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'I'he mhtary—developed cumculm materials in this course |
package were selected by the National Centér for Research in.
Vocational Education Military Curriculum Project for dissem—
ination to the six regional Curriculum Coordination Centers and
, other instructional -materials -agencies. The purpose of
disseminating these courses was to make,, curriculum materials
&avelq)ed\w the military more access:.ble to vocatlonal L.
educators in' the- cnnhan. settmg. -

. The course matenals were acquwed evaluated by project -

staff and practitioners in the field; and prepared for .
digsemination. Materials which.were specific to the .military
were deleted, copyrighted materials were either amitted or” appro-

val for their use was obtained. These course packages contain - .

curricilum resource materials which can be adapted to sum:ort
vocational instruction and curriculum development.
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.Thes saction is the tast of a four-part courss covering general vehicie mechanics. The antir® COUTSE COVErs trmning 0 INSPECting, ServICINg, testing, adjusting,

* troudieshooting, and repsining automotive general purposs vehicies; gasoline engine fune-u® and repair; manual and sutorhatic transimistion replacement

and adijustment; iubrication system s#rvicing and rapair; COGIiNY SYstems ServiCing; POWer train repair; front end nnrmq' systern adjustment and "epair;

brake system adjustment and repair; warning and lighting systém repair; nydrauhic control repair; air conditioning systems sarvicing: corrosion control

and prevaration of yehicies for climatic conditions apd shipment. The tw) biocks of instruction presented 1n this section cover brakes, suspension. and
- . R} -

- compression ignition #ngines and automotive sir conditioning, . .
'Blm':i\ W - 8rakes snd Suspension.contains eight lessons covering 94 hours Jt instruction. The lesson topics and hours follow:
- ) . . T,
dedr'auNc Brakes and Vacuum Brake Boosters (8 hours) r- ' e
rydradiic Brake System Servicirig (18 hours)  ° - ) _ ) - :
A and Awr-Over Hydraulic Brake Sy stems {15 hours) , .
Conventional and Power Steering Systerns (16 hours) ) . - ¢ - _ _
Erame Alignment and Wheel Batancing (8 hoyrs) .. ) Q.
Steering Factors, Springs, and Shuck Absorbers (8 hours) .
Service Adjustment of Beam-Type, Front Axie Suspension Svsterns (8 hours) : - y
Sarvice and Adjustment of Independent Suspension Systems (15 hours) v .
e "_,, e N - P. .
_ . .
Bicck VIT - Compressign ignition Engines and Automotive Air Conditioning contains four lessons cqvering 45.5 hours ot instruction. One

addit:onal lesson was deleted because 1T discussey military technicat orders,
. ' *
Campression Ignifion Engine Familisrization, Operation and Servicing (19 hours) ‘ »
Frinciples uf Refrigeration and Air Conditioning {6 hours)
,Construction and Operation ot Air Conditioning Comoonents {5 hoursi
inspecuion, Troubleshooting, Evacuating, and Charging Air Conditioning Svstems (15.5 houn) '

L

Tnis course contams both teacher and student materials, Printed instructor materiats :nclude lesson plans, outlining teaching steps and a plen af instruction
datading umits of irstruct.on, critenon objectives, dul’ati&n of le3sons, and SUPPOrt Materipis nesded. :

-
.

The student matenals in 8lgck VI consist of two study guidet containing objectives, text and review questions snd saven programmed texts on hydrauhc
Hrake systems, convenrional steering gea.s, irame alignm’rt. ‘anesl balancing, steering tactors, springs and shock absorbers, and scuff reqters and portaliners,

.

I1n Block VI scuffent ma enals £onust Gf a study gu'de ONKLOMPre.sIoN ignition engines and automotive awr conditioming. The study guide cortairs objectives,

text -eadings, ard raviev: QJestIoNs, - N .

