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v This course -is one of several subcourses that make up
.« the entire Army Correspofidence course on wheeled vehicle maintenance.
. "_-The subcourse is designed to provide the student with.information .
" . about ‘the operation, malfunction .diagnosis, maintenance;’ and repair
. of wheeled vehicle steering systems. It provides the basic theory,
and dlso includes on-the-job. task assignments. The subcourse 'is: ) .
. divided into five lessons ‘covering _the following. topics: fgndamenthls<
. of hydraulics; introduction to wheeled steering systems; mdintenance
- of .mechanical steering gear asseémblies; maintenance of power steering
-.~gears; and maintenance of .steering ljpkages. Each lesson contains v
:- ~objectives, text, task assignments; afid review exercises. Answers for
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MILITARY CURRTCULUM MATERTALS |

< The military-developed curriculum materials in this oourse
package were sélected by the Nationdl Center for Research in -
< Vocational Education Military Curriculum Broject for dissem-
- ination to the six regional Curriculum Coordination Centers.and .
. otner instructional .materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The oouzse materials' were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materigls which were specific tq the military
were deleted, copyrighted materials were either amitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted’ to support

- vocational instruction and curnculqm development,
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The National Center for Research in

. Vocational Education’s mission is to increase’
the" ability of diverse agencies, institutions,
and organizations to solve educational prob-

. lems relating to individual career planning, -
preparation, and progression. The National
Center fulfills its mission by

- e Generating knowledge through research

¢ Developing educatlonal progvamsand ,
products’

¢ Evaluating individual program needs
and outcomes

¢ Installing educational programs and
products

e Operating mformatlon systems and
services

-
>

¢ Conducting leadership development and
-training progrags

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materlals &

.

" WRITE OR CALL RS
ProgramgInformation Office

!

The National Center for Research in Vocational

4 Education
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
« Telephone: 614/486-3655 or Toll Free 800/
.~ 848-4815 within the continental U.S.
(excépt Ohio}
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.Dlssem'/ma onlis...

How Can These o
Materials Be Obtamed’> '
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What Materials -
Are Avallable’? o ,
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Contact the Curriculum Caordination Center
in your region for information on obtaining
materials {e.g., availability and cost). They
will respond to your request directly or refer

One hundred twenty courses on microfiche

{thirteen in paper form) and descriptions of

each have been provided to the vocational
..~ Curriculum Coordination Centers and other

vocatxonal and technical educatoxs.

This project, funded by the U.S. Office of
Education; includes the identification and
acquisition of curriculum materials in print
‘form from the Coast Guard, Air Force,
rmy, Marine Corps and Navy.

Access to military curriculun materialg-is
provided’ through a *Joint Memorandum of

- Understanding’’ between the U.S. Office of d

Education and the Debartmént of Defense.

The acquired matenals are revxewed by staff
and sub]ect matter 'specialists, and courses
deemed. dpplicable to vocational and tech-
mcal education are selected for dlssemmatlon

. The National Center for Research in
Vocational Education is the U.S. Office of .
Education’s designated representative to
Scquire the materials and conduct the project

- '

_.activities. « .

Project Staff: :
", Wesley E. Budke, Ph.D., Direo‘}orﬁ,"

- ., L3
National Center Clearinghouse -, ~ ™

Shirley A. Chase, Ph.D.
Project Director .o

M

-

\‘\ for djssemination.

mstructuonal matenals agencies for dISSBmI-
nation. . L.
Course materials Jnclude programrﬁedL' ,
instruction, curriculum outlines, instructor
guides, student workbooks apd technical
manuals .

_The 120 courses rep_re\snt\'he following
snxteen vocational sub;ect areas:

- Agricultyre ~ Food Service ‘
Aviation . Health
Building & °  Heating & Air

Construction Conditioning
Trades # Machine Shop
"Clerical” ~ Management &
Occupations Supervision
Communications  Meteorology &
Drafting Navigation
Electronics Photography

_Engine Me¢hanics  Publie Service

The number of courses and the subject areas
représented will expand as additional mate-

..rials Wwith application to vocational and

technigal education are identified and selected
« 7
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you to an instruct
closer to you.
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EAST CENTRAL

Rebecca S. Douglass
Director R
100 North First Street
Springfield, IL 62777
217/782-0759

Y,
MIDWEST
Robert Patton -
Director
1615 West Sixth Ave.
Stillwater, OK 74704
405/377-2000

NORTHEAST

Joseph F, Kelly, Ph.D.
Director

225 West State Street
Trenton, NJ 08625
609/292-6562 - -

5

——Olympia, WA 98504

ional’ materials agency

. ~
i

.

. CURRICULUM ,COORUINA“TION CENTERS

NORTHWEST
William Danjels
' Director
Building 17
Airdustrial Park

206/753-0879 *

SOUTHEAST

James F. Shill, Ph.D.

Director

Mississippi State Uniyersity
Drawer DX

Mississippi State, MS 39762

601/325-2510

WESTERN

Lawrence F. H. Zane, Ph.D.
Director

1776 University Ave.
Honolulu, HI 96822
808/948-7834 °
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‘.Lgsson Change 1 . Ordhance Subcourse 635207 L |
26 January 1976 \ ' Wheeled Vehicle, Steering System X
. . - . A) ‘ October 1975 !
. Lesson 5, Page 5-50‘xParé’10d,_%;ﬁz 1. Change to read: \ .; .
' c. Tﬂe'&ela? . . ’ . :
: . EXERC_ISP,; RESPOl:ISE LIST . . g )
‘Page 1, Response ﬁumber 123, Change td read: RN .-
4, ® 543 lParh‘aa. . ) , T . ) ‘ .
r: : . i ] .

Change to read: RN
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Page 12, Reéponse Number 502.
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Developed by: ’ /f 1 . ) Occupational Area:

United Stated Army ) ' . ‘ Engine Mechanic§

Developmen\t and o ) . ? Print Pages . . -
Review Dates: . . . L. - ) "\ T . K . ¢
October 1975 BN { S 236 - ' : :
5 . - . Availathlity: ® ‘ .
o . | ‘ ‘ \ ERIC G
), ey . \ ' , L National Centey Cleeringhousei
Suggested Background: . . N * ! X ) T o . . c o,
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.~ Grade 10-Adult , , \ .- ) C .

: > : o 3
Qrganization of Materials: - ~ ) A s
Text, Objectives, Exercises, JExamination . .. , \; ) ' C (
Type of Instruction: . N . ) ]
. ‘Individualized .o .
L ( ( : .
. s . o ° .
. Type of Materfals: - . l:l:a. of Pages:, . Average T
. . e . ~ - Completion "71{
r Lesson 1 - Fundamentals: of Hydraulics .38 Y 2 Hours .
* M 1 + -
Lesson 2 - Introduction to Wheeled Vehicle N _ ‘ s
. Steering Systems _42 . 3 Hours ~ :
. L]
Lesson 3 - Maintenance of Mechanized \
\ ‘ ,Steering Gear Assemblies 33 2 Hours . ,
\ . ¢ N . . .
. » . “ S i
Lesson 4 — Maintenance of,Power . ] .
’ Steering Gears . 47 \ 2 Hours ¥ . -
Lesson 5 — Maintenance of Steering . oo
_Linkageg , .- 43 3 Hours . o - )
. Exercise Response List C 28 . e 7 » .
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Course Des‘éripuon , X

' e Kadl \ -

This course is,‘one of several subcourses that make up the gatire correspondence course
on wheeled vehicIe maintenance. The subcourse is designed to provide the student with
information about,the operation, ma;;unction diagnosis, maintenance, and repair of
wheeled vehicle steering systems. t provides the basic theory, and also includes
on-the-job task assignments. ’ : " .

©

The subcouﬁSe is divided "into five lessons with objectives,-task assignments, and

Teview exergises. ‘5‘ .
i \ .
g£§§3h 1 - Fundamentdls of Hydraulics. A study of basic principles of fluids’
’ under pressure, the means by which hydraulics can be used to multiply force, .
and the constrdction and opérag&on of hydraulic system components, ( .
. . . . \
Lesson 2 - Introduction to Wheeled Vehicle\Steerlng Systems. An explanatlon of.
the construction and operation of mechanical and power steering gears and steer1ng
linkages; also, the principles of steering geometry. v o
s , .
Lesson 3 - Mdintenance of Mechanical Séeering Gear Assemblies., A description of
the procedures used for the inspettion, testing, adjustment, and repair of
mechanical, steering gears; the rembwval and installation of assemblies; and .
the replacement of repair parts.
- . - ' /
Lesson 4 - Maintenance of Power Steering Gears. The inspection, testing, adjustment,
and repair of power steering gears and their associated hydraulic equipment}
> removal and installation of assemblies; and the replacement of repair paffg.

Lesson 5 -ﬁhintenance of Steering Linkages. The inspection testing, adjustment,
and repair of steering linkage components; the replacement of repair parts;
?rbnt\whéel alinement procedures; and troubleshootlng steering systems.

hd | '

This subcourse is designed for student self- study, but could be effective Jin small

.group learning sitpations. Each lesson contains objectives, text, and review

exercises. Answers for the exercises : provided after the.final lesson, along

with an examifation - and applicatiop-task test. ’

)
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. WHEELED VEHICLE STEERING SYSTEMS . : CORRESPONDENCE COURSE
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TABLE OF CONTENTS .
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1 Funddmentals of Hydraulics
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Introduction to Wheeled ‘Vehiclge Ste&cing
Systems - .
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. Your cooperation in iollowibng thgee instructions will

.o > e
> ’

" Zeeflable yo you to make the mnximum rating commeneurate with your ability. .
-+ ==help us to proceu your leuone promptly and ef.ﬁé,iently.

Scan the CHE&KLIST OF TEXTS AND MATERIALS FURNISHED
Scan the INTRODUCTION to the subcourse,

¢
--Beginning with Lesson 1, scan the LESSON ASSIGNMENT SHEET, It lists the
- _lesgon title, lesson objective, credit hours required texts required, and
‘ suggestions,
--When the words STUDY TEXT follow the &sson Asngnment Sheet, the infor-
mation you must digest is found in a text(s), memorandum, pamphlet, and/ or
other separaté mateiial(s), .
- ==When the words STUDY .GUIDE. AN

%TTACHED MEMORANDUM Yollow the
Lessofl Assignment Sheet, the infdrmation you mustdigest is either

--found in texts and in this subcourse booklet, or .
-=found entirely in this booklet, )

g oA vt i by Rt e B
v

-=-When you are referred toa paragraph or an illustration in a manual,, turn to the :
. specified paragraph at once and scan or study the text assignment as directed.
Continue this procedure. until you reach the LESSON EXERCISE,

PR ¥
A ews
o w«a

v
[
o

»

--Study and answer each Question,

«=CAUTION: Check to inmre that all queltione have been answered,

--Your answers MU..»T be based on subcourse materials,
or opinionl. %

..
4

P o

If you require expltnﬁtion or chriﬁcntion of eubcouree materials or qt;eei:iéh@"r write

to 3he U, S. Army Ordnance Center and School, ATTN: Department of Army Wide
Trnjning Support. Conetructive comments are.appreciated,

.

L SECURITY ACCOUNT NUMBER on all correspondence, , ,

¢ . .
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) LESSON EXERCISE QUESTIONS
~ e Instructions for use of the answer sheet: ot ) ~ ‘

1. The procedure by which ‘you will answer the gxercise questions in this subcourse is prohably
new to you. The information is presented in a programed instruction format ‘where you immedi-
ately know whether or not you have answered the questions correctly. If you have selectéd an
incorrect answer, you will be directed to a portion of the study text that will provide you with
additional information, . o ) T .

-

2. To use this systgm proceed as follows: * .

. - =&  Arrange this subcourse booklefand your answer sheet (on reverse side of response list
.+ cover) so that they are convenient. Each exercise question has threé choices lettered a, b, and c.
© Your answer sheet has three'groups of numbers for questions 1 through 200. .The numbers
o indicated foreach question represent the a, b, or ¢ choices. ’ ‘ ’

'b.  Read the first exercise.quest'ion"and select the choice you think answers the question
correctly. Go to the question 1 area of your answer sheet and circle the 3-digit number that
" corresponds witki the choice you selected. e ~ T

c.  After you have identified the 3-digit number, locate it in the exercise response list.
If you selected the right choice, the first word of-the fesponse will be “CORRECT." This tells
you that you have answered the question correctly. Read the rest of the response which tells
. : why your choice was correct and then go to the next question.

d.  If the word “CORRECT"-is NOT the first word of the response, you have selected the
° : wrong answer. Read the résponse and then turn to the area in your study text that is mentioned.
There you will find the information necessary for you to make another choice. Line out the
incorrect 3-digit response.on yout answer sheet. i

v e.  After you have reread the réference, select another answer and circle the 3-digit response
for that choice. Again check the number of this second choice with the response list to see if your
choice is now correct and to obtain more information about your choice. If your second choice

.. - is still not correct, line out the 3-digit résponse on the answer sheet and continue-until the correct
D answer is selected. ‘When-you have answered all of the questions in an exercise, count the number
‘ d of lined out responses and see how well you did. : ¢
- . :, f.  You will notice that the lesson exercise. question numbers continue cons:cutively from
> .. ¥ lesson to leggn. This allows you to use one answer sheet for the entire subcourse.
N xf ‘g“ ’( * . .

° \ "... i * Mr ¢
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1. Con attﬂatxons. You are.starting a new and d1fferent type of self-
training subcourse called a correspondence/OJT subcourse. It, is different
from regular subcourses because it has tasks to be practiced on the job in
addition to the usual lessons to be studied, This way, you can learn both
the job skills and.the job knowledge and become completely qualified in the
. subcourse matter. -
2. Of course, you must be able to get to the equipment to practice
these tasks. Some of you may not be able to do this. This is why you

were asked to pick one of two optxons. or ways, that you wanted to take the.
‘subcourse, |

v

- . 4

a. If youare enrolled in the correspondence only option, you
will study the lessons but you will not practice the tasks on the equipment.
This means you will learn only the job knowledge of the subcourse. _You
will have to practice the job tasks sometime later when you can get to the
equxpment in order to learn the job skills, You will test yourself after
each, lesson by answering the lesson exercise questxons using your answer
sheet. Thenyou will be testdd at the end of the whole subcourse by takmg
the enclosed mu1t1p1e choice examination.

b, If you are enrolled in the correspondence/OJT option, you
will do the whole subcourse. You will study all the lessons and practice
all the tasks listed in each study text on the equipment. This way yga will
learn both the knowledge and the skills of the subcourse. Then youligill be
completely qualified in the part of your military occupational specialty (MOS) .
that is covered by this subcourse. You will test yourself after each lesson
- by answering the lesson exercise questions using your answer sheet. And,
you will also-take a subcourse multiple choice examination. However, in
addition to these tests, you will take an appixcatxon task test after finishing
the sybcourse examination. This application task test will be sent to your
unit commander who will see that you are tested on the job tasks. Itis
important that ybu practxce the tasks while you are studying the 1essons 8o
that you wiil be: ready for the task test when you finish the subcourse. .
. c. You can understand that it is important to remember which of
the twa options you are enrolled in because the work you must do and the
- tests you must'take v_vxll depend upon your option,

L
.

‘
.
‘




' 3. Th1s subcourse is one of several subcourses that make up the f
entire enlisted MOS correspondence/OJT course, If you are enrolled in the -,
entire course, you will-take this and all the other subcourses in ordef., If
you are not enrolled in the entire course, then you will only take this and -

) any other subcourses you asked for. Of course, you cannot become quahf1ed
in the complete MOS job unless you take the entire course, . If you want to
take the entire course’'later, you will be given credit for the su’bcourse{s)
you have already passed. >

4, Please check this subcourse packet to make sure-that you have the
follow1ng things: . 7 ; .
a. A lesson booklet for each lesson listed in the introduction of ‘_.'

’lelsson | /

b. /,/A lesson exercise response list and an answer sheet.

!
c../ A multiple choice examination.

If any of these'things are missing, please let us know right away.

5. If you are enrolled in the entire enlisted MOS correspondence/OJT
course you must finish at least 60 credit hours or three subcourses each
e /enrollment year. Your enrollment year begins the day you receive your
. first sub¢ourse. If you are enrolled in cértain subdburses only, you must
finish ¢ c.h subcourse W1thm 6 mOnths after you receive it.: However, you

:' earl1er for promotions. ‘ .
. : A . o .

You must study the subcourse material starting with lesson 1 and
prog ess through the rests Begmmng with lggson 1, scan the lesson assign-

men sheet It l1sts the’ lesson t1tle, cred1t hours ass1gned to the lessc>n, ’

Lo’
.

a. Go through the lesson exactly,as you are told by'the_study

ssignment and the suggestions in the lesson assighment, Also follow any

directions given throughout the study text, o
b. Read the lesson through once; reread and study any portion that

you did not understand After you are sure-you understand the study material,

answer the ‘exercise quest1ons at the, end of the lesson. --Then practice the

job tasks on the eéquipmént, : A

. Vv
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ORDNANCE SUBCOURSE 63B207, WHEELED VEHICLE STEERING SYSTEMS
(13 Credit Hours)

2

. IN TRODUC TION
\ . ..

Any vehicle would be of little use if it could not be directed or guided on
a desired course. The act of guiding the vehicle is cdlled steering. Wheeled
vehicles are steered by aiming or pointing the wheels in the direction that we
want the vehicle td'go. ~ As you know, the driver of a car or truck guides it by
turning the steering wheel. The steering system of cars and tiucks consists
of the levers, links, rods, gear box, and, in many ¢ases, a hydraulic system

. .that assists the driver's steering effort. - . > : A

n\é.'
.

The steering system ig of critical 1mportance in.the safe operation of the
- vehicle. There must be no looseness between the steering wheel and the front .
wheels if the driver is to keep control over the direction in which the wheels |
* © point.. The tires must meet the road at the correct angle to get good traction’
and to prevent unnecessary tire, wear., In add:mon, the driver'should be able
to hold the wheels in'the straight-ahead pos1t1on and change them to the right
or left with very little effort. ;o
For yoy, the student, a study of steering ‘systems introduces ‘many new . .,
words, parts, ideas, and theories. The study includes some math, physics,
and hydraulics, It is the aim of this.subcourse to provide you with a thofough
o understanding of the des1gn, constructmn, operation, and organizational
maintenance of steering systems. Math, physi¢és, and hydraulics are covered
right in the text where they apply. W } you see a new word, a new part, a .
new idea, or a new theory you should B¢ sure you u know what it means, how it

i works, and why it works before you continue.
. ¢
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' Thxs subcourse con31sts of five lessons, an—exanunahon, and an appli- /0
.cation task test. They are organzzed as follows:
" Lesson ] andaméntals of Hydra.ulics »
Sc0pes-A study :of basic principles of fluids under pressure, the
_means by which hydrauhcs can be used to multiply force,
' and the construction and operatmn of hydraulic system

. components .

.

: Lesson 2 . Introduction to Wheeled Vehicle Steering Systéms / ?

" Scope —-An"‘ei:planation of the contructiofi and gperation of mechanical
and power steering gears and steering linkages; also, the

’ ) p*r1nc1p1es of. steenng geometry.

, . Lesson3 Maintenan;—of\Mﬁhanical Steering Gear Assemblies }
Scope—A description of thg procedures used for the inspection,” -
. testing, adjustment;—and-Tepair of mechanical steering
" gears; the removal and installation of assemblies; and
the replacement of repair parts. -
\ N . ’ v v
<\ Lesson 4 Maintenance -of Power Steerjng Gears ..
Scope—The inspection, testing, adjiistment and repair of power
steering gears and their assbciated hydraulic equipment;
removal and installation of assemblies; and the replace-
ment of repair parts. e

« ’

. ‘Lesson 5 Maintenance of Steering Linkages » - . .
Scope—The inspection, testing, adjustment, and"f‘epau of steering
‘ " linkage components; the replacement of repair parts; front-

= .. . wheel alinement procé‘dures and troubleshoot@@@ﬁ%gnng
systems.

.

I

,& Exammatmn
‘ Scope—The examination is des:l.gned to test the student's knowledge

AJ

. of the subJect material cove ed in the subcourse.
te

Ly

Apphcatzon Task Test ' ’ g
Scope—The application task test is designed to test the OJT student's
ability to perform tasks associated w1th the subject material

presented in the subcourse. “.

"l v \

RS . . . .
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7 : ‘ CHECKLIST OF TEXTS AND MATERIALS FURNISHED . ~ / .
., ) . Ordnance Subcourse No 63B207 - ° ) ‘
. - October 1975 - i
No texts, other than the Attached Memorandums, are used in' support of .-
this subcourse. Therefore, yoy are not required to re;urn a.ny texts to the
4 US-Army Ordnance Center“and School.
This Bubcourse may. contain errata gheets. Make certain that .yoquost .
all necessary changes before beginning. ) . _
* [} *

. X tion of this

. .

™ 5-350

TM 9- 2320 206-20, w/C2, 4

™ -9-2620-209-20,: w/Cl-6

e
.

TM 9-2320-212-20
!

) ' <

~TM 9-2320-218-20, w/C2

(AR )

Note; - Any publications cited in this subcourse are general referé’ z
. are not furnished. The followin ons were used in prepara-

e .t ” .
Hydraulic Poweerontrol Systems, Nov 63

Organizational Maintenance Manual: 10 -Ton,
6x6 M123- Series Truck Tractor, Oct 71
Organizational Mamtenance Manua.l- 2- 1/2-
Ton, 6x6, M34-, M35-, and M36-Series -
Trucks, Apr 65 ,‘ .

Organizational Maintenance Manual; 3/4-Ton, <
- 4x4, M37-, M43-, ?nd M201-Series Trucks, =~ °
Nov 73" ¢ -

.

Organizatiopal Maintenance Manua.l- 1/ 4-Ton,

-\ o ¢ 4 Ax4 MI151-Series Trucks; Sep 71 2 77
TM 9-2320-244-20, w/Cl, 2, Orgariizational Mainterarice Manual! 1-1/4-"
- . : " Tom, 4x4, M715 and -M725 Trucks,'A.ug 1
: S t ; ' :
. TM 9-2320-260-20 .. . Organizational Maintenance-Manual- 5- Ton, ,
. 6x6, Tractor Trucks, Cargo'Trucks, and o .
RERE ’, -7 Wreckeivs,; Jul 72 v .. :
< . -/ . s : .
“. TM 9-8000"" / Principles of Autom’oti.Ve Vehicles, Jan 56
: | . N
TM .9-8024, w/C3, 5-7 OrganjzationalMaintenance Manual GMC- T
. . Series 2- 1/2-Ton, 6x6 Trucks, Oct 55
B ‘L\“\ ‘\ ~ ‘.' s
‘d) ( ‘ R " .
) ] . ~ ) . . -~
t, + ‘ / v‘ . -
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LESSON ASSIGNMENT SHEET /

Ordnance Subcduxl'se No 63B207 .

' 3

,-Lessonl. . . . . . .
_— .

C redi;: Hours .

°  Lesson Objective

<

. Wheeled Vehicle .é'féefiqg Systems

- s e
Fundamentals of Hydraulics.

0 s <: ‘ ’ .
Two . . .
s h / * t

. After studymg this’ lesson YOu w111

be able to;

- -

1.

2.

‘De%cribe fhe ndture d‘f'liquidis'. (.

Descnbe the fundamental princi- * .

- commonly usged in automotwe

ples of gammg mechamcal
advantage using hydraulics. I .

3. Describe the purpose, construc-

tion, and operation of valves .
commonly used in automot1ve - :
hydraulic systems. : .

¢

“

4. Describe the pt purpose, construc-
/, tion, and ‘Qperatmn of pumps S

hydrauh,c systems o

5. Descnbe the purpose, construc- .
tion, and Opérahon of cylinders
commonly used in automotive - Y ;

hydraulic systems:

Do
oo




]

oy

B hyd ‘auli

4

'

Text o ¢ v v v v o v o

Materials Rétluired .«

(2
Suggestions -

v

You have probably he
things as hydraulicaldy

4

/ ' 6. Describe the purpose, construc-
tion, 'an® operation’of accurpula-
tors commonly used in autOmo-

- ' . tive hydrauhc systems. LW

Descnbe the purpose a.nd con:
struction of reservoirs com-~
monly us ed in automotive

. ” hydraulic systems. N
Describe hydraulic fluids and
their use as applied to automci-
tive equipment.

Explain the opexation of a
simple hydraulicNack

Attached Memorandum

PR

t

Answer sheet and res‘ponse list

«+«++..% Asyoureadthe lesson pay careful

' .  attention to all of the accompanying
illustrations. They will help you to

' discussed.
IQEWORD ‘

L ” )
d the term "hydraulics' used many times. Such
operated jacks, cranes, and barber chairs are well

N !

understand the pr1nc1p1es that are v

kriown’ to a.lmost everyone. Hydraulic parts are very common to whgeled
vehicles, too. For example, they use hydraulic power steering, hydrauli¢
brakes and hydraulic lifts for ¢ rgo beds and booms. The basic principles
of hydraulics are the same regardless of whether we are applymg them to
‘a barber chair or to a complex autOmotJ.ve hydraulic system. Whenever a
system doeg not work, ghe rgpa@ or mechanic will need a-
derstanding of hydraulic principles’in ordér to troubleshoot ..

thorough

the system and to make the necessary repairs. - Y
. 3 L] ty .
‘ 3 _ S
: ¥
’
. N
- L d ﬁ ~ l
’ - ’
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SECTION I. HYDRAULI
1. INTRbDUCTION. The word "hydraulic

cover the behavier of all liquids.

-

in which all liquids act in tanks and ghipes.
sures exerted on surrounding objects, flow

2.
have

ATTACHED MEMORANDUM

S 7L

s"'is based on the Greek word for

C PRINCIPLES

water, and at'first it applied only to the study of how water behaved when it -
was at rest and in motion. Present-day use has broadened its meahning to

&
[

a. A prfesent-day study of hydraulics includes, for example, the manner

It includes floating bodies,\pres-
of liquids under yarious corditions,

N

This lesson will'deal primarily with the study of hydraulit;.s as it
especially to wheeled vehicles used by the US -

and the ways used to direct this flow to useful ends. .
. e . .
b.
applies to automotive vehicle
Army.

[
-

NATURE OF LIQUIDS.: While Qo_lids always have a definite sﬁape, liquids
no outer form of their own. Liquids always take the shape of their cony

tainer. Because of their own shapelessness, liquids can be sent almost any-

Where in a pipe or a hose by means of gravi

ty or by any other means of apply-

Al

ing a force to them), Liquids are second only to electricity in e%se'of trans-

<

-

mission.,

a. Everyone'kn\ s that a gas,

which,also ’has no shape o vi1:s own, \ Rk St
can be easily compressed. This can - ' ( ) , '
be demonstrated if weghave'a con- B , WEIGHT  PISTON |
tainer filled with a gasy guch as air, , . n
and’sealed with an airtiight piston. If GAS {
" we placety weight on topiof tie piston _
it will movke down, - conipredsfg or s .l
squeeging the air insjde the container )
“into a smaller space. ™, 1\ . ’
a A \
b. Even thouéh they also have no

will only compress it about 1/20; 000,
‘systems, Wwé can think of liquids as

y : s

shape of their own, liquids act much
differently from gases because they will.
compress very little.” This can be dem-"
onstrated. if wé put a liquid instead of
gas in the container. Now, if a weight
is placed on the piston there will be no
noticeable movement of the piston, be-
cause the liquid has not been compresged
any noticeable amount. In fict, a force
of 15 pounds on a‘cubic inch of water
For practical use in automeotive hydraulic
ot being compressible at all. ’

-

g

&

>
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' " 3. DISTRIBUTION OF PRESSURE. When
- we strike the end of a block of wood, the ° -
. main force of the blow is carried straight h .
M thro\@l}_ the block to the other end. This \ R
. happens because the block is rigid. The %;': | H
. 7. direction the blow is struck’determines ||;u -;! |
the direction of most of the force. On the I':A il I
* other 'hand, if we strike the piston in-a ‘! i ﬂ: ;:.
v " ~—cylinder of liquid, the force is carried not ”Mlﬂ"
’ only straight through to the other end, but il ‘jl'i b
‘also equally in every direction throughouit ]lil-'l W -
7" the cyl’infier. ' i; HL':",
S Lt
S N . «
- \ . ! . r
N C o o a. We can show that pressu
) PISTON HAVING AREA  WEIGHT ig distributed equdlly-in a conﬁneg ;
- OF 5 SQUARE INCHES | C ‘

liquid by using a cylinder that has
severalébranches or pipes. The
cylinder and piges must be filled .
with liquid apd a pressure gage
attached at each pipe. A piston REA
1s placed on top of the liquid. For
the present let's say the p1ston
has 5 square inches of surface that -,
touches the liquid. Now, if we
* place a weight on the piston so that ’
the weight of the piston plus the
weight totals 20 pounds, each gage
will indicate a pressure of 4 pounds ,
. per isquare.inch. This is usually 4
wg:itte;; 4 PSI.

-~ »

h: Since the 20 pounds of we1ght is spread out evenly oyer the 5 square

inches of p1ston area, the pressure exerted on each square inch is 4 pound's M/[ .
(20+ 5 = 4). The amount of pressure’throughout the liquid and the amount -
indicated by the gages is, therefore, 4 PSI. v o )
. “"’Y i
. . ¢ ' ™
- 4 [ \
- - ‘ ) [}
4 ' \
’ 1-4 25 .
T«
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c. Inthis experiment we were assuma a
“ing that we had a short cylinder, so'the |
weight of the liquid itself did not affect the | Twn
pre#ture reading on the gages. If we had | wEGHS
used a tall cylinder, we would have noticed g
. that the pressure was higher near the ’
' bottom ofgthe comtainer, since the weight - .
of the liquid above would have added.to the "0 1
+ pressure being’applied by the 20-pound ,
weight. There is very little difference in
'\ the height of the different hydraéulic compo-

3

Sods

L

YT

i

nents in automotive equipment, 'sg the . |
weight of the liquid is not considered when

refer#ing to pressures in an automotive : WEIGHT
hydraulic system. . - T e

- [ \

-
'

3
.

» ‘ . I
> . - . ,J ’ o .

4. VOLUME AND DISTANCE FACTORS. Now let's assume that
two identical cylindersAonnected by a pipe. They are fitted with pistons

" and filléd with liquid. An interesting fact about this 'arrangen‘ﬁent is that ?tve
can trapsfer force fa:.om~ one cylinder'tq the gther through the liquid. \Tha

s is, if we push the pigton down in one’cylinder, the piston in the second -

' cylinder will move up. This is caused by the liquid being pushed oit”of abe.

- cylinder thro{zg}i the connecting pipe and into the: second cylin&er. It sﬂould
'also.bcla noticed that the fwo cylinders are the same 'diamet,er. and that’}mth'

.

‘pistons move the same-distance. . v L.y

4 »




. 9 ™ . . : '
. > \ . £, . ' ~
‘ x\\ t v . /7
a. Now let's consider two interconnected cylinders that are not the same
size,. Assume that one cyhnder piston has a surface area of 1 square inch
.while the second one™has 5 square inches of surface area. With this arrange-
ment, pushﬁ;g the sma.ll piston down 10 inches will raise the large piston 2
inches. The feverse of this is also true; that is, pushing the large piston
. down 2 jinches w111 raise the small piston 10 inches.

-

o
¢
.

.. AR P

ey b. The reason for thefdiffer-

-.lll
l‘l“

.l'

Cal b
e 4

ence in the amount of piston move-
ment can be easily shown with two
containers that are the same size
as the two cylinders. By filling
the slender container with liquid

to a depth of 10.inches, it will

contain the same amount of liquid

that was displaced-by pushing the

piston down 10 inches in the slender - e
cylinder. Now if we pour the liquid % _ ~
from the slender container into the )
wide. container, the water level will

rise to a depth of only 2 inches.
. The liquid takes the shape of the gy
wider container by spreading out

more but not rising as high.

[T
d

-
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c. In some apphcatmns of hydraulics, force is applied toa piston in
~ one central cylinder and the liquid pushed out moves the pistons in several

other cylinders. For example, .
let's £ssume that we have an ' o
arrangement of 5 cylinders. 14 .

-3
all thnders are the same size, :
the force exerted on the central
cylinder piston will be trans-
mitted ‘equally to the other four
pistons, but they will move only

DISTANCE‘ ) ( '

one-fourth as far as the central
piston. If the four cylinders have
a larger diameter than the central
one, tffe total force on each of the
four pistons is’' greater than that .-
applied to the central one; how-
ever, each of the fo& pistons
moves less than one‘fourth as . '
far as the central piston. Hydrau-

lic brake systems operate in such

Ia manner,

DISTANCE

v

3

5. MECHANICAL ADVANTAGE RATIOS. We can apply what we know about
the mechanical advantage of levers to hydraulic situations. With a lever, a.
50-pound we1ght can balance a 100 -pound we1ght The 50- pound weight must
'be set twice as far from the balanc-
ing point as the 100-pound weigks.
This is known as a mechanical ™
advantage ratio of 2 té 1, which is
usually written as 2:1. In hydrau-
lics, 50 pounds on a piston of a
certain-area can balance a 100-
pound weight on a cyhnder piston
having twice'that area. Inthis way a
¥ mechanical advantage ratio of ~
2:1 is gained hydraulically. .

/a<. To see just how the mechanical advantage is gained through the
liquid, imagine that the area of the small piston is 1 square inch and the -
larger piston 2 square inches. The 50-pound weight on the small piston
" then exerts a- pressure of 50 pounds per square inch on.the liquid, which is
distributed equally in the liquid throughout both cylinders and the connecting
pipe. The tétal pressure pushing upward on the 2 square inches of surface
of the large piston is 100 pounds, disregarding any loss due to friction be-
tween the pistons and cylinders. The advantage ratio is 2:1 because the
large piston has twice the area of the simall piston. ..

e
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b, Ina h;draulic system, just as with the lever, we have to give up /?

d1stance to gain force. If the ratio is 2:1, the smaller piston will move twice

_as far as’the large piston, so the ratio of 2:1 appliés to the difference in.

piston travel as well as to the difference in force. If the ratio is 3:1, the

smaller piston must move three times farther than the larger p1ston, but

the large p1ston will balance thz:ee tn)nes the weight that is exerted on the -

Bmall p1ston .
' . AN -

S e SECTION I. HYDRAULIC DEVICES AND FLUIDS

— i . 3

6. GENERAL:— So—fa\r"we'have'di“s'cﬁ'?s—&fﬁow‘ssure on a liquid causes

&

it to act in hydraulic systems. We have not considered all of the necessary
parts that are needed to make up a basic hydraulic systeni. Under Actual
warking conditions, valves are required to direct and control the flow of
liquid, a pump is needed to supply a flow of liquid under pressure, a cylinder
or‘motor is needed to convert the liquid flow ta_mechanical motion, 'a reser- -
voir is needed to store a hqmd supply, and lines are nekded to carry the
liquid between the units. In addition; a liquid is needed that will not cause - .
damage to the hydrauhc par%s and yet is suitable for use over a_wide tempera-

" ture range

7. VALVES. Simply stated, all valves are an opening in a pipé with some &
nreans of closing it. Let's take a look at some common types of valves that
are widely used. "

a. One type
of valve is called

a cock. This valve ' o :
pas 2 plug seatéd @ d h
in the path of thé / - N

i AN s Ty s E A ROR S

hqmd flow. The mw“mmumlnmmm “BIYLG w.,_:m

plug has an open- Ry . \I —— :

ing running through \ /

it to permit flow TOP V'EW :

when theyvidlve is : closer L
- open. ﬁ%wis . T S S P

stopped by turning

the plug 1/4 of a . ' 5

turn so that the opening is crossways to the flow. A part of the plug st1cks .
s out so that the operator or mechanic can tura it manually Cocks are de- -

s1gned to be left ohly in the fully open or fully closed p031t10ns L, -

‘ - . -
¢ . .

* . L34




N,

y

b. A gate valve is a wedge-sh

020

aped

gate that can be moved out gf, or across,
the line of liquid flow to aliow or to stop

- the liquid flow. ‘Usually, the valve hasla

threaded steni for controlling it that must
. be rotated several turns to‘'move the gate
- from the fully open position to the fully.

closed position. "Sometiigs gate valves

are left partly open to regulate the amount
of flow, but they are intended for fully

L4

. open or fully closed use. If left in the
partly open position, the flowing liquid
will cause an unequal wear on the valve's

. sealing surface.

c. The globe valve is made with a disc-éha.ped controlling member tlfafz
is lowered against a seat to stop flow and raised to permit flow. Several

turns of a valve stem are usually réquired to move the valve from one extreme
to the other. Because of the design of this type of valve, it can be kept in a
partly open position to control the amount of flow without causing unequal * *
wear on the sealing surfades. The valve should always be installed with
pressure against the face of the disc-shaped controlling member,

b
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. .d.” Needle valves are made.a.laot . ,
like globe valves. Instead of a disc,a
i needle, valve' with a tapered point'is at-
the end of the valve stem. The' tapered
. point permiits the needle valve to be
opened or closed gradually. Needle
valves allow the amount of liquid flow
to be manus.lly adjusted very accurately.

4 L]

i
¥

-

o &

OPEN

%

: s by a'difference i qu:td pressures between its inlet and outlet openings. It
. is used'in a system’to a flow in one direction only. The force of the

. liquid in motion in one direction mll open the valve, while’an a.ttempt by the
: hqmd to ﬂow in the opp0s1te
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. rest of the system. When the , ——— il

-9

f. Often a pres sure fLegulator valve is installed in a hydraulic pressure
line to make sure that liquid pressure does not go above a certain amount to
protect the system from high pressure. .Regulator valves are also usually
called relief valves. They are like check valves because they permit liquid
to flow through them=n one direction only.

s

o | © ADJUSTING
1S ' P
4 p)
) ‘ o “\\\\\ 2 A
/| g (1) A regulator valve
) / < SPRING contains a spring to hold the
/ )

controlling member in the
closed position. When liquid
_ : pressure pushing on the face
| ‘TORESERVOIR # ©f the valve is great enough,
= — s it compresses the spring and
™~ BALL ' opens the valve. The amount
) of pressure required to open
‘ . the valve can be changed by
changing the spring pressure
holding the valve closed.

(Ll
B S\~

PN IIS,
35 535 IRCH

-

= i et v ot e )

LSS o

(2) Liquid flowing - .
to do the work does not flow Reservoip ¢ A
through the regulator valve. : .
The valve is connected so that : ‘
it will have no, effect on the Y

pressure exceeds the regula- A |
tor spring pressure, the ~
valve opens and excess liquid

. \ —> To Work
pressure is bypassed;;,g the “ .
reservoir or pump intake. . Ei
From Pump
‘ . - ’ »

"1-11
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. g. Some hydraulic sys-
tems use égool valves for con-
trolling the direction. of liquid
flow. A spool valve hasa .
*gpool-s haped piston that is
moved tb open and close
. passages i a cylinder to
direct the flow. The piston
. usually has a spring that holds
. the valve in the neutral posi-
. ' - ; tion. When in neutral, the
om Py o valve does not allow liquid to
S SRR * 7 ° flow between the valve and

-

b " © " the work.

b | N
/
(1) Spool valves 2 a.re commonly used to control liquid flowing to
and from a cylinder. If the cylinder p1ston is to do work in both directions
of its travel, there’will be two lines connected between the cylinder and |
valve - one to each side of the cyhnder piston. In addition, the spool valve
ha's two more lines connected to it - one to carry liquid under pressure from
the pump, and another to return liquid to the reservoir or liquid supply tank.

-

]

. i

(2) Suppose that the valve
piston is moved to\the left as shown
in the illustration. Liquid under
pressure can now flow from the pump
throdgh the valve and line A to the
cylinder. This will force the cylinder
work piston to the right. The work
piston pushes oil from the right side
of the cylinder through line B and the
spool valve to the .reservoir.
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.ihe work piston can be stopped at any desiréd position re- #
§ (3)".Th k piston can be stopped at any 4 d position by 2
ea

sing the lever controlling the valve piston and allowing the spring to

. return the valve to the neutral position. This blocks liquid flowing both to

and from the cylinder and the liquid trapped on each side of the work: pi%fon

- holds the piston firmly in position.

. a lever.

(4) If the valve pistoﬁ is moved to the right, diquid will flow from
the pump through the spool valve 'and line B to the right side of the piston.
The piston then moves to the left, pushing oil.through line A and the spool
valve to the reservoir. ’

8. PUMPS. A hydrauli¢ pump is a device through which an external source .
of power is used to apply force to a liquid. In automotive vehicles the vehicle’
engine usually supplies the power to drive the pump. Byt.in a few cases an
electric motor drives the pump.- Two general clas sificationg of pumps are
positive displacement and nonpositive displacement. A positive displacement
pump is one in which a definite volume of liquid is pumped for each cycle of
pump operation, regardless:of the resistance offered to flow. A nonpositive
displacement punip is one in which the amount of liquid pumped depends/on
the amouht of resistance offered to flow. Pumps used in automotive hydrau-
lic systems are the positive typd, of which there are several esigns. We
will discuss the reciprocating, ghar, and vane designs in this lesson.

-

DISCHARGE t [dpiscHarey - a. The recip-
STROKE 1 [ rocating pump has a
' piston’that fits
closely inside a
cylinder. The cyl-
- inder gpntains in-
take and discharge
check valves. The
pump is operated °
by a back-and-forth
movement of the
piston. When the
w.piston is pulled to
.. , the left (as ‘shown
in the illustration), liquid is drawn into the cylinder through the intake check
valve. When the piston is moved to the right, it puts pressure on the liquid,
closing the intake check valve and forcing liquid out through the discharge
check valve. The piston can be operated from ithe rotary motion of the
engine by means of a crankshaft or cam, or it may be manually operated by

\

\ .

