Excessive idling and
slow speeds under light load also can keep spark
plug temperatures so low that normal
combustion deposits are not burned off. Fouled

possibilities of introduction of oil into the
combustion chamber are a porous vacuum
booster pump diaphragm or excessive valve stem

guide clearances and/or defective intake valve
seals. Usually, plugs which have been fouled
degreased,

to

obtain

Red, brown, yellow, and white colored

Wet, oily deposits (fig. 7-20) with very little
electrode wear may be caused by oil pumping
past worn rings. Break-in of a new or recently
overhauled engine before rings are fully seated
may also result in this condition. Other

be

cases

coatings (deposit fouling) which accumulate on
the insulator are byproducts of combustion and
come from the fuel and lubricating oil, both of
which today generally contain additives. Most
powdery deposits (view A, fig. 7-21) have no
adverse effect on spark plug operation; however,
they may cause intermittent missing under
severe operating conditions, especially at high
speeds and heavy load. If the insulator is not too
heavily coated, the spark plugs may be cleaned
and regapped. Sometimes, even after cleaning,
an invisible shunt path remains. The only
remedy under such circumstances is to replace

spark plugs are the resultnot the cause --of this
problem. Spark plugs having this appearance
should be cleaned, regapped, and reinstalled.

with oil can
nstalled.

2

the plug.

Most powdery deposits, as shown in view A,

cleaned, and

have no adverse effect on the operation of the
spark plug as long as they remain in the powdery
state. However, under certain conditions of
operation, these deposits melt and form a shiny
yellow glaze coating (view B, fig. 7-21) on the

A HOTTER TYPE SPARK PLUG WILL
REDUCE OIL DEPOSITS, but too hot a spark
plug can cause preignition and, consequently,

insulator which when hot, acts as a good

severe engine damage. An engine overhaul may

electrical conductor. This allows the current to
follow the deposits instead of jumping the gap,
thus shorting out the spark plug. Glazed deposits
can be avoided by not applying sudden load,
such as wide open throttle acceleration, after
sustained

periods

of low

speed

and idle

operation. It is almost impossible to effectively
remove glazed deposits; so, when they occur the
plugs should be replaced.
Excessive

overheating

is

evidenced

by

burned or blistered insulator tips and badly
worn electrodes. It is brought on by preignition,
cooling system defects, lean fuel-air ratios, low
octane fuels, over-advanced ignition timing,
improper installation procedures, and stuck

closed heat riser valves. (See view A and B,
figure 7-22.)

Install a new plug of the recommended heat
range after the problem has been corrected.
Sustained high speed and/or heavy load

service can produce high temperatures which
will cause preignition and, in this instance, a

81.446

Figure 7-20.Oil fouling.
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7
Figure 7-21.

it fouling.

81.448

7-2 Excessive overheating.

colder spark plug should be used. Preignition
occurs when combustion starts before the timed
spark occurs. It could, for example, be caused

by a hot carbon deposit in the combustion
chamber.

Heat shock is a common cause of broken
and cracked insulator tips. (See fig. 7-23.) Heat
shock is the result of an excessively fast rise in
tip temperature under severe operating
conditions. It occurs due to engine detonation

CONSTRUCTION MECHANIC 3 & 2

A new spark plug of the recommended heat
range should be installed in accordance with
specified installation instructions.
Proper gasket compression must be achieved
by installing a new plug at the specified torque.

No gasket compression with a new plug and
engine seat gasket means that little or no force
has been applied to the gasket. In actual
installation, it is necessary to almost completely
compress the gasket to allow proper heat

transfer to the engine block. If a spark plug
gasket is not tightly seated, leaking combustion
gases will cause overheating. This shortens the

life of the plug due to excessive wear of the
overheated electrodes and, in addition, it may
lead to preignition.

NOTE: Proper installation torque may be
attained without compressing the engine seat
gasket. Thread seizure, due to scaled and
81.449

Figure 7-23. Heat shock failure.

caused by over-advanced ignition timing, or the

use of too low octane fuel. Detonation is the
sudden and violent combustion of a portion of
the unburned fuel ahead of the normally ignited
flame front. Detonation occurs part way
through the burning cycle, when the unburned
fuel reaches its critical temperature, and ignites
spontaneously. The result is severe heat and
pressure shock within the combustion chamber.
Chipped and broken insulator tips also result

from improper gapping tools or procedures in
which exc ,sive or side pressures are exerted
against the insulator tip.

Eliminate the cause of trouble and install a
new plug of the recommended heat range.

Spark plug overheating caused by poor heat

transfer is the result of failure to install the
spark plug with sufficient torque to provide
good contact between the spark plug and engine
seat. (See views A and B, fig. 7-22-) Dirty
threads in the engine head which allow the plug

to seize before it is actually seated will also
cause this condition.

deposit-filled threads, may not allow the proper
gasket compression. Operation of an engine with
this type of installation can result in plug
overheating and destruction of either the plug or
engine, or both.

In applications where liquefied petroleum
gas is the fuel, carbon and lead deposits and
fouling are not a problem. The only critical
concern is electrode wear. The normal
recommendation for liquefied petroleum gas
applications is one or two heat ranges colder to
increase resistance to electrode wear, thereby
prolonging the life of the plug.
Sparking through the insulator to the shell
results from a visible or invisible fracture in the
insulator caused by careless removal or
installation of the spark plug. Frequently, this
fracture is not visible as it is located at the upper
gasket shoulder inside the shell crimp. (See fig.
7-24.) When testing these plugs in a compression
box tester, sparks may be seen around the shell
at this point and, in some cases, may also occur
across the electrode gap. As tester compression

is increased (increasing resistance across the
gap), it will spark only through the fracture as
this path then becomes the path of least
resistance from center wire to shell. There is no
remedy for a broken insulator except
replacement with a new spark plug.

Chapter 7AUTOMOTIVE ELECTRICITY: PART II

excess loads or that a wrong type of plug (too
hot) is being used. Before changing to a cooler

type plug, check the heat range with the
specification chart. If the plug showing rapid
electrode wear is the type recommended, the
seat gaskets should be checked. If gasket

appearance is satisfactory, install spark plugs at
least one step colder.
After several thousand miles of service, the
spark plug gap widens and should be regapped.
This widening is due to the combined action of
intense heat, pressure, and corrosive gases within
the combustion chamber together with the spark
discharges. If the electrodes have worn so thin
that regapping would only add a few hundred

miles of satisfactory performance, the plug
should be discarded and replaced.
M

When a plug is removed for cleaning or
inspection, it should be regapped as specified by
the engine manufacturer. Use a round wire type
gage for accurate measurement of gap on used
spark plugs. (See view A, fig. 7-25.) A plain flat
feeler gage cannot be used to accurately measure

81.450

Figur 7-24.Result of improper installation or removal

the true width of the gap. (See view B, fig.

of spark plugs.

7-25.)

When regapping a plug, always adjust the

Before spark plugs are to be removed, their
wires should be removed carefully. In removing
a spark plug wire, first grasp it by the terminal

side

same time. Do not jerk the wire from a spark
plug. Loosen each plug one or two turns, then
use compressed air to blow out any dirt around
the spark plug hole. This will prevent foreign

Replace plugs with cracked or broken
Insulators, or with electrodes badly burned,
pitted, or worn so thin that the short period of

(ground)

electrode,

because

sidewise

pressure may crack or break the insulator tip.
DO NOT use gapping pliers.

boot; then twist and pull on the boot at the

additional good performance they might render
would not justify their installation. If the
majority of the plugs in an engine are worn out,
replacement of the entire set is recommended.

matter from entering the cylinder.
When cleaning spark plugs by the
sandblasting method, use short blasts
accompanied by rocking of the spark plug. After

sandblasting, use air to remove any sand from
the insulator. Next, file the center electrode flat

on the end and regap the spark plug to

manufacturer's specifications. Spark plugs
serviced in this manner will give many additional

miles of service. Overblasting and not rocking

spark plug during cleaning results in dirty,

(A) CORRECT

damaged insulator tips. Eroded tips change heat
range and conductive paths mean fouled plugs,
both resulting in poor engine operation.
Appreciable gap wear at low mileage usually
Lndicates

(B) INCORRECT

81.451

Figure 7-25.Measuring

that the engine is operating under
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P.

otherwise, there will be excessive transfer of

for

By a visual hie
burned, they should be rep

can tell whether
wing. If pitted or
ed. Points shoOld

never be Bled eXCepi

rgency.

the distributor pqinris flee

When you remove the distributor OP,
inspect the PoitIts, Wherc Akolicalbe, to insure
that they are clean, InSPect -the cap carefully for
cracks or other dajna$e. At, crack reaching the
center terminal may Peirrratr the high-tension

current from the coil to' found through the
distributor body, cheolc tits rotor for cracks,

material from one contact to the other,
shortening contact point life.

If condensers are suspected of being lfaultk,

check them using a condenser tester. Be sure
you follow the instructions for testing
condensers as given by the manufacturer lit' the

tester you are using. It is advisable to make a

a new

series resistance test after installing

condenser. This, test may indicate other,defects
within the distributor, such as loose or corroded
connections, ground, or shorts.

INSTALLING CONTACT POINTS

a

corrosion, and blamed terunirlai

comparatively simple procedure but mtist be

The distributor shaft frittild be checked to
insure its bushtligs are rapt worn excessively.

done with precision and care in order to achieve
good engine performance and economy. Make
sure the points are clean and free of any' fOreign

Worn bushings result ifllons ,f power because of

the fluctuation in igaition firrgng. To cheek,
grasp the top of the sl'aft arld attempt to move

material.

it sideways in relation lc' lbw distributor housig.
If movement is noticehie, you shoOld
disassemble the distribustok and install new

extremely important. (See fig. 7-26.) If the full
faces of the contacts do not touch each other,

bushings.

cannot be dissipated and rapid burning takes
place. The contacts are alined by bending the

To remove ttie drstr bulgr shaft, remove the
circuit breaker plate (Csn di4rihutors that have
the mechanical advance aboNe the breaker plate,
%t coin ief4 until the shaft is
the plate will_lin
removed.) The Plate is held position by screws

or clips. On distributors alai have a vactalm

advance unit, YoXi most reralave this unit prior to
removing the cirtui breaker k)late. Next, remove

the gear from the drive eancl of the distributor.
Once the
the
:e

Proper alinement of the contact points is
the heat generated by the primary current

stationary contact bracket only. NEVER BEND
THE MOVABLE BREAKER ARM. Make sure
the breaker arm rubbing block rests flush against
the distributor =B. A small amount of

approved lubrication should be placed on the
can to prevent rapid wear on the rubbing; block.

Contact spring tension must be within the
manufacturer's specifications. If the tension is

re

Withdrawn froin

aozsiedn,k
not normally
and tll housing and shaft
irlactirke
shop to have new
must be taken t-(1 the

LATERAL
MiSALINENENT

PROPER

LATERAL ALINEMENT

bushings made and iostallect

When massernhiing the distributor, make
sure that the drive Bear 11el ones up with the

hole in the distributor staat. These holes ate

offset and should you aitterraw to force the pin
without Proper alinerneret, N sear or shaft rnaY

be damaged.

It is recornmerujed in rjou shops to replace
when flee ppiots are replaced.
h
the
outy
rd oPpeallooe of condensers
Although
mandeoser
is nearly always the same,

Make sure you

s

CORRECT LATERAL MISALINEMENT BY
FIXED CONTACT SUPPORT
BE
tiNEVER BEND BREAKER LEVER
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ti-Atoiraceaptacciot
nydvearnsiee:';

Figure 7- 26. Poiru atinaIne
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too wok, the points will bounce or float (tend
to remain open at high speed.) As the points
bounce, they interrupt the primary current and
do not allow the saturation of the ignition coil
that is necessary to develop the high voltage

needed to fire the spark plugs. If the spring
is too high, the nabbing block will wear
prematurely.
tension,

The terms DEGREES OF DWELL and
DWELL both refer to the number of degrees
the cam rotates while the points are

closed in each cycle. Contact point opening has
a direct effect on degrees of dwell. As the point
opening is increased the degrees of dwell
decrease; and, as the point opening is decreased
the degrees of dwell increase. The cam angle can
be checked by using a dwell meter. First adjust
the point opening with a feeler gage; then check

the point dwell with the dwell meter to see if
the readings are within the manufacturer's

specifications. Some engine tuneup charts list
only degrees of dwell rather than point setting.
A dwell meter must be used for correct setting
of the points. If the cam angle is not within the
manufacturer's specifications, inspect the
distributor for a worn breaker plate, worn cam,
shaft, worn bearing or bushing, and bent breaker
arm.

The external contact point adjustment on
some Delco-Remy distributors makes it possible
to adjust the dwell with the engine operating. To
do this, operate the engine at idling speed. Raise

the window on the distributor and insert a hex
wrench in the point adjusting screw. With the
dwell meter attached, rotate the adjusting screw
until the specified dwell is obtained. On this

type of distributor, the contact point set
replaced

as

one complete

assembly.

is

The

replacement set has the breaker level spring
tension and point alinement adjusted at the
factory. Only the point opening requires
adjusting after replacement.
Ignition Timing

crankshaft vibration damper.

To time the engine, clean all the grease and
dirt from the timing mark and reference pointer.
Draw a chalk line over the timing mark to make
it easier to see. Connect the timing light to the
high tension lead of the No. 1 spark plug and the
power leads to the power supply. Connect a
tachometer, if available, to the primary circuit
of the distributor. Warm the engine to normal
operating temperature and adjust the idle speed.
Remove the distributor vacuum line and plug
the opening to the carburetor or manifold. Aim
the tinning light flashes at the timing mark and
reference pointer. If the timing mark and

pointer do not line up, loosen the distributor

and turn it in its mounting until the timing mark
is in alinement with the pointer, then secure the
distributor. You should then check to see if the
automatic advance mechanism is working. This
can be done by keeping the timing light flashes
aimed at the timing mark and gradually

increasing the engine speed. If the advance
mechanism is working, the timing mark should
gradually move away from the pointer. If the
timing mark fails to move as the engine speed is

increased, or if it hesitates and then suddenly
is
not
functioning properly and should be repaired.
Replace the distributor vacuum line and see if
the timing still conforms to the manufacturer's
specifications. if the liming is NOT advanced
when the vacuum line is connected and the
throttle is opened slightly, the vacuum advance

jumps, the advance mechardsm

unit or tubing is defective.
Waterproof Ignition
Systems

Since tactical vehicles sometimes operate
under very wet conditions and must be able to
ford fairly deep waters, it is necessary to
waterproof the ignition system. Waterproofing
means that the system must be so watertight
that the corraporents continue to function
normally even while totally immersed.

Standard setting of timing as recommended

designed to obtain
maximum power, performance and economy
under average driving conditions. There are

by the manufacturer

timing marks on either the flywheel or the

is

The distributor and ignition coil are sealed in
a common housing and enclosed by a common
cover. This unit also has a means of ventilating

CONSTRUCTION MECHANIC 3

the distributor, thus preventing the
condensation of water and the formation of
harmful chemicals. The ventilation is
accomplished by connecting two tubes to the
distributor, one leading to the air cleaner (from
which clean air can be obtained) and the other

to the intake manifold. The intSke manifold
vacuum

air to pass through the
distributor from the air cleaner, thus keeping the
distributor well ventilated.
causes

The various leads in the ignition system are
enclosed in a watertight conduit. This conduit
prevents moisture from getting to the leads with
resultant insulation deterioration.

The repair and maintenance of waterproof
ignition systems are similar to conventional
systems. The same tests and checks should be
made, but in most cases special adaptors for use

on the waterproof connections are furnished
with the test equipment. When replacing any
connection on the waterproof system, make sure
the gaskets arid seals are in good condition and
waterproof.

height, and width of the vehicle. The auxiliary
lights are convenience lights for the operator and
passengers. Convenience lights include dash or
panel lights and dome lights.

Each group of lights in a branch circuit of
the lighting system is protected by a fuse or
circuit breaker, and is provided with a switch.
Each light in the group is provided with'one or
more light bulbs which is rated for the particular
circuit.

Light bulbs used in Navy equipment are
made to operate on a low voltage current of 12
or 24 volts, depending upon the voltage of the
electrical system used. Bulbs are rated as to size
by the candlepower of light they produce. They
range from small one-half-candlepower -bulbs to
large 50-candlepower headlight bulbs._ The
greater the candlepower of the bulb the more
current it requires when lighted_ 13ulbs are
identified by a number on the base.
When you replace light bulbs in a vehicle, be
sure the new bulb is of the proper rating. With

the exception of the sealed beam bulbs, -the
other bulbs within the vehicle will be of the

LIGHTING CIRCUIT

The fighting system of automotive vehicles
includes the headlights, tail lights, dash lights,
dome lights and signal and warning

2

single or double ,contact with nibs, to fit bayonet
sockets, as illustrated in figure 7-27.

ts.

SOCKET SLOT

NIA

The manufacturer has provided your
equipment with an electrical system which
includes all the lighting circuits required for the
job the equipment is designed to do. Some are
more complicated than others but include the
same basic units. The most important of these,
which you will find in almost all equipment, are
the lights (lamps), switches, and fuses or circuit

SOCKET C NTACT
TERMINAL

SINGLE CONTACT
A

DOUBLE
CONTACTS

breakers.
LAMPS AND BULBS

When operating at night, heavy duty (large)
trucks and buses are lit up like a Christmas tree.

BULB
BASE SHEL

In addition to the headlights and tail lights,
which are the minimum running lights required
by law for all vehicles at night, these trucks and
buses require indicating lights, sometimes called
position lights_ These lights show the length,

Figure 7-27.(A) Single contact bulb
cadect bulb.
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Double
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2.124(81 F)

Figure 7-28.A typical

The sealed beam light is actually a large bulb

(fig. 7.28). The bulb consists of a lens, two

filaments, and its own integral glass reflector.
One of the filaments is used as the upper, or
high, beam for country or open highway driving,
and the other is used as the low beam for
oncoming highway traffic or city driving. When
either of these filaments bums out, the complete
unit must be replaced.
Most vehicles (commercial) have four sealed
beam headlights, two on each fender (fig. 7-29).

1

d

Pe

ably.

headlights be of sufficient intensity to reveal

persons and objects for a distance of at least 350
feet ahead. The rnirdrnum output established by
most States to fulfill this requirement for upper
and lower beam is 5,000 and 3,500
candlepower, respectively.

Your shop may be provided with a meter
that measures the headlight intensity

(candlepower). This meter can be used

in

conjunction with a screen for aiming the lights.

The outboard lights are typical sealed beam

lights as described above and are marked with
the numeral 2 molded on the upper portion of
the glass lens. The inside, or inboard, headlights

LOOSENI SCREW TO ,0
nGHTsH SCREW: TO RAo

have one filament and are marked with the
numeral I molded on the upper portion of the
glass lens (fig. 7-29). The inboard lights operate
with the high beams of the outboard headlights

for country driving. For city driving, or for

meeting oncoming open highway traffic, the low
beams of the outboard headlights are used; the

inboard lights are out when the low beams are
on.

HEADLIGHTS

Headlights are tested for intensity and aim.
The focus of sealed beam lights is pre-set at the

time they are manufactured. Therefore, your
concern will be the aiming and the intensity of
the headlights. Aiming is accomplished as
indicated in figure 729. Traffic laws require that

TIGHTEN SCREW TO SWING
BEAM LEFT
LOOSEN SCREW TO SWING
REAM RIGHT

LOOSEN SCREW TO swiNG
sEty.k IEFT
_
TIGHTEN SCREW TO SWING
ilEAAR

Figure 7-29.,-Typical duel in_ nation of

room

2,124
lei beam
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Headlight testers that can be used for aiming, as
well as for measuring, the intensity of the light

CENTERLINE OF

also are available.

HEADLAMPS

Using Screen For
Aiming Headlights
2 INCHES

Although a meter may not be available for
measuring headlight intensity, you should
nevertheless insure that the headlights of
vehicles are aimed correctly; a headlight that is
not aimed properly may blind drivers of
oncoming vehicles.

A screen can be made that will enable you to
test headlight aim. When making a, screen you
should put only the headlight center level and
vehicle axis lines on it, These lines can
accommodate all types of vehicles.

The screen for aiming headlights (fig. 7-30)

should be no less than 10 feet wide and 42
inches high. When it is mounted on a frame or
easel with casters, the screen should be no more
than 12 inches from the floor surface.

By moving the screen up or down, the
headlamp level line can be made to conform
with the measured height of any headlamp being

tested. Moving the vehicle or the screen left or
right will accomplish accurate alinement with

the vehicle axis line. After these basic steps,
vertical

lines conforming

to

Figure 7-30.

n

chocking aim

_

hoodlightis.
2.25

the distance

between the centers of the headlamps can be
added either by line or tape. The vertical lines
should intercept the headlamp level line at a
point measured from the vehicle axis line
exactly once -half the distance between the lamp
centers.
To comply with regulations of most
localities the screen should be placed 25 feet

ahead of the headlight. Make sure all tires on the
vehicle are properly inflated. The vehicle should

have a full tank of fuel (to compensate for
weight) and no one other than the operator
should be in the vehicle.
Before beginning the actual tests or
adjustments, check the lighting regulations for
your particular location. Illustrations of proper
light patterns and suggestions I'm inspecting
parts of the headlight assembly are often

included in regulations available from the local
traffic authorities. Adjustments for aiming

headlights may differ for various makes of
vehicles. Check the manufacturer's manual for
the particular make and model of vehicle being
inspected.

When aiming the headlights of a vehicle
using

the 7-inch sealed beam light unit,

remember that the pattern of the upper or

driving beam is the one that will be aimed. The
7-inch lamp is designed so that when the upper

beam is aimed correctly the lower or passing
beam will also be aimed correctly. Cover the
lamp that is not being aimed so that one bekm
will not interfere with the other.
The accepted driving beam pattern for
passenger vehicles will show the high-intensity
portion (hotspot) of the light rays centered on a
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CENTERLINE AHEAD
OF LEFT-HAND LAMP

CENTERLINE AHEAD
OF RIGHT-HAND LAMP

4_0. CAR
"am

HOTSPOT SHOULD BE
CENTERED UP AND

PART II

AXIS

/HOT SPOT SHOULD
BE CENTERED SIDEWAYS

DOWN ON LINE A-A

ON LINE B-B

HEADLAMP CENTER LEVEL

A
FOR ALL VEHICLES

AIM RIGHT-HAND LAMP
SAME AS LEFT. EXCEPT
CENTER HOTSPOT SIDEWAYS ON LINE C-C

HOT SPOT OF HEADLAMP
UPPER BEAM

NO FURTHER ADJUSTMENT IS
NEEDED FOR LOWER BEAM

B

C
AIM UPPER BEAM OF LEFT HEADLAMP

2.126
Figure 7.21.- Accepted beam pattern or aiming passenger vehicle headlights.

(inboard) lamps so that they are centered on the
vertical lines 2 inches below the horizontal line.

horizontal line which is 2 inches below the
center or horizontal reference line on the screen.

(See fig. 7-32.) The low beams of the No. 2

(See fig. 7-31.) This means that there will be a
2-inch drop of the light beam for every 25 feet
of distance from the bulb.
Headlights on trucks present a special
problem because of the effect of a heavy load.
At the same distance of 25 feet, truck headlights
should be aimed so that none of the
high-intensity portion of the light will project
higher than a level of 5 inches below the center
of. the lamp being tested. This is necessary to
compensate for the variations in loading. Bus
headlights present a somewhat similar situation
except that the effect of a load is not quite as

(outboard) lamps are aimed so that the hotspot
does not extend to the left of straight ahead or

extend more than 6 inches to the right of

straight ahead. The top of the hotspot of the
No 2 lamp is aimed at the horizontal line, as
shown in figure 7-32. When the low beams of
the No 2 lamps are properly adjusted, the high
beam will be correct.

N0.1

AIM HIGH BEAM

H

great,

Some large equipment will have the lamp
centers higher than the testing screen. In this

NO.2

case, place the screen 75 feet ahead of the lights

AIM LOW BEAM

and adjust the horizontal line on the screen to
42 inches; the top of the hotspot of the beam of
light should not be above the horizontal line on

H

the screen.
When using a screen for aiming the
headlights on a vehicle that uses the 4-headlight
system, adjust the hotspots of the No 1

2.127
Figure 7-- --Accepted bearn pattern for 4headlight
system.
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Figure 7-33 shows a beam pattern being

Using Headlight Tester or
Checking Headlights

checked on a Bear headlight tester screen. Figure
7-34 illustrates the same machine being used to

When using a headlight testing device for
checking

patterns,

beam

measuring

beam

obtain a candlepower reading of the headlamp
beam. Notice the image of the photoelectric cell

candlepower, and adjusting headlamps, follow
the instructions furnished by the manufacturer.
Headlight testers differ considerably in design
and operating characteristics; therefore, correct

on the screen and the reading on the output
meter. To check candlepower in this manner,

instructions for using one tester will not be

touches the glass holding the screen. Then raise

correct for another.

and lower the photocell with the same handle
until the highest reading is obtained on the
output meter. Be sure the hotspot of the light
beam is centered on the vertical line before

The headlight tester may be one that

is

permanently installed on a track or it may be
portable. The floor where the permanently
installed tester is used should be reasonably

simply turn the small handle mounted on top of

the testing unit to the left until the photocell

attempting to take a candlepower reading.

If the beams are aimed properly but do not
meet the required candlepower, check the wires
and connections in the circuit. Poor light from
sealed beams is often the result of a loose

level, and in case there is a slope to the floor the

tester must be adjusted to this slope. Since a
permanently installed tester will always be used

in the same location, it can be adjusted to the
slope of the floor when installed. On the
portable-type tester, the testing unit must be set

connection, bad ground, or use of undersized
wire. Any one of these increases the resistance

to the slope of the floor for each location where
it is being used..
PHOTOCELL OUTPUT
METER

1 171

7.179

2.129
Figure 7- 34.=ftliees4rirsg hewn candlepower with a Bear
tester.

2.128
Figure

33.Checking beam pattern with Bear headlight WORN
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of the circuit. If you can't find a fault in the

wiring or connections, replace the sealed beam
unit.
CULT BREAKERS,
SWITCHES, AND FUSES

Most switches are placed on the instrument
panel close to the driver, or operator. The fuses
or circuit breakers can usually be found behind
the instrument panel'on a fuse block, as shown
in the wiring diagram in figure 7-35.
The light control switch of the push-pull
type, shown in figure 7-36, is a common type of

The fuse element is made from metal with a low

melting point, and forms the weakest point of
the electrical circuit. In case of a short circuit or
other trouble, the fuse will be burned out first
and open the circuit just as a switch would do.
Examination of a burned out fuse usually gives
an indication of the problem. A discolored sight
glass indicates the circuit has a short either in
the wiring or one of its components. If the glass

is clear, the problem is an overload in the circuit.
Be sure, when replacing a fuse, that it has a
rating equal to the one burned out, and that the
trouble which caused the failure has been found
and repaired.

switch and usually controls three circuits as

illustrated. If you must replace such a switch, be
them,
sure you tag Your wires before removing switch
from
the
old
to
the
new
or change them
one at a time. Removing the grounded battery

terminal before making an installation of this

kind will prevent blowing out fuses.
Light switches are placed in series with the
of
circuit they control between the source
light

current and the light bulb. Be sure the

switch terminals are not grounded to any part of
the frame or body to which they are fastened
for support. If grounded, the lights in the circuit
will not burn. STOP LIGHT SWITCHES, in
which the contacts close automatically when the

brake pedal is depressed, are of two types:
pressure and mechanical.

The most commonly used stop light switch
is the pressure type, which closes by either air or
hydraulic pressure acting on a diaphragm inside
the switch. This switch is usually attached to the
brake valve (on airbrake systems) or the master
cylinder.

The meehanical type of stop light switch is
mounted under the dash on the brake pedal
support bracket. This switch operates
mechanically by spring pressure when the brake

depressed. You will find the mechanical
type of switch frequently used on all vehicles
pedal

with dual braking systems (independent front
and rear systems).
Fuses are safety, devices placed in electrical
circuits to.protevt wires and electrical units from
of, currr nt . Each circuit, or at least
a heavy flow of

'cal system, is provided
ampere rating for the
with a' fuse that
maximum curternt required to operate the units.

each individual

WIRING CIRCUITS

Among your many duties will be the job of
maintaining and repairing automotive vehicle
electrical systems. All vehicles are not wired in
exactly the same manner; however, once you
thoroughly understand the circuit of one
vehicle, you should be able to trace an electrical
circuit in any vehicle.
ELECTRICAL TROUBLES

In the maintenance and repair of electrical
systems, troubleshooting is the biggett job.
When the lights go out, or the electric starter
will not work, you cannot always expect to find
the trouble in a dead storage battery or faulty
generator. Most troubles are due to other causes,
usually bare wires or poor connections.
Each piece of equipment is provided with an

operations and maintenance manual. In the
manual you will find wiring diagrams, which
may not be as complicated as the one shown in
figure 7-35. The diagrams will show how the
electrical units in the equipment are connected
and the
switches.

location of fuses and automatic

Many diagrams show a color code for each
wire in a particular circuit. The headlight circuit,
fear example, may have wires marked BK and G
which would mean black wire cable and green
wire cable. Wires in another circuit could be
marked WR to indicate a white wire with a red
tracer. Whether the diagram shows these
designations or not, you will find wires of the
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components in relation to each other and
identify the wires that connect them in the

color code is common to all manufacturers. For
this reason, the manufacturer's maintenance
manual is a must for speedy troubleshooting and

system.

repairs.

The wiring found on tactical equipment
(M-series vehicles) has no color coding. All the
wire used on these vehicles is black. Small metal
tags, stamped with numbers, are used to identify
the wiring illustrated by diagrams in the
technical manuals provided with the equipment.
These tags are securely fastened near each end of

The wiring diagrams tell only what circuits
and units are in the equipmentnot where they
are placednor how they are actually
connected. Electricity will flow in the path of

individual wires.

least resistance, and if the resistance is too great,

PREVENTIVE MAINTENANCE

will not flow at all. Keep these facts in mind;
they will answer many of your problems in the
maintenance of lighting systems. Notice the
method of grounding the battery to the frame.

WIRING DIAGRAMS

Often you will find ELECTRICAL
SYMBOLS used in wiring diagrams to simulate
the individual components. Figure 7-37
illustrates some of the symbols you may
encounter when tracing individual circuits in a
wiring diagram.

The short circuit illustrated in view A, figure

7-38 shows what happens when the wire
insulation wears through. Current from the
battery will go directly to ground and result in a
dead battery. This same condition is common in
circuits found on all types of equipment.

Diagrams seldom show the routing of the

Usually the light or other accessory will not
function properly or will fail to work at all

wires within the electrical system of the vehicle.

Most only show the general location of the

CIRCUIT BREAKER
RESISTANCE OF LOAD

--41 CROSSOVER
OHMS OR RESISTANCE
DIRECTION OF CURRENT

INDUCTOR (COIL)

DIODE (ONE-WAY)

INDUCTOR (SOLENOID)

ZENER DIODE

GROUND

TRANSISTOR (PNP TYPE)

BATTERY

TRANSISTOR (NPN TYPE)

CONNECTION

CONDENSOR OR CAPACITOR

TERMINAL
VARIABLE RESISTANCE

SWITCH (OPEN)

81.530
Figure
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TO STARTER
SOLENOID

rust and corrosion that forms or accumulates at
a joint or wire terminal that actually feels tight.
This condition is very often found at the battery
terminals between the terminal and cable clamp.
WIRING HARNESS

Wiring harnesses serve two purposes. They
prevent chafing arid loosening of terminals and
connections caused by vibration and road shock
while keeping the wires in a neat condition away

ITIVE

from moving parts of the vehicle. A wiring

A

harness contains a number of wires insulated by
tape or a nonmetallic braided covering. As
NEGATIVE

TO STARTER
SOLENOID

SE CONNECTION

shown in figure 7-39, each wire included in a
wiring harness can be used for a separate circuit.
WIRE SUPPORT
AND PROTECTION

Wires in the electrical systems should be
supported by clamps or fastened by tape at
various points about the vehicle. When you
install a new wire, be sure to keep it away from
the hot engine parts that would scorch or burn
the insulation. Wires passing through holes in
metal members of the frame or body should be
protected by rubber grommets or several turns
of friction tape to prevent chafing or cutting on

POSITIVE

81.125

Figura 7-38.(A) Short circuit,

(B)

Open

sharp edges.

circuit

GROUND CONNECTIONS

because a fuse or circuit breaker has opened the
circuit. As mentioned previously, the fault is not
the safety device, and the real problem must be
corrected before the circuit will function
normally. Short circuits of this kind can result in
fire from overheated wires, or from sparks
resulting from the bare wire making and
breaking contact with the car frame.
The

open

circuit

caused

by

a

loose

Be sure that the ground return connections
made to the chassis frame or engine are clean
and tight. Where the engine or body is mounted
on rubber or other insulating material, there
should be a flexible metal connection. A half
turn on the fastening screw or bolt will prevent
the formation of a film of rust or corrosion.
Even if

this screw or bolt is tight, rust or

corrosion at the ground connection will prevent
current from flowing in the circuit.

connection (as shown in view B, fig. 7-38) is
common in electrical systems. The expression

FIELD AND SHOP REPAIR

OPEN CIRCUIT is used not only when the wire
connections are actually separated as in a switch,
but also when the resistance in the wiring circuit
is so great that no current can flow between the

Dependable operation of the electrical
systems is your responsibility. Usually you will

battery and the unit it operates. An example is

make limited repairs in the field and do your
overhaul in the shop. In the shop the electrical

CONSTRUCTION MECHANIC 3 & 2
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TO SOLENOID SWITCH
FROM STARTER SWITCH

NO. 12 YELLOW BLACK TRACER
-HEAD LAMP WIRES
TO LIGHT PLUG CONTACT

NO 1 BRIGHT NO 11 BLACK - RED TRACER
NO. 2 DIM

NO. 11 GREEN

NO 3 PARKING - No. 16 BROWN BLACK TRACER
TO BATTERY

THESE WIRES GO TO FOOT LIGHT SWITCH

FROM AMMETER

NO 12 RED - BLACK TRACER

TO IGNITION COIL
NO 11 RED YELLOW TRACER

TO FOOT SWITCH FROM
HEAP LAMPS AND SWITCH

TO CENTER TERMINAL
ON FOOT SWITCH

No. 14 YELLOW. RED TRACER
NO. 14 BLACK - RED TRACER
LIVE WIRE TO STOP LIGHT SWITCH NO 11 BLUE

TO GAS GAUGE OH TANK HO 14 yEL
TO LOWER POST
ON GAS GAUGE

TO TAIL LIGHT NO 11 BLACK

No 14 RED YELLOW
TRACER

LIVE WIRE TO HORN HO 14 BLUE
TO LOWER POST oN
IGNITION SWITCH
NO 14 RED . YELLOW
TRACER

TO LOWER POST ON

TO STARTER SWITCH
FROM SOLENOID SWITCH
NO 12 YELLOW . BLACK TRACER

LITE WIRE
TO HORN
STOP LIGHT
NO 11 BLUE

TO UPPER POST ON GAS GAUGE
NO 11 YELLOWY

AMMETER FROM
BATTERY

TO TAIL LAMP NO 14 BLACK

NO 12 RED - BLACK TRACER
TO CENTER POST ON FOOT LIGHT SWITCH
No14 YELLOW - RED TRACER
TO PARKING LIGHTS
NO 16 BROWN BLACK TRAC

LIGHT SWITCH

Figure 7-39.A typical wiring harnan.

units are disassembled when major repairs
require special tools and equipment.

81.147

temporary fix; do it right the first time. You will
save time in the end and gain the confidence of
your supervisor as well as the operator. Should
there be some question about other troubles you

But, if you find electrical troubles in the
field that you do understand and feel confident
that yciti can repair, do not make just a

will surely run into, check your operation and
212
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The induction type soldering iron (most

repair manual and report what you have found
to the chief in charge of the shop.

often referred to as soldering gun) is shown in
figure 7-40. It contains a stepdown transformer
in its body. The transformer secondary output
current flows through the tip; causing it to heat.
The tip heats only when the trigger is depressed,
and then very rapidly. This type of iron affords
easy access to cramped quarters, because of its
small tip. It usually has a small light which is
focused on the tip working area. The soldering

SOLDERING
Soldering operations are a vital part of
electrical maintenance procedures. Soldering is a
manual skill which can and must be learned by
all personnel who work in the field of
electricity. Practice is required to develop
proficiency in the techniques of soldering;
however, practice serves no useful purpose
unless it is founded on a thorough understanding
of basic principles. This discussion is devoted to
providing information regarding some important
aspects of soldering operations.
Cleanliness is necessary for efficient,

tip is replaceable.
Tinning of the tip is always desirable unless
it has already been done. The gun or iron should

effective soldering. Solder will not adhere to
dirty, greasy, or oxidized surfaces. Heated
metals tend to oxidize rapidly, and the oxide
must be removed prior to soldering. Oxides:scale, and dirt can be removed by mechanical
means (such as scraping or cutting with an
abrasive) or by chemical means. Grease or oil
films can be removed by a suitable solvent.
Cleaning should be accomplished immediately
prior to the actual soldering operation.

Items to be soldered should normally be
tinned before making mechanical connection.
When the surface has been properly cleaned, a
thin, even coating of flux may be placed over
the surface to be tinned. to prevent oxidation
while the part is being heated to soldering

always be kept tinned in order to permit proper
heat transfer to the work to be soldered.
To solder an electrical connection, the
tinned portion of the iron tip is held flat against
the connection, as shown in figure 7-41. Touch
solder to the connection until the entire
connection is covered with molten solder.
Remove the solder, but continue to apply heat
for a moment; then remove the iron and allow
the solder to harden. The solder should always

be melted by the heated wire and not by the
iron. Melting the solder onto the iron and then
transferring it to the connection often results in
a cold solder joint, with the solder not actually
holding to the wire or connection. Only enough
solder to fill all crevices and spaces in the joint
should be used.

temperature. Rosin core solder is usually
preferred in electrical work, but a separate rosin

flux may be used when tinning wires in cable

REPLACEABLE TIP

fabrication. Tinning is the coating of the

material to be soldered with a light coat of

LIGHT

solder.

The tinning on a wire should extend only far

TRIGGER

enough to take advantage of the depth of the
terminal or receptacle. Tinning or solder on

GRIP

wires subject to flexing causes stiffness, and may
result in breakage.

The tinned surfaces to be joined should be
shaped and fitted, then mechanically joined to
make good mechanical and electrical contact.

They must be held still with no relative
movement of the parts. Any motion between
parts will likely result in a poor solder
connection.

81.453

Figure 7.40.Solderin9 gun.
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a high tin content melts at lower
temperatures, flows more readily, cools faster,
and is easier to work with than solder with a low
tin content.
In addition to the solder, there must be flux
to remove any oxide film on the metals being

with

ROSIN CORE
SOLDER

joined, otherwise they cannot fuse. The flux
enables the molten solder to wet the metals so
the solder can stick. The two types of flux are
acid flux and rosin flux. Acid flux is more active

in cleaning metals but is corrosive. Rosin is
always used for the light soldering work in
making wire connections. Generally, the rosin in
the hollow core of solder intended for electrical
81.454

Figure 7.41.Soldering a

_

Both the solder and the material to be
soldered must be heated to a temperature which

allows the solder to flow. If either is heated
inadequately, cold solder joints result. Such
joints do not provide either the physical strength
or the electrical conductivity required.
Appreciably exceeding the flow point
temperature, however, is likely to cause damage

to the parts being soldered. Various types of
solder

flow

at different

temperatures.

In

soldering operations, it is necessary to select a
solder that will flow at a temperature low
enough to avoid damage to the part being
soldered, or to any other part or material in the
immediate vicinity.

The duration of high heat conditions is

almost as important as the temperature.
Insulation and many other materials in electrical

equipment are susceptible to damage from heat.
They are damaged if exposed to excessively high

temperatures, or deteriorate if exposed to less
drastically elevated temperatures for prolonged
periods. The time and temperature limitations
depend on many factorsthe kind and amount
of metal involved, the degree of cleanliness, the
ability of the material to withstand heat, and the
heat transfer and dissipation characteristics of
the surroundings.
The three grades of solder generally used for

electrical work are 40-60, 50-50, and 60-4C
solder. The first figure is the percentage of tin,
while the other is the percentage of lead. Solder

work, so that a separate flux is unnecessary. It
should be noted, though, that the flux is not a
substitute for cleaning the metals to be soldered_
The metal must be shiny clean for the solder to
stick.
SOLDERLESS CONNECTORS
Splices

and terminal lugs which do not

require solder are more widely used than those
which do require solder. Solder less connectors

are attached to their conductors by means of
several different devices, but the principle of
each is essentially the same. They are all
squeezed (crimped) tightly onto their
conductors_ They afford adequate electrical
contact, plus great mechanical strength. In
addition, solderless connectors are easier to
mount correctly because they are free from the
most common problems of solder connector
mounting; namely_ , cold solder joints, burned
insulation, and so forth.

Solder less connectors are made in a great

variety of sizes and shapes, and for many
different purposes.
The crimp -on splice (lig. 7-42) is the

simplest of the splices The type shown is
preinsulated, though uninsulated types are
manufactured. These splices are mounted with a
special plier-like hand-crimping tool designed for

that purpose. The stripped conductor tips are
inserted in the splice, which is then squeezed
tightly closed. The insulting sleeve grips the

outer insulated conductor, and the metallic
internal splice grips the bare conductor strands._
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add only a very small amount of bulk, but at the
same time the added protection, normally

furnished by friction tape, is provided by the
CONDUCTOR

INSULATION

additional layers of plastic tape. In the choice of
plastic tape, the factor of expense must be
balanced against the other factors involved.

CONDUCTOR
GRIP

GRIP

Plastic electric tape normally has a certain
amount of stretch so that it easily conforms to
the contour of the splice without adding
unnecessary bulk. The lack of bulkiness is

especially important in some junction boxes
where space is at a premium.

81.455

Figure 742.-

imp-on splice.

ELECTRICAL FIRES

TAPE

Electrical fires are extremely dangerous,

because of the danger of electrical shock. In

Putting rubber tape over the splice means
that the insulation is being restored to a great
degree. It is also necessary to restore the
protective covering. FRICTION TAPE is used
for this purpose; it also affords a minor degree

automotive vehicles the grease and oil drip onto
and stick to the engine block and other
accessories, adding to the fire hazard.

of electrical insulation.

a fire can easily result from such a defect. By

Friction tape is a cotton cloth that has been
treated with a sticky rubber compound. It
comes in rolls similar to rubber tape except that
no paper or cloth separator is used. Friction tape
is applied like rubber tape; however, it does not
stretch.
The friction tape should be started slightly
back on the original braid covering. Wind the
tape so that each turn overlaps the one before it;
and extend the tape over onto the braid covering
at the other end of the splice. From this point a
second layer is wound back along the splice until
the original starting point is reached. Cutting the
tape and firmly pressing down the end complete
the job. When proper care is taken, the splice
can take as much abuse as the rest of the wire.
PLASTIC ELECTRICAL TAPE has come

frequently inspectingrrepairing, and maintaining

A short circuit in an automotive vehicle
electrical system will not always cause a fire, but

the electrical system in the vehicle, you help
prevent fires and electrical failures. Not only
must you know how to prevent fires, you must
also know what to do in case a fire gets started.

Remember? NEVER USE WATER ON

ELECTRICAL OR PETROLEUM FIRES.
The correct extinguishing agent for electrical
fires is CO2.
ACCESSORY CIRCUITS

Accessory circuits are provided on Navy
vehicles for convenience and safety. Accessories,

such a turn

signals, windshield wipers and
washers, and heaters, make operation of the
vehicle convenient for the operator. You will

into wide use in recent years. It has certain
advantages over rubber and friction tape. For

find that some accessories formerly used only in

example, it will withstand higher voltages for a

the passenger cars are presently being used on

given thickness. Single thin layers of certain
commercially available plastic tape will stand
several thousand volts without breaking down.

military trucks and heavy equipment.
One of the more important accessories that
provides a safety feature for the operator is the
turn signals. Turn signals warn drivers of other
vehicles that a turn is about to be made and not

However, to provide an extra margin of safety,
several layers are usually wound over the splice.
Because the tape is very thin, the extra layers

to follow too closely, or to use caution when
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is simply another
lighting circuit that operates on an intermittent

approaching. This circuit
basis.

Turn signals are operated by a circuit
breaker commonly called a "flasher." This
flasher should emit a clicking noise when the

directional control switch, located on the
steering column, is placed in the light- or
left-turn position.
Maintenance of turn signals is normally

limited to replacement of a burnt out bulb or
faulty flasher. The directional control switch
may become defective after extended use and

require replacement. Directional controls
installed by the manufacturer are located inside
the steering column. Access is gained by removal
of the steering wheel. On military vehicles, the
control switch is clamped to the steering
column.
Another safety item that works
conjunction with the turn signals is the
"Emergency Flasher." The Emergency Flasher
causes all the turn signal lights to blink
simultaneously informing any approaching
SPRING WASHER

vehicle

that

current supplied from a separate wire. This
allows the Emergency Flasher to operate even
though the turn indicators are faulty.
Electric windshield wipers operate from a

circuit which contains a switch, motor and
linkage connected to the wiper arms. Wiper
motors operate on one, two, or three speeds.
The motor (fig. 7-43) has a worm gear on the

armature shaft that drives one or two gears

which, in turn, operate the linkage to the wiper
arms. The motor is a small, shunt wound, d-c
motor. Resistors are placed in the control circuit

from the switch to reduce the current and
provide different operating speeds.
Accessory motors are all basically the same,
although size, location and method of drive

found on the armature shaft may vary. These
motors are normally replaced when they fail to
operate. Usually, operating problems are not in

the motor but in the control circuit from the
switch.
SPACE WASHER
10" RING

OUTPUT AR

you are stopped. The switch

controlling the Emergency Flasher is usually a
part of the turn-signal switch and operates from

GEAR HOUSING

ARMATURE SHAFT
END PLAY SPRING

PARK SWITCH
TO PARKING LEVER PIN

PARKING SWITCH

LEVER

GEAR COVER

3 BRUSH PLATE
AND SWITCH

ASSEMBLY
ARMATURE

IDLER
GEAR
AND
PINION

EAR AND
PINION
RETAINER

MOTOR HOUSING AND MAGNET ASSEMBLY
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Figure 7-43.Windshield wiper motor.
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AUTOMOTIVE POWER TRAINS
In a vehicle, the mechanism that transmits
the power developed by the engine to the wheels
and/or tracks and accessory equipment is called

the POWER TRAIN. In a simple application,

clutch, transmission, propeller shaft,
differential, and driving axles (fig. 8-1).
In all-wheel drive vehicles, additional
components are needed to transmit power to the
a

such as a stationary engine-powered hoist, a set
of gears or a chain and sprocket could perform
this task. However, automotive and construction
vehicles are not designed for such simple
operating oanditions. They are designed to
provide pulling power, to move at high speeds,

front wheels. This is done with the use of a
transfer case, additional propeller shafts,

to travel in reverse as well as forward, and to

app_ lication make it impossible to cover all types
in this manual. While most of the examples and

operate on rough terrain as well as smooth

roads. To meet these varying conditions, vehicle

power trains are equip_ ped with a variety_ of
components.

Automobiles and light trucks driven by the
two rear wheels have a power train consisting of

AXLE SHAFT

UNIVERSA

differential units, and driving axles.
Power trains you will encounter may include
all or a combination of the components

mentioned above. Variations in design and

figures used in this chapter involve automotive
vehicles, it is well to remember that similar
power train units are used in construction and
material/weight handling equipment. A
propeller shaft or a clutch, for example, may be
constructed differently to conform to the
TRANSMISSION

CLUTCH

PROPELLER SHAFT

DIFFERENTIAL CARRIER
AXLE HOUSING

PROPELLER SHAFT
CENTER SUPPORT BEARING

81.174
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shown in figure 8-2. The DOUBLE DISK clutch
(fig. 8-3) is substantially the same as the single
disk clutch, except that another driven disk and

requirements of a particular item of equipment,

but its purpose and principle of operation are
the same.

an intermediate driving plate are added. This
clutch is used in heavy-duty vehicles and

This chapter discusses the basic types of
automotive power train components you will
encounter as a Construction Mechanic. When

construction equipment. The MULTIPLE DISK
clutch (not shown) is used primarily as a steering
clutch in tracklaying equipment. The operating

performing maintenance or repairs in the field or

principles,

shop on components you are unfamiliar with,
consult the operation and maintenance manuals

component functions, and

maintenance requirements are essentially the
same for each of the three clutches mentioned.

provided with the equipment.

This being the case, the single disk clutch will be

used to acquaint you with the fundamentals of
clutch operation.

THE CLUTCH

The clutch is the component in the power
train that connects the engine crankshaft to, or
disconnects it from, the operating control unit

CLUTCH OPERATION

The single disk clutch (fig. 8-2)

in stationary equipment, or the transmission
(and thus the remainder of the power train) in

is

used

primarily in the power trains of passenger cars
and light trucks. The major components of the
single disk clutch are the driving members

automotive, construction, and materials/weight
handling equipment.

(flywheel and pressure plate), the driven
member (disk), and the release mechanism.

With few exceptions, the clutches common
to SEABEE equipment are the single, double,

The pressure plate assembly shown in figure

and multiple disk types. The clutch you will

84 is

encounter most often is the SINGLE DISK type

to the engine flywheel. In

secured

PRESSURE SPRING
DRIVEN PLATE

COVER PLATE

-RELEASE
BEARING AND SLEEVE

PILOT BEARING

CLUTCH SHAFT

CRANKSHAFT

RELEASE YOKE
FINGER OR
RELEASE LEVER

SPLINED SHAFT
SPLINED HUB

ADJUSTING NUT
TORSION
SPRING

PRESSURE PLATE
FLYWHEEL

81.852

Figure 8-2.Single disk clu
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DRIVEN DISC FLYWHEEL SIDE

DRIVEN DISC PRESSURE
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PRESSURE PLATE ASSEMBLY
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DRIVING PLATE
HUB

HUB

Net:If
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DRIVING PIN
FACING

LOCK WASHER

PILOT BEARING

CAPSCREW
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Figure 8-3.Double disk clutch, exploded view.

operation the pressure plate is gradually brought

in or out of contact with the disk by means of

clutch shaft and transfers the engine power to
the transmission and thus the remainder of the

the release mechanism. When the clutch is fully
engaged (fig. 8-5), the driven disk, which is

power train. When the clutch pedal is depressed

splined to the clutch shaft and faced on both
sides with friction material, is firmly clamped

overcome the spring tension and retract the

between the driving members by spring pressure.
In

this position, the driven disk rotates the

(fig. 8-5), linkage causes the release levers to

pressure plate into the pressure plate assembly

cover. In this position, the driven disk centers
the splines, between the driving

itself on

BACK PLATE

WASHER

--ADJUSTING SCREW

RETAINING
CAPSCREW

LOCK NUT

RELEASE LEVERS
PRESSURE SPRINGS

PIN

PRESSURE PLATE

pinto assembly.

228

C3&

CONSTRUCTION MECH

2

CLUTCH
PEDAL

CLUTCH
PEDAL

UP

DOWN

SHAFT
TURNING

TURNING

TURNING
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CL TCH DISK AND PLATE
DISENGAGED

CLUTCH ENGAGED

CLUTCH DISENGAGED
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Figure 8-5.Clutch operation.

members, and no power is transferred to the
remainder of the power train.

The release mechanism common to most
single disk clutches consists of a release bearing
and sleeve, and a release yoke similar to the one
illustrated in figure 8-2. The release sleeve slides

on the transmission front mainshaft bearing
retainer as the clutch pedal is depressed. The
yoke moves the sleeve forward and the release
bearing contacts the release levers of the
pressure plate assembly. Further motion causes
the pressure springs to compress, refracting the
pressure plate and releasing the disk.

In most clutches, mechanical linkage (fig.
8-6) between the clutch release yoke lever and
clutch pedal provides the operator with a means

This prevents the bearing from constantly
spinning, while the engine is running, and

wearing out the release levers and/or causing
rapid bearing failure. Modern clutch linkages
provide a method of connecting the release
sleeve and yoke so that the bearing is retracted
by the clutch pedal return spring acting on the
clutch linkage. With this arrangement, the
bearing contacts the release levers only when the

clutch pedal is partially depressed. Resting a
foot on the clutch pedal while driving or
improper adjustment can cause rapid failure of
the bearing.
CLUTCH PEDAL
ADJUSTMENT

to actuate the clutch. On many late model
vehicles, and on some of the larger units which

require great pressure to release the clutch, a
hydraulic release system (fig. 8-7) is used. A
master cylinder similar to the brake master
cylinder is attached to the clutch pedal. A
cylinder, similar to a single-acting brake wheel
cylinder, is connected to the master cylinder by
flexible pressure hose or metal tubing. The slave
cylinder is connected to the clutch release yoke
lever, Movement of the clutch pedal actuates the
clutch master cylinder. This movement is
transferred by hydraulic pressure to the slave

cylinder, which in turn actuates the clutch
release yoke lever.

A spring is used to keep the release bearing
and levers separated when the clutch is engaged.

Clutch

pedal adjustments are made to

compensate for wear of the clutch facings and
linkage between the clutch pedal and the clutch
release lever. Most light- and medium-duty
clutch linkages provide for adjustment to change
the length of the release rod illustrated in figure
8-6.

As wear of the clutch disk occurs, the clutch
pedal free travel becomes less. If allowed to wear

excessively before adjusting, you may find that
the release bearing is constantly in contact with
the release levers and the bearing will fail earlier
than nOttnaL
Depending on the arrangement of the

linkage, the length of the release rod is either
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GREASE

PEDAL

FITTING

PAD

CLUTCH PEDAL

SUPPORT

PIVOT PIN

RELEASE LEVER
BUSHING

PEDAL
RETURN SPRING

JAM NUT
ANCHOR

RELEASE ROD

YOKE

CLEVIS PIN
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Pedal and lirskage.

shortened or lengthened NI compensate for
normal clutch wear. The hydraulically operated

CLUTCH TROUBLESHOOTTNG

clutch illustrated in figure 8-7 is adjusted by
changing the length of the slave cylinder push

The information given in this section is
general and can be applied to nearly every type
of clutch that you are likely to encounter. You
will probably have special problems for which
the solution can be found only by referring to
the manufacturer's manual.

rod. When making a clutch adjustment, refer to
the manufacturer's service manual for the
correct method of adjustment and clearance. If

no manuals are availalbe, an adjustment that
allows 1 1/2 inches of clutch pedal free travel
will allow adequate clutch operation until the
vehicle reaches
available.

Several types of clutch trouble may be

the shop and manuals are

encountered. Usually the trouble is fairly
obvious. When the malfunction is explained on
the Operator's Trouble Report, a quick personal
check of the vehicle will generally enable you to
correctly diagnose the trouble. It is your

Double and multiple disk clutches often
have a screw type of internal adjustment ring to
compensate for wear. The adjustment ring is an
integral part of the clutch assembly, and is used
only when initially installing the clutch, or when

responsibility to see that the job is properly
performed with a minimum of work. Clutch
trouble generally falls into one of six categories:

the external adjustmentif so equippedwill
not provide the correct clutch linkage free
travel.

221

1.

Slipping

2.

Chattering or

abbing when engaging
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7.Martar cylinder, lava cylinder, and connections for s

3.

Spinning or dragging when disengaging

4. Clutch noises
5.

6.

Clutch pedal pulsations
Rapid disk facing weal

Slippier
Slipping occurs when the driven disk fails to
ate at the same speed as the driving members

ndard hydraulic clutch.

when the clutch is fully engaged. This condition
results whenever the clutch pressure plate fails

to hold the disk tight against the face of the
flywheel. If clutch slippage is severe, the engine
speed will rise rapidly, on acceleration, while the
vehicle gradually increases in speed. Slight but
continuous slippage may go unnoticed until the
clutch facings are ruined by excessive
temperature caused by friction.
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In many cases, clutch slippage is due to less
than zero clearance between the clutch release
levers and the release bearing. This results in
slipping and early bearing failure. Normal wear
of the facings causes the free travel of the clutch
linkage to decrease, creating the need for an
adjustment. Some clutch linkages are designed
to allow only enough adjustment to compensate
for the lining to wear close to the rivet heads.
This prevents damage to the flywheel and
pressure plate by the rivets wearing grooves in
their smooth surfaces. When you are unable to
obtain the correct free travel on clutches with
this type of linkage, you must remove the clutch
and install a new disk. Other linkages will allow
for adjustment after the disk is worn out. When
in doubt whether the disk is worn excessively,
remove the inspection cover and measure the
thickness of the clutch disk. If the disk is worn
beyond the manufacturer's recommendations, a

engaged. Loose spring shackles or U-bolts, loose
transmission mounting, and worn engine mounts

are among the items that must be checked. If
the clutch linkage binds, it may release suddenly
to throw the clutch into quick engagement, with

a resulting heavy jerk. If all these items are
checked and found to be in good condition, the
trouble is inside the clutch itself. The clutch will
have to be removed from the vehicle for repairs.

The trouble inside the clutch could be due
to oil or grease on the disk facings or to glazed
or loose facings. Binding of the friction disk hub
on the clutch shaft could prevent smooth
engagement; this condition will require cleaning

up of the splines in the disk hub and on the
clutch shaft. Broken parts in the clutch, such as
broken disk facings, broken cushion springs in
the disk, or a broken pressure plate, could cause
poor clutch action or grabbing.

new disk must be installed.
Binding linkage or release levers may prevent
the pressure plate from exerting its full pressure
against the disk, allowing it to slip. Should the
release sleeve stick on the extended portion of

Spinning or Dragging
When Disengaged

the transmission front bearing retainer, or the

The clutch friction disk may spin briefly

hub of the clutch disk stick on the splines of the

after the clutch is disengaged. In other words, it
takes a moment for the friction disk to come to
rest. This normal spinning should not be

clutch shaft, full engagement may not occur.
These problems result in slippage.

confused with a dragging clutch. When the
clutch drags, the friction disk continues to
rotate with and to rub against the flywheel or

Grease and oil on the disk will also cause
slippage. When this occurs, the only sure remedy

is to replace the clutch disk and thoroughly

pressure plate.

clean the clutch components before reassembly.
The source of the lubricant leakage must also be
stopped to prevent future occurrences.

When this condition exists, the first thing to
check is the pedal-linkage adjustment. If there is
excessive free travel of the clutch pedal even full

Internal clutch problems such as weak
springs and bent or improperly adjusted release
levers will prevent

movement of the pedal will fail to force the
release bearing in far enough against the release
levers to release the clutch fully. If adjustment
of the linkage does not correct the trouble, the
problem is in the clutch, which must be removed
for repair. You will generally find a warped disk
or pressure plate, or the facing on the disk may
be loose. On the type of pressure plate assembly
with adjustable release levers, improper

the pressure plate from

applying even pressure to the disk and allow it
to slip only when heavy loads are applied to the
clutch. Again, removal of the clutch is necessary
to accomplish repairs.

Chattering or Grabbing

adjustment of the levers could prevent full

When Engaged

disengagement so that the clutch would drag. A

There are several things that will cause a
clutch to chatter or grab when it is being

friction disk hub that is binding on the clutch
shaft can also cause the clutch to drag.
223

232

CONSTRUCTION MECHANIC 3 & 2
clutch is being disengaged is called clutch-pedal
pulsation. These pulsations are noticeable when
a slight pressure is applied to the clutch pedal.
This is an indication of trouble that could result
in serious damage if not corrected immediately.
There are several conditions that can cause these
pulsations. One possible cause is misalinement of
the engine and transmission.

Clutch Noises

When an operator reports that a clutch is
making noise, find out whether the noise is
heard when the clutch is engaged or when it is
disengaged. Clutch noises are usually most

noticeable when the engine is idling and the
clutch disengaged.

If the engine and transmission are not in
line, detach the transmission and remove the
clutch assembly_ . Check the clutch 'housing
alinement with the engine and crankshaft. At

A disk hub that is loose on the clutch shaft
will make a noise when the clutch is engaged.
This would require replacement of the disk or
clutch shaft or perhaps both, if both are worn
excessively. Friction disk dampener springs that
are weak or worn will also cause clutch noises. If
the engine and transmission are not properly
alined the disk hub will move back and forth on
the clutch shaft. This will cause the splines of

the same time, the flywheel can be checked for

wobble since a bent crankshaft flangei, or a
flywheel that is not seated on the crankshaft
flange, will produce clutch pedal pulsations. If

the flywheel does not seat on the crankshaft
flange, remove the flywheel. After cleaning the
flange and the flywheel, replace the flywheel,
making sure a positive seat is obtained between
the flywheel and crankshaft flange. If the flange
is bent at the crankshaft, the crankshaft must be

the disk hub and clutch shaft to wear; thus a

noisy clutch will soon appear. Any time
excessive wear is found on the splines of the disk

hub and/or the clutch shaft, always check the
transmission and engine alinement.

replaced.

If clutch noises are noticeable when the

Other causes of clutch pedal pulsations

clutch is disengaged, the trouble will likely be in
the clutch release bearing. The bearing is

include uneven release-lever adjustments, warped

pressure plate, or warped clutch disk. If either
the pressure plate or clutch disk is warped, it

probably either worn, binding, or has lost its
lubricant. Most clutch release bearings are
factory lubricated; however, on some of the

should be replaced.

larger trucks and on construction equipment the
clutch release bearing does require lubrication.
As a rule, when the release bearing starts making
a noise, it must be replaced. If the release levers
on the pressure plate assembly are not properly

Rapid Disk
Facing Wear

Rapid disk facing wear will be caused by any

condition that permits slippage between the
clutch disk facings and the flywheel or pressure

adjusted they could rub against the disk hub
when the clutch is disengaged. If the pilot
bearing in the crankshaft is worn or lacks
lubricant, it will sometimes produce a

plate. An operator may have the habit of
"riding" the clutch; this practice can cause
slippage. Frequent use of the clutch or slow
releasing of the clutch after disengaging will

high-pitched whine when the transmission is in
gear, the clutch is disengaged, and the vehicle is
standing still. Under these conditions, the clutch

increase clutch facing wear. The remedy here is

to use the clutch properly and only when

shaft, which is piloted in the bearing in the

necessary. Broken or weak pressure springs

crankshaft, is stationary, but the crankshaft and
bearing are turning.

The springs must be replaced to correct this

within the plate assembly will cause slippage.

Clutch Pedal
Pulsation

problem. Improper clutch linkage adjustment or
binding of the linkage may prevent full spring
pressure from being applied to the clutch disk.

A series of slight movements that can be felt
on the clutch pedal or operating lever when the

pressure from being applied to the clutch disk is
apt to cause slipping.

Any condition that keeps less than full spring

4)
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are to be used. Next, if de.4gn allows, install
retaining cap screws (see fig. 84) to relieve
spring tension before removing the bolts that

CLUTCH LUBRICATION

Some clutches require lubrication at regular
intervals. Check with the manufacturer's manual
for instructions on the lubrication of the clutch
release :bearing. Overlubrication will cause the
lubricant to get on the disk and cause slippage.

secure the pressure plate to the flywheel. These

should be loosened one or two turns at a time
working your way around the clutch cover to
prevent distortion of the cover. When these bolts
are taken out, the pressure plate and disk can be
removed for inspection.

The clutch pedal control shaft and linkages,
however, are usually equipped with high
pressure fittings. These fittings should be greased
with ;Chassis lubricant at each scheduled

After cleaning the components of the clutch

and flywheel, check the pressure plate cover

maintenance period to prevent binding or frozen

visually. A straightedge or flat surface should be

lin kagg

used to determine if the cover is distorted or
warped. Its mounting holes should be in -good
condition and not show any out-of-roundness.

CLUTCH OVERHAUL

The pressure plate should be free of cracks,

.

When adjustment or repair of the linkage
fails 48' remedy problems with the clutch, the
ClutcW'rrnust be removed for inspection. Any
faulty .parts should be discarded and replaced

scores, or any noticeable grooves in the wearing

surface. The release levers should show very
limited or no signs of wear from contact with
the release bearing. In general, it is a good idea
to replace the pressure plate assembly if any

11/R1W1-Jew or rebuilt components. Machining of

the 'flk'Wheel or pressure plate to provide new
contact surfaces is not recommended. This can

warpage or excessive wear is noted on any of the
parts.

be dangerous, as the flywheel or plate could
explode at high rpm and cause damage to the

The flywheel should be inspected in the

vehicle as well as injury to any occupants inside
the vehicle. If replacement parts are not readily
'available, a decision to use the old components
should be based on the manufacturer's

same manner as the pressure plate. If it shows

recommendations and the experience of your

cracked flywheel or pressure plate will shorten
the life of a new disk and cause rework at an
early date. While inspecting the flywheel, check
the pilot bearing in the end of the crankshaft.

signs of unusual wear, such as scoring or cracks,

check with your supervisor to determine if it
needs replacement. Using a scored or excessively

supervisor.

To remove the clutch, first remove the
driveshaft and transmission using a transmission

Bushing type bearings should not show any signs
of wear. Ball or roller type bearings should turn
freely and show no signs of rough movement. It
is usually a good idea to replace the.pilot bearing
when overhauling the clutch.

jack,, or,, a suitable substitute. Disconnect the
clutch linkage and remove the release fork and
release bearing. On some vehicles, the clutch
linkage must be disconnected prior to removing
the. transmission. On others, it may be necessary
to remove the clutch housing before the
components can be removed from the flywheel.
Accessit to light-duty clutches is normally
provided through an inspection cover under the
clutch' and flywheel. With this design, the

Inspect the disk for lining thickness, loose
rivets, and worn or loose torsion springs. Check

the hub for a "like new"
condition. The clutch shaft splines should be
the splines in

inspected at this time by placing the disk on the
clutch shaft and sliding it over the splines. If the
disk is unusually tight or shows signs of binding
on the splines, the splines must be cleaned with
a file to remove any burrs. Any signs of unusual
wear will require replacement of the clutch shaft
or disk assembly. If a new disk is used, be sure
that it moves on the shaft freely. If you replace

transmission is only moved far enough to the

rear to withdraw the clutch shaft and allow
removal of the release bearing and sleeve.

Before removing the pressure plate assembly
from, the flywheel, mark the cover and flywheel
to insure proper balance if the old components
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the

old

lining

the disk, follow

on

the

TURN CAPSCREWS TO
ADJUST

manufacturer's recommended procedure.
Rebuilding of the clutch components is seldom
done in the maintenance shop or field.
If, during removal, oil or grease is found on

PRESSURE
PL ATE

the disk, the source of the lubricant must be
found and corrective measures taken to prevent
its reentry into the clutch housing.
One important thing that must be done prior
to reassembly of the clutch is to determine if the
pressure plate has provisions for adjustment. If
in doubt, check with your supervisor or consult

the manufacturer's manual. If adjustment is
provided on the type you are installing, check
the adjustments for the correct setting. These
adjustments, often overlooked, allow for
adequate

pressure plate

travel and proper

CLUTCH
COVER

STRAIGHTEDGE
SCALE

6
Figure B-B Pressure plate adjustmen
ri?!i

clearance between the release levers and disk
when

the

clutch

is

operated.

The

first

adjustment insures proper movement of the
pressure plate in relation to the cover. With the
use; of a special fixture or a striaghtedge and
scale as shown in figure 8-8, begin by turning the
adjusting capscrews until you obtain the proper
clearance between the plate and straightedge as
shown.

The second adjustment positions the release
levers and allows the release bearing to contact
the levers simultaneously while maintaining
adequate clearance of the release levers and disk
or pressure plate cover. There are two methods
used for this adjustment. One is with adjusting
screws located in the ends of the release levers.
The other method is to place the pressure plate
assembly on a flat surface, and, measuring the
height of the levers as shown in figure 8-9, adjust
by= loosening the locknut and turning the
adjusting screw to change the lever height. After

contact with the sleeve. If the bearing or carrier
is found to be defective, it should be -replaced.
Reassembly should be done making sure that
the old pressure plate assembly, if ,used, is

reinstalled in the same position by using the

alinement marks made before disassembly: An

old clutch shaft or alinement tool should be
used to center the clutch disk before tightening
the bolts that hold the pressure plate assembly
to the flywheel. This will make it much'easier to
install the transmission. After completing the
reassembly, adjust the linkage by folloWing the
manufacturer's recommended procedures and
specifications.
ADJUSTING SCREW
COMBINATION.
SQUARE

adjusting, make sure the locknuts are staked
with a punch to keep them from coining loose

FLAT

during operation.

The clutch release bearing and sleeve is
usually of the sealed type and factory packed
(lubricated). Some heavy-duty vehicles have a
throwout bearing which can be lubricated from
an outside source. Here, the only problem
involved would be either overlubrication or no

TIGHTEN NUTS
AFTER
ADJUSTMENT
SURFACE

RELEASE
LEVER

lubrication. The release bearing sleeve or carrier

requires little or no maintenance, although it
should be 'checked for wear at the lugged or
collar end where the fork or yoke comes in

7
Figure &B.

Pressure plate release lever adju
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TRANSMISSION

The transmission is located between the
clutch housing and the propeller shaft, as shown
in figure 8-1. The transmission transfers engine

power from the clutch shaft to the propeller
shaft, and allows the operator to control the
power and speed of the vehicle by selecting
varidus gear ratios.

to the main shaft, and therefore, the main shaft
rotates with the clutch gear. This principle is
carried out when the shift lever moves from one
speed to the next.
Constant-mesh gears are seldom used for all
speeds. Common practice is to use such gears for

the higher gears, with sliding gears for FIRST
and REVERSE speeds, or for REVERSE only.

Gears and their mechanical advantages are

disCuikd in Basic Machines, NAVPERS
10624-A. The manual also explains how to

SYNCHROMESH
TRANSMISSION

compute the speed and reduction ratio of gears
in a typical automotive transmission. The
The three-speed synchromesh transmission
(fig. 8-13) represents a design improvement to
the constant-mesh type transmission in that it
permits second and third speeds to be selected
without clashing, by synchronizing the speeds of
mating parts before they engage. First speed in
this transmission is engaged by an ordinary dog
clutch and reverse is engaged by a sliding gear.

information provided in Basic Machines will also

help you understand the operating principles of
the constant mesh, synchromesh, and auxiliary
transmissions discussed in the following

paragraphs as well as other power transfer
mechanisms described in this chapter.

Second and third speeds are synchronized.

CONSTANT MESH
-MANSMISSION

The synchromesh clutch (fig. 8-14),
commonly referred to as a synchronizer,
employs a combination cone clutch and a dog or
gear clutch (sliding sleeve) to engage either the

To eliminate the usual transmission noise
developed by the spur-tooth gears used in the

mainshaft or the input shaft, depending upon

sliding gear transmission (fig. 8-10), automotive
manufacturers developed the constant-mesh
transmission which contains helical gears (fig.

the gear selection. The cone clutch engages first,
causing the mainshaft speed gear and mainshaft

to rotate at the same speed, after which the

8,11

sliding sleeve engages easily without clashing.
This process is accomplished in one continuous
operation when the operator releases the clutch
and moves the shift control lever from one gear
position to another. The construction of
synchromesh transmissions varies with different
manufacturers, but the principle of operation is
the same. The sliding gear, which is splined to
the transmission mainshaft with bronze internal
cones on each side, is surrounded by a sliding

In this type of transmission, certain
countershaft gears are constantly in mesh with
the main shaft gears. The main shaft meshing

gears are arranged so that they cannot move
endWise." They are supported by roller bearings

so that they can rotate independently of the
main shaft (fig. 8-12).