~ . -~

LI * - ) - * .
Saverat mulitary msnuats and commiercaily produced texts are referenced, but nat provided. ‘Audiovisudit suggested for use with the entire course Inciuce
53 *raneparencisd, -4 fims ang 205 suges. This saction used ¢ cenjunction witk the preévious three sactions provide a comprghensive coveraye ¢t vehicle
inspection, maintenance ard repair.” Somr3 documantd can be used ‘ndividuaily as sub-units, remedial 3. individuahized study, and the antie couvse can be
used 1T 8 Qroup INSTIUCTIONAI setting or 3dapted tor individua! use. 1
»>
. -+ . ’ &
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PLAN OF INSTRUCTION '

COURSE NITLE

Gensral Purposs Vehicle Repairmen - Part 1

4 -
+ [

BLOCK TITLE

.-
*

Brakes and Suspension

WM’"&N"WCNON AND CRITERON OBJIECTIVES

ODURATION
2 (HOURS)

v L

WPPORT MATERIALY AND GUHDANCE

——

[ . ‘.
. facts and

1.. Hydraulic Brakes sand Vacuus Brake Boosters

Without reférence, identify basic
terms related to the principles of

operation, function, and relationship of
hydraulic brake systems and vacuua brake booste
componsnts with 70% accurscy.

-

{

“ 8
(6/D)
Ddy 46

.

~

Coluwm 1 Refersnce STS Reference '
. a

-~

m%ﬁlﬂ& Materials | . '
~JABR -8 , fydraulic Brakes sad Vacuum Brake Boosters

mumo-n-tol. Rydraulic Brike System .

3ANRA 7330-8G-601A, Byd Prianciples and Prtueiplu of Opcutlon of lxua

© and Disc
3ABRA7330-8
S”tm. Troubleshooting, sad SCtVICI.ﬂ. Boosters

Srakes

[} -

gh Visual Alde
Charts - Brake Systess

18, Principles of Operation of Vecuus Sooster lnn

Fils: TF 1-6332, Sydraulic Brakes, Principles of Operation

Trasparsucies, Brake Systems
Traint at oo e
Trainers:

61-2830, Brake Shos Assesbly (- )
. 60-2531, Master Cylisder Asseubly. (10)

60-2525, Rydrovec Assembly, ﬁird Series (10)

Bench lu-:

Master Cyliader (2)

WVheel Cyliuder (2)

Disc Brekq Composents (2)

Y.
cuss trat
Outsids Ass‘gameat (2 ) .

N A

Instructions] Enviropment/Design
Claseroom (6 hrs) . 4

sre) . x

£y AN OF msvmc'non NO.

JABRA7330

2 January 1975

PAGE NO.

37

ATC Lo
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PL AN OF INSTRUCTION (Centinved *

UNITS OF NS TRUCTION AND CMITERION OB JECIVES

r’

2.

.

Hydraulic Brake System Servicing

»

* Given techunicsl orders, vehicles,

. &
bench itews, tools, and equipmsent ,”practice

.mto-ouve personnel and equipment shop safety.

sepair or service brake oyou-, And components

IAW the uchnlcu ordar.

b, Provided vith techuical orders, ,

wehicles, tools, and equipment, using suto-
sotive personmsl and equipment.shop safsty, .
use visual, auditory, snd operstional mmens
to chack brake syetems [AW technical pubuca-
tions.

e SUPPORT MaTERIALS AND GUDANCE ‘
2 ' ' . )
Instructionsl Culdsmes . ! >
Discuss safety, principles of hydrasulics, and qnncin; principles of
. brakes and brake boosters. lae study guide, PT, and necessary reviews
) to accomplish training objectives. Strou ensrgy and material
conservation. * .
16 Colusn 1 Referencs STS Reference )
(12/4) 2a -3, M, 9, 18
bay 47,48 B 3, M, 18
Instructiongl'Materials
mutﬁﬁ-sh!. Bydraulic Brake System Servicing
. .m. .I '
() | 10 36A2-3%-14-2-1 i
TO 36A2- &-17-2
3”“7313-80—60”. Servicing of Hydraulic lnhc Sntm
T Y K-t T g O UL &
" Avito Visusl Atde SO AR S
Tr arencies, Brake Systews ,
(8 Training Bquipment '
Machanic's Cosinon I-ldtoou (1)
Special Tools (1) - .
Brake Bledding Bquipment (b)
. Vehicles (2)
o Brake Drum Lathe (10)
‘; Brake Honiang Rquipmest (35) . .
I nuu (4 hye)
| Porf (6 hsy) . _
\ / -| Outside Assigummat L4 Iu-o) »
: ’ . . v\
) 4 t 1
ST008 hre .
Laboratory (8 lu)/ : :
S .