A\
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two gears in a casing. Theré is very little space between the gear teeth and
the pump casing and between the gear teeth where they mesh. Gear pumps
SN . are easily coupled to an engine because they operate with a- rotary.moti.oxi_."’ :

y . . - * -

~ (1) One gear pymp
design has two gears with ex-
ternal teeth. One gear is a
drive gear; the other<a driven
gear. As the gears Jrotate,
“liquid is trapped between the
gear teeth and the casing at _
the pump intake {A). The
trapped liquid is carrigd to ’

« ¥the pump discharge (B\. As
liquid is continually cagried

- from the pump. intake to‘the
"discharge, it is forced out the
discharge opening because it
canadt flow back past the
meshed gear teeth. N

o

©

(2) Some gear pumps have an internal gear with an externa/is gear
' - mounted inside it. The internal gear is mounted off-center so its teeth
mesh with the internal gear teeth on one side only. The gear's teeth are

. - 6 THROUGH THIS PORT. - the opposite
’ : . side by a
. crescent-
3 . shaped por-
-. .*# tionof'the
S TOTHISPOINT,  casing: In
-+ WHERE CONSTANT operation,

MESHING OF TWO
GEARSFORCESOIL..  liquid is

“trapped be-
tween the

" gear teeth

- at’the intake

INNER GEAR ) — ’ OUT\ER GEAR ¢ of the pump

and carried
R 3 FROM THE SPACES
BETWEEN THE TEETH
. OF THIS INTERNAL GEAR..,

past the
% 4 ISCARRIED IN THESE SPACES... . L ; /
. T ¢ s ’ {

¢ 1 OIL DRAWN IN HERE...

2 BY THE CONSTANT
WITHDRAWAL OF

— CRESCENT SEAL

.

crescent to
. ' _the discharge.

1-1 4 ' £\ B ®
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", * b. The gear pump is one of the simplest pumps 19 construction. It has ’?5
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" ¢. Vane pumps have a

" " rotating part called the rotor
which has slots’ fitted with’
movable vanes. The rotor
is placed off-center ingide
art oval-shaped cavity in the -
pump casing. The intake and
discharge ports are located
on opposige\:ides of the
cavity. As the rotor spins,
the vanes are thrown out ’
against the wall 'of l'%oval
cavity. The vanes slide in
-and out in the rotor slots™\
following the shape of the
cavity., At the pump intake,
liquid is trapped and swept ' ‘ ' '
around in pockets formed by the rotqr, vanes, and walls of 'the housing .

' cavity. Because of the off-center mot nting of the rotor, the size of each "'
liquid pocket gets smaller and the liquiy is squeezed out through the pump
discharge port when the pocket afines wi h the port. >

[

9. CYLINDERS. A hydraglic cylinder is % devite that changes liquid flow

to mechanical straight line motion. A hydraylic ’cylinfler' consists of a barrel,
- or housing, in which a piston slides. A piston\rod is connected to the piston

- to attach the piston to the load. The end of the ylinder where the rod sticks
out is called the rod end, and the opposite end is\ called the head end. - Hydrau-
lic cylinders are atassified as being-either single-dcting or double-acting,

a. A single-acting cylinder has a port in one ‘end only - usually the head
end - and is operated hydraulically in one direction nly. When a valve is
opened, allowing liquid to be pumped into the port, th liquid pushes on and
_— . ‘ "+ . moves the piston which extends

the piston rod. Before the

’

FLUID PORT -

¥ piston and'#pd can be retracted,
PISTON )

thg‘g::ontrolliﬁg‘xi’alye must be
- ~=~ " positioned so liquid in the cyl-
inder can be released to the
reservoir’ . The cylinder is
then returned to the retracted
i position by the weight of the )
- work or by a return spring.

' A

-\
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b: In the double-acting cylinder
the liquid can méve the piston in both-
directions. The cylind st have
ports at both the head end and the rod
( . end. Pumiping liquid into the head
o end moves the piston to extend the'y
; rod. At the same time, any liquid.
trapped in the rod end of the cylinder
. is pushed out and returnéd to the reservoir.
reversed. Liquid from the pump goes ihto the rod end and liqui
° out the head end port goes to the reservoir.

FLUID PORTS

N\
SEAL

4

™ retract. the rod,/ flow is
pushed

k]

10. MOTORS. Hydraulié motors perform a function opposite to that of
hydraulic pumps. In fact, we could say that a motor is a pump that is being
‘pushed by the liquid flow instead of doing the pushing. There are about as
many different designs of motors as there are pumps. In this lesson we

will only-discuss the gear type and vane type, as they.are thg most commonly
used motors in automotike hydraulic systems.

' N ~

OUTLET

L 4

a. - Basically, the gear-type
motor is made just like the gear-
type pump. In a motor, both gears
are driven gears, but only ane is
connected to the output shaft.®

. Liquid flow from 4 pump enters "

chamber A (as shown in the illus-
tration) and flows around the

-

i
o

inside surface of the casmg, ford—- —_™_
ing the gears to turn. When the /
liquid enters chamber B it i -

directed to the reservoir.. The

direction of mator rotation cap be

-

*. reversed simply Dy reversing the .
N 15 mini A Fl i .
) liquid flow.
Y
) »
. RS
* co ‘ 'A ’
;-’ { ) ) ‘:"I
‘, - . 3
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b. . Construction of the
vane-type motor and the vane-
type pump usually differs in
the mounting of the vanes in
the rotor. Recall that in the
pump the vanes are thrown
., outward as the rotor spins.

In the motor some means must
be provided to hold the vanes
out before a liquid flow can
cause the rotor:to turn. Springs
‘are often used for this purpose.
In operation, liquid flow from
the pump enters the motor inlet,
forcing the rotor to rotate as it
passes through the motor. From
the motor outlet, liquid flows to
- the reservoir. . *

11. ACCUMULATORS: Sdme hydraulic systems use a part called the
accumulator. An accumulator is to a hydrauli:Ks;‘stem what the battery
is to an eléctrical system. ' It stores energy, in this case liquid under
pressure, for future use. It can supply liquid flow for a shorf time in
case of pump or power failuré, and it can supplement the pump supply
when the system momentarily demands large quantities’of liquid. In
addition, accumulators provide’a shock absorpi'ng (cushioning) action for

']:'h; hydraulic system.

’ a. Spring-loéded accumulators
are used in the hydraulic systems on
some automotive equipment. These
units consist of a cylinder fitted with a
SPRING ram or piston that is spring loaded.

K Liquid from the system is pumped into
RAM the cylindg' under the ram. The pres?.
ASSEMBLY .. surized liquid pushes the ram up, com-
pressing the spring gbove the ram until
- the spring pressure and liquid pressure
. are equal on each side of the ram. If
'liquid pressure in the system lowers
* for any‘reaspn, the compressed spring
moves the ram down, pushing liquid
N from the accumulator to maintain the
CYLINDER 'flow in the system. The size of the
accumulator used and the strength of
TO HYDRAULIG SYSTEM . the spring needed will depend on the
volume and pressure requirements
placed on it by the system.

1-17 B
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b. Another.accumulator design, the piston H' pe, is also used-on auto- °?7

motive equipment. It contains a free-floating piston in a cylinder. The | -
; cylinder is sealed at each end by a-cap. The accq;bula‘tdr is charged with a '
- gas, such as air or nitrogen, by forcing it into the cylinder .on one side of
the piston. _A port at the opposite €nd of the cylinder is connected to the” -

pressure line in the hydraulic system. Since the gas is compressible, it

acts just as the spring in the spring-loaded accumulator. The amount of

-

* liquid pressure that can be stored by the piston-type accumulator will be
" governed by the pressure of the gas charge. . < : , y
. W N ®
) ‘ R -
° HYDRAULIC LIQUID PORT
)

END_CAP

LUBRICATION PASSAGE

PISTON ASSEMBLY

GAS PORT .

-

12, RESERVQIRS. In addition to being a supply.tank.to hold hydraulic f{uid,‘
the reservoir also aids in cooling the fluid, separates air-from the fluid, and
+ helps separate the fluid from dirt and other harmful matter that has gotten
into the system. The reservoir may contain many parts and be large enough
to hold 40 to 50 galléns of fluid or it may be-very simple and hold as little as
1/2 pint. The exact capacity of the reservoir will depend on the requirements
of each particular system. . : . _—
a. Generally, hydraulic reservoirs are high and narrow rather than
shallow and broad. This is so the oil level will stay high above the intake
T .or suction lifie to the pump
when the vehicle is being o
VENTED FILLER CAP »
operated on uneven_ground. ;
The reservoir must be large |
enough so thdt it will still ./
contain a reserve of fluid with -
. all the cylinders in the system
’ fully extended. Also; it must
\. be able to hold the fluid when*
all the cylinders arg retracted, «
with some spare space to allow *
for expansion when the fluid is
« hot.

on tevet

CLEAN.QUT COVER

RETURN LINE

STRAINER,

DRAIN PLUGS [MAGNETIC)

>y
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- entering with the air. If the vehicle is equipped to ford bodies of water, the

ug'e;}‘gy‘".“A o “Z'- ¢ 3

e » " s | L300
: V'reservoirs contain baffle plateg’ that-are placed between the
suction line and the retdrn line. Circulation holes in the baffles are gosi- .

tioned at the edges.of the baffles. This.is so the l{quid must pass next to
the outer walls of the reservoir when-flowing from one side of a baffle to
the other to provide better cooling. The baffles also reduce sloshing when
the vehicle-is moving. : e - &

. p v

c.  Often a strainer or filter is placed over the suction line to make
éur\e that only clean fluid is pumped.into the system. A screen may be
placed in the filler opening to screen foreign particles out of fluid when
refilling the reservoir. Sometimes the drain plug in the reservoir may -
be magnetized to attract metal particles that may be in the fluid. .
d. Most reservoirs are vented to allow air to leave or enter the space
above the fluid'as the level of the fluid goes up and down. The air may vent
through the filler cap which often contains a filter to prevent dirt from

vent usually consists of‘a line connected between the reservoir and fthe air . .
intake system of the engine. *

13. LINES. Lines that are uged to connect the components in automotive
hydraulic s{stems must be strong enough to withstand thé'pressures that are
developed in the systems. They miust algo be large enough to prevent restrict-
ing the normal flow- of liquid. Fittings must be provided at places where parts °
require removal for repair or replacement. The three common types.of lines
that are used are tubing, pipes, and flexible hoses,

a, - Tubing is widely used where
rigid connections can be used. Flared
tube-type fittings afe used. at points -
that must be disconnected for repair.
“Unlike pipe, tubing can be cut, flared,

rand fitted in the field. )

-

-

-
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Kbt - b. Pipes are also a rigid
— connection, but in automotive

hydraulic systems they are not -

o

as common as tubing. Pipes
g threaded on their ends to

2y

provide disconnect points.
Fipes and pipe fittings are

tapei’threaded and cannot be '
interchanged with other types -
of fittings that have straight ™\
threads. -

'
. . -

© .

c. When there is a need for flexible connections, hoses are used. Both ‘
flared tube and pipe fittings are fastened at their ends to flexible hoses for
connectmg them into the System. A flexible hose normally consists of rubber-
like tubes and layers of cotton and/or Wire:braid. An%nner tube is used to
seal the fluid. The purpose of the bra.1d th.ch may consist of several layers
covering the inner tube, is to add strength ﬁB‘the hose. A rubber like tube
covers the outer layer of braid to p;gtect it from ’ sna.gs_.

’
-
P
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.
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14, FLUIDS. Most of the liquids {xsec'l in Hydrat‘xlic systems and device;'{;z'
automotive vehicles are made from mineral, vegétable, or animal oils,

Water is never used because it will boil and freeze too easily. In addition;

it will cause metai parts to rust. . Alcohol,’ or similar liquids, is often added
to the oil to produce a hydraulic fluid that is not too thick, and has good clean-
ing and lubricaFing qualities. '

a. The Army's technical manuals that apply to vehicles and other items
of equipment that have hydraulic systems or devices always specify the types
of hydraulic fluid to use., NEVER put 2 fluid in any hydraulic system or" . *
device unless you are absolutely sure it is the right fluid'for that particular
system or device. .

o
L4 ava

(1) In some_cases,' plain engine oil is used. For example, the flui&
used in the hydraulically operated boom on the 5-ton wrecker is engine oil.

' Pngihe oil is also used in the hydraulic power steering system of the S-ton

wrecker and some other heavy trucks. . .

(2) On the other hand, engine oil, which is a mineral oil, cannhe\
ixsegl in the hydraulic brake systems of wheeled vehicles. The-brakes contain
rubber piston seals that are quickly destroyed by mineral oils, A special .
mixture containing vegetable oil is used in hydraulic brake systems.

b..  The fluid level in any hydraulic reservoir should be kept at the level,
recommended in the proper technical manual. If the level is too high, the
fluid may overflow or blow seals because of expansion of the fluid at high
temperatures. If the level is too low, condensation (water) can form in the .
resérvoir. Water will cause the parts to rust and fail. A low fluid level
can also allow the pump to draw in air and discharge it into the system as
well as cause the fluid to' overheat. -

) '
. -

o '

c. Care mtgt be used to-make sure dirt 'doeé not get into the hydraulic
fluid, Dirt can cause considerable damage by scratching the machined sur-
faces of cylinders, pistong, valves, and pumps. So be'sure that you don't
let dirt get into the hydraulic system when you perform maintenance on it.
In addition, when you store hydraulic fluid make sure that 2 is sealed in.its
container so that dirt and water are kept out. ‘

15. HYDRAULIC ’jﬁQCKS: Let's study a simplé hydraulic jack to see how
hydraulic system parts are put together so that they can perform a-useful

task. Swgl#a jack usually has a reservoir, a reciprocating pump, a single- -
action cylinder, and a release valve. All the parts are inclosed ifi one o
c_déing, ‘6f housing, with the connecting lin‘esq“‘being cast or drilled in the

<" jack casing, ‘

. .
3

\
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a. As shown in the illustration, the reciprocating pump consists of the
small piston (A), the cylinder in which the piston is fitted, and two check
valves. 'The single-action cylinder has a large cylinder fitted with a large
piston (B) and a ram. The release valve is a needle valve.

JACK HANDLE

PISTON A

‘

RELEASE VALVE

RESERVOIR

CHECKIVALVE CHECK ;IALVE

¢ . ~ " :. °
. ' : .

5?' When the jack handle is raised, fluid is sycked from the reservoir /
through check valve 1 into the space under piston A. When the handle is
pushed down, check valve 1 closes and fluid under piston A is forced through
check valve 2 to the area under piston B. This forces piston B and the ram

"~ to move up. Fluid cannot drain back through check valve 2, so piston B and

the ram are held up when the jack handle is released.

. - (1) Repeated up-and-down movement of the jack handle will continue
to pump fluid from the reservoir to the bottom side of piston B. This'raises
the ram higher and higher to lift the vehicle or whatever you set the jack under.,

. (2) Because of th&difference in the sizes of piston A and piston B,
one long stroke of the jack handle raises the ram just a short distance. This
difference, however, provides the mec cal advantage that allows you to lift"
a heavy vehicle by applying moderate prezure on the jack handle.’
; (3) To lower the jack ram, all you need to do is to loosen the
manually operated release valve. Thxs lifts the.valve needle off its seat and
allows the weight of the load to push the ram down, renfrning the fluid trapped
under piston B through the release valve and back to the reservoir.

1-22 . .
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- SECTION III, CONCLUSION .
16. SUMMARY. Liquid confined in a hydraulic system can be used to
'’ transmit motion and to increase or decrease forces and motion just as
with a mechanical linkage. Tubing and h3s€ can be easily bent and curved
. in any direction and even coupled to components in motion to deliver liquid
v under pressure to do work. In many casés, to do the same work with
. ' mechanical linkage would require a large number of complicated levers,
S .. fulcrums, shafts, and cranks. Any hydraulic system will usually have a

Feservoir, pump, cylifder or mbtor, controlling valves, and connecting
5 lines. Yo '

17. PRACTICE TASKS, The appendix of this lesson contains a’list of tasks
associated with the fundamentals of hydraulics. They are the kind of tasks
you will have to do as a wheeled vehicle mechanic. Perform all of the

- tasks listed. Be sure you are under the supervision of an officer, NCO, or
" specialist who is qualified in the’ MOS when you practice the tasks. If you
are having difficulty in certain tasks » restudy the appropriate training

. ,material and practice the fasks until you become proficient in each one.

A%

v
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EXERCISE
1. Which statement concerning liquids is true?

a. Liquids are the only known substances that do not have a shape
' of their own
b. It is difficult to transmit £orce through a liquid if it must follow
a winding.path
* c. Liquids can be compressed less than most solids

.

Note. - Questions 2 through 4 apply to the following illustration.

hES
° -

Piston A ) Piston B
. 2 square inches - 4 square inches

2. How many pounds of pressure will be exerted on each square inch of

. piston A if a 200-pound weight is placed on piston B?
a. 50 , .
b. 100 S,
c. 200

~

3. How many inches will piston A move if piston B is pushed down 2 inchels,?

‘
-

a. 2
b. 4
c. 8

-

4. What is the mechanical advantage ratio of the two pist'nns?

-«

1 a, 1:1 .
b. 2 1’ .
c. 41
, 1-24 \
. 45 _ _
Ve
4 . ¥ ' ) . b ]




a. Pump -
b0 VaIve '
c. Motor
6. ‘ Which valve is ¢hanged from the>fully closed position to the fully opén
position by rotating its controlling member 1/4 turn? ,
) a. Globe
_b. .Gate a

Which hydraulic ‘system part is used to change liquid flow to mechanical
‘movement? ‘ ' ’ !

1)

»

10.

c. Cock

What opens a check valve in a-hydraulic system?
a. Liquid flow '

b. Spring pressure ",

c. Gravity

Which valve is used to limit the maximum pressure in a hydraulic
system?

" a. Check \ o K o
b. Regulator )
c.. Spool

~

Which factor will ii;\}Né'“tHEMGST'aifggg on the amount of liquid pumped
by a positive displacement pump in a given time? '

a. The amount of pressure developed

b. The number of cycles of pump operition that occurs
c. The viscosity of the liquid being pumped

What unit provides a supply of liquid under pressure in addition to/the

pump? . .
a. Regulator
b. Motozg

c\ Accumulator

“~ v,




11.

12.

L4

L Y

. i
4 . |
Which pump contains intake and discharge valves? 37 ‘

a. Reciprécatiné
b. Gear , )
c. Vane | ; ¥

When the hydraulically operated dumf: bed of a truck is lowered by
gravity, the dump bed will most likely be raised by a

a. double acting cylinder. ! .
b. gear-type motor. "

°

c. single-acting cylinder.

- k3. *Whep, the piston rod of a double-acting cylinder is being extended,

‘a, pump,

14,

15.

* rubber oil ‘seals?

17.

‘¢, pressure output from the pump exceeds the amount required

4 -

liquid is flowing betweeh the rod end of the cylinder and the ‘

b. relief valve,
c. geservoir. *

-

What part is constructed almost identical to the hydraulic motor? ’

a. Cylinder
b. Pump
c. Accumulator

’
i

What shape is best suited for a hydraulic reservoir on an auton_notiv;

vehicle? * »
a. Tall and slim . s
b. Short and wide ;

c. Wide bottom and narrow top
- -~

Which kind\b‘f oil-should be used in a hydra.ulic system that contains

a. _Mineral : o -
b. Vegetable
c. OE

44 ) . % N

The acdumulator will dischar_\ge’ liquid into the hydraulic system when
a. the liquid ssure produced by-the pump is increasing.
b. a sudden de d for liquid exceeds the output of the pump.

to open the pressure regulator.

. 1-26
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18. Which valve is designed to be'left in a partially open position?
. LS 'i.,\_
a. Cock : P
b. Gate : ‘ , - i A S
c. Needle . R R S
19. Condensation is most likely to form in the hydraufic réservoir when
the . '
a. level of fluid is low.
b, level of fluid is high. .
¢. -fluid is too hot.- I .
PN ~ —.Mﬂ ‘r -
" 20. Mechanical advantage is gained hydraulically in a simple hydraulic
jack because of the difference in the diameter of the pump cylinder
"~ and the
E a. fluid passages, ) ’ . .
b. ram piston. .
c. check valves, .
B .
[ I
L]
—~ - - -
- > e T
:;;,} . . . . ‘ -
X ' Lt ! 1-27 : ‘.
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APPENDIX = ,

PRACTICE TASK LIST

gréctice Objective . .. . . . . .“After practicing the following tasks .

J you will be able to: |

L §
e 1. Locate and use hydrauhc equipment
used in the repair of wheeled vehicles

A - in your work area.
¢ - Be . g )

. #- 2. Locate hydraulic components in
o -~ - : hydraulic systems on wheeled

N ¥ PR A T e oot . Vel w Aw R R AT sE o S, < " . LRy 7 N »
3 L L 2T R . r ‘ .. " H [ . N : -,
S 5T ] . - L s . N

velucles. . _ -

3. Inspect the fluid level and select
the correct hydraulic fluids to use
in different hydraulic systems of

. wheeled vehicles. -
. . . .
Practice Tasks. : ,

[
]

1. There afe probably several examples of hydraulically operated equip-
ment in your unit's maintenance shop. One example, found in apy automo-

-tive shop, is a hydraulic jack. I your shop repairs wrecked vehicle bodies,c .

it probably also has a hydraulic ram called the Port-a-Power. , You may
even find a hydraulically operated -tester that is used to check the cracking
pressure of fuel injector nozzles. Locate and examine all hydraulic equip-
ment your shop may have. . N

- »

2. Get a hydraulicjack from the toolroom. Check the ja.cl? for evidence of
leaks. Unless the leak is bad, it probably will not show uhless the jack is !
under load. Locate the reservoir filler plug. Locate the release valve. On
small portable jacks this valve usually resembles a screw with a T-bar on
the head so it can be tprned easily.

3.0 Position the jack under the axle of a vehicle, Testthe operation of the

" jack by raising and lowering the vehicle,

Y4, Usmg the vehzcle TM ag a gmde, locate the followmg items on a 5-ton

wrecker: : '
—._a. Hydraulic brake master cylinder. . ' l

b. Hydrau]f‘f power steering reservoirs - - _ _

-

. .. : g* 1-28 49



- ¢. Power steering pump.

s .

d. Power steering control valve.

Y .

’ ’

3
i

e. Power steering piston cylinder.

5 Usmg the lubncatmn order for the vehicle as a gtude, inspect the

hydraulic fluid level in the hydraulic brakes and power staermg Locate

-

.
v

locate the fallowing items on a rough

¥ th correct fluid to use in each hydrauhc~system.
) 6. | Using the vehicle TM as a guide,
S terrain fork];ift truck:
N / A
b. Hydraulic oil tank filter.
c. Fork tilt cylinder.
~ . - ™
X d. Fo@ft cylinders.
/ ' e. Oscillation cylinder.
: f. Steering cylmders'. ’
. PN .-
. - T g Hydrau]:lc o%umps. .
E» . ’ ’ ’ h HYdrauhCQHneB. ;. . ’ e : N v T
* “~ K e «7“") « 7 oﬁsn TS .
N . 7. Using the lubﬁcéi

on o¥der- for tHe' ?forkhjt truck as a’ guide,_ check the

hydraulic system. Note that

. oil level i in the hydraulic oil tank*‘“ Lgcate tﬁe correct fluid to use m the

e ﬂmd type %anes, dependmg on the expected,

temperatures. - N on , e .
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. . After studying this lesson y.ou will be
able to: . ~

.Lesson g)gjiectiwie e e e

-

»

1. bompare the fifth wheel and
Ackerman methods of steering.

+ 2. Describe the steering linkage.
T ' 3. Explain how steering gears operate.’
e . 4. Describe the worm and sector
- - T steering gear. -
5. 'Descrijbe the worm and r&er
, ) ‘ steering gear. . '
6. . Describe the’cam and lever = )
. ) steering gear. -
' . 7. Describe the worm and ball nut
) steering gear.
\ 8. Explain the operation of the Ross
® ‘ - HP 70 power steering system.

-

—




.
(’v ‘e L
. - % .
- ¢

\5 >
9. Define caster and describe its #
\ C . ' effect on steering.
10, 'Define camber and describe its -
J - effect on steering. .
11. Define kingpin inclination and.  ;

. describe its effect’on steering. -

12, Define toe-i‘n and explain why it
. is needed.y

, ' 13. Define toe-oit and explain why
o it is needed. .

TexXt ¢ « « ¢ ¢« o ¢ ¢ 0o o o6 ¢ o o o « Attached Memorandum

Materials Required « o « « o o o o & & An‘swer sheet and response list

o s o s e\ o\o' oJo o‘o . Refer tO the lllustratlcn.

Suggestions
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FOREWORD

One of the most interesting features on wheeled vehicles is the steering
system. We usually think of the steering system as all the parts that are -

- necessary to make the front wheels turn in the direction we wish to go.
Such parts would include a steering wheel,-a ge ay box,’ and all linkages
and levers needed to control the front wheels. e )

You. will find, however, that the steermg system must be carefully’ des1gned
so that the driver can, without too much effort, keep the vehicle going
straight ahead or turn it to the right or left as he wishes. The driver must
be able to easily overcome any tendency of the front wheels to go the right
or left as a resuylt of atnkmg holes in the road,-rocks, stumps, or other
' obstructions. Such obstructions try to stop the wheel that strikes them,
while the other front wheel tries to keep rolling. Ma situation the
vehicle would attempt to turn in the direction of e wheel stnkmg the
obstruction.’ This effort by the wheel to change direction is called road
shock and’it tries to jerk the steering wheel out of the driver's hands.
At the very least, hitting obstructions makes it difficult to control the

. Vvehicle. Steering systems are debzgned to reduce the shock caused ?y
striking obstructions.

Another feature of the steering system is the front-wheél alinement wh1ch

wear unevenly. Proper alinement also reduces the tendency of the front

turn to the right or left and torreduce the tendency of the tires to scuff o
ﬁnd makes it much easier to control th

wheels to wander or shimm
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~— ATTACHED MEMORANDUM

SECTION 1. STEERING SYSTEMS
1, ﬂFIFTH WHEEL STEERING:
Remember the toy wagon you
played with in your younger days?
In order to steer the wagon you ¢
merely pulled the wagon tongue
to the right or left and the axle
and both front wheels turned with
the tongue. The axle was a. single
shaft with the wheels mounted on
its ends. There was a pivotat «
the center of the axle so it could
be turned to chapge the wheels
from the straight-ahead position.
This type of steering arrdngemer
is known as fifth wheel steering.

a. Fifth wheel.steering is commonly used on towed vehicles such as
semitrailers pulied by tractor-trucks. The lower part of the steering pivot
or fifth wheel is miounted over the center, and.slightly to the front, of the

_rear axle of the tractor. It has a kingpin lock to hold the kmgpm or pivot
pin of the semitrailer in the center of the fifth wheel.. .
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Aruitoxt provided by Eic:

’ (1) Usually the-lowe* ai‘th ’f/é

wheel is mounted on the tracto .

two pivot shafts. One shaft is , .

tmned crosswise to the tractor;,the

other lengthwise. This allows the
. ' lower fifth wheel to tip‘at various :
angles to the tractor chassis, keep-
ing the bearing surfaces of upper
and lower halves of the fifth wheel
in firm contact as'the tractor and
trailer travel over unlevel roads.

. .

i FE‘E‘
i L PIVOT SHAFT
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(2) The upper part of the fifth wheel consists of a pickup plate and
kmgpm secured to the bottom front of the semitrailer., A groove around the
kingpin allows engagement’of the kingpin lock..~ )
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b. It should be noted that ‘thei\i}the semitrailer is conn/ected to the 4[7
tractor, the bottom of the trailer is higher than the tractor wheels. This is
necessary because as the truck'and trailer make a turn, the entire rear
axle and wheel assembly pivat under the front of the trailer frame just as it
did on your toy wagon. If the turn is sharp enough, the wheel on the inside
of the turn will move to about the middle under ‘the trailer chassis; so clear-
ance must be provided for the wheel. @

(Y

poT— . . 5 .
2. ACKERMAN STEERING. Obviously, the fifth wheel rmethod of steerzng
BN is not suitablé for use in steering a modern car ‘or truck., The vehicle
* chassis would have to be too high off the ground,to provide clearance for *

ERI

Aruitoxt provided by Eic:
.
. .

the front wheels. . Cars and trucks use a front wheel arrangement that is
. called the Ackerma.n steering method

~ - . :

‘.




‘a. With this arrangement

the axle is. held at right angles
~ 'to the vehicle frame and cannot

- pivot. The wheels can be ,
changed from the straight-ahead
position independently on separate
- pivot pins or knuckle pivots at the
ends of the axle.

v

’

b. We will be-discussing the Ackerman steering method throughout the
remainder of this lesson, so let's clarify’a couple of terms that we will, be
using in regard to wheel movements with this.method. When we say 'the
wheels pivot, "' we mean that they are changed in relation to the straight-
ahead position as they are when making a right or left turn. When we say
''the wheels rotate,'' we mean that they turn-on their spindles as they do’

when the vehicle rolls forwagi or backward,

L :
3. STEERING LINKAGE. In order to make a turn, the driver.of a car or
truck merely turns the steering wheel to the right' or left, depending on the
direction he wants to turn. Because each front wheel has its own separate '
,'steering pivot, a considerable amount, of linkage is needed to transfer the
st‘ering ‘wheel ' movements to both wheels. The steering wheel is located at
the top. of a steering column, and as At is turnedva steering gear at the bottom
of the column is operated. The steering linkage can be described as.all of
the levers, rods, arms, and links used to connect the steerimg gear to the
front wheels. There is a wide variation in the amount of steering linkage
used due-tq the difference in design of the many vehicle models,

4
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a. Most vehicles with front 6/7\
axle suspension have a steering ‘
\ linkage arrangement like the one
‘shown in the accompanying illus-
tration. The linkage consists of
the pitman arm, which is splined
to the output shaft:or pitman arm
8haft of the steering gear; the drag
link, which links the pitman arm to
the s”teering knuckle arm of the left
front wheel; two steering knuckle
arms, one secured to each of the
front-wheel spindles; and the tie
rod, which links the two front<wheel
steering arms.together; The link-
age may be arranged so that the tie
‘rod is in front of the axle instead
. of behind it.

N i

«

(1) Turnmg the’ steering wheel back and forth causes the pitman
arm shaft to rotate back and forth.- This ‘swings the pitman arm in-an arc
so that the dra.g link moves back and forth in a straight line. The drag link
tra.nsrmti‘ the movement to the left steering arm to pivot the left wheel
spmdle and wheel back and forth on the steering knuckle pivots. Pivot move-
ments of the left wheel are transmitted to the right wheel by the tie rod.

(2) The drag link and tie
rod are fastened to the pitman and
steerfng arms by a joint that permits °
a swwehng action. The adjustable
ball socket is one type of joint that
is comimenly used on the drag link.
Ball type studs.aré secured to the
pitman arm and the left steering
arm. A housing is provided at each
end of the drag link to receive the
balls. " Ball sockets, coil springs,
spring seats, and a screw plug are
inserted into, the housings to hold
the balls. The screw plug can be
screwed in or out to tighten or

. loosen the joint. TLubrication fittings
are provided for each joint. Shields
are located at the points where the
ball studs enter the housings to hold
the lubrication in and to keep dirt out.

o 2-17 i '7
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(3) The tie rod also makes
use of ball and socket type jpints, but
generally they are‘made so that they

‘ cannot be adjusted. A spring holds
. the ball in\its seat to prevent slack. : - '
The ball of a tie rod end has a ta-
pered shank or stud that fits into a
matching tapered hole in the steer-
ing arm. The end of the ball stud
is threaded and drilled so it can be
secured to the steering knuckle arms -
with a nut and cotter key.

‘ (a) Each tie rod end is threaded and is screwed onto threaded
' ends of the tie rod. A clamp bolt is provided to preévent the tie rod from
turning on the threads of the.tie rod end once the ends have been installed. .

s
-

(b) One tie rod end and one end of the tie rod have left-hand
~ threads, while the other tie rod end and the opposite end of the tie rod have
right-hand threads. This is so the overall length of the tie rod assembly
v . can be adj¥sted when‘alining the front wheels without disconnecting either

" tie rod end. g .

~ - -

b. If the vehicle has inde‘Rendent front-wheel suspension instead of an
axle, the steering linkage arrangement i8 a lot different. Two tie rods are
required so one wheel can raise’and lower without affecting the steering of

the other wheel. Many different linkage arrangements are used with inde-

- g pendent suspension. -Some are quite simple, with the linkage cons@sﬁn’g‘of'
no more than the pitman;arm, two tie rods, and the steering arms.

STABIUZER ATTACHMENT TO
SIDE RAIL {RUBBER-INSULATED)

. . d B i
3 / - o - -
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(1) Other common arrangements add an idler arm and drag link. 67
In these arrangements the idler arm is mounted on the right frame rail by .
a bracket so it sets parallel to the pitman arm. The drag link connects the
- - pitman arm and idler arm so that moving the steering wheel causes both
arms to swing in the same arc. Each steering arm is linked to the drag ’
link by a separate tie rod. In this arrangement the drag link may be referred
o - to by different names, such as relay rod, pitman arm-to-idler-arm rod, etc.

» . -
»

* ’ . -

'IDLER ARM

. .
- S ,PITMAN ARM

TIEROD .
—

o e

“DRAG LINK S8RACKET

" TIE ROD

o (2) Usually the length of both tie Tods is adjustible so that they
can be adjusted independently when alining the front wheels. - The ends on
the dragdinks and tie rods in v"ehicleq with independent wheel suspension .
- » are usually the non-adjustable ball and socket type. The ends 'are equipped
with lubricating fittings on most vehicles, but on some late model cars they
are lubricated for.life when manufactured, so will not contain lubricating
fittings. - . ‘ ' . -

- X (3) Either threaded or
o - ‘rubber-type bushings may be used
1 at the idler arm-to-idler arm
bracket pivot. If the threadedytype
bushing is used, the bushing con-
tains both internal and external
threads. The external threads are
generally right-hand threads and
are screwed into, ‘and tightened in, <.
a threaded hole in either the idler
: arm or its bracket. The internal -
 THREADED BUSHING " threads are generally left-hand
’ threads and are screwed onto the
) threaded end of the arm or bracket
- until it bottoms and then is backed up 1/2 to 1 turn, This leaves the idler
arm free to pivot on the inner threads of the bushing,

3
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‘4, STEERING GEAR PRINCIPLES. If the steering wheei was coupled 5@?
directly to the pitman arm by a shaft, it would be very hard for the driver
to steer the vehicle. Something must be used between the steering wheel
and pitman arm so the driver can gaim4 rmechanical advantage to make |
steering easier. This is provi@ed by the steering gear. .

a. The principles of steermg gears can be demonstrated’ witha bolt .
and a nut in the following manner. Screw the nut to the midpoint of the ~
threads on ‘the bélt, Place the end of the bolt against a flat. surface so it
cannot move back
. and forth but can
be rotated. ' Hold
the nut so it can-

‘ : not rotate; then
T turn the bolt.
. When the bolt is '~
Sy ‘ cv.ocxwu!*  turned clockwise
¢ .

the nut is-pulled:
. toward the bolt's

I ) head. When the
¥ CLOCKWISE: bolt is turned
¢ ’ v .
SOSRY TR s DT T counterclockmse
.o ;»g.';;cﬁa: AR o the nut will be
' ' o . PR moved away from
’ ) . the bolt's head.*
’ .
5 b. Now, if we cut out a section of the nut, attach a shaft to it, and

P place it against the bolt, we can see how this principle is used in the steer-
- ing’ gear, With this arrangement, turning the bolt back and forth will cause
the nut section to swing back and forth, turning the shaft with it.

- . .
v
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T (1) Ima steering gear the‘ part that is like ti-;'eah‘olt is called the ’5:3
worm. The worm is securedtc the Iower. end of a shaft with the steering

~ wheel on the opposite end of the shaft so that the worm and steering wheel’
- turn together. The steering gear part that is like the seetion of a nut is

called the sector and its shaft is called the pitman arm shaft. The pitman
arm is splined to the pitman arm shaft.

- (2) The steering gear worm (bolt) and the sector (nut section) are
machined so that they have very little lash or clearance between their threads
in the midposition. However, as the.worm is turned to steer-the vehicle either
“to the right or the left, the amount of lash gets greater. This makes up for
unequaiwqr that occurs in normal use. Vehicles are operated in the gtraight-
ahead position most of the time, so most of.the wear is in the center of the

e

steering gear worm. . i

s ;

“(3) It requires 2-1/2 to 3-1/2 turns of the steering wheel and worm
to move thé pitman arm shaft through its entire allowable movement, which is
‘an arc of about 70 degrees. That will pivot the front wheels from a haf#d turn
in one direction to,a hard turn in the opposite direction. The steering wheel
has to be turned farther because of the mechanical advantage gained by the
worm and sector. Most steering gears are designed so that they provide
more mechanical advantage in the midposition than when turned to the extreme
right or left, so they are said to have a variable ratio. Many djfferent kinds
of steering gears are,used, but they all work in about the same manner. In

. the next four paragraphs we will take a look at some of the different types. of

.8teering gears. .

5. WORM AND SEC TOR STEER- . . - ' ~
ING GEAR. This type of steering 3
gear looks a lot like our bolt and
nut steering gear. Often the sec-
tor of this type is compared to a
gear instead of a nut. The teeth
of the sector are machined in an-
arc, or curve, so that they
actually look like a section of a '
gear, %

Sy
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L a. As the steering wheel and worm turn, the. %vqrrh pivots the sector 7( E
- - and-pitman-arm shaft. The sector can only pivot through ar arc-of 70° be-
T cause it is stopped at each extreme by the sector touching the steering gear
housing. ' -

eI E e

3. _ : . o o b., The worm is assem-
; : bled betyeén bearings, with
some means provided for ad-
justing the bearings to control
worm end play.” The pitman
arm shaft is fitted intc the ]
steering gear housing on bear-
ings which are generally the .
‘bushing type, but roller-type
bearings are sometimes used. *
'A lash adjustment screw is
also provided so that the sec-
tor can be movgd closer to, or
farther away tﬁm, the worm
.gear tp control the amount of
. ' backlash Hegveen the sector
. ; ) _ "and wor@:threads or teeth.
. \ ' : : ’ ‘ .
o, c. The worm and sector steering gear is very simple in construction,
. * . wWhich makes it cheap to build and easy to maintain, A disadvantage‘is that
itk ot of friction due to the sliding action between the worm and 5/e<:.t.:or~
gear teeth. :

6. WORM AND ROLLER STEERING _ A\J
. . " GEAR. The worm and roller steering  BITMAN

gear is much like the worm and sec- '
‘ tor, but'it changes the sliding friction
oo " to rolling friction so.that less effort T
« is required to turn the steering wheel. .
‘ N This is made possible by machining -

the sector teeth on a roller.

ARM SHAFT

v
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RO A s 7ext provided by ERic:

b. The worm
has an hourglass
shape; that is, the
worm is smaller in -
the centé} than at

. both ends. The

reason for cutting
the worm in an
hourglass shape
is s0 that the .
roller will stay
in better contact
with the worm
teeth at the ends
of 'the worm.

a. PFriction is
reduced even more
by mounting the roller
. on bearings in a saddle
at the inner end 4f the
pitman arm shaft, \

»
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 a. When the
tapered stud is
fixed in the lever
so that it can't
rotate, there is
sliding-friefion -
between it and the
cam, Therefore,
on some vehicles
using this. type of

eering gear,"the
stud is mounted in
bearings so that it
can roll in the cam
groove \(thread

instead of sliding.

. MOVABLE CONE- -

7. CAM AND Y é
LEVER STEERING
GEAR. In the cam
and lever steering
gear, the worm is
known as a cam,

The inner end of .
the pitman arm

‘shaft has a leger

-

that cqptains a
tapered stud. The
stud ‘engages in
the cam so that the
lever will be moved
back and forth when
the cam is turned
back and forth.
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‘ b. Some large
trucks use a cam
and twin lever steer-
ing gear. This §j§
nothing more than a
cam and lever gear
with two tapered
studs instead of .
one, . The studs
may be fixed in the
lever or they may
be mounted on
bearings.

-

-
£ PYIMAR ARMSHAPT LEVER = | \“,‘ NSO e Y - |
WY/ ROLLER MOUNIED, § : A SR RS S B ,
8. WORM AND BALL NUT STEERING GEAR. Anothér form of steering
J- s
gear’is called the worm and ball nut, In its operation this one really acts
like a bolt and a nut. A nut is meshed with the worm and screws up and ~
down when the worm is turned pack and foxth. ‘- : r
- N e -~ e . .
\ - ® i - o , ‘ -
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- guides on one side of

.a, These steer-
ing gears are also ,
commonly called the
recirculating ball
type: Both the nut
and-the worm have .
round-shaped threads
so steel balls can fif
in them.and act as a '’
-bearing to reduce the
friction between the
worm and nut. "Ball

the nuyallow the balls
‘to re irculate as the

1s tu‘rned to : -
the hut back . / ) ’ . 4

and fortn pn the worm.

N . ‘ . A ‘
* b, Tl}g nut has teeth on one side that mesh with the sector and turn
the pitman arm shaft back and forth as the nut is moved back and forth.

As with all'the rest of the steering gears we have described, the eng play

of the.worm and the backlash between the nut and sector teeth are adjustable.
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- steering gear and the ‘power cylinder

\

9. POWER STEERING. Steering gears provide a mechanical advantage 57
ratioof 11 or 12:1 for light cars’'and up to 18:1 or more for heavy trucks.
Often more methanical advantage is desired to make some heavy vehicles -
easier to steer. This is not practical though as it would require an exces-
sive amount of turning at the steering wheel to pivot the front wheels. In
order to reduce the amount of effort required to turn the wheels without
increasing the -amount that the steering wheel'is turned, power steering.is
used. ~

A;—- . *;au»,
) !—."".-!“- \

a. The term "power steering"
is well known in the automotive. field - - -
as hydraulic power steering is widely
used on passenger cars. A hydraulic
power steering system consists of a

double-action power cylinder, pump,
reservoir,-valves, and the connect- .
ing lines and fittings. In one arrange- ‘=
ment the vehicle has a conventional

is connected to the steering linkage - . ’ .
so it will assist in moving the linkage.’ ‘ .
A spool type control valve is located in the drag'link and operated by pitman

.arm movement. Hydraulic pressure is supplied by the pump, which is belt-

drivenfrom the engine. . .
. - - . ~ .
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b. In another éd
, common power*
steering arrange- .
ment the power
cylinder and con-
trol valve operate
from, and give
power assist
directly to, the
steering gear
assembly. The
power steering
used on the Army's
5-ton, &x6 trucks
is such an arrange-
" ment. The 5-ton
trucks have the
Ross model HP 70

‘ (\\ steering gear. The
steering gear.is the cam-and-lever type.\ The pitman arm shaft is attached
-to the center of the lever.- The tapered-stud is- mounted on bearings in the-.-
lever's lower end and engages the steering gear cam. The upper end of the
lever is slotted to receive a lever block on the power cylinder piston rod. The
control valve and power cylinder are mounted on the steering gear housing.