In operation, when the shift lever is moved
to THIRD, the THIRD and FOURTH shifter

sleeve. The sliding sleeve has internal teeth

which mesh with the external teeth of the

fork moves the clutch gear (A, fig. 8-12) toward
the THIRD speed gear (D, fig. 8-12). This

engages the external teeth of the clutch gear

sliding gear, when actuated by the shift foric
mounted in the external groove. Six

with the internal teeth of the THIRD speed gear.

spring- loaded balls mounted in the sliding gear

Since the THIRD speed gear is meshed and
rotating with'the countershaft gear, the clutch

fit in the internal groove of the sliding sleeve

gear must also rotate. The clutch gear is splined

prevents the sliding sleeve from moving in

when the clutch is disengaged. This arrangement
227

236

CONSTRUCTION MECHANIC 3 & 2
MAINSHAFT LOW, 2ND,

AND REVERSE
SPEED SLIDING GEAR

MAIN SHAFT

3RD AND 4TH
SPEED SLIDING GEAR

MAIN DRIVE

GEAR

CLUTCH
SHAFT

COUNTERSHAFT_
DRIVE GEAR
COUNTERSHAFT

REVERSE GEAR
COUNTERSHAFT
3RD SPEED GEAR

COUNTERSHAFT
LOW SPEED GEAR
COUNTER SHAFT I
2ND SPEED GEAR

81.181
Figure 8-10.Four-speed sliding gee

relation to the sliding gear until the latter has
reached the end of its travel. The second speed
gear and input shaft gear have external cones
and teeth machined on their sides to engage the
internal cones of the sliding gear and the internal
teeth of the sliding sleeve.

When the transmission control lever
moved by the operator to the third speed or
direct drive position, the shift fork moves the
synchronizer unit forward until the internal
cone on the sliding gear engages the external
is

Jan

mission.

lo c king the second
transmission mainshaft.

speed

gear

to

the

When shifting any manual transmission,
proper use of the clutch is important. Rapid

clutch engagement causes excessive strain on the

power train. Additionally, releasing the clutch
before the shift is completed will almost surely
cause clashing of the gears. Shifting quickly after

the clutch is released can cause the gears to
clash. This is especially true when shifting into
first

or reverse gear and can happen when

cone on the input shaft gear. This action brings

shifting to other speeds that are synchronized.

forward travel of the sliding gear. The sliding
sleeve then slides over the balls and silently
engages the external teeth on the input shaft

Figure 8-15 illustrates the gear arrangement
and power flow through a five-speed
synchronized transmission used in 5-ton 6 x 6
military trucks. The arrows indicate power flow
and movement of the synchronizers during each

the two gears to the same speed and stops

gear. When this occurs, the transmission. input
shaft gear and transmission mainshaft are locked
o ther as shown in figure 8-14. When the
ansmission control lever is shifted to the

second speed position, the synchronizer moves

arward and the same events take place by

speed selection. This transmission has five

forward speeds and is synchronized in the upper
four speed ranges. First and reverse are selected

by use of a sliding spur gear that engages the
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SECOND -AND THIRD-SPEED

SHIFTER FORK
SECOND -AND THIRD-SPEED
1 SHIFTER FORK (LUG END)

SHIFTER SHAFT LOCK BALL

SHIFTER SHAFT

CLUTCH HOUSING
FIRST AND REVERSE
(SPEED SHIFTER FORT(

COMPANION FLANGE
INPUT SHAFT

MAIN SHAFT
-

REAR BEARING

.4v
CLUTCH-RELEASE

YOKE

RING

COUNTERSHAFT FROM

TRANSMISSION CASE

COUNTERSHAFT

MAIN SHAFT

COUNTERSHAFT
REAR BEARING

81.183
Figu

Cutaway view of a constant-mash transmission assembly.
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Figure 8-14.Synchro

FI clutch, disengaged and engaged.

steering column levers have shifter shafts and
forks moved by a linkage similar to those used

smallest countershaft gear or the reverse idler
respectively. By studying the illustration, you
will notice that the countershaft gears used are

with a vertical control lever.

progressively larger as speed selection progresses

until 'direct drive, or fifth speed is engaged. At

AUXILIARY
TRANSMISSIONS

that tune power flow is from the input shaft
gear directly to the mainshaft.

The auxiliary transmission (fig. 8-17) is used

Some transmissions are controlled by a
steering column control lever (fig. 8-16). The
positions for the various speeds are the same as
those for the vertical control lever except that
the lever is horizontal. This application is
normally confined to three-speed transmissions.

to provide additional gear ratios in the power
train. This transmission is installed behind the
main transmission and power flows directly to it
from the main transmission, when of the integral

type, or by a short propeller shaft (jack shaft)
and universal joints. Support and alinement are

The shifter forks are pivoted on bellcranks

provided by a frame crossmember. Rubber

which are turned by a steering column control
lever through the linkage shown. The poppets
shown in figure 8-13 engage notches at the inner
end of each bellcrank. Other types of

mounting brackets are used to isolate vibration
and noise from the chassis. Shifting is
accomplished by a lever which extends into the
operator's compartment. Like the main

synchromesh transmissions controlled by
231
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fast enough to develop a measurable amount of
centrifugal force. This unbalance can be caused

by the tire, wheel, brake drum or hub. Or, it
may occur in any combination of the four.
When an unbalanced wheel revolves,

centrifugal force acts on the heaviest portion
and tends to lift the wheel off the road, then
slam it down during each revolution. This results
in flat spots on the tire tread and rapid wear on
the steering and suspension. If the unbalance lies

in the plane of wheel rotation, it is known as
static unbalance. If it lies on either or both sides
of the tire centerline, it is known as dynamic
unbalance. Either condition will cause the

wheels to bounce. Dynamic unbalance in the
front wheels will cause them to wobble as well.
Rear wheels should be kept in balance to avoid a
bouncing action. Front wheels should be

Figure S31.Replace worn tires

balanced to prevent vibration that will affect
used during inflation. ?finis and lockrings
shiyuld be inspected periodically for damage. A
be

damaged urn or lockring should be replaced
immediately as this will create a safety hazard
and may ruin a tire. A displaced lockring may
spring loose and result in serious injury or death
to personnel who may be in the vicinity.
To recap a tire a certain amount of rubber is
necessary for the new tread to bond to when it

is moulded onto the old carcass. Failure to
provide suitable tread will cause the carcass to
be rejected as un fit for recapping.

steering and cause rapid wear.

Special equipment is used to detect the
amount of unbalance. This equipment usually
indicates the amount of weight needed and the
place where it should be attached to the wheel.
Figure 9-32 illustrates the effects of a tire that is
out of balance and the location for applying the
weights to counteract the unbalanced condition.
Two types of wheel balancing equipment are

in use today. One type is designed to correct
ADD 'BALANCE
WEIGHTS HERE

7`1

Figure 9-31 illustrates one method of
determining tread wear limits. 'This tire should
be replaced when the center of the tire shows no
sign of tread. A tire with commercially designed
tread should be replaced when less than 1 /16"

d tread is remaining. If recapping facilities are

OF SPINDLE

HEAVY
SPOT

WHEEL TRAMP

CORRECTIVE WEIGHTS;

STATIC UNBALANCE

riot utilized, allowable wear before replacement
should be based on safety and serviceability.

ADD BAL ANCE
WEIGHTS HERE

'WHEEL BALANCING
OF SPINDLE

-To

HEAVT POT
WHEEL SHIMMY

obtain maximum tire mileage and a

comfortable ride, wheels should be balanced to
offset the effects of both static and dynamic

CORRECTIVE WEIGHTS

DYNAMIC UNBALANCE

.i.mbthnce. Often a tire will appear to be round
and true when rotated slowly, yet give trouble

81.568
Figure 9-32. How weight should be placed when bal-

on the road (shimmy or vibrate) when turned

ancing tires.
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steering (fig_ 9-34) adds a hydraulic pump, fluid
reservoir, hoses, lines and a steering assist unit

NIFK KNUCKLE PIVOTS

either mounted on the linkage or incorporated

STEERING
KNUCKLE
ARMS

with the steering gear assembly.

The steering wheel and shaft enables the
operator to steer the vehicle by use of a gear
arrangement in the steering gear box. The type
of steering gear used is dependent upon the
INK

weight of the vehicle and whether or not the

TIE

steering is power assisted. The type commonly
used on automotive equipment assigned to the
construction units are the WORM and ROLLER,
TWIN CAM and LEVER and the HYDRAULIC

PITMAN ARM

(POWER) ASSISTED STEERING.

STEERING
GEAR

WORM AND ROLLER
STEERING GEAR

STEERING

STEERING WHEEL

The worm and roller steering gear is found
on light-duty military trucks. This steering gear
(fig.

9-35) works well on vehicles that have

relatively

81.254

light

front

ends.

The

roller is

supported by ball or roller bearings within the
sector attached to the pitman arm shaft (cross
shaft). These bearings assist in reducing the
friction between the worm and sector. As the

Steering mechanism.

static unbalance while the other type is used to
correct both static and dynamic unbalance. The
balancing equipment most often encountered is
the "bubble machine". It is widespread because

worrn turns, under control of the steering wheel,
the roller turns with it and forces the sector and
pitman arm shaft to rotate.
Notice how the worm is made in an
hourglass shape. This feature causes a variable
steering ratio. When the wheels are pointed

of the low cost and the ease of use. This

balancer is excellent when correcting for static
unbalance only. The "spin balancer" is preferred
because it simulates both static and dynamic

straight ahead, the gear ratio is high and more
movement of the steering wheel is required to
turn the wheels. However, as the wheels are
cramped, or turned to the side, the ratio

conditions that are encountered with the tire
and wheel on the car.

decreases so that the turning action is much
more rapid. This design is helpful when
maneuvering the vehicle in confined areas.

STEERING MECHANISMS
AND WHEEL ALINEMENT

CAM AND LEVER
STEERING GEAR

Automotive steering mechanisms can best be

classified as either MANUAL or POWER. In
both types, the arrangement and function of the

The cam and lever steering gear is used on

linkage is similar, the main difference being that
manual steering requires much more effort from
the operator to steer the vehicle.

the medium-duty military truck. In this
arrangement (fig. 9-36), the worm is referred to
as the cam and the sector as the lever. The lever

The components of the manual steering
system are steering wheel and shaft, manual

carries two studs that are mounted in bearings
and engage with the cam. As the steering wheel
is turned, the studs move up and down on the

gearbox, linkage, and steering knuckle or wheel
spindle

assemblies

(fig.

9-33).

The

power
280
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PUMP
-HOSE

HOSES TO
POWER

CYLINDER

CONTROL
VALVE

BRACKET
POWER

TIE ROD

CYLINDER

CONNECTOR

POWER CYLINDER

FLUID
RESERVOIR

STEERING
GEAR
HOUSING

CONTROL
VALVE

I
Cal liN'

PUMP ASSEMBLY

-a

81.569

Figure 9-34.Twu applications of power steering.

cam and cause the lever and pitman arm shaft to
rotate. The lever moves more rapidly as it nears

ITYDRAULICALLY ASSISTED
STEERENG

either end of the cam. This is caused by the
increased angle of the lever in relation to the

Can. Like the worm and roller, this design

In the hydraulically assisted steering system,
the mechanism which transmits hydraulic power

allows for a variable steering ratio,
281
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steering gear consists of a hydraulic
pump, control valve, and power cylinder. The
hydraulic power is applied to the cross-shaft

to the
JACKET

(TAPERED

WORM

ROLLER

BEARING

through an extension of the lever, which
contacts a sliding member connected to the
piston of the power cylinder. The flow of oil to
the cylinder is directed by the control valve. The

steering gear with power cylinder and control
valve is shown in figure 9-37. The oil itself is
supplied by an external pump driven by the

STEERING GEAR
SHAFT

engine. A reservoir must be provided as well as a

relief valve which should be set for the desired
operating pressure.
MOUNTING BRACKET

PITMAN ARM HAFT

The action of this steering gear is both
manual and hydraulic in effect. When the cam is

turned to the left or right by the driver's effort

Figure 9-3a Worrn-raid- Iler steering

JACKET

STEERING

NUTS

GEAR SHAFT

UPPER COVER
SHIMS

OIL FILLER
PLUG

CAM

NUT AND
LOCK WASHER

STUDS (TAPERED

L

AMA

_K NUT

G SCREW

LEVER

81.256
Figu

end-twin-lever steering gear.
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SHIMS INSTALLED
HERE ADJUST STEERING SHAFT

(CAM) END PLAY

2.426

Figure 7.Phan

view of

on the steering wheel, the stud of the lever is
moved through the groove of the cam, thus
rotating the levershaft and providing angular
movement of the steering arrn. However, when
the driver's effort at the steering wheel exceeds

the preload of the earn centering springs, the

rarer

steering gear.

The spool is held in the center position by

means of the cam centering springs. These
springs are compressed to a predetermined load
and installed as a self-contained assembly at each
end of the cam. The effect of the spring_s is to

center the cam, and, in turn, the valve spool,
unless the steering force is great enough to

h ydraul ic system conies into operation
automatically and relieves the driver of excessive
loads. In addition, the hydraulic system resists

overcome the spring load., in which case the cam
is displaced a slight amount. As the cam moves

kickbacks or shock, which might otherwise

in

cause the driver to lose control of the vehicle.

either direction, the valve lever transmits

motion to the spool valve, and allows oil under

pressure to actuate the piston in the power

The control valve contains oil passages that

cylinder. Full pressure is obtained with a earn

direct the flow of oil under pressure to the

travel of only a few thousandths of an inch_

appropriate' end of the power cylinder when the
spool is caused to move within the housing. The
power cylinder in turn applies power to the lever
and shaft assembly through mechanical linkage.
The control valve provides For the return of oil
from the discharge side of the power cylinder.

When the effort at the steering wheel is
sufficiently reduced, the cam and spool valve
return to the center position.
If the steered wheels are subjected to road
shock,

23

the pitman arm, acting through the
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Figure 9-38.Drag link assemblyexpl

d view.

steering gear

the cam and control valve.
t
will
direct
fluid
to the piston causing a
This

Depending on the steering arrangenien
drag link or idler arm rod may be used in the

resistance to any movement due to shock. This
blocking action of the gear prevents kickbacks at

linkage

the steering wheel.

When the control valve is in the center
position, steering action is strictly manual. This

enables the driver to obtain the feeling of
"road- sense," which permits the sense of touch
to assist the sense of sight. Road-sense is fully
appreciated by experienced drivers
desirable for safety reasons.

and

is

Maintenance of the steering system consists
of regular inspection, lubrication, and an
occasional adjustment to compensate for wear
and maintain proper wheel alinement. When
inspecting the steering mechanism, you may
need someone to assist you by turning the
steering wheel back and forth through the free
while

you

check

the

linkage

free

play between

the drag

link and the

connecting parts of the linkage when installed.
Occasionally. adjustment of the plug is needed
to compensate for wear of the ball and seats or
weakening of the spring.
The tie rod, or rods, are equipped with a ball

STEERING SYSTEM
MAINTENANCE

play

to connect the pitman arm and the

remainder of the steering linkage. This portion
of the linkage is usually constructed so that in
order to remove it from the vehicle. one or both
ends must be disassembled or loosened- The
adjusting plug (fig. 9-38) is used to remove any

and

connections. This will allow you to more easily
determine if the steering gear is secured rigidly
to the frame and no excessive looseness of the
linkage or gearbox is present. A slight amount of
free play may seem insignificant, but if allowed
to remain, the free play will quickly increase and
result in poor steering control.

type socket at each end to allow for movement
of the connecting parts of the steering linkage.
These sockets called TIE-ROD ENDS must be
checked for wear or slack. The linkage should
pivot at the ball socket without allowing free
movement between the socket and ball. A slight
drag is considered the optimum condition of the
ball joints. In addition to the flexible end
connections, an adjustment is provided by the
design of the linkage when performing wheel
alinement. The tie-rod is normally connected
directly to the steering knuckle or spindle arm
and used to transmit the steering effort to the
wheel via the knuckle or spindle.
In addition to linkage maintenance, there are

other items in power or hydraulically assisted

steering systems that must be inspected for
condition and operability. If the pump is belt
driven, the first item to check is the condition of
284
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the drive belt. Make sure that it is sufficiently
tight to prevent slippage yet loose enough to

CAMBER

prevent damage to the shaft bearings. If in doubt
as to the proper adjustment, check the

manufacturer's specifications in the operator's
or maintenance manual. The fluid level in the

PIVOT
INCLINATION

reservoir should he checked at each maintenance

cycle and kept above the add or low mark.
Inspect the hoses and connections for sips of
leakage. If leaks are present, repairs should be

PIVOT AXIS
NNEEL
AXIS

KING PIN

made as soon as possible due to the small

amount of fluid that can be lost from the system

without damage resulting to the pump. When
checking the linkage of a vehicle with power
steering, make sure that the inspection is
thorough. The power steering system will absorb
much of the looseness or slack which would be
readily apparent in manual steering. Because of
this, wear of the linkage will normally progress
to a dangerous point before the average operator

becomes aware of any fault. Additionally, the
pressure of the steering pump may be checked
to determine if it is the problem, should hard
steering occur. To determine the pressure of the
system, a suitable pressure gage and fittings will
be needed. This check should be made by using

the manufacturer's procedures and comparing
the results to the specifications. If not within
limits, a faulty component must be replaced.
Pressure can be changed by alteling spring
tension in the relief valve.
WHEEL ALINEMENT

Steering control depends greatly upon the
position of the wheels in relation to the rest of
the vehicle and the surface over which it travels.
Any changes from the specified setting of the
wheels affect steering and the riding control of
the vehicle. Therefore, the proper WHEEL
ALINEMENT is important for vehicle control.

WHEEL
SPINOL E

STEERING KNUCKLE

VERTICAL LINE
CENTER 0
TIRE CONTACT

TURNING RADIUS

81.260
Figure

Pivot inclination and cam,

change as a result of driving over rough terrain,
striking stationary objects, accident damage, and
normal wear.

PIVOT INCLINATION (sometimes called
KINGPIN ANGLE) (fig. 9-39) is the number of

degrees that the king pin is tilted toward the
center of the vehicle from a vertical position.
Pivot inclination keeps the wheel spindles
pointed outward and in line with the axle, and
helps to make steering easier. Pivot inclination is

designed into the spindle assembly on vehicles
with independent front suspension.

CASTER is the number of degrees that the
steering knuckle pivots or spindle assembly is

tilted to the rear or to the front (fig. 9-40).

Steering Geometry

Positive caster tends to keep the front wheels
pointed straight ahead and will cause them to
return to the straight ahead position if the

STEERING GEOMETRY is the term
manufacturers use to describe steering and front

steering wheel is released while the vehicle is in
motion and the wheels are turned.

wheel alinement. Steering geometry includes
PIVOT INCLINATION, CASTER, CAMBER,
TOE-IN, AND TOE-OUT. These terms refer to
measurements in inches or angles that determine
front wheel alinement. These measurements may

As an example of how caster works, consider
the front wheel of a bicycle. When the wheel is

turned from the straight ahead position the
285
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knuckle and support, (ball joints and control
arm bushing_ s if independent suspension), thus

permitting easier steering and less tire wear.
Camber angle, in today's vehicles, very seldom
exceeds one degree and is obtained by tilting the
wheel spindles slightly downward on the steering
knuckles. Camber brings the wheels
perpendicular to the surface of the road,

permitting even tread wear across the tire.
Excessive camber will cause wear on only one
side of the tread and early tire failure., Camber is
adjusted by shims or eccentrics. much like caster.

81.261
Figure

40.A. Negative Caster. B. Positive Caster

front end is raised slightly. The weight of the
bicycle forces the front end down and helps to
straighten the wheel. This is the method used on

TOE-IN (fig. 9-43) is the fraction of an inch
that the leading edge of the front wheels point
in toward the center of the vehicle. When forced

to follow a straight path by motion of the
vehicle, cambered wheels tend to slip away from
each other. But toe-in causes the wheels to travel

the modern automobile. As front end sheet

toward each other and, therefore, balance the

extended further and engines with
accessories increased in weight, the amount of
positive caster needed for easy steering lessened.

effect of camber.

metal

The increased weight on the front wheels
front axles to
independent suspension have reduced the need
for caster. Some vehicles may be designed for 0°
positive caster while the maximum with a solid
axle is approximately 8°.
and the change from solid

TOE-OUT during turns is the difference in the

turning radius of the outer wheel, with the inner
wheel turned out at a 20- degree angle. Toe-out is
necessary because of the different turning radius

Caster in commercial vehicles with front leaf
springs is adjusted by inserting wedges or shims
between the front axle and the spring so that the
steering knuckle pivots are tilted slightly
backward from the vertical. Many vehicles with
independent suspension have provisions for this
adjustment by the use of shims (fig. 9-41), while
others are adjusted by the use of eccentrics or an
adjustable strut (fig. 9-42). If the knuckle pivots

(kingpins or balljoints) are tilted forward, the
caster is said to be negative. The caster is said to

be positive when the knuckle pivots are tilted
backward.

CAMBER (fig. 9-39) is the number of
degrees that the wheels are tilted in or out at the
top. Wheels having positive camber are closer
together at the bottom than they are at the top.
Camber, together with pivot inclination, reduces
sidethrust on the kingpin bearings in the steering

81.572
Figure 9-41.Wheel alinement adjusted by shims.
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ADJUST FROM UNDER HO

AM BOLTS
CASTER

CA -ER CANE

CAMBER

1 ECCENTRIC

ECCENTRIC
BUSHING

81.573
Figure

2.Wheel alinement djusted by eccentrics or strut rods.

of the front wheels and the necessity of
preventing slipping of the front wheels when
turning. Toe-out is a design feature of the
steering arm for which there is no required
adjustin ent.

Steering and Alinement Troubles

The driver can sense steering and alinement
troubles. He can detect hard steering or play in
the steering system. But he will call on you to
find the trouble and to remedy it.

Some steering wheel play is normal and
provides for easier steering of the vehicle.

A lot of play, more than 3 inches as
measured at the outer rim of the steering wheel,
means a freer movement of the steering wheel
with no motion at the wheels. Too much wheel
play is caused by improper adjustment or wear
toe.IN

IS DISTANCE

of the steering gear, steering linkage, steering

11-.A

MEASURED IN FRACTIONS OF AN INCH

knuckle plates, or loose wheel bearings. You can
check for worn or loose linkage connections by
jacking up each front wheel (fig. 9-44). Grasp
the

81.262
Figure

tire at the front and back and attempt to

shake the tire rapidly in the direction that it

9-43.Toe-in.
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LOAD

SEARING
SURFACES

PUSHING TOGETHER

PULLING
APART

81.574

Figure 944.--Jacking positions used when checking in

moves when turning. While the vehicle is
elevated, check the steering knuckle parts and/or

ndent front suspension for wear.

oversteer the vehicle. Nevertheless, you should
check

the

vehicle

for low

tire

pressures,

kingpins, ball joints, and wheel bearings by
placing a small iron bar under the wheel and

improper front wheel alinement, and tight or

shaking it up and down.
Test the steering gear by watching the

the vehicle when braking could be caused by

loose wheel and brake adjustments. `Pulling" of
grabbing brakes. If it "pulls" when driven, check
for proper toe-in and toe-out, besides the other
causes already mentioned.

pitman arm while someone turns the steering
one way and then the other. If
considerable movement of the steering wheel is
wheel

required to set the pitman arm in motion, the

Steering shocks, which is the sharp and rapid

steering gear is either worn or out of adjustment.

movement of the steering wheel, may be the
result of driving over a rough road or hitting

Hard steering may be caused by very tight
adjustments, mechanical difficulties in the
steering gear or linkages, not enough
in the
tires, or improper wheel alinement.

objects on the road. When the vehicle does not
steer properly, you should check for sagging
springs, defective shock absorbers, or looseness
in the steering gear or linkage. Uneven tire
inflation also could be the cause.

Sometimes the driver may tell you that his
vehicle "wanders." It may be that he tends to
288
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If the power steering mechanism fails, the
steering

system

will

go

back to

SOLID AXLE APPLICATION

straight

mechanical operation. Consult the

KNUCKLE ARM

manufacturer's manual for instructions on
repairing power steering units.

STUD

If your shop has floating turntables, use

DUST SEAL

them to check steering errors. Run the vehicle
up on the tables, then turn the front wheels with
the steering wheel. Each floating table will turn
with the wheel on it and register the angle of the

SALL SOCKET

TIE ROD

turn. When the inner wheel turns out 20 degrees,
the outer wheel should turn about 18 degrees.

Before checking front wheel alinement, be
sure that the front tires are properly inflated,
and that steering knuckles and linkages, shock
absorbers, and the wheel bearings are correctly
adjusted. A number of devices may be used for
testing toe-in. One of these, the WEE-GEE
BOARD, consists of a metal plate fastened at
one end and free to sideswing on the supporting
balls. The board measures the sideslip of the tire.
When the vehicle is run over the board, watch
the indicator as the board moves. If the
indicator moves toward the center of the

vehicle, the wheels need more toe-in. On the
other hand, if the indicator moves away from
the center of the vehicle, the wheels have too
much toe-in. The WEE-GEE board is not
considered to be a very accurate device for
measuring wheel alinement but may be used to

indicate the need for alinement using more
accurate measuring devices.

Another device for measuring toe-in is the
MEASURING POLE. There is an adjustable
pointer and a gage on one end, and the pole can
be lengthened and shortened like a curtain rod.
With the vehicle resting on a level floor and
the wheels in a straight ahead position, push the
vehicle forward a few feet to remove all PlaY in
the steering assembly. Put pencil marks on the
inside walls of the tires at axle height from the
floor, and at both the front and rear of the tire.
Place the pole between the two marks at the

front of the tire and set the pointer at zero.
Then, use the pole to measure the distance
between the two rear marks. The difference in

the distance between the two measurements
should conform to the manufacturer's
specifications. If not, changing the length of the

tie-rod will increase or decrease the toe-in. IF
THE VEHICLE HAS TWO TIE-RODS, IT IS
289

TIE ROD
END

LOOSEN

ELAMP-ULT AND
ADJUST

LUBRICANT

FITTING

BY TURNING
TIE ROD

81.264

Figure 945.Tie.rod and showing damp bolt and adjusting threads.

NECESSARY TO ADJUST EACH TIE-ROD
EQUALLY.

Toe-in adjustment on vehicles with solid
front axles, is quite simple. Loosen the clamps
(fig. 9-45) at both ends of the tie rod, and with a
pipe wrench or other suitable tool, turn the tie
rod to either lengthen or shorten as desired until
you obtain the proper adjustment. Vehicles with
independent suspension are equipped with two
tie rods and both must be adjusted at the same
time to keep the steering wheel in the proper
position when the wheels are pointed straight
ahead (fig. 9-46). If after obtaining the correct
toe-in adjustment, you find the steering wheel

off center, you can center it by turning one
adjusting sleeve in one direction while turning

the other an equal amount in the opposite
direction. Adjusting toe-in is not a difficult task_

Proper use of the alinement equipment along
with reference to a set of specifications provided
by the vehicle or alinement equipment
manufacturer will be all you need.

Caster and camber adjustments require the
is not
available in the average SEABEE maintenance
shop. Other considerations are that the
equipment is expensive and the only vehicle
contained M the organic allowance that requires

use of special shop equipment that
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WHEN TOE-IN IS CORRECT

TURN BOTH CONNECTING ROD
SLEEVES DOWNWARD TO
ADJUST SPOKE POSITION

TURN BOTH CONNECTING ROD
SLEEVES UPWARD TO ADJUST
SPOKE POSITION

TURN DOWNWARD TO
INCREASE ROD LENGTH

TURN UPWARD
TO DECREASE
ROD LENGTH

LEFT-HAND SLEEVE
TURN UPWARD TO
INCREASE ROD LENGTH
TURN DOWNARD

TO DECREASE
ROD LENGTH

WHEN TOE-IN
IS NOT CORRECT

LENGTHEN LEFT ROD
TO INCREASE TOE-IN

SHORTEN LEFT ROD
TO DECREASE TOE-IN

SHORTEN LEFT ROD
TO DECREASE TOE-IN

LENGTHEN RIGHT ROD
TO INCREASE TOE-IN

RIGHT -HAND SLEEVE

ADJUST BOTH RODS EQUALLY
TO MAINTAIN NORMAL SPOKE POSITION

.575
Figure 946 Toe-in adjustment on vehicles with independent suspe

these adjustments is the

jeep_ ,

whirl

Idorn

needs front end alinement,

Ion.

but not

least, the body design provides a
pleasant outward appearance.

Front suspensions that are adjusted by shims

For military designed vehicles, appearance is

are shown in figure 9-41 require adding or
removing an equal amount of shims at each
location to change camber. Caster is adjusted by

secondary. NAVFAC (who controls all Navy
vehicles) states that transportation equipment
will be repainted when inadequate protection is

varying the amount of shims at one or both

afforded against rust or corrosion. Also that spot

locations. This method of adjustment is used on
the military jeep_ . Figure 9-42 illustrates
adjustment by use of eccentrics or altering the

painting unless necessary for protection of the

length of strut rods. You may find some front
suspensions that use a combination of these two
methods of adjustment. Any time you are to
perform front end alinement, carefully follow
the manufacturer's procedures. Slight errors in
these adjustments will cause rapid tire wear and

painting should be used instead of complete
entire vehicle.

Part of your job as a Construction Mechanic
is to perform body maintenance on the vehicles
assigned to your command. In order to-pirforrn
this task, you must know some of the
procedures used for straightening fenders and

body panels. Preparation and painting of the

hard steering control.

vehicles is another important task associated

with this responsibility.
BODIES

Regardless of whether the vehicle is in need
of extensive body work or has a dented fender,
it is desirable to have a number of speCial tools
to use.
One of the most important tools needed to
repair heavily damaged fenders is the :portable

The automotive body provides protection
for

the engine,

power train components,

operator, and any cargo or passengers. At the
same time, it adds strength to the frame and
provides adequate vision for the operator. Last,
290
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RUBBER HEAD
ATTACHMENT
PLUNGER

PUMP
HANDLE_

I

)

PUMP

BEAM
HOSE

EXTENSION
TUBE
jAC K
CYLINDER

(RAM)
PUMP CYLINDER

EXTENSION
ARM

RELEASE
VALVE

RUBBER HEAD
ATTACHMENT
81.576

Figure 9-47,Portable hydraulic jack_

DAMAGING FORCE

00 NOT PUSH AT DEEPEST
POINT OF DENT. WORK AROUND
OUTER EDGE AS ILLUSTRATED.
THIS PREVENTS KINKING
AND STRETCHING OF METAL,

APPLY HYDRAULIC POWER AS
INDICATED BY SHADED AREAS.
CENTER OF DENT WILL SNAPBACK AUTOMATICALLY.

81.577

81.578
Figure 9-49. Spoons used in the body repair shop.

hydraulic jack (porta-power) shown in figure

Figures 9-49 and 9-50 illustrate some of the
tools used in the body repair shop. Some words
of caution with the use these tools are to make
sure the surfaces of the spoons, hammers, and

Figure

Notting body dent out.

9-47. This tool when applied as shown in figure
9-48 will force the damaged portion to return to

near original shape and save many hours of
labor. The porta-power is provided with a

dollies you are going to use are free from
scratches and/or dents. Surface defects on the

number of adapters or accessories that allow you
-to use' it in many types of body repair work.

tools will cause similar defects in the sheet metal
291
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DOLLY
BLOCK

DINGING A FLANGE WITH A
LOW-CROWN GENERAL

DINGING A FLAT SURFACE
WITH A TOE DOLLY

PURPOSE DOLLY

DINGING A CONVEX SURFACE

WITH A HIGH-CROWN GENERAL
PURPOSE DOLLY

DINGING BODY

DINGING A CROWNED SURFACE
WITH A HIGH-CROWN
MUSHROOM DOLLY

DINGING OFF SET WITH

CORNER WITH

A HEEL DOLLY

A HEAVY-DUTY GENERAL
PURPOSE DOLLY

61.579

Figure 9-50.Using dolly blocks to shape body panels.

they are used on To remove surface defects, use

a file and

grit sandpaper until you again

have a smooth surface.

With these tools, and experience gained by
practicing on old discarded body parts, you will

hammer) required to remove the dent is reduced
considerably. As metal is dinged and formed, a
certain amount of stretching occurs. This will
cause additional work if excessive when nearing
the completion of the repair. Always remember,
when straightening a damaged panel, the damage

be able to remove the dents and creases while
restoring the body to a like new condition. The
ease and speed with which you can straighten

should be removed in the reverse order of ho_ w it
occured.

the sheet metal is dependent on starting the

REMOVING DENTS

repair work at the right point and correct use of
the tools provided. if this is done, the amount of

"din 'rig" (light tapping of the metal with the
292

Before attempting any body repairs, scrape
off any undercoating or foreign matter located
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in the area to be repaired. Dirt or undercoating

flat surfaces and the outside of curved surfaces.

will cake on the dolly block. No amount of

Hammers with crowned faces are for use on

hammering will produce a smooth surface when

concave surfaces only.

this occurs. Next make sure the outer side is
clean to protect the hammer.

REPLACING SHEET METAL

Without prior body repairing experience, a
nechanic will usually start applying pressure at
the spot where the panel was struck first and- is

Generally, a severaly damaged panel will be
replaced or repaired by cutting out the damaged
portion and replacing it with sheet metal.
Should you receive instructions to repair a

depressed the most. The CORRECT METHOD is
to apply pressure at the ridge farthest from the

point of imipact. lo make the procedure clear,
refer to the damaged panel in figure 9-51.
A..ssurne that the original form of the panel is
shorn as the dotted line. Point Y is where it was
struck, arid Xis a ridge formed last. With the use

of a spoon arid hammer or mallet, place the
spoon on the ridge and strike it with the
hammer. Aim your hammer blows directly at
the ridge. By following the ridge with the spoon

and hammer, you will find that the ridge will
gradually disappear while the major portion of
the depression at Y will spring back and very
closely resemble the original contour of the
panel_

heavily damaged body panel, there are a few

things that should be considered before starting
the job.

The first and most important consideration
is to determine the direction of the force that
caused the damage. This will enable you to use
the hydraulic jack and its attachments to push
the panels back into a near original position. At

the same time, the braces holding the sheet
metal will move back to their original position

and allow access to any bolts and fastening
devices that must be removed to disassemble the
damaged body parts. Once you have reached this
point, it must be determined if the damaged
panels will be replaced or repaired.

Tire next step is to select a dolly block with
a face of the sane general curvature as the panel.
Place it under the panel at 0 and strike the dent

Should you elect to replace the damaged
panel, make sure any braces that support the

as illustrated with the dolly. In this way, the
dolly acts as a hammer and raises the dented
portion to the original contour as the dolly is

panel are ordered also. New braces will help to
aline the new panels with the rest of the body.
Should only a portion of the damaged area be

gradually moved toward point Z. The most
common mistake made by the beginner at this
paint is trying to do all the work with one blow
f the dolly. All that is necessary of the hammer
r dolly is to press the metal back into position.

replaced, a welding outfit (fig. 9.54) will be
needed to weld the new sheet metal into
position. Complete instructions on the use and
care of gas cutting and welding equipment are
contained in the current edition of Steelworker

number of light blows with the hammer is
better than a few heavy ones. Heavy hammer
blows result in the metal stretching excessively

3 & 2,

NAVEDTRA

10653

series.

Before

attempting to replace body panels, consult this
manual for the proper method of adjusting and

duririg the straightening process. This requires
that the panel be shrunk later to remove bulges.

using the cutting or welding tips.

When working with the hammer, apply
blows rapidly with a pulling action so the
hammier tends to slide as it contacts the metal.
Above all, don't try to rush the job by striking
the metal too heavily. Figures 9-52 and 9-53
illustrate the procedures for removing dents
when performing body work. Use of a flat-faced
hammer should be confined to the flat or nearly

replaced is cut away and the remaining portion

Once the section of the panel you want
straightened to the original contour, place a
piece of the sheet metal over the area that is cut
away_ . Mark the new sheet metal so that when

you cut on the lines drawn, the piece will be
slightly larger than the area being replaced.
Clamps are needed to hold the new piece of
sheet metal in position for welding. Use the

_
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DAMAGING FORCE

Y
ORIGINAL DAMAGE

HAMMER

LOW

CROWN
SPOON

ORIGINAL
SHAPE

INITIAL MISTAKE
HAMMER

DAMAGED PANEL

ATTEMPT AT CORRECTION

M_

EDIUM CROWN

DOLLY BLOCK

FURTHER ATTEMPT AT CORRECTION

RESULT: PANEL STRETCHED

WHEN REPAIRS ARE STARTED
CORRECTLY, THE DENTS
DISAPPEAR QUICKLY

Figure

STARTING THE REPAIR WORK'AT

THE WRONG PLACE WILL RESULT IN
PROBLEMS LATER

1.Finding tine right starting point is very impor

same method to weld a new ,section as in that
used for repairing cracks (fig_ 9-55). Once the
piece is welded, the weld should be ground
down with a disk sander. While operating the

sander, use care not to cut through the sheet
metal with the heavy grit paper. A few passes

when performing body repairs.

with the sander (fig. 9-56) will quickly show up
any high places in the metal that must be shrunk
or the low spots.

Figure 9-57 illustrates the procedure for
shrinking sheet metal. Only a small area at a
time is heated and shrunk. This will cause a
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DINGING HAMMER

SHARP CURVES WITH

,FLAT DR SLIGHTLY CURVED

INNER

SHEETMETAL

GENTS

PANEL-

OUTER PANEL
DENT

SPOON

4

4V".------ROTH HAMMER AND DOLLY WORK

TOGETHER

B1.5431

Fi ire

Arrow indicates direction rnetdl must twee
to return to original contour.

81.582
Figure 8.53.The spoon can be used as both a ever and
dolly when working in tight places.
WORKING PRESSURE GAGE
CYLINDER PRESSURE GAGE

panel to return to its original contour when
perforated properly.

WORKING PRESSURE GAGE

CYLINDER PRESSURE GAGE

PREPAR1TNG ITIE SURFACE

ACETYLENE VALVE
WRENCH

FOR PAINTING

Whether the surface being prepared for
painting is just a small repair on a, fender or the
whole vehicle is to be painted, the following

HAND

TRUCK

procedures should be followed. It is essential
that you prepare the surface for the paint by
removing all traces of wax, grease, oil and dirt. If

the paint on the vehicle is of poor quality or
seriously deteriorated, it should be removed.
Differeilt grits of sandpaper are available for
your use in preparing the old surface. Generally,

start with the heavy grit (coarse) and work to
the lighter (fine). This will speed up your work
and provide a smooth surface for the primer
coat. Once the sanding is completed, clean the
surface with a cleaning agent.

If none

ACETYLENE
CYLINDER
EEP SAFETY
CHAIN IN PLACE

...L...
CUTTING
TORCH

UNLESS
CHANGING

,
:-

TORCH

BOTTLES

is

available, a lint free cloth saturated with thinner
can be used to wipe down the surface. This will

help the new paint to adhere to the metal arid
remove the dust and other foreign matter.
PAINTING

Navy vehicles are painted with enamel that
must conform to specifications. Exceptions to

OXYGEN

YLINDER

127.368

Figure 954. oxyacetylene welding
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FENDER BREAK OR PATCH OVERLAP
)1RECTION

OF WELD

FLANGE
START OF
BREAK

TACK
WELDS

SEMI-CIRCULAR HOLE

START
WELDING AT INNER
PORTION OF
BREAK OR OVERLAP

FLANGE

SPACE SMALL TACK WELDING
APROXIAIATELY I INCH APART

DON'T
CARRY WELD
TO EDGE OF METAL

WELDING RO

COMPLETED
WELD

WELD FLANGE BY STARTING AT E DGE
AND WORK ALONG 9Eatel

Figure 955.Fo4low dire:

81.583
n of arrows when repairing fender breaks or replacing sheet metal.

this is usually found on vehicles that are painted

by the manufacturer prior to delivery to the
government. Colors you are authorized to use
when painting vehicles and equipment assigned
to the Naval Construction Force are:
Red
Yellow
Green
Black
White
LEFT TQ RIGHT 1

Number
tl
IF

11105
13538
14064
17038
17875

RIGHT TO LEFT

Prior to the use of these paints, a coat of
primer should be applied to prevent peeling and

flaking where the bare metal is exposed. The
primer serves as a bond between the Paint and

91.584

Figure 9.5&' Exercise care while sanding with a disk

the metal of the vehicle. Each coat that

welder to prevent burning or cutting holes In the thin
sheet meta

is

applied must be sanded LIGHTLY if allowed to
dry before applying the next coat. There may be
296
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STRETCHED METAL

C.HAMMERING THE HEATED SPOT DOWN

A. METAL TO BE SHRUNK
TORCH TIP

RIM
OF

MALLET

CRATER

CRATER

STRETCHED

FLAMEN-

METAL

DOLLY
BLOCK

HEATED SPOT

FLATTENED
CRATER

B. HEATING
SMALL SPOT RED HOT WITH TORCH

SHRUNKEN

SPOT

WET SPONGE OR
RAG-

O. FLATTENING THE CRATER

03

HEATED SPOTS
SHOULD NOT
EXCEED

1 TO If
INCH

E HEATING SEQUENCE

E. QUENCHING SHRINKAGE

81$85
Figure 9-57. Metal shrinking process old sequels

occasion to use two coats of primer, but

used for tar,

area

The amount of thinner to add depends on

normally, one coat is adequate.

the

type of paint. Some paint or thinner

containers have directions on the outside while

other do not. if you cannot locate them, see

Faint and printer must be shaken or stirred
thoroughly, thinned with a thinning agent, and
run through a strainer or filter if a spray gun is
used Figure 9-5S illustrates the method for wise
of the spray gun.

your supervisor for assistance.
Another ingredient that is sometimes added

to paint is "drier." This substance causes the
paint to set and dry much more rapidly than
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CORRECT

rf
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AIR PRESSURE

TO OBTAIN
SATISFACTORY
RESULTS, THE

I
41,

.

-
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SPRAY PATTERN

CORRECT
PATTERN

ry,

RUST BE
ADJUSTED TO
PROVIDE A
CONE SHAPE

INCORRECT-

,

7,

C TO 12-----.

LOW AIR

PRESSURE
HOLD GUN PERPENDICULAR
TO SURFACE BEING SPRAYED

COATING SHOULD BE EVEN
AND WET WHEN SPRAYING
,..._-

cy

I

illy-

COATING WILL BE
LIGHT AT THIS
POINT

COATING WILL BE
HEAVY AT THIS POINT

--

II

I

u)1 ,..,,,.,:f.

lq 11,1,"fr

6 TO 12 INCHES Ve.417

p" lb

-

/

START
STROKE

TRAVEL OF

laia
"PULL
TRIGGER

si..s
111
I

WRONG

GU N

RELEASE
TRIGGER

I\
END OF
STROKE

RIGHT

HOLDING AND MOVING THE SPRAY GUN CORRECTLY IS AS IMPORTANT AS THE SPRAY PATTERN
AIM FIRST STROKE AT PANEL
EDGE

NOTE:

DIFFERENT TYPES OF
PAINT REQUIRE
DIFFERENT AIR
PRESSURES FOR

OVERLAPPING SUCCESSIVE

STROKES PROVIDES AN
EVEN COAT OF PAINT

SPRAY APPLICATION
AIMING

POINT

(BOTTOM!

OF PRE-,
CEDING
STROKE!'

-7

TO I2"
PULL

II

MINIMING

TRIGGER

OVERSPRAY
WITHOUT BANDING

START STROKE

OVERLAPPING EACH PASS

81.586
Figure

pspfa sionnl finish.

II
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You may find body fillers used in a Public
Works repair shop. Its use is simple in that the
body portions do not have to be straightened as
closely as when making repairs without it. Some

normal. Because a small amount of drier is all
that is needed, the instructions on its use must
be followed closely.

fillers require that a primer coat of paint be

Mixing paint and adding drier are two

applied over the metal prior to their application
while others do not. By using the manufacturer's

critical parts of painting vehicles. Llse of the
wrong type of thinner, paint, or excessive drier

instructions, you can apply body filler over
rough places and fomi it with a body file or

will cause the paint to fade, peel, or blister
within a short period of time after completing

sanding until it conforms to the contour desired.
The advantage of using body filler lies in the fact
that a badly damaged vehicle can be returned to
a like new appearance quickly and with only a
limited amount of metal straightening.

the job.
EPDXY FILLERS

Additionally, the use of thinner metal in the

The modern auto body repair shop would
not be caught without a bunch of this stuff on
hand. Your being in the Navy, and particularly

bodies of modem vehicles makes it difficult to
reform panels into their original shape. Should
you have an opportunity to use an epoxy filler,
the recommended thickness of the filler should

in the SEABEES, prevents you from having this
convenient item unless it is purchased through
special order or open purchase. Shelf life of the
item (length of time it can be stored before use)
is not long enough for the supply department to
carry it in stock_

be kept to approximately US". If more is
required, it should be applied in coats not to

exceed 1/4" and allowed to dry before applying
the next coat.
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CHAPTER 10

BRAKES
Good brakes are an absolute necessity for
the safe operation of all self-propelled vehicles
and equipment. The emphasis of manufacturers
on speed and hauling capacity results in an ever
increasing demand for improvements in braking
systems. The brakes must not only be able to
stop the equipment, but also must do so reliably
and in as short a distance as possible. In order to
provide the proper service and repair to these
braking systems, the mechanic must have a good
understanding of how these systems function.
Improper repairs can result in a fatal accident if
brakes fail to function properly.
Brake operation is dependent on the friction
created when two surfaces (one stationary and
one moving) are brought into contact with each
other. In brake systems, brake drums or disks
provide the moving surface and brake shoes or
bands the stationary surface. Thus the wheels or

other moving cornponenets connected to the
drums or disks will slow, stop, or remain
stationary, when the brakes are applied (fig.
10-1).

TYPES OF BRAKES

Two types of brakes are provided on all
self-propelled equipment: the parking brake,
used for keeping the equipment stationary when

stopped, and the service brakes that are used
during normal stop and go operation.
PARKING BRAKES

Parking brakes on the r,fi jority of light-duty
vehicles

are interconnected' with the service

brakes at the rear of the vehicle (fig. 10-2).
TO EXPAND
DISK

RAKE SHOES

MOE

BACKING

PLATE

DISK

INTERNAL EXPAND!

81.273:275

Figure 10-1.Methods of
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81.457

Figure 103.Typical parking brake (extern

I

band

transmission type).
81.458

Figure 10-2. Typical parking brake lintegfal ype).

HYDRAULIC BRAKES

Heavy-duty parking brakes are usually mounted

or coupling between the brake pedal and the

Hydraulic brakes use liquid as a connection
service brakes, as indicated in figure 10-4. This
liquid (brake fluid) will not freeze or boil unless

at the rear of the transmission or transfer case
(fig. 10-3). An adjustment is provided in the
linkage of both types to compensate for lining
wear. The lining of the integral type is replaced
when the service brakes are repaired. The
transmission type parking brake is serviced
separately when the
predetermined amount.

lining

has

worn

a

SERVICE BRAKES

Service brakes are normally provided at each
wheel and function when a pedal is depressed by

TER

LINDER

'ISTON

the operator. Except in the case of some track
mounted equipment, service brakes depend on
hydraulic fluid or air as a medium for applying
the brakes.
In this chapter, the discussion concerning
service brakes will be divided into two major
sections, HYDRAULIC BRAKES and AIR

81.280

Diagram of the operation of a hydraulic
brake system.

BRAKES.
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subjected to extreme temperatures. Brake fluid
other than that obtained through normal supply
channels should be labeled either DOT-3,
JI 703A, or J1703. All these fluids are suitable
for use with both drum and disk brakes.

retains a slight pressure within the lines and
wheel cylinders when the brakes are released.
This pressure prevents fluid from seeping past
the cups in the wheel cylinders and also prevents
the entrance of air into the hydraulic passages as
the brakes are released.

MAS TER CYLINDERS

Dual master cylinders contain two of
everything found in the master cylinder used for
single systems. Thus,. these cylinders provide

Master cylinders (fig. 10-5, 10-6 and 10-7)
are designed for use with single or dual braking

separate pressure systems, one for the front
brakes and one for the rear. These cylinders
provide an additional safety feature in that

systems. These cylinders contain one or two
fluid reservoirs and pistons which force the fluid

should one portion of the brake system fail, the
other will continue to function. However,

through the lines into the wheel cylinders. As
pressure on the pedal is increased, greater
pressure is built up within the brake cylinders,
and thus greater force is applied to the brake
shoes. When pressure on the pedal is released,
the springs on the brake shoes return the wheel
cylinder pistons to their released positions. This
action forces the brake fluid back to the master
cylinder. There is also a return spring in the

should one portion of the system fail, brake
pedal travel will increase noticeably.

Dual system master cylinders for disk brake

applications are practically the same as other
dual system master cylinders, except that the
fluid reservoir for the disk brakes is much larger

than the reservoir for the drum brakes.

In

addition, the output port to the disk brakes does
not contain a residual pressure check valve.

master cylinder and at the brake pedal:

Master cylinders used with drum brakes

The shoes of disk brakes are always in slight

often contain a residual check valve which

contact with the disk and when the brake is

AIR VENT
INTAKE PORT
BYPASS PORT

FLUID IN CYLINDER IS
PISTON SPRING

REPLENISHED THROUGH
THESE HOLES
PISTON

1/4

FLUID LEVEL

PISTON
RETURN
STOP

6-12 PSI STATIC PRESSURE
TO BRAKE LINES
TO STOP LIGHT

111=11011

ragippial

BOOT

CLEARANCE

DIAPHRAGM

PRIMARY CUP

THIS VALUE IS LIF TED BY RETURN
OF FLUID

PEDAL ROD
VENT
SECONDARY

FROM BATTERY

STOP LIGHT
SWITCH

THIS VALVE IS OPENED BY PRESSURE OF
FLUID IN MASTER CYLINDER

Cup

81.555

Figure 10-5.Cutaway view of master cylinder.
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applied, no appreciable amount of fluid is forced
into its cylinder. The larger reservoir is necessary
because as the shoes wear, they move outward,

creating a larger cavity in the caliper cylinder
and fluid moves from the master cylinder to fill
the additional area.

Master cylinder reservoir fluid level should
be checked periodically and clean brake fluid
added, as needed, to maintain fluid level

approximately 1/4 inch from the top of the
reservoir.

When

major brake

performed, the

service is being
master cylinder should be

reconditioned or replaced as necessary. Often
the master cylinder bore can be cleaned with
crocus cloth or a master cylinder hone. When it
is badly scored, pitted, or corroded, however,
the master cylinder should be replaced.

After you clean up a master cylinder bore,
be sure you check the clearance between the

The steel lines seldom need replacement
except in areas where they rust from exposure
to salt air or constant high humidity_ . If you
replace them, you should ALWAYS use steel
tubing. The flexible hoses should be inspected at

regular maintenance periods for any signs of
cracking or abrasion. If the outer protective
cover is cracked or badly abraded, it should be
replaced.

A pressure actuated brake light switch is
used in the single system. This switch may be
found at the master cylinder or elsewhere in the
distribution system. In dual brake applications,
the switch is mechanically actuated by brake
pedal linkage when the brake pedal is depressed.

In addition to the components contained in
the single system, the dual system contains a
brake warning light switch. If the system is
equipped with front disk brakes, a proportioning
valve and metering valve are also added. These
components may be separate or in one assembly,
as illustrated in figure 10-8.

cylinder bore wall and piston. If a narrow (1/8"
to 1/4" wide) 0.006" feeler gag_ e can be inserted
between the cylinder wall and a new piston, the
master cylinder should be replaced. Be careful
when inserting the feeler gage between the
piston and cylinder wall to avoid damaging cups
on the piston.

should the front or rear brake system fail.

When servicing a master cylinder, be careful
to keep all parts clean and free from mineral oil

In some applications special procedures are
required to recenter the differential piston in the

and grease. Do not handle hydraulic system

The warning light switch operates a light on

the instrument panel to signal the operator

valve body and prevent constant operation of
the warning light after the brake system has

parts with oily or greasy hands.

been repaired.

It is good practice to bench bleed a new or
reconditioned master cylinder before installing it
on a vehicle. This is particularly true of the dual
system master cylinders. Bench bleeding

The proportioning valve is actuated by
pressure in the rear drum portion of the brake
system, and prevents skidding during heavy

removes any air from the master cylinder bore
and saves time when you are bleeding the

braking.

The

metering

valve

operates

in

conjunction with the disk portion of the brake
system. This valve functions during the intitial
stage of brake application to prevent excessive
front disk braking until the rear drum brakes
overcome return spring pressure and contact the

balance of the hydraulic system.
BRAKE FLUID DISTRIBUTION

The brake lines transmit fluid and pressure
to the wheel cylinders or disk brake calipers. In
addition to the steel tubing, flexible reinforced
rubber hoses are used at the rear axle and both

drums.

To determine if either of these valves

faulty, carefully follow the manufacturer's
procedures contained in the service manual. No
attempt should be made to repair the switch or
valves should they be inoperative.

front wheels, On vehicles equipped with full
independent suspension, flexible hoses are also
used on both rear wheels.
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81.282
Figure _CO.rost section of a wheal cylinder.

0" RING

are similar to those outlined p- viously for
master cylinders.
DRUM BRAKE
ASSEMBLIES

OUTLET TO
REAR BRAKES
PROPORTIONING
VALVE UNIT

Internal expanding drum brakes are the most

common type of brake used on self-propelled

equipment.

These

brakes

depend

on

a

"self -energizing" (servo) action to supplement
the effort provided by the operator. The term

81.556

Figure 108.Combination valve.

"self-energizing" describes the action of the
shoes once they contact the moving drum.
WHEEL CYLINDERS

When one end of the shoe is attached to a
stationary pin (fig. 10-10), the shoe will tend to

Wheel cylinders used with drum brakes on
the majority of self-propelled equipment are
similar to the one illustrated in figure 10-9. With
this cylinder, fluid pressure causes both pistons

rotate with the drum and wedge between the
anchor pin and drum. This wedging action
increases the braking effect initiated by the cam.
When two shoes are independently anchored at
the bottom of the backing plate, the other shoe

to move outward in the cylinders and apply
force

to the brake shoes. Return springs,

attached to the shoes, cause the shoes and

has a tendency to move away from the drum
and provide far less braking effort. Should the

cylinder pistons to return to their original
position when the brakes are released.

drum turn

Normally, faulty wheel cylinders are
detected when fluid leaks appear or the pistons
stick in the cylinders, preventing brake
application. Should this occur, repair procedures

When b oth shoes are interconnected
(fu 11- floating) and attached to the backing plate

in the opposite direction, the
self-energizing action would affect the operation
of the second brake shoe (not shown
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Figure 1

Brake shoo

rgizi

Figure 1011.Fullfloating brake assernblY.

_ion.

in such a manner that they both tend to move
with the drum, "self-energizing" action will

If the linings are worn enough to permit the
secondary shoe to move a predetermined

both shoes (fis. 10-11). In these
applications, the self -energizing action of the
primary (leading) shoe is transmitted to the
secondary (trailing) shoe. Both shoes will be
wedged against the drum. This arrangement

distance, the adjuster lever will turn the
adjusting screw one tooth. This causes the shoes

provides the self-energizing action to both shoes
regardless of direction of travel.

adjusting position on the sprocket.

affect

to expand only a few thousandths of an inch.
When the brake is released, the lever return
spring will lift the adjuster

An override feature is provided to allow
brake action by the secondary shoe in the event

Most drum brakes used on automotive and

light-duty vehicles

have

a

lever into the

the adjusting screw becomes "frozen," or the

self-adjusting

self-adjuster becomes inoperative.

mechanism (fig. 10-12). This device adjusts the

brakes to compensate for lining wear. This

When the vehicle is moving forward and the

brakes are applied, the secondary shoe is held
against the anchor pin by the self-energizing
action of the brakes, preventing the self-adjuster

mechanism operates only in reverse.

When the vehicle is moving backward and
the brakes are applied, friction causes the

from functioning.

secondary shoe to move away from the anchor
pin. Since the upper end of the adjusting lever is
held stationary by the actuating link, the lever
pivots on the secondary shoe, and its lower end
acts on the adjusting screw sprocket (starwheel).

DRUM BRAKE SERVICE

Servicing drum brake assemblies involves
periodic adjustment (unless self-adjusting),
306
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81.456

Figure 10-12.Automatic brake adjuster.

Regardless of the application, unless
thoroughly familiar with the type you are

replace ment of the linings when worn
excessively or unserviceable, and resurfacing the
brake drums when required.

adjusting, you should follow the procedures,
outlined in the manufacturer's service manual.

Adjusting

Replacing Drum Brake Linings

The procedures for adjusting drum brakes
depend on the particular application. In most
applications having independently attached
shoes, two adjustments are provided at the rear
of the backing plate (fig. 10-13). The anchor
pins are of an eccentric design and are used to
position the heel of the shoes in relation to the
drum only when the shoes and/or linings are
replaced. The cam adjusting bolts located at the
top of the backing plate are adjusted to position
the toe of the brakeshoe when the shoes and/or

In order to replace the brake shoes on drum
brakes, the wheel and drum must be removed

linings are replaced. The cam adjusting bolts are
also used to adjust the brakes when the linings
wear from normal use.Full floating brakes (fig. 10-11) are adjusted
by inserting a thin bladed tool through a slot in
the backing plate behind the starwheel. Brakes
with this type of adjustment require you to turn

CAM

CAM

ADJUSTMENT

ADJUSTMENT

p/
ADJUSTABLE
ANCHOR PINS

the starwheel until the wheel is locked by the
brake shoes and then back off the starwheel a

81.558

Figure 10-13. Brake adjustments.

certain number of notches.
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first. Notice carefully how the springs and
retainers are installed before attempting to

remove the shoes from the backing plate. This
will assist you during reassembly. If hydraulic

BRAXESHOE

RETAINER

being repaired, install a wheel
cylinder clamp (fig. 10-14) or tie the cylinder to
keep the pistons from corning out of the wheel
cylinder once the brake shoes are removed.
Next, remove the retracting springs with brake
spring pliers or a removal and installation tool as
;flown in figure 10-15. The shoe holddown parts
must be removed next. Figure 10-16 illustrates

brakes are

81.561

Figure 10 -16. The brake shoe retainer causes the shoe
to contact the drum squarely as the brakes are applied.

one type being removed with a pair of ordinary
combination pliers. Heavy-duty brake shoes are
mounted on separate anchor pins. Some of these
installations require removal of the anchor pins,
while others require the removal of clips on the

end of these pins before the shoes can be
removed. On light-duty brake applications, you

can now grasp the shoes as shown in figure
10-17 and remove them. After removing, turn
the shoes as shown in figure 10-18. This allows
easy removal of the spring and adjusting screw
assembly.

Mark the front and rear shoe o_ f each brake

81.559

Figure 10-14.Wheel cylinder clamp in use.

so

that they may be replaced in the same

81.560

igure 10-15.Rernoyal of the brake return springs is
°my if you use the proper tool.

Figure 10 -17. -- Removing shoes fro
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rivets, always start in the center of the lining and
work alternately to each end of the lining. Make
sure that the rivets are tight enough to securely
hold the lining without splitting the lining at the
rivet holes. Once the linings are attached to the

shoes, reassemble the brakes by reversing the
method of removal.
Servicing Brake Drums

After you remove the drums, inspect the old

shoes to determine the drums' condition. For
instance, if the linings are worn thin on one side,

the drums are likely to be tapered or bell

ADJUSTING SC AE

shaped. Linings with ridges in their contact

ASSEMBLY

surfaces point out the need for turning the drum
to remove the matching ridges.
81.563

Figure 1O 18.Rem

ju

Visually check the drum for scoring. A
will prevent a proper

g screw assembly.

scored brake drum

adjustment between brake shoe and drum and
cause new linings to wear quickly. Any defects
found will require the drum to be machined.
Drums are machined by the machine shop in the
NMCB and at some shore installations. If the
shop you are working in has a brake drum lathe,
make sure that you know how to operate the

position. Clean the backing plate thoroughly and
apply a light coating of lubricant to the backing
plate where the shoes are supported.

New linings are secured to the shoes by
rivets or bonding after the old lining and rivets
have been removed. Bonded brake linings are
supplied with the linings already attached to the

lathe before attempting to machine a drum.
Using the wrong procedures may ruin the drum
and cause the vehicle or item of equipment to be
deadlined. Before machining, check the
specifications provided in the maintenance
manual. These specifications tell you the
maximum amount of metal that can be removed
from the drum and allow it to provide adequate

shoes. At some activities, the old shoe assemblies

must be exchanged when drawing new ones
from the parts room. Linings that require the
use of rivets to attach the linings to the shoes are
provided in kits. These kits may provide enough

linings for one or more wheels and the rivets
needed for attaching them to the shoes. These
linings are predrilled and countersunk for the

braking. Many late model brake drums are
stamped by the manufacturer to indicate the

rivets and arced to match the brake shoes.

Should your shop have the

maximum inside dimension permissible for the
brake drum.

specialized

equipment for relining brakes, it should be used
to remove and replace the riveted linings. If this
equipment is not available, the old linings can be

For maximum braking efficiency, the arc of

the shoes must match the drums. This means
that the shoes must be ground to match the

removed with a suitable punch and hammer if
care is exercised to prevent enlarging the rivet

curvature of the drum when it is machined. Most

shops are equipped with a special machine to

holes in the shoes. If the rivet holes are enlarged,
the shoe should be discarded.

perform this task. If none is available, the shoes
can be installed but the brakes will not become
fully effective until the shoes wear enough to

The NMCB shops now use a vise held device
for installing the rivets. This device comes with
adapters for use with various size rivets and is
stored in the shop's tool room. When installing

match the braking surface of the drum, and
frequent adjustment will be needed until they
do wear sufficiently.
9
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DISK BRAKE
ASSEMBLIES

CONNECTING

-FRICTION PADS

CYLINDER

MBE-

The disk brake assembly (fig. 10-19) consists
of a metal disk and caliper assembly. The disk,
which is bolted to the wheel hub, rotates with
the wheel of the vehicle. The caliper assembly,

wommormilor,1

which is attached to the steering knuckle, is
stationary.
PISTON_

The disks are usually solid when used on
lightweight vehicles and vented (for cooling) on
heavy vehicles.

BRAKE DISK

Both sides of the disk are

HYDRAULIC
PRESSURE

machined to provide a smooth friction surface.

FROM
MASTER
CYLINDER

The caliper contains one or more hydraulic
pistons which cause the brake shoes (one on

APPLIED
POSITION

RELEASED

POSITION

either side of the disk) to squeeze the disk in a
viselike manner.

115.226

Figure 10-20 hiustrates the operation of a

typical disk brake assembly.

In

Figure 1

20. Sectional view of disk brake in released

actual

and applied position.

application, the brake shoes (friction pads) are

held in light contact with the disk when the
brakes are released by a piston return spring.

Some disk brake shoes have telltale tabs
which contact the disk when lining wear has
reached a predetermined point. This results in a

scraping noise when the vehicle is operated,
SPLASH
SHIELD
CALIPER

warning the operator that the brake shoes are
badly worn and should be replaced.
Disk brakes require no adjustment. Howev
you will occasionally have to add brake fluid to

the master cylinder reservoir which supplies
fluid for the disk portion of the braking system,
because the piston return springs, by keeping the

shoes against the disk as wear occurs, create a
larger

cavity for

the

fluid

in

the caliper

assembly. A booster assembly is often used in
disk brake systems as they have no
self-energizing feature.

SHOE AND
LINING

Some features of the disk brake make it
more desirable then the drum brake; namely,

ANTI-RATTLE

braking action is instantaneous when pressure is
applied to the caliper assembly, fading caused by

SPRING

the heat is eliminated, and the brakes are not
affected when water is splashed onto the disk
and linings.

Disk Brakes Sena

Anytime a vehicle having disk brakes is

DISK

scheduled for maintenance, the disks should be
115.225

Figure 1

Disk brake assembly.

inspected for scoring and hard spots. Slight
scoring results form normal braking. A disk that
is

20

scored less than 0.015 inch can be used
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without machining if the overall_ thickness of the
disk is still within the manufacturer's
specifications. Heavy scoring or hard spots
require the disk to be machined.

The rust ridges that build up as wear occurs

are of no concern unless new shoes are to be
installed. Placing new shoes on a disk that has
rust ridges causes the shoes to seat on the ridge,
resulting in poor braking. These ridges should be

removed by grinding or machining prior to
installing new shoes. Hard spots are removed by
grinding

the same as if found on the
conventional drum. A special lathe is used for
maching disks. If none is available, the metal

lathe in the machine shop
attachment will do the job.

and a grinding

A test should be made when shoes are
replaced to determine if the disk has excessive
runout or thickness variation. Either condition
will cause erratic braking similar to that caused
by a warped drum on conventional brakes.

Runout or wobble of the disk as it rotates
must be checked with the use of a dial indicator,
while thickness variation is determined by

measuring the thickness of the disk in at least
three places approximately
inch from the
outer edge of the disk. Should either of these
tests indicate a faulty disk, the disk must be
machined. If it is worn excessively, it must be
1

replaced.

Disk Brake Lining
Replacement

Disk brakes have flat linings bonded to a
metal plate or shoe. The shoe is not rigidly
mounted inside the caliper assembly, thus it is
said to float. The shoes are held in position by
retainers or internal depressions (pockets
machined into the caliper).

To remove the shoes, raise the front of the
vehicle and remove the wheels. Next, remove
approximately two-thirds of the fluid from the
master cylinder and discard. Do not remove all
of the fluid or bleeding of the system will be
required on reassembly. The shoes can now be
removed following the manufacturer's
procedures. These vary depending on the

manufacturer and the model. Some models

allow removal of the shoes with the caliper
mounted on the vehicle, while other designs
require removal of the caliper before the shoes

can be extracted. In either case, the pistons
should be bottomed in the bores of the caliper
assembly to release any tension on the shoes.
This allows clearance for any rust buildup
(ridge) at the outer edge of the disk.

Note: The rust buildup near the edge of the
disk may have to be removed in order for the
new shoes to seat properly on the disk.

The next step is to remove the old shoes and
insert the new shoes. Now, remount the caliper
or replace the shoe retainers torquing all bolts
according to the manufacturer's specifications.
Refill the master cylinder and apply the brakes a

few times. Then, check for any leaks at the

pistons in the caliper. If none are present,
replace the wheels and lower the vehicle. A road
test should be made to insure that the brakes are
working properly and also to seat the new shoes

on the

disks.

Several (3 or 4) heavy brake

applications at approximately 35 to 40 miles per
hour will work. If the brakes function normally
after the braking test, the job is complete.
Servicing Caliper Assemblies
Servicing

disk

brake

caliper

assemblies

usually involves the replacement of pistons,
seals, and dust boots. To perform this type of
service, it will be necessary to remove the caliper
assembly from the vehicle. Carefully follow the
procedures given in the manufacturer's
maintenance manual when removing, repairing,
and resinstalling disk brake caliper assemblies.
SERVICING HYDRAULIC
SYSTEMS

Servicing hydraulic brake systems includes
maintaining the proper level of hydraulic fluid in
the master cylinder reservoir, checking the

system for leaks and worn pasts, and bleeding
the brakes.

If the brake pedal goes to the vehicle floor
when pushed down, first check the brake fluid
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level in the master cylinder, check for leaks
around the master cylinder, wheel cylinders, and
brake lines.

When adding hydraulic fluid, be sure it is the
type recommended by the manufacturer.

Dirt and dust that accumulate around the
filler

opening can work into

the operating

mechanism and prevent a valve from sealing
properly. See that all dust and dirt are removed
before you remove the filler plug. Add enough
fluid so that the level reaches just below the
filler cover or plug opening. After filling the
reservoir, see that the vent is open and the filler
cover or plug is tight.

Continual refilling of the fluid reservoir is a
sure sign of leakage requiring repairs in the brake

wheel cylinders, the master cylinder, or loose
fitting or broken lines in the brake system. Fluid
lost at these places can be detected easily.
Before tightening the fitting or removing
sections of tubing for repairs, wipe them dry and
clean, then have an assistant apply the brake. In
this way you can be sure that you have found all
the leaks.

81.304
Figure 10-21.Bleeder brake lines, (1) Bleeder screw,
(2) Bleeder hose.

from the top, and
bleeding operation.

Leaks and loose joints not only allow fluid
to escape from the system, but also permit air to
enter it. Air in a hydraulic brake system should
be suspected when the brake pedal feels soft and
spongy. This air must be bled from the system
to obtain a solid pedal.

keep it

full

during the

Attach a short length of rubber hose to the
bleeder screw and allow the loose end to be
submerged in a clean glass container of brake
fluid. Most bleeder screws have cap screws to

protect the threaded opening to which you
attach the bleeder hose.

The procedures outlined below are for

Now, have an assistant push in the brake

bleeding the single hydraulic system. Should you

pedal to put pressure on the brake system, while
you operate the bleeder screw, and watch for air
bubbles in the glass container. Pushing down on
the brake pedal slowly as far as it will go forces

be servicing a dual system (drum or disk) the
procedures may vary. Always consult the
manufacturer's manual before bleeding dual
brake systems.

the fluid out of the bleeder valve through the
hose into the glass container. With the fluid

One method of bleeding hydraulic brake
lines to remove air from the system is done at
the wheel brake cylinders as shown in figure
10-21. You will do this job often in servicing

comes the air that is trapped in the line. It may

be necessary to pump the brake pedal six or
seven times before fluid without air can be seen
entering the glass container. Check the reservoir

brakes, especially after they have been relined,
or if any part of the system has been
disconnected. Each hydraulic brake cylinder has

after every third or fourth stroke of the brake
pedal, so that the master cylinder will not be
pumped dry, and the system will not fill with

some kind of a bleeder screw device (or valve)
extending from the brake backing plate.

air.

Bleed one wheel cylinder at a time. Do the
one farthest away from the master cylinder first,

To bleed the lines proceed as follows: Fill
the reservoir with brake fluid to one-fourth inch
312
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so that all the air possible can be removed at the
first bleeding operation.

When bubbles no longer escape from the
bleeder hose, close the bleeder screw tightly,
remove

the bleeder hose, and reinstall the

bleeder screw cap screw. Then proceed to the
next wheel cylinder, and repeat the process until
all the cylinders have been bled.

Pressure bleeding of a hydraulic system

is

preferred to the method just described, but

requires equipment of the type shown in figure
10 -2/

A pressure bleeder with fittings and adapter

for connecting to the master cylinder fluid
reservoir(s) is necessary to pressure bleed the
system. Be sure there is enough brake fluid in
the

pressure bleeder

tank to complete the

bleeding operation and the tank is charged with

adequate air pressure for the system you are
servicing.

Fill the master cylinder reservoir(s) with
clean brake fluid. Attach the pressure bleeder
hose to the master cylinder reservoir(s), using
the necessary fitting or adapter. Open the valve
in the pressure bleeder hose to pressurize the

brake hydraulic system.

Attach a bleeder drain hose to the right rear
wheel cylinder bleed screw, as shown in figure
10-21. Submerge the free end of the hose in a
glass container partially filled with brake fluid.
Loosen the bleed screw. When fluid coming
from the submerged end of the hose is free of air
bubbles, close the bleed screw and remove the
bleeder hose. Repeat at the left rear, right front,
and left front wheel cylinders in that order.
If the hydraulic system being bled includes a
dual system master cylinder with two filler caps,
connect the pressure bleeder to the front

reservoir to bleed rear wheels and to the rear
reservoir to bleed front wheels.