OAYE

PAEYIOUS E0IT 10N OBROLETE.
oW GFD. 1973000 uu n &

-
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PLAN OF INSTRUCTION (Continved ' .o :
UNITS OF INSTRUC TI0W AND CRVT ERION OB JECTIVES bprivop il RN . " 'WupPORT MaTERIALY AND GUIDANCE ' . .
' vl I 5 . Y, . .
el [ s - - "2 B o . - )
. ' ‘Instructionsl Guidance A \
* ' Digcuss salety, principlas of hydraulice, and opun.ln; prumlplu of
= * brakes and buh boosters. Assign esch student a project from the ,
y vorkbook and supervise closely, pointiung out and correcting érrors en
. e the lpat. Rotate students so each -tudm ‘completes all projects. 1.
d(]: Air and’ Air-Over Hydraulic Brake Systams 15 Colamn 1 Raference "sTS ‘lﬂ;;once ' : ' : | .
., < (11/4) . 6% . . 1,
: Day 49,50 3 - 3, 9, 18 w-'
a., Wirhout refererces, igentffy basi. - ' 3 3, 18¢ ST . W
fdcts and terms related to.the prinmciplew of o v L ' .
operetion, function, and relatiouship of air Instructional o&t“‘.u . ' »
bnlm systea: cosponefits with, 708 accuracy. 6) 3, Alr and Afir-Over Hydrauli~ Braks Syntm . ‘\: .
' ~ 2 "JABRA7330-WB-6Q3, Alr and Air-Over Hydraulic Brak ‘Syue- ’ ./ )
¢. Provided vith tldmicnl orders, - TO A2-2-1-122, THC Trucl v ' ‘ )
wh..clu.-rbonnh items, tools, and equipment, . < . . - / S . o o %
an'. spplying sutomotive pcnml md equipment \ Audio Visual Alds : : . .
shop safety, repair or service air brake Tramsparencies, Alr and Alr-Over Hydraulic Brakes . . 1
systems and components IAN technical pubuca- Charts - Air Brakes and Air-Over Hydraulic Brake Systems ., l .
tions. (3) _ ) _ o .
. - Training Equipsent : ) : / N
c. Supplied with techatcsl ordcu. . Tralners: . : T ’ R
vehicles, tacle, and equipmsnt, and observing 63-299%, Brake Asgenbly-(10) ‘ - . Yoo
automotive personngl -and equipment shop safety, . 60-2526, Air Covernor Aseesbly (10) o et T :
use visusl, suditory, and operaticnal msans to T . Hechanic's Common Handtools (l) _ h
check the air brake system 1AW I:hl technical y . . Special Tools (1) ' ‘ ) .
[ order. (2) |“vehicles (2) _ i -~ ,
y Bench Items: ) A ' .
Alr Brake Syntu Componants (1) . . . T, v
J Alr-Ower Hydraulic Syltu Cquncnu (1 ‘ S < ‘ '
- . | Treiniag Methods c B o, KN
. Discqscionfbessnstration (9 hr) - - e
e N , . Perforusace (2 hrs) , d ) . . .
_ ~ Outside mlﬁ-u (6 brs) L . e
. ) Ilutmuoul Ravir t /Desi ) ’ o
- ' \ lassToom (9 hrs s . : .
o Laborssory (2 hed) ¢~ . . . ) : .
PLAN OF WMSTRUCTION NO.  JABRAT3I0 0ATE 2 Jaguary 1975 ) sLocK MO, g J\ Pace wo. 39 ¢ - . e
\ " " N . Q » S . 3
-, " R . v - ’. :
_-- — — L e S— — — . - — — .——-—-' —— il —_— -
. " ] ) . , . . 1 'a
Atc :::.:: wa ?52':’:&"::'-?-":%5: {Finel Copy - 34X -8 X 10k) : l'?‘ld redcdon ® 1ncinde @on sboye W liner ™ i
: l h" ) . Y - N " . i : !
l’i - - f. ¥ .‘ .a & N ‘ . . Y ¥ - &—_ [ ° * -
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t bt N . N ) ' .. . .
4 A 4 N - U . - - - ‘
o w A PLAN OF INSTRUCTIONTContinupd * . o
. - -
. umv's Of INSTRUCTIDM aND Cait ERION OBIEC T1yES ) 4 et , ! "h 4. supromr MATERIALS AND GUIDANCE -
- . . A . g : _ ' \ o
. - N ) - Sanst onal Guidance 4 - oo e
’ L N ! Dt.c% safety in regard to Mﬂl ‘pressure fluid air,. and priociples
e s A - ‘. . of opéxstion, Demonstrate operetidm of air brakes using trainer.
. N | . v g Assign ‘sach' student o projett from the vorkbook and*aupervise ifa -
.- " b, o ‘closely,. pointing out end’ con'ls:t.ﬂl. errors on tha spot. Rotate
¢ ot 4 . . ltudcnu 80 sach complaths all oE the projccts - ' .
. - . ¢ b . .
n-uu;ennc uu and Tut Critique | T . C . .
- L { : * *
\/f Cor(mntlonil and Pawer Steertng S'LYItGII 16 Column 1 Reference-- §F hfcregu . . T,
. i£12/4) |- 8a - 19a . .
' - pay 51,52| 4b " w39, 19 0
u:hoql uﬁcuncu. tdenu.fy basic 4c - l9c \ ‘ .
facts aﬁd tersa relative fo the principles of ' " —
. operation, Yunction, and relqtiomhtp of l_qntruct.tonal Materials ‘ VR N "