‘ (1) The complete oo
HP 70 hydraulic system of
the 5-ton truck includes the
oil reservoir, the power
cylinder, hydraulic con-
trol vilve, relief valve,
pump,- and connecting
lines. The engine driven
pump draws oil from the
reservoir through the
suction line and dis- .
charges it into the pres-
sure line. °Oil under
pressure first flows to .
the relief valve, which: Oil reservoir Hydraulic control valve

. K Vent line Relief valve assembly
is bolted to the steermg . Power cylinder assembly Hydraulic pump assembly

gear bousing. /fThe re- Steering gear housing Selt-sealir:g}couplings

lief valve is set to limit - ’ :

the pressure to 750 PSI.

Excess pressure is releasea through a line from the, relief valve to the
reservoir. The pressure line from the relief va.lve[ livers oil to the con-
trol valve. The control valve directs oil tg and from the power cylinder and
to the reServoir to control the system. ~J o T
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(4) Suppose that the driver turns the steering wheel to make a left

turn. The cam will try to move endwise to the left as"it exerts pressure 'on
~* the stud. This compressesthe spring at the-lower end of the cam, and the
* cam moves. to the left. The control valve lever pivots, moving the control

) '/ valve to the right. ) .
. A Y - \
: \ FROM PUMP
i . P TO RESERVOIR ' ~
- 1)
- ¢
CONTROL VALVE

ACTUATING LEVER

S — ‘_—q.-»* B L S ———

POWER FLOW _

LEFT STEER *

(a) Tﬁe shoulders of the spool control valve now block the oil
flow from the pump to the reservoir and to the leif side of the power cylinder
piston. However, a passage is left openthatallows the pump-to force oil
through the valve to the right side of the power cylinder piston, which
pushes the piston to the left. The mechanical force exerted by the cam on
the stud at one end.of the lever and the hydraulic power cylinder piston
pushing on the lever at its opposite end now work together, applying pressure
directly to the lever to turn the pitman arm shaft. oo :

o : : . 2-21
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(b) As the drivetr continues to turn the steering wheel to the 6 7(
left, the pitman arm shaft continues to pivot and the power cylinder piston
moves to the left. Oil on the left side of the piston is returned to the reser-
voir thrbugh the control valve. As soon as the driver stops the turning
effort on the steering wheel, the compressed spring on the bottom of the

_ cam expands, moving the cam and control valve back to the neutral position.

4

(5) When the steering wheel is'turned for a right turn, the endwise
jmovement' of the cam is to the right, compressing the spring at the upper
end of the cam. The control valve is moved to the left and directs oil from

:the pump to the left side of the power cylinder. A power assist is now fur-
nished for a right turn. Oil that is being pushed from the right side of the

' cylinder passes through the passage in the drilled center of the control

valve and returns to the reservoir.

Y \FROM'PUMi"
TO RESER VOIR a

POWER FLOW

. BRIGHT STEER

A}
'S

. (6) As long as the driver is turning the steering wheel, the power

* cylinder wijll assist him. The instant he stops the turning effort the springs

at the ends of the cam return the control valve tothe neutral position and the
‘power-assist stops. The driver is in full control at all times because t}xe
power assist operates only when the driver exeiits a turning effort on the .
'steering wheel. -
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‘ pressure will be developed befor?he power cyhnder piston moves..

it bt et s et () ks anke irts et oananes

" trangmitted to the steering wheel. When a frant wheel hits a bump or a hole -

" too. With oil on each side of the piston, the power cylinder works much

(7) The amount of pressure developed in the system at any given o
time depends on the amount of resistance offered to oil flow. The resistance
varies according to the steering situation. When the.control valve is in the
neutral position, oilflows freely back to the reservoir so: very little pressure
will be developed. . A <

(a) When the driver turns the steermg wheel and oil is directed
to the power cylinder, pressure will increase. If the vehicle is moving it is'
fairly ®asy toturn, so the cylinder piston moves read11y with fairly low hy-
draulic pressure. Just enough pressure is developed to move the piston. °

o (R) If the truck is not moving when turning the steering wheel,
the front whegls are extremely hard to pivot. In this case, a high hydraulic

(c) it is not possible to p;.vot the wheels, such as when they .
are in ruts or up against the curb, the hydraulic pressure will build up to the
setting of the relief (xegulator) valve, At th:xs point, the relief-valve will
open and bypaas the éxcess oil to the reservon' to preyvent damage to the
system. W

— [P —— e e = e L. e me o s - eeam w e a e e e

(8) Power steering also acts to reduce the amount of road shock

in the road, ittriesto stop or turn in another direction. The wheel's move-
ment is transmitted through the\linkage and steering gear to the steering .
wheel. .On big trucks this movement can be so bad that it may jerk the
steering wheel from the driver's h ds. Here is how power steering reduces .
this action. "

+ a

W

(a) When the front wheel ’ts a bump, it cannot turn the power
steering gear veéry quickly because it mugt move the power cylinder piston,

like the shock absorber does on the suspension. Besides acting like a shock
absorber, power steering works in another way to reduce road shock,

(b) When road shock.causes the fdont wheel to move the steer-
ing linkage aqd steering gear lever, the lever stu pushes on the cam. This
causes an endwise rhovement of the cam and moves the control valve from
the neutral position. Oil from the pump is then directed to the side of the
power cylinder piston that will resist the movement, this manner, the ¢
power cylinder will always be working with hydra.uhc pressure to oppose any
movements cansed by road shock.

* . . »> \
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SECTION II, PRINCIPLES OF WHEEL ALINEMENT 4é

10. GENERAL. Itis not enough to merely place the front wheeals on spindles
and steenng knuckles so they can roll and so the drivér can pivot them to the
right or left. The wheels must be pointed or alined just right if the vehicle is
to steer properly.

a. Wheel alinement, or steering gedmetry as it is sometimes called, is
the positioning of the front wheels to best control or assi®t such forces as
gravity, friction, momentum, and centrifugal force. All of these ,:‘.'orces tend

¢+ to make steering difficult. :

b. Perfectly alined wheels should not have the tendency to wander,
weave, shimmy, or scuff tires, yet they should be easy to pivot when making
a turn. In addition, the front wheels should str ten out if the driver
releases the steering wheel after turning a corne¥ .

¢.+ To do all this, the front wheels and their pivot points are not
pos1t1oned straight up and down or straight ahead. They are tilted at various
angles. . There are five different angles involved in the alinemegf of the front

* ° ~wheels. Theyare calléd castdr,” camber, kingpin inclination; toeiin, and - -

toe-out. Definitions of these angles and the effect they produce are given

- in the foltowing paragraphs, = = .
11. CASTER. If you have ridden a bicycle you s
- _probably noticed thaj the fork in which the front CENTER LINE /
» wheel was mounted was tilted backward at the OF WHEEL
top. A straight line drawn down through the: KINGPIN
ER

front-wheel pivot or kingpin would strike the
groun&eahead of the point whére the tire contacts
the road. A wheel mounted in this fashion is
sé‘:.cf to have positive (+) caster or just caster.

if the top of the kingpin is tilted forward so a ‘
straight line drawn through it will hit behind - LEA
the point whexe the tire contacts the ground,

the wheel is said to have negative (-) caster.

-
%

-
»
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a. On a vehicle with axle

suspension, caster is obtained by
the axle being mounted so that the
top of the steering knuckle or king-
pin is tilted to the rear. On inde-
‘pendent suspension the upper pivot
point is set to the rear of the lower
pivot point. -

!

r'd

ot

(1) The caster angle is measured in degrees. The angle is shown
by drawing one line straight up and down and then drawing a second line '
through the center of the kingpin or pivot points. The caster angle is the
angle formed at the point where the two lines cross as viewed from the

side of the vehicle. N o e s

(2) From the above descnptmn of ca.ster we can say that ca.ster or

is just the reverse, with the kingpin tilted forward at the top J/

b. Positive caster causes the vehicle to steer in the direction that it
tends to go. This is called an automatic steering effect. For instance, the
forward momentum of a vehicle tends to keep wheels with positive caster in
the straight-ahead position. After rounding a turn, this causes the wheels
to return to a straight-ahead position if the driver releases the steering
wheel. This automatic steering effect is also called self-righting action or

self-centering action.

‘ (1) The automatic steering effect ’ cg{r;s\s’:ms
of caster can be shown by picturing 4 bicycle EE\.,"'
with an excess amount of caster. As the EENFER

wheel is pushed forward it resists movement,
so it pulls back at the point where it contacts
the'road. Since the kingpin is_pointed in front
‘6f the tire contact, the wheel pullmg back’
tends to keep it in the straight-ahead position,

CASTER ANGLF. (EXAGGERATEO)
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(2) Forces other than forward momentum also react with caster so é/

that the automatic steering is not always perfectly straight ahead. Any force
that is pushing on the side of the vehiclé tends to pivot the wheels in the direc-
tion of the force. For this reason, positive caster tends to cause a vehiclesto
steer down off a crowned road and in the direction of a crosswind. Some
passenger cars are designed to have negative caster so that just the opposite

. will happen; that is, they will tend to steer up a crowned road and against or
into a crosswind.

12. CAMBER. The camber angle . CAMBER ANGLE
is determined by viewing the wheels . : {"‘F‘s”“m IN' DEGREES
from the front. If the wheels are /

tilted out at the top, they have pasi-
tive camber. If they are tilted in,
they have negative camber. The o
camber angle is measured in degrees. B
' It is shown by drawing one line
through the center of the wheel and
* then drawing a second line straight up

Camber is obtained by havi;fg the
wheel spindle pointed downward at {UNE OF TIRE
the outer end.

L d

J>——VERTICAL LINE

a. Originally roads were
. built with a high crown; that is,
R i XB CAMBER ANGLE they were¢ high in the middle and
V St WHEELS FURTHER APART sloped downward to the sides. A
large amount of positive wheel
caimber was(needed so that the .
tire would contact the road squarely.
If the tire does not set squarely on
the road, it will wear on one side
- and will not get a good grip for
" positive steering control. Modern
roads, howgqyer, are made flat
with very little crown, so very
* little camber is needed for this
purpose on modern vehicles.

¥ ¥ -

*SPINDLE
SOLID AXLE  ASSEMBLY

a

——-~ ~ ———and -downso-that it-crosses the fir gto——" JS" 7 “GREU;JB dI.EVElN T TT ormmmmm e o
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. b. Some camber is generally desirable, even with flat roads, becauseéf

it moves the point of contact between the tire and the road more directly
under, and closer to, the steering knuckle pivot. This makes the wheels
easier to pivot and reduces-the amount of road shock that is sert to the
vehicle suspension and steering linkage when the wheels hit bumps. It

also places most of the load on.the large inner wheel bearing.

e <~

c. The amount of camber must
be carefully considered when design-
ing a vehicle as it has some bad !
effects, and we don't want anymore
than what is necessary. ‘Anyone that
‘has ever rolled'a tire by hand soon
learned that he didn't have to turn
the tire in order to turn a corner, . .
All he had to do was tp tilt (camber)
the tire to one side and it rolled -
around the corner like a cone. This
'is not a desirable effect for the
wheels of a vehicle. The cone effect
-of .positive-camber tries’to-pivot-the—~-—— - -
wheels out on a vehicle. This is
shown in theé ai:cémpanying illustra-
tion. If the wheel is to roll straight
ahead it must follow path A, but

because of the cone effect it will try .
to follow path B. . ,
» ' ) ‘.

13, KINGPIN INCLINATION. In addi-
tion to the caster tilt, the kingpin is:
also tilted inward at the top. This in-
ward tilt is called kingpin inclination.
It is determined by viewing theskingpin
or pivot points from the front. King-
pin inclination is another ‘alinement
factor that is measured in degrees. It
can be shown by dr?wing two lines that
cross to form an angle. One line mustr
pass through the center of the pivot
points or kingpin; the other line must
be straight¢up and down.

VERTICAL LINE
INCLINATION t

IN DEGREES

o~
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Lo - .a. Notice that the kingpin is / : INCLUDED ' ’ 70
: ' tilted in the opposite direction from ANGLE ) )
the cambéred wheel. Using kingpin
inclin:ation will reduce the amount of -
camber needed to place the point ‘of ‘
T tire contact with the ground under S, e
the steering knuckle pivat. If the s N\
front wheels are alined properly, .-
. lines that are drawn through the
- center of the cambered wheel and - . ¥
. the kingpin should hit the ground
close to where the tire contacts the .
s ‘ ground. The combined angles of the
kingpin inclination and the wheel - &
camber-is-known as the included ’
. angle. , )
© - ’ *
. —/ , " ¢« b. Kingpin inclination will also
e e e ... Cause an automatic steering effect. The _ .
T '_(“MM A - reason for this is shown in the accom- ’
= panying figure. When the wheel spindle .
. " | is pointed toward point B, the wheel is
’ T - in the straight-ahead position. As it
- $_~..,. .~ pivots for a turn the spindle drops
e \\.4: 2 8 down. Of course, thépwheel cannot
v ' ﬁ\_ actually drop downward, because it is .
c already resting on the ground. So the .
) e ¢ spindle and vehicle are lifted. The
) sweight of the vehicle tries to return the .
B ° * wheel to the straight-ahead position.

14, TOE-INg Ideally, the front wheeis should roll perfectly straight down

the road. In™act, if they are not alined so that they do, the tires scuff (slip

- sideways)] wearing the tread rapidly. As the vehicle moves ahead, the
wheels re'sist movement and hold back on the spindles. This force, plus that -
of the cone effect of camber wheels, causes the wheels to try to pivot out-
ward. That is, the left wheel tries to pivot to the left and the right wheel to-

-

. the right. The wheels are able to pivot out to some extent because the steer-
o ing knuckles and tie rod ends must have a slight amount of clearance to permit
‘ easy steering. To offset this, the wheels are alined with a sl?ght amount of
toe-in, ’ . N

i *
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a. Wheels that aretoed-in are closer together at the front than at the 7/
rear. Toe-in is measured in inches. The amount is found by measuring the
distance between the front wheels, first at the front outer edges of the tires
and then at their rear outer edges. The amount of toe-in is the difference
in the two measurements, which is usually about 1/32 inch to I'/8 inch. If
the wheels are closer together in the rear than in the front, they are said
to.be toed-out. The amount of toe-in can be adJusted by shortemng or length-

ening the adjustable

NN

e i R N

" TIE ROD ENDS

N TOE.IN S DIST.
MEASURED IN FRACTIO!

*

€ 8-A
OF AN INCH

b. Ideally, the toe-in, as measured with the vehicle stationary, should
exactly equal the arfount the wheels pivot outward with the vehicle running at *
its cruising speed. This way, the wheels roll perfectly stra1ght ahead at
cruising speed with no side slippage of the tires.
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15. TOE-OUT. Sidq slippage of the
tires must also be condidered when
#urning a corner to insure positive
steering control and to prevent ex-
cessive tire wear. Each wheel must
be at a 90-degree angle to the center
of rotation if it is to roll easily and
not scuff the tread of the tire. This
presents no problem for fifth wheel
steering. Pivoting the axle assembly’
moves the front wheel at the outer
edge of the turning radius ahead of.
the inner wheel, and the 90-degree -
angle is obtained. One straight line
can be extended from the ‘center of
rotation and passed through the center
of both front wheels. With Ackerman
steering, however, the wheels must
toe-out on a turn. Let's figure out

WhY . <

CENTER
_OF
,. ROTATION

- "FIFTH WHERL

/.

A FIFTH WHEEL STEERING

2. When turning a corner with
Ackerman steering, one straight

line cannot be extended from the
center of rotation through the center

of both front wheels. Instead, two
lines must be extended at different
angles in order to pass through the
¢enter of the wheels. In order for
both wheels to be at a 90-degF®em .
angle to the center of rotation, the
inner wheel must pivot more than

the outer wheel. The exact differ-
ence in the amount that the wheels
should pivot is the value of the

. angle formed by the linés extended

from the ceifiter of rotation through
the center of the front wheels. For
instance, if the lines formea 3-

. degree angle, the inner wheel must

pivot 3 degrees more than the outer
wheel.

'y
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. b, From-another vi point, we can compare the size of the circles that
the front wheels travel and see the neeq for toe-out. The outside wheel is
traveling in a larger circle than the inside wheel. In order to travel in a
smaller circle, the inner wheel must therefore pivot more than the outer
wheel. The sharper the turn, ‘the greater the amount of toe-out needed.

c. 'The fact that the wheels should.be toed-in in the straight-ahead °
position and then toed-out on turns presents an interesting design problem.
The problem is made even harder by the fact thyt when the vehicle is turned
to the left, the left wheel should pivot more; but if turned to the right, the
right wheel should pivot more. Let's take a close look at the steering
linkage to see how this is done. . . N

[

. (1) First, let's éuppose that the steering arms are set at right
angles (90°) to the wheel spindles. With this arrangement, toe-out on turns
cannot be obtained because both steering arms pivot the same number of
degrees when the tie rod is moved a given distance lengthwise to the axle.
For example," if the left steering arm and spindle pivot 42 degrees the tie
rod moves the right steering arm the same distance, pivoting it 42 degrees.
Both steering arms move the sanie distance lengthwise to the axle and pivot
on identical segrhents of an are. oo S ‘

»

SPINDLE |

ARMS AT RIGHT ANGLES TO

STEERING my
« STEERING ARMS TRAVEL OVER

CORRESPONDING SEGMENTS OF ARC

2
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- to provide enough mechanical a.dva.nta.ge, some form of, powexg steering is

W ARMS AT OBLIQUE ANGLE TO SPINDLES _
_ STEERING — .. . ONSTEERING ARMS_DO NOT TRAVEL OVER * oo™ . .~ .+ o S S
ARM CORRESPONDING SEGMENTS
Al - a . o

degrees on a left turn, the toe-oyt is 3 degrees.

.‘7

4
.
.
e .
.

ey -
(2) In the vehicle, the steering arms are not it right (900)'ang1es 7%
to the spindle® If the tie rod is behind the axle,.the steering arms point
inward when the wheels are in the straight-ahead position. With this arrange-
ment, the wheels will toe-out on turns because the steering arms do not
pivot thé same amount when they move the sa.me amount lengthwise to the [N
axle. Notice that if the left spindle pivot¥$ 50 degrees to the left, the r1ght
spindle pivots 42 degrees. However, both spindles move the same d1sta.nce
1engthw13e to the axle. This is because the steering arms are pivoted on
different segments of an arc. =~ . . (’

_ -
(3) Toe-out is generally spoken of-ad the number of degrees over

20 that the inner wheel is turned when the outer wheel is turned 20 degrees.

For mstance, if the right wheel is turned 20 degrees and’ the left wheel 23

-

SECTION III. CONCLUSION

. SUMMARY. : .3 . ) - 0
a. The steering system is one of the most important controls the

driver of a vehicle has. Towed vehicles are generally steered by a fifth

wheel method, while trucks and passenger cars use Ackerman stelering. *
Steering linkage links the pivoting action of the pitman arm shaft to the

front wheels. The main job of the steering gea.r is to provide a rrfcha.mcal E
advantage for edsy steering. Whén it is not practical for the steering gear j <.

used. . , - ° -
y \ .'
A - ’ - ° .
. .
= - '82 -
Yo B
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) . b. To have sure steering, smooth operation, and reasonable tire wear,, .
. J' - the wheels must be aimed, or alined, to a definite plan. Alinement angles
5 o or alinement factors that are considered in wheel alinerent are caster,
R ’ camber, kingpin jnclination, toe-in, and toe-out. The nature and the value .
T -~ ‘of each alinement factor depend to a large extent on the desxgn of the ’
S °>. wvehicle)-so wxll vary Between different vehicles,
) - 17, PRAGTICE TASKS, The appendix of this lesson contains alist of - | AN
N - - . tasks associated with wheeled vehicle steering systems. They are
. R representative of the tasks you will be required to perform ds a wheeled |
)3 ) vehicle mechanic. Perform all-of the tasks listed. Be; -sure you are
"t ., . under the supervision of an-officer; NGO, of specxahst who 'is ‘qualified
o e o in the MOS when you practice the tasks. iIf you' find you are having . °
y - difficulty in certain tasks, restudy the appropnate “training matenal ‘
" and practice the tasks untfl’ you become profzcxent in each one. -

A3
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21.

"EXERCISE

What type of steering s.yster'n is used on modern cars and trucks?
a. Ackerman |
b. Radial

c. Fifth wheel -,

The front wheels of a yvehicle revolve on their

L]

¢
a. pivots,

‘b.  spindles. ’
c. -steering knuckles.

<
N

. 5
What conneéts the front wheels together ?
a. -Drag link . ¥
b. Steering arm. :
c. Tie rod ) .

What is reduced if a worm-aﬁd-roller type steering gear is used
instead of a worm and sector?

2
N

a. Thrust

_ b.” Backlash

c. Friction

~
° . "

The threads on the worm of a worm and ball nut’ steering ’gg‘ T are
rounded in order to . o ?\

a. increase thread strength.
b.. act as a bearing race. ——
c. \ehm?nate road shock.

L}

Which type of steering gear uses a tapéred stuf?
a. Worm and roller ' . .
b. Worm and ball nut

¢. Cam and lever




28.

29,

30.

"31.

32.

33,

a. Hydraulic pressure 3 ) . . .
b. Endwise movément of the cam’ : i
c. Rotation of the lever stud -
‘ . -
- 4 . .
In the Ross power steering unit,~the relief valve is logated in the
high-pressure line'between the’discharge side of tlie pump and the ’
a. reservoir outlet. ¥ . - .
b. control valve. .. ) - . ,»
¢! hydraulic cylinder. _ s -
. ~ * . ~) ’
What direction must the kingpin be filted to have positive caster? -
+ | - ,
‘a. Outward ' - . e
b. -Forward
c.’. Backward® ‘ [
Positive camber f:iac s most of the-load 6n the &

c. steering arm. v

.What changes the rotary motion of the steering géar to lmear (stra1ght

In the Ross HP 70 power steering unit, what causes the control _ 77
valve to move?

a. inney wheel bearing.’
b. " outer wheel beari .
o N - 4
Placmg\the point of contact between the tire and the road directly under a
the steermg knuckle pivot will reduce the amount of ! .

[
$  toe-cut needed on turns. .
b. . road shock transmitted to the steering linkage.
c. toe-in required to offset the cone effect of camber.

‘d [y
. s .

\

What is controlled by the angle formed by the steering arm and wheel

sp1ndles? : . N
§— * [ .
a. Toe-in g ‘ ) '
b. ° Toe-out on turns ' .
c. Kingpin inclination” , .o

line) motion?. L - .

[ ’ . «
a. Drag link- ‘ : _ X ’
b. .Pitman arm . : =

c. Tie rod




.
»

L,: .
" 34.. When all the.steering linkage is behind the axle, lengthening the tie 7 f
A rod will ' s

a. ‘increase toe-in. ’
b, reduce toe-in.
¢c. increase toe-out on turns. ) ,

35, What 'two steering angles are combined to make the ingluded angle?

- hd Q
“

a. Caster and camber ' A j

b. Camber and kingpin inclination N

c¢. Kingpin inclination and toe-in . . .
. ‘ £

36. Clearance between the worm and éecto_r teeth is controlled by the
L q
a. thrust bearings.
b. lash adjusting screw.
_¢. recirculating balls.

L)

- . . 37., In the Ross power steering unit, the hydr,aulié ist is a[;plied'
. directly to the . . LN @
, a. cam. , - .
b. pitman arm. ]
° « c. lever. T . e Y ,
. . —— ¥ -

38. * What alinement factbr is obtained by tilting the steering knuckle pivots
inward at the top as viewed from the front of the vehicle?*

“ -, - [ o & <
_ 4. Camber v o .
) b. Kingpin inclination : /
L c. Caster e . .
, . » . . b
L » . . . . - .
. _ - _

. 39. The automatic steering effect is also known as ‘

.

<
¢, . hydraulic steering. - . .
. . b. self-righting action. : (, .
c. toe-out on turns. o ’ .
LN > > hd i . L. . . ' P :
4 *, 40. What alinement factor causes the front tires totry to roll like a cone? .
. ) ) * ' -~ o ¢ -
» " 3. C_.a’ter . ’ ‘ ) " ' .‘ ‘ v ' . P ' .
b. Camber { . -
o © ,c- Toe-in , . ‘e
A . . ,
> :
CT b J ~ s . *
2=36 ) . ) ., e
o 86 - g
. &7 ) i \ .




42.

,43.

a.
bo
C.

In what direction must

3
2
1

[

>

crosswind?

a.

3
Forward

b. - Backwazd, _
K 4

C.

Inward

v

.

>

.

[

e

the tops of the k}.ngpins be tilted to cause
automatic steering effect that tends to steeg the vehicle into a

El

o

What illustration shows the worm and roller steering geai:?

R EY
-
-

o e -

4
»

v




" 44, Which statement concerning steering gears is true?

'3.
© b,

C.

45.  Which $liflemeént factor will be affected if the angle formed by items

- .

. PO
The pitman arm shaft and the worm shaft rotate at the same speed
The mechanical advantage is greater when the front wheels are
pivpted all the way to the right or left than when straight ahead -

Lash between the worm and the sector is not as great when the S
vehicle is going straight ahead as it is when turning a corner

4

"0
1 and 2 in the illustration are changed? *
1] 3
a. Caster . .
b. Camber
c. Toe-out .
-~
i .
4 e -
0y L IR
- v
*e * T - -,
.
L] * -
. e
¢
‘ /
L . .
_
s )
~ - »
- ’ *
. °
\ P 2
R . ¢ ’ .
4 ' . .
. s
\ 12
B '
® -
. o
14
[ . \
. \ ? P -
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APPENDIX

'PRACTICE TASK LIST

Practice Objective . . . . . . . . After practicing the following tasks
el ) you will he able to:

1. Locate the components of a.
wheeled vehicle steering system.
2. Inspect the steering system of a
1/4-tonor a 2-1/2-ton truck for
general appearance and complete-
ness. - - >
- ’ ' '
Inspect the steering system of a .
S ton truck for general appear-

ance and completeness,

Practice Tasks.

¢ A

. 1. ' Inspect the steering gea.r-a.ssembly and 21l of the steering linkage used
» On several diffesent types of vehicles. If available in your unit, check .
espec:l.ally the steering system found on the 1/4-ton truck M151, which has
an indepéndent suspension system; and the 5-ton truck M141 or M54A2-
series, which hasw power steering unit., Use the appropriate TM's and
identify the followmg components’ found on the two veh;cles spec1f1ed

L4

: 4

a. Steermg gea.r assembly. = -
bt Pitman arm shaft'.

c: Drag link.

d..; Tie rod(s):'

e. Idler or relay arm rod.

~—t

f. Idler arm. . - .-

g. Steering knuckles, kingpins, or ball joints.

h, Spindles. M S
i. Power steefing pump, reserwon-, /power cylinder, control va.lve,
a.nd hydraulic lines. “

¢




o, . U
Fo ton e

-, pthe following parts very closely:

- | o

2. Have an assistant turn the steering wheel back and forth while you c'hecka°?
the steering gear and linkage for evidence of excessive looseness. Examine

Y .

- -

. a. Steering gear-to-frame mounting bolts. -
x . . ’ v . .
. b.  Steering column-to-ihstrument'panel clamp. ) ) -
3 - . :
. ¢. Pitman arm shaft nut. . -
‘ ‘ * 2 ’ -
d. Idler arm mounting bolts and bushing.
' *
e. Steering arm mounting bolts. ) .
‘ ) -
o f. Lubricant level in the §teering gear. . .
. ¢ <
. . . .
4 - - ‘ ! .
' * . 7 s .
.9 ‘ ) . ( . s ‘ ’
e -
.
. . . . - 7 * -
. . j . ~
N ’ < 5 ) a "
& .
° L)
- ~
. , } a L4 . 3 ‘ . . - .
- * '
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. ' Lesson Objective -, ., . . . . . . - After studying this lesson you will
; o bé able to: . X

. o " N . - - ', *

I. "Describe the common steering

problems: of mechanical steering ™3 «

.

’ : systems. -
. . *
. ™ N - ’
! ° ' _' 0‘ L . . . + . 2. State the procedures for inspect-
} ) : ing the steering gear of a 1/4-
R ton truck M151. ’
. J e BN 3. Describe the procedures for
' . ) . adjusting the steering gear of a
o e 1/4-ton truck MI51, o
S 4. Describe the Eroced'ures for iy
) ' replacing the steering gear of a
R : - 1/4-ton truck M151.
. 5. » Explain how a steering wheel is v
C ’ ) ., ‘  removed and replaced on a 1/4-
R = ) \ ton Fruck M151, ..
. . . .,ffn\“l"t’:}, TN . . - .
PO . — ) e
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. < , 6. State the procedures for fé
inspectinithe steering gear of .
¥ . a 2-1/2-ton truck.
7. Describe the procedures for .
- adjusting the steering gear of Lo
.a2-1/2-ton truck. * -
. -, -8
8. Describe the procedures for
repPacing the steering gedr of
5 ‘ a>2-1/2'-ton truck’ L e
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. ___FOREWORD I

» e ——————— &
%

Modern whdeled vehicles are designed so that the operator uses very little
effort to operate the vehicle. Because there has been great improvement in
steering mechanisms, heavy vehlcles can now be braked and steered with

ease. * ) ]
s [ X [4 . J B "

»

Without proper mamtenance, ever, these steering rhechanisms can -

cha,nge from the easy operatm controls they should be to useless, dangerous
controls. The steermg—system must be kept m proper condition for the - .

sake of safety. ] . . . o, . R
Mamtena.nce of mechanical steering gears is spread over various categories N
of maintenance. .Although all of this maintenance is Mportant organiza~ !
tional’ maintenarfle is expected to find the troubles first. If troubles are
fixed at tlus 1eve1 1t can prevent larger repa:.rs at a later time.

i

Durmg- a previous lesson you learned how mechamca.l steermg gears were
constructed. The .purpose of this lesson- {s to cover some of the ma:l.ntenance '
procedures for mechanical steering gears. = -
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ATTACHED MEMORANDUM
SECTION I. TROUBLESHQOTING STEERING SYSTEMS N

. 1. INTRODUCTION. The steering gear is one of the most uséd wheeled-

" vehicle controls. Should the steering operaté improperly, the operator
loses/iittll‘e time in reporting the problem. With a faulty steering gear, He
know$§ that he is gambling with his life 38 well as with the lives of his pas-
Sengers.

o

5

.

a., As a wheeled vehicle mechanic, you are responsible for some of
‘the maintenance on the steering system. This maintenance includes troyble-
shooting and minor repairs on-the steering gears of wheeled vehicles. X

©
e

B. Anothér maintenance function for which you are responsible is -
inspecting the overall condition of steering gears. This is probably the
- most important maintenance function of all. Let's go over some of the
' maintenance that can be performed on steering gears. We will start with ‘
some of the problems you will find ﬁen,tréubleshoo'ting. ‘ Y

B
<
. s 8

+ 2. COMMON STEERING PROBLEMS. The s;:eering systems? like other
wheeled vehicle mechanical parts, can develop various problems. Some of
*these 'problem,s are caused by "unwanted factors!' that affect the steering.’

‘ Examples of these factors are w'an,dering, shimmy, and hard steering. As
a wheeled vehicle mechanic, you must know how to locate the causés of
tRese problems. We call this troubieshooting. )

4

;
a. -Phese unwanted steering factois in wheeled vehicles are often
referred to by such terma as indicated above - wandering and shimmy. Not
" " all of the steering problems’are caused by the steering gear. However, you
-will need to know these t&¥ms efther in-this lesson or later lessons. in this
subcourse. 0 : S . ..
° . - . . > . -
b. Let's go over these steering terms and-at the same time learn their
symptoms and:causes.. As you study the remainder of the lessons you will
then know what the terms meaig.'\, Once y6u have completed this lesson you
should understand.how to troall spoot the wheeled vehic'ig steering gears..
"‘Let's start with ha}'d stegrid‘g:::% T . ) g
) . £ “'-" . .

. o
- -

. © : L A . . : T

f? (1) Hard steeriﬁ:‘f;e@hfgter'm means just what it indicates - the
. 8teering wheel is hard-to % x '.J{az‘d Steéring can‘cause the operator to

haye trouble turning thg ¥heel. ‘It can also cause the o‘perétor to have to - L
fight the wheel to keep the véhicle traveling straight down the road. It can
be caused by lack of lubrication,«bent parts, and improper adjustments.

2

o (2) - Loosé steering. This term meansg just what it indi/oa.tes. It is
caused by steering parts that are,worn; broken, or ot .of adjustment. The

driver must turn the wheel e:gcessiyely'to steer the vehicle.
. '/ b . . v

)
. v
’
e .
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. . (3) Wandering. This means the veicle a.rzde"'rg over the road. ff
A vehicle should, if properly loaded, travel strai down a level road with
little or no.guidance by the operator. If the vehicle wanders, the operator
must continuously turn (£1ght) the steering wheel to keep the vehicle travehn'g
stra1ght . \ .

(4) mmy. Sh1mmy means the front-wheeld move "m and out" hr ¢ "
vibrate at certam speeds. Shimmy is defm1te1y not;ceable in'the sfeermg
wheel. If the sh;mmy is bad enough' it can be very dangerous because its -
force can break some of the. steering parts. Shimmy can- be caused by wheels
and tires that are out of balance, bent wheels, as we11 as other causes you
will learn in later lessons. Shimmy will show up much wc:gée if the steering
‘parts are worn or out of adjustment; however this‘'is not the actual oau/e
of shimy.

k3

N w

- . "’ N N
- ) , : ;. .
- o> » -~ ' tl

L

"Coxmcmg “up and down: " This also is noticeable in the stesring wheel, but
as a vibration, whereas sh1mmy tries to, turn-the steer;ngwheel back and y
forth.c Wheel tramp, like shimm¥; is also caused by wheels and tires that .
are out of balance. Howevert Bhe out-of- balance portmn is equal across

the wheel or tire. This causes.the wheel to move stra1ght up angl down
_ rather than sideways as found in shimmy. . Wheel tramp," hice sh;‘rrﬁ'ny, will
show up much worse oh’ a vehicle if sorhe- of the parts are'&oose, worn, or *
unprooerly adJusted i . - ’

¥
, - T ¢ - .4 N 1) - 2
1 -~ R

. (&) Vehiéleréll,s to one side., This ¢an have many causes; however,
the mechanical steer1hg gedr can hardly be blamed for this malfunction. The
causes range from low t1re pressure on “one s1de of the veh1c1e to‘a bent -, .
frame., This'malfunction will be covered in a later. lesson in this subcourse. ‘ <

\—*ﬁ < . . . e
(7) Erratic steermg This means the steermg Q?es not continue
to act the same all the time. For example, the vehicle: could pull to the right -
for a while and then start pullmg to the left.  If the vehicle pulls tq one ‘side
when the hrakes are applied, the ve'h;cle is also congidered to have erratic
‘steering. Another major cause of erratic steering is a load’ that moves .
about or \too much: loa.d on ohe portmn of the body, espécially the rear.

‘y » -

_;' o (“8) Rough 3t=ering. Th1$ term means the steering- wheel ddes not
turn smoothly Thig 1d be causéd by damaged corpponenté in thf steermg
gear or steering linkage. Damaged steering gear’ components could*be a -

(5) Wheel.tramp. - The term ”vghéel tl;amp" meaﬁs the wheels are ..

, pitted worm (helical cam, 2-1/2-tén) or roller or lever.pins. -Loost or - .’

pitted knuckle support bearings could also cause the’ problem, A quick’ way
to isolate the trouble is to fitst d1scognect ‘the steering gear from the rest
"of the steering medHhanism. Then turn the steering wheel. If the roughness

" is still there, the trouble 1s in ‘the steermg gear, . g . . . A Y
3 . N - . ' ! ‘ *
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. . E . . <
' - (9) Drive. This is another §teering malf_unction; It'm'ea.’ns the / 7 .
vehicle, when turnedin either direction, tries to turn more rapidly than the |,
opérator intends. This ¢an be caused by bent, loose, or broken parts.” This

is especially true if the isteer‘ing gear assembly is loose on the frame.

- . - “ -~ . ¢ x - s
.
o\

%'; ¢. Now that we have covered most of the common s‘teer\ing- malfunction
terms, we can see that some can be caused by others. For example, ' , . -
''wandering" and '"'drive' can both be caused by loose steering parts.” We "
should also nofice that some of the malfunctions have the same symptoms. )
For example, "hard steering" and "'wandering' have the same symptom -
: .,the operator must continue to "fight" the steering wheel. The good trouble-
shooter always makes a complete i'nsp%ction of the components before he - *
] removes or,replaces any parts. Usually, by using his knowledge of the i
I construction and operatidn of the parts, looking at the symptoms, and making
an idspection, he can easily locate the trouble. Let's see how’ you should

- . inspect the steering gears. We¢ will start with the 1/4-ton truck, =

\

.
g

>

[ e

%

. 3 STEERING GEAR INSPEC TION. Befo.fe we coversthe inspection of the

SECTION H. 1/4-TON TRUCK M151 STEERING GEAR MAINTENANCE

* ° IS

" steering gear, let's see what type of steering gear is used in the 1/4-ton
truck M151. This wehicle's steering gear assembly is the worm-and-roller
type. The roller has two teeth that mesh with the worm,
called a two- or double-tooth roller. The steering gear is' mounted on the ,
body frame left side rail. The s%gering column is supported by a bracket
attached to the‘fjnstrgment panel, )

—

- / .

-
1Y

8o it is usually , , -

~
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a. Let's see just what components there are in the steermg assembly ?/ '
and how they fit together.

Note. - Go to page 31 of this lesson and fold out the 111ustrat1on of the

steering gear so that you can refer to it during the 1/4<ton truck
part of the lesson.

/

! -

- 12

(items X and H in the illustration). Two tapered roller bearings (items W

(1) The steering gear worm" geargé pressed on the steermg shaft
t (thrust) of the worm and shaft.

and Y) suppdrt and prevent endwise, movem
(2) A-‘steel trunnion pin attaches the double roller to the sector
shaft (item BB). The sector shaft is mounted in bushing type bearings pressed
into the steering gear housing (item L). Four capscrews attach the sector
shaft cover (item A} to the steering gear housing. An adjustment screw
engaged in the sector, shaft is threaded into the cover and controls sector shaft
end play as well as the lash (movement) between the teeth of the worm ahd the .
roller. Adjustment of the worm thrust bearing (items W and Y) is made,by
installing or removing gaskets (item V) of various th1cknesses between the
gear housing and the housing cap (item-S).
(3) A ball type bearing pressed 1nto the steering column tube sup-
ports the shaft at the steering wheel end (iteri DD).

N -

< ; (4) The pitman arm (item Q) and the steering wheel (item E) have
fluted erra.tmns (splines), with one serration being double width. The
double}width splines match blind sphnes on the sector.shaft and the steering
shaft o>nisure ‘correct installation. .

b. N
it look 1like, 1et's see how to /80 about inspecting it.
:fe' | o
t (1) Exarmne the st e‘rmg column aﬂ"d steering wheel to see if they
are bent, cracked or damaged in any way

‘,c}v‘that Ave have an 1dea of what the steering gear and the parts in

-

-

(2) Look for leaking seals and gaskets. There are threeoil seals
in this steering gear. They are items K, M, and T in the foldoutf, There
are also two gaskets that can leak. They are 1tems V and AA in the foldout.
Evep if the seals and gaskets are not lea.kmg, Y%he lube level in the steefing
gear housmg should be checked
(3) Check the mounting brackets and bolts for secure mounting.
To do this, you have to do more than look; use a wrench to see if the bolts
dare t1ght

’

1,
~ ol
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‘shimmy while the vehicle is moving forward.

~ A

, . . "\

f

) k L ' ¥ o
(4) Check for too much free play (slack) in the steering system, 22

You should remember from the previous lesson. that steering geArs dre. -
designed to have very little free play when the wheels are straight ahead.
This means that when the steering wheel is in the center of its travel, there
should be no noticeable free play. This center point is called the high point

or midposition. When the steering gear is‘,n_ot on the high point, some free
play is normal. . ' o

N
{

(5) Next, road test the vehicle and check for binding, wander, or

a

c. If any of the above malfunctions show up, they may be caused by
the steering gear or by some of the linkage.. Let's suppose the trouble is
binding. It will now be necessary to take the load off of the steering gear
by disconnecting the steering linkage from the steering, If the Binding is
still present when the steering wheel is turned after the linkage is discon-
nected, the trouble is in the steering gear. This is as far as an organiza-~
tional mechanic can go, because adjusting or replacipg the steering’ gear on
this vehicle is a job for field /maintenance. s

4, STEERING WHEEL REP CEMENT. The 1/4-ton truck ‘M151 steef\ing
wheel can be removed and repiaced by organizational maintenance personnel.
Let's see how it is done. .

%,

=
& [

¢ -~

-

-~ a. The first step, for safety
purposes and to preyent accidental
horn blowing s #s to disconnect.the
negative (§round) battery cable -
(left battery).* Then separate the
horn cable electrical connector
below- tﬁe@’generator regulator,

> o . N

- b. @nce this is done, pull
the terminal out of the rubber
cap of the connector. You.can
use pliers to grip the terminal
to pull it out,




d.

Now you. can slide

w -

the rubber cap off the cable.

c. Once you have pulled
the terminal out far enough to
see the ""C'" washer type retainer,
pull the retainer off of the cable.

e. Next, you should remove
the horn'switch (horn button). It
‘is held in place with a snapring.
Hold one hand over the snapring
to prevent it from hitting you in
the face and pry it out with a
suitable tool. Then.remove the
horn switch and wire from the
steering by lifting the-assembly
up and pulling the wire out of
thé shaft..

~

N




t

) f. Now you can see the

nut that holds the:steering
wheel on the shaft. Loosen -
the nut until it is flush with

the end of the shaft., This

will help prevent burring
of the shaft by the puller.

g~ Install the puller with
* the adapter between the puller,
screw and the steering shaft

and nut,
ble, use a thick washer between
the screw and the nut and shaft.
Tﬁ;s will protect the shaft from
the'puller screw,

¢ \

~ h. Then turn the puller screw clockwise until the steering wheel
""jumps up'' agairst the nut, ,Remove the ptller and then remove the nut,
You should now Be able to pull the steering w\ieel off by hand.

. N . ¢
Once the steermg whee1\°1s gemoved, inspect the condition of the
splines on the steering shaft. Check the condition of the threads on the '
end of the shaft and in the nut. If the threads are stripped or the splines -
are burred, nicked, or ”damaged ih any way, notify support mainténancre.
If the shaft and nut are serviceable, you are ready to install the new steer-
ing wheel. The steering wheel is installed in the reverse order of removal.