NOTE: Some early dual system master

cylinders with two filler caps have an opening
between the two reservoirs. On these units, a
sealed type filler cap should be installed in one
opening and the pressure bleeder connected to
the other. The bleeder may remain attached to
the same opening while bleeding all four wheels.
When the bleeding operation is completed,
close the valve in the pressure bleeder hose and
disconnect the bleeder from the master cylinder.
Be sure the master cylinder fluid level is within
1/4-inch of the top of the reservoir(s) and install
filler cap(s) or a diaphragm and cover, if used.
VACUUM BOOSTERS

On many modem vehicles, vacuum boosters
are utilized with the hydraulic brake system to
provide easier brake application. In a hydraulic
brake system there are limitations as to the size
of the master and wheel cylinders which can be
practically employed. Furthermore, the physical
strength of the driver limits the amount of force
which can be applied. This is especially true
unless the brakes are self -energizing. These

factors restrict the brake shoe to brake drum
pressure obtainable. Vacuum boosters increase
or boost this braking force.
81.496

re 1a2zPressure bleeding of brake system.

There are various designs of vacuum
boosters, but basically they all operate in the

same manner.
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In Basic Machines you learned that air has
weightabout 15 pounds per square inch at sea

the diaphragm by atmospheric pressure, causing

level. This weight of the air or atmospheric

has the remaining vacuum.

pressure is used to operate vacuum boosters.

The power brake unit involves the master
cylinder and linkage only. Other parts of the
brake system are like those in conventional

the diaphragm to move toward the side which

It is impossible to create a perfect vacuum,

but by pumping air from a container it

is

external

lines

generally

to obtain a difference in pressure
between the outside and inside of the container,
or a partial vacuum. If the container were

brakes. Two
connected to

suddenly opened, outside air would rush into

(vacuum reservoir on some installations) and one

the container to equalize the pressure. It is upon
this principle that the power cylinder of a
vacuum booster system operates.
The power brake cylinder (fig. 10-23) is
vacuum suspended. If the cylinder is air
suspended, atmospheric pressure is present on
both sides of the diaphragm. When the brakes
are applied, atmospheric pressure is cut off on
one side of the diaphragm and vacuum is applied

or more hydraulic connections leading into the

to that same side. Atmospheric pressure then
forces the diaphragm toward the side with the

system should engine vacuum drop off. This

possible

are

the power brake assembly: a
vacuum connection to the intake manifold
hydraulic brake system.
On many installations a vacuum reservoir is
inserted between the power unit and the intake

manifold. The purpose of the reservoir is to
make vacuum available for a short time to the
booster unit should the vehicle have to quickly
stop with a stalled engine. A check valve in the
reservoir maintains a uniform vacuum within the

If the cylinder is vacuum suspended, vacuum

check valve prevents vacuum from bleeding back
to the intake manifold when manifold vacuum is
less than the vacuum in the tank.

is present on both sides of the diaphragm until
the brake pedal is depressed. When the brakes
are applied, vacuum is replaced on one side of

All modern power brakes retain some pedal
resistance, permitting the driver to maintain a
certain amount of pedal feel. For example, a

vacuum.

INTAKE MANIFOLD

INTAKE MANIFOLD

VACUUM

VACUUM

VACUUM CONTROL
VALVE CLOSED

VACUUM CONTROL
VALVE OPEN

OUTPUT FORCE
-ATMOSPHERIC
VALVE OPEN

PUSH ROD

PUSH ROD-

ATMOSPHERIC
PRESSURE

DIAPHRAGM

DIAPHRAGM
ATMOSPHERIC
VALVE CLOSED

PEDAL INPUT
FORCE

APPLIED

RELEASED

81.564

Figure 111.23. odern automotive power brake as
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light pressure upon the pedal will give a light
braking force while a heavy pressure upon the
pedal will cause severe brake application. If the
vacuum section of the power unit should fail,
brake application can still be obtained by direct
mechanical pressure on the master cylinder
piston.

The vacuum-hydraulic booster unit used in
most passenger cars and light trucks equipped
with power brakes is the integral type, so-called
because the power unit and master cylinder are
combined in a single assembly, The most
common integral types all use a single or tandem

diaphragm and are of the vacuum suspended
type. The power unit uses a master cylinder

A tight pedal linkage (insufficient push rod
clearance) will sometimes result in a hard pedal.
If this connection is free and the brakes still fail
to

release properly, the power unit must be

replaced.

In addition to hydraulic system problems,
the brakes may fail to release as a result of a
blocked passage in the power piston, a sticking
air valve, or a broken air valve spring.

Any malfunction occurring in the power
unit will necessitate removing the power unit
from the vehicle for repairs or replacement.
Some power units may be rebuilt or repaired.

constructed in the same manner as the
conventional dilal master cylinder.

Should you have any questions concerning
repairs on the power braking system you are
working on, consult your supervisor or the

If brake trouble is encountered, check the

procedures to follow when testing or repairing

brake system in

the same manner as for

conventional brakes. Air in the hydraulic lines
will cause a spongy pedal. Oil or grease soaked

manufacturer's manual

for

the

proper

this unit.

brake linings will cause the brakes to grab.

Power brakes require the same maintenance as
other brakes.

AIR. OVER -l-IY DRAULIC
BRAKE SYSTEM

fo check the power booster unit for correct
operation, stop the engine and apply the brakes
several times to deplete the vacuum reserve in
the system. Next, partly depress the pedal and
while holding it in this position, start the engine.
If the booster system is operating properly, the
pedal will tend to fall away under foot pressure
and will require less effort for you to hold it in

An air-over-hydraulic brake system is shown
in figure 10-24. This system combines the use of
compressed air and hydraulic pressure for brake
operation. The essential difference between the
straight hydraulic brake system and the
air-over-hydraulic brake system lies in the

the applied position. If no action is felt, the
booster is not functioning.

air-hydraulic-power cylinder.

The
air-hydraulic-power cylinder (fig. 10-25) is a
self-contained power brake unit which is made
up of three basic assemblies: the compressed air

cylinder, the slave cylinder, and the control

If the power unit is not giving enough

valve.

assistance, check the engine vacuum. If the
engine vacuum is abnormally low (below 14
inches at idle), tune up the engine to raise the

The COMPRESSED AIR CYLINDER
consists of a piston operating within a cylinder
body. This piston actuates a push rod which is

vacuum reading and try the brakes. A steady hiss

when the brake pedal is depressed indicates a
vacuum leak is preventing proper operation of

attached to the hydraulic piston of the slave
Movement of the piston in the
compressed air cylinder is controlled by the
cylinder.

the cylinder.

amount of air, under pressure, allowed to enter
through the control valve. The cylinder body is

Vacuum failure, which results in a hard

pedal, may be due to a faulty check valve, a
collapsed vacuum hose to the intake manifold,

attached to the end plate on which the slave
cylinder and control valve are mounted. A
return spring forces the power piston to the

or internal leaks in the power brake unit.
315

CONSTRUCTION MECHANIC 3 &

TO WINDSHIELD WIPERS

Dummy
COUPLING

PRESSOR

PTO AIR HORN
AIR LINES
HYDRAULIC LINES_

HOSE

COUPLING

EMERGENCY LINE TO
TRAILER CONNECTION

DoVERNO

ORAKE PEDAL

TO

SAFETY VALVE
RESERVOIR

ASTER CYLINDER

REAR
WHEEL

CUT -OUT COCK

DRAKES
HOSE

AIR -HYDRAULIC
CYLINDER

COUPLING

LOW PRESSURE
INDICATOR

Dummy
COUPLING

DRAIN VALVE

AIR SUPPLY VALVE

ERVICE LINE TO TRAILER CONNECTI

81.292
Figure 10-24.Diagram of an air-hydraulic brake

released position when the brake pedal is
released.

The SLAVE CYLINDER consists of a

cylindrical housing in which the hydraulic piston

operates. The outlet cap houses a residual line

system.

check valve and a ball check valve is located in
the hydraulic piston.

The CONTROL VALVE consists of two
poppets operating within a housing and actuated
by-a hydraulic relay piston and reactionary-type

diaphragm. An air control line connects the
EXHAUST

control valve to the compressed air cylinder.

RT

TRAILER
CONNECTION PLUG

---CONPRESSED
AIR INLET

Figure 10-26 illustrates the air-hydraulic
power cylinder in the released position. Views A

and B illustrate the position of the valves and
slave cylinder hydraulic piston during light and
heavy brake pedal application.

CYLINDER IODY

HYDRAULIC INLET PORT
wRnm MASTER CYLINDER

HYDRAULIC OUTLET PORT
TO WHEEL CYLINDERS

81.491
(Air
-Pak)
power
cylinder
Figure 11(k25.Air-hydraulic
assembly.

When the brakes are partially applied (fig.
10-26, view A), pressure is transmitted by the
brake fluid to the hydraulic piston in the slave
cylinder and the relay piston. As hydraulic

pressure builds, the relay piston moves the
diaphragm forward, closing the atmospheric

poppet and slightly opening the air pressure
poppet. Air under pressure then passes through
the air control line and forces the power piston

Chapter
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R

VIEW B. BRAKES FULLY ENGAGED

VIEW A. LAP POSITION

CYLINDER IN RELEASED POSITION
Double check valve as
B.

Air control line

C

Relay piston
Diaphragm assembly

D.
E.

F.
G.

H.

J.

bly

K.
L.
M.
N.

Exhaust port
Atmospheric inlet
Atmospheric poppet

P.

Air Pressure poppet
Poppet return spring

S.

Q.
R.

T.

Residual line check valve assembly
Brake pedal
Master cylinder
Diaphragm return spring
Hydraulic piston
Piston return spring
Push rod
Power piston
Trailer connection

81.494:4
Figure 10-

Air hydraulic (Air -Pak) power cylinder during operation.
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forward until the air pressure on the diaphragm,
in combination with spring pressure, allows the
air pressure poppet to close. The degree of brake
application is determined by the amount of

AIR BRAKE SYSTEMS
Air, like all gases, is easily compressed.
Compressed air exerts pressure and this pressure
will be equal in all directions. Air under pressure
can be conveniently stored and carried through
lines or tubes. Considerable force is available for

compressed air trapped in the power cylinder
body when brake pedal movement stopped.
Unless more pressure is applied or the brake
pedal is released, the brakes will remain in the

braking since operating air pressure may be as

partially applied position.

high as 100 psi. All brakes on a vehicle, and on a
trailer, when one is used, are operated together

View B of figure 10-26 illustrates the effect

by means of a brake valve. This valve and

of applying high brake pedal pressure. Under
this condition, the air pressure poppet will be
held open, allowing a full volume of air under
pressure to enter the compressed air cylinder

relative location of most of the basic assemblies
of an air brake system are shown in figure 10-27
and discussed in the following paragraphs.

and cause full brake application.

The residual line check valve maintains a

The COMPRESSOR is driven from the
engine crankshaft or one of the auxiliary shafts.
The three common methods of driving the
compressor from the engine are gear, belt, and

pressure prevents leakage at the wheel cylinders
just as in a conventional hydraulic brake system.

chain. There are two types of compressors in
general use in the Navy: the reciprocal (piston)
type and the rotary vane type. The compressor

small amount of pressure in the hydraulic
system when the brakes are released. This

BRAKE

BRAKE
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Figa r

0-27.Typieel air brake syrtern.
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may be lubricated from the engine crankcase or
be self-lubricated. Cooling may be either by air
or liquid from the engine.

The reciprocal air compressor (fig. 10-28)
operates

continuously while the engine is
the actual compression is
controlled by the governor. Air is drawn through
the air strainer and intake ports into the cylinder

running, but

by the partial vacuum created on the piston
downstroke. These ports are covered as the

through the strainer and is always present below
the lower valve and in the spring tube. As the air
pressure increases, the tube tends to straighten
out, and decrease pressure on the valve.

When the reservoir air pressure reaches the
cutout setting of the governor (100-105 psi), the

spring load of the tube on the lower valve has
been reduced enough to permit air pressure to
raise the lower valve off its seat. This movement

piston starts its up-stroke and air in the cylinder
is compressed. This pressure lifts the discharge
valve and the compressed air is discharged to the
reservoirs. The discharge valve closes as soon as
upward travel of the piston stops.

The purpose- of the compressor
GOVERNOR is to automatically maintain the
air pressure in the reservoir between the
maximum pressure desired (100 - 105 psi) and the

of the lower valve raises the upper valve to its

seat which closes the exhaust port. Air then
flows up through the small hole in the lower
valve and out the upper connection to the
unloader assembly located in the compressor
cylinder head. When the unloader valves open,
the compression of air is stopped.

When reservoir pressure is reduced to the
cut-in setting of the compressor governor (80-85

psi), the governor tube again exerts sufficient

minimum pressure required for safe operation
(80-85 psi) by starting and stopping

spring

compression.

In the type 0-1 governor, (fig. 10-29) air
pressure from the reservoir enters the governor

pressure on the valve mechanism to

depress and close the lower valve and open the
upper valve, thereby shutting off and exhausting
the air from the compressor unloading
mechanism and compression is resumed.
Pressure range and setting should be checked
periodically using an air gage known to be
accurate. Pressure range may bee; changed in the

type 0-1 governor by adding slums beneath the

upper valve guide to decrease the range, or
removing shims to increase the range. Pressure
settings may be changed, if necessary, by turning

the adjusting screw .to the left to increase the
setting or to the right to decrease the setting.

The strainer should be removed periodically
and cleaned. Check the governor periodically for
excessive leakage in both the cut-in and cut -out
positions. If the governor fails to operate
properly, it should be repaired or replaced.

When the reservoir pressure reaches the

cut-out setting (100-105 psi) in the type D
governor (fig. 10-30), the governor diaphragm is
subjected to sufficient air pressure to overcome
the spring loading, allowing the valve mechanism

to move up, permitting the exhaust stem to
close the exhaust valve and to open the inlet

81.459

Figure 10 . Reciproc air compr

valve. Reservoir pressure then passes through the

r
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PRESSURE RANGE MAY BE INCREASED BY REMOVING
SHIMS FROM BENEATH UPPER VALVE GUIDE OR
DECREASED BY ADDING SHIMS.

PRESSURE SETTINGS MAY BE INCREASED BY TURNING THE ADJUSTING SCREW CLOCKWISE OR DECREASED BY TURNING SCREW
COUNTER-CLOCKWISE. THE
GOVERNOR SHOULD CUT IN AT
85 POUNDS AND CUT OUT AT
5 TO 20 POUNDS HIGHER.

TO COMPRESSOR

UNLOADER

FROM .RESERVOIR

81.286

Figure 10-29.Type

EXHAUST

INLET VALVE

EXHAUST VALVE
DIAPHRAGM

ADJUSTI
NUT
RESERVOIR
PORT

81.461

Figure 1i

1. Type D governor.
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leakage at the exhaust port in both the cut-in
and cut-out positions. If the governor fails to
operate properly, it should be repaired or

governor to operate the compressor unloading
mechanism, stopping further compression of air
by the compressor.

replaced.

When the reservoir pressure is reduced to the
cut-in setting (80-85 psi), the springloading
within the governor overcomes the air pressure

The UNLOADER ASSEMBLY (fig. 10-31) is

under the diaphragm. The valve mechanism is
actuated, closing the inlet valve and opening the
exhaust valve, thereby shutting off and
exhausting the air from the compressor
unloading mechanism and compression is

The unloader valve mounted in the
compressor head may be either a poppet-type or
a spring-loaded control valve.

resumed.

The two steel tanks (fig. 10-27) which are

Pressure range and setting should be checked
periodically, using an accurate air gage. The

components of most air brake systems, are
called RESERVOIRS. These tanks are used to
cool, store, and remove moisture from the air

pressure range (pressure differential) between
loading and unloading of the type V governor is
a function of the design of the unit and should
not be changed. The designed range for this
governor is approximately 20 percent of the
cut-out pressure setting. The pressure settings of
the type D governor may be adjusted by turning
the adjusting nut clockwise to increase or

and give a smooth flow of air to the brake
system.

A SAFETY VALVE consists of an
adjustable spring-loaded ball check valve in a
body. It is used to protect the system against
excessive pressures and is usually mounted on a
reservoir. The safety valve is set at 150 psi.

counterclockwise to decrease the settings.

Both

strainers should

periodically and

cleaned

controlled by the governor. Air pressure from
the governor opens the unloader valves to
unload or stop compression in the compressor.

A PRESSURE GAGE mounted

be removed
or replaced. The

vehicle dash is connected

governor should periodically be checked for

the

to a line which

contains reservoir pressure.

UNLOADER VALVE
CLEARANCE

ADJUSTING SCREW

UNLOADER LEVER
UNLOADER
DIAPHRAGM

CAVITYDISCHARGE
PORT

-UNLOADER
DIAPHRAGM
UNLOADER
DIAPHRAGM
FOLLOWER

81.462
Figure 10-3 .UnIcteder assembly.
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The BRAKE VALVE is the operator's
control of the air brake system. When the brake
is engaged, air from the reservoir flows
through the valve to the brakes. The two brake
valves commonly used in an air brake system are
the treadle and hand type.
valve

The TREADLE type brake valve (fig. 10932)

controls the air pressure delivered to the brake
chambers. When the treadle is depressed, force
is transmitted to the pressure regulating spring
and diaphragm which is moved downward,
contacting the exhaust valve and closing it.
Continued movement opens the inlet valve and

air pressure from the reservoir flows through the
valve into the delivery lines to apply the brakes.
As the air pressure increases below the
diaphragm it overcomes the force above the

diaphragm and the diaphragm raises slightly.
This allows the inlet valve to close, but keeps the
exhaust valve closed also, thus obtaining a

balanced position. Further depression of the
treadle increases the forces above the
diaphragm and correspondingly increases the
delivered air pressure until a new balanced
position is reached.

Maintenance of the treadle type valve
consists of periodic lubrication of the hinge and

TREADLE

ADJUSTING

ROLLER

SCREW

CLEARANCE

MCLNTING
PLATE

BUTTON,

FILLING PLATE

OILER

FELT

PRESSURE
REGULATING
SPRING
-:_

EXHAUST PORT
DIAPHRAGM

BLEED HOLE
EXHAUST VALVE

ORME GRANDER PGRTs
SHIM

=IL

INLET VALVE

RESERVOIR PORT

81.463
1_

2.Treadle type brake valve
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roller. Should the valve malfunction, it can be
assembled and cleaned. If cleaning does not
cause proper operation of the valve, it must be
replaced. The internal parts should be lubricated

AIR INLET
RETURN SPRING
DIRT SEAL
WASHER

with vaseline after cleaning. This prevents
moisture in the air system from causing
corrosion and freezing of the valve.

YOKE

The independent trailer control valve (fig.
10-33) provides the operator with control of his
trailing load at all times. This valve functions in

DIAPHRAG

the same manner that the brake valve does
except that the handle is turned, rather than
'depressed, to operate the valve. Maintenance

PUSH ROD

procedures for this valve are the same as those
given for the brake valve.

The BRAKE CHAMBER (fig. 10-34) or
ROTO-CHAMBER (fig. 10-35) provides the
mechanical force that applies the brakes. When

81.565

the operator actuates the brake pedal, air under
pressure enters the chamber behind the
diaphragm, causing it to extend the push rod
and apply the brakes.

Figure 10-

ke chamber.

DIAPHRAGM

When the brake pedal is released, air is
forced from the chamber by the brake shoe

RETURN SPRING

return springs acting on the linkage. After the
H1114.1:11
I

DUST SEAL

ask
PUSH ROD
YOKE

AIR INLET
81.466

Figure 0-35.

a

amber

shoes reach the fully released position, the
return spring acting on the diaphragm causes it
to return to its original position in the chamber.
Check alinement to avoid binding action.
Check push rod travel periodically and when

Figure 10k33.Hand-type brake valve.
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necessary, adjust brakes so that push rod travel
is as short as possible without brakes dragging.
The push rod length should be adjusted so that

the angle between the center line of the slack
adjuster and the brake chamber push rod is 90
degrees when the push rod is extended to the
center of its working stroke.

Replace the diaphragm if worn or leaking.
Replace the boot if it is worn or cracked. With
the brakes applied, cover edges of diaphragm

and bolt with ,soap suds to detect leakage. If
leaks are present, tighten bolts uniformly until
leakage

is eliminated.

Bolts should not be

tightened so that the diaphragm shows signs of
bulging or distortion. The maintenance of the
brake chamber and roto-chamber is similar.

applied or released. The brake adjustments

necessary to maintain proper slack adjuster arm
travel (shoe and drum clearance) are made by

turning the adjusting screw. This rotates the
worm gear, camshaft, and cam, expanding the
brake shoes so that the slack caused by brake
lining wear is eliminated and the slack adjuster
arm travel is returned to the correct setting. The
slack adjuster rotates the brake camshaft and the
attached earn (see fig. 10-1). The movement of
the earn forces the brake shoes against the brake
drum. Friction of the brake lining on the drum
stops the turning movement of the wheel. When
brakes are released, the brake shoe return spring
pulls brake shoes back to disengaged position.

quick and easy method of adjusting brakes to

The QUICK RELEASE VALVE (fig. 10-37)
exhausts brake chamber air pressure and speeds
up brake release by reducing the distance the air

compensate for lining wear. Air pressure
admitted to the brake chamber or rotor-chamber

exhaust port. When brakes are engaged, air from

SLACK ADJUSTERS (fig. 10-36) provide a

when the treadle is depressed moves the slack
adjuster toward the position indicated by the
dotted lines.

The entire slack adjuster rotates as a lever
with the brake camshaft as the brakes are
CHECK PUSH ROD TRAVEL AND ADJUST
BRAKES SO THAT PUSH ROD TRAVEL IS
3/e TO 1% MAXIMUM TRAVEL of PUSH
ROD SHOULD NOT EXCEED 13 AS THE
DIAPHRAGM MAY BE RUPTURED.

would have to travel back to the brake valve

the brake valve enters into the quick release
valve, forcing the diaphragm down. The center
section of the flexible diaphragm closes off the
exhaust port. Air pressure rushes through the

quick release valve outlet ports to the wheel
brake chambers. When the brakes are released,
the air pressure above the quick release
diaphragm is exhausted at the brake valve. As air
pressure above the diaphragm is released, the air
pressure below the diaphragm raises the center

off the exhaust port, allowing the air in the

BRAKE

BRAKE ADJUSTMENTS
ARE MADE BY

VALVE
PORT
BODY

; TURNING THIS WORM
C WHILE HOLDING

LOCKING SLEEVE
DEPRESSED.

BRAKE
CHAMBER
PORT

BRAKE

CHAMBER
PORT

EXHAUST PORT

COVER

81.488
Figu

81.471

8.Slack

Figure 10-37.Quick-release valve.
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brake chambers to exhaust at the quick release
valve. The leakage test is made with brakes
applied by coating exhaust port with soap suds.
Leakage is caused by dirt, worn diaphragm or
seat. Correct by cleaning and replacing parts or
by replacing the unit.

The

COMBINED-LIMITING and

QUICK- RELEASE VALVE (fig. 10-38) is used
only in combination with a two-way valve in the

air brake system of trucks and tractors. The
combined-limiting and quick-release valve

is

in mounting with the
quick-release valve and serves the same purpose

interchangeable

with the additional function of providing an

automatic reduction of front wheel brake
pressure, at the option of the driver, on slippery
roads.

The primary purpose of the TRACTOR
PROTECTION VALVE (fig. 10-39) is to protect
the tractor air brake system under trailer
breakaway conditions and under conditions

where severe leakage develops in the tractor or
trailer.

81.473
Figure 10-39.Tractor prc tection valve and switch.

The tractor protection system functions as a
set of remotely controlled cut-out cocks. (See
fig. 10-40.) The trailer service and emergency
lines pass through the valve. When the control
valve is in the "normal" position, service and
emergency braking functions of both tractor and
trailer are normal. When the valve lever is in the
"emergency" position, the trailer air brake lines
are closed off on the tractor valve.
',Should a condition resulting in severe air loss

from the tractor or trailer air brake system be
detected, or if for any other reason it is desirable
to cause an emergency application of the trailer

brakes, the driver can move the control valve
lever to the "emergency" position. At this time
both the trailer service and emergency brake
lines will be closed off at the tractor protection
valve. Such operation offers a convenient daily
check of the relay emergency valve on the trailer
where tractors and trailers are not disconnected
Fispre

81.472

over long periods of time. The driver should
move the control to the "emergency" position

-bined-limiting and quick - release valve.

when disconnecting a trailer or when operating a
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81.474
F igur

O.Tractor protection valve piping.

tractor without trailer if cut -out cocks are not
installed in the trailer connections on the

tractor. The tractor protection valve should not
be used as a parking brake. It is not designed for
that purpose.
The RELAY EMERGENCY VALVE (fig.
0-41) acts as a relay station to speed up the
application and release of trailer brakes. It
automatically applies the trailer brakes when the
emergency line of the trailer is broken,
disconnected or otherwise vented to atmosphere

if the trailer air brake system is charged. It is
used on trailers which require an emergency
brake application upon breakaway from the

functions as a relay valve and synchronizes
trailer service brake air pressure and tractor
service brake air pressure as the service foot
brake valve on the tractor is operated. The
trailer brakes can also be applied independently
of the tractor brakes by use of the hand control
brake valve on the tractor and the relay
emergency valve on the trailer.

If a trailer is disconnected from a tractor for
loading or unloading, or if the trailer is separated

from the tractor under emergency breakaway
conditions, or if its emergency line is vented to
atmosphere by other means, the relay

emergency valve applies the trailer brakes
automatically at existing trailer reservoir
pressure. If a trailer is to remain parked under
these conditions, the wheels should be blocked
to avoid the possibility of a runaway.

truck or tractor.

When a tractor is connected to a trailer and
the service and emergency lines are opened, the

relay emergency valve permits charging the
trailer air brake reservoir to approximately the
e. air pressure that is present in the tractor
ervors. During normal operation of a
actor-trailer unit, the relay emergency valve

If it is desired to release the emergency
brake application on the trailer under these
conditions, the trailer reservoir drain cock can
be opened, or the trailer air brake system can be
recharged through the trailer emergency line.
326
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81.476
Figure

Relay emergency valve.

Check the relay emergency valve by moving
the tractor protection control lever to the
"emergency" position if tractor protection

equipment is installed. If not, the valve can be
checked by closing the emergency line cut-out
cock and uncoupling the emergency line. Either

way, the trailer brakes

should

apply

automatically. Trailer brakes should release, in

the first case, when the control valve lever is
moved to the "normal" position, and secondly
when the emergency line is coupled or the
cut-out opened.

The relay emergency valve is checked for
leakage by application of soap suds with the
brakes in the released, applied and emergency
application position. Check the emergency air
line

coupling with soap suds to determine

leakage with the valve in emergency application
position. Leakage may be caused by dirt or worn
parts which may be corrected by cleaning and/or
replacing the unit.

CHECK VALVES ARE LOCATED in the
lines of air brake systems to prevent the loss of

air should a line rupture while in operation.
These are placed at the entrances of the main air
tanks and prevent the loss of air should the inlet

line from the compressor fail. The ball-type
check valve shown in figure 10-42 is typical of
the type used on the semitrailer braking systems.

Check valves may be either disk or ball and
single or double units. Regardless of design, their
function is the same.
AIR HOSES and AIR HOSE FITTINGS (fig.
10-43) provide a means of making a flexible air

connection between points on a vehicle which
normally change their position in relation to
each other or between two vehicles. All the air
hose assemblies used to connect the air brake
systems from one vehicle to another are
equipped with detachable fittings and spring
guards.

When installing a hose assembly where both

ends are permanently connected, use the air

CONSTRUCTION MECHANIC 3
TEEL BALL

forces the diaphragm down and closes the
contacts which operate the warning device,
Normal operating pressure is 60 psi, plus or
minus 6 pounds.

"-INLET
PORT

If the low pressure warning switch is worn or

leaking, replace diaphragm or entire unit. If
contact points are corroded, correct by filing
with a fine file or sandpaper.

A

sPA

STOP LIGHT SWITCHES (fig. 10-46) are
electro-pneumatic devices which operate in

cABK T

81A78
Figure 1

2.Bali.typa single heck val

hose connector assembly at either end as the
union to permit tightening the hose connectors
in

place. Loosen the nut on one of the

connector assemblies and then turn the hose in
the loose connector to avoid kinking the hose.
DUMMY COUPLINGS (fig. 10-44) are used

to prevent dirt and moisture from entering

conjunction with the brake valve to close the
stop light circuit when the brakes are applied.
When air pressure from the brake valve enters
the cavity on the one side of the diaphragm, the
diaphragm changes its position, overcomes the

force of the spring, and moves the contact

plunger until the contacts close. This closes the
stop light electrical . circuit. The switch is

designed to close as soon as 5 pounds air
pressure is delivered to it. This means the stop
light circuit closes immediately on a brake
application.

unused air lines. Bracket-type dummy couplings

are mounted to the machine for storage of
unused hose.

Chain dummy couplings are
attached to the machine by a chain and placed
in couplings mounted on the machines.

The LOW PRESSURE WARNING
INDICATOR (fig. 10 -45) is an

electro-pneumatic switch connected with a
warning buzzer or light. It remains open when
air pressure is above approximately 60 pounds.
When pressure drops below this point, the spring

Figure 1

SERVICING

RA IS

Servicing is the most important part of air
brake maintenance. If the airbrake system is
kept clean, tight, and free of moisture, brake
failures will be few and far between. Particular
care .must be taken to keep the air compressor
intake filters clean, and foreign material out of
the lines.

.Air hose and fittings.

81.482

CHECK CONTACT POINTS
FOR CORROSION OR PIT.

ING. CORRECT, IF NECESSARY, BY FILING CON.
TACT POINTS .

BRACKET-TYPE

CHAIN.TYPE

81.485

Figure 1048.Stop light switch.

81.483
Figure 113444_Duntrny couplings.

'

engagement or release, binding linkage, and
exhaust of units. The operation of the
emergency relay valve is checked by charging the
trailer system and removing the emergency Lute.

The brakes should engage when the line is
removed and disengage when it is replaced.
Before making any leakage or pressure tests,
consult the manufacturer's specifications for
correct pressure and maximum leakage.

To check the leakage of the overall system,
fully charge the system, shut off the ignition,

and observe the pressure drop on the gage
mounted on the vehicle dash. The maximum
leakage will

be expressed in pounds per a

specified time.

To determine if leakage of various units is
within permissible or authorized limits, the soap

suds test is used. To make this test, a thick
mixture of soap suds is used. (Strong lye soap
should not be used.) This mixture is applied to
any place in the system, where leakage may
occur. While some places are authorized leakage,

Low pros

81.4
ning switch.

others are not. For example, castings and the
tube in the governor should have no leakage.
Points with authorized leakage will have a
specified maximum in pounds per a specified
time.

Soap suds can also be used to check the
The basic test made to an airbrake system is
the operational test. This may be in the form of
a road test or in the shop. During an operational
test, the brakes are applied and released while
observing for equal application, sluggish

internal condition of a unit. By covering exhaust

ports or casting openings, the condition of the

diaphragms and valves can be checked. For
example, to check the condition of the inlet
valve of the brake valve, release the brakes and

CONSTRUCTION MECHANIC 3 &

cover the exhaust port with soap suds. Leakage
indicates the valve is not seating properly. To
check the exhaust, the brake is engaged. If the
diaphragm in the brake chamber is faulty,
leakage will appear around the push rod with the
brakes applied.

Always consult the manufacturer's
specifications before making any adjustments.

330

This is to ensure that the correct adjustment is
made and that any variations in procedure are
followed.

The linings used with air brakes gradually
wear from use and require periodic adjustment
or replacement. These linings are replaced using
the same procedures discussed under riveted
brake linings earlier in this chapter.
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CONSTRUCTION EQUIPMENT
Construction equipment used in the Navy is
similar in many ways to the automotive vehicle.
The size, weight, and design of this equipment
causes its configuration to vary greatly,
depending on its intended use The power trains

a pipe or a hose by means of gravity or the force
of a pump.
Hydraulic fluid must be able to lubricate the
internal moving parts as it transmits force. In a
large system, the pump moves a large volume of

of the self-propelled equipment are similar to

fluid

those of automotive vehicles, but are stronger to
allow movement of heavy loads.

Stationary equipment is normally trailer or
skid mounted. The trailer or skid serves as an
operating platform . to support the equipment
once it is placed in position for operation.

This
principles

the operating
functions of the following
of construction equipment:

chapter describes
and

components
HYDRAULIC SYSTEMS, PLANETARY

GEARS, PIVOT BRAKES, TRACK and TRACK

FRAMES, POWER SHIFT and AUTOMATIC

TRANSMISSIONS, WIRE ROPE and AIR
COMPRESSORS.

under pressure that may reach 2,000
pounds per square inch (psi). This prpssure,
created by the resistance to flow, causes the
fluid to become hot. As the temperature rises,
the viscosity of the fluid tends to lower. Fluids
used in a modern hydraulic system must be able
to withstand high temperatures, and still provide
the lubrication needed for closely mated parts of
the system.

Hydraulic fluids are considered
incompressible because of the relatively low
pressure placed on the hydraulic fluid during
operation in comparison to the amount needed
to cause any noticeable change in volume.
Pressures used in hydraulic systems are limited

by two factors the ability of the pump to pass
fluid- when under pressure and the strength of
the containers of the hydraulic fluid.

HYDRAULIC SYSTEMS

In modem construction equipment, you will
find hydraulic systems used to transmit power

for steering and controlling the operation of
mechanical components. The oil used in these
systems is a special blend commonly referred to
as HYDRAULIC FLUID.

HYDRAULIC FLUID

A hydraulic fluid must have the capacity to
take on quickly the shape of its container. This
capacity enables the fluid to be directed through

TRANSMISSION OF FORCE

For a hydraulic system to transmit force, the

system must be sealed to prevent leakage, it
must provide a method of applying force to the
fluid, and it must contain a movable component
for the fluid to act upon.

As an example, notice in figure 11-1 that
pressure is being applied equally to all portions
of the system between the pistons. Piston 1 has
100 pounds of force applied to its surface. This
force is measured as pressure. Notice that the

same amount of force applied to piston 1 is
transmitted through the fluid and applied to

CONSTRUCT! N MECHANIC 3 & 2

FORCE 1

100 LBS.

FORCE 2

PISTON 1
10 SQ. IN_

100 L

PISTON 2
10 50. IN.

IIII1111111111111

PRESSURE 10 LBS. PER SQ. INCH

5.181

Figure 1

Transmission of force in a hydraulic systarn.

PISTON 1
2 SO. IN.

PISTON Z
20 SO..IN.

FORCE 2*

200 L

10"

LEVEL OF PISTONS PRIOR
TO APPLICATION OF
FORCE

PRESSURE

10 LEIS PER SO INCH

Figure 11-2.Multiplication of

piston 2. With this arrangement, any force
applied to piston 1 will be transmitted to piston
2 as though the fluid were a solid connection.
MULTMLICATION OF FORCE

Some hydraulic systems are used to multiply

force. In figure 11-2, notice that piston

I is

4.7
in a hydraulic rystem.

smaller than piston 2. If the force applied to the
smaller piston is 20 pounds, the force applied to

piston 2 will be 200 pounds because of the
increased area of piston 2. Also notice that
piston I moves farther than piston 2. This
results in a mechanical advantage that depends
on the volume of fluid and surface areas of the

pistons.
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PRESSURE RELIEF LINE

PRESSURE
LINE

HYDRAULIC
CYLINDER

j CONTROL
I
LEVEL
RELIEF

RESERVOIR

(CENTRAL

POSITION)

VALVE

CONTROL

SUCTION
LINE

VALVE

OIL STRAINER
RETURN LINE

2.118
Figure

1-3 A basic hydraulic system.

HYDRAULIC CYLINDER interconnected by
PIPING and HOSES. Other systems you may

FILLER
CAP

RETURN

encounter will contain an ACCUMULATOR and
a HYDRAULIC MOTOR in place of the
hydraulic cylinder.

LINE

AIR
VENT

OUTLET

TO PUMP

RESERVOIR

OIL
DRAIN

SIGHT
GAGE

PLUG

BAFFLE
STRAINER

81

5

Figure 11-4.Typical hydraulic reservoir.

A basic hydraulic system is illustrated in
figure 11 -3. This system consists of a

RESERVOIR, STRAINER, POSITIVE
DISPLACEMENT

mounted separately. The vent is located to
prevent fluid loss and normally contains a
filtering element. The filtering element keeps
dirt from entering the system as the reservoir
"breathes" due to temperature changes.

BASIC HYDRAULIC SYSTEM

PUMP, VALVES and

The reservoir illustrated in figure 11-4
contains many features that may be included in
the ones you will find in hydraulic systems. This
reservoir is usually located where it can readily
dissipate heat to the atmosphere, cooling the hot
fluid in the system. It must be large enough to
allow for settling of any impurities and
separation of air from the fluid prior to reuse in
the system. All systems contain a vent for the
reservoir that is either a part of the filler cap or

a

STRAINERS AND FILTERS

All hydraulic systems have a strainer and one

or more filters to remove the impurities that

CONSTRUCTION MECHANIC 3 _uld eventually contaminate the hydraulic
fluid and render it useless, The strainer can be
located in the reservoir, as illustrated in figure

11-4, or in the inlet line to the pump. A strainer
is not as restrictive to flow as a filter.

Filters placed in suction lines that carry a
large volume of fluid will cause a restriction.
This restriction can reduce the volume of fluid
being pumped and cause the pump to fail from

lack of lubrication. A hydraulic pump should
operate with a full volume of fluid at all times.
When the pump inlet becomes restricted, air
pockets develop inside the pump and may

pumps have two gears in mesh, closely fitted
inside a housing. A drive shaft turns one gear,
which in turn drives the other gear. Internal seals
and machined surfaces or wear plates are used to
the turning gears and prevent excessive
leakage.

seal

When the pump operates, oil

is trapped

between the gear teeth and the pump housing.

The trapped oil is carried to the outlet side of
the pump. As the teeth mesh, a seal is formed by

damage it. When installed in the return line of a

the mating surfaces and prevents the oil from
leaking back to the inlet side of the pump. The
sealing action causes the oil to be forced out of

system, a filter can remove pieces of metal, seals,

the pump and into the system.

and other unwanted matter before they reach
the operating side of the system and damage

VALVES

closely mated parts.

The hydraulic filter is equipped with a valve
that allows the fluid to bypass the filter element
should it become clogged. The filter is normally

located so that only a little fluid will be lost
when the element is changed. Usually of the
paper

cartridge,

cannister,

or

edge

type,

elements are similar to those used in engine
lubrication systems. Regular filter maintenance
is necessary to prevent contaminated fluid being
recirculated in a system.

The valves in a hydraulic system
n trol
pressure, and direct or limit the flow of fluid to
the operating components.
Relief Valves

A relief valve must be used with the positive
displacement pump to prevent excessive pressure
in the hydraulic system. Too much pressure
could result in damage to the components of the
system and injury to operating personnel.

HYDRAULIC PUMPS
Pumps create the flow of fluid within a
hydraulic system; they do not create pressure in
the system. System pressure is caused by a

INTERNAL SEAL
FORMED HERE

restriction placed in the path of the fluid as it
leaves the pump. Because of its mechanical drive

and positive displacement, the pump merely
moves the fluid regardless of the restriction.
When enough pressure is built up, movement of
the restriction occurs or a relief valve placed in
the system opens, allowing the fluid to return to
the reservoir or the suction side of the pump.

INLET

There are three types of hydraulic pumps:
GEAR, VANE, and PISTON. The gear pump is
commonly used on construction equipment.
The gear pump illustrated in figure 11-5 has
a
fixed displacement. This means that a
measured amount of fluid is passed with each

INTERNAL SEAL
FORMED HERE

revolution of the pump regardless of speed. Gear

Figure

334

81.507
1-5.--Fixed displacement gear pump.
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HYDRAULIC CYLINDERS

The pressure relief valve illustrated in figure
11-6 is adjustable. Pressure within the system is
maintained by tension of the spring. When the
pressure exceeds the spring's tension, the valve

Hydraulic cylinders are used to transmit
motion in relation to the volume of fluid

opens and allows the fluid to return to the
reservoir or the suction side of the hydraulic

Control Valves

directed into the cylinder. The force created by
the cylinder is determined by the pressure of the
fluid and the area of the piston contacted by the
fluid. Thus, the larger the piston, the more force
generated.
As mentioned earlier, the pressure of a
hydraulic system may reach 2,000 psi. If this

Control valves are valves accessible to the
operator for directing the flow of fluid within

force would be more than 25,000 pounds.

pump. A relief

valve

installed as

may be

illustrated in figure 11-3 or as component of the
pump or control valve.

pressure is applied to a cylinder which has a
piston diameter of four inches, the resulting

the system to operate the machine or its
attachments. By skillful use of the control

Hydraulic cylinders used on construction
and materials handling equipment are either

valves, the operator can regulate the speed and
operation of hydraulic cylinders. Hydraulic
controls should be operated smoothly to
eliminate the jerking motion that causes rapid
wear and failure of the mechanical parts of the

single- or double-acting.

machine.

illustrated in figure 11-8 are used to exert force

Single-Acting Cylinders

Single-acting cylinders similar to the one
in

only one direction. This means that the

The open center control valve (fig. I 1-7) is

weight or resistance moved must be located so

the type commonly used with a positive
displacement Purnp. This valve provides a direct

original position when pressure is relieved from

that it will cause the cylinder to return to its
the piston. In some applications, springs are

return of fluid to the reservoir when the valve is
in the neutral position.

added to help retract the piston rod. A common
use of this type of cylinder is in the hydraulic
jack found in the maintenance shop.

A closed center valve is used with
nonpositive displacement pumps because it

blocks the return of fluid when in the neutral
position. This type of control valve will direct

FROM PUMP

the fluid to either end of the cylinder.
TO CYLINDER
CHECK MATING SEATS

J

TO CYLINDER

LOOK FOR SCORING

ON VALVE

ADJUST PRESSURE
HERE

INSPECT FOR
BURRING
IN HOUSING BORE

TO RESERVOIR
81.569

Figure 11-7. Simplified drawing of an open center hydraulic control valve.

81.568
Figure 11- 6. A+Iliustable pressure relief valve.
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OIL INLET

PISTON

MOUNT

PISTON

PISTON
ROD

SEAL

ROO WIPER

SEAL

CYLINDER HOUSING

A

OIL PORT

PISTON
SEALS

MOUNT

PISTON

PISTON

ROD

REMOVABLE
ENV

CYLINDER
HOUSING

81.570

Figure 11- 8.(A1 Single- and (Eil

u

Double - ,Acting Cylinders

tin g hydraulic cylinders.

contains seals at both ends of the piston and
when. the piston rod passes through the end of

Rouble-acting cylinders like the one in figure

the cylinder. Vith the use of this cylinder, fluid
can be directed to either side of the piston and
cause the piston rod to extend or retract under
pressure. The double-acting cylinder shown in

11-3 are used on equipment where force is
needed in two directions. Unlike the
single-acting cylinder, the double-acting cylinder

6

4G
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figure 11-8 is called an unbalanced cylinder. This

those used with copper tubing. Two types of

means that the cylinder can exert more force in

tubing are in use : seamless and welded.

one direction than in the other. This is due to
the piston rod preventing fluid from acting on

Tubing is preferred to pipe because it bends
easily, reducing

the full area of the piston on one side.

the number of pieces and

fittings. The additional advantages of cutting
and flaring in the field for on-the-job repairs

TUBING, PIPING, HOSES
AND FITTINGS

make tubing more suitable than pipe. In general,
tubing is neater, less costly, and easy to
maintain. Also, there are fewer restrictions and
less chance of leakage with tubing.

The piping and hoses used in a hydraulic
system must withstand the maximum pressure
of that system. Special tubing, piping, and hoses
are used in the hydraulic system to withstand
this pressure and make the system reliable and
safe to operate.

Piping

Pipe is preferred in systems which move
large volumes of fluid over straightline distances.

Tubing

Bending of pipe is not recommended. Fittings
are needed with pipe to make joints or detour
around obstructions.

The tubing in a hydraulic system is seldom
over 1 inch in diameter. Tubing connections (fig.

11-9) can be flared or flareless and resemble

Pipe with threaded fittings up to 1 1/4 inch
diameter is suitable in systems where
pressures are less than 1,000 psi. In systems that
require higher pressure or larger pipe, welded
flanged connections are installed. Common pipe
connections are shown in figure 11-10.
in

flows and Fittings

Flexible hoses and fittings are used in a

TUBE -=

hydraulic system to allow movement between
mechanical parts of the equipment. Hoses are
manufactured in layers (See fig. 11-11.) The
inner layer is made of synthetic material that
resists deterioration from the fluid in the
system. The middle layer or layers are made of
either fabric Or rubber for low pressure systems,
or wire braid for high pressure applications.
These layers give the hose its strength. Fabric
layers are normally limited to two in number
and wire braid to five. The outer layer of the
hose provides a protective covering to prevent

SLEEVE

PILOT

SLEEVE

SLEEVE
CUTTING
EDGE

damage to the middle layer(s).

Fittings for high pressure hoses are made of
)rge-d steel. They are usually not replaceable
unless changed since the equipment was
manufactured. Those shown in figure 11-12 are
of the replaceable type and are used to make a

C NNECT

1$4.57:61

Figure 11-9.Fittings canmoni

bireg in hy-

replacement hose should one fail during use.

*Bulk nratsrns.
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0,1

CRP
COUPLING

GlISET

CLOSE NIPPLE

GROUND SURFACE JOINT

0

TAIL PIECE

z
UNION

LONG NIPPLE

C
in-PRESURE

TYPE

WITH RING GASKET

RIGH-PRESSORE TYPE

VAN STONE OR LAPPED

MONO CPLIRG

w

0
z

WELD

NETAL

CROSS

WELDING NECK FLANGE

BUTT-WELDED TO TUBE

V ELBOW

348

RETURN BEND

SL1P-DN FLANGE
wELDED FRONT AND BACK

450 ELBOW

19451:54

Rpm 1 1iO.Pipe connections used in hydratdic systems.
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piston types are widely used on construction

-OUTER
COVER

equipment.
HYDRAULIC SYSTEM
MAIN TEN ANCE

INNER
TUBE

Maintenance of a hydraulic system that is
properly operated and cared for is a routine
task. This usually consists of changing or

REINFORCEMENT

cleaning filters and strainers, and occasionally
adding or changing the fluid in the hydraulic
system. However, an improperly operated

L AYE RS

system can be damaged by overheating,
excessive pressure, and contamination.
Hydraulic fluid must have special lubricating

81.571

Figure 11.11. Hydraulic hose construction.

and anti-foaming qualities. It must be low in
viscosity and able to withstand the effects of

ACCUMULATORS

extreme operating temperatures. When adding or
changing fluid, use only the fluid recommended
by the manufacturer.

Accumulators are sometimes placed in a
hydraulic system to absorb shock. These are
frequently used on tracked front end loaders

When working on a hydraulic system, you
must consider cleanliness an important factor.
Small dirt and metal particles can score valves

and other equipment containing hydraulic
systems that are subjected to severe shock.

and clog orifices, resulting in major repair work.

Uefore servicing a component of the system,
move any exterior dirt and oil from the

The accumulator is a large cylinder which
contains compressed gas or a coil spring
separated from the hydraulic fluid by a piston,
rubber bladder, or diaphragm. When a heavy
shock is placed on the hydraulic system, fluid
enters the cylinder and causes the gas or spring
to compress. Once the shock load stabilizes
within the hydraulic system, the fluid is forced
back onto the operating portion of the system.

component. In steam cleaning the system, make
sure all openings are blocked so that no water
can enter. Once parts are removed, plug the
hydraulic connections to keep out dirt. This is
especially important when the equipment is
being repaired in the field or placed on deadline
for extended periods of time.
Affer all parts are

removed and
disassembled, clean them. If they are not to be
replaced soon after cleaning, cover them with
rags to keep dirt and dust away.

HYDRAULIC MOTORS

Hydraulic motors provide power to winches
on cranes, drive conveyors on ditching machines,
and are used in other applications where
mechanical drives would be impractical.

FILTER MAINTENANCE

Regular filter changes are required to insure

The hydraulic motor is turned by fluid,

solid particles are removed from the system.

under pressure supplied by the pump. The fluid

Filters remove foreign particles from the fluid
that circulate in the system. Hydraulic filters
require changing on a scheduled basis. They
should be changed more often under adverse
operating conditions. When changing filters,
thoroughly clean the filter housing before
installing a new filter. Remember to add enough
fluid to compensate for any fluid lost in filter

enters the housing and acts on the rotating
members. Fluid then discharges and returns to
the reservoir or pump. Fluid passes through the
motor in the same manner that it does in the
pump, the difference being that the fluid moves
the rotating parts of the motor.
Hydraulic motors often contain components

identical to those in a pump. The gear and

replacement.
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SWIVEL NUT FITTING

SWIVEL NUT FITTING NIPPLE

SWIVEL NUT FITTING 45°

SWIVEL NUT FITTING NIPPLE 45°

FLANGE FITTING NIPPLE

FLANGE FITTING

FLANGE FITTING NIPPLE 45°

FLANGE FITTING 45°

Figure 11- 2.High pressure hose conned nL.

RESERVOIR MAINTENANCE

an excess of foreign matter trapped in the
bottom. In this case, drain the reservoir and

If the filters become clogged often between
changes, the frequency of filter changes is not
adequate. It is also possible that the reservoir has

it. Many manufacturers recommend
flushing of the hydraulic system periodically to
clean

prevent an accumulation of foreign matter.
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Usually, new fluid is added to the system after it
is flushed or drained.
REPAIRING LEAKS

Leaking hydraulic connections are frequent
reasons for maintenance. Some leaks are
external, being evident on the outsides of

components. Others ase internal; they are not
visible and must be located by testing.

Sometimes you can stop leaks at fittings by
tightening the hose connections. Tigh ten them
only enough to stop the leakage. II' you cannot
stop a leak by tightening, secure the equipment

and remove the connection. Place a drip pan
beneath the connection to catch fluid left in the
hose. Plug the connection on the equipment to

keep out foreign matter. Inspect the threaded
and mating parts of the connector. Look for

External Leakage

cracks in the flared ends of tubing. Examine the
0-rings found in some connections and replace if
defective.

External leaks not only cause cleaning
problems but make it hazardous for operators of

maintenance of hoses.

equipment. A leak that allows floor plates to
become slippery may cause the operator to fall

Leave a little slack in a hose between
connections to allow for swelling when pressure

Here are sonic hints

ill help reduce

on or off the equipment and get injured. A leak
that drips on hot engine parts may start a fire
that could result in the loss of the equipment.

is applied to the hose. A taut hose is likely to

Cylinders may leak around piston rods or

calls for looping. This causes unnecessary flexing

rains. You may repair some leaks by tightening

the packing located in the cylinder end cap.
Tighten the packing evenly until only a light
film of fluid is noticeable on the rod when it is
extended. DON'T overtighten; this results in
rapid failure of the packing and may cause
scoring of the rod. If you find an internal seal
instead of packing, the cylinder must be
removed and disassembled to stop the leak.

Don't loop a hose unless its manufacturer
of the hose as pressure changes. Angled fittings
should be used instead of loops.
Don't twist a hose; twisting causes the hoses
to weaken.
Use clamps or brackets to keep a hose away
from moving parts or to prevent chafing when
the hose flexes.

Keep hoses away from hot surfaces, such as
manifolds and exhaust systems. If unable to do
so, install a heat shield to protect the hose.

Leaks often arise from hoses that deteriorate

and rupture under pressure. Such a leak
usually first noticed after hydraulic fluid

pull out of its fittings.

is

Try to route hoses so there are no sharp

is

bends in them. This is more critical with high

found beneath equipment that has remained idle
for some time.

pressure hoses than low pressure hoses_

Figures 11-13 and 11-14 show the proper
procedures for repairing hoses with reusable
fittings. You can remove a medium or high

Internal Leakage

A small amount of internal

pressure hose from its fittings by unscrewing the
nipple from the socket and then the socket from
the hose.

leakage

is

allowed to provide lubrication of moving parts.

This leakage is normal and does not result in
faulty operation.

f you find a hose whose outer covering has
been trimmed back where it enters the fitting,
replace the fitting and hose as shown in figure

leakage results in slow operation, loss of power,

11-14. The fitting, called a "non-skive" fitting is

cylinders may creep or drift and, if the leak is

the only one authorized

for

On the other hand, an excess of internal

and overheating of the hydraulic fluid. The

use on Navy

bad enough, the control valves may not function
properly.

equipment.
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F

SOCK ETL ESS

(Low pissuro
ASSEMBLY

SLIT HOSE FROM PROTECTIVE
CAP TO END OF NIPPLE.

CUT HOSE TO LENGTH WITH A
SHARP KNIFE. OIL INSIDE OF
HOSE AND NIPPLE LIBERALLY.

2. BEND HOSE AND SNAP IT OFF
WITH A QUICK PULL.

2. PUSH HOSE ON FITTING UNTIL
IT BOTTOMS UNDERNEATH
PROTECTIVE CAP.

81.572
Figure 11- 13.--Replacing low pressure hose on a reusable fitting.

Internal leaks are caused by wear of the seals
and mating parts during normal operation. These

the ends of the spool only, and internal leakage

leaks are often difficult to locate. Usually, all

and/or spool. These valves are not repairable in
the maintenance shop.

is

you can do is observe the operation of the

system for signs of sluggishness, creeping, and
drifting. When these signs appear, you must test
the system to pinpoint the problem.
If you suspect a cylinder or control valve to
be faulty, extend the cylinder to place it under

a sign of an excessively worn valve body

If no leakage is evident at the valve, the
cylinder should be checked unless it is a
single-acting cylinder which leaks externally

through the breather hole when the piston seal

load and move the control valve to neutral.
Secure the engine. If the load settles or drifts

becomes

faulty. To check a double-acting

cylinder, extend/retract the cylinder- and block
in position. Place the control valve in neutral,
and secure the engine. Remove the line that is
connected to the cylinder end not under
pressure. Start the engine and apply pressure to
the same side of the cylinder to extend/retract
as before and look for evidence of leaking. If
none occurs, repeat the procedure on the other

faster than recommended by the manufacturer,
block the load. Now disconnect the return line
from the control valve to the reservoir and plug
the line. Remove the support from the load and
check for excessive leakage at the control valve.
If this occurs, the valve must be removed and
replaced. Control valves are normally sealed at
342
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end of the cylinder. Double-acting cylinders may
leak when operated in one direction but not the
other.
To repair a faulty cylinder, you must remove

the cylinder assembly. Once removed, take the
cylinder to a clean working area for disassembly.
Clean and inspect the parts for scoring or other
damage. If in doubt as to the condition of any

SOCKET AND NIPPLE
(Medium and High Pm, Sure
HaPO)

parts, see the maintenance manual or your
supervisor for advice. When the cylinder is ready

for reassembly, install new seals on the piston
and between the mating parts of the cylinder
assembly_ . Figure 11-15 illustrates the location of
seals in a typical hydraulic cylinder. Replacing a

I. CUT HOSE TO LENGTH WITH
FINE TOOTH HACKSAW OR
SPECIAL SAW IN THE TOOL
ROOM. SCREW HOSE COUNT
CLOCKWISE INTO SOCKET

rod seal in the cylinder end cap is sometimes
difficult but necessary to prevent rework. The

UNTIL IT BOTTOMS. BACK
OFF !4-TURN.

seals are usually available in kits from the parts

room. Install these seals carefully to prevent
damage that will cause faulty operation of the
ram. It's a good idea to coat the inside of the
cylinder with fluid before installing the piston.
This practice will help to prevent damage to the
piston seal and also lessen the force necessary to
install it After reassembly, use an air hose to

check the operation of the cylinder before

2.

replacing on the equipment.

OIL NIPPLE THREADS AND
INSIDE OF HOSE.

Should you find two cylinders that work
together, like the blade rams on a bulldozer,
overhaul both cylinders at the same time if
possible. This will insure that the blade or other
attachment will lower and raise evenly.
If the hydraulic system operates in a slow,
jerking manner and excessive noise is present,
the problem is usually caused by a shall hole in

the suction side of the pump allowing air to
enter the pump. The air causes voids within the
fluid and results in noise when the aerated fluid
is flowing or being compressed within the pump.

I. FOR MALE ENDS. SCREW NIPPLE
CLOCKWISE INTO SOCK ET UNTIL
SNUG AGAINST SOCKET.

A thorough check first thing in the morning
before the machine is operated will usually make

this problem visible as a fluid leak in the inlet
side of the pump supply line.

When you have slow response under all
operating conditions and no unusual noise, it is
1.

time to get the manufacturer's manual and a

FOR FEMALE ENDS. SCREW
NIPPLE CLOCKWISE INTO SOCKET.

high pressure gage. Access is provided

for
attaching the gage in the high pressure system at

LEAVE I /72 INCH TO I /16 INCH
CLEARANCE BETWEEN NUT AND

the pump or control valve on many types of

SOCKET.

hydraulic systems. Others with a separate relief
will provide access at the valve for
connecting the gage. Using an adapter, install the
gage as indicated by the manufacturer, and start

81.573
Figure 1-7G.Replacement procedures for medium and
high pressure hose with reusable fittings.

valve
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74
Figure 11 =15. Location of seals in a typic

the equipment. If you are unable to observe the
gage from the operator's position, have someone

hydraulic cylinder.

POWER SHIFT AND
AUTOMATIC TRANSMISSIONS

assist you. Any valve except the blade control

valve on a bulldozer, or one that contains

Most of the fundamentals of hydraulics are

cylinders with piston poppets can be used Move
the valve to the operating position and allow the

put to use in one form or another in torque

device being actuated to reach the end of its
travel. Continue to hold the valve for enou

transmissions, The design of these units will

time to get a maximum reading from the gage.
This will indicate the maximum pressure of the
system. By comparing this reading with the one
the manufacturer recommends, you can
determine if the relief valve needs adjustment.
Never adjust the relief valve without a gage and
the manufacturer's specifications. If unable to

adjust the pressure high enough, remove the
relief valve for inspection to insure that it is
functioning properly and that no seals or moving

parts of the valve are damaged. If no fault is
located within the valve, reinstall it and remove

the hydraulic pump. The pump can be worn
that internal leakage is excessive.
preventing the development of adequate
enough

pressure in the system. The pump, like the

control valve, is not repairable except for
replacement of the seals and bearings.
Accumulators seldom fail during operation.
Should a failure occur, replacement of the seals,
diaphragm, or _rubber bladder will return it to
usable condition.
Hydraulic motors are subjected to operating

conditions similar to a pump's. Overhaul of a
hydraulic motor is limited to the replacement of
seals and bearings.

converters

and

power shift or

automatic

wary, depending on their application. In general,
a power shift or automatic transmission is used

in conjunction with a torque converter and
shifting is accomplished hydraulically when the
range selector lever is moved by the operator.
FLUID COUPLING AND TORQUE
CONVERTER OPERATION

The torque converter is a refined version of
the fluid coupling, Although the fluid coupling
does not multiply torque, the torque converter
actually increases the torque provided by the
power source.

The

fluid

coupling

consists

of two

membersa pump and a turbine. They are
placed close together inside a housing filled with
oil. The pump is connected to an engine and the

turbine is connected to the remainder of the
drive train. Both members contain many blades
that are used to pump the oil or react from the

force of the oil as the engine accelerates or
decelerates.

As an example of how the fluid coupling
works, place two fans facing each other on a
table and turn one on. You will see the second
fan start to turn as a result of the air striking its

Chapter 11CONSTRUCTION EQUIPMENT

blades. This is the principle by which the fluid

the oil returning from the turbine so that it

coupling works.
The blades of the pump and turbine inside a
fluid coupling are straight, as illustrated in figure
11-16. When the engine is running, oil is thrown

struck the blades of the pump in the direction of
rotation. The velocity of the returning oil added
to that of the oil leaving the pump. The
improvements made the fluid coupling increase
the torque provided by the engine. Hence, the

outward from the center of the pump and

strikes the outer end of the turbine blades. As
engine speed is increased, the force of the oil
striking the turbine blades increases, causing the
turbine to turn. Because of the design, slippage
is high, resulting in an undesirable power loss.
For this reason, a true I: I drive ratio is never
achieved. As the engine slows, the vehicle's

momentum causes the turbine to attempt to
drive the pump. However, slippage is so great
that a free wheeling effect will occur below
speeds of approximately 20 mph and the
engine's compression has little, if any, effect on
slowing the vehicle.
Improvements in design of the fluid coupling

name TORQUE MULTIPLIER or TORQUE
CONVERTER.

Many designs of torque converters are in use
today, and each has a minimum of three
members. Some slippage is always present and

has the desirable effect of keeping the engine
from stalling at idle speeds or when the engine's
power is insuiticimt to move the vehicle when
loaded.
HYDRAULIC TORQUE
CONVERTER

led to the use of curved blades and the addition

of a third member, the stator. The improved
design (fig. 11-17) enabled torque from the
engine to increase when the vehicle was
stationary or picking up speed under

acceleration. The redesigned blade directed oil
from the pump to the turbine blades at a greater
angle, allowing the full force of the oil to act on

the turbine. In addition, the stator redirected

The hydraulic torque converter assembly
illustrated in figure 11-18 is used on the
International Harvester TD-20 series 13 tractor

and model 250 series B loader. The converter
contained in the assembly automatically varies
the output required at the tracks to meet the
changing load requirements of the

tractor.

Engine power is transferred by the converter
with little change in torque when the load is
light. Under heavy load, the torque
multiplication increases, but with a resulting loss

of tractor speed. Although the converter does
not increase engine horsepower, it makes more
torque available at the tracks.

The converter portion of the assembly has
three basic parts: impeller, stator, and turbine.
The

IMPELLER (pump)

is

bolted

to

the

co:verter drive housing which is driven by the
engine flywheel. The STATOR is splined to the
stationary ground sleeve hub and contains a row
of stationary blades, sometimes called guide
blades or reactor blades. The TURBINE is
splined to the output shaft. The three parts are
contained in the converter housing which is
filled with fluid held at a constant pressure of 50

to 80 psi during operation to suppress vacuum
pockets which form at the blades under high
fluid velocities. There is no direct mechanical
connection between the impeller and turbine or
stator.

2.204X
Figure 11-1

Fluid drive pump.

345

CONSTRUCTION MECHANIC 3

Figure 1117.Flovv of oil through come

_

78

van

IMPELLER
STATOR

TURBINE

HYDRAULIC
PUMP

ACCESSORY

DRIVE GEAR
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The impeller draws fluid from the opening
surrounding the hub and ejects it from its blades
at high velocity. The turbine is positioned
opposite the impeller, and its blades receive the
full impact of this velocity. Fluid exits from the
turbine in the opposite direction of rotation

from that of the impeller. Then the curved
blades of the stator (positioned between the

impeller and turbine) redirect the flow back to
the impeller in the same direction as the impeller
is moving. (See fig. 11-17.)

Torque multiplication is determined by the

speed of the turbine in relation to impeller
speed. A ball thrown at a paddle will strike it
with more force if the paddle is statiorary rather

than moving in the same direction as the ball.
Similarly, when the turbine is rotating as fast as
the impeller, the fluid passes easily through the
turbine, applying little or no force to the blades.
As the output shaft slows down, the fluid strikes
the turbine blades with more force. The
maximum striking force of the fluid is reached
when the turbine is stopped. This occurs in a

tractor when the output shaft is stalled by a
heavy load.

from the reservoir to the converter and from the

converter back into the lubricating system is
described later in this chapter. The
troubleshooting chart of table 11-1 will aid you
in locating and correcting mechanical problems
in the International Harvester (TD-20 series B
tractor and model 250 series B loaders)
hydraulic torque converter.
POWER SHIFT
TRANSMISSIONS
The International Harvester power shift
transmission (rig. 11-19) is used with the torque
converter just. described. It is designed to
provide high speed shifting through

hydraulically-- actuated

clutches. The
transmission has two forward and two reverse
speeds in both low and high ranges. Shifting
from one range to another is controlled by the
hi-lo shifting lever mounted on the transmission
front cover.
The transmission is coupled to the torque
converter by a universal joint. Gears are
mounted on four shafts: the reverse clutch shaft,

the forward clutch shaft, the spline shaft, and

The reservoir for this torque converters fluid
is in the rear main frame of the tractor. The flow

the bevel pinion shaft.

The bevel pinion shaft consists of the high
and low range gears which are keyed to the shaft

REVERSE CLUTCH SHAFT
FORWARD CLUTCH
SHAFT

HILO
SHIFTER ASSEMBLY

SPLINE SHAFT

BEVEL PINION
SHAFT
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Table

-1 Troubleshooting

or International Harvester (TD-20 Series B Tractor and Model 250 Series

B Loaders) Hydraulic Torque Converter

Loss of flu
converter.

Leaking connections.

caking converter.
.

Torque converter
overheating.

Operating too long in
aw efficiency ranges.
Low basic pressure.

operate the engine at part throttle
and inspect all lines and connections for leaks. Tighten or replace parts as necessary.
Check all bolts and nuts and
gasket joints while the system is
under pressure. Replace parts
as necessar
Review operati

the operator's manual.
Check for broken lines or loose
connections on the pressure side
of the sysl.pili. Check for excessive fluid leaking.
Check the level in the rear main
frzine.
Remove and add parts to operate

Low oil level.

Thermo bypass valve inoperative (if equipped).

.he hydraulic syste.in W thuut a
thereto bypass Valve.
Remove valve and cleao, inspect
bore and spring.

Converter bypass valve
sticking.

Check the level in the rear

Loss of power.

e.

basic pressure.

Grinding or scraping noise
inside converter housing.

Converter input purnp
inoperative.
Converter bypass valve
sticking.
Engine not up to rated
performance.
Bearing failure allowing the

turbine or impeller blades
to strike the fixed stator.

Check for broken lines or loose
connections on the pressure side
of the system. Check for excessive fluid leaking.
Inspect pump for damaged parts
and replace as necessary.
Remove valve and clean,
Pee
bore and spring.
Refer to engine service manual.

Replace bearings, turbine, or inns
peller as necessary.
81.575

(fig. 11-20). The shaft is supported at the rear
by a straight roller bearing, and at the front by a
double-row tarte roller hearing. The pinion gear

transmission case front cover for adjusting
pinion depth.

The saline shaft, shown in figure

11!2
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and second speed driven gears are held

in

position on the spline shaft by snap rings and are
constantly rriesIttd with the first and second
speed drive gears on the clutch shafts. The lii-lo
driving gear slides freely on the shaft and drives

the bevel pinion shaft when brought into mesh
with either the high or low range driven gear by
means of the

of the forward clutch shaft, and the reverse
driven gear is keyed to theiront of the reverse

clutch shaft. Each shaft consists of First and
second speed drive gears which ride on bushings
and are welded to the dual hydraulic clutch pack
assemblies.

shifting lever.

The FORWARD CLUTCH SHAFT. shown
in figure

end. The reverse drive gear is keyed to the front

11-22,

rotates on a straight roller

bearing at the rear and ball bearing at the front.
REVERSE CLUTCH SHAFT, shown in
Figure II-23, has a straight roller bearing at each
BEVEL PINION
SPLINES

Forward and reverse Hydraulic
Clutch Operation'

The forward and reverse hydraulic clutch is
actually Nix) clutches on a common shaft with a
common apply force piston between them. The
CLUTCH DRUM
AND GEAR ASSEMBLY

FRONT HEARING
RIDING SURFACES

LOW

RANGE

DRIVEN

THRUST
WASHER

REAR BEARING CONE

GEAR

SHAFT

SNAP RING

THRUST WASHER

REAR HEARING
INNER RACE

HIGH RANGE

OWEN GEAR

FRONT
SPACER

FIRST SPEEP
GEAR

SNAP
RING

GEAR

DRIVEN
GEAR

CLUTCH

FRONT

BEARING
INNER RACE

REVERSE
DRIVE GEAR

Figure i1.22.Forward clutch shaft.

Figure 11- 2O. BeveI pinion s a
SECOND SPEED

SECOND

SPEED GEAR

2.431

2.429

HIGH LOW DRIVING

PISTON
HOUSING

FRONT

DRUM

AND GEAR
ASSEMBLY

REAR

BEARING

BEARING
THRUST
WASHER

CONE

CONE

SNAP

RING
SNAP
RING

SHAFT
THRUST
WASHER

SNAP RING

REAR BEARING
INNER RACE

FIRST SPEED
DRIVEN GEAR

PISTON
HOUSING

REVERSE
DRIVEN
GEAR

El RST"
SNAP
RING

SPEED
GEAR

SECOND
SPEED GEAR
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force piston cavities. Once the pistons are filled
with oil, they remain full under lube pressure.
Other small cress-drilled passages furnish a

clutches allow the simple transfer of oil from the
disengaged clutch into the cavity created by the

engaging clutch. This allows a low volume of
main pressure to actuate the clutch for high

constant supply of lube oil to the drive gear
bushing, the drum assemblies, and the clutch

speed shifting.

The heart of the clutch is contained in two
piston. Rump oil volume is not needed to fill the
applying clutch cavity, and only a relatively low

hubs for distribution through the clutch plates.
In neutral, neither clutch is engaged, the drive
gear and drum assemblies are free and no torque
is transmitted through the clutch, as shown in

volume is needed to pressurize the clutch. In

figure 11-24.

pistonsthe accelerator piston and the force

neutral, all accelerator and force piston cavities
are filled with oil at lube pressure (10 to 25 psi).

Upon application of the clutch, main oil

A selector valve, located on the top of the

pressure (approximately 200-230 psi) is directed
through the clutch shaft for the specific side of
the clutch desired. The oil enters the force

directs
oil to the
accelerator piston cavitie.s :,;r,t1, in turn, to the
transmission case,

';LUTCH PLATE
DRIVE GEAR AND DRUM

BACKING PLATE

ACCELERATOR
PISTON CAVITY

FORCE PISTON

CLUTCH PLATE RETAINER

ACCELERATOR PISTON
ACCELERATOR PISTON CAVITY
FORCE PISTON
CAVITY

PISTON CENTERING SPRINGS
CENTERING
SPRING
RETAINER
CLUTCH SHAFT

SINTERED BRONZE

CLUTCH PLATE

SEPARATOR PLATE

CLUTCH SHAFT TUBE

DISC VALVE

REINFORCING DISC

KNOCK-OFF PIN

LUBE PRESSURE
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piston cavity and causes the clutch to engage
(fig. 11-25). When engaged, the clutch holds the

gear stationary in relation to the shaft. Power
then flows from the shaft, via the clutch, to the
gear-

When the transmission is retuined to neutral,

an immediate pressure drop occurs within the
disengaging accelerator piston cavity and the
compressed piston centering springs return the
common apply force piston to its centered

In today's models, the lever is connected to
the range selector valve by hydraulic lines. A
spool valve (pilot control valve) actuated by the
gearshift lever directs main pressure to the range

selector valve and causes it to direct main
pressure to the desired clutch assembly, as
illustrated in figure 11-27.
The hi-lo shifting lever (on the transmission
front cover) is held in position by a poppet lock

position or neutral.

in the hi-lo shifting housing. To shift from one
range to another, the engine must be running

Gear Shifter Mechanism

and

On older models, the gearshift lever, located
on the left-hand side of the operator, is

pilot valve and through an oil line to the shifter

connected through linkage to the range selector
valve assembly on the top of the transmission
case. Movement of the gearshift lever positions
the selector valve to allow main oil pressure to

the gearshift lever must be in neutral
position. This allows main oil pressure from the

pump to pass through a drilled hole in the

housing. Here it releases the poppet lock to
enable shifting.

The troubleshooting chart of table 11-2 will

engage the dutch desired as illustrated by the

help you determine possible causes of
transmission malfunctions and corrective

hydraulic flow diagram in figure 11-26.

measures for repairing the troubles.

ACCELERATOR PISTON CAVITY
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363
RETURN AND SUCTION LINES

1104
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111LUBRICATING OIL PRESSURE

2436
Figure 11.26..Hydraulic oil flow diagram (mechanically controlled transmission).
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Figure 11.27.Hydrau c oil flow diagram (hydraulically controlled transmission).
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Table 11.2.Troubleshooting Char

or International Harvester (TD-20 Series B Tractor and Model 250 Series B
Loaders) Power Shift Transmission.