steering system coqwmnu vith 70% accuracy. . (] JABRA7330-8G-604, Pover Steering Syetem Units
. , IABEA7330-W8-604, Pover Steering System Units ° .
b.. Providéd with v.hj:u-. tools, and ' IABR47330-PT-60%. Conventional Steerimy Gesrs n 7
equipment , bench items, technitval otdeu and SAIRH}I)-SG-GOM. Principles of Operation axl Servicing of Powar
applying automotive personnel and quip-u Steering Compornents
shop safety, rup r or service ateerinog -yptli JABK47330~SC-6048, Troubleshoqting nqd Hllnteﬁmcc of Powcr Steeriug \
and coqonﬂ\;l the ucvueu pd:ucatlm. -{3) . Coaponents ,
- ~¢. Supplied vith tools_ and equipmsnt, ’ -~gAudio Visusl Ald- B ~ 4 »
vehicles, technical orders, and obserylag - Charts - St ecung Systems 2
-+ sutometive pouml. and equipmant s '
safety, use visusl/S suditory, and oper onal 'l'utnu uipmsnt '
 mmans to check" otntlng syatems IAilsuclmtcnl Trainers! .
.publications. NS N ? - «(3) . -24351, Stuung Gear Assembly (10) =~ B .
. - J . ' " 1-2423, Steeying Gsar Assembly (10) )
%\ $9.2433, l ripng Gesr, Worm snd Wut (1) =
.o ' 63-2998, r Steering Assewily (10) _
Yo - ' -* 0—2!”. Sgegring Cear Assembly (10)- B
. Mechsaic's Cgpmon Haadtools (1)
- Specia} Tools (1) Do .
- Vehicles {1) :
- Bench Item: snoring Cear Muﬂ:ly ¢V ] . - .
. . ' BE . ) . o . ] _ - “ .1
“PLAN OF WSTRUGTIONNO.  3ABRE7330 . Y oate 2 jenuary 1975 . . |mocxmwo. gy -, - (] ractwo. 4
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- o o "+ PLANOF INSTRUCTION (Continued N ‘o v L
. UNITS OF INSTRUCTION AMD CRITERION OBJECTIVES - Df‘"'o:,'.:?,“ . o . SUPPORT MATERIALY AMD GUIOANCE ! \
1 ' 2 .
oo p - . Training Methods .o .
. ‘ Discussion/Demonstration (6 hre)
- . - Performance (6 hrs) .
_ 4 ‘ St Ountdc Aseignment (4 bro) '3 ,
e - =
lnntmctton.l bﬂtmnt[bﬂul‘g S
 * Classroon . _
. - Labbratory (6 hrs) - .
- r | Mmstruceiohial Guidaace -
‘ . o Discuss comstructional feat and principles oi opcuuon of the
™t b " different type stee-ing s and power steering systems. *Assign
4 - ~ students to a o fr tlu vorkbook and supervise closely wvhile . *
‘ . they resove, dieassesble, inspact, tepair as required, reassesble,
adjust, and check ouorug .ur sssenblies. Use PT for outside
. ¢ assignment. .
LY
‘/5/. Frame Alignment. and Wheel Balancing ' - 8 Column | Raference STS Raference - . .
‘ - 6/2) | Sa . Y « . '
. Day 53 | S . 3, 9, 20¢ -
: ) a. Without referencea, identify basic g - 2 . .
. A facts and térme relative to the principles of Instructional Materials
operation, function, and relationship aof / Eiunao-sc-sos Frame Alignsmnt and Wheel Balancing .
frame alignmsnt componants and wvheel bnlnclnt ABRA730~-PT-605, Frame Aligameant .
with 70% accuracy. . . ' JABRA73X0-PT-603A, Wheel Balancing
. » ¥
- » by * r 4 ’
. : b. ‘Provided wigh technfcal orders, tools,| Audio Visusl Aids ‘ : ,
’ d test oquip-nc. vehicles, .and practicing 'l'rmnuﬁciu Frame nxp-nz and. Wheel Ilhncln. ) .
- tomotive personnh]l and equipmsnt shop safety, Mila: TV 77-“2 Wheel lﬂnclng ) .
- ’ use visual, auditory, operstional msaps, amd ° Lo : , -'
-1 + _l/test equipment to check frame’‘sligamsut M“ Tx g . . - T .
Y ; (Hruhul balance IAN techyical piiblications . 3y v c's Baodtools (1) "= - . .
f:"': , = ; L - . | Special Tools (1) '
-‘.‘ - v ’ e : . . bt 'ﬁicm (2) ! . : . - ”
P . - " _Whaeel Balancar (2) v - % .
. - . * R . : gy -t * f . .
. Iraining, Methods 5 . PR
< ) , ! ) cussion tntlon a bre) . "
v s 3 . ’ l" M W v - P v ‘
PLAN OF INSTRUCTICK WO. m“nmxl - ©. DATE 9 January 1975 ‘ ll.qcl . v ’ - nc:,‘?o. 43 Rt
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Py PLAN OF 1NSTRUCTION (Cantinued)
UNITS OF mm:&cnon AND CHTERION oo;ec Tves °}‘,,':,‘:,','?," , . SUPPORT MATERIALS AND GUIDANCE
! ,
7 Pexrformance (3 hrs) . ) ¢
. - .Outside Assignment (2 hrs)