Let's briefly go over the steps. N A

-

i.

If no adapter is availa-’




Aline the steering wheel so ;hat the double w1dth 5p1mes line up. 7.5'
e necessary to move the wheel 4 little either way to aline the splmes

[N . .
1]

k. Shde the steering wheel on the steermg shaft and install the retam—
ing nut.’ Tighten the nut to 25 to 35 b-ft of torque. Then stake the nut to the
shaft.

This can be done by placing'a center punch close to the threads of the
nut and then striking the center punjh with a hammer. This pushes a small
amount of both threads in d and t’ends to lock the two threads together..

r

” 1+ Next, ‘guide the horn cable (wire) into the steering shaft and msta?'ll
the horn button and snapring. ¢

"
a

s

’, -

-

- m. Slide the rubber ap onto the horn cable and replace the '"C' washer
type retainer. If the rub‘ger cap is hard to slide onto the cable, 1ubr1cate
the-cable with some liquid hand soap ot very soapy water. Once the el
washer type retainer is in place; slide the rubber cap over it unt11 the rubber
cap bottoms or the retainer. ‘

n. Next, connect the horn cable whete you disconnectxe\d it at the genera-
tor regulator. ,Then connegt the battery cable and-tighten it securely This
completes the replacement of the steermg wheel L=

r

5. STEERING GEAR ADJUSTMENT. It has already been mentmned in this

lesson that it is not the job of the mecharnic at organizational level to gemove .

and replage the steering gea:MSI Neither is the steering gear ad-
justment made at this maintemance level. But if you are not now, you may ,-
spmetimes be woreki/ng,a/a\mamtenahce level higher than organizational. For
this reason we are going to cover the removal, replacement,, and adjustment
of steermg geéars on the M151. Ty
a. When adjﬁsting the steering gear of a 1/4-ton truck M151 you should
, first make sure it is not mounted in a bind og the truck. This is done in the
followmg manner: ’ S -

\ ‘ .

(1) Remove the nut

and lockwasher securing the
pitman arm to the sector shaft.

‘ /

[—




{2) Using a puller, remove the pitman arm from the sector shaft. %/
Care must'be taken when using a puller of this type. First, make sure the
puller hooks are clamped securely .
against the.pitman arm. This is ) : o
done by tightening the setscrew on X
the side.-¢*Next, make sure the
main puller screw does not ''mush-
room' or spread the end of the
sector shaft. Position the end
of the screw in the recess (hole)
in the end of the pitman shaft,

!

el

» A .

' (3)- Once the p1trnan arm is removed, loosen the bolts securing

the steering gedr to the frame side rail. Loosen the bolts attachmg the .
steering column to the instrument panel. g C ’

a

(4) Now that the steering gear is loose, retighten the boltW/

following manner: Torque the bolts attaching the steenng columnto the
instrument panel to 12 - 15 1b-ft. Torque the bolts sécuring the steering

gear to the side rail to 25 - 30 1b-ft. The steering'gear should now be <
mounted with no bind. . . .

[

b. The steering worm bearing adjustment should be thecked in the
followmg manner:

<

(1) Back the roller : ~ADJUSTING
away from the worm by loogen-
ing the lash adjusting screw
1/2 turn. Turn the steering®
wheel two complete turns from
the center of its travel in either oot
direction. '

.
______
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" following procedures as a guide:

' Tt ——
‘ ' T
e . ~-—
Kl N .
‘e
N 4

' . * \\‘ \ R * . » hd

' . . .. (I
(2) Hook a 'spring scale to the steering wheel at the point where ?7 .
one of the spokes joins the rim. Turn the wheel at least one turn in the
opposite direction by pulling on the scale. Note"the amount of pull needed

to keep the wheel moving. The scale read1ng should be between 5.0 and
15.4 gunces. A reading that fs*too high indicates the worm thrust bearings
are too tight and a gasket or gaskets should be added. A reading thaf¥ is too
low indicates that the bearings are too loose and gaskets must be rernoved
These gaskets are installed between the steering gear housing and the steer-
ing gear cap (item V of the foldout in the back of the lesson). The gaskets

-

comcrm varying thlcknesses . e ,
. t - ‘

A

(3) Remove or add ohe gasket at a time. Check the worm bear1ng
adjustment after each change in the gasket pack. The steering gear hbus:.ng.
cap must be installed on the steering gear housing each time the bearing
adjustment ig chec = T'he housing cap bolts must be torqued to 10 - 15 )

¢ 4 N
' \
e v . . s

c. The Wor.rri-and-,r'oller mesh (lash) adjustment is controlled by the

_ lash adjustment screw mounted in theé sector shaft cover. Towmake this

adjustment, tiarn the steermg wheel from lock to lock (extreme right to
extreme left). Count the number of“turns. Turn the steering wheel back
halfway. _ This is the steering gear ‘high spox\or rhidposition, Turn the
adjusting screw/an until there is a drag on the steering wheel® T1ghten the
jam nut finger tight. Hook the spring scale to the steering wheel as described
above. Turn the wheel through the high spot with the scale. :The scale read- .
ing should be between 1.4 and 2.2 pounds. If the reading is too hlgh turn the
adjusting screw countercél}:ckw;se and check the tension again. If thq reading
is too Iow, turn the adjusting screw clockwise and again check the tension.
When the correct tension is ght:,a.medw’lock the jam nut by holding the-adjust-

3 "af’Screwdr,wer and t1ghten1ng the nut with a wrench

ST’EERING GEAR. REPLACEMENT Now, tha we know how to adjust the
1/4-ton steering gear, let's go over the proce!iures that are used to replace
the steering gear.

[
' ¢

a. To remove the 'steering gear on a’l/4<ton truck Ml151, use the

1) F].P _., 1scon.nect the negat1ve,batfery cable Then jack the

//ont;ofthe veh1c1e up and support 1t/w1th blocks or a jackstand, Remove *

the-left front wheel and tire: Then remove the pitman arm from the pitman
arm shaft. Ne €move the horn wire and the steering wheel. /




(2) Remove the bolts,“
nuts, and lockW_aShers Securing
the steering gear to the frame

"side rail. Remove the rubber
grommet from the tde panel and
slide it down the column,

% BOLI-NUT
" LOCKWASHER'

Y2

(3) Loosen the steering
gear column clamping bolt on the ;
instrument panel bracket. Remove
the bolts securing the column
bracket to the instrument panel.
Remove the bracket. !

3

(4) Next, remove_the
v two wiring harness clips under
» .
the edge’of the instrument panel,
Then remove the sérew from the
center of the ignition switch lever
and remove the switch lever. .




ERIC

Aruitoxt provided by Eic:

o

g ~ (5) Remove thewut .

the wiring harness out e
lower flange ,of the instrument
panel. , ]
r - ’ . .
. -
. ‘ r "
' » . -t
”
T
s i
’ »
- ’ 1
‘N
! ) .
:
_—/'

. aphd washer securing the igni-
tion switch and switch name-
plate to the dash panel. Push .
the ignition switch out of the .

Ve

- dash panel hole and lower it
be}ow the dash panel..

X N

’

‘ (6). Once this is done,
disconnect the froht wiring har-’
ness at the light switch and the
- stoplight sW@tch. i

.

p
F .
¥ .
(7) Held the tot
against the top of-the slot in the -

instrument-panel. Then work_.



(8) Make sure that the
‘'vehicle is supported on the jack-
stands in a manner’ that allows L
the front'suspension system to
swing down to the lowest point.
Pull the steering column through
the hole in the dash panel and"at
the same time pass the steering
gear over the front'suspension ° 5U§P§RN;'ON
upper arm, . Co

»

4

b.* To install the new steering gear.on Q/l /4~ ton truck M151 use the
. following procedures asa guide: = s

[y
-

a L .
’ (1) Push the steering column o'éer tHe front suspension upper arm
through the hole in the dash panel. ° {a

4
.

(2). Hold the steering‘column against the top of the slot in the

'nstruy\ent panel. Work the wiring harness back into the tower flange of
t

the ingtrument panel and connect the harnegs o the 11g’ht switch and stop:-
light sw1tch Reinstall the ignition switch and replace the two harness ci1ps
q.under the edge of the. 1nstrument pandl, . s .

o

(3) Next, replace‘th, column bracket and’ the bolts securmg the

column bracket to'the ipstrument panel. Tighten the steermg gear column
clamping belt on the instrument.panel bracket, Replace the rubber grotnmet :
in the toe panel Replace the lockwashers, nuts, and bolts secunng the
steermg gear to the frame side rail. )

\

\
-
B

(4) 'I‘hen replace the steermg wheel and horn wire. Rep‘lace the
steei‘mg pztman arm, Check the position of the steering whe ¥

front wheels in the strazght ahead position, one f the wheel" should
be pointing stra1ght downward. If no steering hnkage must be adJuit,gd.
Linkage adjustment is cov in a later leSSOn. -

2
2

‘(5) Next, 'replace the ieft fr7ont‘whee1 and tire. Remove the blocks
x - T Jackstand and lower the vehicle to the ground. Reconnect the negative
) battery cable., - ) - ,
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on the climatic temperature. Use GO 90 for temperatures that stay above
320 F and GO 75 for temperatures that range between:-10° and +50° F\*
¢ \ . . ° . \

g SECTION HI. 2-1 /g-TbN TRUCK STEERING GEAR MAINTENANCE

‘ ’ : o
7. STEERING GEAR INSPECTION. Now let's take a look at the .steering
gear used on the 2-1/2-ton truck.M;’:SAl or M35A2, ' This steering gear is
. the cam-and-lever type. The gear housing, like the 1/4-ton steering housing,
is bolted to the left 'side frame rail of the truck. The steering gear shaft is -
enclosed in the tube of jacket wh1ch is Jomed to the gear housing by a flanged
x cover. " The jacket atnd housing a&e waterhght To inspect this steermg gear,
use the following procedures asKgm&e’

[RA

-2 a. First, examine the steering column and si_:eerixig wheel for bends,
cracks, or other signs of damage, and check for secure mounting. N
b. Next, look for leaking seals or gaskets. Check the lube level in the - °
steering gear housing. Turn the steering wheel from one extreme to the °
other and check for excetgsive slack, binding, rough spots, or noise. ~

c. Then road test the vehicle. Check for excessive steering free play,
\ bmdmg, .wander, shimmy, and for a tendency to pull to one .side.

~~._8. STEERING GEAR ADJUSTMENT. The repairman at the orgamzatmnal
\a;n\t:r;\ance level is allowed to do more to the steering gear on a 2-1/2-ton

tPeck™M35A1 or M35A2 than he can on the 1/4-ton M151. Let's take a 'look

at some of the things he can do.

L a. Two steering gear adjustments can be/made on the 2-1/2-ton truck
M35A1 or M35A2. One is the cam bearing end play, adJustment and the other

" is the -gsteering gear backlash adjustment. -Let's: startqnth the cam beanng

- end play adjustme?t and see how it's done. . >

IS .

-

1o




- 3

drag link. n loosen the adjusting plug as much as possible Wi]‘:hput
* removing-it, "Tur e steering wheel in both directions to loosen the ball
_seats. RemoVve the adjusting plug from the pitman arm €nd of the drag
*link, Pull the link-from the pi narm. Be careful not to lose any parts,
ffrom the inside of the link, Tip thelink end down and remove the safety
élug, bail sent spring, and ball seats. ~The purpose of disconnecting the . y
drag link’is to take the load off of the steering gear so it can be adjusted. : '

‘.

..
s . - . * *

.

) )
. v N . o
COTTER PIN . - . .
/ . N PITMAN ARM . . \ ) e L

. > . SPRING X ¢ ENDOF
DRAG LINK
” ; SAFETY PLUG )
e ' ,
. R [N A ( .
) : DRAG LINK
t .
BALL SEAT
~ N N
4 -

- . ~

COTTER PIN

+  ADJUSTING PLUG

* SAFETY PLUG
SPRING

BALL SEAT

ADJUSTING PLUG
‘ ‘srsarem "
AN . END OF ORAG LINK LUBRICATION FITTING ’
. e . ORD E21648
s .. . A
. > - > .
N \' /i e wo \ ‘ 5 )
. (2) Next, loosen the steering mounting bolts and the jacket bracket*

. .clampo the instrument panel, and then yeéltghten the houging mounting holts,
. "to 60 - 65 Ib-ft torque. This assures there is né bind on the steering shaft




3 . oo
o ’ ; . Voo -«
L . .
e : /03
S . (3) Next, back the pitman
: arm shaft lever studs away from
. : " the cam (worm) so it won"t"'cat%se Pl
. . ~a drag wheh you are thecking the '
7 cam bearing adjustment, - This .
i can easily be done by first unlock-. - .
| .- * ing the locknut and then turning °
the adjusting screw to the left
: -for at least one tomplete turn.
- ' * / .
= ‘b. How do we khow when the cam bearings are adjusted right? The
., cam bearings are in proper adjustment when there is no free play in the bear- ’
+ ° ings. Ifthe worm shaft can be moved ejther in and out of the housing, or side-
ways in the housing, the bearing®. are too loose or have too much free play.
"However, if there is no free play and there is some~rag (preload), the
bearings are too tight. If the’ bearmgs are too tight, shzms must be added to
decrease the preload If the bearings are too loose, some éf the upper hous-
ing shims, must be removed, R - N~
i vc. Let's say the bearings are tod loose. To remove the shims, discon- \
‘ . _ nect the horn cable near ‘the lower*end of the‘steermg” gear. Remove the
. screws holding the steering gear housing upper cover to the gear housing.
. With the jacket bracket clamp on ; N , o a
© , the instrument panel loosened, pull oSt g IR
- . the upper cover and steering gear g AL Dy Hoﬁgfgg%?mv T
Jjacket from the gear housing. This -
., ° ° exposes the adJustmg shims. Do '
not, however, pull the Jacket up,
any farther than necessary to - T
avoid damage to the horn wire. &
* The shims are all eithér 0.002 R S A . ‘
inch, 0.003 inch, or 0.001 inch NG GE’,,;,AC,‘
A thick. Clip and remove a thin “m"‘m““"’“‘“”‘”
SN - shfm. Assemble the jacket and . : | ’ - .
. housing and recheck. You may take.out too many shims and get the bearmgs
¢ . too tight. If so, replace one thin shim at a time until you get the proper
: adjustment. You may also have to change the thickness of one ghim to get
) ‘ the prOpsr .adjustment. Dop't forget to- recgnnect the horn cable. _; .
’ : d. To make the steering gear backlash adjustment, first, tzghten the g

jacket bracket clamp on the instrument panel and then turn the steering wheel
g counterclockwase as far-as possible. Next, turn the wheel clockwise.as far.
| . as possible count the nu ber of turns. Finally, turn th heel back 1/2
: *  the total number of turns: Tlg‘e steering gear assembly is pow th the high pqint
> ' : . - .

~ ’ - " Lt ' “t - ’ 3-19 . > » . ‘f
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— :
or midpodsition. Next, turn the backlash adjusting screw until a slight drag is /47(
felt when the steering Wheel is turned back and forth through the midposition
(high point). Adjustment of this screw is critical. Tiglitening the screw too
much will cause the steenng to bind. Not enough tightening will cause the
steering to be too loose. After the adjustment, tighten the locknut and recheck
- the drag. This completes the backlash adjustment between the helical cam
.and the lever studs. P -
e. With both ‘a'.djustm nts completed, we aregeeady to install the drag"
link. To install the drag.ligk, place one ball seat in the pitman arm end of
the drag link with the cupp@d surface facing the pitman arm ball opening.
-Install the drag link over the pitman arm ball. Install the second ball seat
in the link with the cupped surface toward the ball. Then install the ball seat ) <~
sp‘ru{“g, safety plug, and adjusting plug in the drag link. , Next, screw the K" , .
adjusting plug in t1ght and then back the screw out 1/2 turn, or less, until the
adjusting plug slot lines up with the cotte®# key holes in the drag link. Install .
a new cotter key and you have finished adjusting the steering gear. 5.

9. STEERING WHEEL REPLACEMENT. Basically, the 2-1/2-ton truck
_ steering wheel is removed in the same general manner as the 1/4-ton truck.
« However, there are some differences, so let's see, how 1t's done.’
"v“?w ﬁ B B
a. The M35- series 2- _1/2-ton truck steering wheel has one important
- difference from the_ 1/4- -ton truck steermg wheel: it can be mounted on the
steering shaft in nore than one position,. This is possible because it does
not have any dodBle-width splines. All t‘he splines’'in the steering wheel and
_the steering shaft ax;e‘!&he same size. This feature permits the steering wheel
“to be positioned so that one spoke is pointing down or toward the seat where
the wheels are po1ﬁted st&ght ahead. Let's see how this steering wheel is
removed.

K

. @
‘ % .

-l (1) If the.steerizbg wheel is not positioned-properly, note the amount

tfg it is off when you drive the truck on a straight road. Then turn the steer-

ing wheel to this same position before you remove it.

<

(2) Negt, disconnect the negat1ve ground battery cable (rear battery).
Leave the ground cable off during the steering wheel removal procedures
- s

¢ o Ay . ‘
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s (4) Once
the horn button

base is removed,

you can remove..
the nut that holds
the steering

wheel on the steeX.x,

ing gear shaft.’

A

(3) Then remove the 0S5
horn switch (button) by first
pushing in with the palm of the
hand. Then turn it counterclock-
wise (to the left) 1/3 turn and lift
the button from the steering wheel.
Next, remove the three screws
from the horn button base and
remove the base. The electrical
cable ¢an be left in the tubular
shaft on most 2-1/2-ton trucks.

" On some vehicles the cable and
base are made up as one unit and
the cable must be removed with
thé base, \




3

(5) The steering wheel
must be rem&ved with a puller.
The pul’ler you should use has
two adapters. One adapter is -
used under the steering wheel

., spokes. The other adapter
.goes between the puller screw
and the steering gear shaft.
Before you pull the steering
wheel, make sure that you have
the front wheels turned stra1ght
ahead.

3
H

~

(6) Nexf, turn the puller screw clockwise and remove-the stée-ring
wheel. Remove the puller from the wheel and you have completed the removal
procedures. '

b. = Before installing the replacement wheel, inspect the spline and thread
-condition. If either is damaged beyond use, you must replace the steering gear
assembly. . ‘ ’ - .

’ ‘e, Install the replacement steering wheel with one spoke pointing down.

Make sure y,o(have the sphnes alinedsand the steering wheel pushed on as

far.as possible. Then install the nut and tighten it secufely. Turn the steer-

'ing wheel to each end of its travel-to make sure there is no binding. If the

‘new wheel binds, you may have&o logsen the steering shaft tube (jacket) at its

mounting points and slide it down slightly. This will ihcrease the clearance .

between the tube and the steering wheel. Once the steering wheel is free ofg, -

binding, 1nsta11 the horn parts aﬂ'd connect the battery cable and you are

finished. . . -

10. STEERFNG GEAR REPLACEMENT Now that we know how to adJust the

steering gear and know how' to Femove cthe steering wheel, let's try a bigger

job. Let's remove and replace the steermg gear. To remove and replace
. the steering gear on a 251/2-ton truck M34, M35, M35A1, M35A2, or M47, .

use the followmg procedures as a guide. " (The engine must be removed from
. ?_ehicleé equipped with multifuel engines before replacing the steering gear.)

H e oy g
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v




a. First, disconnect the /9 7 ‘
drag link at the pitman arm end.
Then remove the nut and washep
holding the pitman arm in posi-
tion. Pull the pitman arm*from

‘the shaft with-a puller. Then .
remove the steering wheel as
outlined in paragraph 9 above.

N 3\
\
\

\

b. " Next, remove the lockwasher and screw to loosen the steering

' gear jacket bracket clamp on the jacket bracket ‘at the instrument panel. °
Then remove the rubber bushing from the bracket and jacket, Re(move’théu
four self-tapping screws that hold the gasket pad to the dash panel and
remove the pad. Disconnect the horn wire (dable).

.

c. Remove the four bolts that hold the steering gear to the frame.
Pull the steering gear away from the frame. Slide the gear down so that
the steering gear jacket will clear the dash panel, and remove the steering
gear from the vehicle. S ' ' o

. Com L

d. 'Slide the néw steering gear into position with the steering gear jacket
extending through the opening on the dash panel. Insert the pitmaﬁ’o: g;;m shaft
through the hole in the frame side member. Secure the steering géar to the
side member with the four self-locking hex-head bolts, but do not tighten the
bolts at this time. ) 5 ' <

 "e. Install the jacket pad and rubber bushing on the jacket. Position the
bushing in the jacket bracket on the instrument panel. Secure the bracket
clamp over the bushing with the hex-head screw and lockwasher. Secure
the bracket to the dash panel with four cross-recess panhead tapping screws.
Torque the steering :gear housing-to-frame mounting bolts to 60 - 65 lb-ft.
5.

.“

"f." Turn the steering gear to thé midposition (high point), and,make
sure that the wheels are straight aead. Install the pitman arm on the pit-
man arm shaft, with the ball stud end(pointin  downward, and securg it with
the nut and lockwasher. Then c!'ognect‘j the drag link to the pitman arm ball.
Adjust the drag link end and install a cotter pin,’ locking it in places Finally,
install the steering wheel and horn button. Make sure that one spoke of the
wheel f)oints straight down when the wheels are straight ahead.

& .,
g. Fill the steering gear with lu‘pricatioﬁa and make an operational chéck

of the installed steering gear before the vehicle is turned.over to the operator,
) $

4
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- ° h R SECTION IV. CONCLUSION ' oF
11 SUMMARY. We have learned that steering systems of wheeled vehicles
‘are affected by-Some unwanted problems. There are certain terms we use
to identify some of the factors that affect the steering of the vehicle. Exam-
ples of these terms-are "shimimy'' and "wandering." On the 1/4-ton truck we
learned that, as a wheeled vehicle mechanie, you are authorized to inspect
] the steering gear and replace the steering wheel. Although the wheeled " '

K wvehicle mechapic is not responsible for adjustments. on the 1/4-ton truck )

. steering gear, it was.covered in this lesson for per'sonnel who may assume
the riesponsibility later in their career.  We algo learned how to make the

. cam end play and the backlash adjustments and how to replace the steeting
i , gear onthe 2-1/2-ton truck. Without doubt, the inspection 'procgdures we
: have.learned on steering-'gears are important nfaintenance functions. A
good inspection can save lives. ‘

.
L]

* 12, PRACTICE TASKS. The appendix of this lesson contains a list of tasks
associated with the maintenance of mechanical steering gears. They are .
representative of the tasks you will be required to perform asja wheeled )
vehicle mechanic. -Perform all of the tasks listed. e sure you are under _,
the supervidion of an officer, NCO, or specialist who is qualified in the
MOS whien you practice the tasks. If you find you are having difficulty in
certain tasks, restudy the appropriate training material and practice the
tasks until you become proficient in each oné. '

.
N .

1

’- . R S,
[ ) . . g‘\-/} ’\ :
\ . ‘ . \

A} .
- . '

“y ’ ~ N ) . ’~




N~

EXERCISE _ -

-
%
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46, An operator of a.1/4-ton truck explains that lis front wheels seem to
Shake sideways as he drives down the road. -He also explains that when

this happens, the steering wheel moves from side to'side and tries to

*pull out of his hands. Which unwanted steering factor best deséribes

this problem? o - :

1

. . .
) t' - ««
i . N .

a. Wheel tramp® o \ . .. . :
b, Shimmy - s, Tt ‘. . . w”
c.t Erratic steering )

-
&

47. When road testing a 2-1/2-ton truck M35A2, you find that the truck
tries to.turn toc short when you make a furn. A close inspection in the
shop shows that the steering gear m u_nting‘bolts are very loose. -What
steering factor should be used to best describe the steering problem in

the turn? . ™ i ‘
a. Drive - ’ - n
Wandering - .
c. Hard steering . o / ,
« " //" ’ .

48. What steering gear component(s) on the 1/4-ton truck M15] can bg‘}u
to change the lash clearance between the teeth of theworm and rol]

N

[

' - -
"a. ,Screw . <. \ v
b. Shims L ’ .
C. Nut b . ‘ . ¢ R -

.5

:19. Why is*onhe double-width éerratioq cut on the séctor ghaft of a 1/4-to

truck M151? ' : . oL y o, .
. . ~ o M . ° «
.. a« Increase the strength of the shaft ; .
b< _Insure’correct installation of the pitman arm . - L ‘
c. Insure correct shaft end play adjustment . . . v ~ -
- » s * [ . °
¢ [4 . ’ .. - -
- * ) - ) - 3 -
‘ . - o
s . - - . 31
- e N .
&
, - * -« N .
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50. 'The steermg _géar on the 1/4 ton truck is called a worm and double
roller because :

)- . . " a. there are two teeth.on the sec:tor.
) b. there are two setsif,bé’a ings. . ? . . :
<\' ¢, two'tapered stids are used.’ . o
. - ‘e N . o . °

.51. What is the'ma;cimum number of oil séals ould be inspected for

- leaks on the steering gear of F=ton truck Mlgl'? . . { . .
| Ve _ . . fv :- , . ﬁ . .. 41
2 : b. 3 o - %
e ) ) .a . / |
A c. 4 S . - . l
. r d A 2
.+ 7 . 52. "The horn button or switch on the steermgawheel of the l¢4-ton truck - |
' o M151 i held in place by’ R
a. a setscréw. : o .
=t ._,b‘ three lugg. ' . Lt ] e \‘ :
\c. - a snapring. g , - . f ‘ -
n 53. You are installing a replacement steering whieel on a 1/4-ton truck M151. . ’ {
. : You have just-tightened the retaining nut to the ri,,ght torque valve. ‘3What 3
R _additional actron should be taken to assure that’ the nut will not acc1denta11y
\‘\ : C N N,
y . a. Rivet the‘s’nafs‘gér the nut ) - = ' . .
: _+ b. Stake thenuttot aft - : N . e
' c. Install a second retaining nu -L\\ L. ‘
' ) ] 4’- : X \\ e v " ‘ ‘ ‘ s
S 54, As an organizational wheeled vehicle mechanic, what action should you ..
' . take when you find a steering gear oh a 1/4 ton truck ‘M151 with too ‘
) N much free play? : . ‘ L
1 Y e.'. i . ’ e ) o ' N hd
a. Adjust the worm and roler lash : . < ‘ @
. . b. Replace the steer.mg gear assembly Yo s S -
S “Notify support maintenance personnel -, , ’ ; o
T S . . . T, . . - s ‘f
556. What is the main purpose of loosemng and then retrghtenmg the steermg
gear mountmg bolts before a worm bearing athfstment is made on.the .
M151 steering gear?. - ) : .
a. Allow the steeripg shaft to center 1tse1f on the upper end of the p
/ steering jacket - S
roL b. Make sure the steering gear is not mounted in a- b1nd ) <oEs o ,
, c. Assure that the mounting bolts are torqued touthe,nght .amount
ot ' I : :
- ) S, 3-26 : - —_— . . .
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a
b.
c

Remove shims ’ . co.
Add shims T . .o
Replace the bearings . e o

ng gea.r worm b/ea.rmg a.dJustment on a 1/4 ton truck M151 1/3/

56. The s
' —<®Frect when the spring scale reading is betwoen - .
- ) T
a. 1.0and 4.»5,ounces. ? ' ) Y
b. 5.0 and 15.4 ounces. .
~ c. 16.0 and’22.0 ouncesy ’
. . N\
- 57. In order'to remove the steering gear from the 1/4-ton truck M151, it
" is mecessary to disconnect the front wiring from the . o
a. -instruments and gagesi . :
X b. instrument panel lights. N !
. c. stoplight switch. - !
58. What type of stegring gear is used on the 2-1'/‘2-ton truck M35A2?
F , : K ¢ . . .
a. Worm and sector
, b. Worm and roller s
ct lever
59. W ust be disconnected before adJustmg the steering-gearon a ' R
2- 1/2 ton truck M35A27? . 4
k] ~ ’
a.” Horn wire A '
\ b. Tierod —, : )
- c. Drag link o, .
60. In order to make a steermg gear cam end play adjustment on the cam
dnd lever type gear of the 2 1/2-ton tguck, it is necessaryito ’
a. d1sconnect‘the upper cover. T r :
- /b. " tighten the adjusting screw. . ) . &
- > c. . remove the lower end plate. ’ ' A
ST Y b1, What should be done if the steermg gea: cam bearings are too loose on
. az2- 1/2 ton truck M35A2? .
?\/ . .

»

\
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_62.

" 63.

<

[ '

- L Y 13

.

A mechanic is adjusting the worm and roller backlash on a 2-1/2: -ton /7’2

truck M35A1. He has turned the steering wheel to the extreme right of

its travel. He ig adjusting the backlash so that there is.a slight drag

on the steering wheel in this position. Which céndition will be the

result of this adjustment? e

< -

a. The steering wheel will bg very hard to turn at the extreme left of
its tra¥el, but otherwise will be all right TN

b. The pteering gear will be in proper adJustment throughout all\)

travel v

c. The steering wheel will be very hard to turn when the wheels are
straxght ahead Co. . v

»
- - .

What item must be in the drag link whegx it is installed on the p1tman '

arm of the 2- 1/2-ton truclg’ >

a. AdJustmg plug .
b. Ball Seat . el -
c. Safety plug

™~ -
. .

» N

64°¢ , Which statement is true ‘ghen replacmg the steermg wheel on a 2-1/2-

fon truck M35A2°

. B
a. The puller a\Bsethached to the stéering wheel with
" two capscrews:- -~ . >
b. The horn button can be. removed from the steering wheel by
first removing three screws . 4
c¢. The steering wheelxcan be installed in various positions due A
to equal sized sphnes '

-

Y M . *

. - With th® front, w,heels of a2-1/2+ton truck M35A2 in the stra1ght ahead

position/and the steermg wheel in the midposition, the pitman arm’
sWould be mstalled with the ball end pomtmg

a.. to the front‘.& B 2 ) .
b. straight up. e < N 7
c. straight down. ‘ o >
#
. B X .
. N
A
¥
3.28 . - ‘
v - 120
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. APDENDIX

PFAC TICE TASK LIST

b * . L) -
Practice Objective . . . . . . . . .After pratticing the following tasks
you will be able to: - .
you

1. Inspect the mechanical steering
gear of a wheeled vehicle. ~ -

Locate tglie adjustments on
mechanical steering gears.

Troubleshoot’ steerifg&ear -
problems. oot

Perform an operational check
on steering gears. ’

§ ‘., /a
Practice Tasks.

1. Inspec)ting, adjusting, and-replacing components are the most imp’ortaz;;t
tasks you will probably pér¥ferm on the steering gears of wheeled vehicles,
In order todo a thor%ugh Jjob on the tasks listed below, refer to thé proce-
dures ’co_vered in this lesson and to the appropriate vehigle technical manuals
and lubrication orders. ' ' .

. . e » -

‘ 5 ~

a. Inspect the steering gear on some of the differeng{ly'pes of wheeled
vehicles in your organization. Léok for oil leaks, especially around the
steering gear housing gaskets, covers, ‘and-seals. Check all mounting bolts, .
nuts, washers, and cdtter keys. Check for any looseness or binding while
turning the steering wheel back and forth. Check the lube level in the steer-
ing gear housing. Check for proper alinement of the sffeering gear shaft by
loosening the clamp on the steering column at the instriiment panel and see
Jif it shifts position. T - . ’

-

b, Determine what type of adjustients’'are used on the steering gears.
You may find some vehicles with a large rotating adjusting device instead of , °
shims to adjust the worm béaring clearance. Notice how the ‘a‘é*djustments are

locked on the.different types of 'vehicles. . : S ' . u 2

—

-

c. Check out the steering gearsq"to see if they a‘ie‘wolrking properly.
See how much play each steering wheel has in the center of'iss travel, See' .
if you can find the high point in each steering gear. If possible, help an
experienced mechanic or repgirman troubleshoot a defective ‘steering gear
or one that is not warking right, ' )




¢ N .
PN 4 '
: £ .
. T e . ﬁ M !
I . . . . . ST //71 )
. e d.”~Whenever possible, drive variogds vehicles in your organization a N
e © 3ee if the steering systems work as they should. Look for any factor that ;
i . may cause bad stee 'ng*},ﬁs chi’as wander, shimmy,. side pulf, or. looseness. ’
. . . ' . . ) '
N ‘ . 2. If you find any steering g ears that are not working properly, notify _ .
.. L your supesvisor of the problemi:™ : . ' .
T ' L. ' on b
L} . ol
' o ' ) » . . . e \
Coe T S . LB
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Legend:

Item

Key

Housing cover assy
Lock nut ‘

Screw

Nut

Steering wheel

.Bracket

Tube and bearing assy
Steering shaft

Tube clamp assy

Seal

Steering gear housing
Seal
Lockwaslier
Nut '
Pitman arm
Bearing cup

~

WOWZECRUNOMEO AW >

- Foldout illustration No 1. Steering gear - exploded vi

. ’{'—ktw

' . o

";1 N a
. Qo .
'ERI! Cle

Part Number' Key Item
7087516 ‘ 8 'Housing cap -
96906-35691-822 T Seal

8705448 ° U Screw

70683812 V  Gasket

8342301 W Roller bearing
8754465 X Worm gear

7059386 Y  Roller bearing
7059385 Z Bearing cup

8705448 AA - Housing cover gasket
7703445 BB Sector shaft

7087513 CC Seal

7703447 _ DD Bearing (part of tube
8705452

////"' 8705447
8754490

706619

ﬂ_wM ' 3231

,
; . A

and bearing assy)
. EE Retainer: 7
FF #fpring

L4

- o

R ’

Part Number

7979489
7703446
8705446. -~

7342818 -

705009

7979480 ‘ )
705009

707077

7087517
7059384
8754466

7979485

79 7& “
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Lesson Objective . {. ... .. . .After studying this lesson you will
be able to: ’

1. Explain the use of the common
types Jf hydraulic system
‘diagrams.

2. 'Interpret common symbols used
in hydraulic system diagrams.,

3. Describe the general procedures
for troubleshooting hydraulic
systems. .

4. State the locatiop~of the hydraulic
: " steering system'\components of
. . ’ the 5-ton truck.

5. Describe the procedures for
inspecting the power steering
Ce T system of the 5-ton truck.

) . ' 6. Describe the procedures for
oo 1 isolating faults in the power

- ~ - . steering system of the 5-ton

truck.
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replacing a pitman arm and
drag link.

AN . 8. Describe the procedures for
- replacing a power steering
- . ‘ cylinder.

-

Text _.‘. O A c v e e Attached Mel;nqrandum

Materials'Required . . .+ . + + « « . Answer sheet and response list

Sﬁggestions s o c"b e ® o & o ° 5 o o o st dY all ﬂlustrati(?ns, fOldOutS 9
” and tables as well as the printed
® , N N * m Perial‘.

-

Power steermg is an 1mportant aid to thedriver of a heavy wheeled vehicle.

_ In addition to providing th Iver with an assist when he turns the steering
wheel, the hydraulically Sperated power piston acts as a shock a.bsorbmg
cushion to reduce the effects of road shocks.

As you know, when a front wheel hits a bump or hole in the road it tends

" to stop or turn in another direction. The wheel's\movement is transmitted
through the linkage and the steering gear to the steeging wheel. This
movement can be violent and can jerk the steering wheel from the driver's

‘  hands. This actmn is called road shock.

With power steermg, however, road shock is practically eliminated. When
, the front wheel hits a bump it cannot turn the steermg gear much because,

in order to:do so, it must move the power cylinder piston. The front wheel

will'actually meve the steering Wworm or cam slightly, but when it does, it

/ also moves the hydraulic control valve. High pressure oil then flows

through the valve to the other side the piston and this will tend to stop
any further movement of the steering gear. In this manner we get a shock
absorbmg action from the hydrauhc piston which practically eliminates
road shock. However, if the power assist stops working, the resistance
of th er piston will make it almost impossible for the driver to steer
the vme. The system will then have to be repaired immediately.

-~ -
?

.. X Sy
7. Describe the procedures for

4+
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. vehicles are shown by hydraulic circuit diagrams just as television-sets,

"+ rhechanic. He can use them to find out what each part should be doing and

- =

o ATTACHED MEMORANDUM. /20

SECTION I, FUNDAMENTALS OF HYDRAULIC
. . SYsg‘EM MAINTENANCE ‘ ‘ S

l. INTRODUCTION. In order-to flgure out how a certain television set
works and to find out what §s wrong with-it whehn it doesn't work right, the
TV repairman must be able to read electrical diagrams. The diagrams
show him what ea.ch tube, res:.stor, etc, is supposed to do; how they are
connected in the circuit; and the paths that the electricity follows. To a
person with no knowledge of electrical diagrams, they are just a bunch of,
funny-lookmg lines drawn on-a piece of paper, having no meaning. The
repairmap must learn to read” s:.gns in dzagra.ms just as he has to learn to
read printed words. e / 1

.

a. Hydrau1¥<§ i:owé;: steeting systems, dump bodies, etc, on wheeled

radios, etc; are shown by-electrical circuit diagrams. A hydraulic circuit
diagram ‘is a complete drawing of a hydraulic circuit showing the reservoir,
pump,¥valves, work cylihders or motors, and connecting lines.

'b.  Accurate diagrams of hydraulic circuits are very useful to the

where the oil should be going in eachoperation. Without knowmg this, it
is unlikely tﬁqt the mechanic will be able to fmd out why a hydraulic system
doesn't work{as it should. . .

\" t
2. KINDS OF HYDRAUI,.IC DIAGRAMS Basically, there are four kinds
of diagrams. They are the block, cutawa.y, pictorial, and graphical
dJ.a.gra.ms. The kind of diagram used will depend on what it is supposed to
show. The mechanic should become familiar with all four kinds so that °
hian take advantage of all the information presented.

)
Y
R
. , -0 .
. i
- » .
N . .
. -
.
.




A d ‘“ ) . . ] 1 . .
.- a. The block diagram shows the parts used in, the system by blocks, with /0?7,
“lines drawqbetwr:en the blocks to show the connection between parts. The k
"blocks may be drawn in the general shape of the part_s\they show, but it is not
necessary. Each block is usually labeled so that you will know what part it
represents. The mechanic canusethis’kind of a diagram to find out what-parts

the hydraulic system uses and how the lines dre conne&:ted‘.

N

1 .

TRAVERSING FEEDBACK

‘ - s

TRAVERSING
DIFFERENTIAL

TRAVERSING
HYDRAULIC

ELEVATING FEEDBACK *

—

) b. The cutaway diagram has been used% lot in other lessons in this
subcourse. They are ideally suited for instruction since they show how the
\ parts are made on the in-

| = ' y sidé.as well as shovy the - ,
‘ . 10A0 _— ﬂo\k%hs'of fluid, By

using coYors, shades, or

— i wmn—

: - ‘f"/', /',', ‘ various patterns in the
. INLETCHECK [ . £ o /// e lines and passages, many
' Ml ! ’ ‘ //’/i\% different flow and pressure .
e // ~conditions can be shown. .

Cutawayﬂd'i\a\grams, how-

~ ever,.cost a lof of money
' to make and take a lot )
longer to prepare, so /
they are not used as much
as we might like.

. RS ia AN B W ees S

4-4 : .

ERIC -~ - .

Aruntoxt provided by Eic ® N
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c. Pictorial diagrams are q . comm"ﬁ‘?’z
made tQ show the actual arrange- . STEERING UNKAGE
ment and location of the parts- |, "~ rower [.:“’Zj
contained in a hydraulic system. * STEERNG uniT —r1
The parts of the system are \ ; N

drawn to look close to their
actual shape and-related size.
The pictorial diagram is-most
useful to the wheeled vehicle

mechanic when he is trying to - “ ' oL v
locate the actual parts on the MOUNTED ON GENERATOR
vehicle.’ ¢
l |

-

LN N——

] d.  Graphical diagrams are the "short hand' method of showing hydrau-
lic systems and are usually preferred for “trouble,shooting. -A graphical dia-
‘ gram is made up of simple
- - T symbols 7r figures to,
show the’/pumps, vaZ\Zes,
cylinders, lines, ett. It
is not intended to show
any detail about the con-
struction or physical
location of the system
parts. It is used to show
functions, part connections,
"« and flow paths. - Of tourse,
to read the diagram one
- ) must know what each -
i . symbol means. g

4

3. SYMBOLS. * . .

J

.

a. There are three systems of §ymbols. Probably the most commonly
used are the new USASI (United States of American Standardsg Institute)
symbols. You may see diagrams using the old ASA (American Standards
Association) or JIC (Joint Industry Conference) symbols. There are many
differences between the systems, but if you know the new USASI system§ou
will be able to figure out the others. The paragraphs below describe the
SASI symbols that are most commonly shown in diagrams of hydraulic
systems in automotive vehicles. - ) :

445 ) ,

130
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(1) A reservoir vented to the
-outside air is shown by a rectangle

) ‘missing the top side. The long closed
» . "side of the symbol shows the bottom of «

the reservoir. The top of the symbol

] is open merely'to show that the reser- .
o voir is vented and not that it ha.s an
o open top. '

(a) If the reservoir
is pressurized it will not have 3

t vent, so then the reservoir symbol
will be closed at the tbp.J

’ . 1

£ ESSURIZED
"¢ RESERVOIR .

> Y 13

) (b) Lines i
P’ connected to the reser-__ ) 3
~ voir are drawn from the ' e ) LINE
top, regardless of where / «— ﬁBQ%I"g .
the actual'connections . i o LEVEL
) are, except when the LINES S .

; pump depends on gravity ERoM. ‘ 2 .

for priming. Then'the. LIQUID .- . ’
LEVEL ;

suction line is drawn ° /;‘ >

from the bottom of the
: N symbol. If the tip of the ‘ \
line is below the, fluid . ]
level, it is drawn to 0 .
« touch the bottom of the symbol* Vent hnes and fluid return lines that are
above the fluid level are dra%vn from the top of the symbol w1thout extending -

inside it. ~

k™) ,,,-—-)

(c) Every reservoir has at least two hydrauhc lines: connected
“to it and some have many more. _ Often the parts that are connected to the _ .
reservoir are spread out all over the diagram. If the lines from all the ' ’
. ( parts were drawn to one central reservoir symbol, the d1agram would be -
harder to follow. Therefore, a reservoir symbol is usually drawn next to
each part that is connected to it, but keep in mind that thé reservoir is only S
one component that is pictured more.than once. <

~

-~
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“2) A chdra-ulic pipe, tube,

or hose that carries the liquid is

drawn 28 a single line. A working
line, such as the suction and pres-
sure, is drawn as a solid line. Pilot
or control lines are broken into

long dashes. Drain lines are broken
into short dashes. A flexible line is
drawn as an arc between twq dots

and will always be a solid line regard-
less of its purpose.