Possible Causes

Trouble

Main oil pressure gage
shows low or high

pressures.

Low oil pressure when
in forward or reverse
speed.

2

Corrective Measures

Pressure gage malfunction.

Replace gage.

Plugged suction or pressure filter.

Clean suction filter. Replace
pressure filter element.

Air leakage at suction filter.

Tighten fittings or replace "0"
rings.

Air entry into suction line.

Replace Marmon clamp gasket.

Main regulating valve springs
malfunctioning.

Remove and replace with new
valve springs.

Wrong number of washers at main
regulating valve springs.

Do not use more than a total of
four washers.

Replace "0" rings in system.

Binding of lube valve, bypass valve

Check valves, Install new valve

or main pressure valve in regulator housing.

body gasket.

Charging pump malfunctioning.

Replace pump.

Contaminated or restricted oil
lines.

Clean or replace oil nes.

Shims or "0" ring leaking at reverse clutch shaft manifold.

Replace with new shims or "0"
rings.

Tachometer drive plug "0" ring

Replace "0" ring.

leaking.

"0" ring at clutch sh

end cover

Replace "0" ring.

leaking.

Slow or erratic clutch
engagement.

Oil leakage past cover and case
gasket at reverse manifold.

Replace gasket.

Hook type seal rings on shaft
leaking.

Replace seal rings.

Clutch piston seal ring leaking.

Replace seal ring.

Low oil level.

Add oil to proper level.

Clogged filters.

Remove and clean suction and

Clap
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Table 11-2.Troubleshooting Chart for Imernational Harvester (TD-20 Series B Tractor and Mode
shift Transmission continued.
Loaders)

Trouble

Possible Causes

Slow or erratic clutch
engagementcontinued,

Internal oil leaks,

l xternal oil leaks.
Low main oil pressure.

Selector hand lever improperly
adjusted.
Contaminated or restricted oil
lines.

Binding of main pressure valve in
regulator housing,
Range selector valve wiper seal
leaking.

Noise in transmission.

Bearings worn or broken. Worn
drive gear and drum bushings.
Foreign material in oil.

S

es

Corrective Measures
Check for damaged or worn
sealing rings in clutch packs.
Check all gaskets, lines and
connections.
Clean main regulator valve and
bore; check spring tension.
Adjust as described in service
manual.

Clean or replace oil lines.
Check valve. Install new valve
body gasket.

Replace seal.
Remove and install new parts.

Drain, flush and refill with
clean oil. Clean suction and

safety filters. Replace pressure filter element.

High oil temperature.

Gears badly worn.
Bevel gear and pinion not in
proper mesh.

Install new gears.
Adjust to proper clearance.

Clogged oil cooler.

Remove and clean.

Improper tractor operation.
Improper torque converter
operation.
Low or high oil level.
Oil leakage.

Operate in correct range.
Refer to table

Faulty therm° bypass valve
(if equipped).
Faulty hydraulic oil pump.

Add or drain to proper level.
Check all gaskets, lines and
connections and replace parts
as necessary.
Discard valve assembly,

Replace worn parts or replace
pump.

t

Temperature gage malfunction.
Air entry into suction line.

Replace gage or sending
Replace Marmon clamp gasket.

Replace "0" rings in ystem.

El

-
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Planetary Gear Sets

SUN GEAR

:--Nsr types of power shift transmissions use
...iir:'on of PLANETARY GEAR SETS to

tiara' the same functions as the transmission
just described.
A planetary gear set (fig. 11-28) consists of
three members: sun gear, ring gear, and
planetary carrier which holds the planetary gears

in proper relation with the sun and ring gear.
The planetary gears are free to rotate on their

PLANET
PINIONS

own axes while they "walk" around the sun gear
or inside the ring gear.
To Caine a reduction or increase in torque,
six different methods of connecting this gear set
to the power train are possible. Another method
provides direct drive and neutral can be obtained
by allowing all the gears to turn freely. By

RING

PLANET PINION
CARRIER

GEAR

comparing the chart shown in figure 11-29 to
the simple planetary gear arrangements shown in

81.578

figure 11-30, you can see how this is possible.

Figure 11.28, Planetary tea
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of rotation as power is
Notice the
applied to the vnr-:,L6 members and others are
held stationary. to actual application, planetary
gear sets are used as single or multiple units,
depending on the number of speed (gear) ranges
.

desired.

On wheel or crawler mounted equipment,
power for turning the wheels or drive sprockets
may flow through a planetary gear arrangement
that provides maximum red .:tion. (See fig.
11-30.) 'The sun gear forces the planet gears to
revolve inside the stationary ring gear and move

engaged on the ring gear, the sun gear causes the
planetary gears to walk around the inside of the
ring gear and force the planet carrier to rotate in

the same direction as the sun gear, but at a
slower speed (low gear). To provide additional
speed ranges or a reverse, other planetary gear
sets must be added to this transmission. A power
shift transmission with planetary gears can be
made to operate automatically by changing the
method of controlling speed changes.
AUTOMATIC TRANSMISSIONS

the same direction of
rotation as the sun gear. The planet carrier is
connected to the hub on which the wheel or

A system must be provided within an
automatic transmission to shift automatically

sprocket is mounted, causing it to rotate with

from one gear range to another as the speed and

the planet carrier in

the planet carrier. This arrangement produces
the

maximum torque and speed reduction

obtainable from a planetary gear set.
Figure 1 1-31 illustrates the simplest
application of planetary gears in a transmission.
With the arrangement shown, two forward

speeds and neutral are possible. High gear or
direct drive is shown. -fle clutch is holding the
planet carrier to the input shaft causing the
carrier and sun gear to rotate as a single unit.
With the clutch released, all gears are free to
rotate and no power is transmitted to the output
shaft. In neutral, the planetary carrier remains
stationary while the pinion gears rotate on their
axes and turn the ring gear. Should the brake be

DIRECT ORivE

PINION CARRIER

CLUTCH (ENGAGED

ANET PINION
SUN GEAR

INPUT

OUTPUT

power requirements of the vehicle vary.
modern

automatic

transmissions,

In

automatic

shifting is accomplished through a system of
hydraulically operated clutches, bands, servos,
governors, and valves. The pump provides a
means of developing hydraulic pressure. This
hydraulic pressure is directed by the various
valves to the hydraulic clutches and servos that
control the planetary gears. The transmission is a
mechanical and hydraulic balance controlled by
the governor pressure, throttle valve pressure, or
spring pressure. The manual control lever selects
the range of transmission operation.

The procedures for the maintenance and
repair of automatic transmissions vary
considerably among makes and models of
transmissions. For this reason no procedures for
maintenance and repair are presented here. It is
suggested that, when repairs are to be
performed, you follow the procedures outlined
in the manufacturer's maintenance manual for
the transmission being repaired. Adjustments to
an automatic transm'ssion must be mad_ e
accurately if the unit is to operate properly.
PLANETARY STEERING

UNDERGRIVE

DRAKE (RELEASED)

GEAR

International Harveiter crawler tractors are

steered by a system that combines planetary
gears and pivot brakes. The planetary steering

Chapter 11 CONSTRUCTION EQU1PMENT

ENGINE

1. Sprocket Drive Shaft
2. Steering Brake Disk
3. Steering Brake Hub and Sun Gear
4. Planetary Carrier
& Planetary Carrier Bearing

7. Sprocket Drive Shaft Support Bushings
8. Steering Brake Support Bushings
B. Planetary Gears
10. Sprocket Drive Shaft Sun Gear
11. Bevel Gear

B. Bevel Geer Carrier

Finura 11-12 =..V
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sun gear is splined to the sprocket pinion shaft
and the other is machined on the steering brake
hub. The sun gear on the brake hub performs
the

same

function

as

the

ring

gear

in

conventional planetary systems. Bushings are
used to isolate the sprocket drive shafts and the
steering brake hubs from the bevel gear carrier
and planetary carrier. The complete unit is

machined on the plates and when the brakes are
applied, the steel balls move up the ramps and
force the plates apart. Movement of the plates
causes the disks to be squeezed together and to
stop rotation of the sprocket drive shaft. When

these brakes are folly applied, the tracks will
stop. The steerin
ers are linked to the brakes
independently to ,,,_..uate them for sharp turns.

supported by large roller bearings on the ends of

the planetary carrier. Lubrication is provided
from the oil sump located below the assembly.
When a crawler tractor travels straight ahead,
brakes are held in the applied
position by heavy coil springs. Braking prevents
the steering brake hub and sun gear from
its steering

Adjustment of the pivot brakes are
sometimes required to provide adequate braking
with the steering lever or foot pedal. An

adjustment is needed when the steering levers
can be pulled against the seat with the erOne

running, or the foot pedal bottoms. Alva,5

rotating, and forces the large planetary pinion

follow

gears to "walk" around this sun gear. Then,
power is transmitted to the sun gear on the

manual when making

sprocket drive shaft from the smaller planetary

the

procedures in the mainteran.ee
t!..is

adjustment. The

adjustment is made in the linkage located under
the operator's seat.

pinion gears.

When making a gradual turn, the tractor
operator moves one of the steering levers back
far enough to release the steering brake on one
end of the planetary system. When the brake is
released, the planetary pinion gears stop
"walking" around the sun gear on the steering

brake hub. This hub then rotates with the
e!inetary carrier, and no power is transmitted to
the sprocket drive shaft.
Occasionally, an adjustment of the
-Ling
it is
brake is required to prevent slippage v

eneaged. To reach the adjustment pc
must remove the pipe plugs that ak, locate..!
below the fenders on the sides of the tractor
frame. Consult the manufacturer's manual for
proper adjustment procedures.
PIVOT BRAKES

The pivot brakes on these tractors are of the
multiple disk type. They are operated by a foot

TRACKS AND TRACK FRAMES
The undercarriage of crawler mounted
equipment contains two major components:

TRACK ASSEMBLY AND TRACK FRAME.
This undercarriage (fig. 11-33) is provided on
equipment that must have posit. ve traction to
operate efficiently.
TRACK ASSEMBLY

The track assembly consists of a continuous

chain surrounding the track frame and drive
sprocket. The links of the chain provide a flat
surface for the track rollers to pass over as they
support the equipment. Track shoes are bolted
to the outside of the chain's links and distribute
the weight of the equipment over a large surface
area.

pedal or individually by pulling the steering
levers fully to the rear. The middle disks (splined
to the sprocket drive shaft) have laminated
linings. The intermediate disks theld in position

Track Ch

by studs) are smooth steel disks. An actuating

chain cut away to show the internal arrangement
of the pins and bushings. As the tractor

disk assembly is located in the center of the

Figure 11-34 illustrates a section of track

Chapter
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CARRIER
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TRACK

DRIVE
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FRAME

TRACK ROLLERS
81.417

Figure 11-83.Side view of crawler tractor chassis.

The pins and bushings wear much faster than
other parts of the track because of their
constant pivoting as the track rotates around the
track frame This pivoting results in internal
wear of both the pin and bushing. As the pins
and bushings wear, the track lengthens. When it

does, the track should be adjusted to remove
excessive slack.

Bushings that show lots of wear on the
outside are good indicators of inner wear that is
also nearing the maximum allowed by the

manufacturer, if the track is to be rebuilt. To
determine whether the tack should be removed
for rebuilding or replacement, measure the
outside of the bushings arid track "pitch"
(length of the track). Use an outside caliper and
ruler as shown in figure 11-35. Measure the
outside of the bushing where it shows the most
1. Spacer
2. Master Fin
a Coned-Disk Seal Washers
4. Master Bushing
5. Track Bushing

6. Link
7. Track Pin
Coned -Disk Seal Washers

wear and compare it to the manufacturer's
specifications.

Measure track pitch with a ruler or tape
measure after tightening the track to remove any
slack as shown in figure 11-36.

Should the bushing wear or track length be
excessive remove the traric

CONSTRUCTION MECHANIC 3
Track Shoes

The most common track shoe is the grouser

shoe shown in figure 11-37. This shoe is
standard on all crawler tractors with bulldozer
blade attachments_

The extreme service track shoe shown in
figure 11-38 is found on crawler tractors that
operate primarily in rocky locations, such as
rock quarries and coral beaches. Notice that the

Figure 11.3

81.423
ing weir measurement

81.405

Figure 11-3.Standard grouser shoe.
PULL TRACK TIGHT
WITH OLD PIN IN
**POCKET ROOT

-4- MEASURE ACROSS FOUR =TRACK PINS
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grouser, or rat-,-zd portion of the shoe, is heavier

than the one on the standard grouser shoe
shown in figure 11-37. The grouser absorbs most

of the wear and its condition can indicate that
the track needs replacement or overhaul.

Another shoe common to track-mounted

adjusting mechanism. Alinement of the track
frame on International Harvester tractors is
maintained by shims where it attaches to the
pivot shaft at the rear and near the center of the
track frame where it is mounted against the
main frame guide brackets. A diagonal brace and

front end loaders is the multipurpose shoe. This

shims are used to aline track frames on the

shoe (not illustrated) has three grousers that

Caterpillar tractor (fig. 11-39).

extend a short distance above the shoe and are
equally spaced across its face. The multi-purpose
shoe allows more manuverability with less wear
on the track and track frame components.
TRACK FRAME

The track frame, as the name implies, serves
a framework and support for the track
assembly, rollers, front idler, recoil spring, and
as

1. Cap

Z Lock Ring
3. Nut
4. Washer Assembly
5. Outer Bearing Assembly
6. Shims
7. Bearing Holder
B. Rear Track Rol lar

Track Frame Rollers

Two types of track frame rollers are used on
tracked equipment; those located on the lower
portion of the track frame which support the
weight of the tractor, and those above the track
frame, which support the track as it passes over
the track frame assembly.

9. Drive Sprocket
10. Track Roller Frame
11. Clearance
12. Clearance
13. Diagonal Brace
14. Clearance
15. Clearance
16. Steering Clutch
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The carrier rollers (fig. 11-40) are mounted
on brackets which extend above the track frame.

idler to maintain the desired tension regardless
of operating conditions.

Two of these rollers are on each side of the
tractor. They are of the single flange type. The
flange extends upward between the links of the
track chain and keeps the chain in alinement
between the drive sprocket and the front idler.
The track rollers (fig. 11-41) support the
tractor's weight and insure that the track chain
is in alinement with the track frame as it passes
under the rollers. Track rollers, both single and
double flanged, are installed alternately. In the
normal arrangement, a double flanged roller is
directly in front of the drive sprocket, followed
by a single flanged roller. The rollers alternate
forward to the front idler.

spring to absorb shock from the front idler. The
spring is compressed before installation and held
in place by stops or spacers. The track adjusting
mechanism, by pressing against the spring stop,
maintains the desired tension on the track
assembly by holding the idler and yoke in the
forward position. The recoil spring's operation
depends on the amount of tension on the track.

Front Idler

Adjusting Mechanism

The front idler (fig. 11-41) serves as a
guiding support for the track chain. The idler is
spring loaded and mounted on slides or guides
that allow it to move back and forth inside the
track frame as the tractor passes over uneven

The adjusting mechanism must be extended
enough to remove slack between the front idler

ground. The spring loading effect causes the

SINGLE
FLANGE

Recoil Spring

The recoil spring is a large coil spring placed.

in the track frame in a way that enables the

and

spring. The adjustment is made either

manually

(fig.

11-42) or hydraulically (fig.

1143). All older model tractors have manual
adjustments whereas the newer tractors are

TRACK CARRIER
HOLLERS
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TRACK
ROLLERS

81.404
Figure

1.Track rollers in posit on in track frame.
Figure

81.415
. Caterpillar hydraulic track adjuster.

Track Guiding Guards

Accumulations of rock packed in the track
tracks to tighten, which results in

cause

additional

wear

and

stress

the

on

track

components. The use of track guiding guards
minimize these sources

Another function oc

of keeping the t;ac
sometimes considered d

is the most imponant f..

depreciation.
guards, that
alinement, is

7, but actually, it
Guiditig guards

should be repaired when first found to be
since a damaged guard is usually
worthless as far as protection or assistance in

damaged,

maintaining track alinement is concerned. When
81.416

Figure i1 4Z Manual track adjustme

installing new tracks on a machine, check the
condition of the track guiding guards. These
guards should be reconditimed to proper
thickness so they will guide the track squarely
into alinement with the track rollers.

adjusted hydraulically with a grease gun. Grease
is pumped into the yoke cylinder and extends it

The front guiding guards receive the track
from the idler and hold it in line for the first

until enough tension is placed on the recoil
spring to remove the slack frorn the track.

for its intended purpose, that of carrying its

Tension is relieved by loosening the vent screw
located next to the adjustment fitting. DO NOT

ITIRR WATT THIS FITTING WHEN

roller. The front roller then can be utilized fully
share of the tractor load without having to climb
the sides of the improperly alined track.

The rear guiding guards hold the track in

CONSTRUCTION MECHA
the sprocket to the track. With
alinement, the gouging of link sides and
teeth is eliminated.

; arc . per

vkc

The center guiding guards, or trick r..);'
guards (fig. I1-44) are available as att,ehnienii,

and are a continuation of the "hold tht line"
safeguard so important to extending track life.

These center guards keep the track M line
between the rollers when operating in rocky,
uneven, or stee'. loped terrain, thereby reducing
wear on the roller flanges and track links.
MAINTENANCE OF TRACK AND
TRACK FRAME ASSEMBLIES

Some maintenance of track and track frames
performed at the jobsite by the field
maintenance crew. It consists of track
adjustment, lubrication as necessary, and
inspection of the track and track frame
is

components to determine whether or not the
tractor should be taken to the shop for repairs.
TRACK ADJUSTMENT

In one method for determiniee proper tiack
tension, a straightedge is placed , ,er the front
carrier roller and idler with all slack removed

from

of the track. The tension is proper
when the measured distance is as indicated by
figur e i-45. In another method of adjustment
a!i slack is reieoved from the track and thu
.11.1justment is then backed off until the front

ielee mover, back 1/2 inch. Always check the
mai;
ance or uperator's manual for the
proc .jure to follow when adjusting tracks.
i the tracks are adjusted too tightly, there
will be too much friction between the pins and
bushings when the track links swivel as they
travel around the sprocket and front idler. This

friction causes the pins, bushings, links,
sprocKet, and idler to wear rapidly. Friction in a
tight track also robs the tractor of needed
horsepower.

Tracks that are too loose fail to stay alined
and tend to come off when the tractor is turned.
As a res'ilt, the idler flanges, roller flanges, and

the sides of the sprocket teeth wear down. A
loose track will whip at high tractor ground
speed, damaging the carrier rollers and their
supports. If loose enough, the drive sprocket will
jump teeth (slide over the track bushings) when
the tractor moves in reverse. Should this happen,
the sprocket and bushings will wear rapidly.
LUBRICATION

The track pins and bushings are hardened
and require no lubrication. Many rollers and

1 ICA"
STRAIGHT
EDGE:

Oiapte
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idlers are equipped with lifetime seals which are
tilled during assembly and need not be
lubricated. However, track rollers, carrier rollers,
and idlers equipped with grease Fittings must be
lubricated on a scheduled basis. These fittings
should be cleaned prior to lubricating to prevent
forcing dirt arid grime into the hearings. Use a
low pressure lubrication pump on these fittings
and pump only until you st.,r1 feeling resistance
on the lever of the pump.
INSPECTION
When performing routine maintenance,
inspect the complete track and undercarriage for
signs of abnormal wear, leaking rollers or idlers,

d misalined, loose, or missing parts. Should
you find loose track shoes, it is good practice to
check the torque on all the shoe bolts and
tighten them with a torque wrench as prescribed
by the manufacturer.

If the track appears to be out of alinement,
report this to your supervisor who will
determine whether or not corrective action is
required. Leaking roller or idler seals should be
replaced at scheduled maintenance periods or as
soon as shop workload permits.

replacing roller or idler seals and bearings or
repairing

a

hydraulic

Repairs made to tracks and track frames in

the maintenance shop are usually limited to

On

the manufacturer's service manual.

Buildup of the component wearing surfaces,
except at established overhaul facilities, is not
recommended unless the piece of equipment is
essential to the mission of the unit. In this case,
a Steelworker will rebuild the components and a
Machinery Repairman, assigned to the
maintenance shop, will do the machine work.
Crawler tractor rollers can be removed
individually by releasing track tension and
placing a suitable hydraulic jack between the
track and track frame. The jack enables you to

move the track clear of the roller flanges. To
remove the front idler and the adjusting
mechaiiism for repairs, you must remove the
track.
Track Removal

To remove the track,
SIIOP REPAIRS

adjuster.

track

occasion, you may find a roller or track that is
badly worn and requires replacement. Never
replace components of the track or track frame
without consulting the wear limitation charts in

1-46) follow the

steps below:

I. Release the track tension by manually
backing off thy track adjustment, or loosening
the vent screw on the hydraulic track adjuster.

CARRIER ROLLE

DRIVE SPROCKET
PLANK OR NEW
TRACK --

Al 117
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Remove the master pin. The master pin

can be identified by a locking device or hole
drilled in its end that distinguishes it from the
other pins in the chain. Move the tractor
backward slowly to bring the master pin just

below the level of the drawbar or on some

models, forward, and place a block under the
grouser on a shoe that allows the master pin to
be centered on front idler. If the pin contains a
locking device, remove the locking device, and
drive the pin out with a sledge and a soft metal
drift pin. Should the pin be drilled, a portable
press must be used to remove the pin. Do not
lose the bushings, which may drop out with the
pin.

3. Remove the track from the carrier rollers
and idler by slowly moving the tractor forward
or backward away from the loose ends. Make
sure no one is in the way of the tractor or loose
end of the track when it falls off the sprocket or
front idler.

Move the tractor off the track onto a
plank. The plank should be about the same
thickness as the track, narrow enough to fit
4.

between the track frame and shields, and long
enough so that the entire tractor can rest on the
plank.

After removing the tracks, always see that
the tractor is securely blocked while repairs are
being made.

Anytime a track is removed, thoroughly
inspect the components of the track frame for
excessive wear or misalinement. A.; mentioned
earlier, repairs in the maintenance shop are
normally limited to replacement of seals,
bearings, or bushings contained in the rollers or

idler and occasionally replacing seals in a
hydraulic track adjuster.

Procedures for the removal, disassembly, and

replacement vary by model and manufacturer.
Always consult the manufacturer's service
manual before making repairs.
Replacing Tracks
To renlace

Ira

thp frntni. run

8

F igure 11-47.Pulling track over
ever sprocket.

properly with the track rail. Continue backing
until the tractor is just ahead of the rear end of
the track. Then place a bar in the track as shown
in figure 11-47, and help the track climb over

the sprocket, carrier rollers, and idler as the
tractor is driven forward. When the track comes

together, you can install the master pin and

lock. Once the track is back together, adjust the
track tension using the manufacturer's
recommended procedures.
MAINTENANCE TIPS AND
INDICATORS FOR TRACTORS
I. When operating in mud or water,
lubricate the rollers twice daily (older tractors).
2. Be sure both tracks are adjusted equally.
3. Never use a pressure type lubricator to
lubricate the track rollers and idlers.
4. Never apply lubricants to the tracks.
5. Check to see that all the carrier rollers
and track rollers are free to turn.
6. If the tractor pulls slightly to one side
during operation, this may indicate the tracks
are not equally adjusted.
7. Flat spots on the track rollers and carrier
rollers will indicate the rollers are not turning

freely.
Q

-
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WIRE ROPE
a

Construction Mechanic, you will

:times be required to replace wire rope on
)went

and

attachments. Wire rope

is

isively used with cranes and winches on
led and track-mounted equipment.

extern&
Wire rope made up of a
-T larger wires is more resistant
smaller
to external ,)e scion but is less flexible.

The COREthe element around which the
strands are laid to form the ropemay be a hard
fiber (such as manila, hemp, plastic, paper,
asbestos,

POSITION AND CHARACTERISTICS
rope consists of three parts: wires,
and core (fig. 11-48). In the
if3_eture of rope, a number of wires are laid
Vire

or sisal),

a

wire

strand,

or an

independent wire rope. Each type tf c e series
the same basic purpose, that
support to the strands laid around it.

'ids,

her to form the STRAND. Then a number
rands are laid together, usually around a
E, to form the rope.
he basic unit of wire rope construction is
Adividual wire, which may be made of steel,
or other metal, in various sizes. In making a

the number of wires to a strand will vary,
-Kling on the purpose for which the rope is
ded. Wire rope is designated by the number
-ands per rope and the number of wfres per
J. Thus, a 1 /2" 6 x 19 rope 11 :1,tve 6

Js with 19 wires per strand, but will have
me outside diameter as a 1/2" 6 x 37 wire
which will have 6 strands with 37 wires of

A FIBER CORE_ offers the advantage of
increased tlexibilay. in addition, it serves as a
cushion to reduce the effects of sudden strain
and acts as a reservoir for the oil necessary for
lubrication of the wires and strands to reduce
friction between them. Wire rope having a fiber
core is used in places where flexibility on the
part of the rope is important.
A WIRE STRAND CORE not only provides

more resistance to heat than a fiber core, but
also adds about 15 percent to the strength of the
rope. On the oth..' hand, the wire strand makes
the rope less flexible than when a fiber core is
used.

L smaller size per strand.

(ire rope made up of a large number of
wires is flexible, but the small wires are
broken so the wire rope is not re istant to

AN INDEPENDENT WIRE ROPE CORE is
a separate wire rope over which the main strands

of the rope are laid. It usually consists of six
7-wire strands laid around either a fiber core or a
wire strand core. This type of core gives the rope
additional strength, provides support against

crushing, and supplies maximum resistance to
heat.

Wire rope may be fabricated by either of
two methods. If the: strands or wires are shaped
to conform t o t 1:,;.. curvature of the finished rope
prior to laying up. the rope is term. d

PREFORMED. If they are not shaped before
fabrication, the rope is termed
NONPREFORMED. Preformed wire rope is
more flexible than nonpreformed wire rope and
when it is cut, the wires and strands tend to
remain in place. With nonpreformed wire rope,

)R

the twisting process produces a stress in the
wires, and when it is cut or broken the stress
29.172

causes; th± strands to unlai.r. In nonnreformed
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and could cause serious injury to someone not
familiar with it.

Wire rope is manufactured in a number of
different GRADES, three of which are: mild
plow steel, plow steel, and improved plow steel.

MILD PLOW STEEL rope is tough and
It can stand up under repeated strain
aid stress, and has a strength of from 200,000
to 2A,000 pounds per square inch (psi).
pliable.

LEFT REGULAR 1-Ay

PLOW STEEL wire rope is unusually tough

and strong. This steel has a tensile strength
(resistance to lengthwise stress) of 220,000 to

RIGHT LANG LAY

240,000 psi.

IMPROVED PLOW STEEL rope is one of

the best grades of rope available, and mostif
not allof the wire rope used in your work will

LEFT LANG LAY

be made of this material. It is stronger, tougher,
and more resistant to wear than either plow steel
or mild plow steel. Each square inch of
plow steel can stand a

improved

strain of

REVERSE LAY

240,000 to 260,000 pounds.

The term LAY refers to the direction of the
twist of the wires in a strand and the strands in
the rope. In some instances both the wires in the
strand and the strands in the rope are laid in the
same direction, and other instances in the
opposii,..- direction, depending on the intended
usc

rope.

Fills- different lays of wire rope currently in
use .irq illustrated in figure 11-49. The following
exp/on..4i=-;iis

will

of the

he

you recognize
pes shown.

and

RIC,;ari Rt:GULAK. LAY: In this type, the
wires in the strands are laid to the left, while the
strands in the rope are laid to the right.

LEFT REGULAR LAY: in this case, the
wires are laid up to the right to make the
strands, then th ,,?rands are laid up to the left
to form the rope. (In this lay, each :-.:tep of
fabrication is exactly opposite from the right
iay.)

RIGHT LANG LAY: Here the wires in the
strands and the strands in the rope are both laid
up to the right.
LEFT LANG LAY: With this type, the wires

29.173
.ciure 11- 49. llllire rope lays.

also laid i t

the same direction, but in this

instance thc lay is to the left (rather than to the
right lar,3 lay).
REVERSE LAY: The wires in one strand are

laid up to the right, the wires in the adjacent
strand are laid up to the left; the wires in the
next strand are to the right; and so forth, with
alternate directionc, from one strand to the
other. Then all strands are laid to the right.
The main TYPES OF WIRE ROPE used by
the Navy consist of 6, 7, 12, 19, 24, or 37 wires

in each strand. Usually, the rope has 6 strands
lard aroung a fiber or steel center.
Two common types of wire rope, 6 x 19 and
6 x 37 rope, are illustrated in figure 11-50. The

6 x 19 type having 6 strands with 19 wires in
is commonly used for rough
hoisting and skidding work where abrasion is
likely to occur. The 6 x 37 wire rope, having 6
each strand,

strands with 37 wires in each strand, is the most
flexible of the standard 6-strand ropes.

Wire .rope is
designated as to SIZE by its
.
.
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A 6 STRANDS

it 6 STRANDS of 37
U WIRES 16 x 371

19

WIRES 16 x

I

29.173

Figure 11-

Al 6 x 19 wire rope; 031 6 x 37 wire
rope.

29.173
Figure 11.51. Correct and incorrect methods of measuring wire rope.

rope is considered as being the diameter of the
circle which will just enclose all of its stranf!.,.
The correct, as well as incorrect, method
measuring wire rope is illustrated in figuic

rnber that this is ONLY A RULE OF
THUMB. Irt computing the SWL of old rope,
worn rope, or rope which is otherwise in poor

11-51. Note, in particular, that the RIGHT WAY

condition, you could reduce the SWL as much as

is to measure from the top of one strand to the
top of the strand directly opposite it. The wrong
way, as you will note, is to measure across two

50 percent, depending on the condition of the

strands side by side.

Some of the common causes of WIRE ROPE
FAILURE are:

Use calipers to take the measurement; if
they are not available, an adjustable wrench
will do.

To insure an accurate measurement of the
diameter of a wire rope, always measure the
rope at three places, at least 5 feet apart. Use the
average of the three measurements as the
diameter of the rope.
The term SAFE WORKING LOAD (SWL),
as used in reference to wire rope, means the load
that can be applied and still obtain most
efficient service and also prolong the life of the

rope. There arc several rules of thumb which
may be v-ed to compute strength of wire rope.
The one recommended by the Naval Facilities
Engineering Command (NAVFAC) is:
SWL (in tons)

x 4,

where D represents the diameter of the tope in
inches. For example, the SWL of a 2-inch sore

rope.

1. Using incorrect size, construction, or
grade.
2. Dragging over obstacles.
3. Improper lubrication.

4. Operating over sheaves and drums of
inadequate size.
5. Overriding or cross-winding on drum.
6. Operating over sheaves and drums with
improperly fitted grooves or broken
flanges.
7. Jumping sheaves.
8. Subjecting to acid fumes.

9. Improperly attached fitting.
10. Allowing grit to penetrate between the
strands, promoting internal wear.
11. Subjecting
overload.

to

SelitTe

or

continuing

A.NDLING AND

To render safe,
service over a
ma,--;mum period of time, wire rope must be
given the care and upkeep necessary to maintain
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Wire rope has a strong tendency to kink
during UNCOILING or Unreeling, especially if it
has been in service for a long time. Keep in mind

that a kink can cause a weak spot in Lue rope,
which will wear out quicker than the rest of the
rope.

A good method for unreeling wire rope is to
run a pipe or rod through the center and mount
the reel on drum jacks or other supports so that
the reel is off the ground. (See fig. 11-52.) In
this way, the reel will

turn as the rope is

unwound, and the rotation of the reel will help
keep the rope straight. During unreeling, pull the
rope straight forward, as shown in figure 11-52,
and try to avoid hurrying the operation. As a

29.174
Figure

--(Left) Unreeling wire rope, (Right)
Uncoiling wire rope.

11-

FOR RIGHT LAY ROPE

FOR LEFT LAY ROPE

(USE RIGHT HAND)

(USE LEFT HAND)

FOR OVERWIND
ON DRUM;

FOR LINDERWIND

FOR OVERW

FOR UNDERWIND

ON ORUM1

ON @MC

ON DRLIMI

The palm is down, facing

The pelts is up, facing

the palm is down,

The palm is up rating

the drum.

the drum.

facing the dr=.

the drum.

The Index finger points at
on-winding rope.
The index finger must be
closest to the left-side flange.
The wind of the rope must
be from left to right along

The index ringer points cc
on-winding tope.
The index finger must be
closest to the right-side

The index Roger points Cr
on-winding rope.
The index finger must he

The index finger points at

closest to the right.side

to the left -- -aide flange.

Osage.

The wind of the tope must be
flange.
The wind of the- rope must from left to right along the

the drum.

The wind of the rope
must be from right to left
along the drum.

be from right to left along

on- winding rope.

The index finger must be closest

drum-

the drum.

lf * smooth.face drum has been cut or scored by an old rope, the methods shown

may not tools,

115.289

Figure 11-53.Drum winding diagrams for selection of proper lay of rope.
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safeguard against kinking, NEVER unreel wire
rope from a reel that is stationary,
To uncoil a small coil of wire rope, simply

stand the coil on edge and roll it along the

ground like a wheel or hoop, as illustrated in
figure 11-52. NEVER lay the coil flat on the
floor or ground and uncoil it by pulling on the
end, because either of these actions is likely to
cause kinks or twists in the rope.

To re-reel wire rope back onto a reel or a

drum you may have difficulty unless you

remember that it tends to roll in the opposite
direction of the lay. A right-lay wire rope, for
example, tends to roll to the left.
Closely observe figure 11-53, which shows

drum winding diagrams for selection of the
proper lay of rope. When putting wire rope onto

a drum, you should have no trouble if you are
familiar with the methods of overwinding and
underwinding shown in the illustration. When
wire rope is run off one reel onto another reel,
or onto a winch or drum, it should be run from

80.20

Figure 11-55.The correct way to take out a imp in
wire rope.

TOP TO TOP or from BOTTOM TO BOTTOM,
as shown in figure 11-54.

If a wire rope should form a LOOP, never
try to pull it out by putting strain on either part.
As soon as a loop is noticed, uncross the ends by
pushing them apart. (See step I in fig_ . 11-55,)
This reverses the process that started the loop.
Now, turn the bent portion over and place it on
your knee or some firm object and push
downward until the loop straightens out

Whenever possible, drums,

sheaves, and

blocks used with wire rope should be placed so
as

to avoid REVERSE or S-shaped BENDS.

Reverse bends cause an unnecessary amount of

shifting of the individual wires and strands,
increasing wear and fatigue. Where a reverse
bend is necessary, the drums and blocks
affecting the reversal should be of larger

somewhat. Then lay it on a flat surface and

diameter than that ordinarily used and should be
spaced as far apart as possible.

pound it smooth with a wooden ma/let.
If a heavy strain has been put on a wire rope

with a KINK in it, the rope can no longer be
trusted. Cut out the kinked part and have the
ends spliced together by the Steelworkers or

It is not possible to prescribe an absolute
minimum size of WIRE ROPE SHEAVES, owing

to the number of factors involved. Experience

replace the wire rope altogether.

has shown, however, that the diameter of a
sheave should NEVER BE LESS THAN 20
TIMES THE DIAMETER OF THE WIRE ROPE.

An exception to this is 6 x 37 wire, for which a
smaller sheave can be used because of the greater
flexibility of this wire rope. The stiffer the wire
rope, the larger the sheave diameter required.

REEL

REEL

DRUM

DRUM

Figure 11-54.Tre

e

ing

Great care is exercised in the manufacture of
wire rope to lay each wire in the strand and each
strand in the rope under uniform tension. If the

80.18
om reel to drum.

ends of the rope are not secured properly, the
373
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For permanent seizings the seizing wire
should be inserted through the wire rope and
then laid along in the valley between strands for
the width of the seizing. When turns are taken
back toward the remaining end.

To make a temporary wire rope seizing,
wind on the seizing wire uniformly, using
tension on the wire. After taking the required
number of turns, as in step I in figure 11-56,
twist the ends of the wires counterclockwise by
hand, so that the twisted portion of the wires is

near the middle of the seizing, as in step 2.
Grasp ends with nippers or suitable pliers and
twist up slack as in step 3. Do not try to tighten
seizing by twisting. Draw up on seizing as in step

4. Again twist up the slack, as in step 5. Repeat
steps 4 and 5 if necessary. Cut ends and pc -nd

them down on the rope as in step 6. If the
seizing is to be permanent, or if the rope is 1-5/8
inches or more in diameter, use a serving bar or
iron to increase tension on the seizing wire when
putting on the turns.

Wire rope can be cut successfully by a
number of methods_ One effective yet simple
method is that of using a hammer-type wire rope
cutter. (See fig. 1 l-57.1 (Remember that all wire
must be seized before it is cut.) For best results

in using this method, place the rope in the

bottom of the cutter, as illustrated, so that the
blade comes between the two central seizings.
56.220

Figure 11 -56. Putting a seizing on wire rope.

original balance of tension will be disturbed and
maximum sc.-vice will not be obtained, because
some strands will carry a greater portion of the

load than others. Before CUTTING steel wire
rope, place three sets of SEIZING on each side
of the point where the rope is to be cut. A rule
of thumb for determining the size, number, and
distance between seizings is as follow:

1 x the diameter for the width of the seizing

2 x the diameter for the distance between
seizings

the

diarne

he number of seizings

Figure 11-57.-1-lawn@
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pe wire rope cutter.
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With the blade down against the rope at the
location of the cut, strike the top of the blade
sharply several times with a sledge hammer.

Wire rope can be cut easily with a hydraulic
wire rope cutter. This device works basically like

a hydraulic jack; as you pump the handle, a
cutter severs the wire rope.

Bolt cutters are only suitable for cutting
wire of fairly small diameter, but the cutting

torch will cut wire of any diameter. Other
cutting tools include the hacksaw and cold
chisel, but with them the cutting operation is

127.49

slower and more difficult.

Figure 11 -58. Method cif field lubricatt

Wire rope bending around winch drums and
will wear like any other metal.
Deterioration caused by corrosion is more

sheaves

dangerous than that caused by wear, simply
because corrosion commonly affects the inside
wires which makes it more difficult to detect by
inspection. Deterioration caused by wear can be
detected by examining the outside wires of the
wire rope, because these wires become flattened
and reduced in diameter as the wire rope wears.
Any wire rope in which the outside wires are

worn to less than 75 percent of their original

As a safety precaution, always wipe off any
excess oil when lubricating wire rope. Too much
lubricant is liable to get into brakes or clutches,
causing them to fail. While in use, ti ve motion of

machinery may sling excess oil about, making
surfaces, such as catwalks, unsafe to work on.
Never lubricate wire rope that comes in contact
with soils. The lubricant will pick up fine

particles of soil that tend to damage the wire

diameter should be replaced.

rope because they are abrasive.

Both internal and external lubrication are

WIRE ROPE ATTACHMENTS

required to protect a wire rope against wear and
corrosion. Internal lubrication can be properly

applied only when

soon as the last coating has appreciably
deteriorated, it should be renewed.

wire rope is being
manufactured, and manufacturers customarily
coat every wire with a rust-inhibiting lubricant
as it is laid into the strand. The core is also
lubricated in the course of the manufacturing
TLhe

process.

Lubrication applied in the field is designed

not only to maintain surface lubrication, but
also to prevent the loss of internal lubrication.
The Navy issues a gear oil, which is called OIL,
GEAR, EXPOSED, HOT, an asphaltic petroleum
oil which must be heated before using. The oil is

Many attachments can be fitted to the ends
of wire rope so that it can be connected to other
wire ropes, pad

eyes,

or equipment. The

attachment used most frequently to, attach dead
ends of wire ropes to pad eyes or similar fittings
on earth-moving rigs is the WEDGE SOCKET
shown in figure 11-59. The socket is applied to
the end of the wire rope as shown in the figure.
Remove the pin and knock out the wedge first.
Then pass the wire rope up throught the socket
and lead enough of it back through the socket to
allow at least 2 inches of the dead end to extend
b el ow the socket upon completing the

attachment, as shown in figure 1160. Next,

issued in 5-Ih cans, 35-lb pails, and in 120-lb
drums. It can be applied by drawing the wire
rope through a trough containing hot lubricant
as shown in figure 11-58. Frequency of

replace the wedge, and haul on the dead end of
the wire rope until the bight closes around the
wedge as shown in figure 11-60. A strain on the
standing part will tighten the wedge. A great
advantage of the wedge socket is the fact that to

application depends upon service conditions; as
375
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STANDING PART

SOCKET
PIN

remove it you need only to drive out the wedge.
It should be noted, however, that the strength of

COTTER
1

PINS

a wedge-type socket is such that the overall
strength of a rope having a socket attachment is
reduced by about one-third. The safe working
load of the rope must, of course, also be reduced
accordingly.

The best method for attaching a closed or
open socket is by speltering. The term
SPELTERING means to attach the socket to the
wire rope by pouring hot zinc. (See fig. 11-61.)

Forged steel speltered sockets are as strong as

the wire rope itself, and are required on all
cranes that are used primarily for lifting

personnel, as well as for lifting ammunition,

115.177

acids, and other extremely dangerous materials.
Cranes lifting foodstuff and other general
supplies nay use forged steel wedge or swaged

Figure 11-59.Parts of a wedge sock

sockets.

A common method of making an eye in the
end of a wire rope is by the use of WIRE ROPE

CLIPS like those shown in figure 11-62. The
U-shaped part of the clip, with the threaded
ends, is called the U-BOLT; the other part is
called the SADDLE (OR RODDLE). The saddle
Figure

is stamped with the diameter of the wire rope
the clip will fit. Always place a clip with the

115.178
0.Wedge socket attached properly.

U-bolt on the dead end, not on the standing part
of the wire rope. If clips are attached
incorrectly, the live end of the wire rope will be
distorted or will have mashed spots.

56.226

115.179

Figure 11-62.Wire rope clips-

11.61.Speltering a closed or basket
socket
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Following is
clips:

simple formula for wire rope

3 x wire rope diameter 4- 1 - Number of clips

HEAVY-DUTY AIR
COMPRESSORS

the Naval Construction Force,
compressed air is used to inflate tires, to spray
paint, to operate pneumatic tools, to clean
equipment, to perform various jobs around
maintenance shops, to furnish air for underwater
In

6 x wire rope diameter Spacing between clips

Mother type wire rope clip is the
TWIN-BASE clip shown in figure 11-63. Both
parts of this clip are shaped to fit the wire rope;
consequently, the clip cannot be put on wrong
and it is less damaging to wire rope than the
U-bolt clip.

divers,

and

to

supply

equipment.

power for drilling

A compressor is a machine for compressing

air from an initial intake pressure to a higher

It also allows for a clear 360 degree swing
with the wrench when the nuts are being

tightened. When an eye is made in a wire rope,
the metal fitting called a THIMBLE is usually
placed in the eye, as shown in figure 11-62, to
protect the eye against wear.

After the eye made with clips has received
an initial heavy strain, the nuts on the clips must
be retightened. Periodic checks should be made
afterwards for tightness, and also for damage to
the rope that might be caused by the clips.

exhaust pressure through reduction in volume. It
consists of a driving unit, a compressor unit, and
their accessories. The driving unit provides
power to operate the compressor and is
normally a diesel engine. Compressors used by
the Naval Construction Force are slightly
different from commercial models. Even though
manufactured by different companies, most
compressors are quite similar. They are governed
by a pressure control system which is adjusted
to compress air to a maximum pressure of 100

pounds per square inch. The compressor unit
may be of reciprocating, rotary, or screw design.
COMPRESSOR DESIGN

The construction of reciprocating
compressors is similar to that of an automobile
engine. They may be air or liquid cooled. As the
piston moves up and down, air flows into the
cylinder through the one-way intake valve (fig.
11-64).

As the piston moves upward the intake valve
closes and the trapped air is compressed until it
exceeds the pressure within the collecting

manifold, at which time the discharge valve

opens and the compressed air is forced into the
air manifold.
The reciprocating compressor is normally
connected to an engine through a direct
coupling or a clutch. The engine and compressor
are separate units.
Rotary compressors have a number of vanes
held captive in slots in the rotor and sliding in
and out of the slots. Figure 11-65 shows an end
view of the vanes in the slots. The rotor revolves
about the center of of its shaft which is offset

30.70X

Figure 11-83.Twin-base wire rope clip.
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rotor is turning. Notice the variation in the

clearance between the vanes and the bottom of
the slots as the rotor revolves. The vanes divide
the crescent-shaped space, between the offset
rotor and the pump casing, into compartments
which increase, and then decrease, in size as the
rotor rotates. Thus, free air enters each
compartment as successive vanes pass across the

air intake; the air is carried around in each
compartment and is discharged at a higher
pressure due to the decreasing size (volume) of
the moving compartments as they progress from

one end to the other of the crescent shaped
space. The compressor is lubricated by oil
the unit. All oil is
removed from the air by an oil separator before

circulating throughout
INTAKE

DISCHARGE

the compressed air leaves the service valves.
The screw compressors are direct-drive,
single stage machines, with two rugged, precisely

54.19
Figure 11-64. Intake and compression strokes in a reciprocating compressor.

matched spiral-grooved rotors (fig. 11-66). The
rotors provide positive-displacement internal
compression, smoothly and without surging. Oil
is injected between the rotors to cool the air and
seal against slip losses. The oil that iixes with
the air during compression passes into the
receiver-separator, where it is removed and
returned to the oil cooler.

from the center of the pump casing. Centrifugal

force acting on the rotating vanes maintains
wiping contact between the edge of the vanes
and the pump casing_ . This feature causes the
vanes to slide in and out of their slots when the
TARE

ROTOR

CENTER OF
PUMP CASING

PUMP CASING

CENTER
OF ROTOR

WIPING

CONTACT

Ammo
PARTMENTS

OFFSET

ROTOR SLOTS

CLEARANCE BELOW VANES

54.19

Figure 11-65.Compression
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temperature, or when any of the protective
safety circuits develop a malfunction.

Other features that may be observed in the
is a governor
system whereby the engine speed is reduced
when less than full air delivery is used. An
engine and compression control system prevents

operation of air compressors

excessive buildup in the receiver.

Mr compressors, reciprocating, rotary and

screw, are classed as either single stage or

multistage. In a single stage compressor there is
but one compressing element which compresses

the air from the initial intake pressure to the

final discharge pressure in one step. In the
multistage machine there is more than one
compressing element. The first stage compresses

the air to an intermediate pressure, thence to

one or more additional stages to be compressed

to final discharge pressure. The multistage
system is more efficient than the single stages,
thus reducing a premature buildup of pressure
due to temperature.

Intercoolers

When air is compressed, heat is generated.

This heat causes the air

to expand, thus

necessitating an increase in the power required
for further compression. If this heat is
successfully removed between stages of
compression, the total power required for
additional compression may be reduced by as
much as 15 percent. In multistage reciprocating
compressors, this heat is removed by means of
intercoolers, which are heat exchangers placed
between each compression stage. Rotary air
compressors are cooled by oil and do not use
intercoolers.
Figure 11-66.C,ornpression cycle in

54.19
rcw compressor.

Aftercoolers

large volume compressors have
protection devices that will shut them down
All

It is obvious that the presence of water or

moisture in an air transmission line is not
desirable. The water is carried along through the
line into the tool where the water washes away

automatically when the engine oil pressure drops
below a certain point, when the engine coolant

rises above a certain temperature, when the

the lubricating oil thus causing the tool to run

compressor discharge rises above a certain

sluggishly and increases maintenance. The effect

379
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is particulary pronounced in the case of high
speed tools where the wearing surfaces are
limited in size and excessive wear

suction valves to close, thus resuming the
compression cycle. The rotary compressor
output is governed by varying the engine speed.

reduces efficiency by creating internal air
leakage. Further problems may result from the
decrease in temperature caused by the sudden
expansion of air at the tool. This low
temperature creates condensation which freezes
around the valves, ports, and outlets. This
condition obviously impairs the operational
efficiency of the tool and cannot be allowed.

a valve throttles the amount of free air which

The most satisfactory means of minimizing these

The engine will operate at the speed required to
compress enough air to supply the demand at a
fairly constant pressure. When the engine has
slowed to idling speed as a result of low demand,
may enter the compressor.
The screw compressor output is governed by
automatic control which provides smooth,
stepless capacity regulation from full load to no

load in response to the demand for air. From a
full load down to no load is accomplished by a
floating-speed engine control in combination

conditions is the removal of the moisture from
the air immediately after compression and

before the air enters the distribution system.

This may be accomplished

in reciprocating
compressors through use of an aftercooler which

with the variable-inlet compressor.

is an air radiator that transfers heat from the
aftercooler reduces the temperature of the

AIR COMPRESSOR
MAINTENANCE

compressed air to the condensation point where
most of the moisture is removed. Cooling the air
not only eliminates the difficulties which
moisture causes at points where air is used, but
also insures better distribution.

shown in figure 11-67 is representative of rotary
compressors that have single stages and sliding
vane rotors. This compressor has several built-in

compressed

air

to

the

atmosphere.

The

Receivers

The receiver tank is of welded steel
construction and is installed on the discharge

side of the compressor. It acts as a surge tank as
well as a condensation chamber for the removal

of oil and water vapors. It stores enough air
during operation to actuate the pressure control
system, and is fitted with at least one service
valve, a drain or blow-down valve, and a safety
valve.

Pressure Control System

All military construction compressors are

governed by a pressure control unit. In a

The Worthington portable air compressor

features that make it easy to maintain. These
include an automatic blowdown valve for
releasing air pressure when the engine is stopped;
a means for draining moisture that accumulates
in the receiver tank; a drain cock (fig. 11-68) at

the bottom of the compressor suction control
and engine speed control; a drain cock on the
piping at the bottom of the oil storage tank; an
air cleaner service indicator (fig. 11=69) to show
when the filter needs changing; and a demister,

or special filter that separates lubricating oil
from compressed air.

The operation of a rotary air compressor
should be free of trouble if it is maintained and
serviced properly. Your main concerns in taking
care of the compressor are keeping the air and
lubricating oil clean and adjusting the pneumatic
controls (fig. 1 1-68).

reciprocating compressor the pressure control
system causes the engine to idle and the suction

AIR CLEANER SERVICING

valves to remain open when the pressure reaches

The air cleaner contains a two-stage, dry
filter element that is replaced when dirty. It is

a set maximum, thus making the compressor
unit inoperative. When the air pressure drops
below a set minimum, the pressure control unit
causes the engine to increase speed and the

time to change the filter when a red band

appeals in the sight glass of the air cleaner
service indicator. If you can see this band while
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AIR PRESSURE

115 SOX

Figure 11-613.Pneu

PNEUMATIC CONTROLS
SERVICING AND ADJUSTMENT

Servicing the compressor controls is limited

to lubrication of the linkage that connects the

engine throttle to the speed control and the
suction control valve shaft. However, they have
to be adjusted occasionally.
Speed Control

The speed control is adjusted for either

maximum

or

minimum

speed.

Since

the

compressor operates at the same speed as the
engine, this control limits the operating speeds

of the engine and compressor. The spring

c controls.

attached to the speed control lever tries to hold
the engine at high idle. Air pressure from the
receiver tank acting on the diaphragm inside the
speed control counteracts spring tension and
causes the lever to move against the low-speed
stop screw. Any drop in air pressure within the
receiver allows the spring's tension to move the
lever and increase the engine speed enough to
provide the desired quantity of air. The
increased speed also maintains a stable pressure
in the receiver. When large volumes of air are
used, or the service valves are fully open, low air
pressure at the diaphragm permits the spring to
hold the lever against the high idle stop screw.

The only other maintenance needed on the
speed control is replacement of the diaphrgam.
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opening, remove the intake body containing the
throttle valve. Disassemble the valve and replace
any faulty components. Make sure you cover the
compressor inlet after removing the intake body
to keep out any foreign matter. Carefully

inspect the throttle plate and diaphragm for
damage. These parts are not repairable and must

be replaced when faulty. When reassembling,
insure that the connections in the intake piping
are tight and leak free.
THERMOSTAT REPLACEMENT

An overheated compressor will
automatically shut down the engine. A

thermostat located in the piping near the oil
filter regulates the flow of oil to the cooler and
insures adequate cooling. If the thermostat is
defective, replace
DISASSEMBLY
115.379X

Lubrication of the compressor is provided
by pressure through orifices in the compressor

Figure 11-69.Air clam

body and end plates. Poor lubrication of the

Suction Control

compressor causes overheating of the discharge
air from the compressor. The compressor must

The suction control valve, located at the
compressor inlet, regulates the amount of air
entering the compressor. This valve, together
with the compressor speed control, varies the
output of the compressor from minimum to
maximum volume. Air pressure acting on the
suction control diaphragm causes the shaft and
throttle valve to vary the opening to the
compressor. This valve closes when the air
pressure in the receiver is at maximum or 100
psi. Failure of this valve to close when engine
speed is reduced to idle will stall the engine.

be partially disassembled to inspect for faulty
lubrication. In disassembling the compressor,
follow the instructions given in the
manufacturer's service manual. Access to the
compressor is through an end plate which must
be removed. The vanes can then be withdrawn
and the compressor housing inspected. A slightly

scored housing can be cleaned up and the unit
will function normally. If heavily scored, the
housing must be replaced. Also, examine the
vanes for wear, thickness, and length. Replace
them if they don't measure up to the

manufacturer's
This

specifications. While the
compressor is disassembled, clean out the

failure is sometimes caused by a

sticking suction control valve. If it sticks but the

orifices to insure the vanes will get enough oil

throttle valve remains open or fails to seal the

while the compressor is operating.
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CHAPTER 12

MAINTENANCE
Maintenance is the care exercised and the
work performed to retain vehicles and
equipment in safe and serviceable operating

the tactical situation. An activity's range of
repair parts support is keyed to the authorized

condition during their normal service life. The
purpose of the Navy's maintenance program is
to effect economy and dependability in the use

repair parts support that can be assigned are

of equipment and to

insure continuity of
operation. It is not intended that vehicles be

maintained in a like-new condition during this
period.
In this chapter we will discuss maintenance
from an organizational viewpoint, dealing

primarily with maintenance administration and
maintenance support. Lubrication, one of the
most important phases of a sound maintenance
program, will also be discussed.
MAINTENANCE ADMINISTRATION

Administrative guidelines concerning
equipment maintenance at permanent shore
activities are contained in NAVFAC P-300,
Management of Transportation Equipment.
Guidelines for all units of the Naval
Construction Force (NCF) are contained in the
NCF Equipment Management Manual, NAVFAC
P-404.
CATEGORIES OF MAINTENANCE

There are three categories or levels of

maintenance

presently used in the Civil
Engineering Support Equipment (CESE)
maintenance system: ORGANIZATIONAL,

INTERMEDIATE, and DEPOT. The type of
repairs performed is determined by the nature of
the repair; the amount of support available
(spare parts, tools, personnel, and so on); and

level of maintenance. The four different levels of

described'in the Maintenance Support section of
this chapter.
Organizational Maintenance

Organizational maintenance normally
of proper operator's maintenance,
safety and serviceability inspections,
consists

lubrications, minor adjustments, and services.
Activities accomplishing only organizational

maintenance will normally be provided with
organizational ("0") level repair parts support.
Organizational maintenance is divided into
operator and preventive maintenance.
OPERATOR'S MAINTENANCE is that
maintenance required by an operator to keep his
assigned equipment in a clean, safe and
serviceable condition.
PREVENTIVE MAINTENANCE is that

maintenance which is scheduled with the main
objective of reducing equipment downtime and
unnecessary repairs. Preventive maintenance
(PM) normally consists of lubrication and minor
services, and adjustments beyond the scope of
those required under operator's maintenance.
The operator assigned to the equipment being
PM'ed should -always give a hand unless
specifically directed otherwise.

Intermediate Maintenance

Intermediate maintenance

is

the

responsibility of, and is performed in, a mobile,
sernimobile, permanent, or semipermanent
maintenance shop. The extent of intermediate
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maintenance encompasses all repairs up to and
including overhaul of individual assemblies,
subassemblies, and components. However,
ex tensive repair or rebuilding of major
assemblies should not be attempted on

equipment without prior approval of higher

AINTENANCE

distributed. Each item of CESE must be assigned
to at least one PM group, The equipment should

be distributed evenly throughout the 40 PM
groups, so that a minimum number of similar
pieces of equipment are out of service at any
one time. The normal grouping would work like

authority. Intermediate maintenance requires a
higher degree of skill than organizational
maintenance and is authorized a larger
assortment of repair parts and more precision
tools and testing equipment.

distributors, assign one to every tenth PM group,
and so on. The equipment should be grouped so

Depot Maintenance

scheduled

Depot maintenance is performed on
equipment requiring major overhaul or

assign each piece of equipment to one PM group.

this: If there are 10 dump trucks within the
inventory, one should be assigned to every
fourth PM group; if there are four water

that units which normally work together are
for PM together; for example,
semitrailers with truck tractors, scrapers with
tractors, and so on. Activities should initially

comprehensive restoration that will return the
piece of equipment to a like new condition.
Depot level maintenance employs production
line and assembly line methods whenever
practical. Activities assigned depot level
maintenance will assist activities assigned the
lower categories of maintenance wherever

effectiveness and REDUCE the time intervals for
certain pieces of equipment if necessary.

possible.

Preventive Maintenance Scheduling

Normally, as a CM3 or CM2, you will only
be concerned with organizational and
intermediate maintenance. Most of the
SEABEE's depot maintenance is performed by
overhaul facilities located at Port Hueneme,
California and Gulfport, I'vfississippi-

MAINTENANCE SOIEDULING

The only type of maintenance that can be
performed on a regular schedule is Preventive
Maintenance. A dynamic PM program will
reduce equipment downtime and prevent
unexpected equipment failure. PM scheduling
provides a balanced shop workload, thus
reducing the size of the work force required.
Once an activity's PM schedule has been

NOTE: The time interval is
INCREASED beyond 40 work days.

NEVER

Preventive Maintenance inspection
schedule, such as that shown in figure 12-1, is
established by the PM clerk annually. A new
schedule is required each year as the schedules
A

are based on the workdays in each calendar year.
The workdays on the schedule must correspond
to the unit's actual workdays; i.e., if you work a
6-day week, enter 6 days; omit holidays. The PM

groups are numbered vertically down the first
column. Figure 12-1 depicts the standard 40 PM
group concept arranged for a 5-day workweek.
The dates of the workday_ s of January are then
listed consecutively in the January column.
After January's last workday is entered,
continue with February's workdays in the
February column, and so forth. After

established, only the maintenance supervisor can
authorize, deviations. The PM scheduling system

completion, the schedule shows the workdays
on which each PM group is due for inspection.
For example, figure 12-1 shows PM group 5 is
due on January 8, March 6, May 1, June 27,

used in the NCF is the system we will discuss.
The standard interval between PM's is 40
working days.

August 23, October 23, and December 19.

PM Groups
all

After the system is established and operating,
the maintenance supervisor should review its

MAINTENANCE INSPECTIONS

PM groups are scheduling units, into which
of an activity's equipment is evenly

The objective of maintenance inspections is

to keep equipment in a safe and serviceable
385
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at all times by detecting minor
deficiencies before they develop into costly

condition

servicing the items listed on the Operator's Daily

major repairs.

PM Report, NAVFAC 11260/4 (fig. 12-2) for
construction equipment and the Operator's

Operator's Inspections

The first sign of vehicle trouble is usually
detected by the operator during one of his three
daily inspections: before, during, and after
operations.
The BEFORE OPERATION inspection
consists of the operator's inspecting and

OPERATOR'S DAILY SERVICES

2

Inspection Guide and Trouble Report, NAVFAC
9- I 1 240/1 3 (fig. 12-3) for automotive
equipment. If a defect is discovered, the
equipment SHOULD NOT BE OPERATED. The

defect must be reported to the dispatcher, who
in turn will report it to the maintenance section.
The DURING OPERATION inspection

consists of the operator's using his sense of
and touch to detect improper

smell, sight,

OPERATOR'S DAILY PM REPORT

Fill radiator to proper level. Remove debris
m core.
Inspect belts for proper teneion, alinement*

Sup4eoodes NAVDOCWS 2664
5/N 0105.LF-004.1520

and Condition.

Fill to proper level, inspect for leaks!

Us. ItoNsels .51.10

required!

7
8

11
12
11
14
ii

MO,

meted by the Transportetiou Division.
Check tire pressor* with gals. Inflate am
to reconnended pressure. Resew
glass,

10

for Roark.

14plossiery Notes es &Ng's.

Inspect end clean oil bath end dry typo on

Clean filter jar ee often es conditions
Vises_
for condition. Fill to
properloval.
Fill to proper oil level, and inspect for
leek..
Psrfors daily lubricities service. as desig

stone., pails, etc.

Inspect for candition, safety guards. boom
*tom radium indicators, awning devices,
adders, fire entieguishere. etc.
aspect unit for general condition. Correct
or report soy alficisaties regelriog necktieice attention.
Fill feel took as neceseary.
Check all (ogee and meters for proper operation.
Perform prescribed shutdown servicos such an
aaeeries tiechieea. draiming air tanks, cover
exhaust stacks, close hoed *, etc.
List any deficiemcies noted during operation.

A
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more important items to be inspected are listed
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for excessive wear; check the
wheel cylinders for leaks and
deterioration (to be
performed annually and/or as
required to comply with state

and

local inspection

regulations).
sisyirse
Ripw

1116/11(11411

Check the fluid level and all
the hydraulic brake lines for

01101-1. /-004-1195

leaks.

29.5o
Figure 12-3.---00erotor's Inspection Guide and Trouble
Report, NAVFAC 9- 11240/13.

On airbrake systems inspect
the airbrake accessories and
all air lines and air tanks for

operation. If a defect is discovered during
operation, the equipment should be secured and

/eaks and deterioration; check
the airbrake instrument
controls and air valves.

the problem reported to his supervisor or the
dispatcher.

The AFT ER OPERATION inspection
of the operator's looking over the

consists

Check all the

equipment as he performs the established
shutdown procedures and reporting any defects
to the dispatcher.

signals,

and reflectors,

Check the condition of the

Safety Inspections

trailer jumper cable.

The Navy requires that each motor vehicle
receive a safety inspection at least once every 6

Check the headlights
proper alinement.

401
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Instruments,
Controls,
and Warning
Devices

i

AINTENANCE

inspections and are performed by utilizing the

Check all the instruments,
gages, mirrors, switches,

appropriate portions of appendix 11 or III

controls, horns, and warning

devices for proper

Type "B" PM Inspections

functioning and damage.

Exhaust
System

Type "B" PM'S are performed at intervals of
2000 miles, 120 hours, or after two consecutive

Check the muffler, xhaust,
and tailpipes and all

"A" PM's. Type "B" inspections are more
detailed than type "A" inspections and are

connections for leaks.
Steering.

System

performed utilizing the appropriate portions of
appendix II or III.

Check all steering devices and
linkage for wear and damage.

Type "C" PM Inspection

Type "C" PM's
Seat Belts

Check all safety belts for
wear and proper mounting.

Fifth Wheel
and Trailer

Check the operation of the
fifth wheel mounting bolts or

clamps and safety lock.
Check the trailer kingpin for
wear or damage.
Tires

will

be

performed as

determined by the maintenance supervisor. It is
his duty to insure that the waivering of "C" PM
requirements will increase equipment availability
without sacrificing equipment condition. Type
"C" PM's are very comprehensive inspections
and will be performed by utilizing all items of
appendix II or III, as appropriate.
Deadline Inspections

Deadline inspections are particularly critical

Check all the tires or damage

to insure that equipment does not deteriorate.
Deadline inspections may be performed at each
regularly scheduled PM due date or more

and excess wear.

Remove and replace all tires
with 1/16 of an inch or less
of tread. Check the wheel lug
nuts for tightness.

frequently, if so determined by the maintenance
supervisor. As a minimum, deadline inspections
insure that: all openings are covered and
weathertight; all machine surfaces are preserved;
all disassembled components are tagged,
.

Windshield
Wipers,
Glass and
Defrosters

Check the wipers, glass, and

covered, and stored; and no cannibalization

operation, wear, damage, and
deterioration.

(removal of components) has taken place since
the last inspection. Deadline inspections should
include any possible cycling (checking
components for proper operation) of the

defroster for proper

deadlined item; i.e., if a truck is down for an

axle you can still start the engine and insure that

Type "A" PM Inspections

it runs O.K. If cycling is accomplished, insure
that all required represervation is accomplished.
Equipment is considered deadlined when it will
not perform as designed or is in need of parts
which are not on hand.

Type "A" PM's are scheduled at intervals of
40 working days, regardless of usage. This type
of inspection is performed until the equipment
qualifies for a type "B ". These inspections are

PM RECORD CARDS

particularly critical on low usage equipment,
such as equipment on a standby status to insure

A Preventive Maintenance Record Card,

that it does not deteriorate. Type "A" PM's

consist primarily of safety and serviceability

NA V D OC K S
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maintained for each item of assigned equipment.

REPAIR ORDERS

preventive maintenance history in chronological
order and necessary information to assist the PM

authorize, and control repairs

NAVDOCKS 1949 cards are maintained in

information can be extracted to provide an
activity with a complete picture of how their

(See figure 12-4.) A PM record card on a
particular vehicle will contain the vehicle's

The Navy uses repair orders to specify,

clerk in preparing Equipment Repair Orders.

PM

group sequence in a separate file. Equipment
assigned to more than one PM group will have a

type of PM service performed, date it

Engine

was

and accumulative miles/hours.
or filter changes are indicated

oil

Shop Repair Orders

by entering "O/C" or "F/C", PM record

cards are returned

to

the a p p ro pri a to

The shop repair order (SRO) and its
continuation sheet (fig. 12-5 and 12-6) are used
mainly in Public Works activities. The SRO is a

equipment history jacket when the vehicle is
transferred.
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all

maintenance program is doing and also provide
complete historical cost and utilization
information for each piece of CESE equipment
Therefore, the information contained on repair
orders must be neat, complete, and accurate.
This cannot be overemphasized.

dummy PM record card filed in the extra PM
group (or groups). The PM clerk records the
following information on the PM record card
from completed PM Equipment Repair Orders:

performed,

on

USN-numbered equipment. The repair orders
also serve as a reporting document from which
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Figure 12-5.Shop Repair Order (SRO).

Instructions for using the SRO are contained in

location of the equipment, in the field or in the
shop. An ERO is prepared by the unit for each
piece of equipment every time labor or materials
are expended on any of the types of work listed

the NAVFAC P-300 manual.

below:

three-part snapout set. It is required each time
labor in excess of 0.3 hr or material is expended
on

a

piece of USN-numbered equipment.

1. Type "A' Preventive Maintenance
2. Type "B" Preventive Maintenance
3. Type "C" Preventive Maintenance
4. Receipt inspections (acceptance and

*pmen Repair Orders

The Equipment Repair Order (ERO) (fig.
12-7 and 12-8) was designed for use by all

BEEP's)
5. Deadline cycling or preserve Lion of
equipment

SEABEE units. The ERO is the sole authority to

perform work on CESE, regardless of the

6. Repairs performed in the field (interim)
391

404

CONSTRUCTION MEC AN

IPAI WM

1

t)

iATiff

N

i,
WI

120 611140i011001

0

000 PACT .1

,

---

rx

440i

2

,,

....- .

.,

ire

.

---I31 I WOW, OtSCRIPYION

__

..------

..

-

-

____------_,.---

.--

-

-rtM
01

A JJ 04f T..1 A *.rmt .jr

---$../ VEN:

v.

AgY "Ifitt NTN-#

.oti..i um

IMM f NI

4 ,.1 ,,,,,

ti

Aka

ji

..2

i
4

Figure 12-6.Shop Repair 0

/,
I

,

2.8.2

ontinuation sheet.

7. Repairs performed because of a driver's
report (interim)
8. Warranty
9. Rework
10. Accident

produce the Field Maintenance Report (FMR).
This monthly report provides the maintenance
supervisor with a detailed overview of how his
shops are performing. ERO's containing
incomplete or incorrect entries in the heavily

Every week NCF units forward all
completed white copies of ERO's to the Naval

outlined blocks are rejected. CESO maintenance
division monitors rejected ERO's to insure that
they are resubmitted. Complete instructions on

Facilities Engineering Command, Facilities
System Office (FACSO). FACSO extracts and

the use of ERO's can be found in the NCF
Equipment Management Manual, P404.

compiles information contained in the heavily
outlined blocks of the ERO (fig. 12-7). For this
reason the accuracy and completeness of the

Control of ERO's is required to prevent

having two or three ERO's open for the same

information in these sections cannot be
overstressed. FACSO uses this information' to

piece of equipment. Figure 12-9 shows a sample
of an ERO log. Your activity may use a variation
392
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TS'ff_a_1(C/C 6
01

02
03
04
05
06
07

08
09
10
11

12
13
14
15

A PM
RPM
C PM

Interim Repair
Overhaul
Breakdown (Field Rep_ air)
Acceptance
Repair for Stock
Preservation and Storage Maintenance
Warranty

Rework
Accident
Shipping Inspection (CET))
Surveillance Inspection (CEO)
Operational Test (CED)

C3&2

E

DRIVE TRAIN

STE

025

N92
N93
N94
N95

D26

Clutch, Main Drive
Clutch, Control/Drurn

027

Manua I Transmission

D28

Auto/Power Shift Transmission
Auxiliary Transmisisou

029
D30

Transfer Cases/Power Dividers
Drive Shales/() - Joints

N97

PNEUMATIC

D37

Differentials
Drive Axles
Final Drive/PIanetaries
Power Take-Off
Drive Belts/Chains
Torque Converter

038

Other

D3I
D32
D33

034
035
036

ENGINE

FilisICDONALCODES_MGCK 45)
SERVICES

067C

56X
70X
08X
7817(

Transmission Filters
Change Oil & Filters (Both
SOX and 067)

Drain & Refill Hydraulic Oil
Hydraulic Filters & Screens
Change On & Filters (Both
70X and 013X)

09X
113X

11X
12X
13X
14X

E40

Drain ik Refill Differential/
Final Drive Oil /Filters
Air Cleaner/Filter
Battery Service/Recharge
Cleaning
Preservation
Other

E45
E46
E49
E50

F52
F53
F54
F55
F56
F57
F58

A02
A03
A04
A05
A06
A07

1-165

Hoses /Lines /Pipes /Fittings

H66

Boom
Buckets/Blades/Edges
Sheeves/Pulleys/Wire Rope
Augers
Other

Accumulators/Tanks
Orher

ELECTRICAL

1167

.169

170

172
J73
J74
J75

Linings/Disks /Proles /Bands

Drums/Rotors

011

Hacking Plate/Cams/Calipers

1312

floses/llnes/Plpes/Fittings

377

1313
1314

Master/Wheel Cylinder

1713

Charnliers/Diaaphragrns

B15

HYdrovae/Yacuurn Pump
Valves, Governors, Tank
Parking/Hand Brake
Other

J79
J80

SUSPENSION
C20
C21

C22
C23

Springs
Shock Absorbers
Oars/Rods
Other

Drifters
Motors

PO8

P09

Jul

Hoses /Lines /Pipes / Fitttngs

Controls
Receivers/Oilers
Other

SAFETY -OUIPME111_
SI I
S12

Hie Extinguisher
Mirrors/Reflectors

SI6

Windshield Wipers
Mud Flaps /Guards /Sit Ids
Glass/Windshield
Horn

SI 1

Other

TI 9
T20
T22
T23
124

Pump
Pressure Control Valves
Operating Valves

Wench/POI
Hackhue

1309

018

PO4

CT TRANSFER

Gov/Throt tie Controls
Other

Cylinders
Motors

1310

Ell 7

Fuel System
Fuel Transfer Pump
Fuel Injection Pump
Injectors/No=1es
Carburetor

H64

1163

171

016

Compressors
Separators/Filters

T21

1161

BRAKES

Cylinders

S14
S15

HYDRAULIC

H62

A01

P01

P02
P03

SI3

FUEL

H60

ATTACHMENTS

Engine Assy, Aux
Air Intake System
Blowers/Supercharges/TurboChargers
Exhaust System
Emission Control System
Cooling System
Other

E42
E43
E44

1498
1199

P05
P06
P07

Engine Assy, Gas
Engine Assy, Diesel

E41

0 IX Lubrication
20X Drain & Refill Engine Oil
03X Engine Oil Filter
23X Change 011 & Filters (Both
20X and 03X)
04X Fuel Filters and Screens
50X Drain & Refill Transmission Oil

1196

Adjustments/Wheel/Alignment
Steering Wheel/Box
Steering Brakes/Clutches
Linkages/Tie Rods /Etc.
Ban joints/King Pins
Power Steering Rump /Belt
Steering Cylinder /Hoses
Other

Asphalt Pump
Water/Mud Pump
Refueling Pump
Concrete Pump
Conveyor Belt /Rucke
Other

HEATER ENTNIl.M1NG SYSTEm
V2
V27
V28
V29
V30

VII

Replace Battery
Replace Speedometer/Hour-meter
Charging System
Cranking System
Lighting/Wiring System
Electrical onttols/Panels
Ignition System
Instruments/Gages
Generators. Power/Welding
Electric Drive Motors
Electronic Circuits
Other

Asphalt /Tank Heater
Water Heater/Defroster
Aggregate Heater
Screed Heater

Air Conditioning
Other

WHEELS/TRACKS
W33
W34
W35
W36
W37
W38

Hub Assy/StudsfNuts
Rollers/Idlers/Sprockets
Track Frame /Guards

W39
W40

Track Adjuster/Accumulator

W41

Other

Z43

Jaws/Hammer Mills
Rulh/Liners/Contsrves

Wheels/Rims
Tires/Tubes
Bearings /Seals /Backings

Rails /Pins /Grousers

BODY AND FRAME
1(82
IC83
1(84
1(85

Cab /Sheet Metal

Body/Bed

144

Cushions/SeAts/Canyas/Bo

/Sideracks

1(88

Painting/Marking
Frame/Mast
Bumper/Guardnifting Device
Fifth WheelfTrtr Hitch/Towing Hook

K89
K90

Outriggers /Landing Gear
Other

K86
K87

Z45

146
Z47
Z48
Z49

Screens

Mixers
Dryers
Screed
Scales /Meters

150

Collector

Z5I

other

Figure 12-8.Equipment Repair Order (ERO) NAVFAC 11200/41 (back).
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89.581
Figure12-8.--lartiple ERO log.

of this log but it should contain the same basic
information. The types of information generally
called for are:

1. ERO number (locally assigned six-digit
number. The first two digits denote the month
of the year; the last four digits assign jobs in
sequence, starting with number 0001.)
2. Equipment cost code
3. USN number
4. Type ERO (type of maintenance
performed)
5. Date
inspector)
6.

includes the completed PM record cards and
yellow copies of completed ERO's.