) Instructional Environment/Design . ’
. Classroom (3 hrs P

Labors v (3 hra)

: &-"Lt:gw_ml:_ng ' :
Piscuss ths purposh and procedures for frame alignment and wheel
balancing. Demoustrate use of vheel balsncers and pofint out all
_ ‘ safety factqors.' Assign studemts projacts from the workbook und . -
' supervise closely to susure the use of proper procedures and safety
practices. Rgtate the students so sach student performs all projects.

Point out Wnd correct errors om ‘the spot. Use PT for outside assign-

. ment, =
* V? ‘U

6., Steering ncton. Springs, and Shock : 8 Colum 1 Referance STS Raferemca

Absorbers ol 1) | Ga 20a = . h e

’ ‘Day 54 | 6b 3,9, 206 ,

a. Without raferences, identify basfc N éc ~ 3, 20c - .
facts and terms ulatlva to the principles of ' T . '
operation, function, and relationship of lastructional Materials . o -
steering factors, eprings, and shock abgorbers ‘ MR 730-SG-506, Stasring Pactors, Sphup and Shock A*rbcu
with 701 sccuracy. r munao-n-too. Steoring Pactors \

o JABRAT3IO0-PT-6064, Sprlnp and Shock Ab.onbcu
b. Givea technical orders, tools, and T