II
SYSTEM 1 * SYSTEM2
Loop _ NOT To LoOP
- '
NONCONNECTING LINES

~3

(b) Two systems are
also used to show a connection be- .
tween crossed lines. One system
is to place 2 dot at the crossing. In
the secopd s‘ystem the dot ig omitted,
but all connected lines are shown as
tees. That is, one line is drawn to
touch another one but does not pass
straight across it,

- PR

-« ~

\ \

WORI‘KI-NG LINE "; ——————

-

PILOT LINE - . -—— cens eus ema e
O. qq

DRAIN LING- ' e En ek B e an madw

FLExlBLsyNE i
B

-

- 8

a) Lmes are

-~

drawn as str ight as possible
and are crossed only when
absolutely necessary to make
diagrams easier t6 reach. When

" lines do cross, you have to be

able to tell'if they are connected’
or not. Twqg systems are used
to show .that ‘crossed lines 5re'
hot connected. In one system a
short loopis put in one' of the .
lines at the point of crossing.
The second system is to simply
let the lines cross. Only one
system is used in .any smgle

diagram., - - -
SYSTEM | SYSTEM 2
" por "’ NOTTO pOT

a

(N

»
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e ) (a) Two pump

»?

symbols drawn inside a rec-
tangle: mean that a double -
pis used. Double pumps
are mounted on thé sarne
shaft and turn together.
Usually they are made in one
housing with separate outlets

°
.. .

%

-t

N -y e

; (3) 'I{he basic symbol for a{‘ﬁ
ump-is a circle with a black triangle
- pointed outward. There are a large
number of different designs of pumps,
such as the gear, .vane, and recipro-
Gating, but since they-all have the
same job, one symbol is all that is
A used. The black triangle points in the .
, direction of flow. - The pressure line
* is drawn from the tip of the triangle.
The suction line is drawn from the
. opposité side of the pump. -

A

. [
. (b). If a pump's output
. is variable, it will have an arrow

~

drawn through it at 45 degrees. Two
black triangles in one circle mean
that the pump's rotation is reversible.

~ N
\
.

S
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[}
I

L ‘ (4) Symbols for motors are/circles with
black-triangles, butithe triangles point in to show -
that the oil is forced into the motor. One triangle

' is used for a mdtor that will work in only one
direction; two are used for a reversible motor..’
The tips of the triangles pomym the d1rect10n of
7
. flow as it ‘enters the motpr .

. .
REVERSIBLE MOTOR
. e -
4 o . . .

~ (5) A ézlinder symbol is a .

‘simple rectangIe e that stands for the
barrel and a'T-shaped figure that
stands for the piston and rod. If the

e
‘.

3 cylinder is single- gctmg, only one ° '
/\ -0 . : hydraulic line is drawn to the symbol.
o SINGLE-ACTING CYLINDER " Also, the end of the symbol opp031te

\ ' the line is left open. A double-geting
A B " cylinder symbol has both e
- © and two hydraulic lines

one at each end. e are no marks |
drawn in the ¢ der to show the ~
direction of flow. This is really no
probtlyn though, as the rest of the
, diag /ms)ymbols ¢ontain many arrows
& A s pointing in the direction of liquid flow.

‘ Lo * .. . X 4 . . 3 /

» " Pt
- v . D N
* \
.

s

s (6), The reasons for using valves
vary a grea&deal so different symbols .
must be used for different types of valves

- to show their purposein the hydraulic

~ ____system. A manually operated shutoff »
valve with an on and off position is shown . ) ,
by drawing two triangles point to _point. ' : _—

- This symbol ig-for valves like the. cock L
and gate. '

. 'MANUAL ON-OFF VALVE

v !

* l " 4-9
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(7) *The symbol for a check valve /517
+ is a circle inside a V. This indicates a ball
set against a ball seat, but does not neces-
sarily mean that the valve is made this way. .
Don't mistake the V for an arrow showing the
direction.of flow. Free flow through the vaive
is out of the V toward the circle.

CHECK VALVE . . ’

-~
~ <

>

(8). "The basic symbol for the .relief
valve is a square with an arrow inside to show
the direction of flow. Usually this valve is

. held closed by a_spring. The spring is shown . -
by drawing a zigzag line at one side of the
square. The inlet and dutlet lines are then
drawn out of line with the arrow to show that
the valve'is normally closed. To show that
the valve is opened by hydraulic pressure, a
dashed pilot line is drawn from the inlet line.
to the side of the square opposite the spring.

- Connectmg lines are only drawn to
s the neutral position. Each section of
ﬂow paths when the valve 1s shifted to that .

pos1t1on. The arrow. v
arrangement inside '
RESERVOIR

ing symbol shows the
three-position sp
control valve. Notice that
the neutral section of the

+ valve shows oil flow fr
the pump to the reservoir
and left turn and right . . RIGHTTURN LEFTTURN
turn passages. ' ’ -

DIRECTIONAL VALVE (THREE POSITION)
#

A3
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AN , T ‘a2 .
) TN .7 & o / i
o ‘ Now §gt's see"?iow you should go about tra€ing oil flow /a?/ o
through thié control valye in the left turn position. . It is obvious that we can- '
n ctually shift or rearrange valve.symbols that,are already drawron the ™
diagram. We can, however, form a, mental-picture df how the passages
will be connected if the valve was in another poJition besides neutral.
s ! ” . * . ' '- R ¥ " “ {‘
' "% . . () .Thisis ... ..
done by imagining that you = -
\ oD move the'left turn section’ ,
‘ - > of the contyol valve symbol
¥ ' tr
- RESERVOIR so tl:xat it covers the negtz;al .
section. The passages will ;
' then appear to be nnected |
J ‘to.the lines and arrows in- . ‘
peos =T TP . .
‘ , 4 U ! sxde‘ the left_tfﬁ'n symbo.l—. ‘
S Notice that this shows oil ¥
| : ' from the pump being directed
H ° 1] o .
v / " to one side of the power * -
e - pistons to assist in turning
R . 2 left. Oil from the opposite '
¢ side of the power piston is
: y ) directed through the valve )
o RIGHTTUSNx LEF:”URN to the reservoir. Oil flow
C " during the right turnis *
) g ' traced by mentally placing
. the right turn section of the . *
» e L 4 B - 1
. N ‘“symbol over the neutral
N Co section. . . -
¢ . ® z ’
. - (10) If you should see a square ) .
symbol containing a dotted line fetween
opposite corners; it will stand for an g
- oil filter. The connecting lines will be
drawn from the.corners of the symbol ‘
so'that they are crossways, to the dotted °
N line:‘ . o L
T o ~ * LI
- ., . FILTER O
JH- . < -TER OR STRAINER .
‘-‘ ~ / . ) 1} \ . p—"
. , ‘
) . .
’ .
4-11 . ,
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(11) An ac?mulator appears \:
on a diagram as an Oval and usually \
° Has figures added on the inside to N

show if it has a spring or a gas
charge.

- . _r
SPRING LOADED ~ . GASCHARGED .. -

. ¢ e

.2b. In the ahove paragrapﬁs we have described the major graphical
A\-’symbols. We have not tried to cover every possible symbol or the many '
pog/sible yariation ic_hy-

U YIS OIN AT TN INAES T I5Ia0ut NO I 10 the Dack of This supplemental
. : " pamphlet,
¢ ot .
4. TROUBLESHOOTING. Hydraulic pumps, cylinders, motors, valves, .
etc, are‘precxsmn units. Their continued smooth operation depends on
. perforrmng inspection's often and, proper sef¥vicing of the hydraulic system.
"t is very important that they be kept clean and the oil and filters changed ¢
at the times recommended i the proper technical manuals. ' \ /—\/\

LA
.

-

-
>

S

dperation does-occur, the cause can generally be 7
llowing causes: .’

a3, When improp
traced to one of the

L3

(1)
(thickness)

d used in ;he sys‘t‘em that is of the wrong yiscasity i ..

type. : p e :

{2) Not enough liquid in{th‘e'system.
(3) Air -in‘the hydraulic units or lines:

‘(4) Damaged or worn parts. ) . . ' -

~~~~~~

v e - —

N (5) Oil leaks, either interna‘lly or externally i .

Vi 'y
.
{ '

« -~

- (6) D1rt’ watgr, sludge, rust, metal cuttmgs, and other foreign
¢ matter in the system. . .

=3 \at-.‘ 14

o ?7) ‘Units and control hnkage 1mpropér1y adjusted. '

a .
“ o .
- . . ., ® ~ ‘-

{8) Egquipmen: bemg operated 1mproper1y.
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‘3
b. TrOubl.eshooters should use a procedi!ra.l syétem that waIl lead themo

directly to the cause of troubles, removing as much guesswork gs possible.
One such system could be called STOP, whxch is descnbed as follows;

(1) S - Study the hydra.uhc .circuit dzagrams. You will find that
knowmg what each part in the system is suppased to do is probably the most
vital parteof troubl.eehooting.

(2) T ! Test using all appropriate equ1pment and means that are
available. You must know exactly what condxt:.ons exist in the system and
how it reacts before accurate decisions can be :reached.

(3) O - Organize the knowl.edge gained from-the circuit diagram
study and hydraulic system tests; then determine the cause of the trouble.

‘{4) P - Perform repairé taking time to do the job well.

¢. The troubleshooting section in vehicle TM's contains a liit of
troubles (malfunctions) of the vehzcle s hydraulic systems, the probable
. causes of the troubles, and the corrective repairs that should be made. .
You should always use this list to aid yoeu in troubleshooting the vehicle.
As a further aid to you, foldout No 2, in the back of this lesson, contains-
a list of common hydraulic system problems, their possible causes, and
corrective actions or remedies. "

.
» » &
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SECTION 11, MAINTENANCE OF THE ROSS HF 64 .
POWER ST WNG SYSTEM
5. DESCRIPTION. : '

a. General. The steering system is compnsed of a steering wheel,
hydraulic "assislled steering gear, hydraulic oil res@érvoir, hydraulic pump,
power steering cylinder, control valve, relief valve, lines and fittings,
universal jointed steering shaft, and steering linkage.

. : L 1

b. Steering wheel. The three-spoked, 18-inch, steering wheel is
mounted on the upper end of the steering shaft and is secyred by:a hex-nut.
The horn button is mounted in the center of the steering wheel.

B

c. Steerix‘:g'_gear’ assembly.” The steering gear unit is a fully integral
‘steering gear incorporating a hydraulic control valve, power cylinder, and
mechanical means of steering control. The power of the cylinder is trans-

- fnitted to the steering gear output shaft b means of gear teeth on the piston
mating with teeth on the shaft. The flow of oil from the engine-driven pump
As, directed to the power cylinder by means of the control valve. The valve
is concentric with the input shaft and is l.oca.ted on the upper end of the
steering gear. . >

© >
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d. Power steering pump and oil reservoir. The power steering pump
and oil reservoir are mounted on'left front side of the engine. The oil
reservoir encloses the pump housmg and provides a reserve supply of oil
to assure complete filling of the hydraulic system. Atmospheric pressure
in the reservoir is maintained through a vent near the filler neck of the
reservoir. A filter is installed near intake of pump to prevent dirt or other

foreign matter from entering the hydraulic system. The pump is driven by

a double pulley and two V-belts from the engine aceessory drive. For
repair, replacement, and service notify direct support maintenance unit. -

e. Steering linkage. The steering linkage consists of a pitman arm,
drag link, steering knuckle arm, adjustable tie rod, and adjustable power
cylinder. Adjustable spring-loaded ball seats at both ends of the drag link
engage the pitman arm ball stud and ball stud on left steering knuckle arm.
Spring-loaded ball seats at both ends of the powerscylinder engage the ball

Mon the right steering knuckle

arm.

6. STEERING WHEEL.

Y

a. Steering wheel removal.

(1) Remove horn button assembly.

° L] .t
- .

. (2) Remove hex-nut securing steéring wheel to upper end of
steerihg shaft.

‘ DS B STEERING
¢4 . H

LI

N (3) Using steering
. wheel puller adapter and

puller, remove steering

wheel from steering shaft.

. 1
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b.” Steering kwheel installation.

(1) Position steering wheel on upper .end.of steering shaft with.
splines on end of shaft engaging splines in bore of steering wheel hub.
Steering wheel should be installed so that spokes form a Y when viewed
from the driver's seat with the front wheels in straight-ahead position.

¢

(2) Install: hex-nut on 'steering shaft and torque to 55-65 ft lb. '

-

© < " (3) Install'hdérn button assembly.

. . . L
) STEERING
- WHEEL
o'- ~/ >

» . "///// 3 '
' |
;
\
' i
' | |
g Steering wheel. ) . -
7. STEERING COLUMN BUSHINGS. ‘7 ‘ .. ‘

»
\M. General. There are two steering column bushings: one mounted in
a bracket on the vehicle instrument panel and the other mounted in a bracket by
on the vehicle firewall.

. * -
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L : S . o /3,
A , b. Ren‘xova.l of steering column %uehihgf?' ‘ w 3
";* . ;':": { ',g:
o (1) Remove screw, washe#, and nut retaining upper steering - .
. column bracket to engine compartment sidé of firewall.
' (2) Remove screw retaining upper steering column bracket to
upper steering colu,;nn. . :
(3) Remove screw frofn cla.mp on steermgg»column bracket tha.t is .
mounted on firewall. .
L4 - L o . N .
. . (4) Remove screw from clamp on steenng column bracket tha.t is '
mounted on instrument panel. - i . - . ) ,
‘ —8)}—Lewer-steeringTolumI,—REmove and discard two steering
column bushings. ® v

.
& -~

c. Installation of steerinj column bushings..'

>
.

(1) Install and posJ.tJ.on two new steermg column bushings on steer-
ing column.

(2) Raise steermg column and bushmgs into proper position in the _ ' .
‘two steering column brackets. o T

STEERING COLUMN
BRACKET

v

.

.

UPPER STEERING
—GOLUMN-BRACKET._ _




-
s
.

s-'h- - \

) » ) - ’
(3) Secure each steering column bracket clamp with a screw. /‘37(

F . (4) Aline'holes in upper steering columh bracket with holes in
firewall and secure with screw, washer, and nut. ,

4

(5) Install the screw retaining the upper steering column bracket
to the upper steering column.
Y ) <

8. PITMAN ARM.

a. Pitman arm removal.

(1) Disconnect front end of drag link from pitman arm ball stud.

1

- (2) Remove nut and lOckwasher securing pitman arm to steering
‘gear shaft

(3) Remove pitman arxﬁ’ using a suitable puller. ?

b. Pitmanarm installa.tion. ' )

\(l) With front wheels straight ahead and the. steermg wheel in mid-
posxtmn, all the §1tman arm on splined por§1on ‘of steering gear shaft by
-

index marks dn shaft and arm. vl - . o

,
‘.f’.

.(2) Place lockwasher’ and nut on threaded portion jof steering gear
shaft and torque nut to 475 ~-500 ft 1b. : . \

= (3) Connect front end of drag link to pitman arm ball stud.

‘,..-_—';'.' T .- -9~‘,l _DR_AG I-lINK. v
. N
a. Drag link removal. - . ‘ .
e

(1) Set front wheels in stralght ahead position and steering wheel
‘in mxdposxtlon.

.

(2) Remove and discard cotter pins from both ends of drag link.
e (3) Dfsconneci: dust shield from both ends of drag link.

(4) *Loosen adjustable plugs at both ends of drag link, but do not

s , remove plugs . M -

{
£33 R ' .

L (5) 'I’urn steering wheel in both directions to loosen drag link ends.
Remove front end of drag link from pitman arm ball stud and rear end of
drag link from steering knuckle arm ball stud.

PR -
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-

* ‘'Note. - If the adjustabie plugs are removed, make sure that plugs and /3é
springs are kept free of dirt.

_ . {6) Remove and discard dust shields and felt pads from pitma
. ®arm ball stud and steering knucklg arm ball stud, ~

b. Drag link installation.

Note. - Front end of drag link assembly ié”;he end that has greatest distance
between the ball stud opening and end of drag link.

. (1) Install a new dust shield and new felt pad on the pitman arm
ball stud and steering knuckle arm ball stud. =
¢ (2) Place drag link on pitman arm ball stud; make sure that drag
~link ball seats encircle pitman arm ball stud. ’

s oy

{3} Screw front adjustable plug into front of drag link, but do not
y ' .
(4) Place drag link on steering knuckle arm ball stud; make sure °
ball seats encircle knuckle arm ball stud.

tighten.

°

—%‘ (5) Screw rear adjustable plug into réar of drag link tight'.on‘to the
ball seats and then back off until slot in adjustable plug is alined with holes
in socket. Install new cotter pin. )

L3

[

‘ (6) Screw front adjustable plug into front of drag link tight onto
ball seats and then back off until slot in adjustable plug is alihed with holes
in socket. Install cotter pin. o ‘

(7) Turn steering wheel in both directions to make certain that
ball seats and ball studs are seated. y

(8) Comnect dust shield on both ends of drag link.

. 4
(9) Lubricate drag link according to LO 9-2320-260-12.
" . ¢. Drag link repair parts kit installation. _ T .
- /

(l)* Remové drég link assembly. Refer to paragraph a above.

- "(2) Remove and discard adjustable plugs from both ends of dfag' .

e, . . - ] ‘ N
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RETAINER ,
* “ LUBRICATION . .
FITTING (2) >

PLUG

SPRING

- e
B .

> COTTER PIN (2) N
\ DRAG LINK, FRONT OF VEHICLE

&

e

/
L
BALL SEAT

b oo .

"' SPRING

N 0

AETAINER

. DUST SHIELD‘ ADJUSTABLE
) ‘ ) . . ‘ LPLUG

. Drag link—exploded view.

"

(3) 'Remove and discard retainer, spring, and two bali se.a,ts from

*each- end of drag link. ' s N

- . : ’ > ? }
(4) ‘Install components of re&:a.ir parts kit in drag link.
(5) ,Ins-{a':ll drag link assembly. Refer to.paragraph b above.
10.. POWER STEERING CYLINDER. . , ' S

a. Power steering cylinder removal.

[

(1) Remove shield guard. T

. (2) Remove two hoses from top of power steeriné éyliﬁder.'

7



o

A

. ot .
s

B g 3
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-Note. - Wh

s
o
Iy

.

.

7

: to drain the oil. Alsv,”“'&afp all hoses and ports in‘amediatéiy to

.,(“ ;‘ - 3 . . <~ N .
™, -~ - v-p_i:guent dirt or foreign matter from entering power stéerirg system.

<
. -~

(3) jsconnect dust shield and felt pad. Remove cotter pin from
front of power steering cylinder., T
J

L (4) Loosen front adjustable plug as far as possible without com-
Pletely removing it from power steering cylinder. ~ :
- - .,
(5) Remove dust shield and felt pad from socket at steering
knuckle arm. ' ’ ' -
R 4

(6) Remove cotter

assembly.

N

A
ear adjustable plug as far as possible withouk com-

-

(7) Loese
pletely removing from power steering cylinder, ’

(8) Tap power steeding cylindef at both ends to loosen ball seats

from ball st\ds and rerww( steering cylinder from vehicle. .
: %o e
¢ ~ ™\ )
AN .~ MOSE ASSEMBLY {2)
N \, \\ \\ . \.
N Q)
) \\_ovf

ADJUSTABLE
PLUG .
. \'_‘N

////f‘

s

i
!

(e

CPTTER PIN

. POWER
STEERING

CLAMP, NUT, CYLINDER
AND BOLT
— Tt L 3] ‘!E.LD._ &
—ﬂs:gﬁgg ' P " 7] AND FELT PAD =
WITH CLAMP 7\ - - 7 ;
e
. ADJUSTABLE PLUG A\ /B}j‘-l-‘gyo P N
AND COTTER PINt” [ '- | . gl ¢
" (HIDDEN) bl |STEERING LA :
} ;"; 4 KNUCKLE / . , . / .
— MR T = :
7 1ARM v N N
’ ‘ L
Power steering cylinder a\hoﬁs, and fittings",
. . [y L .
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fforn rear of power steering c\ylinder socket . ..
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b. Power steer‘Eg'_cylinder travel adi;xstment. ’ % ‘[O . '

’ Note. - The power cylinder is properly adjusted when, with,‘@eels posi-
“tioned straight ahead, the distance between centerlines of the spring

shackle bolt ball stud and steering knuckle arm ball stud is 25.50 - 5”
inches. " , S . |

-

(1) Loosen clamping nut-and bolt to release pressure on threaded
end of power steering cylinder.

. (2) Turn socket assembly counterclockwxse to extend travel of
power steermg cylinder. :

1y

D

(3) Turn socket assembly clockwise to decrease travel of power
cylinder. )

-‘-*ML—Whm:ml—of-pomrwyLmder«haa-been—ad;)us%edmttgh&emchu;p
#hut and bolt on threaded end of power steering cylinder. Torque to 85 ft lb.

3
ol L]

c. Power steering cylinder installation.

- g

(1) " Position power steermg cylinder ball seat on ball stud of spring
sha.'ckle bolt; make sure that ball stud is encxrcled by ball seats.

kY

(2) Screw in adJustable plug just enough to hold ball seats on ball

stud. L
4 (‘ ®

(3) Position ball seats on ball-stud of upper steering knuckle arm. :

(4) -Screw adjustable plug into rear sqcket tight onto ball seats and )
‘then back off until slot in adJustable plug is alined with holes in socket.
Insert cotter pin. , v
G’l‘,

"(5) Screw adjustable plug into front socket tight onto ball seats -
and then back off until slot on adjustable plug is alined with holes in socket.
- Install cotter pm. . »

> (6) Install two hoses on power steefing cylinder. Be certain con-
nections are clean and are tightened firmily.
. A

’('7) Install shield guard. ‘ ' N

"(8) Bleed steering system. _ .

'(9) Start engine; then turn steering wheels in both directions to

check for proper adjustment of power steermg cylinder and proper seating
of ball seats on ball studs.

— . [ SN
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i (10) Install dust shield and felt pad on both ends of power steerin, /
: cylinder,. o
-, . i — .
" 1l. SOCKET ASSEMBLY. . i
1‘ h ‘ . :‘ )
a. "General. The socket asgémbly w'qx clamp is attached to rod end
a— of power steering cylinder on ong end and fo steering knuckle ball stud on
" the othed.
L4
. b. Removal of socket 4ssembly with'clamp. ' '
Ny /\ ; {1) Disconnect A{;t shield and felt pad from socket. '
) (2) Remove cotter pin from socket. K . )
. . I'd °
. (3) Loosen a.d_]usta.ble plug to allow ball seats to release steering A
knuckle b3all stud~
(4) Remove socket from steering knuckle ball stu
L 4 . 1
3 (5) Loosen clampmg nut and bolt elease pressure on threa.ded
end of power steering cylinder rod. Remove socket fro od.
g )uf/
(6) Remove and discard. dust Bhield and felt pad. . N
ST c. Repair of socket asaembly.
) L » s ’
2 (1) Remove socket. Refer to paragraph b above.
2 ' ) (2) .Remove and discard adjustableplug, two ball seats, and spring.
—~— (3) Install a new spring, two ball seats, and adjustable piug.
(4) *l\nstall socket on pawef steering rod end. Refer to d below. ' )
- . { .
, d. ‘Idstallation of socket assembly with clamp. i
, . / . . ] .
., (1) Thread socket on rod end of power steering cylinder.

’ * hd

. (2) Positiozi_new dust shield and felt pad on stee‘ring knuckle ball o .

stud. .
' - (3) Install socket on steering knuckle ball stud. Refer to paragraphs
= "* 9¢(3) through (5). S~ _ —
B o ' 4-23 ' . .
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- (4) - Check and adjust travel of power steering cylinder as neces-

sary. Refer to paragraph 9b.

—— i
(5) Secure dust shield and Iefﬁpaﬂ*ondsocket.

A~

'12. HYDRAULIC HOSES, TUBES, AND FITTINGS.

- .
. a.’ . Description. The components of the power steering hydraulic

system are connected by a combination of tubes and flexible hoses. Inspect

flexible hoses, tubes, and fittings for damage and leaks. ,

WARNING: Do not start engine after fittings are disconnected as the hose

¢ may whip and fluid escape under pressure causin'g injury to
personnel. Before installing or connecting any fittings, hoses,’
or tubing be certain that all openings are clean and free from
foreign matter. Failure to-use precautionary measures to

—prevent-foreign-matter—{from-enteging power-steering-hyd i =

' © systems may result in an accident, damaged equipment, or
injury to personnel.

. .
£ ., )
- .

=
! — )
POWER STEERING ‘ B -
(i PUMP 0 JFRAME ELBOW
{8 ﬁé CLAMP (2) - HOSE (2) CONNECTORS (2
11 A A N
N\’ - \ v L —

7
HOSE STRAP
_ ’: SUPPORT, ‘
@ By |screw, AnD NUT

®
PRESSURE HOSE
. ELBOW . ///
-'“-: S ////
1 - ] g\'-‘ -
- e Rt P \ ; .
N } e , . B POWER STEERING
| 7 ' CYLINDER
-2 ; ADAPTER
LY DAPTE & ,
) 4 \‘-- . -
STEERING ‘ ) —
<S GEAR | RETURN TUBE
" FRONT ) .
. ’ N [ , -
i : ’ ] ing hydraulic system, hoses, tubes, and fittings — . Q‘

removal and installation. .
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Note. - Cap all open ports and hoses to prevent foreign matter from enter-

{ . \ ing hydraulic steering system.‘ : f*@\ My, R
\\ / b. Removal 6f power steering pressure hose, return hose, and ' I
, related parts. . .
. (1) Remove steering gear shield gWard. )

' (2) Drain hydraulic oil from power steering pump into suitable :
- - container (1 gallon.muumum) by disconnecting pressure hose from elbow ,
‘on steermg gear. ' :
: (3) Loosen hose straph support holding pressure hose and return
hose. ‘ ’ '

(4) "Disconnect press‘ure hose from power steering pump and

emove-hose; - ’
P . Lot ¥ |
(5) Loosen'hose clamps at upper and lower end of return hose.
Remove hose and hose strap sup'pbﬁt 4,3'}\ g )
" (6) Disconneét return tube from adapter on steering gear and
remov exr eturn tube. //, -
P — -
(7) Remove elbow from top of s/eenng gear a.nd adapter from
bottom of steering gear. - S
/,/’ . .
¢. Installation ofpower steering pressure hose, return hose, and
related parts. '
- (1) Install adapter in bottom of steering "gear. Torciue to 25-35
.. ft 1b. H .
2 " (2) Install elbow to top of steering gear. Torque to ?'5_-35 ft 1b.
\ . !

(3) Install pressure hose, return hose, and return tuke. Reverse
removal frocedure in (1) through (6) in b above. ' .
(4) Add hydraulic oil, as necessary, to bring level of oil t§> full
_ mark on oil reservoir sight gage.
(5) Start engine "and run at idle speed for 2 or 3 mﬁutes. StOp
engine and add hydraulic ¢il if necessary. °

. ° \
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(67) Start -engine, run at idle speed, and turn wheels slowly from

e h side to side geveral times to completely bleed air out of ‘system. Place

o ’ wheels in stra,zght-ahea.d posztzon. Stop engine and add hydrauhc oil.

T (1f'*necessa.ry) to bring level of @il to full mark.

)‘ . b
4 ©
A

R \/_ d.” Removal of p0we;: steering cylinder hose assemblies. Both hoses
- are removed in the following'manner: #

.o

(1) Remove steering cylinder shield gua}d. ) s

W,

-

Y e ) (2) Drain hydraulic oil from hoses mto suztable container by \
.« disconnecting hose from elbow on. steermg cylinder. AN
. . , (3) Disconnect hose from frame elbow connectors and remove
° . hoseo ’ ° hl

. ’ (4) Remove elbow from steering cylinder.

’ .ret
e

< Installation of power steering cylinder hose assemblies. Both
- oL s areinstalléd-in the following manner:

5

s " (1) Install elbow in steering cylinder. Torque to 25-35 &t 1b. "

(2) Install one end of hose to elbow on steermg cylinder and the
2 other end to the frame elbow, connector. * :

.

N\ e (3) Install steering cylinder shield guard.

(4) Add hydraulic oil and bleed system. Refer to c(4) through (6)
above. - .
13. INSPECTION. An inspéction should begin by checking the level and
condition of the steering oil and looking for evidence of leaks.
‘. . » ) ¢ !
AN ‘ .,
a. Imspectthe hydraulic pump. Look especially for signs of leaks at
.the pump mounting gasket and between the pump and its cover. Tighten the -
mounting'and cover bolts if necessary.
(1) Examine all hydrauhc hoses carefully, especially the hzgh-
pressure hoses bétween the pump and the control valve and between the
. } control valve and power cylinder. The hoses should be secure in their
o " clamps and not rubbing against other parts or components. Unless there
L~ is evzdence of leaks, do not tzghten any. of the hose fittings.
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(2) Check the contrpl valve for evidence of leaks and for loose /’(5 -
valve-to-steering jacket mounting bolts, o

< .

(3) Check the power cylinder for &vidence of leaks arOund tﬁe~ ”
fittings, hoses, and the’ cylmder-to-steermg gear mounting .bolts, * '

b. If no leaks are evident in the system, .you can now add oil to the -
reservoir if you found the oil level low when you checked it. Of course, if .
you found the oil dirty or "mixed with water, drain the old oil and refill it. - L
with clean oy. Whlle the oil is draining, clean the filter screen. The oil
used is OE (0il, engine) of the grade prescribed for the vehicle's engine.
The oil levellin the reservou should be m’amt&ed at 3/4 full in order to
allow for expansion. , .

-~
? °
%

c. Continue y0ur inspection by checkmg the steermg gear itself,
- -
(1) Look for evidence of lubncatmn oil leaks around the gear . *
housing gaskets and seals. :

°

(2) Check the level of the lubncatmn oil in the steering gear
housing by removing the filler plig in the top | of the housing. If necessaryy’
fill the housing with the proper grade of gear il (GO). This oil is much
heavier than the OE used in the hydraulic system. It is easy, therefore, n
to determine whether_the hydraulic system or the steering'gear is at fault
if a leak is discoveéred around the steering gear housing.

Y

(3) Check the steering gear -to-frame bracket mounting bolts with
a wrench. Also check the steermgvcolumn-to-dash panel bracket bolts for
tightness. - . "

d. Start the engine and check the hydraulic system for leaks while oil *

pressure.is applied. Recall that high pressure is developed in the system

nly when a turning effort is applied on the steering wheel. So have a buddy
turn the steering wheel while you look for oil leaks. Don't hold the steering

\

aga\mst the steermg stop ‘for more than a few seconds at a time because this
can damage the hydraulic system. It's true that the relief valve will open to
prevent the pressure from going high enough to rupture lines and units;
however; the high pressure cgeates heat which can damage the system if ’
maximum pressure is mamtamed‘too long. . T '

e. Road test the vehicle. Check for any ter;dency to wander, weave
back and forth, or shimmy. Check for excessive freq: play, bmdmg, and for .
pulling to the right or left. Also check the ®ction of the steering assist -
through both right and left turns. The steering effort required should be so
small that you can turn the steermg wheel with your thumb and forefinger
* while the vehicle is moving."” o .
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next-4tep is to find the cause. Common steering faulfs, their causes, and
remedies were covered in ‘another-lesson-and, in general, will also apply
o to the jpower steering syst&m of the 5-ton truck. Here we will only desgribe
' faults that are peculiar to the power steering system of-the 5-ton truck..

14. ILATING FAULTS. If the road test reveals any steering faults, \the/‘%é

a. If the steering ‘was hard or was binding 'wheh turning, the trouble
could be‘the power steering gear, steering column jacket linkage, or steer-
'ing kituckle pivots. To pinpoint the trouble you will need to disconnect the
steering lmka.ge from the steering gear, This is done at the point where
the uppér drag link connects to the pitman arm.

~ o
x

] . (1)~ To digconnect the drag link from the f:itr’nan arm, remove ,the
cotter pin and dust shield from the upper'drag/l'm"léend.' Ungcrew the drag
link adjusting plug as far as possible without, removmg it, . Turn the steering
wheel back and forth to'loosen the ball seats on the pitman arm hall stud.
Then lift the drag link from the p1tman arm ball stud. v a

- . - (2) Use a jack'and .raise the front axle until both front wheels are
' . " off the ground. Grasp one:front wheel at the front and rear and pivot the
: wheels back and forth on their steering. knuckles. If the wheels pivot easily,
any hard or binding steer1ng’\ not caused by the steering knuckles or steer-
mg linkage. '

~~-(3), The bm&mg problem
Jnay be caused by the steering column
PN Ja.cket being misalinied with the steer-
+ ing gear. - To check for this, loosen
. the mounting bracket capscrews and
* 7 the clamp'bolt securing the steering
. column jacgket to the instrument
. panel.- .If %.he column is misalined
. enough to cause the steering shaft to
» bind, it will realine itself when the

capscrews and clamp are loosened. ) _ : , e
Tighten the mounting scre and ’ co e
. clamp, then turn the steenﬁg wheel to check for bindmg. )33 it,still binds, ) g
the trouble is in the steering gear. If the problern was hard steermg with
" _ no bmdmg, the cause is in the hydraulic system. < - .

- b. if the vehicle pulled to the r1ght or left during the road test, it
. could be caused by the same things that cause thxs on other vehicles, such
.o as unequal tire pressure or dragging, Jbrakes. On the 5-ton truck, however,
- pulligg to one side can also be caused by the hydrauhc power steering. You
can check for this in the followmg manner:

- . -
v
=
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Sl " (1) The drag link must be disconnected from the pitman arm. /%7
" Make sure that the steering gear is_in the midposition. Do this by turning . R
the steering wheel in one diréctio;z as far as it will go. Then, counting the |
s number of tyrns, turn the wheel in the opposite direction as far as it will go, :
v Turn the wheel back just half the number of turns you rom stop to .
stop.

. (2) Now start the engine and operate it 4t a.fast idle. Without.
touching the steering wheel, watch it to see if it moves by-itself. If it does,
R the power steering cqrol valve is nct centered; that is, it does not return
‘to the neutral position.” If this condition exists it can be caused by loose
control vilve mounting bolts or loase cim cover bolts at the ends of the
cam. If tightening these bolts does not cormect the problem, the cause '
is a defective control valve or-the valve is not adjusted properly.

™

13 ) \
c. After the cause of trouble has been corrected you must reconnect ' !
the drag link.to the pitman arm. If the repairs are beyond the organiza-
tional level of maintenance, notify your maintenance sergeant so ‘that he can
arrange for the truck to be repaired by y0ur'suppqrf unit. When connecting
. . the'drag-link, make sure that the ball stud is properly.positioned between
, the ball seats and tighten the drag link adjusting plug until it bottoms. ‘
" Then back off the adjusting plug until its slot is alined with the first cotter
pin hole. Install the dust shield and a new cotter pin; then lubricate the 4
drag link. T . ) J

. d. In order to isolate the fault in'the hydraulic system, the repairman
> from the support unit may use a pressure-test gage set that is desighed for
N this task. Just in case you,get'to assist on the job, here is how it is done.
- ¢ ‘
: AN @ The high-pressure line between the pump and control valye is T
disconnectéd at the control valve. A tee fitting is installed on the control '
“valve where the line was removed. Then the high-pressure line is con-
. nected to the tee fitting. At the center of the tee, connect the pressure
. gage'using-a‘short hose that is provided in the test kjt. The hydraulic
W system can now.be operated and the pressures.developed will be shown on

A the 'pres-s‘ure 'gage\'\ P
. AN

i -

. (2) Before m king an§ pressure tests, fill the 'resgrvoir to the
’ A proper level with/OE‘IO gine oil and operate the engine until the hydraulic
oil is at normal operating temperature. Should é. rapid pressure buildup
occur when the emgine is started, turn the engine off quickly. Look for
plugged lines, fitting‘s, and oil passages before going any farther. A
\Plugged or partially plugged passage blocking flow fnay cause pressure
quildup that will burst lines or casti '

S




' %
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- (3) After the unit has rea.ched normal operating temperature, turn
the steering wheel for a right turn with the engine running at 1,000 Rlil\&/
. - Contfnue turning the steering wheel until the right turn stop is rea.e‘hed )
X then hold it tight against the stop for just a few seconds. The€ gage should - . -
SR read 750 PSI for trucks with gasoline engmes and between 850 and 1,000 ’
%-° ' - P&l for multifuel and diesel engines.

Y

(4) To repeat this test in the-}eft turn position, it may be neces-

. sary to have an assistant hold a piece of iron, 1/4<inch thick, between the
\ front axle left turn stop. If the hydraulic power piston is allowed to travel

' to the end of the‘cylinder on a left turn, it uncovers a port that allows the
escape of pressure. The 1/4-inch piece of iron between the stop prevents
the piston from travelmg far enough to uncover the port. ‘ i ,

, (5) 1f the pressure is too low it will ecessary to make a
. further test to tell which unit is at fault if-the relief valve and pump are
separate assemblies. This is d y~blockmg the oil flow to the relief
o valve. Care must.be use prevent the pressure from building above
750 PSI when making the préssure test with the relief valve blocked. If
this test raises the pressure, the relief valve is defective. If the pressure
- is still too low, the pump is probably defective. If replacing the pump does
’ . not raise the pressure, the trouble will be internal leakage in the control
valve or power cylinder. -

-

//47

(6) If the pressure was too high w1th the relief valve conﬁqected
prOpe\ly in the system, the relief valve is at fault? On trucks with gasoline -
. engines the relief valve is replaced separately, but the steering pump must
" be replaced on trucks with multifaél and Mack diesel engines.

N Wy .
. SECTION IlI, CONCLUSION
.y . . 15. SUMMARY. € ) "
. a. Of the four basic types of hydrauhc system diagrams, graphical 1
. diagrams are usually preferred for troubleshooting purposes. The
- graphical dzagram is made up of simple symbols to show the function of

the system components, and the flow of liquid. The USASI symbol system, o
which is the latest in use, contdins a minimum of printed words so that
they bridge language barriers. If the mechanic does not have these symbols

~ memorized he 'must have a complete listing of them on hand for reference .

to read the diagrams.




-

operation of any system can generally be traced to one of a' few commop
causes. The causes are wrong oil in the system, low oil level, defective -

v

parts, leaks, foreign substance in the system, improper.adjustments, afd

!
N

impropey operating procedures. In order to locate the cause of trouble
and to repair the vehicle'quickly, the mechanic may use a system that cas

be called STOP - § for study, T for test,” O for organize, ‘P for perform
. , !

c. AH yoy can see from the proéedures described in this lesson,
removing a eplacing some of the Ross HF-64 p%wer steexing system
parts can be a big job. For this reason, be sure that you find the cause
of a steering problem before you start replacing parts. A mechanic would
feel very foolish if he replaced the steering gear and then found out.that the
cause of hard steering was a défective ‘bearing in a steering knuckle, If
you are in'doubt as to what the exact cause i3, consult an experienced
repairman. He will be glad to assiste —«-von - = . .- ... .., -

16. PRACTICE TASKS. The appendix of this lesson contains a list of tasks
asgsociated with power steering gear maintenance. They are representative
of the tasks you will be required to perform as a wheeled vehicle mechanic.
Perforrffall the tasks listed. ° B¢ sure you are under the supervision of an
officer, NCO; or specialist who is qualified in the MOS when you practice

the tasks. Restudy the appropriate training’ Mmaterial and practice the tasks.

until you become profitient in each one.’ X
EXERCISE S . ] .

66. What 'type of hydraulic system diagram should the mechanic_use for
locating the oil resérvoir on a vehicle? '

-~

H

a. Block ‘
b. Cutaway " " « ” .
<. Pictorial - 7 o :

¢ - ~ -

e .

67. Why are graphical diagrams of,h@f”aulic systems used?

C ‘ . \ ’
a. To give a complete listing of parts
b.  To show detailed construction 6f parts .
€. To identify the purpose of parts

’ ¢ . , " o *
b, Although hydraulic _sy;sfi:ems vary a great deal in design, improper /'7[7

*




. 68. What’hydraulié system part is often shown by symbols at several /1850
different points on a,.dia.gram even thpugh the system contains only
one of the parts ¥

o *

a. Pump { )
b.. Reservoir ; !
c. Valve

- S avesuae -

K \ - T e

69. Which symbol shows a hydraulic drain line? °

a. u v
! b. cEneES————
Ce Smmo oo 4
- L4 N

)

a. : b. | . : c.

, _ e 1

. b
71. Which statement is true in regard to thé -
- accompanying symbol of a relief valve?

. L e
< a. Spring pressure opens the valve : ,: H
b. The valve is normally closed |, \ '
Y oe Liquid ‘flow is permxtted in eltber W H
dizection . )
A 4

.

'72. To which section of a steering control valve symbol are the connectmg

lines dra.wn? R Y
a. Neutral ) 1 1
b. Right turn
c. Left turn ) - -
i .
- ’/’
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"+ 73, What is théfirst step in troubleshoot?.ng a hydraulic system? / 5/ '

e .
a., Study ° te
b. Test

c¢. Organize ° .

How is high pressure crea.ted -in the hydra.uhc power steermg system

74, o
to check it for leaks? ., ¥ ) 1
ST \
. a. Run the vehicle at high speeds’’ . J
b. -Apply a turning effort on the steermg wheel
c. Pressurize the oil reservoir with compresséd air N g
\_ . .
75. On a 5-ton truck, the control valve for the steering system is
a. - " built into the’ hydra.uh\pump. ) ' . . ,
b. built into the hydraulic.-cylinder. .
c. located on the upper end of the steering gear:’ . '
76. On what pa.rt of the 5-ton trucl& are the power stéering' pump and oil
' reservoir mounted?
’
as Left fender well . : i
# b. ' "Left front side of engine _
-¢. Top of the power steering cylinder . . K 0 .
. . ﬂ J
* 77. How many V=-belts are used to drive the power steering pump? . -
\ 4 '
L U | ¢ N
b. 2 . 2 5 N
‘cs - % *
78. How should the pitman arm on a 5- ton truck be pos:.tioned when it is »
installed? .
a. Aline index marlés . / ,
b. Downward o N . .
c.’ Forward ‘ - ‘ ,
" . 4
‘ 79. When removing the dra.g link, what a.ct:.on is taken W1th the dust shxelds :

. b. Clean and lubricate - )

after removal?

-

a. Discard

¢. Reverse front aind rear shields ’ . ’ .

»
»
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80. The pitman arm shaft end blay is controlled by the adjusting

a. nut. : —
b. shims.’ )
c. -plug. ’ '
During inspection of the ‘power steering system of the 5-ton truck,
what oil level should be indicated in the reservoir?
~a. 1/2 full
b.- 3/4 full
c. completely full.-
)
What should be checked if the steéring.gear on a 5-ton truck was
hard or binding during tixrping? ,.

.

a. Drag link adjustment
b. Front wheel alinement

2+

c.’ Steering column jacket'aline_ment

What would cause the power piston to move when the drivex’is not
turning the steering wheel?

a. Oil pressure too high
.b. Control valve not centered
~¢. Relief valve spring weak or broken , :

-

EY

- Why is'a piece of iron held between the left steering stop when pressure
testing the hydraulic steering of the 5-ton truck? -
K N B q N .
a. To keep the system from overheating due to excessive pressure
buildup .
- b. To permit pressure buildup without opening the relief valve
c. To prevent oil from bypassmg‘the power: cyhnder piston

85. . What is reqmred to isolate faults m the hydrauhc system of the S-ton
truck power steermg system? . .
a. Pressure test,gage
_b. External oil pressure
c. M3 oil pump and gage
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APPENDIX"

+

PRACTICE TASK LIST -

e o s« o . After pra.ct1c1ng the followmg tasks
you will be able to: : .

-

Practice Objective . ., .

1. Inspect the power steering _
‘ system of a 5-ton truck,

2. Road test the vehicle to check®
the operation of the steermg
systemr.

Practice Tasks,

1. Troubles that c@n develop in power steering gears can be divxded into
two major groups: First, the troubies that originate in the mechanical®

- 'steering gear 1tse1£; and second, the troubles that originate in the -hydraulic
. system. Because the power steering gear is expe{?we and is difficult to

replace, be sure that it can't be repaired on the vehicle bé}& e‘you condemn
it. This meang that the unit should be thoroughly i spect&d and all checks
made before you decide it must be repla.ced. ‘

C -

aanpect the power steerirxg gear on a 5-ton truck. I

. . . N —
(1) Look especially for oil leaks around the reservoir, oil punip,

relief valve, control valve, power cylinder, and all connecting hoses and

f1tt1ngs. - :

SN

) .
’ (2) Look for leaking seals and gaskets on the steeriﬂg gear housing.
< . <. i
b. Check the following items on the power steering gear:
(1) Oil lével and condition’ in the power steermg reservoir, Add .
oil if necessary.

2 -

(2) Oil-level' in the steering gear housing.

(3) Using a wrench, check the steering gear m® bolts and
. nuts as well a.s the nut that secures the pitman arm to the pitman arm shift

lever, '

2 . .
(4) With an assistant turning the steering wheel back and forth; . .

‘check for looseness at the steering gear or at any point in the steering

" linkage. Also look for pressure leaks. :

. .

160
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g 2. Road test the vehicle. " : o /-53Z

. ‘ a. +Check for any tendency of the vehicle to drift to one side of the road,
3 wander, or shimmy. . ’ .
e ' -.b. Turn the 'steering wheel through its entire range and note any

. . evidence of binding on the part of the \steeringvgc{ar or steering linkage.

; c. After the road test, return the vehicle to the' shop and recheck
for pil leaks. . a
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Ammhnemaybeopenduemeulmaduecuoml-
valve being set in the open-center neutral position or

/= some other valve unintentionally- opén. °°
lnunul lubge in control nlves. To determine location essivély, block off ..
- 5 various parts of circuit, uouble is 1ocated,
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¢ ’ TABLE 1. IMPROPER OPERATION OF PUMPS. ,
. " FAILURE OF PUMF TO DELIVER FLUID
. R " Poesible Causes 3 Remedies
T ' Eow fluid level in reservoir. ) Add recommended oil and check level on both sides
: . of tank baffle to be certain pump suction is sub-
N ‘ : - merged.
Oil intake pnpeocmlctﬁketphgged. Clean filter or otherwise remove obstruction.
Aklukminlethnemmgmorumg * Repair leaks. Ty -
Tt 7 noise and acnonofcon;mlarcmt. L
] B Pump shaft turning too slowly tg prime jeself Check minimum spe¢d-fécommendations in
v {vane type pumps nly). \ appropriate TM. .
Oil too  tQ pick up prime. Use lighter viscosity oil. Follow af ™'s o
. s ) 7‘0‘“’ heayy te pick up prim reco?;:endauom?or given tmpmmmpﬁ service.
ireécion of shaft rotation. Mutbetevmpdmmednulytogrﬂeutmmand A
- . breakage of parts due to lack of oil. -~
’ o broken inside . Refer to T™ for replacegent instructions.
vg"tﬂf pwbmm ’ pm:g = wm replace
. » Ditinpump. / . Dismantle’and clean pump, and flush system.
On mblfihvuy pumps, the stroke isnotright.  *  Check appropriate TM fot instructions.
.'5 . » i
‘ . NO PRESSURE IN THE SYSTEM \
s 7Oy ‘.,
1 . L . ’., ’ -
M Possible Causes . Remedies \)
: . — — - . e -
4 m.npno:§° il f f the ; Follow remedies given above in this tabl
eli¥ering oil for any of the reasons given w re given int e. .
] - -
- - Reljef valve not functioni Proceed as follows: -
v (2 Valveaemn; thenough. p (:zdréct ;nmprmentnngofvdvu(checkm
. . or pressure).
(b) Vdve (b) Check seat for score mark
(c) Springin of valve bmku. (¢) . Replace spring and readjust
Vmumm&mmmdeu(ﬁm " Inspect for-wedged.chips. - .t
: m@) e lnq)cctoxl forcxcenmemcoatyv ' . N
. W(yaymﬁeqmt) wstnotbeuﬂuenedtoongﬁdy See T™M's et
instructions before tightening. ] .




(a) At pump incake Piping joints.
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”‘ TABLE 1. IMPROPER OPERATION OF PUMPS—CONTINUED. . Y :
PUMP MAKING NOISE : ’
+  Possible Causes Remedies
. Partially’ cloggcd intake line, intake filter, or Clean out intake, strainer, or climinate restrictions.
restricted intake pipe. - i Be sure inlet line is completely open. . -
Air leaks— Proceed as follows:

( Test by pouring oil on joints wlule listening

in sound of operation. Tighten as required.
. (b) At pump shaft packing{if present). (b) Pour oil around shaft while listening for change
" . in soufid of operation. Follow appropriate TM’s
© An" des ! e . recommendations \;:nen giog paﬁm:g i
. c ir drawn in through inlet pipe openin, -.{¢) Check to be certain inlet and return lines are
: P . & well below oil level in . Add oil to reservoir,
N . - - . if hecessary,
~#% Aybubblesinintakeoil. - Use hydraulic oil containing a foam depressant.
. Reservoir airvent plugged. ) Air-umst be allowed to breathe in the reservoir.
‘ - L, . Clean'or rephce breather. .
Pump mnning too fast. , e Check recommended maximum speeds from
S FEE A appropeiate TM. -
T T ?oo lngﬁ oil v}conty. o - Use lowes viscosity oil. Follow appropriate TM’s
- «  recommendations for given temperamxe and segvice.
- ~Couphn‘mhlm¢mbnu ‘ oo . Realihe. = ~ ‘

Pump Ilcuhoo !ooce. ora faulty bead guket. : © Testby ﬁnﬁng oil over head. Replace gasket or

o ,Sﬂwk pump vine (vane type pump). .

Inspect for wedged chips or sticky oil and reassemble.

Replace. R

."Womorl}f?kknpam - .

- " T
v ) SO EXTERNAL OIL LEAKAGE AROUND PUMP - .
_ - Possible Causes. : Remedies | - '

\‘M '1. . s \ N ..

. il:eplace.-

Hadofoilonmktpipeconmcuon. g

Sometimes neceuary butmll usually cause slight \

¢
-~
. y . . leakage. Kecpalljomu tight.
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TABLE 1. IMPROPER OPERATION OF PUMPS~-CONTINUED.

N

L2 4

S
3 e

TSP

-t

S

~
— |+ EXCESSIVE WEAR : ) ‘
) iR |
Bossible Causes’ Remedies .
A . Q2.4 ) ——— -
Abrasive matterin the hydradlic’ il being Install adequate filter or replace oil more often.
circulated through the pump. 7 N
Viscosity of oil too low for wo:riking conditions. Cw‘ pump TM’s recommendations or consult
. . th&lubricacion chart.
Sustained high pressure above maximum pump Check relief or regulator valve maximum setting.
rating. . .
Drive misalinement or tight belt drive. " Check and correct.
\ 5

. Air rccircuia'tion causing chatter in system.

Remove aif from system.

¢

BREAKAGE OF PAR'{S INSIDE PUMP HOUSING

~

- Possible Causes Remedies .
\” T . L3

w - .
Excessive pressure.above maximum pimp rating.— - Aheck«elie&or—reguhtor valve maximum setting. .
Seizure due to lack of oil, Check reservoir level, oil filter, and possibility of

. . restriction in inlet line. ‘

Solid matter being wedged in pump. Install filter in suction line.
Excessive tightening of head screws. ~ Follow pump appropriate TM’s recommiendations.

v

TABLE 2. IMPROPER OéBRATION OF ACTUATING MECHANISMS.

SYSTEM INOPBRATIYB aC
e Possible Causes , Remedies
Any of the reasons listed in ul;'lu. Follow remedies given in tables. -
MECHANISMS CREEP WHEN STOPPED IN INTERMEDIATE POSITION ™
Posible Causes Remediei
it srvasing o lndes o Replce Bican puekng o relace cylinder if wal
. o . )

“5¥
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. , “Sigpe - , /éo
) @‘k £ - g,
-~ " TABLE 2. IMPROPER OPERATION OF ACTUATING MECHANiSMS—~CONTINUED. ~
a B - .
, - TIMES OF OPERATION LONGER THAN SPECIFIED X
] Possible Causes Remedies - LA
. e B . o .o
* Air in system. C Bleed the system.
‘ Internal leak in actuating cyhnder or direcuonal .Replace piston packing or replace cyhndct if walls
control valve. ‘- are scored. Replace or repair valve. Clean unit to
. o - remove foreign matter, then check cam clearance.
Woen pump. ' . Repair or replace. . ° §
: If act:on is on smting up, but somewhat Check T™ lubrication order. .
perating temperatures have  * ) . '
] uécrr‘ onfacuonslow:&ownaftermup .o L. .
. "( epending on equipment and circuit design), it $ °
leth:qmcouty ofonlutoolugh. . . ,
©o ‘ ENTERNAL OIL LEAKAGE o
] ¢~ Possible Causes . — . Remedies .
e Rt N —h — ————— — —_ .
End caps. . Tighten, if pomble or replace gaskct
. ' Chevron seals. . " Adjust or replace seal.
T -
* - ABNORMAL PACKING GLAND WEAR . .
Fomsble Cruses _ el
, finder-not securely fastened to frame, causing Tighten. This should be éhedid periodically. f‘ K
on. . .
o, . Misalinement of cylinder and piston rod extension. Check and correct. - e .
Side load on piston rod. Check for alinement of cylinder, worn pins or
ball joints. : .
’ . - TABLE 3. MROPBR OPERATION OF ACCUMULATOR.
_ PRESSURE FROM ACCUMULATOR DROPS SUDDENTPY WHEN POSITION OF . »
- ~ SELECTOR VALVE IS CHANGED
Y 4 ~ Possible Cause . o Remedy
Internal’r external leak in a;ct;;nu.l-ntor. - > Repnx leak or replace accumulator.
. ; g N
. Lt WHEN PUMP IS RUNNING PRESSURE IS NORMAL, BUT WHEN PUMP IS
- STOPPED NO PRESSURE IS AVAILABLE .
Possible Cause Remedy . :
. ‘ uL:kinggisnlnorlukingchxhrdvginhydnuﬁc Replace check valve or gas valve. . . o
- * el | ‘ f - >
) Foldout ilfustratiof No-2 - continued (page 2 of 2 pages). .
NS 5 N * N ‘.
TP ) ' i
EX . » . . 4-41




TABLE 3. IMPROPER OPERATION OF ACCUMULATOR—CO&TINUBD.
SLUGGISH RESPONSE FROM ACCUMULATOR

Il
-

Possible Causes Remedies * P $

, Stoppage of oil screen in accumulator. § Dismantle accumulator and clean screen.

"Gas precharge not sufficient. © Precharge according to a propriate ™'
. instructions; also check for gas leaks.

Note. Be sure all internil pressure is released before sepairs are made on accumulators.

! . TABLE 4. EXCESSIVE HEATING OF OIL IN SYSTEM.
" HEATING CAUSED BY POWER UNIT (RESERVOIR, PUMP, RELIEF VALVE, AND COOLERS)..
Possible Causes Remedies
Relief valve is set at a higher pressure than necessary. Reset relief valve, after checking for correct
Excess oil dissipatﬁ! t!uonﬂ: increased slippage in pressure. S ﬂ .
' . various parts, or through relief valve or through . .
directional valve. - . .
" 7 77 internal oil feakage due to wear in pump. Repair or replace pump. - ’
Viscosity of oil too high. Check LO for correct dil viscosity grade to be used
l \ - at various temperatures. ' )
.l"umps assembled after overhaul may be assembled - Follow T™ when rebuilding a pump.
- too tightly. This reduces clearances and increases . - .
friction. . . . .
Leaking check valves or relief valves in pi;mp. Repair or replace. -
Im functioning of oil cooler, or coolant is - -Inspect cooler and see that it is clean inside and
wtp;?zer s outgeide and that air flow or coolant flow around.
) : Jinsis not cut off. T -
HEATING BEQLUSE OF CONDITIONS IN SYSTEM
Possible Causes , " Remedies
" Restricted lines.  _ If lines are crimpel, replace; if partially plugged for
- any reason, remove obstruction.
‘Large pump deliveries not unloaded properly. Make certain thiat open‘center valyes are neutralized
. , . . ) and that any pressure-relieving valves are in the correct
. . position. On};‘ small pump volumes should be allowed
to remain at high pressures when running idle for long
periods of time. . .
. Insufficient radiation. Use artificial cooling. s
. Internal leaks. : - Locate leaks, then replace packing.

e,
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- TABLE 4. EXCESSIVE HEATING OF OIL IN SYSTEM-CONTINUED.
HEATING BECAUSE OF CONDITIONS IN SYSTEM—-CONTINUED.

/o2

! Possible Causes

-

Remedies

Reservoir too small to provide adequate cooling.

Replace with larger teservoir, or install cooler.

Undersize valves or piping,

+

Check flow velocity through lines and valves and

compare with TM’s recommen

tions, If excessive,

- _v replace by installing larger equipment.

Note. If the system operates continually at high op_e::;ting temperatures, consideration should be given to the
installation of an oil cooler. L.

A : TABLE 5. IMPROPER OPERATION OF FLUID MOTORS.
MOTOR TURNING IN WRONG DIRECTION
$

h T = Poulble Cane

N

Remedy

.

\ ‘ ’
\Conducton crossed l?etween control valve and motor. .

4

L]
Check circuit to determine correct conductor
cqnnection between control valve and motor. -

N
N

> . .

MOTOR NGT TURNING OR NOT DEVELOPING PMIPER SPEED OR TORQUE

- e

- PosslbleCangs -

— r

Remedies

N\

System overldad relief valve adjusement not set
high enoagh.

gh’eck system prme and reset telief valve.

Relief valve sticking\\ogea.

Clean or replace relief valve and adjust. )
<

Free recirculation of oil t reservoir being allowed
system. P N ?‘

Directional control valve may be in open center

gt v ¥ b dieutral (spool not shifting when control is operated); *

. chck control valve linkage.

Driven mechanism binding because of misalinement.

Check mocor shaft for alinement. -

Pump not delivering enough GPM o)\gtenure.

.

Check pump GPM and pressure, repair oc replace.

© Motor yoke not set at proper angle (on'adjustable

.motors).

ey,

Adjust pump yoke angle.

\

EXTERNAL OIL LEAKAGE FROM MOTOR
- LY

, . Possible Cause Remedy .
. . T e ' - )
, ¢ Sealsleaking (m be duie to drain not being Check motor for 3d line (this drain line must go to v
) .comel:ehd?ommxzocor to tank). N tank used on piston and vane niotors). ® '
Note. - See also table 1‘onibeimptopet0pe:'adon.ofpump¢. - N
/l ‘. . :
- “ &
\l Sa
e
4 » " -
' ‘ \\. s.'° ’ . ‘-
o N\
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‘US ARMY ORDNANCE CENTER AND SCHOOL/M

. CORRESPONDENCE/OJT COURSE . |

LESSON ASSIGNMENT SHEET -

¢ ;

Ordnance Subcourse No 63B207 . . . Wheeled Vehicle Steering Systems

[

Lesson 5. , . Maintenance of Steering Linkages *

Credit Hours«. . ... . . . . . . Three
. Le\‘sson O'bJect1ve ;* e e o After studymg this lesson you will be
able to:

1. Explain the procedures used for,
R o inspecting, testing, and adJustmg
‘the steermg.hnkage components
ustd on wheeled vehicles.

2. Determine the p'rocedure,s to
. (¥repair the steering linkage
components. 7 :
v - 3. E:g;plain the procedures for,
replacing the parts of a wheeled
vehicle” steermg system,

4. Explain the procedures used to
b adjust the toe-in of the front
1 wheels of a wheeled vehicle.

5. .Descgibe the procedures for
troubleshooting the components
of.a steering system.-

o




.

TeXt o o o o s s o o o o o o o e« o o o Attached Memorandum /éé
Ea— rs o, :

s

Materials Required . . . . “ e e+ . .Answer sheet and response list

* .

Suggestions . . . . . ... .. ... .Refer tothe appropriate illustra-
. ‘ - tion when studying this lesson.

¥ . . .

FOREWORD

In order to control the steering.of a wheeled vehicle, the steering gear
must be connected to the steering axle. The components that make up
this connection are known as the steering fmkage. -The steering linkage
is qu1te simple on vehicles such as the 2-1/2-to®ruck with a conventmnal
front axle. The steering linkage is a'little more complex on vehicles such
as the 1/4-ton truck with individual wheel suspension.

- \Q .

- .
’ -

Some parts of the steering 11nka.ge require very precise adJustments

- because they control-some of the factors affecting’the alinement of the
front wheels. Keeping such parts properly adjusted is one of the jobs
done by & whetled vehicle mechanic.

"/
Above all, when inspecting the steering linkage, remember how important
the linkage is to the safety of the driver and passengers of a vehicle,’
.Loose arms or tie rod drag link ends could drop off and leave the driver
_ with no steering control at all. A badly wrecked vehicle.and seriously’
“or fata.lly injured persozmel could be the result, of the loss of steering
cantrol. ’ .
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ATTACHED MEMORANDUM

. .SECTION 1, 1/4-TON TRUCKS
1. INTR‘ODUCTION The steering linkage on wheeled vehicles plays a very _
" important-part inthe steering ¥ystem.. The linkage connects the steering
.. gear, which is mounted sohdly to the frame, to the steering axle, which is
- constantly movmg up and down., Part of the linkage connects the two wheels’
to turn-them in t\xi;:;lon desired by the operator, Not only does the . N,
steering linkage hade to be very flexible, butfqiust also be\exactly ‘

made. This is becaus¥ it must hold the wheels in tant ahnement at all

2

%

Let's review some of the information you learned in earlier lesson .

the construction and operation of this linkage. This will help you learn the

information presented in this lesson on linkage maintenance? -
. y

a; Steering lmka.ges are bas:.cally madé up of arms, rods, and levers,
The rods are often connected between the levers and arms. The joints where
the arms, levers, and rods are connected are of the\t}all (socket) joint type.
The rods between the front wheels are called tie rods. They tie the front .