Periodically, each history jacket should be
purified by reviewing all repair orders and
discarding those of a minor inexpensive nature
that have been retained a minimum of 90 days.
ERO's relating to acceptance checks, "C" PM's,
accidents, speedometer/hour meter replacement,

and major repairs are retained in the history
jacket for the life of the equip_ ment. When a
vehicle is transferred, the PM record card is
removed from the PM group file and returned to

in (_date

ERO fo

arded

the history jacket. The jacket is then either

to

hand-carried or forwarded by certified mail to
the receiving custodian. When a vehicle is
transferred to a Property Disposal Office, the

Date out (date ERO returned, work

completed)
7. Remarks (date deadlined and so on)

history jacket accompanies it.

This log is normally maintained by the PM clerk.

MAINTENANCE ORGANIZATION

EQUIPMENT HISTORY JACKETS

The organization of an equipment
maintenance section varies depending upon
several factors, including: number and type of
assigned equipment, number and experience of

An equipment history jacket is maintained
for each USN-numbered item of CESE. The
history jacket contains the vehicle's pertinent
descriptive data and maintenance history. The
descriptive data includes the appropriate DOD
Property Record, DD Form 1342 (fig. 12-10)

and Equipment Attachment

work hours, number of shifts,
environmental conditions, and the activity_ 's
personnel,

mission. The organization we will discuss is
based upon a typical Naval Mobile Construction
Battalion operation, but the functions are
equally applicable to small activities where one

Registration

person may be required to perform several

Records, NAVFAC 6-11200/45 (fig. 12-11), if
applicable. The maintenance history jacket also

functions.
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Figure 12-11.Equipment Attachment Registration Record, NAVFAC 6-11

5. Supervising the Preventive Maintenance

Maintenance Supervisor

The maintenance supervisor is normally the

senior mechanic assigned to an activity. The
maintenance supervisor is responsible for the
entire maintenance program for all assigned
CESE. One duty is to oversee the shop
supervisors, inspectors, PM and cost control
clerks, technical librarian and parts expediters.
Additional responsibilities include:
1. Enforcing all established maintenance
policies established by higher authority.
2. Approving all repair actions prior to start
of work.
3. Approving all requisitions for the

program.
6. Controlling all maintenance shop tools
and kits.

Shop Supervisors

The typical NMCB maintenance organization
is divided into three shops: Automotive (Auto or
Light) Shop, Construction Equipment (Heavy)
Shop, and Support Shop. Each shop is
supervised by a shop supervisor, who is
responsible for the mechanics and the quality of

maintenance and repairs performed within the

shop. As the title implies, the auto shop is
responsible for automotive type CESE and small

procurement of material. (May be delegated to

Materials-Handling Equipment' (MHE).

shop supervisors).
4. Controlling all
disposals,

mixers, water /asphalt distributors, and 5000
series equipment. (The 5000 series equipment

CESE

transfers and

Occasionally, the auto shop may work on transit

CONSTRUCTION MECHANIC

has an Equipment Cost Code and USN number
starting with the digit "5"). The heavy shop is
responsible for large MHE and construction
equipment. Additionally, the heavy shop

supervisor normally acts

as

the

inspectors should notify
supervisor immediately.

as:

machine

shop,

tire shop,

the

maintenance.

PM Clerk

field

maintenance supervisor. The support shops
consist of all the separate supporting facilities,
such

2

PM clerks control the unit's Preventive
Maintenance program as prescribed by the
maintenance supervisor. They compile all CESE

steel

(welding/body) shop, battery (electrical) shop,
injection shop, and occasionally, lubrication
facilities and the 5000 shop.

into PM groups, prepare the PM schedule, and
maintain the PM record cards. They also initiate
and control all ERO's, maintain the ERO log,
the maintenance supervisor's shop workload file,

Crew Leader

and the equipment history jackets. At some
activities the PM clerk is also responsible for
maintaining the maintenance office equipment

The crew leader makes sure the job gets

done. When assigned a job, the crew leader must
figure out which member of the crew will do the

status boards.

work, the tools and repair parts required, what

Cost Control Clerk

special safety precautions must be observed, and

the priority of the job. Once a job is assigned,
it's the crew leader's "baby". The crew leader is
also responsible for insuring that the crew's time
is reported, that all materials used on the job are
recorded, and that any additional repairs that
may be required are reported to the supervisor.

Cost control clerks maintain the
maintenance shop's repair parts status and
accountability records. They provide liaison
between the supply office and the shop. All
requisitions for Not in Stock (NIS) and Not
Carried (NC) material must pass through cost
control clerks.

Lnspectors

the

Direct

summary sheets. Cost control clerks control the
DTO parts storage bins, and maintain the
deadline status board.

Inspectors

physically examine the
equipment and determine the repairs and type
of services required. They normally work
directly for maintenance supervisors, and are
directly responsible to them. It is important that
the inspectors be mechanics who are extremely
knowledgeable and proficient in their rating.

The inspectors must be able to clearly and

concisely describe each required repair action on

the ERO's. It is of the utmost importance that
all required work be listed. After all repairs have
been completed, inspectors will normally inspect
each piece of equipment to insure that the work
was correctly accomplished. Comprehensive
final inspections will greatly reduce equipment
being returned to the shop for rework, increase

Technical Librarian

Technical librarians are responsible for the
prepacked library which consists of operational,
maintenance and parts manuals. They establish
and enforce checkout procedures for the
manuals, and initiate parts requisitions
(NAVSUP 1250's). The task of researching and
preparing the 1250's is normally handled by the

technical librarian in order to free the floor
mechanics from an administrative workload.
LABOR REPORTING

equipment reliability, and in turn reduce the
mechanic's workload. Inspectors may perform
some minor repair work, which is normally very
limited and pertains to inspection procedures
only. Whenever suspected equipment abuse or
recurring mechanical failures are discovered,

They maintain

Turnover (DTO) log and the repair parts

As a crew leader, you will be responsible for

keeping a record of your crew's daily labor.
Figure 12-12 shows the different subcategories
of labor. Figure 12-13 shows one type of daily
labor report form. These forms may vary from
one activity to another, but the information is

3984
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PRODUCTIVE LABOR. Productive labor includes all labor that directly contributes to the
accomplishment of the Naval Mobile Construction Battalion, including construction operations
and readiness, disaster recovery operations, and training.
DIRECT LABOR. This category includes all labor expended directly on assigned construction
tasks, either in the field or in the shop, and which contributes directly to the completion of
the end product.

INDIRECT LABOR. This category comprises labor required to support construction operations,
but which does not produce in itself. Indirect labor reporting codes are as follows:
X01 Construction Equipment Maintenance,
Repair and Records
X02 Operation and Engineering
X03 Project Supervision
X04 Project Expediting (Shop Planners)

X05 Location Moving
X06 Project Material Support
X07 Tool and Spare Parts Issue
X08 Other-

MILITARY OPERATIONS AND READINESS. This category comprises all manpower expended
in actual military operations, unit embarkation, and planning and preparations necessary to
insure unit military and mobility readiness. Reporting codes are as follows:
M05 Mobility Preparation
M06 Contingency
M07 Military Administrative
Functions

MO1 Military Operations
M02 Military Security
M03 Embarkation
M04 Unit Movement

M08 Mobility & Defense
Exercise
M09 Other

DISASTER CONTROL OPERATIONS

DOI Disaster Control Operations

D02 Disaster Control Exercise

TRAINING. This category includes attendance at service schools, factory and industrial training
courses, fleet type training, and short courses, military training, and organized training conducted
within the battalion. Reporting codes are as follows:
TOl Technical Training
T02 Military Training

T03 Disaster Control Training
104 Leadership Training

T05 Safety Training
T06 Training Administration

OVERHEAD LABOR. This category includes labor which must be performed regardless of
whether a mission is assigned, and which does not contribute to the assigned mission. Reporting
codes are as follows:
YOl Administrative & Personnel
Y02 Medical & Dental Department
Y03 Navy Exchange and Special Services
Y04 Supply & Disbursing
Y05 Commissary
Y06 Camp Upkeep & Repairs
Y07 Security

Y08 Leave & Liberty
Y09 Sickcall, Dental &
Hospitalization
Y10 Personal Affairs

Yll Lost Time
Y12 TAD not for unit
Y13 Other

Figure 12 -12. --Subcategories of labor.
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Figure 1243.Dally labor distribution card.

basically the same. Nearly all mechanics' labor
falls under indirect labor. One point to keep in

mind is that only overhead labor does not
contribute to productive labor. Time cards
should always have a person's rate listed after
the name in order to figure labor cost.

So, you can see that 54 has a big job. Keep this

in mind when you feel that they should drop
everything just to wait on you
REPAIR PARTS SUPPORT

All mechanics expect that repair parts will
MAINTENANCE SUPPORT

The tools, consumables and spare parts
needed to support your unit's equipment
allowance are all portions of maintenance

support. The supply department is responsible
for providing these items.

In a battalion, the supply department is
under the control of the senior supply officer
who is assisted by a Chief Storekeeper. The
supply section (S4) is responsible for general
supply, ship service, material control, and
delivery.

The

responsible

material control section is
for ordering, receiving, and

controlling all tools, material and repair parts.

be available when needed and rightly so. It is the

job of your unit's supply organization to make

sure you get the parts you need. However,

supply cannot satisfactorily perform its support
mission without the help of maintenance
personnel. Mechanics should understand the

repair parts supply system and make sure that
supply knows what you need and when you
need it. Telling supply you need a
"whatchamacallit" for a jeep will not get you
anything, but give them the proper
nomenclature and a good part number and they
can get the part for you. Normally at least one
mechanic will be assigned to the repair parts
storeroom to provide technical information and

Chapter 12---MAINTENANCE
assistance. The cost control clerk normally
provides liaison with supply for checking

requisition status. The maintenance supervisor
will assist supply in determining additional
repair parts requirements. The criteria
established by the Chief of Naval Operations for
initial parts support of new or like-new

equipment is based on two 10-hour shifts, 7
days per week, for the first 90 days of

supports it. The CBC is then responsible for
drawing the required items from stock or

initiating procurement action and shipping the
parts to the unit which requested the allowance.
The REPAIR PARTS COMMON allowance
composed of common and consumable
supplies that can be used on numerous types of
is

equipment. These items have been separated

operation.

into parts common assemblies (MOD 97 kit) to
reduce redundancy and overstocking of these

Levels of Support

items that would occur if they were listed in
each separate APL. Presently the MOD 97 kit

There are four different levels of repair parts
support (0, G, H or D) that can be assigned to a
unit, depending upon its mission, location,
maintenance capabilities, and so on.

The "0" LEVEL support is designed for
SEABEE teams, Construction Base units
(CBU's), Reserve battalions and outlying
NMCB's which normally perform only

organizational level of maintenance. The "G"
LEVEL support is designed for NMCB/PHIBCB

major detachments that perform intermediate
level maintenance. The "H" LEVEL support is
designed for main bodies of NMCB/PHIBCB that

perform intermediate level maintenance. The
"D" LEVEL support is designed for major shops

that perform depot level maintenance. Each
level of support (except "0", of course) includes

all lower level items; for example, "H" level
includes all "0" and "G" level items.

consists of 22 individual kits, such as: hydraulic

hose and fittings, nuts and bolts, electrical
terminals and wire, "0" rings, and so on. MOD
97 kits are designed to supplement MOD 98 kits
for the first 90 days or 1800 construction hours
of a contingency operation. It must be
remembered that MOD 97 kits are not designed
to support a unit for a full deployment.
COSAL Arrangement

Each COSAL is arranged and divided into
three separate parts. PART I consists of
cross-reference lists which are used to determine

which APL applies to which USN number. In
addition, these lists contain equipment
descriptions. Part I is composed of three
separate cross-reference lists, each containing the

same information, but sorted and printed in
different sequences. Section A is printed in USN
number sequence, Section B is in Equipment

Categories of Repair Parts

Cost Code (ECC) sequence, and section C in

Repair parts can be divided into two
categories: parts peculiar and parts common.

APL number sequence.

PART II consists of APL's which are the
actual parts listings. The APL's are sorted and
arranged in numerical sequence. Within each
APL, the parts are arranged by 04mponent

The REPAIR PARTS PECULIAR category
is composed of parts which only fit a specific

make and model piece of equipment. When a

unit requests support for an allowance of
equipment, CESO identifies the applicable
Allowance Parts Lists (APL's) for each make and
model of equipment in the allowance. Using the

Identification groups (CID's). Figure 12-14
shows the CID group_ s presently being utilized
by

the NCF. The first CID is always the

allowance application group. The second group
is the technical manual group which lists all the

APL's that are identified by CESO, Ships Parts
Control Center (SPCC) consolidates these APL's
into a tailored repair parts list. This list is
normally referred to as a Consolidated SEABEE

applicable operating, maintenance, and parts
manuals. The remainder of the APL is the actual
parts listing.
PART III consists of a Stock Number

Allowance List (COSAL) or a NAVSUF' Modifier
Code 98 (MOD 98 kit). CESO provides copies of

Sequence List (SNSL) and two repair parts

the COSAL to both the requesting unit and the
Construction Battalion Center (CBC) which

cross-reference lists. The SNSL lists the repair
parts, arranged in National Item Identification
401

415
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CID
000
OTM
001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042

Group Name

CID

Allowance Application Group Gp 043
044
Technical Manual Op
Engine Gp
045
Truck Engine Gp
046
047
Starting Engine Gp
048
Auxiliary Engine Gp
Clutch Gp
049
Fuel System Gp
050
Exhaust System Op
051
Cooling System Gp
052
Electrical System Gp
053
Transmission Gp
054
Auxiliary Transmission Gp
055
Power Transfer Op
056
Propeller Shaft Gp
057
058
Front Axle Gp
Rear Axle Gp
059
Brakes Gp
060
Wheels Gp
061
062
Tracks Gp
Steering Gp
063
Frame Gp
064
065
Springs/Shock Absorbers Gp
Body, Cab, Hood, Hull Gp
066
Hoists Gp
067
068
Power Control Unit Op
069
Power Take Off Gp
070
Miscellaneous Body Gp
Elevator Gp
071
072
Electric Motors Gp
Electric Generators Gp
073
074
Electrical Equipment Gp
075
Hydraulic Systems Gp
Air and Vacuum Systems Op
076
077
Gage and Measuring Devices Op
078
Pneumatic Equipment Gp
079
Pump Gp_
080
Burner Gp
081
Mach Tools/Related Equip Gp
082
Snow Removal Equipment Gp
083
Mowing/Sweeping Equipment Gp
085
Servicing Equipment Gp
086
Concrete/Asphalt Equipment Gp
087
Crane/and/or Shovel Gp

Grouk Name
Grader Op
Dozer Gp
Ditcher or Trencher Gp
Road Roller Gp
Earth Auger Truck Mounted Gp
Conveying Equipment Gp
Crushing Equipment Gp
Screening/Washing Equip. Gp
Fire Fighting_Equipment Gp
Refrigeration/Acng Op
MMK Op
Separator Gp
Running Gear Gp
Manifold Gp.

Tank Op
Trailer Op
Flood Light Gp
Filter or Strainer Gp
Chlorine Control Gp
Evaporating Gp
Water Fording Gp
Machinery Gp
Laundry Equipment Gp
Winterization Gp
Bobsled Gp
Dolly Gp
Generator Lox & Nitrogen Gp
Steam Cleaning Gp
Spraying Equipment Gp
Saw Op
Distillation Equipment Gp
Heater Gp (Gas or Fuel)
Blower Gp
Boiler Gp

Pile DriverGp
Water Purification Op
Reel Gp
Scraper Op
Ripper Gp
Outboard Drive Gp
Rotary Tiller Soil Stabilizer Gp
Drill Equipment (Pneu) Op
Dehydrator Gp
Remote Control .Gp

Figure 12 -14 Compon.nt Identification group numbers (CID's).
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numbers each part is stocked for, the unit price,

for two to four pieces of the same make and
model; three copies for five to eight pieces of
the same make and model; and four copies for
more than eight of the same make and model

and the total COSAL quantity. The first list

equipment.

Number (NUN) sequence, which were provided
in the COSAL to support the assigned level of

support. The SNSL also

lists all

the APL

crosses manufacturer's part number to NSN. The

second list crosses NSN, in NIIN sequence, to
part number. Part III is not a master
cross-reference; if the number you are

Maintenance of Manuals

researching is not included in the COSAL, it will
not be in these lists.

All NCF units are responsible for
maintaining, in good condition and in the proper
quantities, all TM's listed in their COSAL. It is
important for units to maintain inventory

Technical Manuals

control of TM's through the use of periodic

key to any effective equipment
maintenance program is the availability of
One

authoritative technical data and guides for each
unique item of equipment. Within the NCF, this
information is supplied through the appropriate
operator manuals, lubrication charts, parts
manuals and shop repair manuals. These
Technical Manuals (TM's) are included in each

unit's parts peculiar COSAL. The quantity of
TM I's is determined by the same methods used
for repair parts. In general, this results in the
following number of TM's being provided:one
copy for each piece of equipment of the same

inventories, checkout procedures, and so on, as
replacement manuals are normally hard to
obtain. Manuals in excess of COSAL quantities
must be returned to CBC, Port Hueneme,
California. TM's that are lost, damaged,
wornout, or otherwise unserviceable, may be
replaced by submission of funded requisitions to
the appropriate CBC.
REQUESTING SPARE PARTS

A NAVSUP Form 1250, Single Line Item
Consumption/Management Document, is shown
12-15.

figure

in

This

form

is

used

as

authorization for drawing parts and requesting

make and model assigned to the unit; two copies
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requisition of Not In Stock (NIS) or Not Carried
(NC) items from supply. The 1250 is a five-part

snap set with copies colored white (original),
green, red, yellow and huff (hard back). It is not

a purchase document and does not leave the
command. The form may be filled out with
either a ballpoint pen or a typewriter. Confusion
between the number zero and the letter "0" can
be avoided by using the communication symbol

(0) for zero. The 1250 must be signed by the

maintenance supervisor or designated
representative

when

requesting spare parts.

Remember that when you request a part, it is
your responsibility to insure that the right part
is ordered. So, get the correct information on
the 1250.
USING PART NUMBERS

In order for you to identify what part you
need, you will have to use part numbers. There

are two types of part numbers you will be
concerned with: manufacturer's numbers and
national stock numbers.
Manufacturer's Part Numbers

Manufacturer's part numbers are those used
by the manufacturer of a piece of equipment to
identify each part on that piece of equipment.
These part numbers are usually a combination of
letters and numbers or all numbers.

As pointed out above, NSN numbers provide

you with the federal class of the item (first 4
digits), what country cataloged the item (digits 5

and 6), and the item's identification number
(last 7 digits).

Part 111 of the COSAL is the section used to
cross-reference manufacturer's part numbers to
NSN's.

REPAIR PARTS CONTROL

Each maintenance department is required to

maintain control over spare parts. One of the
biggest problems in some maintenance sections
is the control of Direct Turnover (DTO) spare
parts. DTO parts are those ordered for direct
turnover to the user.
If the DTO parts records are to be complete
and accurate, all NAVSUP 1250's for NIS and

NC repair parts must pass through the cost
control clerk before being submitted to the
supply office. The supply office maintains
current procurement and shipping status for all
items on order. When requesting the status of a
requisition from supply, cost control clerks must

be able to identify, by requisition number,
which procurement document they are
interested in. Accurate DTO parts records
accomplish this and allow the cost control clerk
to identify the USN-numbered equipment each

part was ordered for. The DTO repair parts
status-keeping system which we will cover
provides excellent accountability with a

National Stock Numbers

minimum of effort. This system consists of two
separate records designed to be used

Effective September, 1974, the United
States agreed to replace its federal stock

summary sheets. It is unimportant whether these

numbering system with a new 13-digit system
which conforms to the NATO stock numbering

looseleaf binder, on cards, or some other form.

format. This new system is known as the
NATIONAL STOCK NUMBER (NSN) system.

DTO Log

The 13-digit NSN is broken down into two

major groups. The first 4 digits of the NSN is the
Federal Supply Classification (FSC) which
groups similar items into classes. The last 9 digits

of the NSN is the National Item Identification
Number (NUN), The first 2 digits in the NIIN
identifies the NATO country which cataloged
the item, and the last 7 digits identifies the item.

togetherthe DTO log and the repair parts

records are kept in the form of a book, a

The DTO log (fig. 12-16) is a record of all
NIS and NC requisitions submitted to the unit
supply. It is maintained in such a way that the

last NAVSUP 1250 entered is the last parts
request submitted to the supply office. This tells
the cost control clerk when the requisitions were

submitted to supply. Normally, supply should
order priority "A" requisitions within 24 hours
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Dept.
No.

Julian
Date

0001

PMG

USN

NSN

4003

01

4800123

2815-739.6098

0002

4003

01

4

123

0003

4010

06

96-11031

Fig

Qty

PRI

Req. No.

VALVE

1

13

4010-2111

2818962-5622

SPRING

1

13

4010-2112

2910-950.8385

INJECTOR

6

06

Desc

2-16. Direct Turn Over (DTO) Log.

and priority "B" and "C" requisitions within 7
days. After accomplishing all ordering actions
and issuing a procurement document, supply
enters the requisition number in block B of the

Column (2)

1250 and returns the red copy to the cost

control clerk. If the supply office seems to be
taking excess time, the cost control clerk should

normally be an informal check to determine if
the requisition or the 1250 red copy has been
lost or misfiled. The DTO log will provide a
cross index between the requisition number, the
department order number, and the USN
number. This cross-reference allows the cost
control clerk to determine the appropriate USN
number for which a part was ordered. This is
invaluable for followup actions in the event of
lost or misfiled requisitions, lost or missing
shipping documents, partial or duplicate parts
shipments, and so forth. The columns required
to maintain an effective DTO log are listed and
explained below:

Department Order

day of the year. For example,
February 10, 1978, would be
written: 8041.
Column (3)

PM GroupThe PM group that
the appropriate USN number is
assigned to.

NOTE:

This information

is

obtainable

elsewhere, most notably here because several
sections of the DTO status-keeping system are
arranged in PM group sequence, such as repair
part summary sheets, preparation of PM ERO's,
DTO parts storage bins, and so on.

Column (4)

USN NumberThe USN
registration

NumberThe internal control

number of the

vehicle the part was ordered

number assigned to each 1250

for, as shown in block 29 of the
1250.

submitted to the unit supply,
numbered in sequence starting

with 0001. This column

Julian DateThe date the 1250
was submitted to supply. This
is also entered on the 1250 in
Block 1. The Julian date is a
four-digit number. The first
digit indicates the year, and the
last three digits indicate the

request the status of the 1250. This should

Column (1)

Rec'd

Column (5)

is

maintained in such a way that
the last 1250 entered is the last
part ordered. The cost control

NSN NumberThe NSN part
number of the ordered item as
shown in block 21, 22 or block
29 of the 1250.

clerk also enters the

department order number in
Block 2 of the 1250 before

Column (6

sending it to supply.
405

DescriptionNomenclature or
noun name of ordered item as
shown in block 8 of the 1250.
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Column (7)

Column (8)

Q u a ntity How many were
ordered, as shown in block 25
of the 1250. This entry is very
helpful for identifying partial

control

shipments.

bin. Summary sheets are used to verify if the

Column (10)

to

preclude

the

accidental

that parts have been received and are in the DTO

NumberEntered
when the 1250 red copy is

part is still required and to indicate why the part
was originally ordered. Summary sheets provide
ready reference for determining the quantity of
parts received from a multiple order (i.e., parts
for an engine overhaul, deadlined vehicle, and so
on). When equipment is transferred or disposed

returned from supply with the
requisition number entered in
block B. All supply office
documents are filed by this

of, the summary sheet is used to identify any
outstanding requisitions so that they may be
canceled. The HEADING on each repair parts
summary sheet must show the ECC and USN

number.

number.

Received Date the cost
control clerk processed the
paperwork showing that the
ordered p a ns have been
received from supply.

The columns normally required on a repair
parts summary sheet are listed and explained

PriorityUrgency of need as
shown in block 3 of the 1250.

Column (9)

clerk

reordering of items. This also allows the cost
control clerk to attach notification to the ERO

Requisition

below:

Julian

Column

DateDate the

1250

was submitted to supply. This
date is also entered on the
1250 in block 1.

Repair Parts Summary Sheet

The repair parts summary sheet (fig, 12-17)
shows all parts on order for each specific vehicle.

One sheet is maintained for each USN number;
the summary sheets are normally filed in PM
group_ order. This is for the convenience of the
cost control clerk, because the DTO parts bin

Column 2)

number serves as a cross index
between the DTO log and the
summary sheets.

and the PM ERO's are arranged in the same
order. All PM ERO's pass through the cost
CODE

4850

USN

DEPT.
NO.

REQ. NO

NOMENCLATURE

1/18/72

0009

2021-2211

GASKET SET

1/31

8/7/72

0161

2230-2713

INJECTOR

8/28

12/12/72

0218

DATE

48-00123
FOLLOW-VP

RAI NCAY

Figure 12 -11- =Repair Parts Summary
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Department Order

NumberThe number entered
in block 2 of 1250 prior to
submittal to supply. This

10

REC'D

2/28
9/15

10/2

10/11
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Column (3)

Requisition NumberEntered
when the 1250 red copy is
returned from supply with the
requisition number entered in
block B.

Column (4)

NomenclatureDescription or
noun name of the ordered item

as shown in block 8 of the
1250.

Column

FollowupDates that the cost

control clerk requested the
status from supply.
Column (6)

ReceivedDate showing when
the receiving document for the
ordered items was processed.

This column should contain
enough room to allow for
explaining and crossreferencing cancellations,
partial shipments, reorders, and

so forth. ALWAYS enter the
new department order number
on all reorders.

The maintenance supervisor determines and
assigns priorities for all 1250's marked NIS or
NC, and completes blocks 3 and 4. The
maintenance supervisor and/or higher authority
must approve all 1250's for procurement by

signing block 30. All 1250's for NIS or NC
material must pass through the cost control
clerk. The cost control clerk assigns and enters a

determine which USN number the part was
ordered for. It must then be determined if the
part is still required. Questionable items are
discussed with the maintenance supervisor. Parts

that are not required are not stored in the DTO
bins; they are returned to supply for return to
stock, return to a CBC, disposal, and so on, in
accordance with supply regulations. The cost
control clerk tags each required repair part with
the correct USN number, PM group and the red
1250 copy. He ensures the DTO log and the
summary sheet are dated, showing the item was
received. The part is stored in the DTO bin and
the 1348-1 is filed with the appropriate
summary sheet. The summary sheet can then be
used as a record showing what parts are stored in
the DTO bins.
When a part is issued, a line is drawn throu

the received date (column 6) with a yellow

department order number in block 2 of the
1250, in the DTO log, and on the repair parts
summary sheet. The 1250's are then submitted
to the unit supply, and the cost control clerk
retains the yellow copies. These yellow copies
are filed with the appropriate summary sheet.
Supply then completes the ordering actions and
issues a procurement document.

Each procurement document is assigned

clerk enters the requisition number on both the
DTO log and the summary sheet. The red copy
of the 1250 is then filed in place of the yellow
copy, which can then be thrown away. The cost
control clerk keeps up-to-date on the status of
all parts On order by frequently checking with
supply. When supply receives an ordered repair
part, it is identified by a DOD Single Line Item
Release Receipt Document, DD 1348-1 (fig.
12-18). Once a part is received, supply will
forward a copy of the DD Form 1348-1 to the
cost control clerk. Because the 1348-1 does not
normally contain the applicable USN number,
the cost control clerk must match the
requisition number with the DTO log to

marker pen showing the part is no longer in the
bin. If the received part is for a deadlined piece

of equipment, the maintenance supervisor is
notified, and determines if enough parts are
available to restart the work on the vehicle.

Each time an ERO is issued, the cost control
clerk checks the repair parts summary sheets to
determine if any parts are stored in the DTO bin

for the USN concerned. If so, the 1348-1 is

a

requisition number, consisting of the Unit's

attached to the ERO to alert the shop
supervisor. The shop supervisor insures that the

Identification Code (MC), four-digit Julian date
four-digit serial number, by supply.
Supply enters this requisition number in block B

and a

parts are either utilized Or returned to the unit
supply. The DTO bin for the PM group that was
worked through the shop yesterday should be

of the appropriate 1250 and returns the red
copy to the cost control clerk. The cost control

empty today, as all parts should have been either
407
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Figure 12-18.Single

n Release Receipt D

DD 1

utilized or returned to supply. The only

confusion in manufacturer's brand names and

exception is when all required parts have not

quality designations and makes readily available
a few standard lubricants.

been received for a deadlined vehicle.

Familiarize yourself with the Inspection
Guides (Appendixes II and III.) and the

lubrication chart of the vehicle with which you
are working. The manufacturer of each vehicle
provides a lubrication chart (fig. 12-19). These
charts show what to lubricate, and where.
Of course, you must learn to use grease guns
properly, as well as other dispensers of oils and

LUBRICATION

Proper lubrication

is

more than merely

placing a grease gun on a fitting and pulling the
trigger. It means selecting the correct lubricants
and applying them in a sufficient amount, in the
proper places, to penetrate vehicle parts

grease.

thoroughly. The experienced mechanic uses

Remember that grease on the outside of a
fitting does not lubricate, and oil or grease in

neither too much nor too little lubricants.

puddles or gobs around the grease rack can cause
serious injury. So look for and remove spilled oil

Lubrication, then, is a thorough job of oiling
and greasing. Your shop will likely carry several
Navy approved standard lubricants. Learn their
specifications and names. This standardization
of lubricants eliminates the variation and

or grease that drops from chassis parts. Better
yet, while lubricating a piece of equipment,
remove all excessive grease from the fittings and
wipe up lubricants that fall to the floor.
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proper places. Take an inventory of your tools

DISPENSING LUBRICANTS

to be sure they are not carried away on the
vehicle frame or running board.

Grease guns and dispensers operate either by

hand or are air operated. You have probably
used

the

Watch for new lubricants and lubrication

hand-operated MUZZLE-LOADER

type. The muzzle-loader can be taken apart to
load it with grease. This type of grease gun, for
the most part, is used only in places hard to reach

processes, which are being developed
continually. Technical magazines, Navy
publications, and your chief are the best sources

with a pressure gun, or in lubricating water

of information about new developments in

pumps and other accessories requiring a special
lubricant. Lubricants used for most chassis parts,
however, are forced through the fittings by guns
operated by air pressure.
Crankcase oil is generally dispensed with

lubrication.
CHASSIS LUBRICATION

operated pumping system. Eland or air operated
systems normally have meters that register the
amount of oil dispensed. Gear box lubricants are
generally dispensed by some type of hand or air
operated pumping system. Be sure you use the
right lubricant dispensers. To prevent mistakes,
each dispenser is marked to show the grade and
type of lubricant it contains.

lubrication cannot be overstressed. This
lubrication should always be performed in

measured containers or with a hand or air

Most chassis lubrication fittings are located
on the front suspension and steering
mechanisms. The importance of proper chassis

accordance with the manufacturer's lubrication
charts.

Some fittings, often referred to as "frozen"

Before using the lubrication gun, all fittings
which are to be lubricated MUST be properly

fittings, will not readily accept lubricants
because it is dry and dirty. Some relative motion
in the connection is needed to permit the
lubricant to enter the frozen fitting. Rocking the

cleaned to avoid forcing dirt into the bearing.

vehicle is the usual method of providing this

The proper technique for using the
lubrication gun is essential. Improper use of the
gun can damage the hydraulic coupler jaws and
can also damage the fitting. Damaged coupler
jaws will prevent the proper seal with fittings.
To prevent damage, press the coupler straight
onto the CLEAN fitting and squeeze the trigger
slowly and smoothly.

relative motion in the coupling. In some extreme
cases it may be necessary to disassemble the unit

being greased in order to properly lubricate it.
NEVER pass up a frozen fitting.
BODY LUBRICATION

Cleanliness is the key to body lubrication.
Carefully remove any excess lubricant after

the gun, move it up or down or sideways in an
arc. Do not pull the gun straight back from the

lubrication since the chassis lubrication points
are located where they can easily collect road
grit and cause caking. To lubricate the hood,
apply a few drops of oil on the

fitting because this will damage the coupler jaws.

fastener-and-release mechanism, coat the fastener

When using high pressure guns, take care so
that grease seals will not be damaged. To remove

CAUTION: Care must be exercised when
using a high pressure lube gun on certain lube

pins and hooks with a light application of dry
stick lubricant, and close the hood.

points. Excessive pressure can damage or "blow
off" the grease seals and or dust caps.

Car doors and tnink lids are lubricated by
applying a drop or two of oil to the door latch

After a vehicle is lubricated, clean and fill
the grease guns. Then check them to see if they
are working properly. Next see that they and
other lubricating equipment are stowed in their

hinges and swing the door back and forth or
raise and lower the lid to spread the lubricant

mechanisms. Also apply a few drops of oil to the
over the contacting surfaces; wipe off any excess
lubricant.

410 4
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The door striker assembly is lubricated by
.

applying a light coating of dry stick lubricant to
all sliding surfaces and a few drops of oil to all

bearing surfaces. Apply a drop or two of oil
around the edge of the cylinder face and to the
outer surface of pushbutton latches and press
the pushbuttons several times to distribute the
lubricant. Wipe off any excess oil and lubricants.

Never use oil to lubricate locks since it
collects dust and lint. Inject graphite directly
into the keyhole and work the lock several times
to distribute the graphite in the tumbler
mechanism.

A dry stick lubricant is best used for sliding
weather-stripping, surfaces of ashtrays, hinged
visors, glove compartments, and other hinged
units within the vehicle. Hinged surfaces outside
of the vehicle may be lubricated lightly with oil.
Always remember that the few minutes required
to oil these various items will, in most cases, be
well spent because they will probably eliminate
failure.

ENGINE AND ENGINE
ACCESSORY LUBRICATION

Changing crankcase oil and replacing the oil
filter are performed in accordance with the
manufacturer's specifications on automotive
equipment and at B and C Preventive
Maintenance services on construction
equipment.

The preferred time to drain the crankcase is
immediately after the engine has been run so
that the hot oil will drain completely and take
along the suspended sludge within the hot oil.

THROW-AWAY OIL FILTER SERVICE.
The throw-away type of oil filter is replaced as a

complete unit. You have to disconnect the oil
line fittings at the filter. Detach the filter from its

bracket and remove the brass fitting from its
filter housing. Throw away the filter. Place a

bolt or plug into the brass fitting when you are
removing or installing it. Brass is malleable
(easily bent) and may be crushed by excessive
wrench pressure.
SCREW-ON, THROW-AWAY OIL FILTER

SERVICE.The screw-on, throw-away type

filter (fig. 12-20) is also replaced as a complete

unit. You unscrew the filter from the base be
hand and throw the filter away. Wipe the base

clean with a cloth, place a small amount of
grease or clean lube oil on the new gasket as an
added precaution against leakage, and screw a
new filter onto the base by hand, tightening at

least half a turn after the gasket contacts the
base. Start the engine and observe the oil
pressure and check for leaks around the oil
filter. Stop the engine and add oil to the full
level.

REPLACEABLE ELEMENT OIL FILTER
SERVICE. --To service the replaceable element
oil filter (fig. 12-21), you remove the fastening
bolt, lift off the cover or remove the filter shell.
Remove the gasket and throw it away. When

removing the oil filter of the full-flow type,
place a pan under the filter to catch the oil.
Take out the old element and throw it away.

Throw away the gasket from the top and
bottom of the center tube if they are present.
Place a pan under the filter and remove the drain

plug if the filter is used in the bypass system.

Oil Filter Service

Oil filters remove the physical contaminants
of the motor oil, but not the chemical. They are
effective also in removing metal chips, carbon,
dust, and grit from the oil. The full -flow type of
oil filter is integral with the engine. The oil is
directed under pressure through the filter and
then to the engine bearings. When the oil is too

cold to circulate through the filter in the
full-flow system, a bypass valve directs the oil
around the filter element.

COVER

Figure 12.20. Replaceable element,

81.329
II -Now type filter.
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the Navy are the oil bath, wire gauze, and dry
type. Air cleaners

should be

serviced in

accordance with the manufacturers'
specifications on automotive equipment and at
each B and C inspection on construction and

allied equipment; more often if operating in
dusty areas.

MI oil bath cleaners are serviced in a similar
manner. You remove and disassemble the unit.
On some models, the element and reservoir are

all you will need to remove. Wash the filter
element in solvent until it is thoroughly clean.
Shake the excess solvent from the filter element
and dry it in the air (don't use compressed air).
Empty the reservoir oil and clean the reservoir.
Refill the reservoir to the oil level mark. Replace
the filter element, cover, and wing nut. Wipe the
entire unit with a clean cloth and carefully place
the unit on the carburetor air horn.

The wire gauze type air cleaner has no oil
reservoir. The mesh filtering element is washed
and soaked with oil at each service period. To
service the unit, you remove it from the

carburetor air horn. Remove the element and

29.27

wash it in solvent. Shake the excess solvent from

Figure 2-21.Replaceable element type filter.

the unit and permit it to dry in the air. Oil the
wire gauze with motor oil and allow the excess
oil to drain. Clean the inside of the filter shell
with a clean cloth. Replace the element, cover,
and wing nut. Wipe the unit with a clean cloth

Clean the inside of the filter shell and cover.
Install metal supports and a new bottom tube
gasket. Insert a new element and a new top tube

and replace it on the carburetor air horn.

gasket. Insen a new cover or housing gasket

(make sure that the gasket is completely seated
in the recess). Replace the cover or housing and
fasten the center bolt securely. Fill the
crankcase to the full mark on the dip stick with
the proper grade and weight of oil. Start and idle
the engine. Check the oil pressure immediately
and inspect the filter for oil leaks. Then stop the
engine and check the crankcase oil level and add
oil

The dry type carburetor air cleaner uses a
paper element. It is serviced by removing the
element and shaking and tapping it to remove
the dirt.
Manifold Heat Control
Valve Service

to the full mark. The final step in the

The manifold heat control valve (fig. 12-22)

another engine accessory which must be
lubricated. The manifold heat control valve

procedure is to mark the mileage on the sticker

is

replaced at the proper interval.

becomes very hot while operating. A mixture of
kerosene, alcohol, or penetrating oil mixed with
graphite is used to lubricate the shaft since
ordinary lubricant would rapidly burn off.
Apply this mixture to both ends while turning

so that the element of the oil filter will be
Air Cleaner Service

Air cleaners filter out the dust and grit
puticles from the air being taken into the fuel
system. The three types of air cleaners used by

the shaft to work the lubricant well into the
bearing.
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radiator fans are equipped with a grease fitting
that should be lubricated at regular intervals.
RUNNING GEAR LUBRICATION

The running gear is made up of the
UBRICATION

POINTS

mechanisms by which the vehicle is controlled
and the units on which the vehicle moves. The
steering gear, brake system, and wheel bearings
are parts of the running gear system that
requires regular lubrication.
Steering Gear Service

81.330
Figure 12.22.9Typical manifold heat control valve.

Generator Service

Periodic lubrication service is required by
most generators. A few generators have sealed
bearings which require no lubrication. The
generator should be lubricated only at those
intervals specified by the manufacturer's
lubrication chart.
Distributor Servi

The distributor requires service lubrication

at two pointsthe centrifugal spark advance
mechanism and the cam.

The centrifugal advance mechanism may be

lubricated through a small, round felt wick
located at the top of the distributor shaft. Apply
two or three drops of motor oil to the felt wick.
With your finger tip, apply a light film of high
temperature type grease to the cam. CAUTION:
Excess lubricant on the cam may be thrown over
to the points and cause ignition failure.
Electronic ignition distributors need lubrication
of the advance mechanism only.
Radiator Fan Service

Most radiator fans are mounted on the water
pump shaft and do not require separate
lubrication. (Water pump shaft bearings are

normally factory lubricated.) However, some

The gear housing lubricant level should be
checked at every chassis lubrication. You should
clean around the fill plug on top of the steering
gear housing before removing the fill plug. Do
not disturb the adjusting screw locknut adjacent

to the fill plug. Check the oil level and add

lubricant, if necessary, to bring the oil level to

the bottom of the fill plug hole. You then
replace the fill plug.

Three points require lubrication in power
steering systems. The gear housing is serviced on
the linkage type of power steering. As you may
recall, the linkage type of power steering system

has the power cylinder, and control valve
connected to the steering linkage and the

steering gear of conventional design. Additional
lubrication fittings under the car may be found

on the power cylinder or the power cylinder
attachment points in the linkage type. The fluid
reservoir is serviced at each chassis lubrication
by cleaning the area, removing the dip stick or
reservoir cover, checking the oil level, and
replacing the dip stick or cover after adding oil if
necessary. Power systems can become
inoperative due to dirt in the system, so use care
to prevent dirt from entering the reservoir
during service operations.
Brake Service

The hydraulic brake master cylinder fluid
level should

b_ e

checked at every chassis

lubrication. The fluid level must be visually
checked at the reservoir. Pumping the brake
pedal does not constitute a complete check.
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Cleanliness is imperative when servicing the

master cylinder. You service the master cylinder
by cleaning the area around the fill plug or cap,
removing the fill plug or cap, checking the fluid
level and refilling the master cylinder reservoir

to within half an inch below the top of the
reservoir.

Always use the hydraulic fluid
recommended by the manufacturer's lubrication

chart. The use of inferior brake fluid or one
which contains

mineral oil will result in

deterioration of the rubber seals, making it
necessary to completely overhaul the brake
system and flush all brake lines.
Wheel Bearing Service

Wheel bearings should be serviced every time

that the brake drums are removed. It is of vital
importance that wheel bearing service be
performed with utmost care and cleanliness.
Most wheel bearing failures result from dirt and
grit being introduced to the bearing during
lubrication service.

To disassemble the wheel bearings, you

should spread out a clean cloth on which to
place the parts as you remove them. Remove the
outer and inner hubcaps and jack up the wheel
until the tire just clears the floor. Remove the
cotter pin from the spindle and discard the pin.
Then remove the retaining nut and flat washer.
Carefully remove the outer bearing and race
with an easy shake of the wheel. Do not allow
the bearing to drop to the floor. Remove the
wheel and inner bearing race from the spindle
(ball bearing typenot roll bearing type). You
should then clean the loose dust from the brake
assembly and the backing plate with a dry brush
or compressed air. Next, remove the grease seal
from the drum by tapping it out with a brass
drift or wood dowel (fig. 12-23). Remove the
inner bearing and wash all of the parts except
the seal in kerosene or solvent. Be sure that all
of the grease is removed. Wipe the old grease
from the drum hub and blow the dust from the

inside of the drum hub. After this clean the
spindle and the inner hub cap by wiping. Then
dry all of the parts thoroughly and examine the
bearing surfaces for pits, cracks, chips, or general

signs of wear. Replace all defective bearings.
You should not spin the bearings when they are
dry as they can be easily damaged by this action.

81.331
Figure 12-21Tapping out grease seal and inner bearing.

The repacking of the bearings should be
done immediately to prevent dust and grit from
accumulating on the bearings or in the lubricant.
You should use a mechanical bearing packer if it
is available. If not, thoroughly pack the
lubricant into the bearings with the palm of the
hand, You should smear a thin layer of grease

inside the wheel hub to prevent rusting; don't
pack the inside of the hub with lubricant. The
excess lubricant in the hub may possibly get
onto the brake linings. Replace the inner bearing

and grease seal in the wheel by tapping it into
place; use a wood block to protect the seal. (See
fig. 12-24.) You should replace any worn or
damaged grease seal with a new one.

When replacing the wheel assembly, you
should smear a light coat of wheel bearing grease

over the spindle and replace the inner bearing.
Next, carefully position the wheel on the

spindle, taking care to avoid damage to the

spindle. Then place the outer bearing and race
into the drum hub and tighten the wheel
retaining nut according to manufacturer's torque

Chapter 12MAINTENANCE

interference. Then wipe the cap, collector and
spindle end to ensure good contact for the radio
static collector. You may then replace the inner
and outer hubcaps.
POWER TRAIN
LUBRICATION

As you may recall, the power train is a series

of power transmitting units which carry the
vehicle's driving force from the engine to the
wheels. The power train consists of the clutch,
transmission, drive shaft, universal joint or
joints, differential and rear axles.
Clutch Service

The standard clutch is the single-plate, dry
disk type. The pedal and clutch shaft bearings
are the only lubrication points on this type of
clutch. You should refer to the manufacturer's
lubrication chart to determine when to lubricate
.332
Figure 12-24.Replacing inner bearing and grew seal.

specifications. If none is specified, tighten until
a

noticeable drag is felt when the wheel is

rotated, and then loosen the retaining nut to the
nearest spindle hole and install a new cotter pin.

The wheel should be able to rotate freely at
this stage. You may lock the new cotter pin if

and which lubricant to use. Most of the late
model vehicles have a clutch release bearing
containing enough' lubricant to last for the life
of the bearing. Some trucks have a clutch release
bearing which requires periodic lubrication. To

service the clutch release bearing, you should

remove the lower flywheel cover and clean
the plug, fitting, or oiler with a clean cloth. Then
lubricate sparingly and wipe off any excess

lubricant before replacing the lower flywheel
cover.

the wheel is able to rotate freely.

If the wheel does not rotate freely when the
retaining nut is loosened and the new cotter pin
installed, you should determine the cause of the

wheel's dragging. Drag may be caused by
dragging brakes, out-of-round brake drums,
loose backing plates, or defective bearings or

Transmission Semi

The conventional transmission should be
checked for lubricant level at each chassis
lubrication. Recurrent low lubricant level

indicates that there is leakage around the oil
seals, If you notice foaming in the oil, you
should drain the transmission and refill it with

races. You may check bearing looseness by
rocking the wheel with one hand at the top and

fresh lubricant. Foaming is evidence that water
or some other lubricant which will not mix with

the other hand at the bottom of the tire. The
looseness of the king pin or ball joints may be

the recommended lubricant

checked in the same way_ , but observation of the

is

present, You

should drain the transmission immediately after
the vehicle has been operated. The lubricant will

movement will indicate the point of looseness.

then be warm and will readily drain and take

After locking the cotter pin, and if the inner
hubcap contains a static collector, you should
clip the leg of the cotter pin to prevent

along the suspended contaminants as it drains.

Before you drain the oil, you should clean

thoroughly around the drain and fill plugs. The
415
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drain and fill plugs should be removed to allow
the oil to drain. To refill the transmission with

Differential Service

oil, you rep_ lace the drain plug and fill the
transmission with the proper lubricant until it
reaches the bottom of the fill plug hole. Then

The lubrication procedure for
differential varies from model to model; the
manufacturer's lubrication chart will indicate
the lube points and the amount and type of
lubricant to use. Most differentials are filled
with lubricant to the bottom of the fill plug.

replace the fill plug.
Universal Joint Service

Universal joints are devices designed to
transmit power through the drive shaft while

Differentials should be drained after the vehicle

has been driven since the warm oil will drain
more easily and completely.

flexing through various angles.

Universal joints in use today are either

factory lubricated or have lubrication fittings
that should be lubricated at regular intervals.
Service to those that are factory lubricated is
mited to replacement when signs of excessive
wear are present. The types provided with
lubrication fittings are lubricated with low
pressure grease guns only. Use of a high pressure

grease guri,,filfd-Fmage the seals and result in
early failure of the universal joint.
The Hotchkiss drive allows a change in drive

shaft length as the vehicle travels over uneven
surfaces. A spline in the shaft assembly acts as a
slip joint to permit the drive shaft's effective
length to vary. Some splines are lubricated from
the transmission and some are lubricated
through a fitting. The manufacturer's lubrication

chart should be used to determine the proper

lubricant to use if there

is

a fitting on the

MISCELLANEOUS LUBRICATION

There are some vehicle components which

do not fall readily into any one category.
Electric motors, gearshift levers, and

speedometer cables are components which
require lubrication service, but which do not fall
into any one of the previous categories.
Electric Motor Service

The

small electric

motors

automotive accessories are

used for
used only

intermittently and seldom require lubrication.
These electric motors may be equipped with oil
impregnated bearings which do not require

lubrication. When there is a means to lubricate

the motors, you should apply the lubricant

universal joint spline.

sparingly.

Drive Shaft Service

Gear Shift Lever Service

The drive shaft itself is not lubricated, but
the drive shaft bearing located in the middle of
the drive shaft may require lubrication. Most
drive shaft bearings are sealed at the factory and

You should occasionally lubricate the
friction points of the linkage for gearshift levers
mounted on steering columns.

require no lubrication. Those equipped with

Some vehicles with automatic transmissions
require that the automatic transmission linkage
be lubricated. You should sparingly lubricate the

fittings should be lubricated at regular intervals.
You should refer to the manufacturer's
lubrication chart to determine the type of
lubricant to use and where to apply the
lubricant.

shift detent lever every 1000 miles for those
automatic transmissions which have the shift
detent lever.

APPENDIX
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THE METRIC SYSTEM
The metric system was developed by French
scientists in 1790 and was specifically designed

to be an easily used system of weights and
measures to benefit science, industry, and
commerce. Soon after development, scientists
the world over adopted it for their work.

Early in the 19th century many European

countries adopted the

new system for
engineering and commerce. It was possible for

these countries to trade manufactured goods
with one another and not be concerned with
havins to buy special wrenches and tools to
repair the machinery received in trade. Countries
could buy and sell machine tools and precision

instruments without having to modify or alter
them.

Today, with the exception of the United
States and a few small countries, the entire
world is using predominantly the metric system,

or is committed to its use It becomes a matter

of time until the United States adopts the

International System of Units (SI) which is the

formal name for the metric system. Exactly
when the United States will adopt this system or
how long it will take to change from the use of
non-SI units to SI units is unknown. Meanwhile,

the use of SI units is sure to spread, and is
expected to become universal by 1980. Much of

the equipment in the United States Navy is
already measured in SI units. Certain of its
weapons are sized in "me47-ko", such as
20 millimeters and 40 millimeters. Existing maps
and charts may show distances in meters

(instead of yards) and kilometers (instead of
miles).

Some SI units are base units; that is, metric
standards defined and adopted by international

treaty. Other SI units are derived from the base

units and are either expressed in terms of the
base unit or are specially named. The base unit
for measuring distance is the meter. The metric

standard for weight is

the gram. Other SI
standards include the second (time) and the
degree Celsius (temperature), which was
formerly called centigrade. The square meter
(area), cubic meter (volume), and meter per
second (speed) are derived units expressed in
terms of the base unit. Derived units having
special names include the hertz (frequency),
watt (power), farad (capacitance), volt
(electromotive

force),

and

ohm

(electric

resistance)

The metric system is a base-10 (decimal)
number system. It is convenient and easy to use

because one unit of measure is converted to
smaller and larger units of measure by dividing
and multiplying by powers of 10, or by stLif
the decimal point. For example, 12.3

meters convert to

1.23 centimeters.

Calculations, such as dividing by 16 (to convert

ounces to pounds) and multiplying by 12 (to
convert feet to inches) are eliminated.

The result of multiplying a base unit by a
power of 10 is referred to as a multiple; the
result of dividing by a power of 10, a
submultiple. Names of multiples and
submultiples of the base unit are formed by
adding prefixes to the name of the base unit.
The already mentioned millimeter, centimeter,
and kilometer are examples. Among the most
commonly used prefixes are kilo, mega, centi,
and milli. Kilo is the prefix where the base unit
is multiplied by 1,000; mega is the prefix where
the base unit is multiplied by 1,000,000. Thus, a

kilogram is 1,000 times larger than a gram.
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Likewise, a megavolt is 1,000,000 times larger
than a volt. The prefixes (centi and milli) are
submultiples. Conti is the prefix where the base
unit is divided by 100; milli, where the base unit

which is a little more than 2 pounds (about
2.2 lb). The SI unit for measuring power, the
kilowatt, is somewhat bigger than one
horsepower (about 1.3 hp).

is divided by 1,000. Thus, a centimeter is one

hundredth of a meter and a milliwatt is one
thousandth of a watt.
It is rather simple to relate SI units to non-SI
units. Compared to the yard, the meter is a little
longer (about 1.1 yd), In long distance

measurements, the SI unit is the kilometer,
which is slightly farther than 1/2 mile (about

In working with non-SI units and SI units, it

helps to have a table of common equivalent
weights and measures, such as the one that
follows. This table also gives the factor you
multiply by in order to convert a non-SI unit to
an SI unit, or vice versa. For example:
1/2 inch = 1/2 x 25.4 or 12.7 mm (exact)

0.6 mile). The basic unit of volume, the liter, is a

little larger than a quart (about 1.06 qt). The
weight of a liter of pure water is 1 kilogram,
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5 kilometers = 5 x 0.6 or 3 miles
(approximate)
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SI AND NON-SI UNITS OF MEASUREMENT
COMMON EQUIVALENTS AND CONVERSIONS

-App

ate Common Equivalents

Conversions Accurate to Parts Per Million
(units stated in abbreviated form)
Number X Factor

= 25 millimeters
= 0.3 meter
= 0.9 meter
= 1.6 kilometers
= 6.5 square centimeters
= 0.09 square meter
= 0.8 square meter
= 0.4 hectare.
= 16 cubic centimeters
= 0.03 cubic meter
0.8 cubic meter

1 inch
1 foot

1 yard

1 mile

1 square inch
1 square foot
1 square yard

1 acre

1 cubic inch
1 cubic foot
1 cubic yard

= 1 liter

1 quart (lg.)

1 ounce (avdp)
1 'sound (avdp)

1 horsepower
1 pound per square inch

ter

1 meter
1 kilometer
I square centimeter
1 square meter

I _square meter
.1 hectare

1 cubic centimeter

1 cubic meter
1 cubic meter

1 liter

= 11 square feet
= 1.2 square yards
= 2.5 acres
= 0.06 cubic inch
= 35 cubic feet
= 1.3 cubic yards
= 1 quart (lg.)
= 250 gallons
= 0.035 ounces (avdp)
= 2.2 pounds (avdp)
1.3 horsepower

1 kilogram per square
centimeter
t nautical mile

1.1 yards
= 0.6 mile
= 0.16 square inch

14.2 pounds per square

LI ere

r ma

ft3 X 0.0283168

ffs ma

yd3 X 0.764555

ff rn3

qt (1q.) X 0.946353

a, 1

mm X 0.0393701
m X 3.28084
m X 1.09361

ff. °ma

g
kg
= kW
kg /cm2

= in

km X 0.621371
cm2 X 0.155000

in2

m2 X 10.7639

ft2

m2 X 1.19599

yd2

ha X 2.47105
cm3 X 0.0610237
M3 X 35.3147

3 X 1.30795
1 X 1.05669

ml X 264.172
g X 0.0352740

kg X 2.20462
kW X 1.34102
k CM2 X 14.223226

inch

1.852 kilometers

m
km

ff ha

= 0.004 cubic meter
= 28 grams
= 0.45 kilogram
= 0.75 kilowatt
hp X 0.745700
= 0.07 kilogram per square psi X 0.0703224
centimeter
= 0.04 inch
= 3.3 feet

1 meter

mm
m

acres X 0.404686
in3 X 16.3871

gal X 0.00378541
oz (avdp) X 28.3495
lb (avdp) X 0.453592

1 gallon

1 cubic meter
1 gram
1 kilogram
1 kilowatt

in X 25.4*
ft X 0.3048*yd X 0.9144*
mi X 1.60934
in2 X 6.4516*
ft2 X 0.0929030
yd2 X 0.836127

* exact

acres

E. m3
ft3
yd3

qt (iq.)
= gal
oz (avdp)
= lb (avdp)

= hp

at psi

APPENDIX II

NCF AUTOMOTIVE EQUIPMENT
INSPECTION GUIDE
ITEM SERVICE ITEM DESCRIPTION
A

B

C

X

X

VALVE MECHANISM Adjust valves as the need for
service is indicated by valve noises or engine
performance.

XX

IGNITION SYSTEMCheck magneto points and
impulse coupling; adjust as required. Check condition
of distributor cap, rotor, breaker points. Set timing.
Check distributor spark advance.

X SPARK PLUGS

lean, check, and gap spark plugs.

Replace as required.

4

X

X

X

FUEL SYSTEMCheck fuel filter and fuel pump
screens and bowls; clean or replace as required. Adjust
idle speed and fuel mixture as required.

5

X

6

X

X

CHOKE AND THROTTLE CONTROLSCheck the
choke, throttle linkage, engine shutoff and emergency'
shutoff for proper operation.

X

X

GOVERNORInspect all linkage and pins for wear and
the operating efficiency of the governor under varying
load conditions. Notice signs of surging or improper
operation. Lubricate as required. Using speed indicator,
check engine governed speed.

7

X

X

X

FUEL TANK & SHUTOFF VALVESInspect fuel
tanks for condition and security of mounting brackets.
Check for plugged air vents. Check shutoff valve for

operation and leaks. Check fuel lines for leaks or
chafing.

XXX

LIGHTSInspect all lights, signals and reflectors. Check

condition of trailer jumper cables and junction boxes
on truck tractors. Visudly check headlight alinement.
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SERVICE

ITEM

A

X

B

C

X

X

ITEM DESCRIPTION

BATTERYCheck water level. Clean battery and
terminal connections. Check holddown bolts and
brackets.

10

X

X

STARTERCheck to see that the mounting bolts are
tight and that the cable connections are clean and tight.

X

X

X

INSTRUMENTS AND CONTROLSCheck

all

instruments, gages, switches, controls, and warning
devices for proper operation.

12

X

X

X

COOLING SYSTEMSFill radiator, check and tighten
hose connections. Clean and straighten radiator fins as
necessary. Test antifreeze in season. Check radiator
mounts. On "C" PM's, drain and refill radiator, flush
cooling system if required.

13

X

X

X

FAN ASSEMBLY AND FAN BELTSInspect fan
assembly. Inspect fan belts for wear and frayed edges,
adjust tension in accordance with manufacturer's
specifications.

14

X

X

X

EXHAUST SYSTEMCheck for exhaust and muffle
leakage. Check rain caps.

15

X

X

X

CLUTCHCheck for clutch slippage. Check to see that
free travel is in accordance with manufacturer's
specifications.

16

X

X

HYDRAULIC BRAKESCheck pedal clearances and
brake hose condition. Road test to determine if brakes
function properly.

X

X

FULL AIR OR AIR OVER HYDRAULIC
BRAKESDrain air reservoirs, Check air pressure

buildup. Check brake 'chamber pushrod. Check quick
application valve and for complete release of all brakes.
Check tractor protection valve controls in normal and
emergency positions. Check operation of emergency
brake application for trailers. Check brake hose
condition. Road test to determine if brakes function
properly.

X ALL BRAKESRemove front drums and one rear
drum and inspect for wear and damage. Check and lube

wheel bearings as required. Then do item 16 or 17 as
applicable.
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'rat SERVICE ITEM
A
19

X

B

C

X

X

DESCRIPTION

LEAKSVisually inspect the engine compartment,
brake drums, and beneath the vehicle for indications of
water, fluid, oil, or fuel leaks.

20

X

X

X

LUBRICATELubricate utilizing lube charts and
manufacturer's specifications. On "C" PM's, drain and

refill all gear box reservoirs; flush if required.
X

21

X ENGINE OIL AND OIL FILTERChange oil and
replace filters.

22

X

23

24

X

X

X

X

X TRUNNION AXLE BEARINGLubricate.

X

X PCV VALVECheck positive crankcase ventilation

AIR CLEANERCheck screens and oil level and service
as necessary. Replace paper-type elements as required.

system for proper operation.
components as required.

Clean

or replace

25

X

X

X VACUUM BRAKE BOOSTER AIR CLEANERClean
and lubricate.

26

X

X

X TURBOCHARGERS, SUPERCHARGERCheck for
leaks and proper operation.

27

X

X

X GEAR BOXESCheck mounting and assembly bolts,
breathers, lube levels, indications of leaking gaskets or

seals.

28

X AUTOMATIC TRANSMISSIONDo item 27, then
check automatic transmission in accordance with the
vehicle manufacturer's recommended procedures.
Check and adjust shifting linkage.

29

X

X

X UNIVERSAL AND SLIT' JOINTSInspect and

lubricate U-joints and slip joints in accordance with
manufacturer's recommendations. Tighten all drive line
bolts.

30

X

X

X HYDRAULIC SYSTEMCheck lines for leaks, packing
glands for adjustment, and controls for excessive wear.
Check _reservoir fluid level and vent openings. Clean or
replace screens/filters as required. On "C" PM's, drain
and refill hydraulic system; flush if required.
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SERVICE

ITEM

31

A

B

C

X

X

X

ITEM DESCRIPTION

AIR COMPRESSOR, VALVES AND LINESCheck oil

level; add as necessary. Clean air filters; drain water
traps. Check compressor, unloader safety valve, belts,
pulleys, and adjust in accordance with manufacturer's
specifications. Check for leaks.
32

X

X

X

STEERING SYSTEMWith the weight of the vehicle
on its wheels, check the steering linkage for excessive
looseness and alinement; if necessary, adjust the

steering system in accordance with manufacturer's
recommended procedures.
33

X

X

X

DIFFERENTIALCheck lube levels. Check for unusual
noises and indications of leaking gaskets or seals.

34

X

--X

X

AXLESRetighten axle flange nuts. Check for leaks.

35

X

X

X

TIRESCheck for cuts, bruises, uneven weal-, inflation,
and Proper sizes. Replace missing valve caps. Check for
matching tire size of duals, tandem bogies, and
multidrives (4x4's, 6x6's, and so on).

36

X

X

X

WHEELSCheck for rim damage and inspect for worn
and elongated stud holes. Retighten all lug nuts.

X

X

X

SPRINGSCheck for broken leaves or coils, loose
it -bolts or shackles.

38

X

X

X

SHOCIC ABSORBERSCheck for leakage. If faulty
shock absorber action is suspected, remove the shock
absorbers and perform bench tests in accordance with
manufacturer's recommended procedures.

39

X

X

X

FRAMECheck crossmenibers, side rails, brackets,
welds, bolts, and rivets for condition and alinement.

X

X

X

FIFTH WHEELCheck fifth wheel mounting plate,
mounting plate bolts and safety lock. Check for cracked
frame rails.

41

X

X

X

ENGINE AND TRANSMISSION

MOUNTINGSInspect

supports

breaks.

437

for

looseness or
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ITEM

42

SERVICE
A

B

C

X

X

X

ITEM DESCRIPTION

CABCheck doors, windows, glass, seats, cushions,
mirrors, body bolts, frames, sheet metal, paint and
identification markings, and floors, and see that drain
holes are unobstructed.

43

X

X

X

ACCIDENT DAMAGEInspect for accident damage,
loose or defective parts.

44

X

X

X

WINDSHIELD WIPERSCheck the windshield wipers
for condition and proper operation.

45

X

X

X

SAFETY GUARDS Check all safety guards and be
sure they are properly installed, secure, and in good
condition.

46

X

X

X

TRAILER AND SEMITRAILERPerform applicable
operations. Check kingpins for wear. Lubricate landing
gear.

47

X

X

X

PARTS & COMPONENTSCheck miscellaneous parts
and components (collateral equippage) as required.
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APPENDIX III

NCF CONSTRUCTION EQUIPMENT INSPECTION GUIDE
ITEM SERVICE ITEM
A

B

C

X

X

DESCRIPTION

VALVE MECHANISMAdjust valves as the need for
service

is indicated

by

valve

noises or engine

performance.
2

X

X

IGNITION SYSTEMCheck magneto points and
impulse coupling; adjust as required. Check condition
of distributor cap, rotor, and breaker points. Set timing.
Check distributor spark advance.

X

X

SPARK PLUGS Clean, check, and gap spark plugs.
Replace as required.

4

XX

X

XX

X

FUEL SYSTEMCheck fuel filter and fuel pump
screens and bowls; clean or replace as required.

CHOKE AND THROTTLE CONTROLSCheck the
choke, throttle linkage, engine shutoff and emergency
shutoff for proper operation.

X

X

GOVERNORInspect all linkage and pins for wear and
the operating efficiency of the governor under varying
load conditions. Notice signs of surging or improper
operation. Lubricate as required. Using speed indicator,
check engine governed speed.

XX

X

FUEL TANK & SHUTOFF VALVESInspect fuel
tanks for condition and security of mounting brackets.
Check for plugged air vents. Check shutoff valve for

operation and leaks. Check fuel lines for leaks or
chafing.

XXX

LIGHTSInspect all lights, signals and reflectors.
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SERVICE
A

B

C

X

X

X

IT_ EM

DESCRIPTION

BATTERYCheck water

levy

terminal connections. Check
brackets.
10

X

X

Clean battery and
olddown bolts and

GENERATORSCheck bearing seals for leaks. Clean
dust and oil from air passages. Check condition of slip
ring, commutator, and brushes for wear and proper
alinement. Instruments must function properly.
Lubricate as required.

X

11

X

STARTERCheck to see that the mounting bolts are
tight and that the cable connections are clean and tight.

12

X

X

X

INSTRUMENTS AND CONTROLSCheck

all

instruments, gages, switches, controls and warning
devices for proper operation.
13

14

X

X

X

WATER CHARGE AND TIME DEVICEInspect for
functional accuracy and operation.

X

X

COOLING SYSTEMSFill radiator; check and tighten
hose connections. Clean and straighten radiator fins as

Test antifreeze in season. Check radiator
mounts. On "C" PM's, drain and refill radiator; flush
necessary_ _

cooling system if required.
15

X

X

X

FAN ASSEMBLY AND FAINT BELTSInspect fan
assembly_. Inspect fan belts for wear and frayed edges;
adjust tension in accordance with manufacturer's
specifications.

16

X

X

X

EXHAUST SYSTEMCheck for exhaust and mu
leakage. Check rain caps.

17

X

X

I8

X

X

X

CLUTCHCheck for clutch slippage. Check to see that
free travel is in accordance with manufacturer's
specifications. Check jaw type for wear.

HYDRAULIC BRAKESCheek pedal clearances for
free travel and brake hose condition. Operate to

determine if brakes function properly,
19

X

X

FULL AIR OR AIR OVER

HYDRAULIC

BRAKESDrain air reservoirs. Check air pressure
buildup. Check brake chamber pushrod. Check

operation of quick application valve and for complete
release of all brakes. Check tractor protection valve
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SERVICE

ITEM
A

B

ITEM

DESCRIPTION

C

controls in normal and emergency positions. Check
operation of emergency brake application for trailers.
Check brake hose condition. Road test to determine if
brakes function properly.
20

X

ALL BRAKJESRemove front drums and one rear
drum and inspect for wear and damage. Check and lube

wheel bearings as required. Then do item 18 or 19 as
applicable.
21

X

X

X

LEAKSVisually inspect the engine compartment,
brake drums, and beneath the vehicle for indications of
water, fluid, oil, or fuel leaks.

22

X

X

X

LUBRICATELubricate, utilizing lube charts and
manufacturer's specifications. On "C" PM's, drain and
refill all gear box reservoirs; flush if required.

23

X

X

ENGINE 011 AND OIL FILTERChange oil and
replace filters. Inspect all external engine oil lines for
condition and leakage.

24

X

X

X

AIR CLEANERCheck screens and oil level and service
as necessary. Replace paper-type elements as required.

25

X

X

X

TURBOCHARGERS, SUPERCHARGERSCheck for
leaks and proper operation.

26

X

-X

N GEAR BOXESCheck mounting and assembly bolts,
breathers, lube levels, and indications of leaking gaskets
or seals.

27

N

AUTOMATIC TRANSMISSIONDo item 26, then
check automatic transmission in accordance with the
vehicle manufacturer's recommended procedures.
Check and adjust shifting linkage.

28

X

X

N

EXPOSED DRIVE CHAINSCheck for wear and
broken and cracked links, rollers and tension.

29

X

X

X

BELTS, DRIVE Inspect for alinement wear and frayed
Adjust in accordance with manufacturer's
specifications.
edges.

30

N

X

X

UN IVE It SAL AND SLIP JOINTSInspect and
lubricate U-joints and slip joints in accordance with
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ITEM SERVICE ITEM DESCRIPTION
A

C

B

maruifactur
bolts.

ecommendations. Tighten all drive line

X X X AIR COMPRESSOR, VALVES AND LINESCheck oil

31

level; add oil as necessary. Clean air filters, and drain
water traps. Check compressor, unloader, safety valve,
belts and pulleys, and adjust in accordance with
manufacturer's specifications. Check for leaks.

32

X X X HYDRAULIC SYSTEMChed dnes for leaks, packing
glands for adjustment, and controls for excessive wear.
Check reservoir fluid level and vent openings. Clean or
replace screens/filters as required. On "C" PM's, drain
and refill hydraulic system; flush if required.
X

X

X STEERING SYSTEMWith the weight of the vehicle
on its wheels, check the steering linkage for excessive
looseness and alinement; if necessary, adjust the
steering system in accordance with manufacturer's
recommended procedures.