« | squipmsant, vahicles, md cbserving sutomotive € t_'a“&l.k"_‘&!
~ personnsl and equipment shop safety, cepair or - Trainers: Y
T adjuet steering factore, springs, and shock . 60-2334, Wheel Alignmant, Rigid Axle (10)
s sheorbers 1AW the technical ﬂuutlm. . 61-2432, Scteering Cecmmtry (10) .
C : : : . 61-2078, Ball Joist Suspession. (10) .
. c. Supplied with tools and cqulpnna, ) .V8=1102, Caster, Cambex, Toe (10) .
. .J vehicles, udutul orders, end applying hrtdsh Whesl Altp-t Equipment (2) o )
sutomot ive pc‘nonoi snd equipment shop safety, . __ :
| use visusl, pparstinal meane, and test equip- | . _ nuggg Methods ‘ -
- - | mac co check qteering factors, springs, and - |- Discuss Demonstration (4 hrs) ot -
shock absotbers IAN technical publicstions. .} Performsmcs (2 hrs) . : ) ' _
) L . Outetde Aseignment (2 hre) , ‘
‘ | rLanor msTRucTiON NO.  JABRA7330 0ATE 2 Jenuery 1973 8.0CK 40, yg - | racEwo. 4o
T A ' = '.
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A o PLAN OF INSTRUCTION (Continved,
. : ‘ UNITS OF INSTRUC TI0MAND CRITERION OBJEC TIVES ::‘..",‘:,'.‘2." - ‘S o SUPPORT MATERIALS AND GUIC ANC € o -
1 . :
- - '
. Iastructional Eaviroamsnt/Design , - _ B
. assroom (& hrs ) ' I
| Laboratory (7 hrs) . . . .
: A . > y
' Iastyuctional Cuidsncs v .
o . Discuss purposs, comstructionsl features, amd operating, principles of
. . shock sheorbers and springs and steering factors in relation to wheel
4 alignmsat. Aseign students. in pairs and supsrvise closely while they
perform a grealijnment inspection and service shock shgorbars, Polnt
’ X out and correct errors on the.spot. Use PT for outside assignment.
"r7. Service and Adjustesnt of Beam-Type, Front 0. Colum 1 Raference STS Reference . .
Axle Suspension Systes " (6/2) s - Ve :
. Day 33 ™ 3, 4,9, 2 \
a. Without references, ideatify basic Te % . 3, 44, 9, 20c. . : I

facts and terms related to principles of
operation, function, and velstionship of
beam-type front axle suspansion systes
components vith 70X accurecy. )

b, Provided with vehicleg, tools, and
equipment, techinical publications, and
. cbserving sutomotive persounsl and eduipment
" . | whop safsty, sdjust and service baam-typs
front ‘axle suspsnsion systems IAW the
technical order,

c. Supplied with tachaicel orders,”
vebicley, tools, and equipment, and precticing

mtﬁuml Materials . ' v
' » Service sod Adjustmmat of Besm Type Froot Axle

Buspmmsion Systes

JABRA7330-PT-607A, Scuff Tester and Portaliner
. T0 J6A2~3-6-22-1, 1965 Ford Truck Shop

0 36A2-3-6-2 . .y

F ) ' ¥ . N

5 zhz TVL 47-4, Portaliner o S |
o] ’ . . "
;rﬁ:

sutomotive. psrsonnel and equipmsut shop safety, “$1-2432, ltufh. Ceometry ((10) - *
T e ‘use visval, opurational mesns snd test equip- 2338, Wheel Aligamsat (10) . .
S mpat to cheik beam-type frout axle suspension ‘s Comoa Randtools (1) -
: _  systems IAN technicsl publicstious. - Specisl Tools (1) " : *
- _Johicles (2) '
) * Noor -Jacks (2) .- )
Jock Sgends (2) : '
. . | Porteblie Wheel Alignmsnt Bquipdent () . -
1 y | Scuff Tester (2) . . .
L) '
. . bl.mﬂf ON“IUCN,QC‘NO. m.‘73” DATE 2 Jm‘l"' 1’75 SOCK NO. “. PAGE WO 43
. i — — s - - N —_— — —_— —_ — — - —_— -
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J PLAN OF INSTIUCTION (Continved) ) ] .
L]
" ' : ATioN i
UNITS OF INSTRUCTION AND CIITERION OBJECTIVES ::‘n.oum \ SUPPORT MATEMALS AND GUIDANCE .
t - .

J/l. Service and Mju-t-nt of tndopcndnnt

T Mathods

cuns tration (2 hro)
Performance (4 hss)
Outside Assignmeat (2 hre)

Instruct ionsl Bavironment/Desi

Classroom e ‘
Laboratory (4 hre) . .
Instruc Cuidancs

cuss coastructional features, ulatmu of componsats and service
procedures. Discuss safety and demonstrate use of necessary squipmsat.