.. . wheels together. The ball joints that connect the tie-rods-to the wheel steer- -———]
( ing knuckle arms are called tie rod ends. .

~

b. Some vehicles use a

rod called a drag link, It

. usually connects the steering
gear pitman arm to one front
wheel., You c#in see an exam-
ple of a drag link in the illus-
tration. Notice that it connects
the left front wheel to the pit-

. man arm, which is mounted
on the steering gear.

STEERING GEAR
STEERING WHEEL

. P .
~ . Y
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c. The ball jointsrugié‘dr in steering linkages are of three general types:

~ .

- (1) One type is asgembled
be lubricated or replaced in the
Because-it'is not de ]

“repaired or adjusted )
is-ealled the nonrepairable type.

Nut
Lockwasher
Clamp

Bolt )
Lubrication fitting 10. Cotter pin

6. Adjustment sleeve (tie rod)
7. Tierod end .
8. Dust boot
9. Nut

~

R

(2) A~second type can beadjusted in the i?eld and, therefore,-i=
- called the adjustable-type. "This type ball joint is presen g‘
links of many vehicles. -

,;V,.,..;f: i
i LUCTE T

e P
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~and sealed at the factory and-can only ...
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e

e KNUCKLE ARM *

(3) The tHird type can

. ——Mo - be disassembled and repaired in
DUST SEAL"_BALL SOCKET e 200 the field. You will see all three
types of steering ball joints as
you study this lesson,
. ne RGO T .

END

LUSRICATING FITTING

"
- s >
‘
o °

d. Tﬁgfg'ii'ag links are normally a fixed length, whereas the tie rod
}e’nggx,is/n{mauy‘adjustable . By changing the length of the tie rod, the
. — toe-in of the wheels is- fh/an/geyd. On some vehicles the tie. rod is-mournited ~
behind the center of the wheels. On other vehicles the tie rod is mounted
j.nm the center‘of'the wheels.

(1) /§ome/v’ehi’61es use a two-piece tie rod. One tie rod connects
~the right wheel to a center ~mounted steeFing arm 6r iatermediate Knuckle
—==~3rm and is called the right
tie rod. The other tie rod
connects the left wheel to
the center arm and is called
the left tie rod. /A drag link .
then connects the steering
gear pitman arm to the
¢enter or intermediate’
_knuckle arm. You can see
' an example’ of this type of
two-piece tie rod linkage
in the illustration,

e

- .
— f > .
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- (2) Another version of the two-piece tie rod is used on some .
earlier 1/4-ton trucks. The tie rods connect the wheels to a‘bell crank.
The bell crank is connected to the steering gear by a drag link and pitman
-\ -arm on the steermg gear. There are various other arrangements of steer-
ing linkage using two tie reds. You will see another one of these arrange-
meit¥s in paragraphs 2 through 4 below.

e. This review should have refreshed your memory of}me\ of the ‘
steering linkage information you learned in earlier lessons. Nqw let's see .
how this linkage is maintained on specific vehicles. We will start with the
inspection procedures for the 1/4-tou truck. _ -

. ! ™
.

Note. - Refer to foldout No 1.in the back of this pamphlet while studying
paragraphs 2 through 4 below.

2. INSPECTION. Before you start adjusting, repairing, or replacing parts,

you should first inspect the overall condition of the steering system. Let's

look over.the steering linkage components on the 1/4- ton truck M151 and see

what there is to ingpect. ¢On the 1/4-ton truck M151 the steering linkage con-

mgk-all the parts necessary to get steering effort from the steering sector

‘sha t to the front wheels. The linkage includes the pitman arm (item H),
pitman-to-idler-arm rod.assembly (item B), steering spindle arm tie rod -
assemblies (item J), steering idler arm and bracket (item-A), and steering
spmdle arms (item K). The tie rod ends have factory assembled, nonad_]usta-
ble type, spring-loaded ball sockets which compensate-fot wear of the ball

- studs, Grease f1tt1ngs are located in e*h tie rod end and also witn idlet arm = .~
bushings. ) R . ' >

-
. - .

9 PLAN S - »
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' . . @ . .
a. One of the first steps in inspegtion is to look for bent, byoken, or /7/
missing s. The pitman-to-idler arm rod should be straight between the - -
. , two points where the tie rods connect. The two tie rods normally have some o

bend in thém. You can compare the tie rods to see if they both have the

same general shape. Make sure you also check all parts to see that they
,are not cracked. is is ‘especially trpe of the dust baots on the t1e r
ends. Replace all missing parts.

-

b. While you are 'inspecting, make sure no parts are-loose. Loose
$ parts could be parts that are lgose where they are mounted. Parts such as c’
tie rod ends=can also be loose in the ball socket if if is worn excesgively.
° Another place you might find some looseness i§ in the adJustrnent threads
_ in each tie rod sleeve or tu:n buckle. Be-sure you check the p1tman arm
(item H) to see if it is 100se on the pitman arm shaft. Now that we know
N some of the parts in the stéering linkage can be loose, let's see how we find
. the loosehess.™ '

»

o~

‘back and. £onth while you.look at all the steering linkage compQ-__._ . _
When using th:.s method the vehicle should NOT be jacked'up. The
esistance of the tires on the floor or ground makes any looseness shqw up
when the steering wheel isg turned in each direction.

T Y &

L]
~ >

_ (2) Another method of finding looseness is to jack up one wheel
at a time. Then have the assistant hold the.steering wheel tight with the ’
wheels straight ahead. Next, try to move the wheel to show up any loose-
ness in the linkage. This means grasp the wheel in the front and the rear 3
and try to.move it hke a shm';‘my action. :
-
. (3) If no looseness shows up during the above inspection, look at

all of the retaining.nuts. If you see what looks like rust around the part that
, binds against the metal, they are poss1b1y Jdoose, T1ghten them up. If they
- won't tighten, (too tight on the threads to be turned) you may have to split
them with a chisel and replace them. .

o

L4
(4) If looseneds does show up durmg the inspection, guch as a

1oose tie rod end, you should replace the part after the 1nspecti/on is finished. -t
If a tie rod or fie rod end is replaced, the toe-in must be checked. (See

y paragraph 4 below. ), - . »
oy ! g AR
7 T (5) A word of caution when a partis found loose due to loose nutJ .

or bolts! Before you tighten the loose nuts or bolts, it is best to examine
) ] . the condition of the loose parts and the retaining bolts and nuts.. For exam-
! ple, let's say the vehicle was operated with the pitman arm loose on the

‘\ B * . -:. /
\ ‘ 5-7 - S A
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p1trnan arm shaft splines._ Th13 can wear, the sphnes to'a dangerous cond1t1on./7-2¢

" If you just tighten up the reta1mng nut, the pitman drm could turn on the shaft
sometime liater due to the worn Sphnes. Inspect the condition of the splines
before you tighten the nut. If the splines are worn excessively in the pitman
arm (item H), you,” the wheeled vehicle mechanic, ghould replace the pitman
arm. If the splines are worn on thé pitman arm shaft, The steering gear
assembly (item G) will have to be replaced. This is a JOb for support main-
tenance personnel. -

-

(6) If during the 1nspect1on you find that the steering gear has

" “excessive play, the steering gear must be_ adJusted or replaced. Notify
your support maintenance unit if this condition exists. You are,not author -
ized to perfofr‘n this mainténance on 'thie vehicle. -

s

- 3

c. So far we have been concerned with bent, broken, m1ss1ng, and
loose steering hnkagec paitso Undoubtedly to us, any of these ‘conditions
creates a dangerous steer1ng system. Now let's look at another condition
». .that als'o makes a dangerous steering system - b1nd1:1g components or parts.

(1) Make sure that all-parts function as-they should. Turn the
steering wheel ¥rom one end of its travel to the other end of its travel.
There should be no binding. Jack up both front wheels and turn them in ..
each direction (le - and right). There should be' no binding when this is
done. L . : )

(2) If any bi d1ng is found in"the steering system, “you should find
out just where the trouble is located. Section IV of this lesson covers various
steermg problems. Yoh should gain some po1nters on locating biading causes
when you study this portmn “of the lesson.

d. When inspecting the steering linkage, don't forget to see if the parts ) g

S

are properly lubricated. It is best not to lubricate the steermg parts (wjth
-the exception of the steermg gear) until you check them for loosen This //

is because the grease will temporarily tighten some loose parts. If the link—"
age needs lubricating (greasing), lubricate it according to the vehicle 1ubr1-
cation order (LO) AFTER you make your inspection. If parts are binding

. due to lack of lubrication, you should check the binding cond1t1on after you . -

i h1br1cate to make sure it has been corrected. Don't forget to check the
steering‘gear oil level, however, when you inspect the vehicle.

3. COMPONENT REPAIR. AND LACEMENT So far we have fearned
how to inspect the condition of the '1/4-ton truck M151 steering linkage. Now,
let's see how the parts are repa1red orn, 4f necéssary, replaced.

)
=
RN
de

W
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"a. . First, let's decide‘wfxen we should repair or replace. We normél{)zs
think of the repair of a vehicle as inspecting, straightening, adjusting, and
. even replacing some parts, . This means that if the vehicle has loose steer-
ing we may repair the 'st'eei'ing_'by replacing the loose parts.

1
v
~

b. The next question is, "Should we repair or replace a specific steer-
ing component or part?' "’ Let's say that during an inspection you find the
right tie rod of the 1/4-ton trick is slightly bent. Should you straighten it or .,
o replace it? Straightening any steering linkage is at best a gamble! You
) ) might be able to straighten the bent right tie rod ahd safely reuse it., How-
. ever, the tie rod could l;;ve cracked when it was bent, or it could crack when
. Pfrrstraxghtened—aiphe—cr ould be inside so that it doesn't show. If yqu
install this questiofiablé tie r6d you are gambling with human lives. .This is p
a tactical vehicle and the steering must be able to take pretty rough treat- 5
ment. Therefore, don't straighten the part. Replace it and you ha.ve repau\ed
5 . -~ the steering lmka.ge problem correctly,_ .

.
N [%d «

A

*

»

c., Thisis not saying that no repairs should be made to the 1/4-ton
truck M151 steering linkage. You may have some burred threads that can
_ be straightened with a tap or die.

d. If during the inspection you find a tie rod end stud loose, disconnect

the tie rod end. Look at the hole in which the stud is mounted. The hole is

- - " normally tapered and should be perfectly round. If the vehicle is operated - -
. for some time with the tie rod end ball stud loose, the hole may be worn

oval or egg shaped. In this case the component w1th the oval hole must be \
replaced. . i ’

N

that/tie rod ends are used in many places. Every place thatcthere is a tie

rod end, there is a chance of a loose stud causing an oval hol
. [Y ’

(1) If you look at the foldout in the back of the lesio\r: you can see

-
o

i (2) ‘For émmple, the right tie rod outer end is connected to the
. , right spindl¢'arm. Should the tie rod end mounting hole in the spindle arm
N become wprn oval, the spindle arm must be replaced. At the same time,

.the tie rod end will a.lso probably ha.ve to be re,laced due to the stud being .
worn.

-
4

-

e. The pitman a.rx_‘n-to-idle.r arm rod is s'uppofted on the .right-hand side )
{ by an idler arm and bracket (item A in the foldout), This is a critical wear *
point in'the 1/4-ton truck steering gear. Let's take a close look at the i%er

arm assembly and see how it is repaired or replaced.- v

-7
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illustration shows the idler arm
' as it looks from underneath the
vehicle. The idler arm is the
’\ U- shaped part located between
' its mounting bracket and the
idler arm rod. The idler arm
is threaded into ‘bushing on
each end. The bushings are
also threaded on the outside.
v The outside threads screw into
the bracket on one end of the
- . idler arm. The bushing on the
other end of the'idler arm
threads into the pitman arm-to-
idler arm rod (sometimes called
the idler arm rod). th bush-
ings have grease fittinjgs on the
. upper end and a grease seal 061
N . the lower end.

(2) Most of the v:rea on the .idler arm occurs where the bushings
are threaded on the idler arn{. This is because the idler arm threads move
Qin and out of thebushing threas as the steering wheel is turned. There
' should be no wear between the outer bushj‘wng threads and the bracket or idler
arm rod. The bushings are tightened until they bottom in these two compo-
nents. If the bushings do come in the bracket and idler arm rod it's a good
poss1b1hty the holes are worn oval- shaped Th13 means a11 worn parts
must be replaced. - . .
‘ o , -
f. Let's say that during an <
inspection of the steering linkage
you find exceslive play in the idlez.
# arm at the bracket. You check the
bushings and find they are tight *
both in the idler-arm rod and in the’
bracket. The ‘next question is
how to replace the worn parts.

v 1]

(1) The accompanying /7%

&
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(1) The idler comes as
part of a kit. The kit also in
cludes both bushings, seals, 2and
grease fittings. This means both

~ byshings must be removed. It's
. a'good idea to break the bushings
loose with a wrench while they
. are:still supflorted. Then
remove the bracket from the
frame and lower the idler arm
as far as possible.

. Q

{(2) Next, ‘turn the bracket
and bushing clockwise off the idler
arm. This shows the idter arm has
left-hand threads. Then turn the
idler arm clockwise and screw it
wout of the other bushing. This end .
also has left-haad threads. '

-

»

y ‘ - . .
- . (3) Next, you should remove the bushings from the bracket and
idlér arm rod. You will probably have to mount tHe bracket inha' vise to
remove the bushipg. Once you have removed the bushings,,clean the threads
in the idler arm ¥od and the bracket. Inspect the conditioa/of the threads.
e ‘ If the threads are stripped or have heen ;ross;threadéd,, replace the part;\
If the threads are serviceable you are ready to install the new.bushings.
(4) F.irst, lubricage all parts with GAA, ‘Ngxt, inst41l the two
¢ replacement bushings. :I‘hén slide theé neoprene grease seals over the idler
. arm threads until thé seals bottom on the flange. Next, screw the idler arm
into the idler arm rod bushing (couhterclockwise) until it bottoms (becomes
Y " tight). Then back the idler armi up (clockwise) 1 to 1-1/3 turns. This allows
"+, . theidler arm to swing back and forth as the steering wheel is turned. °

-

-

<

. " .
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(5) Next, install the /76
bracket and bushing on the other
end of the idler arm. Maké sure
you first bottom the bushing on
the idler arm and then back off
1 to 1-1/2 turns. Then bolt the .
bracket to the frame. Next, you
should see if you can tighten the
bushings any more, Then install
the grease fittings and lubricate
the idler arm with a GAA-filled .
grease gun, )

@

(6) Now that you have finished installing the idler arm, you still
have one more task to do. You should check the toe-in of the wheels. If
the toe-in was set with the loose idler arm, it will probably be wrong now.
Toe-in a.dJustment procedures are covered in paragraph 4 of this lesson,
g. Another lmkage component you may have to replace is a tie rod’end.
On the 1/4-ton truck M151, one worn tie rod end may be cause for an entire
steering link -to be replaced. Let's see how thﬂi‘s is possible.

C \ ~
(1} Let's look at the foldout 'of the 1/4-ton truck linkage once more.
We can see that the steering linkage between the two front wheels consists o !

of three major links.  These links'are the left and right tie rods (called
spindle arm tie rods J) in the illustration) and the p1tman arm-to-idler arm

rod (B). Notice that the center link or pitman arm-to-idler arm rod is all % o .

one piece. It serves as mounting points for the idler arm and two tie“rods.
If its one, tie rod end (ball joint) is worn, the entire rod must therefore be
replaced, \ :
. (2) The.left and right tie rods are actually made up of two tie rod . 3
ends and a sleeve. The tie rod ends thread into the sleeve: On~e tie rod end
has left-hand threads and one has right- o o )o { y
TURN COWNWARD .
hand threads:/ If the sleeve is turned in INCREASE ROD LENGTH TURN UPVARD
one directiod, the tie rod assembly gets 1O DECREASE
longer. When the sleeve is turned in the N
other direction, the tie rod assembly gets I R
shorter. This feature is used’to adjust . - ' k3
the toe-in of the front eelg,/as you wi - : o e
o [4 . s 4 ﬁ
see in paragraph 4 of/this lessog. Each DOWWAID lN.g!,dN U?VO;.EBI?}TH Cad
: . © 10 O
sleeve also inc¢ludef two clamps. They oD ot

are used-to lock the sleeve threads to e o
the tie rod end threads once the adjustment 6:% . . .
is completed. . 4 -0

-
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. ) (3) The tie rod end stud is tapered or srnaller on the outer 'end. It /71 -
: fits into a tapered hole. “The stud is held in place with a retaining nut. When
the nut is tight the tapered stud is wedged very tightly in the tapered hole. In
fact, it is so tight that when the retaining nut is removed the stud is some-
, times hard to remove from the tapexed hole.
' (4) There are various
> methods used-to loosen the tapered
; tierod end stud. These methods
sometimes are different for each
vehicle. One approved mlethod

Y. ]

po . for the 1/4-ton truck M151 is to. i
: ——first-remove-the retaini s PULLER——~
- Then hook a puller over the part

¥ with the tapered hole. Turn the
. puller screw aginst the stud and
: push the stud out of the hole. .
Then you are ready to remove

the tie rod end from the sleeve, - :S:":\I:LE

- TIEROD

»

(5) To remo;re the tie rod end-from the sleeve, you must first ]
lobsen the tw#f clamps. Then hold the sleeve to keep it from turmng and ~ ° /
screw out the tie rod end. :

v

(6) When installing the replacement tie rod end, it is 1mportant
that it is screwed into the sleeve the right amount. It should be screwed in»
the same distance that'the tie zpd end on the other end of the sleeve is*

_screwed in, Then, when the sleeve is turned to adjust the toe-in (see para-
graph 4 gelow), both tie rod ‘ends will have the same amount of thread con-
tact in the sleeve. Otherwise, one tie rod end,may be screwed almost out
of the sleeve. You can look through the slot in .the sleeve to determine the
distance each tie rod &nd is screwed in. ‘
- (7) Screw in the tie rod end as explained above.- Next, install the -
tie rod end stud into the tapered hole'and install and t1ghfen the retaining
, nut. Then install a cotter .pin through the stud and nut to make sure the nut
does not work loose. - ¢

~
'

\
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(8) Once this is done, tighten, the sleeve clamp bolts for the time /7f
being; then check the toe-<in and make adjustmernts, if needed, as outlined in )
paragraph 4 below, . ) o ‘ .

h. The 1/4-ton truck M151 has
many tie rod ends that can give
trouble.. They can all be removed
using the above puller method, If -
this type puller is not available, ybu
can possibly loosen the stud by strik-
ing the part with the tapered hole with .,

— a-hammer+—This method works well
with steering arms that are rigidly
mounted. Do not hammer .on thé tie
rod end itself of you will damage it.

A third tie rod end removal method

uses a wedge-type puller. The

wedge. is driven between the tie rod

end and the part with the tapered
;o o hole, such as the spindle arm. This -

_tool is often called a tie rod knocker. The wedge action pulls the tapered

stud out of the tapered hole; however, the tool generally damages the dust

-seal. The best method-to remove the tie rod. end is therefore the first

» method, providimg that the. puller is available.

4. FRONT-WHEEL ALINEMENT. Many adjustments are possible on the
front wheels and a®le of the 1/4-ton truck M151. Thé& wheels can be tipped
" in and out ‘at the bottom for a camber adjustment. They can be tipped for-
ward or backward for a caster adj'ustment. TPey ‘can also be removed in or
out in the rear of the wheels for a toe-in adjustment. Most of these ad_fust-
‘ments are made at support maintenance. Only the toe-in adjustment is made
at organizational maintenance. During this lessoh we will learn how to adjust
the toe-in. We will also learn where the caster and camber adjustments are
docated. Let's start with the toe-in adjustment. ' . .
LI . S . . [
a.. Before the front wheel toe-in is checked (measured), ydu should
check the condition of some of the components. . Let's see what compogents

should be checked,
) (1) For example, the toe-in gage will give an incorrect reading if ‘
a wheel is bent, so check both front wheels. Jack the wheel up and turneit to
. see if it is straight. . '

-~

. L
. , (2). While you have the wheel jack’éd up, check the wheel bearings to
make sure they are not loose. This can cause the toe-in to vary or change
as the vehicle-travels\aiong.' . Ve

3
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(3) Also, wh11e you have the ‘wheels jacked up, inspect the conditmg?
of the’steering linkage as-covered in paragraph 2 above. Replace any loose

, }1nkage parts that are worn excesswely as covered in paragraph 3 above.

. ~willnot work properly with a half-flat tire.

b

(4) Check the tire pressure in both front tires., The toe-in

éigfe o
) (5) Look-for any loose parts in the front suspension. If any loo;%
ness is found, the toe-in can b€ checked and adjusted if if necessary. However, -
the castar and camber should also be*checkecﬁay support mamtenance
personnel,

.

0 t.

b. Oncp.,you are sureﬁt'he front suspension, wheels, "and steering
linkage are servioceable, you are ready to check the toe-in. It should be
dong in the following manner: ¢ .

-

(1) Position the vehicle
on smooth, level ground with the
front wheels pointing straight
ahead. Then install the toe- -in®
gage between the front tires and
ahead of the center of the wheels.
Move the gage on-the tires until . °
the chains just touch the ground,
as shown in the accozrlpanying
illustration. Then slide the gage
pointer to zero.

(2) Next, carefully
_move the vehicle ahead slowly
until the gage is behind the axle
.and the chains again just touch
_the ground. The pointer on the
gage will then indicate the
amount of toe-in of the front
wheels, The correct toe-in
measurement for the 1/4-ton
truck M151 should be from 1432
to 5/32 inch, If the measurement
does not fall in this range, the
tie rods must be adjusted. '/

U TR :z ST

e




O

I

(3) Let's say when the toe4in was’measured. it was found to be 1/2 //0
inch or too much toe-in. To correct the toe-in, both tie rods must be /
shortened, This will pull the rear of the front wheels closer together and
make the toe-in less. One tie rod can be shortened and do the same job.
However, ‘the high point in the® steering may be in the wrong place when you
finish. You will see how this is true later in the lesson._

(4) 1 Here e is how you-shorten
— o/1engthen the tie rods. You.must
first loosen the clamp bolts and nuts 3
on the adjusting sleeves. Then you
must turn the sleeves., You must .
remember that each sleeve has left-
hand threads in one end and right-
hand threads in the other end. If it
is turned in one direction the threads
will pull the tie rod ends closer to-
gether. Ifjtis turned in the other
direction the threads will push the

tie rod ends fartper apart, Ther - .
sleeve and tie rod ends therefore
act)lik’e 2 turn buckle.

*

&

,. . . v .
(5) There is a trick in turning the sleeve. The sleeve is split

from one end-to the other end. If a pipe wrench or channel-lock pliers are
‘used, they must be positioned on the sleeve properly. The tool should be

., hooked on the sleeve so that it opens the spht or.gap. This will make the

sleeve turn easﬂy Notice in ie accompanying illustration that'the wrench
can also be positioned on the ve wrong so that it closes the gap. The
sleeve will then be tightened as you try to turn the sleeve.




I3

. \ (6)' To adjust the toe-in, turn the sleeve on each tie rod an equal /‘P/

amoun;, Then measure the toe-in again, If it is not between 1/32 and 5/32
néh, change each sleeve an equal amount and recheck the toein. Donot . -—

forget to zero the gage each time it is moved. to the front-of the wheels. OnCe

the toe-in is corr_egt,,nghten'ﬂre’t’f’mp bolts each sleeve. " ,

S A - &
.

c. The tie rod adjusting sleeves are also used to center the steering.

When this adjustment is made, both sleeves are again turned an equal amount;

however, they are turned in opposite directions. Let's go over this adjustment
and see how jt's dorie, )

(1) Drive the vehicke straight ahead and notice the position of the‘
steering wheel spckes. One spoke should be pointed down. If not, the tie
‘rods must be adjusted. : *

(2) Make suye you turn each tie rod an equal amount, If you do not
turn them equally, you W111 change the toe—m of the front wheels,

(3) MLet's say when you road tested the vehicle, the lower 'spoke of
the steering wheel was not straight down. It was a little to the right. Notice
in the illustration the instructions on how to correct this problem+—¥ou
must shorten the leff-hand (LH) tie rod and lengthen the right-hand (RH) tie
rod. If the spoke is to the left of straight down, you must lengthen the left-
hand tie rod and shorten the right-hand tie rod. / .5:

Y 3

N ?

" |LENGTHEN LH. ROD TO INCREASE TOEIN ) ' ' . ¢
RH. ROD TO DECREASE TOEIN : ,

SHORTEN LH. ROD 1O { S

' DECREASE -TOE-IN
(ENGTHEN RH. ROD .
. - - |TO INCREASE TOE-N » .
/ | 4
. . .
e ADJUST BOTH RODS EQUALLY TO MAINTAIN .. B3
a SPOKE POSITION ' ORD E10106 ‘ ,
N 5 . ‘ 4

» .

(4) It is important that the steering spoke points straight down.
Otherwise, the steering worm and roller will not on the high point when
the ffont wheels are pointing straight ahead., This would allow too much
slack or play in the steering system. !

> s - -~
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d. As indicated earlier in the lesson, caster and ca.mber adjustmgnts /2
____——are xﬁ”de at support maintenance.  Just in case you might sometime be work- .
ing. at this level, we will cover the adjustment loca.t1on.3
L3 - a
. (1) The front-wheel caster is changed by t11tmg the lower part of N

t.he ‘wheel is tilted forward. .

the front .suspension. If more negat1ve caster is needed, the bottom of the
wheel is tilted to the rear. If more positive caster is needed, the bottom of
L K . * A
(2) Caster is changed by
increasing or decreasing a shim pack,
thickness. The shim packs are used
at two main points-on each side of
* the vehicle. The shims are located
between the lower suspensmn a.rm
irner shaft and the front crossmiem- . .a ‘-
ber. Notice in the accompanying a :
illustration that there'are three shim
packs. There are two shim packs at
one point and-one shim packatthe = = ___|
*other point. The two=skim pack
point is toward the front ¥f the
"« vehicle (above the repairm\an's hand),
To change the caster,.incrialse the
ghims at one point; thén decrease the
shims at the other point the same
amount.

’ -)
. {3) Camber is a.dJusted using thé same shims. If'more pos1t1ve

°camber is.neéded, equal amount of skims is added at each point. If mdre .
negative camber is needed, equal amount of shims is removed at each pomt
By changing an equa.l amdunt of shims, the caster w111 not be changed.,

. ' (4) When the ca.ster\or camber of the front axle is changed, the S
toe-in will also be changed. This means the toe-in will hav& to be checked . T,
and probably adjusted a.fter adjusting the caster and camber. ) -

(5) ‘The location and purpose of the 'ca.ster-ca.mber adjusting shims
havebeen explainedabove, Thig is only part of the information covering
caster and camber adjustments. Should you eventually betassigned at sup-
port maintenance, you must learn-more about these a.djustments However,
the information in this lesson should help you when you get to support mainte- ,

na.nce . \ . .
¢ \ s - i
. .. " :fn“:‘"&ﬂ, -9 ' . - !
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e. " This pretty well covers the 1/4-ton truck M151 steering linkage 3
maintenance. Now let's see what should be done on thg2-1/2-ton truck
steering linkage, ~ . ) ﬁ‘ )

. . »

SECTION II. 2-1/2-TON TRUCK

5. INSPECTION. Like the 1/4-ton truck, inspection is also very impor-
tant on the 2-1/2-ton truck. The steering linkage is'not the same on fhe
two vehicles: Therefore, let's see what makes up the 2-1/2-ton truck
steering linkage suclg as used on the M35A2 cargg truck,
: 8

a. Starting,at the steering gear, the linkage cdnsists of the pitmarn
arm,@ drag link, one tie rod, and one steering arm. This stéering a}i-m
is actually part of the front axle.” The tie rod connects to'the front:axle at
the steering knuckle. Let's take these parts one by one and see how they
.should be inspected. W ~ oo T

.
. "*g;w S e

M b

SPRING *
HANGER

\@F .
REBOUND CLIR
SHOGK A3SORBER »°

€MD CramP

TIE ROD END )~
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(1) . The pitman arm is similar to the M151 (1/4 ton truck) pitman /f%
arm. Ingpection procedures are the same. Look for cracks in the metal.
Make sure it is tight on the pitmai arm ‘shaft. While you are this close to
the steering gea.r, make sure the. steer&ng gear mounting bolts are tight.

.
. . . o . ? . .

. - (2) Once you are sure the pitman arm is serv1cea.b1e, mspect the /"’V
. condition of the drag link. Have some one ''rock' the steermg wheel with—"" ~ S
. the front wheels on the ground. There sho)zld be very little, " ove- )
. - ment in the ball sockets at either the pitman arm or t }@rﬁaga
_ _ you see any movement at the ball sockets, th/eb fhmg to do is check the
adjustments. ,Adjustment of the dra V(’ak“is/co/vered in paragraph 6 of this
VI‘esson. ‘Make sure the dra as cotter pins in both ends. The cotter

pins prewgent the adj e/plugs from turning. . '

o

~

a

(3) The drag link connects the pitman arm to a steering . arm. .
. e The steering arm is part of the left steering knuckle of the front axle. The "
T | balI joint that connects the drag link tothe steering arm should be inspected. - ‘Y
‘ ©  Its tapered stud is held in the steering arm by a nut which can work-loose.
" . Yow should also inspect the steering armt where it mounts on the steering
" knuckle. It.is secured to the steering knuckle with four studs and nuts.
AR " Make sure these nuts are tight. A word of ‘caution! If the nuts afe found

loose, jack up both front wheels after the nuts are tightened.. Then turn the

N steering @r;kle back add forth to make sure it turns without a bind. If the
; * steering knuckle turns w1th a bind, notify your support maintenance. unit. .
T < ‘ . ) ) !
. - a .
/./‘/ . 4) The front wheels are tied together wwith one tie rod. The tie

i rod,m/c/nnected, to each steering knuckle by a tie rod.epd. Make & thorough
- - mspectmn of the tie rod. Make sure it is "not bent. Inspect the tie rod:ends

> o e
—) for looseneSs in the ball sockets. Usethe same procedures used for the 1/4- T
- ’ ton truck to check for looseness. " Make sure the tie'rod ‘ends, a.re ‘tight where
s they mouht in the /steermg knuckles. Make sureoboth cotter pms are in place
e in the.tie rod’ ,reta.mmg nuts. Check the cIamps on each end of the tie rc@
N . adju’( bie sleeve. Make sure the bolts are tight... Above a.ll rrmke sure.
b T . thére are no cracks or breaks in the metal parts: - “Check the dust geals on
— each tie rod and make sure they.aré not cra.cked ofr missing. Repla.ce any
L . missing parts. If the eradjustablemlgeve-is found loose, the toe-in must be
. e ch.ecked as outhned 4n paragraﬁ‘m J;ow. N . . ' 3
-‘.\, , DR R “K;.,\‘D'-& N L " . ¢ .
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. S o op&ational, turn the steer-
//')'/’”'/ P ing wheel over its entire . | t
" travel'to check for binding.,» '~ .
g If the drag link wa's adjusted® - . &7
, - - g during;ins pection procedures , L T ’
this check can be very im- .
BALL 3 portant. If the steering . e
turns easily in t_l;?g" center : .
‘ g but binds on each side of . -
the center, 'you may have, - ' : n
. . ’ to replace some parts, This Tobel
p— . Y ! o it s
¢ UNSERVICEABLE SER\IIICE ABLE ‘bmdm'g afg&r drag link &djust- A
S ’ - o . ment indicates worn part:s B TR
v - N . . in the ball secket. If you , s
.. - - e ot o f look at the accompanying . oo 7
- illEstration,you will seetwo drawirigs of 1;!11. sockets (drag link joints). ' .
_ Noticé that the servicealle ore has a round ball. - The round ball can turn -
, easily b 'tw.een the ball seats when«éhg steering wheel is turned.- The ball in .
the unserviceable joint is wory gecessively. It.is not round. ’On.ce the drag . ot
link ig adjusted, the ball and seats will be too tight when:thé stéering wheel A
"~ is turned away from its center position. . The only cure fon!his'pr&lem is B
* | toreplace some parts. :Let's find out what parts are repladed and how it's % - "
. déne. We m?l‘ cover the eh&ir;e _ste’ellting linkage. .. < T
. . \ . ! - . R o .- . Vo .
" . . 6. 'CQMP‘ONEN’I“ REE?AIR AND REPLACEMENT. Once you learn how to’ . ‘
., "repair the 1/4-ton trycld steering-linkage, you should have little trouble with , .
' ‘ the 2-1/2-ton truck, The steering linkage 6n the‘Z-—l/Z-tor& M34- and M35- , - .

series trucks has less parts.| There are only two tie rod ends, whereas the .

1/4-tan truck has five., The2-1/2-ton does have the two adjustable drag link '

joints as indicated in the aBove paragraph. ] Let's start with these jointsand, ~ .
!

see firgt how they are adjusted,, i e
\\ ) _ S , o ’ v’ z . . . e
cas It is important that tll(e.'drag link joints are’ adjusted.wh'gn the wheels. p ;.'19','
are pointing straight ahead. This is where most of the wear will take place. 0
Make sure_the jointg are lubricated before the adjustment is made. -Then . ..
follow t}ieSe steps to'make the adjustrirent. . o Co T e e
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(1) " Remlove the cotter pin in one end of the drag link. Then turn the /’é ‘
adjusting.plug to the right (clockwise) until the plug bottoms. This means .
until the plug stops turning in. Do not try to force the plug to make it tighter.

1 °

-

"\)// COTTER PIN

SPRING
_» SAFETY PLUG __ COTIER PIN
ADJUSTING PLUG
o SAFETYPWUG,
SPRING
BALL SEAT

1 #ADJUSTING PLUG

STERRING ARM
END OF DRAG EINK

@ , ' - . - ORD €21668
- . H '

»

* (2) Once the plug bottoms, turn it back until the first or second’
cotter pin hole in the tube alines w1th the slot in th§ plug. Do not turn back
more than 1/2 turn; then install a new cotter pin. ‘This adjusts the ball
socket spring tension. T *

. (3) Do not adjust the ball joint on the other end of the drag link yvet.
Jack up both front ‘wheels so that there is no friction between the tires and the
ground. Then turn the steering wheel t6: make sure there is no bind on either
side of the center point due to a wern flat ball. This was covered-in‘para-
graph 5 above. @ ¢

(4) If there is no l;ind on either side of the high point,” adjust the
ball joint on the other end of the drag link. Use the same method used on the
first joint. Once the adjustment’is made, turn the steering wheel and check
again for a bind. If tHere is.no bind the dra.g link is adjusted a.nd' serviceable.

\

L 4

b. Let's say once you adjusted the drag link ball gocket sprmg tens1on, .
{ the steering was tight on each side of the center of its travel. You disassembled"
the joint on one end and found the ball flat omr each side next to the ball seats.
What should be repaired or replaced? . .

3

-

(1) - None of the' parts\s’ﬁould be repan'ed,,however, some should be
repla.ced Which parts are repla.ced depends on whlch end of the dra.g link the

flat ball is found. .
3 )
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" (2) .If the lat ball is found at the forward :
ball socket, the pitman arm.must be replaced If

the flat ball is found at the rear ball socket, the . SA—5
ball aﬁd stud must be ,replaced The ball and stud ()] Q
at the rear of the drag link can be removed from ‘ ?/ @?
the steering arm. Therefore, the steenng arm . /
does no% have to be replaced due to the worn ball (2 3 4
stud. *Regardless of which ball is worn, the ball 1-Adjusting plug
seats'in the same ball‘socket should also be re- § gpn:;“
placed. ,They are part of a kit. The wit includes : 4-Safety plug

Lo .. all the inside parts of each end of the drag 11nk as 3—Cotter pin

. shown in the accompanying 111ustrat1on. . T g

(3) Make ére that when you install the drag link parts you 1ubr1cate
them with GAA {grease, -automoative and artilléry). .

o

c. If the pitman arm has to be replaced, you should follow these

procedures:

4 .

. >y 4

(1) First, remove-the
nut holding the pitman arm on °
the pitman arm shaft. ‘' Then,
' using a puller, pull the arm off
<. the pitman arm shaft. )

e -

’,

(2) Next, remove the ball socket parts on the pitman arm end of the
drag link. Then remove the pitman-arm from the drag link.
N




. _ , ‘ \\
. ya . , “

» ’M -t £ ) \/ .
; . (3) Once the pitman armyis removed, inspect the threads and (. f/
splines on the pitman arm shaft, If the threads or splines are not service-
able, the steering gear assembly must be replaced. If the pitman arm shaft

has no nicks, burs, or other damage and is serviceable, you should prepé:i’é

to install the replacemen/t pitman arm,

’1»‘3*;:« iy foe e
N f*»?.~*z&1§a&'«§§ﬁi&%&h'x- N - P
g .

» & . .

(4) The steering gear must be positiomed properly before the
pitman arm is installed. To do this, turn thie steering wheel to the center
‘of its travel or midposition. *You should remember from a previous lesson
. that the millposition is also called the high point?- Once the steering is on

the high point, install the pitman arm. When properly installed, the pitman
arm ball should be directly belgw the pitman ‘arm shaft, In other words, the

"arm should hang straight down. - q

P

] ’ (5) Next, install the drag link and adjust the ball socket spring
. ' tension as previously outlined in this lessan. '

N

b |
¢

(6) " The front wheels should be pointing straight ahead when the

) steer’z,ng’ is on the high point. If the wheels are not straight ahead the pitman
arm could be installed wrong. If the pitman arm is installed properly, check
he drag link and the pitman arm. If either is bent, the steering will not be

R4

on high point wher the wheels are straight ahead. .-

-
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d. As indicated earlier, the 2-17/2-ton truck uses one tie rod. .The t1e
rod has two tie rod ends ~ one on each end of the tie rod. The center section
of the tube type (hollq,w) tie rod is threaded in each end. One end has left-
hand threads and the 6ther end has right-hand threads. The entire center
section of the tie rod therefore acts as a toe-in adjusting sleeve. It has the -
same function as the short adjusting sleeve on the 1/4-ton truck M151. The
2-1/2-ton sleeve is split on each end so that the sleeve can be clamped to
the tie rod end. It is not split from end to end.like the 1/4-ton truck’ sleeve.~
The tie rod or tie rod ends are replaced usmg the exacts same pr‘ocedures
used on the 1/4-ton truck. -y a

e. You should’now see that repair and replac ment of the 2- 1/2<ton
steering lmkage are similar to the 1/4- ton ttuck. Next, let's see what can
be done to ‘aline the front wheels on this truck

]

7. FRONT-WHEEL ALINEMENT, Ahnement of the front wheels on the _
2-1/2-ton'truck is limited to dne adJustment toe-in. Due to the front-wheel.
drive, caster and camber are built into the axle. There is, therefore, no

. adjustment made'to gaster or'camber by any maintenance personnel. The
toe-in aa_]ustmer}t can be made at organizational maintenance level, so let's
go.over the procedures. ?

v 4 -

4

a. Like the 1/4-ton truck and any other wheeled vehicle, check the
steering system corldition before the toe-in is checked .

[
.

(l) Check the wheel bearings, steermg knuckles, and tie rod ends
for excessive play. If the steering knuckles are loose on the axle housmg,
notify your support maihtenance unit. If the wheel bearings are loose, adjust
the bearings to remove the play. If any looseness isfound in the tie rod ends,
replace the tie rod end. Don't forget to check the tire pi'essure so that the
toe-in gage will work right. .

(2) If all steering parts are serviceable, you are ready to check
or measure the toe-in. Ypu can use the same type gage used on the 1/4- ton
truck to mieasure the toe-in. Make sure the wheels are straight ahead before
you install the gage. Position' it in front of the ‘wheels and zero the gage.

Then move the gage to the rear of the wheels and take a~readmg on the gage.

3)- The toe-in for M34-series 2-1/2-ton trucks with smgle rear
wheels should be between 1/16 and 1/8 inch. The toe-in for M35-series 2 l/2-
ton trucks w1th dual wheels® should be between 1/16 and 3/16 inch, If the toe-
in is incortect, unlock both ends of the tie rod or adjustable sleeve at the tie
rod ends. Then turn the center section of the tie rod to lengthen or shorten

the tie rod. 'l‘hls is the same basic procedure used on the'l/4-ton truck

'Y
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) (4) The 2-1/2-ton truck has only one tie rod. Th13 means the tie a
annot be used to center the steermg‘ wheel You learned in

b. If a toe-in gage is not ava11ab1e, you can measure the toe-in by .
. usmg another method, This method is sometimes even more accurate than
‘ ( N the first methods, Let’s see how it's done.

»
/

(1) Jack up the front wh"eels, one at a time, untikth y glear ‘the
! floor or -ground.” Hold a pencil against the center of the tire tread. Make ,
. sure the,pencil does ﬁoyve to ither side, and then turn the wheel by hand.

. ' (2) Continue tyrning the wheel unt11 the pencil 11ne’1s made around
. the -entire tire. If the pencil/ls held as it should be, the lines will meet when
& T the wheé,l is-turned compietely around. Make sure you mark or scribe both
\, tires in this thanner. ‘
(3) Next, make sure the Wheels are po1nt1ng straight ahead ‘and then
* 'release and rernoy,e_tth.ack . *

-
-

v, . . (4) Now all that has to be
. ‘done is to measure the distance be-
tween the pencil lines with a tape
measure. Start at the front of the
wheels and measure the distance
-+ . (F in the accompanying illustration).

The measurement should be taken

- " about halfway up the tire or on a

. . .
. ?r v
- X . . Ty : E MINUS F ='TOE-IN ORD E21647 -
line with the housing axle. P . .

» ' \ (5) Then move to the rear ‘of the wheels and measure the pencil
lines (E in the illustration above).. Make sure the measurement is taken at
. the same height (on a line with the axle housing). This measurement at
. . the rear of the wheels should be 1/16 to 1/8 inch greater than the front -
; measurement for M34-series 2-1/2-ton trucks. If»—should be betWeen 1/16 .
to 3/16 inch greater for M35-series 2-1./2-ton trucks ,

Rl oy -
4
.

.(6) ;For exarnple, let's say you are checkmg the f,pe-m ona 2- 1/2- .

%on truck M35A2. This is one of the M35-series trucks. The measurement :,
taken in front of the wheels is found to be 72 inches. This means the meas- .
urement taken at the rear of the wheels should be between 72-1/16 inches -

) and 72-3/16 inches. ' For this example, we will say the pencil lines at the

*  rear of the wheels were.72-1/8 inches apart. The front wheels, therefore,
‘ have 72-1/8 minus 72 or 1/8 inch toe-in. According to the toe- -in spec1£1ca-
. tions (1/16 to 3/16 inch), this toe-in is satisfactory.

-

-~
. +
Y
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(7) This ‘method of mea;uring toe-in is more accurate than the fi‘r,st
» ' method if a wheel is bent. This js*because the pencil line you make is straight
* even if the wheel is bent. : . ‘ A\ :
- (8) If you have trouble seeing the pencil line on some ti\re‘s, there. -
is a way to help this problem. “Hold white chalk against the same area on- .
the tire. Turn the wheel by hand and whiten this area of the tire. Then hold '
the pencil in the same area and make the pencil line. It will be easy to see
" using this method. .
c. ,This last method of measuring toe-in can be used on many heeled
vehicles. To get the most accurate measurement, the lines should a ays.
be measured at about half the height of the tires. This point, as indicated
above, is on a line with the axle housing or center of the wheel hub.
d. The 2-1/2-ton trucks have quite a bit more working clearance under
the vehicle than the 1/4-ton trucks. This additional room helps when you are
inspecfing, repairing, adjusting,, or replacing steering linkage components,

»
Y ~

.. SECTION OI. 5-TON TRUCKS
T ; < ~ T
. 8. GENERAL., Some of the 5-fon truck steering linkage is similar to the .
steering linkagle used on the 2-1/2-ton truck. Therefore, only the difference
widl be covered in this part of the lesson. Let's first take a look at the 5-ton
linkage and see how it-differs. . L . .

a. The steering gear éh the 5-ton truck is mounted on the left frame .
rail just like the 2-1/2-fon. The 5-ton truck steering'gedr, however, is
mounted farther back on the frame rail. Due to this mounting location, more —
linkage is needed to conne'c':t,the steering gear to the front wheels.

.. .

b. The major difference in the
5-ton and 2-1/2-ton truck ste%ripg
linkage is the drag links. If you look
at the accompanying illustration you

* + can.see how the drag'links look.
Notice that there are two drag links -
an upper. one and a lower 6ne. The
upper drag link connects the steering °
Co 'gear pitman arm to the relay lever. .
g The relay lever has two ball-type
' . connections. The upper drag link con-
" nects to the upper ball. One end of the
" lower drag link connects to the lowe.

ball.on the;relay‘lever. The other -
" end of the lower drag link donnects t ) )

. the steéring arm on the axle. ) ‘i

.*
.
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c. The steering gear on the, 5-ton truck is pc»er assisted. You learned /72
in &n earlier lesson that it is called gower steering. The power steering unit
- has a pitman arm like the mechanicall’'steering gear. When the front wheels
are stra1ght ahead, the pitman arm’ points about straight up. If you look at
the illustration in the above paragraph you cgn see how the upper drag link is
N "~ angled. This is necessary to connect to the top- mounted pitman arm.
. 3
d. The ress of the steering’ linkage is basically the same as the 2-1/2-
ton truck steering 11nka.ge. The tie Tod ends, however, are different. On the
5-ton truclk.the tie rod ends can be disassembled and separate parts replaced,
. .
e. We h‘aw;e just learned how'to maintain the 2-1/2-ton.truck steering
linkage. Now Iet's learn the maintenance procedures on the 5-ton truck | -
steering lmkage parts that are different than the 2-1/2- -ton lmka.ge. Let's
start with 1n5pect10n procedures. .( .
9. INSPECTIQN Make a visual 1;15pect1on of all steering linkage parts.
Make sure none of the.parts are missing, bent, or broken. Use the same
inspection procedures used on\the 1/4-ton and 221/2-ton truck steering
linkageés. Make sure you also check for loose mounting bolts on the power
steering unit and the relay lever bracket. , ’ . ' X .
b] »
10. COMPONENT REPAIR AND R.EPLACEMENT Let's lea.rn how to repair '
- or replace any parts that differ from the 2-1/2-ton truck.- We will start wmh\ .
the pitman arm. C . . . .o .
a. The 5-ton truck pitman arm has tpé same job and is mounted basically
the same as the 2-1/2-ton truck. . The main difference is that 1t is ,mounted -
po1nt1ng up rather than pointing down like the 2- 1/2 ton truck :

|
~

(1) There is no repa.1r to the pitman arrg; however, it can be replaced.’ N
The-upper drag link is connected to the pitman arm ball with an ddjustable ball -
socket. Itis removed following the procedures uséd-on the 2 '1/2-ton truck
drag.link,

. %

ﬂ) The p1tmhn armis also removed-from the pitman a.r% sha.ft in
the same manner as used on the 2-1/2-ton truck arm. aMake sure the puller
is a.tta.ched properly before the puller screw is tightened. -

. i (3) Like the 2-1/2 '-ton truck, the steering must be positioned right |
" . . ‘before the pitman arm is installed.” The steering wheel must be in the center

of its travel. The front wheels must also be straight ahead if the drag link is

already attached to the pitman afm as outlined in the following paragraph.

M . ' *
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"(4) Fitrst, connect the replacement pitman arm to the rear end of °
the upper drag link. The adjustment on the ball socket is slightly different
than the 2-1_/2-ton truck. Tighten the adjusting plug until it stops.. Then
back it up until the slots aline with the first cotter pin hole in ‘the tube.
t Make sure you install a new cotter pin. -
(5) Next, with the front wheels still straight ahead and the steering
wheel centered, install the pitman arm,on the pitman arm shaft. It should
be pointing upwérd when tHe front wheels are straight ahead. Make sure you -

, tighten the nut securely.. o

- ¢
\ .

- o * b. The drag qinks are both removed and ir_.lstalled in the same manner,
' Lo There is one precaution. The drag links can be installed with either end“to
. the front of the truck. One way is right and ome way is wrong. If you look
9 - ‘ . at the drag links you will find that the ball stud opening on g'ne end is farther
) from the end of that drag link end. Both ball stud holes are therefore not s
‘equal distances from the drag™ink ends. 2
Y . R . 8
(1), To install the upper drag link properly, the end with-the ball
stud hole closer to it connects to the relay lever. The end with the ball
- stud hole farther from the end connects to the pitman arm.
S ' o
(2) To install the lower drag link properly, the end with the ball
‘ stud closer to it connects to the steering arm on the'front axle. The end with
»  the ball stud hole farther from it connects to the relay lever.- You can see
.an exarnple of the difference in location of ball stud holes in the accompanying
.illustrdtion. . ' ‘ . -

- - . + Upper.Drag Link, T N
; ’. qu\ i" I : =) L
' . OZQ - o ' - - jj -
' ' B Ball Stud HOICS / |

Relay Lever End

A

Pitman Arm End .

N
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- d. ' The relay lever was not included in the 2-1/2- ton steering nkage,
« ' so let's fake a look at it.

bracket are mounted on the frame
forward of the_steeriné,gear. This
is about the same location as the
Steering gear on the 2=1/2-ton truck.
The relay lever is- mounted on a pin.
The lever has bushmgs and sealg
pressed 1nt0fch side of the lever.

L ' . CL ‘ n o g (1) The relay 1ever and

 RELAY

The.bushings/act as bearings between
the levier and the pin. If the bushings
become worn, the lever will tend to

) - QRO E4ST7. twist in the bracket as the _steering
e ; S T —— ) wheel is turned back and forth. Worn
r - -bushings mean the cover must.be
4 - ) replaced *
1} X 4 f ——

’ (2) To replace the lever, d1sconnect both drag links at the relay
lever ball studs. Then remove the 1ubr1cat1on (grease) fitting from the end
of the 'pin. S, ] = .
Ll ; (3) Next, thread.a 3/8-inch National fine (NF') thread capscrew 'm/
5 the grease fitting hole threads FINGER TIGHT. Do not t1ghten with a wrench
or the threads will be damaged :

3

Then remove the tie bolt and -, * Pin Capscrew

- nut that clamp the bracket to : / \ .

s+ thé pin, Hold the relay lever 0- .- m .
and pull’the pin‘from the bracket ' - -0

! . Groove
by pulling on the capscrew. ‘ v
D j‘ N \< . ) \
| -
‘: . - (4) Inspect the
‘ - J pin. Ifit is worn where
the bushings r1de, z‘epIace
the pin, .
{ <4
~ ? ) ‘.‘ . v
. ’ [}
. . A N B .
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’ . .\'-{ (5) Before the relay lever is replated, lubricaté‘ the bushings ;:1d