34

X

X

X DIFFERENTLALCheck lube levels. Check for unusual
noises and indications of leaking gaskets or seals.

35

X

X

X FINAL DRIVES Check lithe levels, security of bolts
and capscrews, and indications of leafing gaskets and
seals.

36

X

X

X TIRES Check for cuts, bruises, uneven wear, inflation,

and proper sizes. Replace missing valve caps. Check for
matching tire size of duals, tandem bogies, and
rnultidrives (4x4's, 6x6's, and so on).

37

X

X

X WHEELSCheck for rim damage and inspect for worn
and elongated stud holes; re

X

ten all lug nuts.

X CRAWLER TRACK ASSEMBLYCheck plates, linkage,
pins,

and bushings for wear. Check track shoe
mounting. Inspect and adjust track tension in
accordance with manufacturer's instructions.

39

X

X

X

40

X

X

X

SPROCKETSCheck for tooth wear and alinement.

ROLLERSCheck for oil leaks, broken flanges, flat
spots, and worn faces. Rollers should turn freely.
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SERVICE

ITEM
A

B

C

X

X

X

ITEM

DESCRIPTION

SPRINGSCheck for broken leaves or coils, and loose
U-bolts or shackles.

42

X

X.

X FRAMECheck crossrnernbers, side rails, brackets,
welds, bolts and _rivets for condition and alinement.

4-4

X

X

X

X

X

C

ENGINE MOUNTSLoose hoiddown bolts will result
in the loss of the original shims from the support pads
and misalinement. If engine shows evidence of being
adrift, it should be realined and properly secured.

CABCheck doors, windows, glass, seats, cushions,
mirrors, body bolts, frames, sheet metal, paint and
identification markings, and floors, and see that drain
holes are unobstructed.

4-5

X

X

X

ACCIDENT DAMAGEInspect for accident damage,
loose or defective parts.

46

X

X

X WINDSHIELD WIPERSCheck the windshield wipers
for condition and proper operation.

47

X

X

X

SAFETY GUARDSCheck all safety guards and be
sure they are properly installed, secure, and in good
condition.

48

X

X

X POWER CONTROL UN I'T'S Cable -type; check oil
levels and leaks and worn or glazed linings and bands.
Hydraulic type; check operation of control valves and
pumps. Inspect piston rods and linkage for wear. Check
for leaks.

49

X

X

X BUCKETSCheck for

loose plates, rivets, welds,
fasteners, tooth and bit holders, and improper working

latches.
X

X

CUTTING EDGES AND END BITSCheck attaching
bolts or clips. Check the distance that wear is
approaching moldboard or tit holder.

X

X

X BFkRMIGS AND BUSHINGSInspect grease seals for
leaks. Check bearings for adjustment and alinement.
Lubricate as required.

X

X

X MOLDBOARD AND LIFT ARMSCheck pins, pivot
socket, bolts, welds, and shifting mechanism. Check lift
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ITEM

SERVICE
A

B

ITEINI

C

DESCRIPTION

C

and sidearms for bends and worn linkage. See that pin
keepers are in place.
53

X

X

X

54

X

X

X TAGLINECheck in accordance with manufacturer's

FAIRLEADSCheck sheaves, rollers, and mounting.
instructions.

55

X

X

X

56

X

X

X BOOM AND LEADSCheck crossrnembers, side rails,
brackets, welds, bolts, and rivets for condition and
alinement. Check boom harness for defective cables,

CABLES AND SHEAVESInspect condition of cables
and attachments, replace in accordance with
manufacturer's instructions. Check sheaves, pins, and
bearings for wear and broken flanges.

pins and sheaves.
57

X

X

X

DIPPER STICK AND I ACKING Check for general
condition and alinement. Note any cracks, breaks, loose
bolts or rivets.

58

X

X

X CROWD ASSEMBLYCheck for proper operation.
Adjustment should be made
manufacturer's instructions.

59

X

X

according to

the

X BOON AND HOIST DRUM ASSEMBLIESCheck
drum bearings, bushings, shafting, grease seals, and
lagging.

60

X

X

X SWING MECHANISMInspect gears, circle, roller
path, fins, roller shafts, and bearing seals for wear.
Rollers should rotate freely. Swing locks and linkage
must operate properly.

X

61

X CENTER PIN, HOUSE CARRIER AND HOLDDOWN
ROLLERSInspect for wear. Adjust to manufacturer's
specifications.

62

X

X TRAVEL MECHANISMInspect and adjust clutches.
Inspect travel lock, shafts and linkage for excessive
wear.

63

X

X

X GEARS AND PINIONS Chock open gears and pinions
for proper lubrication.
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SERVICE

ITEM

64

A

B

C

X

X

X

ITEM

DESCRIPTION

HAMMER LINKSCheck for bending and elongated
mounting bolt holes.

65

X

66

X

X

JAWS, LINERS AND CONCAVESCheck for wear and
secure mounting.

X

X

TOGGLE ASSEMBLYCheck plates, seats, wedges,
and ways for wear, cracks, and breaks. Check tension
spring for adjustment.

67

X

X

X

ECCENTRIC SHAFT OR SLEEVECheck for wear
and lube leaks.

68

X

X

X

CONVEYORS AND DRIVES Cheek condition of belts
and splices, alinement, scrapers and cleaners, tail pulley_ ,
chains and buckets, sprockets and safety guards.

69

X

X

X

SCREEN AND DRIVESCheck for wear, mounting,
alinement, and operation. See that rivets, bolts, and
braces are in place and secure.

70

X

X

X

BINS, HOPPERS AND CHUTESCheck braces and
fastenings. Inspect operation of gates and controls.

71

X

X

X

MIXER DRUMCheck cleanliness of drum and mixing
flight, chutes, bearings, and trunnion rollers for wear.

72

X

X

X

PARTS AND COMPONENTSCheck miscellaneous
parts and components as required.
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INDEX
A

Automotive electricity: part 1Continued
generators, 159-177
alternator, 172-177
direct-current generator,

Accessory circuits, 215, 216
Advancement, preparation for, 1-11
Air brake systems, 318-330
servicing air brakes, 328-330
Air compressor maintenance, 380.383
air cleaner servicing, 380, 381

160-172

netism, 150-153
electromagnetism, 151, 152
electromagnetic induction,
152, 153
magnetic field, 150, 151
storage battery, 153-159
battery capacity, 154
battery charging, 155, 156
battery construction, 153, 154
battery maintenance and
testing, 158, 159
battery ratings, 154, 155
battery shop safety, 159
placing new batteries in
service, 157, 158
self-discharge, 156, 157
Automotive electricity: part 11, 178 -216
accessory circuits, 215, 216
ignition circuits, 187-202
lighting circuit, 202-207
preventive maintenance, 210-215
starting circuits, 178-187
wiring circuits, 207-210
Automotive power trains, 217-256
automotive winches, 256
drive axle assembly, 243-256
drive lines, 240-243
power takeoffs, 239
the clutch, 218.226
transfer cases, 236-239
transmission, 227-236
Automotive winches, 256
Auxiliary assemblies, 57, 58

demister servicing_ , 381

disassembly, 383
oil filter servicing, 381
pneumatic controls servicing and
adjustment, 382, 383
thermostat replacement, 383
Air-cooling systems, 123, 124
baffles and fins, 123
fan and shroud, 123
maintaining the air-cooled
system, 123, 124
Air-over-hydraulic brake system, 315-318
Automatic and power shift transmissions,
344-358
Automotive chassis and bodies, 257-299
bodies, 290-299
steering mechanisins and wheel
alinement, 280-290
suspension systems, 259-265
the frame, 257-259
tires, 266-280
wheels and rims, 265, 266
Automotive electricity: part I, 148-177
electric current, 148-150
amperage and voltage, 149, 150
conductors, 148, 149
insulators, 149
resistance, 150
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INDEX

Classification of enginesContinued
operating cycles, 20
valve arrangement, 2 I , 22
17-head, 21, 22

Basic engine strokes, 14-17
compression stroke, 15
exhaust stroke, 17
intake stroke, 15
power stroke, 15, 17
Bask hydraulic system, 333 -339
accumulators, 339
hydraulic cylinders, 335-337
hydraulic motors, 339
hydraulic pumps, 334
reservoir, 333
strainers and filters, 333, 334
tubing, piping, hoses and
fittings, 337, 338
valves, 334, 335
flattery, storage, 153-159
Bodies, 290-299
epoxy fillers, 299
painting, 295-299

1-head, 21

L-head, 21

Clutch, the, 218-226
clutch lubrication, 225
clutch operation, 218-220
clutch overhaul, 225, 226
clutch pedal adjustment, 220, 221
clutch troubleshooting, 221-224
chattering or gabbing when
engaged, 223
clutch noises, 224
clutch pedal pulsation, 224
rapid disk facing wear, 224
slipping, 224, 225
spinning or dragging when
disengaged, 223
Cold weather starting, fuel systems, 118, 119
glow plugs, 118
preheaters, 118
starting fluid, I 18, 119
Combustion engine, 12, 13
Components of lubrication system, 138-142
Construction equipment, 331-383
air compressor maintenance, 380-383
basic hydraulic system, 333-339
heavy-duty air compressors,
377-380
hydraulic system maintenance,
339-344
hydraulic systems, 331, 332
maintenance of track and track
frame assemblies, 366-368
pivot brakes, 360
planetary steering, 358-360
power shift and automatic
transmissions, 344-358
tracks and track frames, 360-366
wire rope, 369-377
Construction Mechanic rating, the, 1-3
types of billets, 2, 3
duty at overseas bases, 3
duty within the U.S., 3
geographic location, 2
the Public Works Department, 2, 3
units of the fleet, 2

preparing the surface for painting 295
removing dents, 292, 293
replacing sheet metal, 293-295
Brakes, 300-330
air brake systems, 318-330
servicing air brakes, 328 -330
air-over-hydraulic brake
system, 315-318
hydraulic brakes, 301-313
brake fluid distribution, 304
disk brake assemblies, 310, 311
drum brake assemblies, 305, 306
drum brake service, 306-309
master cylinders, 302-304
servicing hydraulic systems,
311-313
wheel cylinders, 305
types of brakes, 300, 301
parking brakes, 300, 301
service brakes, 301
vacuum boosters, 313-315
C

Chassis and bodies, automotive, 257-299
Classification of engines, 19-22
arrangement of cylinders, 20, 21
gasoline engines vs diesel engines, 19, 20
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Cooling and lubricating systems, 122-147
cooling systems, 122-138
air-cooling systems, 123, 124
liquid-cooling system, 124-131
repairing cooling system
components, 135-138
servicing the liquid-cooling
system, 131-135
engine lubrication systems, 138-147
lubrication system
components, 138-142
lubrication system
maintenance, 143-147
purposes of lubrication, 138
types of lubrication systems,
142, 143
Cycles, engine, 17, 18

Die

fuel system, theContinued

iesel fuel, 82, 84
cleanliness, 82
ignition quality, 84
viscosity, 82
volatility, 82
governors, 86-91
causes of excessive speed, 90
control of engine speed and
power, 86
danger of excessive speed, 90
governors as safety devices, 91
other classifications of
governors, 89, 90
overspeed safety devices, 90, 91
relation of governor to fuel
system, 86, 88
speed-regulated governors for
diesel engine, 88
spring-loaded centrifugal
governors, 88, 89
stopping fuel supply, 90
Drive axle assembly, 243-256
axle housing, 244
differential, 247
drive axle maintenance, 249-256
cleaning and inspecting, 253
disassembly, 252, 253
reassembly and adjustment, 253 -256
driving axles, 247-249
full-floating axle, 249
semifloating axle, 248
final drive, 244-247
double reduction final
drive, 245, 246
hypoid gear, 245
spiral bevel gear, 245
two-speed final drive, 246, 247
Drive lines, 240-243
Center support bearings, 242, 243
propeller shafts, 240
universal joints, 241, 242

D

Development of power, internal combustion
engines, 13, 14
Diesel fuel system components, 91-96
fuel filters, 91, 92
fabric filter, 92
metal-disk filter, 91, 92
fuel gages, 91

fuel injection, 93-96
atomization of fuel, 95
creating pressure, 95, 96
injection control 94, 95
metering, 94
timing, 95
fuel supply pump, 92, 93
fuel tanks, 91
Diesel fuel system maintenance, 119-121
air in fuel system, 120
cleaning injectors, 120
dirt in fuel system, 119
servicing injection equipment, 120
testing fuel injection nozzles, 20, 121
water in fuel system, 119
Diesel fuel system, the, 81-91
combustion chamber design, 84-86
hypercycle combustion
chamber, 86
open combustion chamber, 84, 85
precombustion chamber, 85
turbulence chamber, 85, 86

E

Electric current, 148-150
amperage and voltage, 149, 150
conductors, 148, 149
insulators, 149
resistance, 150
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Fuel systemsContinued

Electricity, automotive: part I, 148 -177
Engine construction, 28
Engine lubrication systems, 138-147
lubrication system components, 138-142
oil filters, 140, 141
oil level gage, 141, 142
oil pressure gage, 140
oil pump, 139
oil strainers, 140
oil temperature regulator, 142
lubrication system maintenance, 143 -147
flushing the system, 146, 147
oil and filter change, 144, 145
oil pump and relief
valves, 145, 146
servicing oil lines, fittings,
and strainers, 145
purposes of lubrication, 138
types of lubrication systems, 142, 143
combination splash force-feed,

diesel fuel system maintenance,
119-121

air in fuel system, 120
cleaning injectors, 120
dirt in fuel system, 119
servicing injection equipment,
120

testing fuel injection
nozzles, 120, 121
water in fuel system, 119
fuels, 59
gasoline fuel system components, 61=81
air cleaner, 77
air induction and exhaust
systems, 77-81
carburetor, 67-77
fuel filter, 64
fuel lines, 66, 67
fuel pump, 64-66
fuel tank, 62-64
gasoline engine emissions, 81
me ods of fuel injection, 96-115
Caterpillar fuel
injection, 96-102
General Motors unit
injection, 110-113
International Harvester fuel
injection systems, 102-110
the Cummins Pressure Time (PT)
fuel system, 113-115
properties of gasoline, 59-61
antiknock quality and
detonation, 60
octane rating, 60, 61
volatility, 60
superchargers and turbochargers, 116-118
the diesel fuel system, 81-91
combustion chamber design,
84-86
diesel fuel, 82-84
governors, 86-91

143

force-feed, 143
full force-feed, 143
splash, 142
Engine measurements and performance, 22-27
definitions, 22-24
engine performance, 25, 26
linear measurements, 24, 25
timing, 26, 27
Enlisted rating structure, 1
Equipment, construction, 331-383

Frame, vehicular, 257-259
Fuel systems, 59-121
cold weather starting, 118, 119
glow plugs, 118
preheaters, 118
starting fluid, 118, 119
diesel fuel system components, 91-96
fuel filters, 91, 92
fuel gages, 91

fuel injection, 93-96
fuel supply pump, 92, 93
fuel tanks, 91

Gasoline fuel system components, 6181
air cleaner, 77
air induction and exhaust syste
77-81
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Gasoline fuel system componentsConthrued
carburetor, 67-77
accelerating pump
circuit, 73, 74
carburetor troubles, 76, 77
choke circuit, 74-76
float circuit, 69, 70

Hydraulic system maintenan 339-344
filter maintenance, 339
repairing leaks, 341-344
external leakage, 341
internal leakage, 341-344
reservoir maintenance, 340, 341
Hydraulic systems, 331-344
basic hydraulic system, 333-339
hydraulic fluid, 331
maintenance, 339-344
multiplication of force, 332
transmission of force, 331, 332

high-speed circuit, 71-73
low-speed circuit, 70, 71

throttle, 69
fuel filter, 64
fuel lines, 66, 67
fuel pump, 64-66
fuel tank, 62-64
gasoline engine emissions,
Gasoline, properties of, 59-61
Generators, 159.177
alternator, 172-177
attemator disassembly and
testing, 176, 177
alternator maintenance, 175
alternator output control 175
direct- current generator, 160-172
generator repair, 164-172
governor maintenance, 164
governor output control, 161-164

Ignition circuits, 187-202
ignition system maintenance, 194-202
distributor, 200, 201
ignition timing, 201
spark plugs, 194-199
waterproff ignition systems, 201, 202
magneto ignition system, 192, 193
coming-in speed, 193
impulse coupling, 193
types of magnetos, 193
spark advance, 190, 191
centrifugal advance, 190
vacuum advance, 191
the battery ignition system, 187.190
breaker cam, 190
condenser, 189
contact points and cam, 188
distributor, 189, 190
ignition coil, 187, 188
primary circuit, 187
secondary circuit, 187
transistorized ignition circuits, 191, 192
Inspections, maintenance, 385.389
deadline inspections, 389
operator's inspections, 387, 388
safety inspections, 388, 389
type "A" PM inspections, 389
type "B" PM inspections, 389
type "C" PM inspections, 389
Internal combustion engines construction,

Heavy-duty air compressors, 377 -380
compressor design, 377-380
aftercoolers, 379, 380
intercoolers, 379
pressure control system, 380
receivers, 380
Hydraulic brakes, 301-313
brake fluid distribution, 304
disk brake assemblies, 310, 311
disk brake lining
replacement, 311
disk brakes servicing, 310, 311
servicing caliper assemblies,
311

drum brake assemblies, 305, 306
drum brake service, 306-309
master cylinders, 302-304
servicing hydraulic systerns,
wheel cylinders, 305

28-58

auxiliary assemblies, 57, 58
engine construction, 28
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Internal combustion engines
constructionContinued

LubricationContinued
dispensing lubricants, 410
engine and engine accessory
lubrication, 411-413
air cleaner service, 412
distributor service, 413
generator service, 413
manifold heat control valve
service, 412
oil filter service, 411, 412
radiator fan service, 413
power train lubrication, 415, 416
clutch service, 415
differential service, 416
drive shaft service, 416
transmission service, 415, 416
universal joint service, 416
running gear lubrication, 413415
brake service, 413, 414
steering gear service, 413
wheel bearing service, 414, 415

moving parts of an engine, 37-57
connecting rods, 41-43

crankshaft, 4346
engine bearings, 55-57
piston assembly, 37-41
timing gears (gear trains), 54
valves and valve mechanisms,
46-54
power package concept, 58
stationary parts, 28-37
crankcase, 33, 34
cylinder block construction, 31
cylinder head, 31-33
engine cylinder block, 28-31
exhaust manifol, 34, 35
gaskets, 36, 37
intake manifold, 35
seals, 37
Internal combustion engines, principles
of, 12-27

Magnetism, 150-153
electromagnetic induction, 152, 153
electromagnetism, 151, 152
magnetic field, 150, 151
Maintenance, 384-416
lubrication, 408-416
body lubrication, 410, 411
chassis lubrication, 410
dispensing lubricants, 410
engine and engine accessory
lubrication, 411-413
miscellaneous lubrication, 416
power train lubrication, 415, 416
running gear lubrication, 413 -415
maintenance administration, 384-400
categories of maintenance,
384, 385
equipment history jackets, 395
inspections, 385-389
labor reporting, 398-400
organization, 395-398
PM Record Cards, 389, 390
repair orders, 390-395
scheduling, 385

lighting circuit, 202-207
circuit breakers, switches, and
fuses, 207
headlights, 203-207
using headlight tester for
checking headlights, 206, 207
using screen for aiming
headlights, 204, 205
lamps and bulbs, 202, 203
Liquid- cooling system, 124-131
coolants and antifreeze, 131

fan and shroud, 127, 128
overflow tank, 130
radiator, 125, 126
radiator pressure cap, 126
temperature gage, 130, 131
thermostats, 128-130
water jacket, 128
water pump, 126, 127
Lubricating and cooling systems, 122 -147
Lubrication, 408416
body lubrication, 410, 411
chassis lubrication, 410
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ving parts of an engine Continued

MaintenanceContinued

valve and valve mechanisms, 46-54
camshaft, 46
checking rocker arms, 53
checking valve springs, 53, 54
engine valves and valve seats, 47
followers, 46, 47
reconditioning valves and valve
seats, 47-50
valve guide service, 51
valve seat service, 52, 53
Multiple - cylinder engines, 19

maintenance support, 400-408
repair parts control, 404-408
repair parts support, 400-403
requesting spare parts, 403,404
using part numbers, 404
Maintenance of track and track frame
assemblies, 366-368
inspection, 367
lubrication, 366, 367
maintenance tips and indicators for
tractors, 368
shop repairs, 367, 368
track adjustment, 366
Methods of fuel injection, 96-115
Caterpillar fuel injection, 96-102
governor operation and
adjustments, 98-101
removal of injection valves, 96
servicing injection pumps, 96-98
sleeve metering fuel pump,
101-102
General Motors unit injection, 1 10 -1 13
equalizing injectors, 111 , 112
governor, 112, 113
injector timing, 111
International Harvester fuel injection
systems, 102-110
fuel injector-817 series,
109, 110
Roosa Master fuel injection
pump, 102-109
the Cummins Pressure Time (PT) fuel
system, 113-115
fuel pump, 113
governor, 113-115
injectors, 115
Metric System, the, 417419
Moving parts of an engine, 37-57
connecting rods, 4143
crankshaft, 43, 46
engine flywheel, 45, 46
vibration damper, 45
engine bearings, 55-57
aring lubrication, 55, 56
bearLng materials, 57
bearing requirements, 57
piston assembly, 37-41
piston pins, 39, 40
piston rings, 40, 41
mimg gears (gear trains), 54

N

Navy Enlisted Advancement System, the, 3-10
how to prepare for advancement, 7
NAVEDTRA 10052, 8
qualifying for advancement, 3, 4
Personnel Advancement Requirements,
7, 8
rate training manuals, 8-10
who will be advanced?, 4, 7
NCF Automotive Equipment Inspection
Guide, 420424
NCF Construction Equipment Inspection
Guide, 425-431

Organization, maintenance, 397-398
cost control clerk, 398
crew leader, 398
inspectors, 398
maintenance supervisor, 397
PM clerk, 398
shop supervisor, 397, 398
technical librarian, 398

Parking brakes, 300, 301
Pivot brakes, 360
Planetary steering, 358-360
Power package concept, 58

438
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Power shift and automatic tranmissions, 34' 358
automatic transmissions, 358
fluid coupling and torque converter
operation, 344, 345
hydraulic torque converter, 345-347
power shift transmissions, 347-358
forward and reverse hydraulic
clutch operation, 349-351
gear shifter mechanism, 351
planetary gear sets, 356-358
Power takeoffs, 239
Power trains, automotive, 217-256
Preparation for advancement, 1-11
enlisted rating structure, 1
sources of information, 10, 11
commercial publications,
government publications, 10, 11
publications you should
know, 10
training films, II
the Construction Mechanic rating, 1-3
types of billets, 2, 3
the Navy Enlisted Advancement
System, 3-10
how to prepare for
advancement, 7
NAVEDTRA 10052, 8
Personnel Advancement Requirements, 7, 8
qualifying for advancement, 3, 4
rate training manuals, 8-10
who will be advanced?, 4, 7
Principles of internal combustion engines, 12-27
basic engine strokes, 14-17
compression stroke, 15
exhaust stroke, 17
intake stroke, 15
power stroke, 15, 17
classification of engines, 19-22
arrangement of cylinders,
20, 21
gasoline engines vs diesel

engines, 19, 20
operating cycles, 20
valve arrangement, 2
combustion engine, 12, 13
developmc:.;_of power, 13
engine cycle;~, 17, 18
4-strokz: cycle vs 2-stroke

cycle, 17, 18
2-stroke cycle pit wine. 17

Principles of internal combustion

enginesContinued
engine measurements and performance,
22-27
definitions, 22-24
engine performance, 25, 26
linear measurements, 24, 25
timing, 26, 27
multiple-cylinder engines, 19
Properties of gasoline, 59-61
antiknock quality and detonation, 60
octane rating, 60, 61
volatility, 60

Repairing cooling system components, 135 -138

fan and belt, 137
hoses, 136
radiator, 135, 136
thermostat, 137, 138
water jacket, 135
water pump, 136, 137
Repair orders, 390-395
equipment repair orders, 391-395
shop repair orders, 390, 391
S

Scheduling maintenance, 385
Service brakes, 301
Servicing the liquid-cooling system, 131 -135
cleaning and flushing, 131, 132
cooling system testing, 133-135

preventing rust, 132, 133
using antifreeze, 133
Sources of information, 10, 11
commercial publications, 11
government publications, 10, 11
training films, 11
publications you should know,
Starting circuits, 178-187
series-parallel starting circuit, 183, 184
starting circuit ;naintenance, 135 -1137

battery capacity test, 186
starter- removal and
rPrtl neorn art t- 1 24
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starting motor, 178-183
starter engaging mechanisms, 181
starting motor construction, 179, 180
starting motor controls, 182, 183
types of starting motors, 180, 181
Stationary parts, internal combustion
engine, 28-37
crankcase, 33, 34
cylinder block construction, 31
cylinder head, 31-33
engine cylinder block, 28-31
exhaust manifold, 34, 35
gaskets, 36, 37
intake manifold, 35
seals, 37
Steering mechanisms and wheel alinement,
280-290
cam and lever steering gear, 280, 281
hydraulically assisted steering, 281-284
steering system maintenance, 284, 285
wheel alinement, 285-290
steering and alinement
troubles, 287-290
steering geometry, 285-287
worm and roller steering gear, 280
Storage battery, 153-159
battery capacity, 154
battery charging, 155, 156
constant current charging, 155, 156
constant voltage charging, 156
good charging practices, 156

battery construction, 153, 154
battery maintenance and testing, 158, 159
battery ratings, 154, 155
battery shop safety, 159
placing new batteries in service, 157, 158
self-discharge, 156, 157
Superchargers and turbochargers, 116-118
Support, maintenance, 400-408

repair parts control, 404408
DTO log, 404-406
repair parts summary sheet, 406-408

repair parts support, 400403
categories of repair parts, 401

sC1LANIC 3 & 2
Suspension systems, 259-265
shock absorbers, 263, 264
springs, 259-263
coil springs, 261-263
leaf springs, 259-261
torsion-bar, 263
spring, shock absorber, and frame
maintenance, 264, 265

T
'Tires, 266-280
changing the tire and wheel, 268
construction, 266 =268
markings, 268
preventive maintenance, 276-279
removal and repalcement (tubeless), 271

removal and replacement (tube type),
269-271
removal of large earthrnoving tire,
271, 272
repair, 274, 275
rotating tires, 275, 276

tube repair, 272274
wheel balancing, 279, 280
°Tracks and track frames, 360-366
track assembly, 360-363
track chain, 360, 361
track shoes, 362, 363
track frame, 363-366
adjusting mechanism, 364, 365
front idler, 364
recoil spring, 364
track frame rollers, 363, 364
track guiding guards, 365, 366
Transfer cases, 236-239
Transmission, 227-236
auxiliary transmissions, 231-234
constant mesh transmission, 227
synchromesh transmission, 227-231
transmission overhaul, 235, 236
transmission troubleshooting, 234, 235

COSAL arrangement, 401-403
levels of support, 401
maintenance of manuals, 403
technical manuals, 403
requesting spare parts, 403, 404
iigincr mart niirnherc 4114

NJa r11111-rt
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Wire ropeContinued
composition and characteristics,
Wheel alinement and steering mech
280-290
Wheels and rims, 265, 266
Winches, automotive, 256
Wire rope, 369-377
attachments, 375-377

369-371
handling and care, 371-375
Wiring circuits, 207-210
electrical troubles, 207, 209
one- and two-wire circuits, 209
wiring color code, 209, 210
wiring diagrams, 210
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NAVEDTRA 10644-G
Prepared by the Naval Education and Training Program Development
Center, Pensacola, Florida

Your NFCC contains a set of assignments and self-scoring answer sheets
(packaged separately). The Rate Training
Manual, CONSTRUCTION MECHANIC 3s(2,
NAVEDTRA 10644-G , is your textbook for
the NRCC. If an errata sheet comae with
the NEC, make all indicated changes or
corrections, Do not change or correct
the textbook or assignments in any other

higher. If you are on active duty, the
average of your grades in all assignMonts must be at least 3.2. If you are
NOT on active duty, the average of your
grades in all assignments of each
creditable unit Must be at least 3.2.
The unit breakdown of the course, if
any, is shown later under Naval Reserve
Retirement Credit.

way.

WHEN YOUR COURSE IS ADMINISTERED
HOW TO COMPLETE MIS COURSE SUCCESSFULLY

BY LOCAL COMMAND

Study the textbook pages given at
the beginning of each assignment before
trying to answer the items. Pay attention
to tablets and illustrations as they
contain a lot of information.. Making your
own drawings Can help you understand the
subject matter. Also, read the learning
objectives that precede the sets of items.
The learning objectives and items are
based on the subject matter or study
material in the textbook. The objectives
tell you what you should be able to do
by studying assigned textual material
and answering the items.

As soon as you have finished an
assignment, submit the impleted selfscoring answer sheet to the officer
designated to administer it He will
check the accuracy of your score and
discuss with you the items that you do
not understand. You may wish to record
your score on the assignment itself since
the self-scoring answer sheet is not
returned.

At this point you should be ready
to answer the items in the assignment.
Read each item carefully. Select the
BEST ANSWER fot each item, consulting
your textbook when necessary. Be sure
to select the BEST ANSWER from the
subject matter in the textbooX. You may
discuss difficult points it the course
with others. However, the answer you
Select must be your own. Use only the
melf-scoring answer sheet designated
for your assignment. Follow the scoring
directions given on the answer sheet
itself and elsewhere in this course.
Your NRCC will be administered by
your command or, in the case of small
dommands,:by the Naval Education and
Training Program DevelOWent Center.
No matter who administers your course
you can complete it successfully by
earning grades that average 3.2 or

If you are completing this NRCC to
become eligible to take the fleetwide
advancement examination, follow a
schedule that will enable you to complete
all assignments in time. Your schedule
should call for the completion of at
least one assignment per month.
Although you complete the course
successfully, the Naval Education and
Training Program Development Center will
not issue you a letter of satisfactory
completion. Your command will make a note
in your service record, giving you credit
for your work.
WHEN YOUR COURSE IS ADMINISTERED
BY THE NAVAL EDUCATION AND TRAINING
PROGRAM DEVELOPMENT CENTER

After finishing an assignment, go
on to the next. Retain each completed
self-scoring answer sheet until you
finish all the assignments in a twit for
in the course if it is not divided into
units). Using the envelopes provided,

your self -scored =Swear sheets to the
Naval Education and Training Program
Development Center where the Scores will
be verified acid recorded. Make sure all
blanks at the top of each answer sheet
are filled in. Unless you furnish all the
information required, it Will be
impossible to give you credit for your
work. You may wish to record your scores
on the assignments since the Self-scoring
answer sheets are not returned.

The Naval Education and Training
Program Development Center will issue a
fletter of satisfactory completion to
certify successful completion of the
course (or a creditable unit of the
course). To receive a course-completion
letter, follow the directions given on
the course-completion form in the back
of this NRCC.

NAVAL RESERVE RETIREMENT CREDIT

This course is evaluated at 18 Naval
Reserve retirement points. These points
are creditable to personnel eligible to
receive thew unler current directives
governing retirement of Naval Reserve
personnel.
Points will be credited in
units upon satisfactory completion of
the assignments as follows:
Units

Points

1

12

1

2

6

9

Assignments
through 8
through 12

Credit cannot be given again for this
course if the student has previously
received credit for completing another
Construction Mechanic NRCC or BCC.

You may keep the terrtlioc and
:assignments for this c
Fitt= them
012E. in the event you di!rlantl from the
course or otherwise fal3 to complete the
COURSE OBJECTIVE
course. Directions for zet....ning the
textbook and assignments are given on the
In completing this NRCC, you will
book-return form in the back of this
demonstrate a knowledge of the subject
NRCC.
matter by correctly answering items on
the following: career development;
PREPARING FOR YOUR ADVANCEMENT
operating principles, component
EXAMINATION
functions, and maintenance procedures
systems, cooling systems and
Your exam nation for advancements
LvbLicativg systems of internal
based on the tianusiJ of Naval Enlisted:
combustion engines; electrical systems,
powv trains, suspension systems, and
Manpower Personnel. Classifications and
occupational Standards (NAVPERS 18068D).
brake systems common to automotive,
The sources of questions in this examimaterials-handling, and construction
nation are given in the Bibliography
equipment; and principles and techniques
of preventive maintenance.
for Advancement Study (NAVEDTRA 10052).
Since your NRCC and textbook are among
the sources listed in this bibliography,
be sure to study both in preparing to
take your advancement examination. The
qualifications for your rating may have
changed since your course and textbook
were printed, so refer to the latest
editions of NAVPERS 18068 and VAVEDTRA
10052.

While working on tais nonresident
artier course, you may refer freely to
the text.
You may seek advice and instrucion from others on problems arising in
the course, but the solutions suhnitted
must be the result of your own work and
decisions. You are prohibited from re
ferring to or copying the solutions of
Others, or giving completed solutions to
anyone else taking the same course.

Naval nonresident career courses may include a variety of items -- multiple-choice, true-false,
matching, etc. Vie items are not grouped by type; regardless of type, they are presented in the same
general sequence as the textbook material upon which they are based. This presentation is designed
to preserve continuity of thought, permitting step-by-step development of ideas. Some courses use
many types of items, others only a few. The student can readily identify the type of each item (and
the action required of him) through inspection of the samples given below.
MULTIPLE-CHOICE ITEMS
Each item contains several alternaffives, one of-which provides the best answer to the item.
Select the best alternative and erase the appropriate box on the answer sheet.

SAMPLE
s-1. The first person to be appointed Secretary of Defense
under the National Security Act of 1947 was
1. George Marshall
2. James Forrestal
3. Chester Nimitz
4. William Halsey

The erasure of a correct answer is indicated in th s way on the answer sheet:

1111111111
MA

I

UM

TRUE-FALSE ITEMS

Determine if the statement is true oFfERF--T15717 part of the statement is false the statement is to be considered false. Erase the appropriate box on the answer sheet as indicated below.
The erasure of a correct answer is also
indicated in this way onthe answer

SAMPLE

s-2. Any naval officer is authorized to corresga-officially with a bureau of the Navy Department
without his connanding officer's endorsement.

sheet:

MATCHING ITEMS
Each set of items consists of two columns,- each listing wor s p rases or sen ences.
The task
select the item in column B which is the best match for the item It column A that is being
considered. Items in column B may be used once, more than once, or not at all. Specific instructions
are given with each set of items. Select the numbers identifying the answers and erase the
appropriate boxes on the answer sheet.
SAMPLE
In items s-3 through s-6, match the name iti7hi shipboard officer in column A by selecting from
column B the name of the department in which the officer functions.
A. Officers

B. Departments

s-3. Damage Control Assistant

I. Operations Departmen.,

s-4. CIC Officer

2. Engineering Department

s-5. Assistant for Disbursing

3. Supply Otperteeet

The erasure of a correct answer is indicated in this way on the answer sheet:

s-6. Communications Officer
How To Score Your immediate Knowledge of Result
Total the number of incorrect erasures (those
that shoW page numbers)
for each item and place
in the blank space at
the end of each item.

Answer She

Sample only
em er of boxes
erased incorrectly 0
Your score

TO AL the column(s) of incorrect erasure
of EACH answer sheet.

-2

3-7

4.0

.9

and find your score in the Table

the

NOTICE: If9 on erasing, a page number appears, review text (starting on the
t page) and erase again
until "C", "CC", or "CCC" appears. For courses administered by the Center, the maximum
number of points (or incorrect erasures) will be deducted from each item which does NOT have
a "C ". "CC", or "CCC" uncovered (i.e., 3 pts, for foe,' deice items 2 pte. for three choice
items, and I pt. for T/F items).

Assignment

ion for Adv

cement- Princ

Textbook, NAVEDTRA 10644-0:

Pages

al Combust

1 - 27

In this course you will demonstrate that learning has taken place by correctly answering
training items. The mere physical act of indicating a choice on an answer sheet is not in itself
important; it is the mental achievement, in whatever form it may take, prior to the physical act
that is important and toward which course learning 212its4mt are directed.
The selection of the
correct choice for a course training item indicates that you have fulfilled, at least in part,
the stated objective(s).
The accomplishment of certain objectives, for example, a physical act such as drafting a
memo, cannot readily be determined by means of objective type course items; however, you can
demonstrate by means of answers to training items that you have acquired the requisite knowledge
to perform the physical act.
The accomplishment of certain other learning objectives, for
example, the mental acts of comparing, recognizing, evaluating, choosing, selecting, etc., may
be readily demonstrated in a course by indicating the correct answers to training items.
The comprehensive objective for this course has already been given. It states the purpose
the course in terns of what you will be able to do as you complete the course.
The detailed objectives in each assignment state what you should accomplish as you progress
through the course. They may appear singly or in clusters of closely related objectives, as
appropriate; they are followed by items which will enable you to indicate your accomplishment.
All objectives in this course are learaing objectives and items are teaching items. They
point out important things, they assist in learning, and they should enable you to do a better
job for the Navy.
This self-study course is only one part of the total Navy training program; by ita very
nature it can take you only part of the way to a training goal. Practical experience, schools,
selected reading, and the desire to accomplish are also necessary to round out a fully meaningful
training program.

1-2.

Learning Objective:
Identify
skill requirements and NEC's
applicable to the Construction
Mechanic rating.

How is the NEC coding system used?
1.

2.
3.

4.
1 -1.

A general rating is used to identify a/an
1.
2.
3.

4.

individual's job qualifications
specialty used in wartime
broad field of related duties
individual's performance

To facilitate management control over
enlisted skills
To identify billets and personnel
To insure maximum skill utilization
Each of the above

Items 1-3 through 1-6, select from column B
the title and NEC code described in column A.

1-3.

1-4.

A. _Description

8.

Title and NEC
Code

Adjust, analyze,
and repair automotive, materials
handling, and
construction
equipment electrical systems

1.

Automatic Transmission/Hydraulic Systems
Mechanic, CM-5801

Maintain, repair,
adjust, and overhaul diesel engines-pver 600
horsepower

2.

1-10.

1.
2.
3.

4.

Automotive Electrical Technician,
CM-5802
Stationary Diesel
Engine Mechanic,
CK-5804

1-11.

Up-to-date changes in the Navy advancement
system may be found in what publication?
1.
2.
3.

4.

Diagnose and
repair malfunctioning
hydraulic pumps,
valves, cylinders,
and rams

1-12.

1.

Learning Objective:
Indicate
some possible duty assignments
for a Construction Mechanic.

3.
4.

1-13.

As a CM you probably_ wi11 never be
assigned duty to

2.

3.

4.

an amphibious construction battalion
a ahip's company
a detachment of a naval mobile
construction battalion
the fleet construction force

2.
3.
4.

IP

1-8.

As a. rated Construction Mechanic in a
naval mobile construction battalion, you
will be assigned to

1-14.

Which of the following is a requirement
for an active duty Constructionman who is
seeking to advance to E4?

A company

2.

13 company

1.

3.

C company
D company

2.
3.

4.

1-9.

If you were assigned duty to a shore
activity, you would most likely be
assigned to the
1.
2.
3.

4.

1-15.

construction battalion maintenance
unit
construction force headquarters
public works department
regimental headeuartere

Class A schooling
Eight years total service
Three years of service in grad
Recommendation of commanding o ficer

Which of the following is a requirement
for advancement from CM3 to CM2 for a
Construction Mechanic on active duty?
1.
2.

3.

4.

2

occupational standards
professional experience
naval standards
personal knowledge

In answering items 1-14 through 1-17,
refer to textbook figures 1-1 and 1-2.

1.

4.

Recommendation by the commanding
officer
Length of time in pay grade required
for advancement
Completion of the appropriate NRCC
Passing of a military/leadership
examination

Military /leadership examinations are
based on
1.

1.

NAVPERS 18068
NAVEDTRA 10653-F
BUPERS Notice 1418
BUPERS Notice 3607/1

Which of the following requirements for
advancement may be waived if you have
completed an appropriate Navy school?

2.

1-7.

Master-at-arms force
Special services
Salvage yard
Each of the above

Explain factors
Learning Objective:
relating to qualifying and preparing
for advancement.

Troubleshoot, dismantle, repair,
and reassemble
torque converter
1-6.

Assume you have been assigned shore duty
at a station which has a fully staffed
public works department. To which of the
following jobs could you be assigned?

Serve 12 months in grade
Complete class 13 school
Serve a total of 8 years
Serve a total of 48 months at sea

1-16.

Authorizations for advancement of active
duty personnel from E3 to E4 or from E4
to E5 are issued by which of the following?

1-23.

Commanding officers
District commandants
NAVEDTRAPRODFVCEN
Bureau of Naval Personnel
1-17.

1-18.

In meeting advancement requirement of 14
days of total training duty in grade, a
CM3 on inactive duty may substitute active
duty time.

2=
3.

4.

1-19.

1.
2.
3.
4.

1-24.

Of the following factors, which is used
to select from persons qualified those
who will be advanced?
1.

Examination score
Length of time in service
Performance evaluation
Each of the above

2.
3.
4.

Final multiple
Professional knowledge
Performance evaluation
Seniority among candidates

1-26.

How often is the Bibliography for
Advancement Study (NAVEDTTA 10052)
revised?

2.
3.

1-27.

In answering items 1-20 through 1-22, select
the publication from column B that is a source
of the information in column A.

1.

Publications
3.

1-20.

1-21.

1-.22.

Requirements for enlisted skills applicable to each rate
within the CM rating
Publication number
and title of the
latest edition of
a given.Navy training manual
Title of references used for
source material
for advancement
examinations

1.

Manual of Navy
Enlisted Manpower and
Personnel
Classifications
and Occupational
Standards

2.

Bibliography for
Advancement
Study

3.

Naval Training
Bulletin

4.

List of Training
Manuals and
Corroannndanre

4.

1 -28.

Quarterly
Semiannually
Annually

Which of the rate training manuals listed
in NAVEPTRA 10052 for your rating must you
complete to become eligible to take the
Navy-wide advancement examination?

2.

Information

CM3, C42, and CM1
CM, C43, and CM2
CM2 only

What section of the Personnel Advancement
Requirement (PAR) for CA's deals
primarily with an individual's ability
to perform prescribed tasks?

ment.

A.

CM2 and al only

1-25.

1.

Learning Objective:
Indicate sources
of information and study practices
that will assist the Construction
Mechanic in professional develop-

One particular rating only
The CM rating only
Shipboard ratings only
All ratings

When preparing for the 0442 Navy -wide
advancement examination, a C43 should
expect to be tested on the occupational
standards for
1.
2.
3.
4.

When only a few vacancies are to be filled
from a large number of candidates, which
of the following factors determines who
will be advanced?
1.

The naval standards published in the
Manual of Enlisted Manpower and Personnel
Classifications and Occupational Standards
are requirements that apply to which of
the following?

All manuals listed for the Occupational
Field 13
All manuals listed for the next higher_
rate
Asterisked manuals listed for the
next higher rate
Unmarked manuals listed for the next
higher rate

Before studying your rate training manual,
you should study the occupational stand
srds for Construction Mechanics.

1-29.

Which of the following hints for studying
should help you get the moat from your
Navy training course?
1.

2.

3.
4.

1-30.

Devote your time exclusively to important military topics
Try not to cover a complete unit in
any one study period
Omit easy material; study only the
most difficult and the unfamiliar
Make notes as you study, particularly
of the main ideas, then review your
notes

Learning Objective: Recognize
operating principles of an
internal combustion engine and
indicate various parts of this
engine,

1-33.

An internal combustion engine is a nachin
that

uses heat
create mechanical energy
converts heat energy to mechanical
energy
converts mechanical energy to heat
energy

1.
2.

A reliable indication that you have
mastered the subject matter from a chapter
in a Navy training course is your ability

3.

to

1-34.
1.

2,

3.

express in your own words the main
points of the subject
quote word for word passages from the
chapter
memorize pertinent dates, tables of
weights and measures, and other facts
ask intelligent questions about the
subject

What forces the piston downward during
operation of a gasoline engine?
1.
2.
3.

4.

1-35.

You can keep abreast of new developments
that affect you, your work, and the Navy
by being able to

Reciprocating motion is changed to rotary
motion n the combustion engine by means
of a
1.

2.

1.
2.
3.

4.

collect personal copies
pertinent
technical manuals
complete all enlisted correepondenee
courses that pertain to your rating
find up-to-date information and check
that which pertains to your rating
complete all enlisted correspondence
courses that pertain to the construction ratings

3.

4.

1-36.

1.

.

To insure that the Naval Facilities
Engineering Command publications that you
are using are up-to-date, you should conault
A
NAVFAC P-349 or DA PAM 310-4
This publication is updated

3.
4.

1-37.

B

annually or semiannually
1.
2.

3.
4.

(A)
(A)
(A)
(A)

NAVFAC
NAVVA4
DA PAM
DA PAM

P-349; (B)
p -349; (B)
3a0e4; (B)
310-4; (B)

annually
semiannually
annually
semiannually

a connecting rod
crankshaft
piston
a connecting rod

Cylinder, camshaft valve, piston,
Piston pin, connecting rod, and crankshaft
Cylinder, valve, piston, piston pin,
connecting rod, and crankshaft
Cylinder, piston, piston pin, connecting rod, and crankshaft
Cylinder, piston, connecting rod, and
crankshaft

What is the ratio of crankshaft revolutions
to piston strokes in a 1-cylinder engine?
1.
2.
3.

4.
1 -38.

Piston pin and
flywheel and a
cylinder and a
crankshaft and

Which of the following basic parts are
included. in the 1-cylinder engine?

2.

1-32.

Compression of the fuel-air mixture
Intake of the fuel air-mixture
Expansion of the heated gases
Exhaust of the waste gases

1
2
1
4

to
to
to
to

1
1
2
2

The movement of the intake and exhaust
valves of an internal combustion engine
is controlled by the
1.
2.
3.
4.

balance shaft
ceneheft
connfcting rod
crankshaft

1-

Which of the following events occurs
during the second stroke in the sequence
of strokes for the 4-stroke cycle engine?
1.
2.

3.
4.

The
The
The
The

1-48.

1.
2.

piston moves downward
waste gases are exhausted
air-fuel mixture is compressed
air-fuel mixture is ignited

3.
4.

1-47.

1-40.

At what point in the cycle of a 4-stroke
cycle engine does ignition occur?
1.
2.
3.
4.

A piston in a 4- stroke cycle engine makes
four strokes during each

Beginning of the compression stroke
End of the compression stroke
Beginning of the intake stroke
During the power stroke

Which of the following statements is TRUE
concerning the operating cycle of a
2-stroke cycle diesel?
1.

3.

1-41.

During Which stroke in the operating
cycle of a 4-stroke cycle engine is the
greatest force exerted on the piston
head?

4.

1-48.
1.

2.
3.

4.

Intake
Compression
power
Exhaust

Strokes

B.

1-49,

Piston Movements and.
Valve Condition

Compression

1-43.

Power

1-44.

Exhaust

2.

Piston moving up; exhaust and intake
valves closed
Piston moving down;
intake valve open, exhaust valve closed

3.

4.

1-50.

Piston moving down;
exhaust and intake
valves closed

1.
3.

In what order do the strokes of a
4-stroke cycle engine occur during
operation?
1.
2.
3.
4.

Compression, power, exhaust, intake
Compression, power, intake, exhaust
Intake, compression, power, exhaust
Intake, compression, exhaust, power

4.

1-51.

Some power developed by the 2-stroke
cycle engine is used to force air
and fuel into each cylinder
Less than all the combustion gases
are scavenged from each cylinder of
the 2-stroke cycle engine
For a given air-fuel mixture, less
fuel and air enter the cylinders of
the 2-stroke cycle engine
Each of the above

Which of the following is an advantage of
the multitylinder engine over the singlecylinder engine?

2.

1-45.

Air forced into the cylinder
Upward motion of the piston
Both 1 and 2 above
Scavenging effect caused by the piston

size?

Piston moving up; exhaunt valve open, intake valve closed
2.

exhaust valves and intake ports
never open at the same time
exhaust valves remain open until
piston reaches top dead center
inlet ports are uncovered after
exhaust valves open
inlet ports are uncovered when the
Piston reaches bottom dead center

Which of the following reasons partially
accounts for the failure of a 2-stroke
cycle engine to produce twice the power
of a 4-stroke cycle engine of the same

1.

1-42.

The
are
The
the
The
the
The

By what means are burned gases cleared
from the cylinder of the 2-stroke cycle
diesel engine?

4.

In items 1-42 through 1-44, select from column
B the combination of piston movement and valve
conditions that occurs during the basic engine
stroke in column A.

Crankshaft revolution
engine cycle
period of two combustion cycles
cycle of two events

More efficient
Smoother power
Higher speeds
Fewer moving parts

The flywheel of an engine affects the
operation of the engine by
smoothing out the power impulses
keeping the engine from stalling
preventing crankshaft vibration
increasing Piston life

are engines moat commonly classified?

4.

1-53.

their valve arrangements
the number of their cylindars
the kind of fuel they burn
their cooling systems

3.

4.

carburetor and spark plugs
intake manifold and preheaters
blower and inlet ports
injection pump and inje

2.
3.
4.

1-59.

If the firing order is nor marked on a
engine and a manufacturer's manual is
not available, what method should you use
to find the engine's firing order?

2.
3.

4.

A.

1-55.

1 -56.

1 -57.

Valve Arrangements

B.

-

Letter deOiRrations

1.

F-head

2.

L-head

3.

r=head

4.

T-head

effect that the force of gravity has
on the truck when its heading is
changed
resistance that the atmosphere offers
the truck at 25 miles per hour
tendency of the truck to keep moving
straight ahead at 25 miles per hour
effort which the truck's engine
applies to keep the truck moving at
25 miles per hour

When answering items 1-60 through 1-62, select
from column B the definition, of the term in
column A.
A.

In items 1-55 through 1-57, select from column B
the letter designation for the internal combustion engine that uses the valve arrangement in
column A.

Turning force; capacity to do work;
rate of doing work
Turning force; rate of doing work;
capacity to do work
Rate of doing work; turning force;
capacity to do work
Rate of doing work; capacity to do
work; turning force

The inertia possessed by a truck traveling straight ahead at 25 miles per hour
is defined as the
1.

1.

Crank the engine by hand, observing
the order in which the exhauat valves
open
2.
Crank the engine by hand while observing the timing mark on the crankshaft
3.
Crank the engine with the starter and
observe the rotor in the distributor
4. , Crank the engine by hand and observe
the order in which the intake valves
open

What are the definitions of torque, energy,
and power--in that order?
1.

All multicylinder gasoline engines are
alike in that each engine is equipped
with a/an
1.
2.

1-54.

By
By
By
By

1-.513.

Terms

1-60.

Mechanical
fitiency

1-61.

Thermal efficiency

1-62.

Volumetric
efficiency

efinitions

The relationship
between the power
output of an
engine and the
energy in the fuel
burned to produce
this output
2.

.Intake and exhaust
valves in block on
same side of cylinder

Intake valves in the
head and exhaust
valves in block
Intake and exhaust
valves in the head

Learning Objective: Describe
fundamentals of measuring
engine performance.

The relationship
between the power
developed within an
engine and the power
delivered by the
engine
The relationship
between the theoretical and actual
power input of an
engine
The relationship
between the amount
of fuel-air mixture that enters an
engine cylinder
and the amount
that could enter

1-63.

What
the meaning of the cyli,nde
designation 3 1/4 by 3 1/2 inches?

1-66.

Valve timing refers to the relationship
between the position of the valves and
the

1.
2.

3.
4.

1-64.

Piston stroke is 3 1/4
cylinder bore is 3 1/2
Cylinder diameter is 3
TDC-to-BDC distance in
is 3 1/2 incheu
Cylinder bore is 3 1/4
head diameter is 3 1/2
Piston stroke is 3 1/4
head diameter is 3 1/2

inches;
inches
1/4 inches;
the cylinder

1.
2.
3.

4.

inches; piston
inches
inches; piston
inches

The compression retie of an engine is
determined by

1-67.

ignition timing should be adjusted so that
the spark occurs when the piston does
which of the following?
1.
2.

1.

2.
3.
4.

145.

subtrting the cylinder volume at
TDC from the cylinder volume at BDC
dividing the cylinder volume at TDC
by the cylinder volume at ODC
multiplying the cylinder volume at
TDC by the length of the piston stroke
dividing the cylinder volume at BDC
by the cylinder volume at TDC

Increasing the compression ratio of an
engine will result in
1.
2.
3.

4.

higher engine speed
more power
lees cylinder wear
higher fuel consumption

length of time the valves are closed
number oLcycles in the engine
length of time the valves are open
pOeitiOn of the pistons in the
cylinder

3.
4.

Completes the intake stroke
Starts down on the power stroke
Completes the compression stroke
Nears the end of the compression
stroke

Assigni

nt 2

Internal Combustion En
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2--5.

Learning Objective: Recognize
operating principles of the stationary and moving parts of an
internal combustion engine.

The purpose of fine surrounding the cylinders of an air-cooled engine is to provide
a
1.

2.
3.

2-1.

Gasoline and diesel engines are alike in
what respect?
1.
2.
3.

4.

2-2.

Both belong o the same engine family
Both have the
e basic internal
components
Both have the same number of cylinders
Their internal parts are interchangeable

The function of an
parts is to
1#
2.
3.
4.

n

sta

add power
he engine
keep the engine firmly attached to its
supporting bane
furnish a framework on which to attach
or enclose movable parts
regulate crankshaft speed

3.

4.

2-4.

Engine bas
Cylinder h
Cylinder b
Crankcase

Cylinder liners are used in an engine to
1.
2,
3.

4.

onary

Which of the following parts provides a
basic frame for the water-cooled engines
used in automotive and construction equipment?
1.
2.

2-6.

Cylinder liners are either wet liners or
dry liners according to whether or not
they come in contact with the coolant.

2-8.

Which of the following is an indication
that the cylinder liner seals are leaking?
1.
2.

3.
4.

2-9.

2-10.

Presence of air bubbles in the coolant
Presence of coolant in thn crankcase
Overheating of the engine
High rate of oil consumptive

Running a truck engine with the air cleaner
removed would be likely to cause excessive
1.
2.
3.
4.

ck

To all
access for removal of the
casting material
To provide a path for the coolant to
circulate
To prevent cracks in the castings as
they cool

prevent scoring or cracking of the
cylinder walls
increase cylinder wear limitation°
eliminate cylinder block replacement
due to cylinder wear
reduce the frequency of engine over
hauls

2-7.

d

What is the purpo
of the interconnecting
paasagea in the cylinder head and block?

means for at engthening the cylinder
walls
mounting place for the cylinder head
large surface area for heat dissipation

gas consumption
cylinder wear
knocking
bearing wear

The greatest amount of cylinder wall we
in an engine occurs near what point
relative to piston travel?
1.
2.
3.

Top
Midpoint
Bottom

2-11.

Which of the following, a a reason that
some large dies .l engines are manufactured
with separated cyl.inft
heads instead of
one head far all c7Iindera?

1.

217.

Why is it desirable that the intake manifcld of a gasoline combustion engine be
constructed so as to provide the fuel with
a short and direct path between the
carburetor and the cylinder?

ro replace separated
1.

2.

ork tc tear down
engines having separated heads
Separated heads do not warp as easily
Each of the above

2.
3.

4.

2-12.

One reason that engine cylinder heads are
made of aluminum alloy is the ability of
the alloy to
1.
2.
3.

4.

2-13.

resist wear
resist corrosion
retain its shape
conduct heat

3.

4.

shortening the compression stroke
lengthening the compression stroke
decreasing the turbulence of the fuel
air mixture
increasing the turbulence of the fuelair mixture

2.

3.

4.

2-19.

3.

4.

It has smaller coolant passages
It has openings for the spark plugs
It contains all the valve operating
mechanisms
It contains part of the cembostiou
chamber

2.
3.

4.

2-20.

The crankcase is that pert of the engine
block above the cyltnders.

2-16.

The stationary part of an internal combustion engine that carries waste products
of combustion from the cylinders is celled

1.
2.

4.

2-21.

3.

4.

intake manifold
exhaust manifold
carburetor
water pump

Press paper
Pressed cork
Asbestos
Soft metal

What type of material are oil pan gaskets
usually made of?
Oil resistant paper
Cork
Asbestos

the
1.
2.

prevent gas and water leaks
provide even heat distribution
maintain clearance between the cylinder
head and the engine block
prevent excessive temperatures -ithin
the cylinder head

From what material are the gaskets of intake and exhaust manifolds usually constructed?

3.

2-15.

They have an intake manifold with
exhaust passages
Each cylinder contains two intake
valves
Each cylinder contains an exhaust
valve and an exhaust port
The exhaust valves are open during the
intake strokes

A gasket is placed between the cylinder
head and engine block to
1.

The I-head type of cylinder head differs
from the L-head in what respect?
1.
2.

Which of the following features is common
to all engines equipped with an exhaust
gas recirculation system?
1.

The curved surfaces of the poAets in
which the valves of an L-head type cylinder head function are designed for the
puPpose of
1.
2.

2-14.

2-18.

To make the fuel-air mixture as uniform
as possible
To save space in the engine compartment
To reduce the possibility of the fuel
condensing in the manifold
To keep the manifold from overheating

2-22.

In today's engines, fluid losses through
clearances between moving parts and stationary parts are prevented by means of
1.
2.
3.

4.

neoprene seals and 0-rings
leather seals
packing glands
plastic strips

2-23.

Heat energy is changed to mechanical
energy in an engine by the pressure from
combustion acting on the
1.

2,
3.

4,

2-29.

connecting rods
camshaft
flywheel
pistons

In addition to sealing off the combustion
chamber and distributing lubricating oil,
piston rings serve to
1.
2.
3.

4.

2-24.

The downward motion of the piston in the
cylinder is converted to rotary motion by
the action of the

2-30.

absorb the shock of the power stroke
prevent heat expansion of the piston
transfer heat from the pistons to the
cylinder wall
provide an air bleed during the intake
stroke

Piston rings are staggered during assembly
to

1.
2.

3.
4.

gear train
camshaft
connecting rod and crankshaft
valves
4.

2-25.

The design of which of the following
engine parts enables them to create an
effect inside the combustion chambers
that results in an improved fuel-air
mixture?
1.
2.

2-26.

2-31.

When installed in an engine, piston rings
are fitted to the piston and cylinder to
insure proper end and side clearances.

2-32.

During engine operation, thrust from the
piston is transmitted to the crankshaft
by the

Cylinder walls
Pistons
Exhaust valves
Connecting rods

balance shaft
camshaft
connecting rod
flywheel

What principal difference exists between
a diesel engine piston and a gasoline
engine piston?
7-13.
1.

2.

3.

2-27.

Diesel engine pistons weigh less than
gasoline engine pistons
Diesel engine pistons are made of
cast iron while gasoline engine pistons
are made of aluminum
Diesel engine pistons are usually
fitted with more piston rings than
gasoline engine pistons

2-28.

The piston pin (wrist pin) attaches the
piston to the

Which of the following types of bearings
is placed in the ptston end of the
connecting rod?
1.
2.
3.

2-34.

Aluminum pistons will expand more than
cast-iron pistons under the same opera_l conditions and are therefore often
designed with
split skirts
full trunk skirts only
slipper skirts only
full trunk and slipper ski-

2.

crankshaft
camshaft
connecting rod
balance shaft

Roller
Ball
Bushing

Precision connecting rod bearings are
held in position against a crankshaft
by
1.

2.

2-35.

projections on the bearing shells
bolts that hold the connecting rods
together
slip fittings on the connecting rod
projections on the connecting rod

What is the function of the counterweights
on a crankshaft?
1.
2.

1.

allow even heat dissipation
reduce cylinder leakage
cause even cylinder wear
allow the use of expanders

3.

4.

To reduce shock from the power strokes
To balance the weight of the connecting rod bearing assembly
To transmit power from the crankshaft
to the camshaft
To provide momentum for crankshaft
rotation during the compression strokes

2-36.

On a 6-cylinder engine, haw many degrees
apart are the crankshaft throws?

2-43.

Which of the following components help, to
make up the valve-actuating mechanism?

3.

60
90
120

2.

4.

180

3.

1.
2.

1.

4.

2-37.

What part of an engine is likely to fail
when subjected to uncontrolled torsional
vibrations?

2-44.

2.
3.

4.

Camshaft
Piston
Connecting rod
Crankshaft

2.
3.
4.

2-45.
2 -38.

On which of the following types oreng no
heads is the camshaft usually located
directly above the crankshaft?

1.
2.

1.
2.

prevent crankshaft vibration
eliminate crankshaft end play
maintain connecting rod alinement
insure proper bearing lubrication

What bearing size will best fit a crankshaft that has been reground?

2.

3.

L
F

3.

4.

2-46.

Standard
Undersized
Oversized

The camshaft of
ke cycle engine
will rotate at what speed when the engine's
crankshaft speed is IOW rpm?
1.
2.

3.

2-40.

holding the valves in place
forcir
as to the carburetor
operat
the valve mechanism
rotating the valve

The purpose of thrust faces found on some
main bearings is to

3.
4.

2-39.

(tappets)
Pushrods
Rocker arms
All of the above

The purpose of the camshaft is to aid in
1.

1.

Camshaft and camshaft followers

The vibration damper iJ a device designed

4.

250
500
1000
2000

rpm
rpm
rpm
rpm

to

2-47.
1.

2.

3.

4.

2-41.

rn addition to reducing engine ,
tuations, the flywheel often se
1.

2.
3.

4.

2-42.

balance camshaft speed with crankshaft
speed
reduce twisting strain on the crankshaft
brake the flywheel during engine speed
reduction
reduce flywheel vibration
fluc-

power takeoff for the camshaft and a
pressure surface for Lhe clutch
pressure surface for the clutch and
starting system gear
starting system gear and a power takeoff for the fuel pump
power takeoff for the fuel pump and a
timing reference for the ignition
system

The purpose of a valve-actuating machatism is to overcome the spring pressure
and open the valves at the proper time.

How is the zero clearance maintained by
the hydraulic type valve lifters shown in
figure 3-23 of your textbook?
1.

By vacua

2.

By oil pressure
By c
lobe action
By spring pressure

3.

4.

2-48.

An accumulation of carbon on valve seats
will result in

1.
2.

increased valve life
cooler operating valves
positive valve seating
improper valve closure

2-56.

Point out
in vave reconditioning

Objective:

gmikv installation.

Which of the following checks should you
make on the valve springs before
reassembling them?

3.

Height
Strength
Warpage

4.

Each of the above.

1.

2.

an engine must be removed
valves are accessible?
2-57.

Cylinder head
Exhaust manifold
Intake Manifeld

Which of the following is a step in the
procedure for installing directly driven
timing gears on an engine?
1.

20

0

During reassembly of an engine, replacing
the valves in their original guides will
result in

2.

1. -excessive wear of the valve and guide
2.
less valve wear
S.
failure of tho valve to seat properly
4. noisy valve operation

3.

4.

2`51.

Vhe Cylinder block of an engine is
nOrMelly inspected during a valve job
to insure against the presence of

-haft
2-58.

1.

2.
3.

warpage
ridges at the top of the cylinders
cricks around the cylinders

The back of the typical bearing half is
constructed of
1.
2.

2w22.

The easiest method of cleaning the water
pillages inside a cylinder head is to
1.

242.

boil the cylinder head in a cleaning
solution
*crape out the unwanted material
flush with water under pressure
blow out With compressed air

3.

4.

2-59.

Obe procedure for checking valve guide
rear involves the use of a
/i
Z.
3.
4.

thickness gage
depth gage
hold gage and micrometer
valve guide gage

In grinding valve seats, you should check
your work often to avoid removing too
MMeh metal.

4.

2-60.

3.

4.

4a4 narrowing stone
20 narrowing stone and a 70° stone
lapping compound
grinding compound

cast iron
bronze only
steel only
steel or bronze

Oil molOs across the face of a bearing in
order to accomplish which of the
following?
Cool the bearing
Lubricate the bearing
Ramove dirt from the bearing
All of the above

What happens as oil clearance in hearings
becomes greater?
1.
2.
3.

4.

242. When an unusually large amount of a valve
Net is removed by grinding, the seat
!Wit be narrowed and centered by means
of

PoSition the gears so that the single
marked tooth of one gear is between
the two marked teeth of another gear
Rotate two gears until their marked
teeth can be alined with a straightedge
Install the timing chain after positioning the crankshaft and camshaft
gear
Match the idler gears' marked teeth
with those on the camshaft and crank-

Oil flows more quickly through the
bearings
Oil flows more slowly through the
bearings
Oil pressure increases
Bearings remain cool

In items 2-61 through 2-63, select from column
B the bearing capability that is described in
column A.

264.

Which of the following is an advantage
of the power package concept?
1.

A. Descriptions

B.

Bearing
Capabilities

2.

It prevents excessive downtime of
equipment
It eliminates the need for engine
overhauling,

2-61.

2-62.

2-63.

Being hard and
tough enough to
keep from wearing

Able to withstand
repeated stresses
without failing
Able to withstand
being eaten away
by the byproducts
of combustion

1.

Embedability

2.

Fatigue
resistance

3.

Wear rate

4.

Corrosion
resistance

4.

It increases the number of interchangeable parts available
Each of the above
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3-6.

Learning Objective:
Identify properties of gasoline and the operating
principles of gasoline fuel systems.

In addition to low- octane fuel, which of
the following conditions can cause an engine
to knock?
1.

2.
3.

3-1.

When a fuel :a la to evaporate readily in
a cold climate, which of the following
will result?

2.
3.

4.

3-2.

1.

3.

4.

3-7.

The fuel system provides the engine
cylinders with which of the followin 7

Hard starting
Loss of power
Increased fuel consumption
All the above

The percentage of heat energy developed in
a gasoline engine that actually provides
power at the flywheel is approximately

2.

4.

.

3-8.

10% to 15%
20% to 25%
30% to 35%
402 to 45%

J-3.

Detonation in the cylinders of a gasoline
engine occurs before the spark plugs fire.

3-4.

Which of the following additives is used
to improve the anti-knock quality of a
gasoline?

1.

15 pounds

2.

30 pomds

3.

45 pounds
60 pounds

Under which of the failcieng Isseitions
would you need a mixture rich::r than 15
pounds of air to 1 pound -;t7 LAsoline?
1.

1.
2,

3-5.

Ethyl fluid
Ethyl chloride
Tetraethyl lend
Ethylene glycol

Which of the following will result when
engine ignition timing Is retarded beyond
the manufacturer's specifications to com-

Raw gases
A mixture of gasoline vapor and sir
A mixture of gasoline and vapor
Ail of the above

If a warm engine is operating at a normal
rate of speed, how many pounds of air
should be mixing with every 2 pounds of
gasoline used?

4.

3-9.

Preignition
Lean fuel mixture
Faulty cooling system
Each of the above

2.

3.

4.

3-10.

When starting a cold engine
When accelerating
When operating at a high speed or
operating with a full load
All of the above

In a gasoline engine equipped with a fuel
injection system, the fuel is injected
into the

pensate for low - octane fuel?
1.
2.
3.

4.

Overheating
Less fuel consumption
Improved performance
Bailed valves

cylinders
intake manifold
intake passages of the cylinder head
3-11.

A mixture consisting of 9 pounds of air and
1 pound of gasoline is richer than one consisting of 18 pounds of air and 1 pound of
gasoline,

)-LL.

wnicn teature of a gasoline tank prevents
sediment from entering the remainder of
the fuel system?
1.
2.
3.
4.

3-13.

2.
3.

4.

Position of the outlet pipe
Arrangement of the baffles
Design of the outer shell
Location of the filter

1.

2.

To reinforce the bottom of the
gasoline tank
To reinforce the sides of the gasoline
tank
To prevent the fuel from surging or
splashing
All of the above

3.

4,

3-19.

The function of the fuel pump is to
1.

2.
3.

4.

3-15.

the

What is the function of the baffle plates
found in the gasoline tank?
1.

3-14.

measure the amount of gas that enters
the carburetor
deliver the fuel requirements of the
engine
pump gas from the carburetor to the
intake manifold
pump gas from the carburetor through
the gasoline filter into the manifold

3-20.

1.

4.

3-21.

2.
3.

4.

To check the output of
uel pump, which
the foll
-s test devices is normally
used?
1.
2.
3.
4.

3.
4.

Pressure gage
Flow meter
Manometer
Vacuum gage

What component maintains the proper pressure in the line between the fuel pump
and the carburetor?

1.

2.
3.

Fuel filter
Fuel gage
Fuel pump
Sediment bowl.

3-23.

Diaphragm
Positive diaphragm
Uonpoeitive 4iaphragm
Autopulse

Which device insures positive operation a
vacuum type windshield wipers at all
times?

4.

3-17.

Positive diaphragm
Nonpositive diaphragm
Electric tank unit
Diaphragm

What type of fuel pump starts to tunctiot
when the ignition switch is turned on?
1.
2.

3-22.

Autopulae
Positive diaphragm
Nonponitive diaphragm
Diaphragm

Which of the following pumps will delive
fuel only when the float valve in the
carburetor is opened?

2.
3.

The carburetor float needle being held
off its seat
An increase in gasoline consumption
Air locks in the fuel lines
Each of the above

Pressure maintained in the diaphregi
spring of the pump is less than the
fuel pressure in the outlet
pressure maintained by the diaphragr
spring of the pump is greater than
fuel pressure in the outlet
fuel passage from the pump is open
into the float chamber and the float
needle valve is seated
fuel passage from the pump is eloseC
and the float needle valve of the
carburetor is unseated

Whet type of fuel pump delivers fuel con
tinuously regardless of the demsod for i
1,
2,
3.
4.

Which of the following conditions is a
symptom of a vehicle that has low fuelpump pressure?
1.

3-16.

The carburetor of a gasoline engine
receives fuel from the fuel pump only W

3-18.

Fuel pump with a vacuum booster
Electrical fuel pump
Single action fuel pump
Double action fuel pump

Which type of fuel line fitting
most often with gasoline fuel sy
1.
2.
3.

compression
Soldered
Flared

used
ems?

1-24.

Which of the following conditions is most
likely to lower the speed with which the
molecules of a liquid escape as vapor?

3-30.

The fuel supply in the carburetor bowl is
controlled by the
throttle
fuel pump
choke
float

1.
1.
2.

3.

4.

Raising the temperature of the liquid
Removing evaporated particles from
the air above the liquid
Decreasing air pressure at the surface
of the liquid
Lowering the temperatures of the liquid

2.
3.

4.

3-25.. The purpose of the venturi passage in a
carburetor is to
1.

2.

3.

4.

lower the atmospheric pressure in the
float bowl to force the gasoline
through the fuel outlet nozzle
create a partial vacuum to permit
atmospheric pressure to force the fuel
from the float bowl
reduce the rate of vaporization by
lowering the pressure of the air
entering the carburetor
spray the fuel in the sir by increasing
the speed of the air entering the
carburetor

In items 3-26 through 3-28, select from column B
the control or circuit that causes the carburetor to perform the function in column A.
A.

Functions

B.

Controls or

Figure 3A.

0
3-31.

Circuits_
3-26'.

3-27.

3-28.

3-29.

Enrich the mixture
when the throttle
is suddenly opened

Supply an enriched
mixture when the
engine is operating
at a minimum speed

1.

Accelerating

2.

Maximum power
or full load
Idling

2.
3.

4.

automatic choke
fuel pump
throttle valve
venturi

A
C

3.

4.

3-32.

Enrich the mixture
when the throttle
is opened wide

1.

The idle and low -speed circuit is identified by what letter?
1.

Throttle

The component that varies the a unt of
fuel-air mixture that ente
he intake
manifold in the

In answering items 3-31 through 3-34,
refer to figure 3A.