. L ' seals with GAA {grease, automotive and artillery), .Then hold the relay

\‘ lever in place in the bracket and install the pin. When installing the pin;
. make. sure that the groove across the pin is on the bottom. When the pinis ,

,Properly in place, the tie bolt will fit in'the groove. . )

"(6) Once the pin is in'place, install thestie olt 'a.nd‘fnut. Then
install the upper drag link on the upper ball stud.” Install the lower drag link
] on the lower ball stud. djust the ball socket as- outlined earlier in this

| lesson. . . . i

. i

N . . N f [N .

>

0y (7) Remove the temporari} installed pui?er capécrew and install '
. the grease fitting. Lubricate the pin and bushings with GAA. )
. e. The tie rod ex\on the 5-ton truck can be r.epé.iréd.\\ This is not .

" pos sible on the 1/4-ton 0 Z-L/Z-tq;i’tru'cks. The 5-ton truck tie rod ends A
are normally only replaced at orgdnizational maintenance'and repaired at a ., ’
support maintenance shop. Just in case you are-assigned at a 'supéort main-
tenance shop sometime, let's see what the .ineside of the tie rod e[xd looks
like. ' )

- .
S Fl o

- ) . (1) You can see an exploded view of the 5-ton truck‘tie rod end in
. ! the accompanying illustration. Notice that.the stud (G) rides in a bearing (F).
) The stud is held tight in the bear%ng by a spring (C) and spring seat (D).’ , The

tie mod end innet parts are held in place by a snapring (A) and end plug (B).

.

. ~

. ' . . - v

— | KEY ITem ‘ .

Ring, snap, end plug
Plug, end
Spring, compression
Seat, sprin
Washer, fel
Bearing, end stud

d, énd

Stud, ¢n
- End, tié rod

ITEM
Pin, end stud bearing
Washer, plain
Seal, shield
Shield, stud
Spring, compgession, taperey
Pin, cotter
Screw, cap N
Tube, tie rod
Washer, lock

Nut, hex
Flt“f-g. lubricating
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(2) The parts needed for this tie rod end come in'a repair kit. /?é
you areseventually ass1gned at support maintenance, you may be requ1red to
repair a tie rod end. ‘ 7 i

. -
) (3) While ass1gned at orgamzatwnal mamten nce level you will
_Teplace the entire tie rod end, You ‘should notice the two bolts (capsCrews,
R) in the illustration on page 29. They are used to "clamp the tie rod end onto
the tie rod. If you remembe? the 1/4-ton truck tie rod, the tie rod sleeve
clamped onto the tie rod end. Keepmg this in mind, réplacement of the tie
rod end is otherwise the same as the 1/4-ton truck.” Once a tie rod’end is
replaced, the toe-in must be measured ang adjusted, if necesSary. Toe-in .
is covered in the following paragraph. )
\ .

11, FRONT WHEEL ALINEMENT. Due to the construction of the 3-ton{truck
front axle, toe-in is the only alinement that can be:adjusted. Thxs you ) ’ .
learned was also true with the2-1/2-ton truck. Toe-in adjustment is made
usmg either of the same methods used on the 2-1/2-ton truck. When aljusted -
correctly, the 5-ton truck front wheels should be toed -in between 1/16 and 3/16
inch. L1ke the 2 1/2 -ton truck, the.tie rod is turned ‘to make the adJustment

SLCTION Iv. TROUBLESHOOTING STEERLNG*SYSTEMS
J

12. GENERAL., During thls/subcourse you have learned hew both mechamcal
and power steerings wbrk. You have also learned how to maintain the steer- .
* ing.linkage and how to mamtam some steering gears, Steering systems, like
other mechanical systems, can develop some pro'elen{s or troubles. As a
wheeled Yehicle mechanic you will be working with seme. of these troubles.
You must first find what.ig causing the trouble. Then you adjust, repair,
replace, or do whataver it takes to correct the tfouble. This maintenance
action, as you have already learned, is called troubleshooting. In an .
earlier-lesson you learned of some unwanted steering factors that affected
steering. Let's see how some of those factors affect the entire mechanical
steering systems of wheeled v€hicles. i

4 "
13, HARD STEERING. Let's say tha't during a roag test of a 2.-1/2-ton truck,
you find it’hard to steer. The steering wheel is hard to turn or seems to . .
bind. . ’ <! ‘ ‘ o

-

7/

a. "Thé first step in locating this trouble is a visual inspection. Make
sure all parts are in place. Make sure the steering linkage is not bent. Make
sure the tirge pressure is npt low.

b. Don't overlook the possibility of the lack of lubricatioq Check the
lubricant level in the steering gear and the front axle. Lubric;}e all steer-
ing linkage points to include the steering knuckles.- Then try the steering

to see if the lubrication helped it. Arl}her cause of hard or' binding steering

he
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xs a misaljned steering housing and acket A good way to inspect.for this ;

édndltlon is to loosen the Tmounting ¥lts and then retlghten them This allows
the steering assembly to aline itself. . -(

c.  Ifthe troubl& still exists} the next best step is to’ f1nd out if it is in
the steering gear or the linkage and steering knuckles (pivets). OQn the 2-1/2- .
ton and 5-ton trucks, .this can be done by first d1sconnect1ng the steering gear ‘
from the drag link at the pitman arm. On the 1/4 ton’truck, disconnect it at

. the p1tman ‘arm and the rod between the pitman arm and the idler arm. ,
\ ’ ' (1) Next, turn the steermg wheél to see if it still turns hard. If it
' "does, the trauble is some place in the steering gear.. It can't be in the linkage -
e ) or steermg knuckles (prOtS) bécause they are d1scogn€cted» @’ ‘ e
- E ' (2) Iset's say that on a 2- 1/2 ton truck the steering. wheel turned -

free with the linkage disconnected. * The trouble must be somewhere in the -
| " linkage or steering knuckles. Do not sta¥t removing parts yet., Find out
where the trouble-lies. : i

o
Lot (3) ‘Make sure the- rear end of Lthe gﬁ Simk is free on'the steering
> - ‘arm ball,” If it is, d1sconnect one tie rod end) Theh jack up both front

.wheels. Try'turning each wheel back and forth as it w&&ld move when the \
- steering wheel is turned. If one wheel turns or swings hard, the steéring °
knuckle 1saprobab1y binding. This is a-jol¥for your support maintenance
/ unit. i ' ' S - : .
* ¢ S
\ £ (4) If hoth steering knuckles are free, check the tie rodinds to.< -
., make sure the ball studs can be tur -in ‘their sockets o
v ' \ .
d. B\)‘ using ‘this step -by-step method to check for the hard,steermg,
you will" not do more work than is necessary to locate the trouble. Ifsthe,

-

‘- trouble is'in.the steermg gear\lt can possibly be adjusted to correct the’ .
< . trouble. You-are authonzed to adJust the 2-1/2-ton truck steering gear at
s ,organizational level. If adjustment does not elp, the steering must
replaced. o . L ’ N ) .
-y 14 TRUCK PULLS TO ONE SIDE - Let's say-a operator complams that

his 1/4-ton truck M151%s pulling to the right. There'are many possible
causes for-this. problém Some causes can be corrected easily. Other,
/ causes requlre a Iot of work. The mechanic genera]ly starts with the .
/ more probable causes first. This is espec1a11y true if the more probable
cause ig easy to correct. For exan‘tple, a bent frame or frame/body com-
R bination (M151) can make a vehicle pull to one side. A low tire can also
. " make a‘vehicle pull to one side. There is little doubt that the mechanic

/

¥

would first look for a low tire. “Let's go over Some of the possible causes -
" agd corrective actions for this trouble - pulling to one side. . ,K\y\_(
> : . ‘ ’ " . o0
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a. Have you ever experienced a tire slowly going flat while you are /7/
driving along? 1In fact, the reason you suspected you had a low tire is that
the vehicle started pulling to one side. Check the tire pressure of all the
. tires on a vehi¢le ‘that pulls to one side. Make sure the vé&hicle is loaded
correctly. 'This can also cause the vehicle to pull in one direction.

b. Check for loose or missingiparts. On the 1/4-ton truck M151 the
shims could have fallen out of the'front suspension. If you find this condition,
notify your support. maintenance unit. When the shims fall out, the front end
or wheel alinement can change enough to cause the vehicle to pull to one side.

(1) Any parts in a front axle that shift or move can cause this pulhng
condition. For example, ona 2-1/2- '\@n truck, if the front axle U-bolts come
Joose, the axle can shear off the spripg center bolt head. This allows the
axle to slide, generaﬂy to the rear. the sprxng is not mounted properly on

— the axle, the vehicle will generally pull to one side.

(2) Sometimes if parts are Ioose, the vehicle will pull first to one
side and then to the other side. This condition is generally referred to as * Se X
ebrat1c steenng or loose steering rather than pulling to one side.

. - ¢. If a vehicle pulls to one side, don't forget about lubrication. If the
D\stéenng parts are binding due to lack of lubrication, the front wheels may
. hang h.p pointing to one side of the center. This would have a pulling effect
on the vehicle. ) .
d. Don't forget to look for bent parts or parts that are adjusted too
" tight\"This will also cause a pulhng condition. Bent parts include the entire
fﬂont ax‘le housing. ‘

e Dragging brakes or binding wheel bearings can also cause a vehicle
t’\puﬁ to one side. You can jack up one wheel at a time to check for this
tfouble. - : » ) ‘o

- ‘ <. _ ]
15. ERR_A'ﬂC ‘STEERING. Earlier in this -subcourse you learned that steer-
ing could develop a number of troubles. For example, it could work as it
should on smooth, level road; however, when the road is banked to the right -
the vehicle pulls to the right. Where the road banks to the left, the vehicle
pulls to the left. When these conditions exist, we-say the steermg is erratic.
If something is erratic it does not continue to do the same thing." It doeg
first one thing and then another. . : \ .

a. Erratic steering can be due to loose parts. The loose parts prevent
the operator from hayfing full control at all times. For this reason loose
steering and erraf¥c [gteering often have the same cCauses. -
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. b. Another cause for’ errat1c steering is incorrect fromt- wheel ahne-/??
ment. This s espec1ally trtie on the 1/4-ton truck Wwith adjustable caster
/ . and camber. If nothangeise can be found causing the etratic steer1ng\
notify your support ma1ntenance unit of the trouble. They are authorized
to check and ad_]ust the f;ont -wheel a_.hnement

i ¢ . ’ - .
v c. If thg vehicle is loaded, make sure that the load is not moving about .
This wilfcé.use a very definite erratic steering condition. . .

<

‘ °

d. Erratic steermg is sometimes referred to as wandenng, because '
- the symptoms are bas1ca11y the same for both problems. CNT
‘ - 16. SHIMMY. This is one of.the most common problems found in wheeled
vehicle steering systems. It is genera11y~ caused by a bent wheel or some-
, ,  thing about the wheel and tire that is not in balance. If the bent or put of
~<f balance condition is not bad, no ghimny is generally noticeable on the
. steering wheel. ' However, if any steering parts are loose, a 1 slight sh;mmy
dan cauge'a serious steering problem. The loose parts allow the shimmy
. . to become worses As a wheeled vehicle mechanic, you can often stop most-  «
shimtny by repa1r1ng, adjusting, or replacmg loose par\td .
A _a. Sthrny can also become worse if the front~end alinement is not
correct, " This; we have learhed, with the exception of toe- 1n, is a job for

3

ot support ‘maintenance personnel & .
>

»

-

L}
-

' - b. Sh.lmmy can also be qinte noticeable if the shock absorbers are
» worn or weak. Shock absorbers can be repJ&ced by organizational ma1nte-
.nance personnel. . ® :

- . v ' ' ot
L

- . : c.  Another cause of noticeable sh:tmmy is tires tha.t a¥e worn uneven.
Thas is especially true if the tires are cupped out. The only cure for a
cupped out t1re is to replace it.~/ « .

'. d. When you are look1ng for loose parts, don't fdrget to include the
wheel bearings. You will have td-Jack’ up each wheel and check the adjust-
rhent to see if the wheel bearings are loose or tight. L -
17, LOOSE STEERING. +When there is excessive play in the steermg wheel,

o the vehicle is said 1:0 hate.loose’ ‘steering.. Loose steering causes the ..

operator to cont1nuously fight the steering wheel._

e 5
. '

“e

S T, a. .Too much play, uh ‘the steer1ng system can be traced to many parts.

o "A good w:a.y to localize the trouble is to first turn the steering wheel to the
m1dpos1t1on or high- gomt. Then have someone rock the steering wheel back

. and Iorth THhe steer1ng wheel movement should be just the distance of the
free pla:y or untfl resistance is felt in each direction. Look at the linkage,

) T~ < starting at the p1tman arm shaft. If ghe pitman’arm shaft does not move
- B - t ¢ .

v L4
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wr when the steering wheel is turned, the excess1ve play is in the steenng gear.

If the pitman arm shaft moves,- follow this hnkage until you find where the °?00

excessive play is located. . . ’
< b.. Don't forget to look for loose mount1ng bolts.. This includes the
front axle-to-spring U-bolts and the spring hanger bolts or rivets. Remember
any loose components can cause loose steenng ’

. . N

s r

c. You should remember that a loose steering gear assembly can cause
a vehicle to oversteer. The vehicle turns shorter than the operator wants it ‘
to turn. This unwanted steering factor is called drive. ) /
v

\ d. In reviewing the various troubles you will be troubleshooting, one
thing is evident: many of the: troubles or unwanted factors can have the'same
causé. Do not start repairing or replacing pe.rts until you are sure where
all thé trouble lies.. Sometimes you will find that one loos® part is causing

more than one trouble.' ‘Other times yougay find you have to repair or
rep.lace'm‘ore'than one part to correct one trouble or problem. ) . \ )
B \ ) : . ‘ o - L. ’ e

-SECTION V, 'CONC LUSION ot /

.18. SUMMARY. Steering linkages don't really have too many parts, but they
are mighty important oneS§. Probably a good irispection is one of the most -
important maintenance actions you can periorm on these parts. As a wheeled
vehicle mechanic, you are authorized to repair or replace most wheeled vehicle
linkage parts. During this lesson you have learned the procedures for in- .
specting, adjusting, and repairing the steenng linkage of 1'/4-ton, 2-1/2-
ton, and 5-ton trucks. These linkages are representative of steering linkages
on most wheeled vehicles. - You also learned of some of the problems found

in wheeled vehicle steenng linkages. Armed with the information gained in
this lesson, you should have little trduble troubleshoptmg steenng systems,
to include power steermg hnkage '

19. PRACTICE TASI?S. The appendix of this lesson contains a list of tasks |
“associated avith steering linkage maintenance. They are representative of
:, the tasks you will be required to perform as a whe ] ehicle mechamc.

r Perform all the tasks listed, Be sure you are under the superv1s1on of

an officer,, NCO, or specialist who is qualified in the MOS when you prac-

tice the tasks. If you find you are having "difficulty in certain tasks, -~
restudy the appropna.te training material and practice the tasks until you
become proficieng in each one.

I
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Note. - Questions l86 through 93 apply to the 1/4- ton truck M151. S
. <

3 .

86. h1ch mamtenance step should be performed fir'st onsthe steermg linkage?

a. Inspection of thd entire steering system
b. Repair or replacement of all defect:.viarts
c. Adjustment of the front wheel toe-in % -

¥ 87. Which statement is true in reference to inspecting the steermg hnkage"

P~ ia 3 N

a. Lubricate all steering components before an inspection is .made
., b. A good method to find looseness is to jack up both frdnt wheels and
”) > tires, and then rock the steering wheel
; c. If the steering gear is fofind to hive too much slack, support main-

/ : - tenance should be' notified o . N .
Al . N ) > ’ . 0

88. Wh%t action should a wheeled vehicle mechanic take if he finds a bent
‘ tie rod on the left side? * )

. a. Notify direct support
. "~ b. Straighten out the bend
* .c. Replace the bent part o o '

89. Which steenng linkage condition can cause the r1ght end of the p1tman

e . arm-to-idler arm rod to move up and dowh excessively? B
) O 'a. Worn idler arm bracket bushing ’ s
b. Loose right spindle arm : _ o
' . 1 c. . Stripped pitman arm spline . A
v 90, "What is used to retain the idler arm bushmg in the pitman armf-to-idler '
- . ) . arm rod? . S
_a. Threads \ | S
i b. Snapring . 4
5 ' c. Coil spring v . . - :
. .
L] ¢ o

LS \
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<91, What must be re.placed if the tie rod end that connects to the pitman arm

' is worn excesswely m the ball socket? H02
a. Pitman arm- to-idler arm roct

- ) b. Left tie rod assembly

c. J'Pltma arm aesembly

y v

"92., How far shoulda replacement tie rod end be threaded jnto the adjustment A
' sleeve? o ' . ,,

e
?

a. Until it bottoms against,the oppo®ite tie rod end : -
.+ b. 'Equal distance of opposite tie rod end .
c. Use up all threads on the replacement tie rod end ’ oL

93. You have just adjusted the toe-in on a 1/4-ton truck to the correct

specifications. After dr1v1ng ‘the veh1cle forward a few feet, you again . %
¢ check the toe-in and find it to be wrong.. Wh1ch condition can cause Ca
" this problem'? . - . . '
»
ar a. Bent tie.rod ‘ .
. b. Loose wheel bearings ' : . .

¢. Worn steering roller
Note. - Questions 94 throligh 98 apply to thé 2-1/2-ton truck M35A2,

94, 'I‘he drag link ball sockets are adjusted Sr/Operly when the adJustmg plug

is turned until it bottoms and then
o .
sy ) - e . !

T a. té'rqued to 30 - 35 1b-ft. -
b. turned back one full turn. . - JN

.
[ J

! , c. turned back to the first or second cotter pin hole. * E
PRSI . b o v
CIREER £»“§95 How can a worn drag link ball be detected once the ball socket is -
adJusted? ' - . . . (

Ty

<+

-

a St_e}almg whee€l is hard to turn on each side of high point
b. Ball socket is too loose whén front wheels are not pointing
L straight ahead ~ ‘ ,'

¢, Steering.wheel turns too hard when the high point is c‘rossed
AN [

”

hd -

96. In which d1rect10n does a properly mstalled pitman arm point when the
steermg gear.is in the midposition? .

~

.

R ,a‘. Downward .
b.* Upward .
¢, Forward £
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97. Which is the correct method to change the amount of toe- in? ° . 203 °
a._ Disconnect and turn one nod end in the t1e rod , . o
( Turn the entite center section of the tie rod. . : S ; "f
c. Remove the tie rod temporarily and turn each tie rod end in T
the same direction an equal amount . . S i#

iAot e ERE

AT
-
.

Y v

L] [] . . "/ . AR
98. Measuring between two pencil lines will provide a more accurate‘toe- in

measurement than when using a toe-in gage if the vehicle ha's J e
. i ' . A ' .// . '
j a. loose wheel bearings. ‘ g " ’ VAN
" b. bent wheels. . o . . .
c. worn'tie rod ends. * ' ’
{ . . ’
./
Note. - Questions 99 through 102 apply to the’ 5-ton truck. v _

99. When assembling the steer1ng linkage, the rear end of the lower drag :
link connects to the ball stud on the

a, relay lever. ‘ , N
b. pitman arm. -
‘e, steering arm?’ .
100. Which statement is true in reference to the ma1ntenance;of steering
gear components" . < -
s a. 5I‘he relay arm ball studs can be replaced Wrthout replac1ng the
entire relay lever-* 4 .\ . :
b. The upper drag link is pos1t1oned properly when the end with the -
. closer ball' stud hole 4As connected to the relay lever
+, c. A flat ér worn’ Pitman arm ball stud can be repaired properly b>\

27 % - filing down the side g‘nﬁ’l ‘the ball is .again round .
T01. What fits in‘the, gfoove that 1s~cut ac‘%oss the outer end of the relay , v
.lever p1n'7 . " . SN . '
o - ) ? 1 5 ’
a. Half moon key. : "~ o7 . ] -
b, Tie bolt ‘ T : : . e
C. Snapring ! B : ‘ .-
H ’ 7, ~ 4
102. Which toe-in measurement, in inches, is w1th1n the acceptable range - <

for the 5-ton truck?

a. 1/32 : > ‘\ .
b, 1/8: . . \ . N S
e et gl/e - . . o SN “é,
R ' ¢ T~ .\ - ‘
« 9 . . .
T \ . \5-39 ¢
* v ’ .-‘ ’
e ¢ > ) ~ 4
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Note. - Questions 103 through 105 apply to troubleshooting of wheelef 'vehicle% !

103.

104.

. - O\

During an inspection of a 2-1/2-ton truck you find that both frox
tires have only half enough air pressure. If these tires are left i
this condition they will cause an unwanted driving condition called

steering systems. . * '

.

a. shimmy. s

b. loose steering. .
c. hard steering. ‘ .

As a wheeled vehicle mechanic, you are tryirg to locate the cayse of

a 1/4-ton truck M151 pulling to the r{ght. An inspection of the |vehicle
shows the caster and camber adjusting shims are missing on one side
of the suspension due to a loose bolt. Which action should you take to

]
s

correct this problem? ' -
a. Notify support maintenance of the condition /
b. Install new shims and tighten the bolts securely :
c. Tighten the loose bolt and see if the vehicle still pulls

A 2-1/2-ton cargo truck operator complains that his truck pulls
first to one side and then to the other side. An inspection-of th

truck shows all of the following things wrongﬁ Which one is mosdt

likely causing the operator’s problem?

. E
’ - -

a. Load of five drums of oil free to roll in cargo body
b. Both front tires severely cupped out .
c. ‘Shock absorbers leaking on both front wheels

. . -

ba . i

“fa

’
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Key‘ Item Key , Item .
"\ A Idler arm mounting bracket F. Adjusting screw’
4 B Pitman arm-to-idler arm rod G Steering gear assembly . .
C ' Steering column H Steering pitman a¥m y
D Steering wheel J  Spindle arm tie rod
E Steering column-to-dash 7 assembly
B panel bracket K Spindle arm
o > ]
* Foldout illustration No L. Steering linkage components, '
1/4-ton truck MBISI. ]
T MY
) ~ / 5-43 ) \
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RESPONSE - e
NUMBER ) ' ’
100 Para 9b
101 Péra 7 .
103 " Para 10 °
104 " Para 2 ‘
106 o ;Bra 4a - AP ) '
. ’ 5 T - i s ’ » /
109 '~. CORRECT.: There is less‘.cleaprance’ between the i
‘worm and roller at the midposition of the
~ steering wheel'é'tré?e}; L s
- , > gubby ' . » . ° ,:,
110 ' Pada Ta through 7e - - ‘
112 ' CORRECT. Providing that, the two items ‘dompared
, . are of the same design, 'such as .gear or vane.
113 - Para 15¢ ., S O
. o > ‘\' ‘ \ PN ~
116 CORRECT.’ But, remember, that the teeth ofthé )
sector consist pf a doubleéwtoothed rolier.
. . i - s : - . ° .
17 “Para 12b A
119 CORRECT. This shape reduces the” chances for air
being pumped into the System caused .by the tip of -
. the syction line becoming .uncovered.due to  --
| - sloshing of the liquid. - . - ~ " \ 1
. . . , v . . :? S .
122 Para 14b(2) o ' . ' v
123 - " Para l4a, o o ‘j\v
124 - Para 2 L i )
: - 8 > . . ©on e s ) - N
127 © " CORRECT. This lengthens .or Shortens the tie- e
rod--depending on the djirection it is turned, . ¥
o One dire€tion increases’ the ' toé-in, whereas the
- other direction makes the "toe~in less.- ’
. B T DU (I N
129 . Para 13a oom o X _“%.w«{.

*If your response is. not listed CORRECT, refer to the inﬁgcated- g -
" paragraph for the proper - answer. ‘ - - '

‘
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\ .
- ’
N
N '\wv .
.\\
. N
[ ~
xS ~
. N
.
{
*
E;/' l'
3

131 -

. 133
134

/ 136 N

138
° 1“1 .

~ 143
W5 <

LY A .

150
152
154

 Para 3a(4)’ -

Para 2a through 2c¢

stu?s thab engage the cam +o:make‘ii/?£ronge9.
3 . .
- Para 2b » ‘ y

CORRECT. 'This is the exact midgle of the recom-

mended toe-in range. The wheels can also hdve

. 1/16 inch less ar 1/16_inch more toe-in and still.
be within %the recommended toe-in range. -

Para 3a .o ' !

-

Para™3e
Para 9

CORRECT. Be€ing mounted in this po81tion allows
the engine to operate *he pump using V-belts.

CORRE&% This is dlrectly determined by how fast
the pump is.being driven.

v

3

CORRECT 5 This type of st eerlng gear is commonly
used on largér truc s and often contains two

A
- .

—

Para 7 ° : .

¢

'CORRECT. It s the only safe way to solve +whe

problem. Wish human lives involved, we can’'t -
take a d¢hanyge on ques 1qnab1e_steer1ng parts,

o

]
Para~5b s - - s

A
74

CORRECT. Provxding there are no bént parts, it
will be in ,this positxon any time the front ‘.
wheels are pointing straight ahead.' This is true
even if it is improperly- -installed on, the, shaft;
however, the steering gear would not work as it
should unléss it 1s 1nsta11ed properly

<

CORRECT. »'The valve is concentric .with- the 1nput

" .shaft and located on' the steering gear.

' ,

Para 3b ' el ' 4
Ve ¥ ‘
Para 10 >\\\ : .

~
.
et

Para 5'

Para 3a(p® R




Para 9a(6)
CORRECT. You should first determine the condi-
tion of 'the overall system. s )

CORRECT. The sxmbol for this part is used in
~hydraulic cireiit diagrams Just like the symbol
for a common ground is used in electrical circuit
diagrams. : - )

> —

Para 12 .
Para 9b(4)

Para 6a énd 6b

Para 4
“Para 10b
}ara 13 ’

CORRECT. You did not have full turning control
of the .vehiecle. "This i§ a dangerous siguation
and\the problem strould bé corrected at once.

CORRECT. The wheel spindle will be pointed
downward oA its outer end, thus placing the
center of the tire more nearly under this .,
begrl o

CORRECTa"AdJustihg shims are located betweén

o~

thiqiltem and the-steering gear-housing.

Para 4 ) : ' ) ‘s,
CORRECT. -To have coﬁpleté ‘control of maximum

. pressure, however, the valve, must be capable of
bypassing the ent;re output oﬂ(;he supplyﬂpump.a;z

Para 10c o i ) )

CORRECT." Flow throughlthe val&e in another #
position is shown by just imagining that another
section of the symbol iaAplaqu :-betiween the
lines. ' a ’

P -

Para 3g N

‘A

. Péra 3

p

Para 24
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* Para 8a Ehybugh'Bc .

/0 .
Para 6 .
Para 8e . ’
L. . -
Para 5d v
) . C o .

Para 7b R A . )
l : % i} : \
‘Para 11 ' . .. . -

¥ . - \
Para 11b ' ' .

CORRECT. This diagram -usually consists of an
sutline of the vehicle showing the parts in the N
exact spots where they are located.

_Para.8b(1) °

.CORRECT; Remember,.tpe pressure per square inch:
is distributed the same throughout a confined
liquid. . \ I

~

CORRECT. A veéhicle with this part worn and a-

right whegl out of balance can develop a ‘ ]

dangerous shimmy condition. This condition ecan

also cause extreme tire wear, . -

Para §
e ) -

.
4
. N . /
.

Para 5¢

Para 14d(4)

dbRRECT. This item is extended hydraulically "and
retracted by spring pressure or the weight of the
work, - o

Para 11 =~ =~ | o A . s

Para 5 - .

. Para 5 .

Para Zp‘ . '

" Para U . >

Para 13b . ' ™ x

Para’ 8b . ~ ' ~



'y

CORRECT.. There are many other causes for this

° condition--one of themsbeing-lack of lubrication.
When you find this condition, use the method o
deseribed in the lesson to isolate the trouble.

@

Para 8a

-

’
.

+ Para 3 RPN
CORRECT. ‘This causes an automatic 'steering L
effect that is in" the direg}ion the' vehicle tends
to go. That is, in the direction of forward .
momentum, with a crosswind, and down off the road
crown. - o - .

: ]
CORRECT. THis pushes ‘the wheels farther apart at
the rear and UYrings them closer together in the
frqnt. \/ : ‘ L '

IS
v

.-CORRECT.  The highest pressure is obtained when
%~ the wheal is ‘*held 'against the steering stop, but

‘&} ca T
o £t should only be held there momentarily. .

\262 : - Para 6a = - g o

264 Para 1260 ~ ¥

4

. . b . t
266 CORRELT. By using this method both ends will®
' | always be threaded in the same distance.- This ¢
gives' equal strength in, the threads of each.tie
rod end. - \7 - .

* _Para 8¢

-4

Para 14d . | ‘ 3

o
A}

Para 11 .
CORRECT. The 1liquid generally consists of ‘a |

Blénd of different substances instead of Jjust oil
by itself. ‘ ‘ ‘

= .
¥

Para 6 .
" Para 5b ’ : . - ‘. o
Para 15¢ - .
CORRECT. You afe not authorized $of make any .’
ad justments except toe-inp on this vehicle.
Tighten the loose bolts'and make a temporary
toe-in adjustment before the véhicle is dgiven. -

5
I§&49'

H




Para 14d

Para 3b(4) and 5S¢

-

Para 15c¢

Para 8a «w .

r >
T

., ~

CORNRCT.’ Both valves are check/valves which -
all the liquid to flow in one direction only.

-

Para Te
Para 3a‘
éaré 6
Para'7 .
Para ‘9b(3)

Para 14a

Para 2b

CORRECT. 1Ifvthe pin is positioned properly, the
retaining device should pass completely through

the bracket with a light push from the fingers.

-

Para 5 o

Para 3a(9)

CORRECT. Remember, however, that the piston
movements are computed from the pdston arease~-
not their diameters. .

Para 4k -+
Para 8b(1) °
Para 8

Para 15¢ R o
CORRECT. This symbol shows that the only purpose
of the line is to drain or return llquld to the,
reservoir. ' ®

CORRECT. A decision will be made at this level
as to what should be done. .

-

!

i
~




324
326
328
330

382
333

339

352
356

. 358

360

362"

336

Para 10b°

. CORRECT. Liquid fiowing through this valve, . K *

~ : - )
J - o ' N

Para 15¢ o ' 213

Para 3a:'

Ty

CORRECT.. Tﬁ;scjs so steel balls will fit in <he
threads. , o
[y . »

Para 6d K . \

Para §

_7Para J2

. e e e e . - - .

CORRECT. Due to slight differences in mpunting

- and adjustments on some trucks, the power piston
.- may travel far enough in the full left turn posi=

tion to expose a port in the cylinder wall, thus
alldwing the escape of hydraulic pressure. The

pi of iron limits thé piston travel. ,
Para 12b - . - Y

2 FH -
CORRECT. 1In comparing a hydraulic system- to an . -

"electrical system, this unit will be comparable

to the battery.

Para 9b ‘ ' L Y

Para 13a . . )

CORRECT. This gives the wheels negative caster

. and will also cause the vehicle to tend. to steer

up the road crown.

CORRECT. Remember to take the reading with the
spring scale hooked to the*spoke at the rim of
the steering wheel. .

Para 3e |, s ~

4 .

Para 12¢

CORRECT. Remember',.the ad tment must be locked
in place with a locknut. ) .

Para 14a(3) -

regardless of the amount it is opened, wears T
against the entire sealing surface evenly.

[N




- Para 50

Para 3b
o

CORRECT. This calises the hydréullc stéerlng to
act just like a furning effort was belng applled
-.to the\steerlng wheel

- Para 3b(4) and/Sc..

.

Para 14

cCORRECT.\ Re-la01ng\thls part also provides new
mounting points for two tie rod end ball studs
and an_idler arm bushmg ‘

Para 5d

Para 6c

1

o

N

. — 4

( .
CORRECT.+ -This is information that the mechanig
must Know in order ‘to troubleshoot the system.
CORRECT. Mechanical advantage is alg gained
mechanically by the leverage:.of the (jack handle.
CORRECT. This makes it impossible to hount the
p¥tman’ arm pointed in,*he wrong direction.

ORRECT. It 'will suppLy llQUld flow under
pressure to the system any time a condition
ex1sts that| lowers the main line pressure.'

°
1y

Bgra 3a(8) .
¥

CORRECT. Most of the wear occurs when the wheels
‘are straight ahead. Therefore, when the jOIthiS
ad justed in this pposition, as it should be, it
will be too tight when the wheels are turned away
from straight ahead. "’ .
Para 7 ~ N
CORRECT. If the relief valve.is a separate com~-
ponent ‘it. will have three lines connected’ to it:
incoming and outgoing high-pressure lines and a
relief line to the reservoir..

A ’

'Pana 14 -~

. \
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392

393

394

396

397

400

402
403

405

407
408
409
410
312
415

416

e "\‘: \\¢

-

CORRECT. The tio parts are the steering arm and®'S
ﬁ wheel spindle. -On a turn the angle formed by

these items causes the inside wheel "to pivot more’

than the outside wheel. <:/

CORRECT. Remember, the shim8 come in various P
thicknesses so the adjustment can be accurately
made.

CORRECT. This steering gear contains a bearing
mounted roller that meshes with the threads of
the worm. -

Para 7g and 9

"CORRECT. If the problem-is not real bad and the
steering parts are tight, ,it may not be. notice-
able on some vehicles. However, in time the.
steering will loosen up due to this condition.

CORRECT. They are. right-hand while the ones
inside are left-hand. The .right-hand ones are
very coarse and have a self-cutting feature to
help during installation of a new- part.

' Para 7

CORRECT. By disconnecting this item at the :

itman arm, the load is removed from the gearbox
so any slight drag can be felt when making the
adjﬁstment —_—

CORRECT. This level will assure complete filling
of the hydraulic sys%em. and also allow for any
oil expansion in .the systemn.

Para 2a through 2c

-

~ , .
Para 15¢ . . %:'
Para 9 S '

Para 7b%
Para 2

CORRECT. There is a seal at each end of the worm
shaft and another at the outer end of the ‘pitman
arm shaft. : .

. N
Para 3a .

T
'

o

N

s

g Ty
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420
421
422
u23

" 425

426 ‘
u27 {
429

431

432

434
437

440
142

- 44y

" yu6 EI‘Q

448

>

“451
AN

-to move the wiring
-removing the steeri g gear.

- Para 14a(3) * -~

‘CORRECT This: provides ‘the same leverage when J?Aép

turning either to the right or left. ,

~f Y

Para Te .. .

Para 4

Para 9

' CORRECT. In this)\steéring gear the worm is

called a cam and

bORRECT. The wires to this item pass under the

steering gear shaft, dnd must be remqyed in order

rness out of the way before
Para 5 and 15

CORRECT,. This valve ‘ean\ be quickly changed from
one extreme to the oth because of its qimple

. desigp. ™ )
Para Tg and (9 : -t

Para 13
Para 9b(1) and (2)
Para éb

CORRECT. Actually, this part is only compared to -
about 1/6 of a nut. :

\\

CORRECT. The changing of vehicle loads and '
twisting of the vehicle over rough ground can
leave this assembly out of alinement.

CORRECT. However, the front wheels should point
straight ahead and the steering wheel be in - .
midposition before installation.

Para 3g(6)

CORRECT. This is shown by the'arrow inside the °
rectangle being out of line with the ‘connecting
lines.

Para 8b _ =

Para 14 o8

7 203

e




& '«

+

. . " al
CORRECT. This eliminates any ;binding and, due %o 7

the spring igpside, still maintains a joint with
.no slack or free play. .

Para 12¢~ -

—— o

Para 11
Para 13b

Para 7e and 7f
A

Para\13} c-

o

Para 3a(2) . /

‘moved from the steering knuckle pivot, the
greater the road shock transmitted. This is
because the wheel, tire, and spindle act as a
lever; and the longer the lever, the greater the
force sent’ to the suspension and steering
linkage.

CORRECT. The. farther away the tire contact 13[‘

Para 3e

Para 8ec

i -Para 1Ub

Para 11b

CQRRECT ' ths is because the liquid pushes on
‘twice as much area in piston B as it does in
piston A. , . .

.~

Para 6°
<

CORRECT.* This system permits each front wheel to
pivot without moving the front axle.

Para'2 -
Para 7
o .
CORRECT. The piston rod pushes directly .on one
end of this item providing a power assist, while

mechanical force supplied by the driver is
applied to its oppdYsite end.

CORRECT These items extend through the center
the wheel hub and the wheels revolve around
them. '

11 -

\\




L

504

505

508

510
512
513

- 516

. 2

518

520

521

522

523
-524
. 526

527

* 1 . . . *
Para 3a . o L \\\\v

»c%'

Para 3 - L . . Y

o ./V)Para 4o(2) . s - ' l
\ : Lo : : o ,
;. ‘Para 3a(h) '~

+ Para 2- ' . : \\\\\
CORRECT. " This would have the same effect as® worn

linkage parts between ‘the pitman arm shaft and
" front wheels. This:-type condition allows the
distance betwéen the .front wheels to change,
whi herefore, changes the toe=-in.

v o, .

Para 10f

CORRECT. This does not prevent the nut ‘from
.being removed at a later date.

CORRECT. This permits the mechanic to install it
in the correct position ‘even if some of the other
~parts are slightly out of line or bent. ~ .

Para 14

Para 14b ,
?ara_3g€6) . ' | . ,
Pira 4 . ' I \
Para 6a and 6b . '
CORRECT. This retainer must be removed before

‘the horn button can be pulled from the steering
wheel.

~

CORRECT. This is.one reason for keepinhg the

liquid at the proper level.

Para 2b
Para 5
; ara 11 e

Para 14d(4) 2

&9
<t

Para 5
12

*

R Y
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A,a’:.;;v’t . ® ‘. - R . ;M.‘ q v‘
r’ \ ' . ' M ” Y ‘ ¢ .
. ) * * P . . K ~
529. J. Para 10 - « v QAT
. 531 CORRECT. ~Remember, the steering linkage must be
: . disconnected from the pitman arm when making this
adjustment
| o £
533 Para 3b ‘ ‘ oL ‘
, ‘ . \ * .
535 f\\ Para 3g - e S S—
. 1 & ‘ . ,
536 ‘H\ A . CORRECT. Liquids can furnish a s6lid connection
ST Y between two remote cjlinders because of this
) - characteristic. ‘ '
i ;" - .,.‘:}. . . e R & .
537- Para 11 SR o s,
/ 539 Par'a ub(z) - T .' . ‘.
" 541 Para 2b - '
545 CORRECT. .Be .sure that the hollowed out (con cave)
‘ side of this part is facing the ball stud once
the link is ifstalled. /
547 - ~Para .11 \ ) .
} . 549 Para 5d
551 CORRECT. - This way the_compression springs wjill
. ‘be on the correct side of the ball, and there
3 will also be the correct amount of clearan
Ay between the forward ends of the drag-lipks.
K 553 ‘ Para 8c .
555 ~ Para 3a(9)
. ' 557 ' ‘ Para 6d.. Ce ;1-‘ Lo ' ‘ v
o ' 559 . " Para 9a(6) ’
B 561~ . CORRECT. - .Equal distribution of weight is
important-if. the. wvehicle is to. steer correctly.
If the load shifts to one side, the vehicle will
. probably pull to that side. . Always make sure the
\ - load is secured. before moviqg the vehicle. '
| . 562 - CORRECT. It is closed by a combination Of
' reverse flow and spring pressure or gravity.
563 £ Para 9b(4)
\ = o =
13 ’




565 . CORBECT. . This pressure test gage Ls a. component,é&967
P : of a’ set that .is designed for -the task and is:. :
‘ available at support maintenances y
FA 567 Par-a AL \
o 'ﬁg o 57Q Para 8c. )
1? - ? o 572 CORRECT. The angles for these two alinemeht ..
. 7T/~ 77 rattors are determined from the same viewpoint
. i T “ and both are measured in degrees so that they earr

¢ - \ be easily combined. A front wheel alinement " "
specialist often .uses the included angle to find

S \\\‘ '+ out if the wheel spindle is bent. : ‘
- 573 . Para 95(1) and (2) ) L .
Fadihs - . . - . ¢ g . /' .
575 . CORRECT. -This maintenancé function on this : °
& particular vehicle is the responsibility ef a - -
R : higher category of maintenance. On some wheeled .
. vehicles you are authorized to check the adjust-
- ments; . however, actual, repair is' still made at a
higher level. T >
577 . CORRECT. The drag link end of this part sw1ngé. : d’
. in an arc to move the steering llnkage badk and
: forth in a straight line., AN
) 578 Para 8a through 8c ' " . /
¢ 579 Para 8
580 . Para 2d Y '
- 581 Para 12b - o ﬁ
‘582 Para 2 - ) g -
. \ . - )
584 " CORRECT. This alinement factor is spokeﬁ of ‘in
, . degrees and is the angle formed by two 1maglnary
. . straight lines--one through the center/ of the_ .
S . - steering knuckle pivots and the otlrer |straight up
and down. " . ' ’
587 . CORRECT. Make sure that once the ball ‘socket is
properly adjusted a cotter pin is installed ,
N ) through the “drag link end to prevent-the adjust~
- ing plug from backing oyt. - :
.. ‘ i . w2
CREEN 590 Para Sb . ; ’ .
. . ' ! 3 . e > N
. o AR J
| ' ) <27 -
7 ‘ T Foag P
P . A\ .J ¢
. N - ‘2‘:‘3"'
., * N “ R ?
ﬂé’h‘. . ‘;\‘4/ . 1‘




591 .

594

“595 -

597

~effort is applied to the steering wheel.

CORRECT. - The thrust bearlngs at the ends of theczﬂ/
cam are spring-loaded sb ‘that ‘sone movement is
allowed by compre331ng a spring when @ turning -

A
o

CORRECT Actually, this 1tem is used_ to. move the
Sector closer to or farther away from the worm.,

Par‘é 3 . . / _'. . . ‘r‘ L
R

P

CORRECT.- Vehicles with a. front axie~haye one-of -
thegse parts.,while those with independent suspen-
si have two of thenm. '

.Para 14b(2) S " )

Para 3a(1)(e) r ’f

Para 6c¢ -_’ ' ) ' M
Pag‘a_'1'3 » ) - “ . .
'Para 5¢ | T | ’

CORRECT. This part howéver, provrdeé rétary

‘movement onlg_ If straight lin¥ movement is

desired, a cyllnder is used. - c
Ty T .

<

Para 10c . . . ' ] o

Par-a)Of‘ o ‘ S . L .
CORRECT. If.the steering arms point to 'the rear
they are angled inward in- the straight-ahead
position. This causes,K thé spindles to travel
different segments of an arc on turns, which
pivots the ‘inner whee{ more_than the outer wheel. ,

<

CORRECT. The lines you iar'e ‘measuring are )
straight regardless of this condition’.: This. . ,
method is generally used in eommerc;al shdps wheén
toe-~in must be set to close tolerances./ . .

Para 3a(1)(ec) - - . .

CORRECT. But, remember, it could also be caused
by a defective-Steering gear and defective

steering knuckZe. pivots. . L
CORRECT This is an unde51rable effect of this
alinement factor. . N
— ) ’
Para 5 and 15 d N, "
\. .‘. . a,
‘15 - ’ L]
228 , ,"

T




635
636

\  *638
R . 639
) 642

643
. 6

651

" 657

661

~ 662

665

PP Y o

47
T 648

669
. 672
674

°}

'ahead position after A turn.

. CORREQS.
oppogite end of the cylinder.

.
. .
. .
., . 7’
. —
4
.
.

‘¢Para 4 ’ ’ A2
PgraKYE‘and £ o ¥ ; . v

", "Para 5b ‘ ’ l
CORRECT, That 'is bechuse this effect causes the

front wheels to-~try to return to .the straight-

Para 9~

Liquid under pressure is entering the

CORRECT. This is because s
replaced by rolling fric

Para 8

Para 11

. Para 2

Para 9b(3)
Para 6:' < N - - N

Para 6 g . . (
Para 8e:,- .
Para 3b Y . L T -

‘g

Para '3

Para 8 . )

A

Para 3. . .

LR
CORRECT. Two belts from the éngine accessory
drive rotate the double pulley to drive the pump.

-

Para 3a(2) .
. Para 3e

CORRECT. You must know Jjust what the system is
supposed to do and yhy each part is needed before s
you can tell if the-system .-is operating properly,
and, igfnot, which part is not doing its job.

—

A




677 . Para 6 ! - ;%Q;B v

SN ‘ : ‘ —_— s

L 679. Para "14a e L ¢ )
) 682 "7 Para 1# S - ’
6?4 Pard 2 ~ - ,
. - .. ‘ _ '
685 ~ Para 11> o . .o .
- . 4 : \ , . s ! \
.. 688 -, CORRECT. - Although you may be~tempted/to discard
and replace, only the felt pads, the dust shields
¢ ' are also discarded -and new ones installed.
: . 690° Para 7a through c « ' I T
A ’ " . '
- 691 "+ Para 3a '
~ 693 " Para 1%- . $
::\\ 694 CORRéCT. The tips of the black triangles are
pointed inward to show_that oil is forced ikto
- oo . ‘ the unit. Two triangles show that the unit will
operate in two directions. 1
. . ) %
696 Para 5d ‘ " &
699 CORRECT. This' offsets problems caused by uneven
) . ~—— wear on the worm threads. -
3 ! ‘f“- .
—— 4 t
- © - A J
' " ) ¢ . °
La . , » !
. | . . .\. {
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Suggestions .. . . . ..... . . . DBefore starting this examination,

x Us ARMY ORDNANCE CENTER 'AND SCHOOL °7°?5
@
CORRESPONDENCE/OJT CQURSE, -~

. EXAMINATION VERSION 1.

; . T e

E 'L : . .
Ordnance Subcourse No 63B207. . . Wheeled Vehicle Steering Systems

-

Objective . . . . . . . . . . . . Totestthe student's overall knov&led.gé
' ’ -of material covered in this subcourse.

- ®
.

DN . . . _review all 1e330ns studied in this
subcourse :

-

Texts © e+« e 4 & & & e 4 o ¢ o Attached Memonandums
-~ - 3

Materials{ Required . . . .. .- None

vy * » . \
(Do not send thesg pages in—use the angwer sheet prowded for recording
-and mailing your solution.) , i

OS 63B207, E-P1
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| ., . MULTIPLE CHOICE R
s - (Seeé instructions on answer sheet. provided)
5 Note. - Questions 1 through 3 apply to figure 1. - .
St - . k3
" - - .Piston‘A Piston B o .
. ~. n 3 Square Inchest - - 6 Square Inches
rd N '
-3 : ¢ >
. . .
g t AU .
a f‘igure 1, . ,
3 ~ 17 Wﬁ:a.’t*is‘.& t_he: mechanical advantage ratio of the 'tgy'draulic system shown?
. S a. 24 i . ‘ - ) -
" b, -3:1 - ' 3
5 - . -~ e, 6:1 . o, .
St ) d. 91 . . K .
2. How many;pounds of force will be pu%hing upward on piston B if a
: ' . 3-pound weight is placed on pjston A? . ' .
- - ' v IR
) a. 27 - P ' _
: b, 18 | Sy .
T c. 9 e ) ' . .
¥ d. 6 . s ~ ) K
. 3.. How mahy inches will piston A miove if piston B is pushed down 1 inch?
S ,M‘a‘. 4 - \, ) )
:.,‘ s b’ . 3 - . .
- . . c. 2 -0 . - T
2 * I .o d. 31 ° " [} 7 ’ .
~ . » ‘
L
S s * » - s . N
A ’ R “ -~ ' \ o Oé‘63B207 E{P2 ’
. » . - -~ a P -
e . e i : #: L - . .233 o
x A3 - - ‘ - ( . >, 4 : e ..’ ’ . + Y n. ’
) R N :,f." i i , o , m;;: ' )
"ERIC -+& . o L L .




7 \ N ) ‘ -
What action shg’ul'd the organizational mechanic tafke_ whep“;n inspection 7
reveals that the steering gear is binding on'a 1/4-ton truck M151?

‘a. Replace the steering gear

b. Nﬂotify@uppo’rt maintenance - . .
c. Adjust the steering gear .
d. Install new worm and sector shaft bearings ,

‘On which truck must the engine be remgved before rei'noving. the
steering gear? ' .

a. . 5-ton with a gasoline engine

b. 2-1/2-ton with a gasoline engine .
¢. 5-ton with a Mack diesel engine

d. 2-1/2-ton with a mulitifuel engine

7 6. What steering factor is measured in inches?, .
“ < e
- a. Toe-out . ’
b. Caster B
‘ c. .Toe-in .
d. Camber ’ i
7. What type of diagram is the best aid to the mechanic when troubleshoot- '

ing a hydraulic system? ‘ .
a. Block . ‘ .
b. Cutaway - : ) >
¢. Graphical '
d. Picto;ial Y
r . . ‘
ti . caated in £ L2
What is being adjygted in figure 2? . ~
. N N ¥
a. Backlash . g
b. = Cam'bearings K
c. Control valve
d. Column alinement
' Figure 2. -
‘ ’ L2 -
S ' OS 63B207, E-P3
P . . B
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9.  With the front wheels positioné’d properly, how should the steering W

wheel be positioned to install it on the
2-1/2- or 5-ton truck? ‘ '

a' @ b. @ |

- Note. - Questions 10 through 12 apply to figure 3 which is an exposed

of the HP 70 power steering gear.

i -

kY

»

<

]
10. What item converts the rotating-nibtion of the steering wheel to a
back-and-forth motion? ' <7 .
) 1 # e =~ -
e A>3 H ) ,
. b/ 2 : .
s c. 4 .
T .d. 6 R ’ i
N %‘\{ ’ ° ) d ‘ N
' !
. 23 J "t o
RN . , OS 63B207, E-P4
AY - :.\ . . - ? .-H\\
r—/’\ 14 . ’ ‘ . - .
. ., hd . “I!
. cor L < Tee o |
» '2,:** 5 A,, el . |L . e . . : a“’\ R 1 . .

.

steering gear shaft of the

~

. d.
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[y

a.
b.
c.
d.

12. What item converts hydraulic' pressure to mechanic¢al force for turning
the wheels? ) -

a.
b.
c.
d.
13 When will a slight oil leak in the power steering pressure hose be easxest
" tg locate"

&

After the vehicle has sat for several hours wzthout running

so the oil is. cold

Immedjately after a road test when the oil is hot

When the steering wheel is held against the steermg stop

with the engine runping

When the steermg control valve 18 in the neutral posxtmn ‘

<With the engine running > " , ot
14. What is caused by an improperly adJusted steering control valve on

.the 5-ton truck? - , !

‘a. .Pulling to one side

b. Uneven tire wear

c. SHimmy of front wheels
d. Weaving back and forth

15. What is the likely cause of Qte;ering drive?

s

a. Unbalanced wheels :

b. Loose steering gear mounting bolts
€« Pitted steering gear worm

d. Misalined column jacket




B 1N 2 . | B
. N o
230
16. What should be* replaced if the power steering relief valve is defective
ona 5- ton truck equipped with a Mack diesel engine? d
"a. ‘Steering gear .
b. Hydraulic pump
e ¢. Control valve ° 4
d. Power cylinder
L . _
17. What is the lowest category of maintenance authorized to adjust the
( __steering gear on a 2-1/2-ton truck? . .
: . a. Organiiational : - ; N
- oo . b. Direct support . ' -
- c. General support ) ' '
d. Depot
, - ‘
Note. - Questions 18 through 21 apply to figure 4 which is a gchematic
B diagram of the HP 70 power steering hydraulic system.
v
)
V P = Figure 4. . ' . '
* | . ] l . . .
A BN A
- , \ _ Os 63B207, E-¥6 )
~ - * . . f‘\ -
/ -
' 23 .
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19.

20.

21. _

23,

e

i ) » . , '
What item is most likely to be at fault if the hydraulic pressure is &3,

What éB'xid‘i'tion will allow liquid to flow freely from the pump to the
reservoir? ° .
%

a.
b,
c.
d.

v

. too high? , » . o
a, 1 t
b. z ’
c. 4 ‘
d. . 5

)

<

Vent lifie disconnected

Cylinder fully extended

Control valve in neutral

Relief valve in normal position »

a,

To what part does liquid flow after flowing through the relief valve?

a. Pump

b. Reservoir

c. Control valve

d. Power cylinder

What occurs when the control valve is shifted to position A? : -
a. Qylinder extends

b. Relief valve opens

¢. Cylinder retracts

d.

Relief valve closes

pYS

The relay lever of the steering linkage on the 5-ton truck is secured to

the relay léever bracket on the frame with'a pin. If the relay lever must

be removed, what is used to pull the pin? ( » |

a. .

b.
c.

d.

7

Capscrew e : S .
Puller . s o
Brass drift *

Hammer .
~ ’. . - £

What construction feature of the drag'link used on 2-1/2- and 5-ton
trucks can be used to identify the front end of the drag link?

a.
b.
C.

d.

Location of the ball itud opening s
Right-hand and left-hand threads at the ends ) ‘
Size of the ball seat opening ‘

Angle of the bend at each end

“
'y s
1)

R OS 638207, E-P7




25,

PO
;

Y

A, E . N

) ' . .

) ]
24, What statement is true concerning the drag link ad;ust:ment of the 2-1 /2'?'32

and 5-ton trucks?

i ®

v

Lock the adjusting plug when it is screwed in tight

a.

b. Screw the adjusting plug in tight and then back it out-1/2 turn or less

c. Turn the steering wheel in both directions’fto free the ball and.then
lock the adjusting plug '

d. Tighten the adjusting plug until a slight drag can be felt while
turning the steermg wheel -

s

What is the proper procedure for decreasing the cam end play of the
steering gear on the 2-1/2>ton truck?

o r ,‘ )
Remove shims from between

a. the gear housing and upper cover

b. Replace the steering gear bearings

¢. Turn the adjusting screw in theside cover clockwise -

d, Tighten the adjusting plug until it bottoms K T

-

When removing the steering wheel on the 2-1/2-ton M35A2 truck, how
is the puller attached to the steering wheel? -

-

a. Hub of puller is bolted directly to the hub of the steering wheel

b, Hub of puller is bolted to an adapter plate under the steering
wheel hub

c. Hooks of puller are hooked to an adapter ring underothe steering
wheel spokes

d. Hooks of puller are hooked under the hub of the steering wheel

What must be drained when replacing the power steering cylinder on
a 5-ton truck with a HF-64 power. steering system?. '

. .
a. Hoses x | .
b. Steering pump vl -~
c. Steering gear

d.” Control valve .

5

e

OS 63B207, E-P8




Note. - Questions 28 throtxgh 31 ai)ply to figure 5. Itisa diagram of the Y.
\ steering system for the 1-1/4-ton txuck M715.

FRONT

-

Figure 5.
28. What item converts’ the output of the steermg gear to a motien that W111
force the wheels right or left?

a,
b,
c.
d.

‘Wl}at is done to increase toe-in?

a. Lengthen item 3
b. Shorten item 3
c¢. Lengthen item 5
d. Shorten item §

»

30. (wm‘annement factor will be affected if item 4 is bent?

™ N
s,
|

a. Casfer
- b. Camber
;€. Toe-out:
d. Kingpin inclination

A

»

f. K
0S5.63B207, ExP9
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. , . 3‘1. t part, if worn, w111 cause too much- sla.ck between the steering wheel'a.l
' ‘the left front wheel but will not cause slack at the right front wheel?

* °

; . . L
a. 8
) ) ’ b. 3 - . @ . . <
v c. 2 } ‘
d, 1 ’ ’ -
i 32. The toe-in must be adjusted aftér replacing which"st'eering linkage .

part on the 5-ton truck?

s a. Lower drag link
e b. Relay lever J .
) c. Tie rod end . , AN A

~d.” Pitman arm

33. Which steering linkage part is turned clockw:.se (left-hand threads) -
when removing it-from a 1/4-ton truck M151?

\

a. Drag link end nut

b. Steeringarm

c. Adjus‘.ing sleeve clamp bolt
‘d. Idler arm

34, What should'be done if the front wheels ofla 1/4-ton truck lvfISl are
. pointed slightly to one side when the steering gear is at midposition? *

- oy
&

a. Reposition the steerind wheel on the steering shaft splines -
b. Shorten one tie rod and lengthen the other one

c. Remove the pitman arm and install it in a different p081t1on ,

d. * Adjust the worm bearing end play and the worm and sector

., backlash : . Y

35. The toe-in gage must be between the wheels and at what location in

relation to the front axle when reading the-amount of toe-in?
‘.. Top K - . ° R

a 3
b. Bottom
c. Front X
. d. Rear R ;z

8.

&
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