Atmospheric pressure
down through the idle
to the carburetor at
1.
2.

3 -33.

E
C

fuel
is admitted
ti

F
1!

3.

I

4.

J

At what place in the carburetor does the
gasoline start to atomize?
1.

A

2.

E

3.

C

4.

D

3-34.

When more fuel is needed to support lowspeed operation, the position of the lowspeed port will be such that it J. lust
below the edge of
1.

A

2.

C
E
C

3.

4.

3-5.

2.

2.
3.

4.

2.
3.

4.

3-

decreasing the volume of air through
the venturi
maintaining a constant volume of air
in the venturi and causing fuel to
discharge from the nozzle
letting more air enter the main nozzle

12:1
13:1
14:1
15:1

2.

3-42.

To permit a supply of fuel to reach
the cylinder
To prevent fuel in the cylinder IMP
being pushed back into the haul
Both 1 and 2 above
To prevent the accelerating jet nee
from flowing at constant throttle
openings

Mat component of

e accelerating pump
circuit meters the amount of fuel need?

1.
2.
3.
4.

3-43.

A lever on the throttle shaft
A discharge check valve
An intake check valve
An accelerating jet

Which of the following comp0MOUte 4104 0
a vacuum - actuated pump plunger in moving

!

downward in the cylinder when thm amide
is open?

2.
3.

4.

Power jet
Metering rod
Vacuum step-up
All of the above

Linkage with the throttle
Accelerator pump spring
Accelerator jets
Low vacuum in the venturi
3-44.

What is the function of the air-vent cheek
valve in the accelerating pump circuit?
1.

What carburetor component determines the
amount of fuel that the power jet will
supply?
1.
2.
3.
4.

2.

Throttle
Float
Power-jet valve
Vacuum-actuated piston

3.

4.

3-39.

Plwer jet
Accelerating pump circuit
Metering rod
Vacuum-Actuated piston

Whet. is the function of the lntaks Cheek
valve
the acceAeratiag pump eiremift

Which of the following carburetor components is designed to increase engine
power but still maintain reasonable
economy?
1.

3-38.

1.

Which of the following air-to-fuel carburetor ratios by weight will normally
produce the most power in the high speed
circuit?

1.

3-37.

Which carburetor component provides
sufficient fuel to accelerate quickly!

In its high speed circuit, a carburetor
maintains a fairly constant ratio of fuel
to air end, though an enriched mixture is
produced, prevents overrichness by
1.

3-36.

-40.

To insure delivery of the proper fuel-air
mixture for all opCrating conditions,
each position of she throttle valve must
be synchronized with the position of the
1.
2.

34
4.

power jet
metering rod
vacuum step-up
venturi

To prevent the accelerating jet 'UV
from flowing at constant throttle
openings
To allow air to enter the possess
connecting the pump cylinder and
accelerating Jet
To prevent fuel from bring dieeingeggel
back into the bowl through the 011r*

vent passage
All of the above

3-45.

A delayed action is basic to the Operstien
of the accelerating pump circuit of the
carburetor in that it provides a Oeitilleee
stream of fuel from the pump jot after the
throttle has ceased moving.

1,46.

A choke alters the air-fuel mixture that
enters the manifold of a cold peueliMO
engine during starting by admitting
1.

2

less air
mnra ale

3-47.

What component in the choke circuit needs
the assistance of a coiled seing on the
end of the choke shaft and pressure to
operate properly?
1.
2.
3.
4.

3-53.

Defective choke
Improperly adjusted throttle link
Sticking high-speed piston
A loose air cleaner

Springlosded poppet valve
Off-center choke valve
Needle valve
Power jet
3-54.

3-48.

Of the follwing factors, wh ich affects
the operation of the automatic choke?
1.
2.
3.

4.

3-49.

Heat
Intake mareUold vacuum
Velocity of air passing through the
air horn
All of the above

3.
4.

3.

4.

3-55.

3.

low intake manifold pressure
thermostatic spring
hot air from the exhaust manifold
velocity of the air passing through
the carburetor air horn

2.
3.

4.

carbon in the exhaust gases
rapid deterioration of the coil spring
wear and binding of the choke shaft
vacuum leaks at the vacuum piston

4.

2.
3.
4.

3-57.

1.
2.

to idle poorly
to stall as it warms up

3.
4.

riot to start

1.
2.

3.
4.

High float level
Defective radiator thermostat
Air leaking into the intake manifold
A weak accelerator spring

A sticking metering rod or full power
piston
A sticking accelerating pump
Teo rich an idling mixture
Each of the above

A leaky float
Defective or improperly adjusted
carburetor unloader linkage
Defective radiator thermostat
Weak fuel pump

Which of the following conditions will
make an engine slow about warming up?

An engine that uses an excessive amount
Of fuel could have whicA of the following
problems?
1.

to run slowly

Assume that an engine is hard to start
once it has warmed up. What is the
problem?

2.

Rich air-fuel mixture
Improeerly adjusted throttle link

3.

Defective -,7adiator thermostat

i.

Leaking feel pump

1.

3-52.

Too rich idle mixture
Defective choke
Incorrectly adjusted idle speed screw
at the throttle valve
Each of the above

A plugged fuel line would cause an engine

Which of the following troubles within
the carburetor system will cause an engine
6 use an excessive amount of fuel?
1

fail to start
have a smoky black exhaust
backfire
perform sluggishly

Which of the following conditions will
most likely cause an engine to idle
poorly?
1.
2.

3-50. 'Failure of the automatic choke illustrated
in textbook figure 4-22 can often be
attributed to
1.

A dirty fuel passage or a clogged air
cleaner could cause an engine to
1.
2.

In the operation of an automatic choke,
helping to close the choke valve and holding it closed are functions of the
1.
2.

Which of the following troubles within
the carburetor system will cause an
engine to perform sluggishly?

3-59.

Which of the following conditions within
the carbereter system will cause an engine
to emit smoky, black exhaust?
1.
2.
3.
4.

Low float level
Defective eadletor thermostat
Dirty or gummy fuel passages
Very rich air-fuel mixture

A defective choke or closed choke valve
could cause an engine to

.

1.
2.
3.

3-66.

Why is the carburetor mounted at the cent
of the intake manifold?

stall as it warms up
backfire
overheat

1.

2.

1

3.

3-61.

Which of the following conditions within
the carburetor system could cause an
engine to backfire?
1.

3-62.

Incorrect air-fuel mixture reaching
the engine
Clogged fuel lines
Fluctuating fuel level
Fach of the above

4.

3-67.

When the carburetor or manifold gasket
is NOT seated properly, which of
lowing will result?

Why are air cleaners used on all internal
combustion engines?

1.

Reduced engine compmr,on

2.

Overheated exhausi
Lean fuel mixture a7
cylinders
Black smoky exhaust

3.
4.

1.

2.
3.

4.

To protect the carburetor from excessive wear
To keep dust and other foreign matte
out of the engine
To lower the moisture content of the
air entering the engine
To eliminate carburetor icing on
humid days

58.

1.

2.
3.

Why is the dry-type air cleaner preferable
to the wet-type?
1.

2.
3.

3-64.

It requires less maintenance
It aids in conserving petroleum
It is more efficient

4.

3-69.

Which of the following functions is performed by the intake manifold?

2.
3.

4.

3,65.

Admitting outside air to the air
cleaner
Providing an air passage between the
air cleaner and carburetor
Forming a passage for the air-fuel
mixture to enter the engine's cylinders
Passing air from the engine to the
muffler

1. -head

2.

I-head
V-8
All of the above

1.

2.
3.

4.

L-head
I-head
V-8
All of the above

What is the purpose of the manifold heat
valve?
1.

2.

The intake manifold is mounted on the side
of the cylinder head on which of the following engines?

3.
4.

3-71.

take air
the inside to the air
filter
allow used gases to pass from the
engine cylinders
pass air from the filter
the
carburetor
pass air and fuel from the carburetor
to the engine

1.

4.

3-70.

ar m

An exhaust manifold is attached to each
bank of cylinders on which of the following engines?

3.
1.

1-

The purpose of the exhaust manifold is to

a

3-63.

To facilitate maintenance
To insure that an adequate supply of
air can enter the carburetor
To reduce the tendency of carburetor
icing
To insure even distribution of the
air-fuel mixture

To create a "hoc spot" around the
exhaust manifold
To run the windshield wipers in case
the manifoId vacuum is insufficient
To heat the air-fuel mixture in cold
weather until the engine warms up
To provide additional heat inside the
vehicle in cold weather

When the manifold heat control valve
sticks, which of the engine's internal
parts will be damaged?
1.
2.
3.
4.

Exhaust valves
Intake valves
Pistons
Piston rings

3-72.

Which of the folio
_g lubricants is
recommended for use on the manifold
heat control valve?
1,
2.
3.

4.

3-73.

Dry-stick lubricant
Graphite mixed with penetrating oil
Chassis grease
Medlui grade engine oil

Which of the following factors is an
indication of a clogged muffler?
1.

2.
3.

4.

3-74.

Engine not developing maximum power
Difficulty in starting
Engine operating at a higher than
normal temperature
Each of the above

For which of the following reasons
would you tnstall a rain cap on a

he operator
2.L }-:-:-.1TNL the rain and dirt from
entering the engine
To keep the engine dry
3.
1.

3-75.

In tuning up an engine which has
emission control devices, you must use
the spetAfications for that engine to
insure the devices function prpparly,
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4-4.

Learning Objective: Identify properties of diesel fuel, operating
Principles of diesel fuel systems,
and techniques of servicing fuel
system components.

Which of the following items is considered
a disadvantage of the diesel engine as
compared to the gasoline engine?
1.

2.

High cost of manufacture
Heavier construction necessary to
withstand the high compression pressures

4-i.

What makes it possible to ignite the fuelair mixture of a diesel engine without the
use of a spark as in a gasoline engine?
1.

2.
3.
4.

4-2-

3.

4.

4-5.

The ignition temperature of diesel
fuel is low
The compression
0 of the diesel
engine is low
The compression tempo sture of the
diesel engine is high
The speed of the diesel engine's
moving parts is high

Whiob of the following sequences of events
oharaterizes the operation of a diesel
engino?
1.

How is the speed of a diesel engine
controlled?
1.

By regulating_ the amount-of fuel
delivered to the engine's cylinders
y alters -= the compression pressure
ithin the engine's cylinders
changinvi the volume of air

oa

Jrin-y i,he cylinders

the capacity of the
i.jection system
4-3.

1

1.

Love

2.

SUib lity for vehicles treuspor

What effect would a diesel fuel with poor
lubricating qualities have on the operation
of a diesel engine?

41Uction cost

small loads
Smoothnwss of operation
High ratio of power output to fuel
consumed

Me fuel and air are mixed, the partly
aporized mixture enters on the intake
!-croks, and a spark ignites it near
the end of the compression stroke
The fuel and air are mixed, the mixture
enters on the compression stroke, and
a spark ignites it near the end of the
compression stroke
The air enters on the intake stroke,
the fuel is injected near the end of
the compression stroke, and the high
temperature ignites the fuel
The fuel enters on the intake stroke,
the air is injected under pressure
near the end of the compression stroke,
and the high temperature ignites the
fuel

4-6.

Which of the following character/sties
is one advantage of the diesel engine
over the gasoline engine?

Difficulty in starting
Each of the above

ng
3.

4.

Excessive fuel consumption
Gradual decrease in the injection
system's efficiency
Hot smoky exhaust gases
Rapid cylinder wear

4-7.

Which of the following characteristics

4-13.

of diesel_ fuel, creates the need for better

Where is the governor connected on a
diesel engine?

filtering than that required for gasoline?
2.

Next to the fuel pump
Between the throttle and the fuel
injector

3.

Between the fuel p unmip and the fuel

4.

filter
Between the carburetor and the fuel
filter

1.

1.
2.

3.
4 -B.

Viscosity
Ignition quality
Volatility

The cetane value of a diesel fuel to a
measure of its
1.
2.

3.
4.

volatile characteristics
antiknock qualities
ignition qualities
viscosity cherecterist

4-14.

Which of the following factors is used to
classify governors used on diesel
engines?
1.

4-9.

Which of the following combustion chambe
designs requires the highest fuel inject
pressure?

n

2.
3.

1.

2.
3.
4.

4-10.

Open
Precombustion
Turbulence chamber
Hypercycle

4.

4-15.

When precombustion chambers are used on a
diesel engine, which of the following
factors causes the greatest amount of fuel
atomization?

A

2.
3.

4.

4-11.

What effect. if any, does using 7P-4 as
fuel in the multifUel engine have on its
cpe.ation?
1.

3.

4.
4 -12.

Turbulenc:a within the cylinders
High fuel injection pressure
Dispersion of fuel from the multiorifice fuel injectors
Rapid air movement within the precombustion chamber

Decreases engine life
Produces too much exhaust smoke
Increases power
None

Which of the following components is
designed to prevent an engine from
overspeeding, but allowa the engine to
meet changing load conditions?
1.
2.
3.

4.

Fuel pump
Carburetor
Throttle valve
Governor

hie

tactr in the selection of the
for a diesel engine is

1.

total 'uiston displacement

2.

rated horsepower
type of load
maximum engine speed

3.
4.

1.

The method by which the governor
operates the fuel control mechanism
The forces which act on the governor
and cause it to operate
The function for which the gave
is designed to perform
Each of the above

In items 4-16 through 4-19, select from column
0 the type of governor that best it the function in column A.
A.

4-16.

Functions

Provides a regular
or stable engine
speed, regardless
of load conditions

B.

Governors
CoN!tantsp,:arc governor

2.

Variable -speed

governor
4$l7.

Prevents an engine
from exceeding a
specified maximum
speed

Speedlimiting
governor

4-16.

Maintains any specified
engine speed between idle
and maximum

4-19.

Prevents an engine
dropping below spec
minimum speed

em
Jed

4,20.

ing-1

Jed eentrifm

Whno

manual throw

lire

Pri41110

1y u t?
I.

1-inka

en
I.

floginq tents fors
1

Poeition or Fly

4.

Cent ri fugal -f sr

1,

1.

The tension of the spring in t
loaded centrifugal governor he A tnttlenoy to do which of the (nlloqins?
i.

4-1C.

stabilise the Amount of fuel delivered
Ilm cyli
R
Reduce the Aso
delivered

1.

1.
I

Jelk,e),1

to tiro cylinders

4

4.

Each of the Allow

vor engin° nF,emd to Atabilizn, WVIAt muff
OCCUr within the governor?
1.

1 =21 .

3.

4-23,

centrifugal force must overcome

1.

Spring tentlion must overcome
centrifugal force
Centrifugal force and spring tension
must balance fuel supply pressure
Centrifugal force and spring tension
must be equalized

3,

The centrifugal force becrmaa greater
than tht sparing tension

2.
3.

The centrifugal force becomes leaser
than the spring tension
The centrifugal force remains the

4,

sans
4.

4-24-

The centrifugal force acts on the
fuel control linkage to increase the
amount of fuel delivered to the
cylinders

4-28.

A simple mechanical governor can be dis_nguished from a simple hydraulic
governor PY the presence of a
1.

2.
3.
4.

fuel un And the r Irini
snpplY tAhk And the file
ioloctioe outi owl thlt
fuel supply pump and tt
mnp

nitivlly pump

hozziu
)r)ct

iron

fi lter

What will happen, within the governor,
when the load on an engine ie reduced
And the engine speed increAsets?
1.

then neettre

n,rw rlr,en th[, tun 1 within A mntl tl =clink

Wring tension

2.

nrl,I

11111

I

tocteose Ole as",m1 ,

papa r the ttnvnr nor

the engine
shut off the fuel
hly, and if
fails, tat off the sit nupply
stall the engine by overloading

atm-lever A diesel engine hoes two filter.
In the fuel oupply nyntern, the primArY
or worse filler will filter fils1 between

u) thin cylinder

4.

Rn

rnit owing procrieluren miiniti (1 you tor II)
thn evil

injectors

4

govemi)t o!,nr
try overspeed, which uf the

Water is removed from fuel oil by the
metal disk filter because
1.

2.

mechanical, linkage between the
governing unit and the fuel-control
mechanism
set of two rotating weights
spring device
sensitivity control

The fuel entera the filter at
nid inlet connection and, flo
in a circillar motion, goes between
the disks. and then goes out a Side
outlet connection
The fuel enters the filter at
top inlet connection and, flowing
circular, goes around the disks, and
than down a central passage to the
outlet connection at the bottom
The fuel enters the filter at the top
inlet connection and, flowing down,
goes between the disks, and then up a
central passage to the outlet connection at the top
The fuel enters the filter at An angle
inlet connection and, flowing downward
in a circle, goes between the disice,
And then up a central passage to the
outlet connection at the top

4.

23

48

of lack of clearance between the
metal disks
water is absorbed in '-he dirt trapped
between the disks
Water in fuel oil forma globules
which are trapped between the di
water in fuel oil forme globules too
large to pass the disks

The knife within the m *tai- rlierk Ether In

me 4 -11 thrn,ug h 4-

used for

furp:ti0n or the Ned In
in column A.

2.

4-30.

4-31.

ng the large n Title that may
hove fallen to the bottom or the
filter houeing .0 that they An he
eliMinsted
cutting the large _ ulse
ecreping deposits _fr this filtering
disks
cleaning the filter cntein
it is time to change the

a-

Which of the following filters Ic
designed with the grestest filtering
quality?
1.

Full-flow

2.

Cloth -- -hail

4.

Metal disk
Fabric

1.

2.
3.

4.

rurco the fuel
into the
chamber

3.

4.

Meter

ICltt

trije

4- 1t.,

Dintributo the fuel
into the comloistiou

4-3i.

What type of ihjeutictn system is used on
caterpillar diesel enginme2

4.

4-30

J.

3.

Removal of an internal carbon
accumulat u
Replacement of the valve and seat
Renewm1 of the filter screen

4.

None

Failure to tighten the capaule reteinetproperly on the capsule-type injection
valve aseesibly may renult in which of
the following?

A damaged capsule
poor injection
Fuel leaks
Each of the above

1.

2.
3.

4.

4-40.

Atomize

Which of the fallowing repairs, if any,
Are to be made on a worn capsule -type
nozzle?
1.

Fuel filtere restrict the flow of
fuel to the injection pump
Gears in the pump are worn
Springs in the pump are weak
One of the fuel lines develops
leak

1.

Unit injection
pump and nozzle
Distributor
pressure tiMo

3.

4

2.

1.

Oh

Meseure the Amount 0
fuel to he injected

In which of the following eituationa
does the relief valve open in a fuel
supply pump?
1.

hunt :t1

4-

2.

4432.

I1.

Break the fuel ip into
Inc
particles
_

1.
2.

Because the injoction pump will not
create sufficient suction
BecaUee the fuel filters pace fuel
only when under pressure
Because the injection pump will
deliver exceealye fuel to the engine
Became, use of the injection pump
alone will cellos the fuel system to
become airbound

/tin

P

4-34.

Why is it neceenery to have a onpply
pump to transfer fuel from the tank to
the injection pUmp or a diesel engine?
1.

114mec.rat _id

Pt.

0
n

Fuel injection pumps may be interchanged
between a 4- and 6- cylinder Caterpillar
engine only if both engines have the
same

2.
3.

4.

24

horsepower rating and the entire pump
aseemblies are exchanged
horsepower rating and the original
pump barrels are left in place
cylinder bore and the entire pump
assemblies are exchanged
cylinder bore and the original pump
barrels are left in place

What atter should you take 'het wlte
moving fuel inIertion pumpq From th

4-41.

fieMg 4-41 thrnugh 4-4
the cimqvihent loving the

n1

in e

min

n A.

engine'?
net
I.

CleAn the exterior of the WOO

1.

Remove the innpection prate oil the
houaind

4 41,

the fuel from
tho Non) fillr.r into
the pump through the
inlet ntrainer

4 4ti,

DOtPrMine9 the Amount
of fuel Deeded by the
engine

Dtmuonnwl the full teiertHio tin"
4.

Remove the oven clamps

are the injeution pumps 'Witch
nn thy' C4tetpIll4r dieqe1 engine,.
1,

4.

lilted

fly 4diustIng the lifters in the Num,
housing
%RI
Hy ehanqs ticl
h
the slide
111 the
BY PlaCIng shims be
tack red to'aiiing

4.

4-41.

t hi outh

fly alittIng mArked tooth uo
Plumlor 'leery 41-0 tho ra,*

carburetor butterfly valve
injection pump control rack
plungers of the injection pimps

590
640
1,280
2,360

1.

2.
3.

4.

rpm
rpm
rpm
rpm

4-51.

1.
3.

4.

3.

4.

4-52.

Idle speed
Maximum speed, no load
Maximum speed, full load
Intermediate speed

2
3.
4.

sleeve to the governor arm and
linkage to the metering valve
governor Arm to the sleeve and
linkage to the metering valve
sleeve to the governor arm and
Metering valve to the linkage
governor arm to the sleeve 40d
metering valve to the linkage

Delivery
valve

ho out lc I

To provide passage for fuel and to
cover and absorb end thrust of the
transfer pump
To house the pressure regulator valve
To house the priming bypass spring
which permits fuel to bypass the
transfer pump dating hand priming
All of the above
series engine
means of

a spring
a cam
cylinder compression pressure
fuel injection pressure

the
1.
2.

In the mechanical flyweight goVernor, the
action of the weights in their retainer
is transmitted through a
1.

4.

The fuel entry port in an injector of an
III 817 series engine iS uncovered during

3.

4 -46.

t

The plunger in an IH
injector is actuated
1.

Under which of the following engine
operating conditions does the Sleeve
metering fuel pumps governor arst
assume control of fuel delivery?

2.

fuel
transfer

The end plate of the Roosa Master fuel
pump nerves to do which of the following?

2.

4-45.

Vane type

port into the outlet pnrin
In the hydraulic hoed and the
fuel iulection line connected
to this passage

Assume that the high idle speed reCOT
mended by the engine Manufacturer in
1,280 rpm. You Should adjust the fu
load speed of the engine to give art
apProXimate tachometer reading of
1.

Metering
valve

Forren the plitogern

toward ouch other,
Alschargiug the fuel
from the ry1Indnr

4-

3.

I.

pump
4 -4'i.

The slide hay of the governor tranemi
the movement of the qovernor weights
directly to the

4-41-

l)114

4.
4 -53.

compression stroke only
intake stroke only
compression and intake strokes
power and exhaust Strokes

a

Exhaust gases in at IH 817 series engine
are prevented from flowing back into
the injector fuel lino by means of a/an

a

1.

seated multi - orifice injector

2.

injector check valve
injector plunger
injector fuel screen

a

3.

4.

a
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4-57.

I,

rack control lev(T:i

4,

amount of centrifuge
on the governor flyw

2.

3.
4.

4-58.

4-

1.
2.
1.

4.

Tighten the inner screw
e
loosening the outer screw
Tighten the Otter screw after loosening the inner screw
Loosen the inner screw but Maintain
the setting of the outer screw
Loosen the outer screw but maintain
the setting of the inner screw

4-64.

3.

3.

4.
4-'59.

Limiting speed mechanical
Spring control
Variable speed mechanical
Hydraulic

1.

2.
3.

4.

Spring control
Limiting speed mechanical
Hydraulic
Variable speed mechanical
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An increase
fuel pressure will increase the rate of combustion
A decrease in fuel pressure will increase the rate of combustion
A change in fuel presstire will result
in a corresponding change in fuel
delivery rate

When operating at maximum governed speed,
which component of the PT fuel pump limits
the amount of fuel supplied to the
injectors?
1.
2.

Engines requiring a minimum and maximum
spired control, together with manually
controlled intermediate speeds, are
equipped with what type of governor?

Faulty inject-_ timing
Sind in governor parts
Change in load
Each of the above

The cunmiins PT fuel system operates on
which of t
ng principles?
1.

4-65.
2.

controlling th amcont or furl rot
engino idle npoed
holding the amount of fuel flow
stint under varying loads
Limiting the maximum no-load speed
Holding the engine at a conntant speed
but_Wen tale and maximum

Which of the following conditione may
caune the engine speed to vary?

Which of the following governors is NOT
Used on the GM series 71 engines?
1-

,V11-1

exerted

During operation of the GM diesel, one
cylinder has A lower- temporatUre than the
others.
In order to supply thin cylinder
with more fuel, What djustmentn should
be made on its control rack?
1.

functic

itni

t

plunger
diameter o

tilt -, holt k.1

rut a " /1" ortf4 ov

iq

1,111.11 I

.14.01

Governor plunger
Throttle shaft
Pressure regulator

_usse that= an engine
: 550 rpm.
What adjue sent du you make while the
engine le runniny to get it to idle AL

4-71.

500 rpm?

Mauna, that a diesel engine has
operating normally and suddenly begins
to puff thick, black seoke from its
exhaust.
The Mechanic should first lcok
for

Turn adjusting
Girl governor mit
to 500 rpm
Turn adjusting screw On governor out

I.

an air lock in the fuel knee

2.

to 430 we

3.

a geese.- clogged fuel injector
dirt or grit holding a spray nettle
open
water blocking an expansion loop in
the fuel line

Turn adjusting screw OD gOVArn0t in
to 500 rpm
Turn adjusting screw an goVetnor in
to 430 rpm

4.

4-72.

I,urpoee of the supercharger is to

2,
J.

4,

4-68.

additional Air into the
engine cylinder
suck a higher: onal lji. .1( ni
thilin
cylinder
Admit a higher charger of sir by the
receding piston
allow for an increase in horespower
by decreasing the speed

When a diesel engine is known to be in
good mechanical condition but im herd
to start and performs alUggiehlY, the
trouble is most likely to be traced to
1.

2.
1.

4.

4-73.

Which of the following in a basic part
of a turbocharger?

Which of the following can result wh
water enters the fuel system of a di
engine?
1.

1.

Exhaust gee turbine

2.

Impeller or coMpre floor

3.

Mousing
each of the above

4.

2.
3.

4.

414.
4-69.

When the turbocharger perePs a greater
*Mount of air into the engine than
would be applied by normal atmospheric
pressure, there is a poseibility that
1.
2.
3.
4.

4-70.

more fuel will be burned
power will be decreased
less fuel will be burned
power will be decreased
More fuel will be burned
power will be increased
less fuel will be burned
power will be increased

1.
2.

and engine

3.

4.

and engine
4-75.

The preheaters on cone diesel engines
aamiret in cold weather starting by
heating the
1.
2.
3.
4.

fuel
inlet air
tube oil
coolant

Completely fill the fuel tank
Operate the engine at high idle for
a short period of tine
Bleed the fuel Syetem
Idle the engine until its opera
teMperature it reached

In testing the injectors of a diesel
engine that fails to operate properly,
you cut out one cylinder at a time and
observe engine operation. Which of the
following conditions indicates a defective injector for the cut-out cylinder?
1.
2.
3.
4.

27

OVerspeeding
Missing and stalling
Smoking exhaust emissions
All of the above

When air is known to be in the fuel
systie of a diesel engine, which of the
following procedures should you follow
to remove the air?

and engine

and engine

worn injector pumps
sticking ring%
'cored cylinder liners
sticking air intake valves

The defect is more pronounced
Irregular operation of the engine
remains unchanged
Irregular operation of the engine is
eliminated
Engine speed increases

Assignment 5
callaund lubri'.ting8ystems
Teetbook, NAVIIDTRA 10644-SD LINE! 122 -
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5 -4.

Indicate the
reletionship of the cooling system
to efficient engine operation* point
out design and functional features
of individual cooling 0Yeteel conponents, and identify maintenance
procedures applicable to cooling
systems.

Why are cylinders on en
mounted independently?

o led engine

Learning Otl,tctiveL

1.

2.

4

5-5.

5-1

Cylinder yell temperature should not be
allowed to exceed 300°F because

3,

4.

the combustion ilmit of the lub
tang oil may ba eXceeded
no radiator cooleotO will withstand
higher temperatures
excess exhaust gismo build up faster
than they can be expelled
lubricating oil file* tend to break
down with loss of lubricating proper-

2.
3.

5-6.

1,
2.

bottom of the radio
cylinder block
cylinder head
top of the radiator

The approximate percentage of engine heat
dissipated through the coo. ling, lubricating,

5-7.

and fuel mystems is
1.
2.
3,

4.

15%
25%
35%
45%

When the coolant in a multicylinder
vehicular engine leaves the engine and
passes through the radiator, heat is
removed from the coolant by the
1.
2.

5-3.

Baffles
Thermostats
Fans or blowers

Coolant in a liquid cooling system flows
directly from the water pimp to the

3.
4.

5-2.

syatemmeirtenance
To provide easy Acura; to the crankcase

Which of the following components in
required on all eta
ry Air-cooled
engines?
1.

1.

To reduce engine weight
To expose more surface area to the
cooling medium
To olieinate the need for cooling

In an air-cooled engine, cooling efficiency
is dependent on which of the following
factors?
1.
2.
3.

4.

Heat conductivity of the engine's
Metallic parte
Volume of air that circulates around
engine surfaces
Difference between air temperature
and engine temperature
Each of the above

3.

4.

5-8.

rapid evaporation of moisture from
the radiator core surfaces
airflow through the radiator
circulation of the coolant through the
water jacket
circulation of air around the engine
block

A liquid cooling system's efficiency is
affected by which of the following factors?
1.

2.
3.

4.

Size of the
engine
Capacity of
Size of the
Each of the

28

18 (i

coolant passages in the
the water pump
radiator
above

4.

How do radiator fine ,nntrlUut
aye
efficiency/
1.

2.

3.

4.

5-10.

They hold the tube., In a position
that slime mss isms toitact with the
air flow
They increeme hoet dien1pation by
enlarging the murfare area expose,/
to air flow
They increase heat dissipation
by enlarging the surface area exposed
to the coolant
They direct the flow of air to the
hottest parts of the radiator

Which of the
of nolie, vtb
pump failure?

5-15.

t.

2.
1.

1.

3.

4,

Lowers
Rate,.
Lowere
Raises

it 360
it 36"
it 3°
it
1°

1.

2.
3.

2.
3.

4.

prevent the loss of coolant
seal the overflow pipe
control the flow of coolant in the
radiator
prevent vacuum from building up in
the radiator when it cools

2.

3.

4.

5-12.

You should be careful in removing the cap
from a hot, pressurized radiator to avoid
5-19.
1.
2.
3.

5-13.

2.
3.
4.

cooling system?
1.

Nonpositive displacement centrifugal
Positive displacement centrifugal
Positive displacement vane
Nonpositive displacement vane

5 -20.

1.

Some liquid Cooling systems use a shroud
in conjunction with the fan to
1.
2.

3.

4.

3.

reduce fen speed at high engine
speeds
direct air from the fan to engine
surfaces
increess the amount of air drawn by
the fan through the radiator
improve the flow of air through the
radiator at high engine speeds

5-21.

radiator outlet
water pump inlet
cylinder head outlet
radiator inlet

What happens to a wide open thermostat
when its bellows or pellet ruptures?
1.

2.
3.

29

To control engine operating
temperatures
To prevent crankcase sludge buildup
To reduce fuel consumption
All of the above

During engine warmup, a thermoeta
restricts the coolant flow at the

2.

5 -14.

disperse hot coolant that enters the
top tank of the radiator
distribute the coolant equally
between the cylinder block and
cylinder head
direct the coolant to the cylinder
heed only
direct the coolant to the hottest
parts of the cylinders

Why are thermostats used in aut

rapid engine cooling
excessive coolant lose
being burned by the hot coolant

Which of the following types of water
pumps are commonly used on liquid cooled
engines?
1.

give the operator the option of dieengaging the fan at high speed
increase the volume of air supplied
to the fan
increase or decrease fan speed
depending on engine temperature
dieengege the fen when engine speed
is increased

A coolant (water) dimtribution tube 'a
used in the cooling system of L-head
engines in order to

5-18.

1.
1.

An improperly edJueted drive bolt
A bent fan blade
A strong solution of entifreeee

The water jacket of an engine cone
only those passage., provided within the
cylinder block for coolant circulation.

.17.

One of the spring loaded valves in a
pressure cap controls pressure in the
cooling system whereas the purpose of the
other is to

flowing I. a likely count
(Jon, and frequent we

Tho purpose of a fan clutch used on some
automotive engines is to

5-16.

A radiator le equipped with a 12-pound
pressure cap. What effect dose this cep
have on the boiling point of the roolani?

2.

5-11.

u cooling

187

It closes completely
It remains wide open
It assumes a half-open, half-closed
position

5 -22.

Shutters are
radiator. tts
I.

2.

1.

4.

ont of the
engines to

in orep4retio0 for reverie numbing en
engine block, you should do which of the
following?

block
through the
radiator
prevent foreign so
entering
the radiator core
eliminate the need for a cooling fan
eliminate the need for a fan clutch

1.

2.

4.

5-23.

Radiator shutters
opened by

on Lerge trucks are
5-)9.

temp/stators

speed

Remove the radiator rap
Diaconnect the upper and lower radiator
hoses fro, lho engine
Dlevonnect the upper and lower radiator
!mesa frog the radiator
Open the drain cock at the hot to
the radiator

When adding antifreeze to e cop in
you do NOT need to do which of the

eye ten,

ol-

lowing?

*mature
prep/lure

5-74.

The alio/melon lentil

in cloned cooling
aystioss serve to do which of the following?

Increase the system's cooling ce city
Eliminate the need for A pressure
3.

4.

5-25.

1.

J.

5-30.

cap
Prevent coolant loge
Each of the above

What percentage of entity's*. is needed
in a cooling system to provide maximum
protection from treaxing?

3.

40
50
60

4.

70

1.
2.

A coolant mixture containing 502 antifreeze
will provide adequate protection against
freezing to a motImum temperature of
1.

10°F

2.

0°F
-10°F
-30°F

3.

4.

5-31.

After adding antifreeze to a cooling
system, you should do which of the following?
1.

5-26.

Efficient cooling eystes operation le
mast important under which engine operating condition?

2.
3.

Idle speed in glow traffic on hot days
Idle speed for long periods on cool
3.

4.

days
High Speech, on cold days
Intermediate speeds in feet moving
traffic

4.

5-32.

Whet should you do to prevent unwanted
aftereffects from the use of A cleaning
compound in the cooling system of an
engine?

2.
3.

4.

5-33.
1.
2.
3.

4.

Fi11 the aystem with a 60% solution
of antifreeze
Reveres flush the cooling siestas
Follow up with the wee of a neutralizing solution
Operate the engine et a high

Fill the radiator to operating capacity
with water
Operate the engine to mix the solution
Check the solution with an antifreeze
hydrometer
Each of the above

Which of the following.probless could
cause the coolant in a liquid cooling
system to bubble or foam?
1.

5-27.

D7etermine the capacity of the rooting
Determine
ayatem
Thoroughly itipecL the cooling -y leo'.
components
Mix the antifreeze with water before
adding to the cooling system

A leak in the lower radiator hose
A defective water pump seal
A leaking cylinder head gasket
Each of the above

To eliminate Mall air -aka at the lower
radiator hose connections, you should do
which of the following?
1.

Replace the he

2.
3.

Tighten the hose clamps
Coat the hose connections with gasket
cement
Install an unwonted radiator cap

temperature for 10 *inutile
4.

5.14.

when preparing to (beck a cooling nvotem
to determine If eshoowt gases Are entering he coolant, you do NOT need to termer
which of the following components?

1

41.

Whv Ia a VetV email leak eanier to detect
in rtorlIng systems that contain an anti.-

freeze solution than In those that do not?
Antlftepze lenve4 A reeldue; water

1.

Lower radiator home

dorm not

2.

Upper radiator hoer.
Thermoatet
Fan belt

More nntifrecee leeke through than

1.

4.

.

doen not evap
Antlf
feet Am water
_

In using the radiator proneure to
how can you tell that a clulliflg
la leaking?

Antifreeze 14 colored; water in
colorless

r,

A

5 -42.

decreeno in volume
increase In volume
increase in preomure
decrease In prennure
5-16.

5-37.

After 'shutting down an engine that hen
for gorse time. you can check the radio
to Fier If it In partially (slogged by
I.

To find a compression leak In a V-8
engine with a radiator premsore 100
you should isolate the bank of ryllndt
containing the leak.

1.

8y tooting the coolant In a cooling ayntee
with a hydrometer, you can determine
whether or not the coolant will provide
adequate protection agninat

After tightening the clamp on a new
radiator hose, what ahould you do if the
connection leaks?

3.

1.

1.

2.
3,

4.

leaking
clogging
freezing
boiling

2.
3.

4.

5-44.

5-38.

Tasting an Antifreeze solution when its
temperature is 50°F may result in a false
reading because
when cooled
enough
not soluble

2.
3.

5-45.

this

1.

2.

4.

5-40.

2.
3.

4.

Remove the cylinder head(s) and boil
in a cleaning solution
Remove the core hole plugs and flush
directly through the openings
Remove the old thermostat and replace
it with one having a lower opening
temperature
Replace the water pump or install
a larger impeller

5-46.

2.
3.

They contain packing glands
They have sealed bearings
They are gear driven
Their impeller shafts are
de of case
hardened steel

A water pump fails to circulate an adequate
volume of coolant.
The problem is
normally caused by
1.
2.
3.

4.

Radiator leaks are often caused by
1.

preformed
molded
spring stiffened

Why do most water pumps require little or
no maintenance?
1.

When back flushing fails to unclog the
rester Jacket in an engine that is overheating, which of the following actions
Should you take?

Replace the hose
Replace the clamp
Put a sealer on the connection
Install a second clamp

A radiator home that in suspected of
being faulty but does not feel mushy must
be removed for inspection if the hose is
1.

antifreeze changes color
the solution is not thin
water and antifreeze are
at this temperature
water tends to expend at
temperature
5-39.

Inking the
pnraturc of the ccrolnn
in the lower radiator outlet
taking the temperature of the cuolan
in the upper redintor tank
feeling the top and bottom of the
radiator core with your hand

vibration
rust
overheating
31
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a loose fan belt
eroded impeller blades
worm ramp housing
faulty shaft bearings

$41,

elt tenalos Is dote

Which of the following tR
olietitt
print iple of the minty oil pump?

the

diatmneo between the licit brit
width of the halt
deflection of the belt between
polleym

-rhe

y,

tniwr toto1 14 (Frit t iii lv

;It 0,1

in the ,'titer rebut
rhe
Is irtvevi by the otthit
t tit i

It
5-48.

hIg

ctitt remove the
PPliceilons
fan Melt after loosening which of 'hp

rot iii' I Inn Iii tiro

ftn totorn turn In op

4.

d rol

n

lir diti4 t Ion

Why is A relIel valve pined In the
luhrient i,in svntem of oh engine
1.

2.

Air i ondltiuiirt belt
potter steering hell

Iii prevent damaging ,iii' internal oltlo
or the oil primp
To provide an ndegunty supply iii
to the suction side of the oft pump
I.' rogulotp prensorp delivered hv
flw ell pump

ran blades
Cone

549.

You are checking a cooling ..,anon
a thermeatat that tare Iii hi oliehite
correctly. What ahoulil you do wifh ilw
thermoatat7
1.

2.
3.

4.

till

-t ie.,unt Ing bolts
Ind

To prevent ,iverl iihr i iii t ion of

the

engine bearinwi

Repair it
Replace It
Clean it
Adjust it

,

The first lodicritIon iii

pressure on Home vehlel
the form 1

low engine oil
mold he in

igh engine tempernInro
n warning light on the Instrument
I

5-50.

A 180°F thermostat should he completely
open When the coolant reaches 180°F.

Panel

n knocking noise coming from tho
engine
a sudden loss of power
Learning Objective!
Identify
types of lubrication ayateme
and point out their operational
characteristics and maintenance
requirements.

5-56.

In an engine lubr -ation system, where
will you find an oil strainer?

1.

In the oil return line to the critnka
case

At the inlet of the oil pump pickup
5-51.

The primary function of an engine's
lubrication system is to
1.

2.
3.

4.

5-52.

tube
3.

reduce friction
prevent overheating
eliminate engine seizure
provide a seal between the cylinders
and rings

5-57.

Oil strainers sometimes contain
valve for the purpose of
1.

Which of the following is an operating
principle of the 2-gear type of oil pump?

2.

Both gears are independently driven
by shafts
Both gears turn in the same direction
Pumping action forces oil to pass
between the gear teeth
The pump is driven by the camshaft
or distributor

4.

3.
1.

2.
3.

4.

5-58.

In the discharge line from the oil
pump
safety

limiting the amount of oil entering
the oil pump
controlling the oil level in the
oil pan
controlling pump discharge pressure
allowing oil to bypass a clogged
screen

Dirt, water, and sludge do NOT pass
through an oil strainer with the oii
because of which of the following reasons?
All oil is collected from the surface
of the oil in the oil pan
The mesh of the screen will allow only
the lubricating oil to pass
The strainers are located above the
bottom of the oil pan

32

U

Of the followitt
of using s full
lubricating Pee

which to en advantage
_ow oil filter in e

1-6

.

no oil, when mhould you
In ch
drain the oil from a vehicle

-7

1.

When the engine is warm
Wore the engine lice been stetted
Anytime

4.

Whenever the vehicle Is (IPAd11110d

1.

I.

1.

4.

The filter hes the capacity to strain
oil the oil supplied by the oil pump
The filter never pereite any unfiltered
oil to reach the moving parte of the
engine
The filter doom not need changing AS
often as other types of littera
tech of the above

the following types of oil
Which
ftltere must he disconnected froze the oil
linen before the filter can be dismounted?
Drain plug equipped pert
type
Nonteplaceehle element type
External hypasa screw-on tvoe
Nondrain equipped partial !low type

Why does the partial flow filter Moetreated in textbook figure
rectrietion?
1

2.
1.

4.

telt% a

To limit the Amotmf of oil Pniorina
the filter
To allow adequate filtering of the oil
that circuletea through the eyetem
To prevent unwanted contaminants from
reaching the engine's moving parte
To insure adequate oil pressure in the

5

fie.

A

I.

2.
3.

4.

5-69.

In items 5-62 through 5-64, select from coluse
the lubricating system described in column A.

A.

Valve mechanisms
are lubricated by
oil droplets and

5 -63.

Oil under pressure lubricates
the rod bearings;
piston pins are
splash lubricated

1.

2.

Lubricating
Systems
1.

Splash

2.

Combination
splash and
force-feed

4.

5-71.

Which of the following is the beet Method
of determining how an oil pump is driven?

2.

3.

64.

Oil under pressure lubricates
the rod bearings
and piston pine

4.

Which of the following determines the
frequency of engine oil changes for
Navy vehicles?
1.

Wore engine bearing
Overheated engine
Blocked oil passage
Diluted oil

Oil pump or pressure relief valve failure
it; normally the mule of low oil pressure.

1.

Full forcefeed

Defective oil
mp
Defective oil gage
Improper grade of oil or law oil level
Each of the shove

5-70.

Force-feed
4.

pressure reeding. Which of
conditions could be the

Which of the following is indicated by
a high oil Prefigure reading that recurs
constantly?

3.

Description

w -I

cattily?

lubricating mystera

The oil level gage for en engine indicates
the exact amount of oil in the crankcase.

ono that. en lIt repot-tit that a vehicle

ha
the

Preventive maintenance schedules
Climatic conditions
Adverse operating conditions

49

Remove the distributor to check
whether or not it has a gear on the
end of its shaft
Remove the oil pan to notice the way
the pump is mounted
Consult the manufacturer's maintenance
manual
Remove the oil pump to see whether it
has a slot or a gear on the end of its
shaft

nk R tot ty ol I pump, why
11101 it
Rhould volt fill the pump thtimher with h owl
Ref (it 0

15.

w1,11

(log
o0fi

1.

To ptPVPttt

tot ,t

lnitt An

eilorOvIll doting the enottne

whould ymu do on

Alen

I ro. reit AP

PROOP IR turned OVRE
To ellmInAte alt pocketp thAt toul0

To mAke Aore that the pump will work
when the engine IA 4rAnkeil

InchemRe IR vouroutl
Stop the engine., then !cot,'
it coolt, off
i,

the Ay letn t'Irau
remove met
prirt e P9 Ind 0 111,1R
t_

11,000p p.ttIt, 10'4
,ell

N-74,

VT_

Ih.ti

,

fillet

1 mined with
o
I, OW h
of the following Rolvenly mgkrsq a 14mM
compound for fltiRIOng
euglne
WI

1

:,
).

4.

No. 1 Memel fuel
No. 2 dtemel furl

Ketueene
Each of the all ve
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t

Attot

Stott the engine And pArtially drAln
the crAnitcAme be fore continuing
Slog off 1110 eIlpInr, thin thet-k for
logged oil pFutRilges

The Intrp,IAe of flimhing AR
1i1tr1iR11014 RygiOM le h,
ko

pi-ARAI., e?

rim the englups Oilm

reRttict ,ail flow
To reduce the chancel thRt the ptImP'el
Rhotft will hind

1,

In oil

dImotil rhea the

Assignment 6
Automotive
TeXtboo

ekrt

NAVEDTRA 10644-G:

6-8.

Learning Objective: Recognize fandamentale of Automotive electricity.

In an electrical circuit with a fixed
resistance, a drop in voltage will ea _e
a/an
1.
2.

In answering items 6-1 through 6-3, select tram
column B the tern defined in column A.

6-1.

6-2.

A._ Definitions

B.

Terms

Plows in a Single
direction

1.

Conductor

3.
4.

6-9.

Plows from a source

2.
3.

which Amigos polarity
6-3.

Contains mazy free
electrons

Magnetic lines of force
flow in paths from the
1.

Alternating
current

4.
3.

Insulator

4.

Direct current

6-10.

In answering items 6 -4 through 6-6, select tram
column B the term Which is defined in column A.
init ions

6-4.

The amount of current
flow

6-5.

The force that causes
current flow

6 -6.

6 -7.

The opposition to the
flew of current

The amount of curr
of fixed. resifts=

B.

Terms

1.

Voltage

2.

Conductor

1.

3.

Amperage
4.

4.

2.
3.
4.

south pole
north pole
pole
axis

Moving the conductor through a
stationary magnetic field
Holding the conductor stationary
while a magnetic field is moved
through it
Holding stationary both the conductor
and an electromagnet while current
flow to the electromagnet is alter
nately started and stopped
Holding a charged rod near the
conductor

Resistance
6-11.

in a d-c circuit
endent upon

In a lead-acid storage battery, ci
is produced by
1.
2.
3.

1.

north pole to the
south pole to the
axis to the south
north pole to the

_side a magnet

Which means of inducting current
in a conductor is applied to an
ignition coil?

2.

A.

increase in current flow
increase in circuit resistance
reduction in current flow
reduction in circuit resistance

conductor size
circuit length
current direction
applied voltage

4.

magnetism
chemical reaction
ionization
thermal radiation

35

493

Why are the cell elements Of
battery elevated inside the c&se?
1.
2.
3.

4.

6-1T.

To 0110/ the electrolyte to circulate
under the elements
To prevent the cells shorting against
the aottOk of the case
To reduce the amount of lead needed
for connecting the cella and terminal
posts
To prevent shorting of the cells when
Material from the plates settles to
the bottom of the case

What charging rate should you use in
charging a 19-plate battery by the
constant-current method?
1.

2.
3.

4.

The capacity of a cell depends upon which
of the following factors?

2.

The area of the plater in co sect
with the electrolyte and the quantity
and specific gravity of the electro-

4.

1.

lyte
2.

3.

4.

6-14.

The type of separators and the final
limiting voltage
The general condition of the battery
(degree of sulfating, plates buckled,
separators warped, sediment in bottom
of cells, and so forth)
All of the above

6-19.

A 12-volt lead-acid, automotive battery
consists of how many cello connected in
series?

1.

12

2.

2

3.

6

4.

4

Learning Objective: Point out methode and teChniques of serviCi0g,
testing, and Maintaining storage
batterieo.

6-20.

1.

2.

Add 0.006 to your reading
Add 0.008 to your reading
Subtract 0.006 from your reading
Subtract 0.008 from your reading

4.

3.
4.

3.

6-21.
6..16.

In battery charging, either the current
or yr ltage is kept constant.

check the battery with an ammeter to
determine the positive post
connect the larger battery post to
the unmarked charger terminal
energize the charger and observe the
charger gage reading as you touch the
battery cables to the charger
terminals
connect the larger battery post to
the marked charger terminal

Of the following practices, which one
should the mechanic observe when charging
batteries?

When taking a hydrometer reading of a
battery whose temperature lo 95°F, which
of the following calculations do you
perform to determine the actual specific
gravity of the electrolyte?
1.
2.

The battery increasingly resists
current as its own charge builds up
A clock-actuated rheostat adjusts
the current value
A rectifier tube automatically
adjusts the current value
The operator changes plug-in
positions to lover the charger's
output at half-hour intervals

You are about to connect a battery to a
charger when you notice that the terminal
markings on the battery posts are completely obliterated. To insure correct
battery-to-charger connections, you
should

2.
1.

amp
amp
amp
amp

What causes the value of the c arging
current to change in a constan voltage
battery charger?

6 -18.

1.

6-13.

9
10
19
20

Before charging, add sulfuric acid to
any cell in which the electrolyte is
below the plates
Before charging, remove vent plugs to
prevent accumulation of gases
During charging, mark down frequent
hydrometer readings to determine if
the battery is functioning properly
Remove each battery for a 10-minute
break when half charged

What should be done with a new 6-volt
battery that only shows 4 volts on a
voltmeter?
1.

2.
3.

4.

Add electrolyte
Recharge it
Discard it
Put it in service to see whether
voltage will increase or decrease
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6-22.

Alter adding electrolyte to a chargedand -dry battery, you may have to charge
the battery.

6-23.

Which of the fo 1
is the sate way to
MIX electrolyte for a lead-acid battery?
1.
2.
3.

4.

Pour water into acid
gently
Pour water Into acid
vigorously
Pour acid into we
gently
Pour acid into
vigorously

elovly and stir
al

_y and stir

slowly and stir
slowly and stir

Figure 6A.
6-28.

6-24.

Assume that you have been furnished with
sulfuric acid of 1.400 specific gravity.
Which of the following is the proper way
to obtain an electrolyte of 1.290 specific
gravity?
1.

2.

4.

625.

Few 9 parts of water into 20 parts of
the acid
Pour 8 parts of the acid into 3 parts
of water
Pour 3 parts of the acid into 8 parts
of water
Pour 20 parts of the acid into 9 parts
of water

ruments is
Which of the following
recommended for determining Whether or
not a battery will function under a normal
cranking load when it is installed in a
vehicle?
1.
2.
3.
4.

Why is the emr induced in the armature
coil or a d-c generator at its maximum
value-when the armature coil is in the
position shoji in figure 6A?
1.

Because the density of the lines
force is greatest

2..

Because t1-11 armature coil is cutting

3.
4.

6-29.

The alternating current in the armature
coil of a 1-c generator is changed to
direct current in the external circuit
by the
1.
2.

Hydrometer
Voltmeter
Light load tester
Battery starter tester

3.

4.

6-30.

Learning Objective: point out the
purpose and operating principles of
automotive generators.

The generator converts mechanical energy
Into electrical energy and restores the
battery with the energy it expends.

6-27.

The current generated by an alternator is
converted to direct current by means of
a/an

1.

2.

4.

6-31.

1.

3.
h.

armature coil
condenser
rectifier
stationary field coil

To increase the strength o
magnetic field
To decrease the strength of the
magnetic field
To permit a smoother flow of current
To change alternating current to
direct current

The output Of a
generator is determined by which of the following factors?

2.

1.
2.

armature
commutator
changes in the polarity of the field
slip rings

What is the purpose of the field windings
in a d-c generator?

3.

6-26.

the greatest number of lines of force
per second
Because the armature coil is moving
almost parallel with the field
Because the brushes are in most
effective contact with the commutator
segnents

3.
4.

37
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Speed of the armature rotation
Number of armature conductors
Strength of the magnetic field
Aal of the above

6.32.

The Curren regulator functions to pro.
tact the electrical system by
limiting the battery output
limiting the generator output
disconnecting electrical accessorie
warning the equipment operator

1.
2.
3.
4.

6.33.

4.

2.

6.35.

6-39.

Which of the foilovi :lil! is a poor practice

in the disassembly of a gemeAltor?
1.

2.

3.

4.

Residual Magnet1s4 contained in the
rotor pole pieces
Residual Magnetist contained in the
stator assembly
current passing_ through the rotor
coil to ground

How are the
an alternator?
1.

6.36.

Weak brush springs in a doe generator
will result in arcing and burning of the
commutator and brushes.

The magnetic field in an alternator is
created by Which of the following?
1.

Excessive current output
An open field circuit
Xxcessivaiy worn brushes
Internally shorted armature

6-38

adding and removing resistance in
generator field
short circuiting the generator arse
tore windings
increasing the system's electrical
load
disconnecting the battery from the
system

2.

;tat causes solder globules to form inside
the cover band of a generator?
1.
2.
3.
4.

The vibrating-type voltage regulator
functions to protect the electrical
system from possible deeage due to high
circuit voltages by
1.

6.34.

6-37.

6-40.

A test lamp lights with normal brilliance
when it is connected to the field lead
terminal of a generator. What does this
indicate?

ngs connected in
3.
4.

One end of each minding is connected
to a positive diode and the other to
a negative diode
One end of each wlecting 18 connected
to both a negative and a positive
diode, while the other ends are
interconnected internally in the
stator
One end of each winding is connected
to a negative diode and the other end
to a pair of positive diodes

6.41.

3.
4.

How many diodes are grounded in an alternator assembly?

An open field
A normal field
A shorted field
A grOuuded field

A test lamp lights when it is connected
to the frame and one field terminal of a
generator. What does this indicate?
1.
2.

6-42.

Before removing the end frames, place
the generator on end
Check for mans which will help you
line up the parts correctly when you
reassemble the generator
Before removing the brush end, disconnect the leads of the field coil
After removing the brushes from
their holders, ease up the brush
spring tension

An open field
A normal field
A shorted field
A grounded field

Which of the following resistance readings is most likely if an ohemieter is
placed across a shorted field coil?

1.

1

1.
2.

2.

6

3-

3.
4.

3

4.

1 obn
100 ohms_

100,000 ohms
10 negohMs

4

6.43.

Learning Objective: Describe the
fundamental's
maintaining and
testing genera

What type of flux is used for soldering
electrical connections?
1.
2.
3.
4.

38

Borax
Acid
Rosin
Sal amMoniao

6-44.

Of he following armature teat /inspection
findings, which indicates the need to
turn down the commutator?

1.

Assume that after you have turned an outof-round commutator, You measure the
commutator and find each of its segments
to be 3/4 inch thick. What should you do
next?

3.

3.

4.

1.
2.

3.
4.

6-460

Turn the commutator until the segments are thinner
Install the armature back in its
frame
Replace the armature
Undercut the mica between the com.=
mutator bars

2.

4.

6-51.

3.
4.

2.

3.

open
shorted
normal

4.

Grounding the field terminal of an alternator will result is damage to the
1.
2.
3.

1.

'open

2.

shorted
normal
grounded

4.

6-53.

What should be done if teats of an &Mature indicate an open coil winding after
the connections to the commutator bars
are reaoldered?

3.

4.

6-49.

Replace
Replace
Replace
Discard

the
the
the
the

1.
2.
3.

commutator bars
individual coil
entire coil assembly
armature

What device is used to measure
of brush springs?

6-54.

on

2.
3.
4.

Hook scale
Torque wrench
Ohmzeter
Feeler gage

screwdriver
ammeter
voltmeter
jumper wire

To determine if an alternator rotor is
internally shorted, you test the rotor
windings with which device?
1.

2.
3.

1.

regulator
diodes
rotor windings
battery

A charging system containing an alternator can be checked for proper operation
by means of a/an

4..

1.
2.

Momentarily touch the relator
battery to a ground

6-52.

6-48.

Momentarily connect a jumper between
the field terminal and the battery
terminal of the regulator
Momentarily touch the battery terminal of the regulator with the lead
from the field. terminal of the
regulator
Momentarily connect the regulator
armature terminal to the regulator
battery terminal

grounded

If a mdiliammeter reading near zero is
obtained across a pair of commutator
segments on an armature that is mounted
in a growler, the coil is

3.
4.

Momentarily connect the regulator
field terminal to the regulator
battery terminal with a jumper wire
Connect the regulator field terminal
to ground for a moment
Connect the regulator battery terminal to ground for a moment
Connect the regulator generator
terminal to the regulator battery
terminal momentarily, using a jumper
wire

Which of the following methods should be
used to polarize the field of a generator
in an internally grounded system which
has a single contact voltage regulator?
1.

Assume that a thin steel strip is held
over the core of an armature that is
placed in a growler and rotated with the
current on. If the strip begins to
vibrate, the circuit in the armature is
probably
1.
2.

6-47,

Which of the following methoda should be
used to polarize the field of a generator
in an externally grounded system?

Run-out is 0.001
Segments are discolored
Segments are 3/32 in. thick
tnsulation extends above the segments

1.
2.

6-45.

6-50.

4.

Armature growler
Test lamp
Galvanometer
Ohmmeter

497

6-55.

Test
of an alternator
stator is limited to
1.

2.
3.

shorts and opens
opens and grounds
grounds and shorts
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Assignment 7
Automotive Elec ricityr _Part II

7-5.

Starter motors equipped with a Bendix
drive will not start to turn until the
starter is engaged with the flywheel.

7-6.

On starter motors equipped with an overrunning clutch drive mechanism, how is the
starter pinion disengaged when the engine
starts?

Learning CO ochre

Indicate
the purpose of the components,
the principles of operation,
and Maintenance procedures for
cranking systems.

7-1.

In a modern starting circuit, which component provides battery current directly
to the starter?
1.
2.
3.

7-2.

1.

2.
3.
4.

Ignition switch
Solenoid
Puehburtton switch

7 -7.

What causes the starter pinion on an
inboard drive starter to engage the
flywheel?
1.
2.
3.
4.

In a starting circuit containing a solenoid, when is battery current supplied to
the starter motor?
1.

A lever attached to the solenoid
Sagnetic repulsion
Spring pressure
Centrifugal force

2.
3.

4.

7-3.

In a starting motor, which of the
features permits a large current
developing high torque?
1.
2.

allowing_

4.

7-4.

7-8.

Low resistance in the field and a:
ture windings
Current fed to both the field and

3.

4.

Continued starter operation after releasing
the starter button or ignition key is often
caused by
1.
2.

fhe strong magnetic field surrounding_
the field coils
The large number of windings contained
in the field and armature coils

3.
4.

7-9.

The mechanism whicth causes the drive
pinion to meth with the flywheel Ey
inertia is known as the
1.
2.

When the remote control switch is
closed
At the time the ignition is turned to
the start position
After the starter pinion is engaged
with the flywheel
When the plunger closes the contacts
in the solenoid

ow for

Mature windings
3.

Automatically by centrifugal force
Automatically by inertia
By action of the springs and rollers
By movement of the collar and spring
assembly

Which of the following starting circuit
components is common to all vehicles and
equipment having automatic transmissions?
1.
2.

Bendix drive
overrunning clutch
Dyer drive
reduction drive

3.

4.

41

a broken Bendix spring
a worn solenoid plunger
shorted solenoid windings
a faulty pinion and rotor assembly

Starter solenoid
Relay
Neutral safety switch
Double reduction star

7-10.

Two 12-volt batteries connected in
parallel will supply 24 volts for cranking
a high compression engine.

7-17.

When answering items 7-11 through 7-13,
refer to textbook figures 7-7 and 7-8.
7 --11.

1.

2.

Now many volts are deliverf.1 to the
starting motor when the starting switch
is engaged?

4.

7-18.
1.

0

2.

6

3.

12
24

4.

nefore reassembling a starting motor,
which of the following steps should you
take?

Which of the following procedures is recommended for freeing a starter that is
locked to the engine flywheel?
1.

2.

7-12.

Generator charging current flows from
battery B to ground through the

3.
4.

1.
2.
3.

4.

7-

2.
3.

4.

6
12
12
24

v
v
v
v

from
from
from
from

battery A
both batteries
battery A
both batteries

7 -1g.

3.

7-20.

3.

4.

Of the three types of ignition systems,
which requires the LEAST maintenance?
1.
2.

Normally, a starter that is operated
for excessive periods of time will fail
becaLee of
1.
2.

burnt brushes
shorted solenoid windings
loose commutator segments
insulation failure

1.
2.

4.

If a vehicle's starter fails to function,
the first component you should check for
possible trouble is the

1.
2,

7-21.

One
Two
Three
Four

Operating an engine with no primary
circuit resistance will result in

Itch

starter motor

1.

remote - control relay

2.
3.
4.

battery
7-16.

Battery
Magneto
Transistorized

A battery- ignition system consists of
how many circuits?

3.

7-15.

Cranking the engine with a hand crank
Shifting into a forward gear and
pushing the vellicle backward
Loosening the Starter fastening bolts
Each of the above

Learning Objective:
Indicate the
purpose and function of ignition
system components and point out
procedures for maintaining and
testing these components.

Which of the following voltages is
delivered to the accessorise while the
engine is being cranked?
1.

7-14.

cranking motor
series-parallel switch
solenoid
generator

Replace the brushes
Clean the armature with diesel
Coat the drive mechanism with chassis
lobe
Test the brush spring tension

To perform an accurate battery capacity
test, which of the following items of
information must you have?
1.

The ampere-hour capacity of the

2.

The number of positive plates per

7-22.

rapid point failure
excessive secondary voltage
frequent spark plug failure
shorting of the distributor
capacitor

Which component of a battery-ignition
system provides high voltage in the
secondary circuit?

battery.
1.
2.

cell
3.

4.

The number of negative plates in the
battery
The specific gravity of the
electrolyte

3.
4.

42

Distributor
Ballast resistor
Capacitor
Coil

7-23.

The distributor contact points and cam
provide a means of opening and closing
the primary circuit.

7-24.

One of the functions of the condenser in
battery-ignition system is to

The vacuum type of spark advance mechanism is connected between the

7 -30.

carburetor and spark plugs only
spark plugs and distributor only
distributor and carburetor only
distributor, spark plugs, and
carburetor

1.
2.
3.
4.

1.
2.

stop the flow of magnetic lines of
flux when the points open
act as a safety gap for the secondary

Which component of the battery-ignition
system was eliminated by early model
transistorized ignition circuits?

7-31.

cOil
3.

4.

7-25.

allow a rapid collapse of the magnetic
field around the primary winding
regulate the flow of current through
the secondary winding

Which of the ollowing is the purpose of
the distributor in the ignition system?

2.

3.
4.

Points
Condenser

3.

Coil
Rotor

4.

7-32.
1.

1.
2.

To open and close the primary circuit,
to produce the magnetic buildup and
collapse, in the ignition coil
To conduct the high Voltage surges
from the secondary winding at the
proper time
To direct high voltage surges to the
proper spark plugs
All of the above

A rotating piece is used in the distributor of a transistorized ignition circuit
for the purpose of
1.

2.

3.

7-26.

In a battery-igntion system, high voltage
is directed to the spark plugs in the
correct firing order by the
1.
2.
3.
4.

4.

battery
ignition coil
timer coil
rotor

7-33.

Why do transistorized ignition circuits
operate with higher secondary voltages
than older conventional ignition systems?
1.

7-27.

How many types of
used on a convent
system?

vance mechanisms are
el battery-ignition

2.
3.

One
Two
Three
Four
7-28.

In a modern distributor, Which of the
components is made to rotate tl the
advance Mechanism?
1.

Cam

3.

Breaker plate
Distributor housing

1.

2.

At what approximate speed wil
ice' advance mechanism in a d
normally start to function?

7-35

the
tributor

Rotor
Contacts
Coil
Battery

Which component of a magneto enables it
to produce initial starting current
during cranking?
1.
2.
3.

700
1000
1200
1500

TO ignite the leaner fuel mixtures
used in modern engines
To overcome high resistance in the
secondary wiring
To offset any changes that may occur
in the coil saturation period

Which component of the battery-ignition
system is eliminated by the use of a
magneto?

Rotor

2.

4.

7-29.

7-34.

disturbing the magnetic field so that
a current pulse is induced in the
pickup coil
directing the high secondary voltage
to the correct spark plug terminal
of the distributor
absorbing the voltage surge in the
primary circuit
advancing ignition timing under
various load and speed conditions

Horseshoe magnet
Oversized coil winding
Impulse coupling

rpm
rpm
rpm
rpm
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7-36.

When troubleshooting the secondary circuit
of a tramsistOrired ignition, which of
the following procedures should you use?
Hold a spark plug wire approximately
1/2 inch from, a good ground
Use an insulated tool to hold a plug
wire approximately 1/4 inch from a
good around
Ground the coil with a screwdriver to
See if it will produce a spark
Remove a spark plug and hold the tip
approximately 1/4 inch from the block

7-37.

7-44.

When cleaning spark plugs by the sandblasting method, which of the following
procedures should you follow?
1.

2.
3.

still
4.

7-45.

Which of the following will shorten the
useful life of
spark plug?

1.

2.

2.
3.

4.

Improper ignition timing
Reduced contact gap setting
Incorrect carburetor adjustment
Low battery voltage

In items 7-38 through 7-41, select from column
B the condition that causes the kind of deposit
in column A to form on the firing ends of spark
Plugs.
Kinds of_Dsposit

3.

7-47.

COnditions

1.

Rich fuel-air
mixture

Grayish-tan

7-39.

Dry, fluffy black

7-40.

Wet and oily

7-41.

Yellow powdery

7-42.

Which of the following conditions
indieatee that a spark plug was not
installed tight enough?

1.

Correct spark
plug heat

3.

4.

7-48.

Worn piston
rings

1.

2.

3.

4.

7-43.

Blistered insulator tip
Cracked insulator
Powdery deposit on the plug
All of the above

7-49.

When an engine is converted to burn
liquefied petroleum, the spark plugs
Should be replaced with ones of a colder
heat range to reduce
1.
2.
3.

worn distributor bushing
faulty condenser
rich fuel mixture
restricted exhaust system

After installing contact points, you find
the faces do not rake full contact. Which
of the following steps should you take?

3.

1.
2.

clean the points with a special file
Remove any burrs or pits with fine
grit sandpaper
Discard them and install a new set

A fluctuation in ignition timing can be
caused by a

2.

2.

Any time they are removed for
inspection

When distributor points become burn
pitted, what should you do?
1.
2.

B.

7-38.

Each time a vehicle is serviced
At 6000-mile intervals only
When they are removed for cleaning
only

4.

7-46.

A.

Use short blasts while rocking the
plug

How often should spark plugs he regapped?

3.
1.

Use long blasts while rocking the plug
(Igo short blasts while holding the
plug still
Use long blasts while holding the plug

File
edge
Bend
Bend

the faces straight across the
that is riding high
the movable breaker arm
the stationary contact bracket

To obtain an accurate reading on the
dwell meter when checking the cam angle
of a distributor, you should start by
adjusting the
contact
breaker
tension
breaker

carbon deposits
pre-ignition
electrode wear

44

points gap
plate position
of the contact point spring
arm alinement

7-50.

When timing a vehicle's engine and the
timing Mark &lee not line up with the
reference pointer, what should you do?

1.

P1129

2.

Rotate the distributor
Turn the idling screw clockwise

3.

2.

3.
4.

Which of the following kinds of test
equipment can be used to diagnose a
faulty distributor vacuum unit?
1.
2.
3.

7 -56_.

Vacuum gage
Timing light
Dwell meter

2.
3
4.

In an automotive lighting system fitted
with fuses instead of curcuit breakers,
there are as many fuses as there are

4.

7-54.

whether the load within the treat is
balanced
which direction the driver
about
to turn the truck
the length, height, and width of the
vehicle
whether all components of the lighting
system are functioning properly

3.

4.

bulbs
switches
lights
ground wires

2
6
12
18

2.
3.

4.

7-60.

10
15
20
25

ft
ft
ft
ft

1
2
3
4

in.
in.
in.
in.

The aiming of a truck's headlamps differs
from the aiming of an automobile's headlamps to compensate for the
1.

0r 6 volte
or 12 volts
or 24 volts
or 24 volts

in.
in.
in.
in.

When headlamps are correctly aimed, how
far will the high intensity light beams
drop for every 25 feet of distance from
the bulb?
1.
2.
3.
4.

1-59.

Navy automotive and construction equipment
lighting systems operate on which of the
following voltages?
1.
2.
3.
4.

2.

7-58.

24
26
28
30

Hoe far in front of a vehicle should you
locate the aiming screen when alining
headlamps?
1.

The purpose of the indicating or position
lights on a heavy-duty truck is to
indicate
1.

7-53.

7-57.

How far in front
the vehicle the
headlamp focuses on the pavement
The amount of diffusion provided by
a lens in the lamp
The amount of light produced by the
lamp

When a vehicle's headlamps are centered
28 inches from the ground, how high
should the reference line on the aiming
screen be above ground level?
1.
2.
3.
4.

Learning Objective: Identify
principles of lighting circuit
operation and technique's for
maintaining wiring circuit's.

7-52.

Which of the following do you determine
by measuring the intensity of a vehicle
headlamp?

Turn the idling screw counterclockwise
MVO the timing light lead to another

1.

7-51.

7-55.

greater height of the truck
smaller width of the automobile
effect of the heavier loads the
truck carries
larger truck headlamps

Which of the following can cause a headlamp to show a poor candlepower reading?
1.

2.
3.

4.
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A faulty ground
Loren connections
Undersized wiring
Each of the above

7-61.

7-68.

To eliminate the poSSibility of a short
when changing switches and other electrical system components, what should
you do?

Of the following electrical faults, which
can cause an open circuit?
1.
2.

1.
2.
3.

4.

7-62.

Tag the wires
change the wires one at a time
Remove the fuses
Disconnect the battery

3.

4.

7-69.

On vehicles having a dual braking system,
where is the brake light switch located?

Wires passing through holes in metal
Members of the body or frame should be
protected by
1.

1.
2.
3.

In the hydraulic line between the
master cylinder and wheel cylinders
Directly above the master cylinder
On the brake pedal support bracket

2.
3.

4.

7-70.
7-63.

In the maintenance and repair of electrical
systems, the most difficult task is

2.
3.

4.

7-64.

2.
3.

4.

2.
3.
4.

7-71.

They provide a positive path to and
from the power source
They provide a dual path for current
to flow from the power source
They eliminate the need for fuses or
circuit breakers
They allow current to flow should
one wire break

3.

4.

3.

3.

7-73.

7-66.

On which of the following kinds of
equipment will you find numbered tags
that identify the wiring circuits?
Sedans
M-series vehicles

3.

Crawler-mounted equipment
Wheel-mounted construction equipment

4.

7-67.

2.
3.

7-74.

Electrical symbols are used in wiring
diagrams for which of the following
purposes?

2.

3.
4.

To simulate
To identify
To show the
To pinpoint
components

2.
3.
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tight connection
cold solder joint
strong connection

When used to make electrical repairs,
Which of the following types of tape
prOVides the best insulation?
1.

the electrical components
the wires
routing of the wires
the location of the

30-70
40-60
50-50
60-40

When used to repair electrical wiring, a
solderless connector makes it impossible
to obtain a
1.

1.
2.

Its small tip fits in confined spaces
Its tip heats rapidly
It focuses light on the work
Each of the above

Assume that you had to solder a connection within an area that could not withstand very much heat. Which of the following grades of solder should you use?

Where should you start tracing a circuit
to locate a suspected wiring problem?
At the power source
At the inoperative component
Anywhere in the circuit

Dirty surface
Greasy surface
Oxidized surface
Each of the above

Which of the following is an advantage
of using the induction-type soldering
gun for electrical ropair work?
1.
2.

7-72.

plastic clamps
flexible tubing
rubber grommets
electrical tape

In soldering, which of the following
surface conditions will keep you from
making a good soldered connection?
1.

In some electrical systems, two -wire
circuits are highly reliable for which of
the following reasons?
1.

7-65.

determining system polarity
troubleshooting
hooking up test equipment
tracing wiring diagrams

Corroded terminal
Loose connection
Broken wiring
Each of the above

Rubber
Plastic
Friction

7-75.

Which of the following electrical
problems will affect the operation
of both the turn signals and the
emergency flashing lights?
1.
2.
3.

4.

Faulty turn signet flasher
Inoperative directional
control switch
Surnt-out turn signal bulb
Shorted tail light wiring
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Learning Objective: Identify operating principles and maintenance
practices of vehicular components
that transmit power.

Which of the following statements
describes one of the functions of the
clutch in the power train of a motor
vehicle?

1.
2.

What transmits the power developed by the
engine to the wheels and/or tracks and
accessory equipment on a vehicle?

3.
4.

4.

Crankshaft
Power train
Intake manifold
All of the above

8-5.

Which of the following power train groups
are arranged in the order through which
power flows from the engine to the wheel
of a light truck?
1.

2.
3.

4.

When the clutch pedal is depressed, the
pressure plate is retracted by
1.

2.
3.
4.

Transmission, clutch, propeller shaft,
differential, and axles
Clutch, propeller shaft, transmission,
differential, and axles
Clutch, transmission, differential,
propeller shaft, and axles
Clutch, transmission, propeller shaft,
differential, and driving axles

8-6.

1.

2.
3.

8-7,

3.
4.

2.
3.
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Against the flywheel
Against the pressure plate
Centrally between the flywheel and
pressure plate
el of the following can cause rapid
lure of the clutch release bearing?

1.

Universal joint
Transfer case
Clutch
Differential

spring pressure
release levers
centrifugal force
splines on the clutch shaft

When the clutch disk is disengaged, where
doe it Position itself?

Which device is used to disconnect the
engine from the power train?
1.
2.

It dampens vibration in the trahsission system
it allows the brakes to "clutch," or
hold while the iehiole is in notion
It transmits power to the wheels
through the dead axles
It allows the engine to take up the
vehicle-drive load gradually

Driving with your foot resting on the
clutch pedal
Improper adjustment of the clutch
A broken or weak clutch pedal return
spring
Each of the above

8.13,

How is a hydraulically operated clutch
adjusted?

2.
3.
4.

818.

Clutch-pedal pulsation may be caused by
which of the following conditions?

By turning the eccentric bolt in the
clutch pedal support
By shortening or lengthening the
slave cylinder push rod
By lengthening the effective stroke
of the master cylinder's piston
By bleeding off a small amount of
fluid at the slave cylinder

1.

2.

3.

4.

8-19.

8-9.

Conditions

B.

I.
2.

Clutch Trotibles

Loose spring shackles 1.

Slipping

8-10.

Broken parts in the
clutch

2.

Dragging when
disengaging

8-11.

Excessive free pedal
adjustment

3.

Chattering or
grabbing when
engaging

3.
4.

8-20.

8-12.

Bent crankshaft
flange

4.

8-21.

The
The
The
All

transmission is in gear
clutch is disengaged
vehicle is standing still
of the above

Which of the following conditions causes
rapid clutch disk Veer?
1.

Incorrect adjustment

2.

Improper use,
Weak prelusive springs

3.
4.

Pulsating pedal

Each of the 4120Y0

A pilot bearing that is worn or lacks
lubricant will produce noise in the
clutch when which of the following conditions exists?

In items 8-9 through 8-16, select from column
B the clutch trouble which generally develops
as a result of the condition in column A.
A.

Misalinement of the engine and transmission
The flywheel not being pelted on the
crankshaft flange
A warped pressure plate or warped
clutch disk

Each of the above

When disassembling a clutch, which of
the following actions should you take
before removing the pressure plate?

8-13.

Loose transmission
mount/nee

8-14.

Worn engine mounts

1.
2.

8-15.

Worn clutch facings

3.

8-16.

Uneven release -lever
adjustment

4.

Mark the cover and flywheel
Relieve the tension on the pressure
springs
Check the thickness of the clutch
disk

8-22.

8.17.

When an E0 reports that the vehicle has
clutch -pedal pulsation, what does this
mean to you as a CM?
1.

2.

3.

When overhauling a clutch, you should
inspect the pressure plate and flywheel
for which of the following defects?
1.
2.

A series of slight movements can be
felt on the clutch pedal or operating
lever when the clutch is being disengaged
There is slippage between the clutch
disk facings and the flywheel or
pressure plate
There must be dirt or grease on the
clutch facings because there is a
grinding noise when the clutch is
disengaged
The clutch has a terrific jerk when
it is engaged

3.
4.

8-23.

Cracks
Score and grooves
Warpage
All of the above

Which of the following is seldom done
when clutches are overhauled in the
maintenance shop?
1.
2.
3.
4.

49

Loosen the flywheel mounting bolts

Relining clutch disks
Replacing pilot bearings
Adjusting pressure plates
Replacing release bearings

8.24.

In items 8-30 through 8-33, select from column B
the gear position of the auxiliary transmission
that best fits the action an described in column

What is the maximum number of adjustments
that you may find on a pressure plate
assembly?

A.
1.

One

2,

Two
Three
Four

3.

4,

8.25.

shaft

3.

832.

The dog clutch is disengaged from the maindrive gear

Clutch
Axle
Transmission
Differential and universal joint

8-33.

Causes the engine to
drive the wheels very

1.

2.
3.
4.

1.
2,

spur-tooth rather than helical gears

3.

main shaft meshing gears that are able
to move endwise
soundproof padding around the transmission units

8-34.

3.

4.

2.
3.
4.

8-35.

Neutral

engage the main drive gear with the
transmission main shaft
engage the first speed main shaft
with the transmission main shaft
equalize the speed of the driving and
driven members
engage the second speed main shaft
with the transmission main shaft

Worn universal joints
Loose drive shaft center bearings
Worn ring and pinion gear
Each of the above

If flushing is required, the interior of
the transmission case should be flushed
with
a special oil
transmission lubricant
solvent
detergent

8-36.

When determining whether or not to use an
old transmission part, which of the
following factors should you consider?
1.
2.

4,

epeed

Which of the following conditions may
cause noise that is difficult to diagnose
and may seem to originate in the transmission?
1.

The purpose of the shift fork within the
synchromesh transmission is to

2.

speed

helical rather than spur --tooth gears

The function of the friction cone clutch
in a synchromesh transmission is to
1.

no

Get

slowly

The constant mash transmission reduces
noise by utilizing

4.

8-29.

I.

Which of the following components transfers engine power from the clutch shaft
to the propeller shaft?

4.

B.

The dug clutch makes
a direct connection
between the input
shaft and the main

Power is transmitted
straight through the
auxiliary transmission
to the propeller shaft

3.

8-28.

Clean the bearing with solvent
Clean the bearing with degreasing
compound
Clean the bearing with oil
Replace the bearing

Descriett

8-31.

2.

8-27.

8-30.

What should you du with a clutch release
bearing that runs roughly?
1.

8-26.

A.

lock the main drive gear and transmission main shaft
synchronize the speed of mating parts
before they engage
d sliding
move the sliding gear
sleeve as a unit
elide over the balls within the clutch
and silently engage the external teeth
on the main drive gear

3.

4.

837.

How should you prepare leather oil seals
before you install them in a transmission?

3.
4.
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Serviceability of the old par
Cost of replacing the part
Availability of a new part
All of the above

Give them a light coat of light oil
Give them a light coat of medium
grade preservative lubricating oil
Soak them in light oil
Soak them in medium grade preservative
lubricating oil

8-38.

Transmission parts that are ready for
reassembly should be coated with

8-45.

Which of the following drive line components in used only on long wheelbase
vehicles?

light lubricating oil
medium grade preservative lubricating

Universal joint
Olin joint
Support bearing
Propeller shaft

1-

2.
3.

4.

8-39.

rust- preventive compound
fiber grease

What device provides the means for automatically implementing a front wheel
drive on an automotive vehicle?

3.
4.

8-46.

When torque rods are used with the Hotchkiss drive, their function is to
1.

Sprag unit
Power takeoff
Auxiliary transmission
4.

8-40.

1,
2.
3,
4.

8-41.

3.
4.

8-42.

2.
3.
4.

8-47.

2.
3.
4.

8-48.

Transmission
Auxiliary transmission
Transfer case
Each of the above

2.

3.

4.

8-49.

3.
4.

1.

1.

3.
4.

2.
3.
4.

Vaseline
Chassis grease
Water pump lubricant
Wheel bearing grease

Lubricating universal joints with a low
pressure grease gun will prevent

Failure of a power takeoff to operat
usually the result of

bent or broken link
faulty bearings
broken gear teeth
leaking shaft seals

A shaft containing two universal
joints assembled 90° apart
A shaft containing one universal
joint and a slip joint on the same
end of the shaft
A shaft containing one universal
joint at the transmission end and a
slip joint at the differential end
A shaft containing one universal
joint at the differential end and a
slip joint at the transmission end

When reassembling a universal joint,
which of the following should you use to
prevent the needles from falling out of
the bearing?
1.
2.
3.
4.

8-50.

Support bearing
Companion flange
Slip joint
Universal joint

Which of the following propeller shafts
is designed to prevent shaft speed fluctuations?
1.

shift lock
fork
spring-leaded ball
sliding spur gear

power trains
winches
tracklayers
front wheel drives

Which component of a drive train is used
to allow changes in the angle of the
propeller shaft?
1.

Some vehicle power takeoff units have two
speeds forward and one in reverse, whereas
some have several forward speeds and a
reverse gear. The power takeoff units
with the several forward speeds are used
to operate
1.
2.

8-44.

4.

Within the power takeoff attachment, the
shifter shaft is held in position by a
1.

6443.

3.

clashing gears
hard shifting
an unbalanced propeller shaft
noisy operation

In an automotive vehicle, the power
takeoff that supplies power to the
auxiliary accessories can be attached to
which of the following units of the power
train?
1.
2.

2.

Two -wady clutch

1n the transfer ease, worn or broken
gears, orn bearings, and excessive end
play in the propeller shaft will cause

prevent spinning of the wheels on
slippery surfaces
assist the springs in supporting the
vehicle weight
maintain proper alinement of the axle
and frame
eliminate the need for wheel balancing

2.

bearing damage
seal damage
bearing seizure
overlubrication

509

8-51.

Which of the ollowing conditions
indicates that a center support bearing
is faulty?

8-57.

Which of the following units can be considered as a part of the final drive?
1.

1.

2.
3.
4.

2.

A squealing noise in the drive train
Failure of the vehicle to start
moving smoothly
Frequent stalling when the clutch is
engaged
Vibration from the chassis at low
speed

3.
4.

8-58.

Which type of final drive
5-ton military designed v
1.

8-52.

1.

2.
3.

8-53.

2,

When replacing a center support bearing
assembly, you should insure that

3.
4.

the bearing shield contains waterproof grease
a grease fitting is present
drive shaft alinement is maintained

8-59.

3.

8-60.
1.
2.

3.
4.

8-54.

Support the drive shaft
Maintain shaft alinement
Prevent whipping at high speed
All of the above

2.
3.

4,

1.
2.
3.

8-55.

To cool the lubricant
To eliminate internal pressure
To prevent overfilling

8-61.

The function of the final drive in an
automotive vehicle is to

1.

2.
3.

4.

8-56.

change the direction of drive while
providing a fixed reduction
allow the axles to turn at different
speeds when cornering
prevent the driving wheels from
losing traction
transmit power directly to the
driving axles

Which of the foil
the first number
1.
2.
3.

4.

3.
4.

8-62.

one driving axle
two rear driving axles
both front and rear driving axles

connect the rear axle shafts
permit the axles to turn at different
speeds
boost engine power transmitted to the
wheels
permit both drive axles to be driven
as a single unit

Which parts of the differential transmit
power directly to the axle shafts?

2.
1.

Single-reduction
Double-reduction
Two-speed
A combination of 2 and 3 above

The purpose of the differential in the
rear axle assembly is to
1.

Why are automotive driving axle assemblies vented?

a used in
isles?

A two-speed final drive is limited to
use in those vehicles which contain
1.
2.

The purpose of pillow block bearings in
an auxiliary power train is to accomplish
which of the following?

Slip joint
Shaft yoke
Flange yoke
Hypoid gear

Differential case and side gears
Bevel drive pinions and side gears
Differential pinions and side gears
Differential case and bevel drive
pinions

Which of the following components supports part of the weight of a vehicle
and also drives the wheels connected to
it?

ing is indicated by
a final drive ratio?

1.
2.
3.
4.

The number of times the ring gear
turns in relation to the axle shafts
The number of times the axle shafts
turn in relation to the drive shaft
The number of times the pinion shaft
turns in relation to the drive shaft
The number of times the drive shaft
turns in relation to the axle shafts

8-63.

Which of the following components carries
part of the weight of a vehicle, but does
not drive the wheels?
1.
2.
3.
4.
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Axle trunnion
Live axle
Dead axle
Bogie drive

Chassis
Axle trunnion
Live axle
Dead axle

8-64.

Where are the vehicle weight - supporting

8-7C.

bearings in a full floating axle located?
1.

2.
3.

4.

At
On
On
At

the
the
the
the

inner
outer
outer
inner

end
end
end
end

of
of
of
of

the
the
the
the

axle
axle
axle
axle

housing
shaft
housing
shaft

When reassembling any differential assembly, which of the following procedures
should you use to insure that the pinion
and bevel gears are adjusted properly?
1.
2.

8-65.

Which of the following would cause noise
in the rear axle assembly only when
turning?

2.
3.

4.

8-66.

Faulty differential gears
Worn axle support bearings
Excessive backlash between the ring
and pinion gears
Loose carrier bearings

4

8-71.

Which of the following components must be
removed from the axle assembly before the
differential carrier can be withdrawn?
1.
2.
3.
4.

8-67.

1.

2.
3.

Which of the following methods is used to
determine if the thrust washers of a differential assembly are reusable?

4.

8 -72.

1.

3.

After setting the pinion depth in a
differential assembly, which of the
following must you determine prior to
adjusting the backlash?
1.

Wheels
Axles
Differential gears
Pinion shaft

Match the old thrust washers with new
ones and see if they appear to be the
same thickness
Measure the old thrust washers with a
machinist's ruler
Check the old thrust washers with a
micrometer

1

When either the pinion or bevel gear is
damaged or shows signs of excessive wear,
which of the following should you replace?
1.

2.
3.

8-69.

The worn or damaged part only
Both gears
The entire differential assembly

4.

8-73.

During reassembly of a differential
assembly, why are the bearings "preloaded"?
1.

2.

3.

4.

3.
4.

8-74.

Eccentric bolts
Adjusting nuts
Shims or spacers
Oversize bearings

When the steering knuckles are too tight,
which of the following will result?
1.
2.
3.
4.
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Parts procurement time and cost are
excessive
Individual parts are not available
The axle must be returned to the
manufacturer for repair
Special tools required for repairing
these axles are not available in the
maintenance shop

Which of the following devices is used
to adjust the steering knuckles on all
wheel-drive vehicles?
1.
2.

To position the bearings in their
races exactly as they will be when
the vehicle is operating
To determine if the bearings' strength
is sufficient to withstand heavy loads
during operation
To prevent early bearing failure when
the vehicle is returned to service
To keep from upsetting the wear
pattern already established within
the bearings' races

Amount of torque required to turn the
pinion shaft
Amount of wear left in the pinion
gear teeth
Whether or not the tooth contact
pattern corresponds with the manufacturer's recommendations
Amount of warpage present in the
bevel gear

Why are the axle shafts contained in
steering axle assemblies replaced when
they contain worn constant velocity
universal joints?

3.

8-68.

Adjust backlash prior to preloading
the pinion bearings
Adjust to allow only a slight free
movement between the gears
Adjust so that no binding is present
between the gears, then preload
bearings
Adjust in accordance with the manufacturer's procedures

Shimmy and poor steering control
Hard steering at all times
Rapid failure of the axle universal
joints
Abnormal front tire wear

8-75.

Failure of a winch to operate is usually
the result of a broken or damaged
1.

2.
3.
4.

shear pin
drive shaft
universal icint
PTO gear
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9-6.

The side members of many passenger vehicle
frames are closer together in the front
than in the rear in order to

Learning Objective:
Identify automotive chassis and suspension components
and their functions and maintenance
requirements.

1.

turns
2.

9-1.

Which of the following requirements must
be satisfied by the components of a
vehicle's chassis?
1.

9-2.

3.

4.

Support the vehicle and its payload
Provide for directional control
Allow smooth operation over rough
roads
All of the above

Ali retractable bumpers return to their
original position after an impact.

9-8.

A vehicle's suspension system is designed
to do which of the following?
I.

2.
3.

2.
3.

Speed and operating conditions
Steering and suspension requirements
Vehicle size and payload

9-3.

Frames are NEVER used on vehicles which
have a wheel base of less than 110 inches.

9-4.

Why are gusset plates used in vehicle
erame construction?

4.

9-9.

3.

4.

9-5.

To
To
To
To

1.

2.

reduce vibration
add extra strength at joints
support the radiator
support power train units

4.

9-10.

Which of the following parts of a passeng
car frame support most of the weight of
the car body?
1.
2.
3.
4.

4.
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Wheels
Axles
Rims
All of the above

As a vehicle goes over a bump, its
multiple leaf springs are held together
by the
1.
2.
3.

X- members and engine supports
Front and rear cross members
Right and left side members
Horizontal and T-members

To support the weight of the vehicle
To allow the vehicle to be driven
with varying loads
To allow the vehicle to travel over
various types of terrains without
severe risk of damage to the vehicle
All of the above

Which of the following components add to
the unsprung weight of a vehicle?

3.

1.
2.

supply a more rigid support for the
engine
supply a more rigid support for the
front wheels
cut down vibration from the engine

9-7.

In vehicular frame construe ion, which
Of the following factors is the most
imports
1.

allow the vehicle to make sharper

spring shackles
rebound clips
bumper blocks
clip plates

9-11.

Why are the rear springs of some vehicles
clamped under the axle?
1.

2.
3.

4.

9-12.

To get better traction
To prevent single wheel traction
To lower the center of gravity
All of the above

1.

3.

What should you do when you find one
damaged shock absorber on the rear of
the Vehicle?
1.

2.
3.

The forward and of a leaf spring is
attached to the frame by means of a

2.

9-13.

9 -15.

4.

spring shackle
pin and bushing
0-bolt

9-19.

What is the purpose of an auxiliary
spring?

1.

2.

2.
3.

4.

9014.

To offset the effect of
weak main
spring
To prevent braking of the main spring
To eliminate the danger of overloading
To provide additional support for
heavy loads

4.

9-20.
2.

3.
4.

9-15.

1.
3.

9-16.

Spring
Cross shaft
Torque rod
Guide bracket

2.

3.

4.

Stabilizer bar
Rubber bumper
Torsion bar

9-21.

The purpose of a shock absorber is to do
which of the following?

2.
3.

4.

9-17.

Regulate the spring
Prevent the spring
with a sudden jolt
Prevent the spring
transmitted to the
All of the above

1.
2.

rrebounds
from returning

4.

9-22.

bounces from being
vehicle's body

1.

2.
3.

4.

Jack up the body to loosen the
bearing surface
Heat the grease fitting
Use a wire to clean the grease f
Bach of the above

Nylon
Rayon
Fiberglass
Steel

Before raising a light vehicle to remove
a wheel, which of the following steps
should you take?
1.
2.

You are trying to lubricate the spring
shackles of a vehicle, but cannot get the
grease to penetrate. Which of the following actions should you take to correct
the condition?

Size of the tire's bead
Amount of rubber contained in the
tire tread
Number, type, and arrangement of
tire plies
Thickness of the tire's sidewalls

Which of the following types of belt
material provides the best mileage and
strength in belted tires?

3.

1.

Gas welding
Arc welding
Fishplating
Heli-arc welding

The strength of a tire is determined by
Which of the following factors?
1.

Which of the following suspension components prevents excessive flexing of
coil springs on curves?

2.

a coiled helper spring to
damaged shock absorber

Learning Objectives Indicate characteristics of tires and wheels and
point out procedures for maintaining
and repairing tires and wheels.

Which component n a bogie suspension
system distributes the rear load evenly
to the axles?
1.

the damaged shock absorber
both rear shock absorbers
all shock absorbers on the

Temporary repairs on a cracked frame are
best accomplished by which of the
following methods?

3.

1.

Replace
Replace
Replace
vehicle
Install
aid the

3.

4.

Block the wheels on the other axle
Place the transmission lever in the
proper position
Slightly loosen the lug nuts
All of the above

9 -23. A safety stand or suitable blocks should
be placed under the axle of a raised
vehicle if work is to be performed while
A wheel is removed.
n

56

On a vehicle with disk wheels, which
of the following thread arrangements will
hold dual wheels to the hub on the left
side of the vehicle?

9 -24.

9-30.

The appropriate size of cold patching
material needed to patch a 1/4-inch
hole in a tire tube is
1.

1.

2.
3.

4.

9-25.

Left-hand threads on the outer nut
only
Left-hand threads on both nuts
Right-hand threads on the outer nut
only
Right-hand threads on both nuts

2.
3.

4.

9-31.

2.
3.

4.

1.

90°
180°
270°
360°

2.

3.

4.

9-26.

For which of the following purposes
should you use a tire spreader'
1.

2.
3.
4.

9-32.

TO replace the tire on the rim
To remove the tire from the rim
To allow easy_ inspection and Maintenance of the inside of the tire
To prevent injury when inflating the

9-27.

2.
3.

1.
2.

4.

9-28.

9-33.

break the tire bead loose from the
rim
deflate the tire by removing the
valve core
remove the valve stetson all tubeless
tires
remove the side ring from the rim

3.

4.

9-34.

4.

3.
4.
9 -35.

When you use a hydraulic cylinder and
shoe to break the bead of an earthmover's
tire away from the rim, the shoe applies
pressure directly to the

2.
3.

sidewall

2.

rims

3.

bead

the
the
the
the

right rear
right front
left rear
spare tire position

On the front of the vehicle
On the outside rear dual
On the inside rear dual

Maximums tire life depends ma Sly on
following factors?
1.

2.
3.
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on
on
on
in

When traction is NOT a factor, where
should you install a new tire on a dual
wheel vehicle?
1.

9-36.
1.

Once a month
Twice a year
Every 3000 miles
Every 5000 miles

When rotating the tires on a vehicle
equipped with a spare tire, you should
place the left front tire
1.
2.

Tap the tire lightly with a hammer
Remove the tire and inspect the rim
Overinflate the tire until the bead
seats
Discard the
and wheel

Ready-built patch repairing
Built-up patch repairing
Plug repairing
Gun repairing

How often should the tires on a Navy
vehicle be rotated?
1.
2.

If a tire bead fails to seat properly on
the rim when inflated to the correct
pressure, what should you do?
1.
2.
3.

9-29.

4.

When removing a tire from the rim, the
first thing you should do is to

Place the patch so that the first ply
of cords in the patch is running in
the same direction as the cords in
the tire
Press the patch in the middle before
pressing the edges
Bend the patch before applying
Each of the above

Which of the following tire repair
methods does NOT require you to remove
the tire from the wheel?
1.

tire

inch
1/2 inches
3/4 inches
inches

Which of the following actions should
you take when applying a ready-built
patch to the inside of a tire?

In a dual wheel system, where should
the inner tire valve stun be located in
relation to the outer tire valve stem?
1.

1
1
1
2

Regular rotation
Proper inflation
Operating conditions

the

9-37.

What is the probable cause of en X-type
break in the 'surface of a tire?
1.
2.

9-44.

Underinflated when damaged
Overinflated when damaged

3.

out -of- alinement when damaged

4.

Wrong size

Which of the following is an advantage
of power steering?
1.

2.

3.

4.

9-38.

Radial cracks on the outside of a tire
indicate that the tire has been operated
1.

2.
3.

4.

9-45.

with low air pressure
over rough terrain
while overinflated
at high speedo

Which feature of the worm and roller
steering gear provides a variable
steering ratio when turning?
1.

2.
3.

9-39.

9-40.

If you were to mismatch dual tires, the
larger tire would wear faster than the
smaller tire.

9-46.

If you have to replace a 7.75 tire, you
could allow a diameter difference of

2.
3.

4.

1/8
1/4
3/8
1/2

the

inch
inch
inch
inch

2.
3.

4.

9-47.

9-41.

A tire which exceeds the designated size
for a given dual wheel should always be
mounted on the
1.
2.
3.

4.

inside of the dual wheels
outside of the dual wheels
operator side of the vehicle
front, with the original front
moved to the rear dual wheel

2,
3.

ire

4.

9-48.

The valves on the front wheels and on the
inside dual wheels point away from the
vehicle, whereas the valves of the outside
dual wheels point toward the vehicle.

9-43.

If a vehicle is to be operated at highway
speeds, the wheels should be balanced
in order to reduce which of the following
conditions?
1.
2.
3.
4.

3.

4.

9-49.

2.
3.
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Pitman arm
Cam
Control valve
Valve spool

The control valve of the hydraulic steering system must be in what position to
get the feeling of road sense?
1.

Learning Objective:
Describe the
various types of steering systems,
indicate functions of their components, and point out procedures
for maintaining steering systems.

springs
hydraulic pressure
internal friction
shims

Which of the following parts initiates
reaction within a hydraulic steering
system, resulting in no kickback at the
steering wheel when the wheels are subjected to a shOck load?
1.
2.

Tire wear
Vibration and shimmy
Rapid steering wear
All of the above

hydraulic pump
control valve
power cylinder
drag link

When no effort is applied to the steering
wheel of a hydraulically assisted steering system, the spool valve is held in
the center position by
1.

9-42.

Shape of the worm gear
Angle between the worm and sector
Relative position of the worm and
cross shaft

The oil flow within the hydraulic power
assist steering system is directed by

1.
1.

The steering linkage in lens complex
Power steering requires less
maintenance
Lens effort in required for turning
Power steering allows sharper turns

In the left turn position
In the right turn position
In the center position

9-50.

Which of the following techniques is used
to eliminate free play from a drag link?
1.

2.
3.
4.

9-56.

Which of the following adj stments is
used to balance the effect of camber?

Tightening the adjusting plug(s)
Adding shims to the pitman arm socket
Installing a stronger spring in the
drag link
Replacing the drag link

2.
3.

4.

9-57.

9-51.

Toe-out
Caster
Kingpin angle
Toe-in

1.

Which of the following defects in the
steering system of a vehicle can cause
the steering wheel to have too much play?

A tie rod end is considered to be in good
shape if an inspection indicates which of
the following conditions?

1.
1.
2.
3.

4.

9-52.

4.

2.
3.
4.

9-54.

3.

4.

9-58.

If the steering wheel of a vehicle must
be turned a full turn before the pitman
arm moves, what part of the steering system probably needs adjustment or
replacement?

Drive belt
Hoses and fittings
Fluid level
Each of the above

4.
9 -59.

When the E0 complains that his vehicle
wanders, what should you check for?

steering geometry
wheel alinement
steering angle
turning radius

1.
2.
3.

4.

9-60.

How are the knuckle pivots tilted in
order to obtain positive caster on the
front wheels of an automobile?

2.
3.

4.

To the right
To the left
Forward
Backward

2.
3.
4.

9 -61.

9-55.

To obtain positive camber, you must have
the wheels closer together at the
1.
2.
3.

4.

top than at the bottom
front than at the rear
bottom than at the top
rear than at the front
9-62.

Low tire pressure
Improper front wheel alinement
Tight or looms wheel and brake adju
ments
All of the above

Troubles in the steering system and the
alinement of the front wheels are NOT the
only sources of improper steering. Which
of the following defects can also cause
a vehicle to steer improperly?
1.

1.

A wheel bearing
The steering gear
The steering linkage
A knuckle plate

1.
2.
3.

Pivot inclination, caster, camber, toe-in
and toe-out are terms referred to
collectively as
1.

Loose wheel bearings
A worn steering gear
Worn steering knuckle plat
Each of the above

2.

When servicing a vehicle equipped with
power steering, which of the following
items should you check to insure proper
operation?
1.
2.
3.

9-53.

It is difficult to move the ball in
its socket
A slight amount of drag is present in
the ball socket
The ball is free to turn in the
socket
The ball is tight in the socket

Defective shock absorbers
Sagging springs
Too little air in one or more tires
Each of the above

What should be the difference in degrees
between the front wheels of a vehicle
when tested on a floating turntable?
1.
2.
3.

1

4.

4

2
3

To adjust the toe-in of a vehicle, you
must adjust the
1.

2.
3.
4.
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drag link
steering knu
pitman arm
tie rod

9-63.

How many tie rods are contained in the
steering linkage of a vehicle equipped
with independent front suspension?
1.
2.
3.

4.

9-69.

One
Two
Three
Four

If major body work is being performed,
when should the decision be made concerning the replacement of a damaged panel?
1.

2.
3.

Learning Objectives
Indicate
procedures for repairing and
refinishing automotive bodies.

9-70.

Before any attempt is made to return
the panel to its original position
After jacking the panel almost back
to its original position
Only after the panel and its braces
are removed from the vehicle

spot
lde used to hold new sheet metal
in position are placed at intervals of
approximately how many inches?
1.

9-64.

What should be done when rust or
corrosion starts to appear on the body
of a vehicle?
1.
2.

4.

9-65.

2-

3.

2.
3.

9-68.

9-71.

1 1/2

4.

1/2

When using the disk sander, you should
exercise care to prevent
1.

9-72.

a file and sandpaper
a bench grinder
emery paper

Sand any paint from the damaged
section
Regove the damaged panel from the
vehicle
Remove any dirt or undercoating

2.
3.
4.

9-74.

When removing dents with the hammer and
dolly, which of the following procedures
should you follow?

2.

1.

3.

4.

Start your work at the point of impact
Try to remove as much of the dents as
you can with a Minimum of none
Use a crown faced hammer for panels
that are flat or slightly curved
Strike the metal lightly and rapidly,
using a pulling action
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turpentine
solvent
paint thinner
gasoline

Applications of epoxy fillers in automotive body work should be limited tO a
thickness of

2.

1.

Coarse
Medium
Fine

Before applying paint to a vehicle, you
should wipe down the body with a lint
free cloth soaked in
1.

When performing body work, you should
NEVER use the dolly block as a hammer.

burning the metal
removing excessive paint
stretching the metal
cutting through the eheetmotal

When preparing a vehicle for painting,
which of the following grades of sandpaper
should you use last?
1.
2.
3.

9-73.

2

3.

2.
3.
4.

Before trying to straighten a dented
Panel. which of the following steps
should you take?
1.

9-67.

Paint the entire Vehicle
Cover the rust and corrosion with
primer
Clean and paint only the affected
Areas
Replace the rusty or corroded panels

Nicks and scratches on the surface of
body tools ehould be removed with
1.

9-66.

2.

3.
4.

1/8
1/4
3/8
1/2

inch
inch
inch
inch
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Learning Objective: Identify components and functions of drum and
disk brake systems and point out
techniques of maintaining and
repairing these systems.

10-1.

When brake pedal pressure is released,
which of the following hydraulic brake
system components causes brake fluid to
return to the master cylinder?

In a vehicle with a dual brake system,
which of the following conditions would
indicate that the rear brakes are
inoperative?

Which of the following is an advantage
of having a dual master cylinder in a
hydraulic brake system?

3.

1.
2.
3.

4.

It enables the brakes to be applied
with less effort
There is less chance of the brak
malfunctioning
It causes the brake shoes to wear
longer
It makes for a safer brake system

When reconditioning a master cylinder,
what should you do if the bore is badly
pitted or corroded?
1.
2.
3.

4.

10-4.

10-6.

1.

3.

10-

To prevent getting dirt in the cylinder
To save time in bleeding the entire
brake syston
To conserve brake fluid

Master cylinder piston spring
Brake shoe return Spring
Brake pedal return spring

1.
2.

10-2.

Why should a master cylinder be bled on
the workbench before it is installed on
a vehicle?

Hone the cylinder
Install a sleeve in the bore
Machine the bore oversize
Discard the cylinder

Which of the following tools should you
use to determine if a master cylinder
bore is worn excessively?
1.
2.
3.
4.

4.

The rear wheels slide when the brakes
are applied
EXcessive pedal pressure is required
to operate the brakes
The warning light operates with each
brake application
Vehicle stopping distance has
increased greatly

10-7.

When the brakes are applied on a vehicle
equipped with full-floating brakes, the
-energizing action will affect both
brake shoes.

10 -0.

Which of the following actions must occur
before the self-adjusting brake mechanism
will function?
1.

2.
3.

4.

The primary shoe must move away from
the anchor pin
The adjusting mechanism must pivot on
the secondary shoe
The secondary shoe must be forced
against the anchor pin by the primary
shoe
The adjusting mechanism must pivot on
the primary shoe

Micrometer
Caliper
Peeler gage
Hole gage
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10-9.

The self- adjustir

NOT function whi]
Why?

brake mechanism will
traveling forward.

10-15.

Brake linings worn thin on one side of
a brake shoe indicate that the dram is
1.

The override spring prevent movement
of the adjusting lever
The lever return spring forces the
adjusting lever away from the starwheel
The actuating link disengages the
pivot during forward motion
The secondary shoe will not move
away from the anchor pin

2.
3.

10-16.

Why should the brake shoes be arched
when a brake drum has been machined?
1.
2.
3.

10-10.

Pull floating brakes can be manually
adjusted by turning the
1.
2.

3.

4.

eccentric anchor pins
cam bolts
etarwheel

10 -17.

1.

2.

2.

3.

4.

To facilitate removal of the shoe
retracting springs
To hold the pistons in the wheel
cylinder
To prevent loss of brake fluid should
someone accidentally depress the
brake pedal
To keep dirt out of the cylinder when
cleaning the backing plate

3.
4.

10-18.

Why are brake shoe retainers used with
full floating brakes?

2.
3.

4.

1.
2.
3.

4.

10%13.

Should the rivet holes be enlarged in a
brake shoe, what action should you take?
1.
2.
3.

.0-14.

To insure correct shoe contact with
the drum
To hold the shoes against the backing
plate
To facilitate reassembly_ of the brakes
on the backing plate
To prevent overadjustment by the
self-adjusting mechanism

10-19.

Install oversize rivets
Weld the holes closed and re -drill
Discard the brake shoe

2.
3.

2.

1.

2.
3.

0.005 in.
0.010 in.
0.015 in.

Why should the rust buildup at the
outer edge of the disk be removed
before new brake shoes are installed?
1.

When riveting the lining to a brake shoe,
which of the following procedures should
you use?

Provide instant braking action
no not fade when hot
Operate well with wet linings
Each of the above

The disk from a disk brake assembly
will require machining when scored to
a depth of
1.

10-20.

notifying the vehicle operator that
the lining is worn and needs
replacement
allowing easy installation and
novel from the caliper
preventing the shoes from coming
out of the caliper during operation
identifying the type of lining
material used on the shoes

Which of the following is an advantage
of disk brakes over drum brakes?
1.

10-12.

To allow full shoe contact with
the drum
To insure effective braking
To eliminate the need for frequent
adjustment
all of the above

Telltale tabs are built into some disk
brake shoes for the purpose of

Why should you install a wheel cylinder
clamp before removing the brake shoes?
1.

scored
bell-shaped
out of round

3.

To insure full contact of the li
with the disk
To prevent overheating and warpage
of the disk
To insure proper operation of the
caliper assembly

Start at one end of the
ng and
work toward the other
Rivet both ends, then work alternately
toward the center of the lining'
Start in the center and work
alternately toward each end of the
lining
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10-21.

Which of the following tools should you
use to check a disk for runout7
1.
2.
_

4.

10-22.

10 -26.

Micrometer
Outside caliper
Thickness gage
Dial indicator

1.

2.
3.

When replacing disk brake shoes, why
should you force the caliper pistons
into the bores of the caliper?

4.

10-27.
1.

2.
3.

4.

10-23.

To determine if the pistons are free
to move in the caliper
To allow easy removal of the shoes
To inspect for hydraulic leaks
around the piston seal
To allow removal of the rust ridge
on the disk

2.

3.
4.

10-28.

2.
3.

4.

10-24.

Which of the following defects is the
most likely cause of soft, spongy action
of the brake pedal in a hydraulic brake
system?
1.
2.
3.

4.

10-25.

Apply the brakes lightly several
times at speeds of 35 to 40 miles
per hour
Use several heavy brake applications
at speeds of 15 to 20 miles per hour
Apply the brakes heavily 3 or 4 times
at speeds of 35 to 40 miles per hour
Use several light brake applications
at speeds of 15 to 20 miles per hour

3.

4.

3.

4.

2.
3.

4.

10-30.

nearest to the master cylinder
farthest from the master cylinder
on the left front
on the right front

inch of the top of the
inch of the top of the

The pedal will tend to raise against
foot pressure
The pedal will tend to fall away
from foot pressure
The pedal will become firm
None of the above

Master cylinder, compressed air
cylinder, and slave cylinder
Slave cylinder, control valve, and
master cylinder
Control valve, compressed air
cylinder, and slave cylinder
Control valve, master cylinder, and
compressed air cylinder

Forward movement of the piston in the
compressed air cylinder is dependent
upon
1.

When removing air from the hydraulic
brake system, you should bleed one wheel
cylinder at a time starting with the
Wheel cylinder located
1.
2.

2.

Faulty pedal return springs
Sticking wheel cylinder pistons
Air trapped in the brake lines
A clogged master cylinder breather

the top of the reservoir
inch of the top of the

The air-hydraulic power cylinder is made
up of which of the following assemblies?
1.

10-29-

level with
within 1/4
reservoir
within 1/2
reservoir
within 3/4
reservoir

When starting the engine, which of the
following reactions, if any, will you
notice at the brake pedal if the vacuum
booster is functioning properly?
1.

Which of the following procedures should
you use to seat a set of new shoes in a
disk brake assembly?
1.

After bleeding the brakes of a vehicle,
the master cylinder fluid level should be

brake pedal pressure
hydraulic pressure
air pressure
spring pressure

When the brakes are partially applied,
what positions will the poppets in the
control valve of the air-hydraulic power
cylinder assume?
Atmospheric poppet open, air pressure
poppet closed
Atmospheric poppet closed, air
pressure poppet closed
Atmospheric poppet open, air pressure
poppet open
Atmospheric poppet closed, air
pressure poppet open
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10-31.

lIhen the brakes are fully applied, that
positions will tle poppets in the c trol
valve of the air-hydraulic power
Cylinder assume?
1.

2.
3.

4.

1032.

2.

3.
4.

1.

3.

4.

10-37.

To control the pressure in the
reservoir
TO control the operating speed of
the compressor
To control the slack adjustment of
the brake chambers
To control the speed of operation
of the brake system when the brake
valve is operated

3.
4.

10=38.

2.
3.

4.

rises
rises
falls
falls

3.
4.

to 85 psi
to 105 psi
to 85 psi
below 105 psi

1.

To decrease the pressure range in the
type 0-1 governor, you may
3.
1.

2.
3.
4.

10-35.

add shims beneath the upper valve
guide
remove shims from the upper valve
guide
turn the adjusting screw counterclockwise
turn the adjusting screw to the left

4.

10-40.

Which of the following gages is used to
accurately adjust the type 0-1 governor?
1.
2.
3.
4.

2.
3.
4.

10-41.

Unloader
Reservoir
safety valve
Brake valve

Which of the following components is
used to protect the brake system against
excessive pressures?
1.

2.
3.

4.
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unload or stop compression in the
compressor and to load or start
compression
cool, store, and remove moisture
from the air and give a smooth flow
of air to the brake system
protect the brake against excessive
pressures
control the air pressure that is
delivered to the brake chambers

Which of the following components
used to cool, store, and remove moisture
from the air and give a smooth flow of
air to the brake system?
1.

Thickness gage
Vacuum gage
Depth gage
Air pressure gage

Turn the adjusting nut clockwise
Turn the adjusting nut counterclockwise
Add shies to the inlet Valve guide
Add shins to the outldt valve guide

The purpose of the unloader assembly is
to

2.

10-34.

80-85 poi
90-95 psi
100-105 psi
110-115 psi

To increase the pressure setting of the
D-type governor, you must do which of
the following?
1.
2.

10-39.

80-85 psi
90-95 psi
100-105 psi
110-115 psi

At what pressure will the spring loading
within the governor overcome the
developed force of the air pressure under
the diaphragm?
1.
2.

Under normal operating conditions, the
lower valve in the type 0-1 governor of
an air-brake system will be unseated
When the air pressure in the reservoir
1.

At what pressure range, within the type
D governor, will the air pressure allow
the exhaust stem to close the exhaust
valve and to open the inlet valve?

2.

What is the function of the governor in
an air-brake system?
1.

10-33.

Air pressure poppet closed,
atlespheric poppet open
Air pressure poppet closed,
atai0e0heric poppet closed
Air pressure poppet open,
atmospheric poppet open
Air pressure poppet open,
atmospheric poppet closed

10-36.

Pressure gage
Reservoir
Safety valve
Brake valve

10-42.

W ch of the foil

'lents

indicates the res

pressure?

1.
2.
3.

4.

10-49.

Brake valve
Safety valve
Governor
Pressure gage

The exhaust port of the
valve on a vehicle equip
brakes opens when the
1.
2.
3.

10-43.

Which of the following components all
the air to flow from the reservoir to
the brakes?

4.

10-50.
1.

2.
3.

4.

Safety valve
Brake valve
Pressure gage
Each of the above

1.

10-45.

In maintaining the treadle brake valve
of textbook figure 10-32, you lubricate
the roller and hinge periodically.

1.
2.
3.

4.
10 -46.

3.
4.

Which of the following lubricants is
used on the internal parts of a brake
valve disassembled for cleaning?

10-51.

Engine oil
Chassis lube
Bearing grease
Vaseline

2.
3.

4.

is

10-52.

4.

10-47.

Brake chamber
Brake valve
Brake cylinder
Each of the above

2.
3.

Which component provides a quick and
easy way of adjusting air brakes to
compensate for wear?

4.

10-53.
1.
2.
3.
4.

Brake camshaft
Slack adjuster
adjusting screw
Each of the above

1.

Which of the following valves is deSigned to exhaust brake chamber air
pressure and speed up brake release of
the air brake system?
1.
2.
3.
4.

3.

Quick release valve
Treadle type brake valve
Safety valve
Pedal type brake valve

4.
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To speed up the application of
trailer brakes
To speed up the releasing of
trailer brakes
To apply the trailer brakes when the
emergency line of the trailer is
broken
Each of the abo

What is a function of the relay e
gamy valve during normal operation of
a tractor-trailer unit?

2.

10-48.

Relay valve
Tractor protection valve
Relay emergency valve
Safety valve

What is a purpose of the relay emergency
valve in an air-brake system?
1.

1.
2.
3.

Safety valve
Tractor protection valve
Relay emergency valve
Combined limiting and quick release
valve

Which of the following valves functions
as a set of remotely controlled cut-out
cocks for normal or emergency air brake
operations?
1.

Which of the following components
designed to convert the energy of conpressed air into mechanical force and
motion?

diaphragm is forced downward by the
application of brake pedal pressure
diaphragm is in a holding position
air pressure above the diaphragm is
increased
brake pedal pressure is released

Which of the following valves is interchangeable in mounting with the quick
release valve?

2.

10-44.

ick release
d with air

5 2 :3

To supply air to the trailer
TO automatically release the excess
amount of air pressure from the
trailer
TO synchronize trailer service brake
air pressure and tractor service
brake air pressure
Each of the above

10-54.

Which of the following valves will
enable the E0 to apply the trailer
brakes independently of the tractor
brakes?
1.

2.
3.

4.

10-55.

10-59.

Whenever the air pressure is within the
normal operating range, the low pressure
warning indicator will
1.
2.

Hand control brake valve on the
tractor
Relay valve
Tractor protection valve
Combined-limiting and quick-release
valve

3.

4.

10-60.

What valve is used in an air line to
make sure that the air passage goes in
one direction?

The contacts on a stop light switch (an
electro-pneumatic device) will close
when subjected to a minimum air pressure

1.

2.

1.
2.
3.

Single check valve
Relay emergency valve
Safety valve

3.

4.

10-61.

10-56.

What is a purpose of the hoses and
fittings used between the tractor and
the trailer?

4.

10-57.

To provide a flexible air connection
To make connecting and disconnecting
easier
To allow air from the tractor to be
used for braking the trailer
Each of the above

2.
3.

4.

2.
3.

4.

allow air to leave a unit while
preventing dirt from entering
prevent dirt from entering unused
air lines
increase air pressure in a certain
area to speed up application and
release of trailer brakes
conserve compressed air

1.

3.

4.

Sluggish engagement or release
Equal application
Binding linkage and exhaust of
Each of the above

YL the brakes engage when the emergency
line is removed from a charged trailer
system, the emergency relay valve is
functioning properly.

10-63.

To test for leakage of various units
within the air brake system, you should
use
1.

2.
3.

Which of the following devices is used
in storing unused hose?

2.

lb
lb
lb
lb

10-62.

4.

10-58.

5
10
15
20

To perform an operational test on air
brakes, you should apply and release
the brakes while observing for which of
the following conditions?
1.

The purpose of the dummy coupling is to
1.

remain open
remain closed
open and close intermittently_
begin to flash or buzz

Air hose fittings
Chain dummy couplings
Bracket-type dummy couplings
Each of the above
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a thick mixture of soap suds
water
a very light-weight oil
any handy liquid

Assignment 11
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11-5.

Learning Objective:
Indicate operational characteristics, component
functions, and maintenance procedures
of the hydraulic systems, power shift
and automatic transmissions, and
track and track frame assemblies
common to heavy duty construction
equipment.

11-1.

Of the following types of hydraulic pumps,
which is used the most often on construc-

tionequipment?
1.
2.
3.

4.

11-6.

When used to describe a hydraulic pump,
What does the term "fixed displacement"
indicate?

If 50 pounds of force were applied to
piston 1 of textbook figure 11-1, how
much force would be Applied to piston

The volume of fluid passed by the
pump during each revolution will
remain constant
Operation of the pump is limited by
the maximum pressure in the system
The pump is designed to operate
at a constant speed

27
1.
2.
3.

4.

25 lb
50: lb

75 lb
100 lb
11-7.

11 -2.

Why is the reservoir of a hydraulic system vented?
1.
2.
3.

Which of the following functions is performed by the valves in a hydraulic system?

To prevent the oss of fluid
To allow the re ervoir to breathe
To separate air from the fluid

1.
2.

3.

4.

11-3.

In a hydraulic system, where would you
normally find the strainer?
1.
2.
3.

4.

11-4.

On the discharge side of the pump
In the reservoir or inlet line of
pump
Between the filter and reservoir
In the pressure relief line

The operating pressure within a hydraulic
system is created by the

11-8.

3.

4.

Control pressure is the system
Direct the flow of fluid
Regulate the flow of fluid
Each of the above

Why is a relief valve used in a hydraulic
system equipped with a positive displacement pump?
1.
2.
3.

4.

1.
2.

Diaphragm
Vane
Gear
Piston

capacity of the pump
resistance encountered by the fluid
action of the relief valve
displacement of the pump

67525

To keep pressure from rising above a
maximum point
To direct fluid into the top of the
hydraulic cylinder
To direct fluid into the bottom
the cylinder
To keep pressure from falling below a
minimum point

11-9.

In a basic hydraulic system, the control
valve serves to
1.

11-16.

keep the pump operating at a constant
rate
send fluid back to the reservoir
when pressure becomes too great
regulate the speed and operation of
hydraulic cylinders

2.
3.

1.

2.

3.

11-17.

11°10.

Assume that the packing gland on a
hydraulic cylinder is tightened evenly
and then the ram is extended. What
should you notice on the ram?

Which of the following best describes
the operation of the double-acting cylinder illustrated in textbook figure 11-8?

An excessive amount of fluid leaking
inside a hydraulic system will cause
which of the following?
1.

More force will be applied by the
cylinder as it is extended
More force will be applied by the
cylinder as it is retracted
The cylinder will apply equal force
in either direction
11-11.

2.
3.

4.

11-18.

In a hydraulic system, why is tubing
preferred to pipe?

2.
3.
4.

11-12.

3.

3.

To reduce resistance
TO prevent deterioration
To protect the strength memb

4.

11-19.
s

The number of strength members in a high
pressure hydraulic hose is normally
limited to
1.
2.
3.
4.

11 -14.

2.

Why is the inner layer of a hydraulic
hose made of synthetic material?
1.
2.

11-13.

Leas expensive
Easier to bend, cut, and fit
Easier to maintain
All of the above

5
6

2.
3.

11-20.

4

Why are accumulators used in some
hydraulic systems?

3.

11- S.

4.

11-21.

Which of the following conditions could
cause hydraulic filters to become clogged
frequently between changes?
1.
2.
3.

4.

Replace the valve
Install new valve seals
Repair the spool portion of
valve

If the piston seal in a double-acting
cylinder is faulty, fluid will leak from
the cylinder being tested through the
1.
2.

To increase fluid capacity
To absorb and stabilize shock loads
To stabilize the amount of fluid
pumped

fluid loss after short periods of
operation
creeping and drifting of hydraulically operated components
low fluid temperature after a few
hours of operation
quick acting hydraulically operated
components

Should a control valve be found to have
an excessive amount of internal leakage,
you should do which of the following?
1.

3

Overheating of the fluid
Slow operation
Loss of power
All of the above

When suspecting excessive internal leakage of a fluid, you should observe the
operation of the hydraulic system for
signs of
1.

1.

Only a slight film of oil
An absolutely dry surface
Only a small trickle of oil

breather hole
cylinder packing
hose connection
piston poppet

When two hydraulic cylinders operate
together, you Should replace the seals
in both cylinders even if only one is
faulty to insure that
1.

equipment downtime is kept to a

minima
Defective bypass valve in the filter
Clogged strainer in the reservoir
Too much foreign matter in the
reservoir
Badly worn hydraulic pump

2.
3.
4.
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both cylinders operate in the same
manner
all the seals in the seal kit are
used
the repaired cylinder does not fail
prematurely

11-22.

Which of the following conditions will
cause the operation of a hydraulic
system to be noisy and erratic?

11-29.

Why is fluid within the hydraulic to_
converter pressurized?
1.

1.

2.
3.

4.

11-23.

2.
3.

4.

The pump of the fluid coupling is usually
bolted directly to the
1.
2.

3.
4.

11-24.

Low fluid pressure in the system
A sticking relief valve
Air leaks in the suction lines
Faulty seals in the control valve

11-30.

When the high-lo lever of the International Harvester (IH) power shift
transmission is shifted; a sliding gear
on the spline shaft meshes with gears
on the

engine
transmission input sha
planet carrier gear
ring rear

1.
2.

The turbine of the fluid couplin
connected to the

3.

4.
1.
2.
3.

4.

11-25.

flywheel
transmission
crankshaft
clutch housing

1.

2.
3.

11-26.

Oil thrown by the pump
Clutch
Crankshaft
Flywheel

4.

Which of the following components is
necessary to make the fluid coupling
perform as a torque multiplier?
1.
2.
3.

4.

Before shifting the hi-lo range lever
in the IH power shift transmission, you
must put the gearshift lever in neutral
while the engine is running.

11-33.

Which of the following components helps
make up the planetary gear system?

Impeller
Turbine
Stator
Each of the above

1.

2.

A torque converter should have a small
amount of slippage to prevent
1.
2.
3.

4.

11-34.

overheating of the fluid
free wheeling at low speed
excessive internal pressure
stalling of the engine

1.
_

3.

The hydraulic torque converter automatically varies output to meet changing
load requirements by doing which of the
following?
1.

2.
3.

11-35.

Increasing torque while maintaining
constant speed under changing load
requirements
Increasing torque as load increases
and speed decreases
Reducing torque as load increases and
speed decreases
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Sun gear
Ring gear
Planetary carrier
Each of the above

Which of the following gears is the
center gear in the planetary gear system?

4.

11-28.

Reverse clutch shaft
Foreward clutch shaft
Bevel pinion shaft
Spline shaft

11-32.

4.

11-27.

reverse clutch shaft
foreward clutch shaft
bevel pinion shaft
spline shaft

In the IH power shift transmission,
which shaft is driven by the hi-lo
gear?

11-31.

What canoes the turbine blades inside_ a
fluid coupling to rotate?
1.
2.
3.
4.

To provide adequate lubrication
To cool the converter assembly
To supplement impeller pumping
action
To reduce vacuum pockets in the
converter

Planet pinion
Ring gear
Sun gear
Planetary carrier

How many different ways can the plantary
gear set be employed to either increase
or decrease torque?
1.
2.

6

3.

B

4.

4

5 2

2

11-36.

Which of the following hydraulically
operated components are used in the
automatic transmission to make it shift
automatically?

11-43.

If the track on a crawler tractor is too
loose, it will have a tendency to do which
of the following?
1,

1,
2,
3.

4,

Clutches and bands
Servos
Governors and valves
All of the above

2.
3.

4.

11-44.

11-37.

The length of a track will gradually
increase during normal use because of
1.
2.
3.

4.

11-38.

3.
4.

2.
3.

4.

Bushing diameter and track pitch
Fin diameter and track pitch
Link width and bushing diameter
Chain length and link width

Which of the following components represents the basic unit used in the construction of a wire rope?

1.

5

2.

2

1.

3.

3
4

2.
3.

Which of the following means are used to
aline the track frames on Iii crawler
tractors?
1.

2.
3.

4.

11-46.

Thrust bearings
Shims
Wear plates
Eccentric support shafts

1.
2.

Which of the following track frame components maintain alinement of the track
assembly as it passes over the track

11-47.

frame?
1.

2.
3.
4.

Track rollers
Guiding guards
Front idlers
Carrier rollers

To relieve tension on the track of a
modern crawler tractor, you should do
which of the following?
1.

3.

6 x 7 fiber core
6 x 19 independent wire rope core
6 x 24 wire strand core

4.

6 x 37 fiber core

2.
3.

2.

Back off the adjusting nut on the
idler yoke
Loosen the vent crew on the track
adjuster
Add shims in front of the recoil
spring
70

Rope diameter, number of strands
and number of wires per strand
Core diameter, number of wires
per strand and number of strands
Strand diameter, number of strands
and number of wires per strand

Assume that you have four types of wire
rope available for a job that requires
wire rope of great flexibility. Which of
the following types should you select if
all of the wire ropes will provide
adequate strength?
1.

11-42.

Core
Strand
Wire

Which of the following pieces of information are given by the wire rope
designation, 9/16 inch 6 x 19?

3.

11-41.

Abnormal wear and misalinement
Leaking seals and loose track shoes
Loose and missing parts
All of the above

Learning Objective: Identify the
types and construction characteristics of wire rope and wire rope
attachments, and indicate practices
associated with their use, care,
and handling.

How many track links should you measure
across when checking for pin and internal 11-45
bushing wear?

4.

11-40.

The track and track frame should be
inspected during each scheduled maintenance period for which of the following?
1.

Which of the following measurements are
used to determine the wear of a track
assembly?
1.
2.

11 -3g.

stretching
wear on the track links
wear on the sprocket and idler
pin and bushing wear

fail to stay in alinement
Come off when the tractor is turned
Damage the carrier rollers
All of the above

When answering items 11-46 through 11-50, select
from column 8 the wire and strand lay that is
characteristic of the wire rope in column A.
A.

Wire Ropes

8.

11-55.

Under what conditions do you use a serving
bar or iron to increase tension on the
seizing wire when putting on the turns?

Wire and
Strand Lays

1.
2.

11-48

Right regular lay

11-49.

Left regular lay

Wires right,
strands right
3.

2.

11-50.

Right Lang lay

Wires left,
strands left
4.

ea right,
and left
4.

11-51.

Wires left,
strands right

56.

What is the approximate safe working
load, in tons, of a new 1-inch wire
rope?
(Use the NAVFAC formula.)

Assume that you have just installed a
wedge socket on the end of a wire rope.
With the bight completely cloned, the
bitter end should extend below the
socket approximately
1.

2.

11=52.

1.
2.

1

3.

2

4.

3.

3

4.

4

If a wire rope should form a loop, what
action should you take?
1.
2.
3.

4.

11=53.

Uncross the ends and push them apart
Cut out the loop
Pull it out by stretching one end of
the rope
Coil the rope onto a drum

11-57.

3.

4.

11-54.

1.

2.

1 in.
1/2 in.
5/8 in.
3/4 in.

4.

1-58.

When preparing to cut A 1- nch wire rope,
you should seize the rope on both sides
of the cutting point using which of the
following?
1.
2.
3.

4.

Two 1-1 ch seizings spaced 3
apart
Three 1-inch seizings spaced
apart
Three 2-inch seizings spaced
apart
Two 3-inch seizings spaced 1
apart

inches
inches
inches
inches

Which of the following pressure settings
is normal for the governor on a heavy
duty air compressor?

3.
2.

2
4
6
B

Learning Objectives identify operational characteristics and service
procedures applicable to heavy duty
air compressors.

What is the largest size of 6 x 19 wire
rope that you should use on a 10-inch
sheave?
1.

if the seizing is temporary or if the
diameter of the wire rope is 1/2 inch
if the seizing is temporary or if
the diameter of the wire rope is
1 inch
if the seizing is permanent or if the
diameter of the wire rope is 1-1/2
inches
If the seizing is permanent or if the
diameter of the wire rope is 1-5/8
inches or more

inches

psi
psi
psi
psi

In the rotary compressor, the sliding
vanes are held against the pump casing by
1.
2.
3,

4.
59.

95
100
105
110

spring tension
oil pressure
air pressure
centrifugal force

2 inches

In which phase of rotary compressor
operation are the vanes farthest from
the center of the rotor?

1 inch

1.

inch

2.
3.

71
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Intake
Discharge
Compression

11-60.

In a diesel-driven air compressor, which
of the following is a consequence of a
faulty oil separator?
1.

2.
3.

11-61.

4.

11-62.

Compressor oil will contaminate the
engine oil
Oil will be discharged with air from
the coMpressor
The compressor will overheat from
lack of lubrication

Which of the following types of air
compressors is equipped with an
inter000ler7

3.

11-65.

When should you replace the air cleaner
element on a Worthington 600cfm
compressor?
1.
2.
3.

4.

11-66.

Multistage reciprocating
Multistage rotary
MUltistage screw
Single-stage screw

When there is no demand for air from the
Worthington 600-cfm air compressor, which
of the following conditions causes the
engine to remain in the high idle
position?
1.
2.

Why are aftercoolers used on some
reciprocating air compressors?

3.

4.
1.
2.
3.

4.

11-63.

11-67.

2.
3.

4.

3.

4.

Capacity of the compressor
Volume of air needed at the service
valve
Discharge pressure of the compressor
Temperature of the air leaving the
compressor

11-68.

4.

removing oil from the compressed air
removing water from the compressor
oil
preventing moisture from entering
the compressor
avoiding ovarlubrication of the
compressor

72

90
95
100
105

psi
psi
psi
psi

Which of the following components of the
vane-type compressor must be inspected
for serviceability when the discharge
air temperature becomes excessive?
1.
2.
3.
4.

The demister used on the Worthington
600-cfm air compressor is for the
purpose of

Broken speed control spring
Ruptured diaphragm in the speed
control
High pressure in the receiver
Low engine temperature

on the Worthington 600-cfm air compressor
how much air pressure must be in the
receiver before the suction control
valve will close?
1.
2.

on a rotary air compressor, engine speed
is regulated to correspond with which
of the following?
1.

11-64.

70 remove moisture from the air
To eliminate surges in air delivery
To prevent overheating of pneumatic
tools,
TO reduce pressure in the distribution system

Each time the oompressor oil is
changed
After every 500 hours of operation
When inspection shows an accumulation
of dust in the filter
When the red band is visible in the
air cleaner service indicator

Compressor housing only
Rotor vanes only
Oil orifices only
Compressor housing, rotor vanes,
and oil orifices

Assignment 12
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12-5.

Learning Objective:
Point out principles and techniques of administering the Civil Engineering Support
Equipment maintenance system.

The primary objective of preventive
maintenance is to
insure that equipment is clean and
serviceable
keep mechanics busy during slack
periods
reduce equipment downtime and eliminate unnecessary repairs

1.

2.
3.

In items 12-1 and 12-2, select from column B the
term that is defined in column A.
12-6.
Def initions

12-1.

12-2.

To effect economy
and dependability
in the use of
equipment and to
insure continuity
of operation
Care exercised and
work performed to
retain vehicles and
equipment in safe
and serviceable
operating condition
during their normal
service life

B.

Terms

1.

Maintenance

2.

Intermediate
inspection

What is the standard interval that MCP
equipment is scheduled for preventive
maintenance?

12-7.

Navy Preventive Maintenance Program

How many groups are used in PM scheduling?

3.

10
25
40

4.

60

1.

2.

12-8.

Which of the following maintenance
personnel can authorize changes to the
FM schedule?
1.
2.

12-3.

Guidelines for the maintenance of equipment assigned to the Naval Construction
Force are contained in which of the following NAVFAC publications?
1.
2.
3.
4.

P-280
P-300
P-315
P-404

3.

4.

12-9.

Which of the following equipment services
are included in organizational maintenance?
1.
2.
3.

Lubrication and minor adjustments
Component rebuilding and major repairs
Major overhaul and restoration

Maintenance supervisor
PM clerk
Shop supervisor
Each of the above

Which of the following items of information must a FM clerk have before establishing an annual PM inspection schedule?
1.

2.

12-4.

Once every 40 calendar days
Once every 40 working days
Once every six months

1.
2.
3.

3.

4.

Total number of vehicles and equipment
assigned to the unit
Number of days to be worked each week
by the mechanics
Number of mechanics assigned to each
shop
Breakdown of the allowance by different types of equipment

5i

12-10.

How many time. a day is an operator
required to inspect an assigned item of
CESB?

1
2

1.

3.

3

2.

4.

4

1.
2.
3.

12-18.

"A"
"B"
"C"

How many times can a vehicle be
type "A" PM inspection before
inspection is required?
1.
2.
3.
4.

12-13.

2.
3.
4.

yen a
e "B"

12-19.

2
3
4

12-20.

12-15.

2.

3.
4.

6
12
18
24

12-22.

min
min
min
min

When repairs are completed, which copy of
the ERO it filed in the equipment history
jacket?
1.
_

3.

4.

12-23.

White
Blue
Yellow
Orion

Operator
Shop inspector
Shop supervisor
Maintenance supervisor

Under normal conditions, how many tines
will an inspector inspect an item of
equipment brought into the maintenance
shop for repairs?
1.
2.

ad

3.

3

2

Who is responsible for maintaining the
direct turnover log (DTO) and repair
parts summary sheets?
1.
2.
3.

0 04r
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Emergency service supervisor
Heavy equipment shop supervisor
Support shop supervisor
Automotive shop supervisor

When equipment is in need of maintenance,
who is responsible for determining the
type of repair or services to be performed?
1.
2.
3.
4.

What is the maximum smount of time that
can be spent working on a vehicle before
a shop repair order must be prepared?
1.

12-16.

To detect any cannibalization
To insure adequate preservation
To prevent deterioration
All of the above

Automotive
Construction equipment
Support

In an NMCB, who has supervisory responsibility for maintenance performed on
equipment away from the main shop
facilities?
1.
2.
3.
4.

12-21.

4.

3
4

Which of the following maintenance shops
is responsible for small materialshandling equipment?
1.
2.
3.

Why should deadlined vehicles be inspected
on a regular basis?

3.

5
2

5

How often are type "C" FM's performed on
vehicles assigned to the Naval Construction Force?

1.
2.

90 days after the major repairs are
accomplished
2 years after the major repairs are
accomplished
When the equipment is transferred
Never, they remain for the life of
the equipment

How many individual shops are there in
a typical NMCB maintenance organization?
1.

Once every 6 months
Once a year
As often as the maintenance supervisor
indicates
As often as two successive type "B"
FM's occur
12 -14.

When, if ever, should ERO's concerning
major repairs be removed from equipment
history jackets?

1.
2.

Unless the maintenance supervisor indicates otherwise, what type of PM inspection should be scheduled for a vehicle
that has been driven 2200 miles since the
last PM inspection?

12-11.

12-12.

12-17

FM clerk
Cost control clerk
Maintenance supervisor
Technical librarian

12-24.

12-25.

How many mechanics, if any are normally
assigned to the repair parts
groom?
1.
2.
3.

1

4.

None

12-34.

What criterion, if any, is used to determine how many technical manuals are provided to a unit for each type of vehicle
assigned?

2
3

1.
2.

When an NMCB deploys, how many days
should the initial supply of repair
parts support operations?

12-35

30
60
90
120

1.
2.
3.

4.

Which of the following forms should you
use when requesting repair parts from the
supply department?
1.

2.
3.
4.

In items 12-26 through 12-30, select from column
B the level of repair parts support provided to
the NCF unit in column A.

12-36.

B.

Repair Part.

Support-

NAVDOCKS 1949
NAVFAC 2421
NAVSUP 1250
DD form 1342

When filling out a NAVSUP 1250, why should
you use the communication symbol for zero?
1.

a

Vehicle population
Location of the maintenance facilities
Size of the maintenance facilities
None, each unit receives two copies

Level,*

Because zero is not used in the NSN
system
To distinguish it from the letter "0"
To allow computer scanning of the
1250's

12-26.

NHCB

1.

D

12-27.

RNMCB

2.

0

12-28.

NMCB (major
detachment)

3.

H

What digits in a national stock number
identify the country where the part was
cataloged?

4.

0

am

1.

12-29.
12-30.

PHIBCB (major
detachment)

12-37.

2.
3.

4.

12-38.
12-31.

Repair parts for use on one make and
model of equipment are called parts
1.
2.
3.
4.

12-32.

After the requisition number is entered
in block "B" of the NAVSUP 1250, which
copy is returned to the coat control
clerk?

peculiar
specific
consumable
common

1.
2.
3.

4.

To determine the APL(s) pertaining to a
particular vehicle, which part of the
COSAL should you refer to?

12 -39.

2.
3.

4.

Which part of the COSAL provides a crossreference between part numbers and stock
numbers?

12-40.

First
Second
Third
Fourth

Nov are the repair parts summary
filed by the cost clerk?
1.
2.
3.
4.
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White
Green
Red
Yellow

Which digit of a Julian date indica
the calendar year?
1.

12-33.

1st, 2nd, 3rd, and 4th
5th and 6th
7th, 8th, and 9th
10th, 11th, 12th, and 13th

In
By
In
In

h

ts

numerical order by NSN number
Julian date
numerical order by PM groups
numerical order by equipment codes

12-41.

Who assigns the priority_ to all 1250's
marked NIS or NC?
1.
2.
3.

4.

12-46.

Requesting mechanic
Shop supervisor
Maintenance supervisor
Cost control clerk

The oil filter is designed to remove
which of the following substances from
the oil?
1.
2.
3.

4.

12-42.

Who is responsible for returning unused
DTO parts to the supply department?
1.
2.
3.

4.

Cost control clerk
Floor mechanic
Shop supervisor
Shop inspector

In items 12-47 through 12-49, select from column
B the type of filter you would be servicing when
using the procedure in column A.
Procedures

B.

Types of
Filters

Unscrew the filter
from the base by
hand

1.

Throw-away

2.

Screw-on

Remove the fastening bolt, lift off
the cover or remove
the filter shell

3.

Replaceable
element

4.

Replaceable
cannister

A.

Learning Objective:
Indicate the
correct procedures for using lubricants and lubricating equipment to
service automotive and construction
equipment.

12-43.

12-44.

12-47.

12-48.

Pressure fittings on automotive and
construction equipment should be wiped
clean before and after lubricating.

12-49.

Detach the filter
from its bracket and
remove the brass
fitting from its
filter housing

12750.

Which of the following actions is NOT
necessary after you change the oil and
oil filter in a vehicle?

Which of the following actions is NOT
appropriate to the use of a high pressure
grease gun?
1..

2.
3.

4.

12-45.

Metal chips and grit
Carbon and dust
Physical contaminants
All of the above

Moving the gun up, down, or sideways
to remove it from a fitting
Pressing the gun coupler straight
onto a clean fitting
Pulling the gun straight back to
remove it from a fitting
Squeezing the gun's trigger slowly

1.

You are lubricating the chassis of an
automotive vehicle and find that some of
the lubrication fittings are frozen.
the vehicle's weight has already been
taken from the suspension system, what
technique should you try in order to
remedy the condition?

2.
3.

12-51.

Treat each frozen fitting with penetrating oil
Blow out each frozen fitting with
compressed air
Use a low-pressure hand oiler on
each frozen fitting
Rock the vehicle while applying
lubricant to each frozen fitting

When an oil bath air cleaner is cleaned,
which of the following is NOT an approved
procedure?
1.
2.
3.
4.
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Fill the crankcase to the full mark
on the dip stick with the proper
grade and weight of oil
Start and idle the engine
Inspect the filter for oil leaks;
check the crankcase oil level and mid
oil to the full mark
After tightening the filter, back off
1/4 turn to prevent blockage of air

Washing the filter element in a solvent
Removing the reservoir oil
Blowing excess solvent from the filter
element with compressed air
Cleaning the reservoir

12-52.

Which of the folic to
necessary in eeryicin
type Air cleaner?
I.
2.

1.

4.

teps im NOT

Assume that alter inatalling A new cutter
pin through the retaining nut you notice
the wheel tends to drag. Which of the
following could sauce the wheel to do

he wire pure

Wash and soak with oil
Oil the wire sauce with motor oil
and allow the excess oil to drain
Empty the reservoir oil and clean
the reservoir
Replace the element, cover, and

I.
2.

1.

4.

Dragging brekes
Out -of -round broke drum or louse
backing plates
Defective hearings or raven
Each of the above

nut
1)..),
12-5).

Which of the follotan
cry to aervI
the d
air cleaner?

tine In net-

ype vArhuretor

What parte, if /WY, of rho *Ingle ptafrdry Eitel( type clutch require periodic
lubricatio'?
1.

1.

2.
3.

4.

12 -54

2.
3.

4.

12- O.

Which of the following substances can be
mixed with graphite and used to lubricate the shaft of the manifold heat control valve on an automotive engine?
1.

2.

3.
4.

12 55.

Wash the element with a very light
weight all
Oil the covering with motor ail
'lap the air cleaner to remove the
dust or dirt
Blow the excess oil off the cleaner

Alcohol
Kerosene
Penetrating oil
Each of the above

2.

2.
3.

4.

Clean around the fill plug on top of
the steering gear houeing before removing the fill plug
Check the oil level and add lubricant
Replace the fill plug
Each of the above

In addition to the intervals recommended
by the manufacturer, wheel bearings
should be serviced everytime the
1.
2.
3.

brake drums are removed
brake. are adjusted
wheels are rotated

1.
2.
3.

Which of the following front wheel bearing parts should NOT be washed in solvent?
1.
2.
3.
4.

Retaining nuts and washers
Ball beer n
Scala
Races
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High pressure
High pressure
Low pressure

hand-operated
air - operated

After how many milae of operation should
you lubricate the shift detent laver on
a passenger vehicle equipped with automatic trenemiseion?

4.

12-57.

All of the above

When lubricating universal joints what
type of grease gun should you use?

1.

2-62.

12-56.

Drain the lubricant while it is
warm and replace with fresh lubricant
Clean the area around the drain and
fill plugs
Remove both the drain and the fill
plugs

4.

12-61.
1.

Assume that the lubricant of a conventional transmission in a truck which you
are servicing has a tendency to folio
when the Crensaliesion is in use. Which
of the following steps should you take
as part of the transmiasion service?
1.

Which of the following is a step in the
procedure used to service the steering
gear?

Clutch release and pedal aha
bearings
Lower and upper flywheel covers
Pedal and clutch shaft benriusa
None

Every
Every
Every
Every

1,000
1,500
2,500
3,500

miles
miles
miles
miles
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