.Assign students in paips end supervise thes closely vhile they follow

the task list and perfors all the steps necessary to accomplish the
service and ujut:unt of beam-type suspsasion systems. Point out and
correct errore om the epot. Use PT fo’t outside Mesignmsnt. _

15 - Columa 1 Refersence - STS Reafersnce . ’
Suopm:lon Snm (11/4) s ] a . .
- Day 56,57 | ® 3, 4d, 9, 20b -
a. Hubouc refarences, identify basic : . & 3, M, 20¢
facts and terms relsted to principles of ‘
operation, fumction, and relationship of m%ﬁi& Macerisls
independent suspension system co-mnn . j, Serfice and Adjustment of Indepsndent Suspension System
with- 708 accuracy. ‘ ) 70 36A2-3-14-2-1 Lo
‘ TO ¥A2-4~17-2
b. Supplied vith v-htclu. techaical
orders, tools, snd equipment, sad observing ' Andio Yiswal =
sutomotive persounel and equipment shop safety, ransparsnciea, Independent Suspension Systea '
! sdjust and service iadependent suspenbion . Charts ~ M Suspension System b y
systems 143 techaical publicatioms. 4) _ .
. . r "y
c. Providad with ﬂulu,/ tools, and " e Fﬁms s
cqum techuical publications, end spplyiag ’ - §1-2078, Ball Jeimt lun-nn (10) ’ .
sutomntive ptnull. aad equipsunt shop safety, - §1-2432, Stesring Ceomstry (10)
use visual, operaticnal means' asd test equip- VE-1003, Cester, Casher Adjustasat Simulator (5) "~ . .
msnt to check indppeadent suspeasion systems VE-1102, Caster, Casher Toe Adjustmant Simulstor )
1A the techatesl order, (3) Me'o Copmon Eandtools (I) '
PLAN OF MSTIUCTION 90,  3ABRA7330 0AT¢ 2 Jemuary 1”3 J""“ . 1 - l"“ uo. A4
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) PL AN OF INSTRUCTION (Continved !
. - - . i L
UNITS OF b TRUCTION AMD CINTERION OBJEC TIVES ;u““.ou“;r - s * . W'?O’! MATERIALS AND GUGDANC‘_ * . .
’ - - - —- :
Special Tools.(}) i 4 : +
. Vehicles (2) - . v . o
\ . Yloor Jack (2) ' ' 2 .
Jack Scand (2) , ' o ‘
Portable Alignment Equipment (2) : ’ )
* Scuff Tester (2)» : " - . ,
raiatag Mathods . : '
¥ auss tratioa (4 hre) :
' - Parformance (7 brs) . - ,
Outside Assignmept (4 hrs) - ’ t
i Classroem (4 hrs) = ' N ‘
. Laboratory (7 hre) : ’ / .
. . 5 - b -
; £ Qui. ‘ : L. :
\ cuss Coodtruct . features, relationship of compoments, repetr, °
rebssesbly, ed safety sssocisted with the  maintenance Javolved, and g,
. demonstyate use of equipment, _Aspign students in pairs and supervise
them closely vhile they follow the task lisc and perform sll ot
. necessary to sccomplish the service snd sdjustmeht of suspensicn syhtems.
9. Measursment 'l"ut and Test Cr‘!.tiqh 1 ¥ >
. A . LI »
[ 4 . v N
¢ @ " o :
. S .
a ’ .
, -
- - . . ) ‘
* . - - ' 4 " b‘ )
. ” N . ' |
| . . v A . -'/—Tt- + *
. . L. - A
. ——t - ' — -—r— v - A 2
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. : “. ) coumse Yivee . C C.
L : - PLAN OF lNStlliCTlo!l “  |* Genera} Putpou Vehicle Rapairman - l’ltt l s : , : -
> " BLOCK TITLE A\ . -
- .  Compression umm lnglm nnd Autououn Alr Condtuonlng .
. * - - ; A
i UNITS OF INSTRUCTIQN AND CIITERIDN OBJECTIVES, . °%‘.!'£’J2." ' SUPPORT MATEMALS AND GUIDANCE _ N ' .
' " . . - ? )y ' ‘ o ¢ ' . _
VL 1. Technical Orders ; i 3 co‘_l__ 1 Reference STS Refevence ' . ,
* . . ' 1 o., 1 ] i _E ’
AN a. Without references, identify basic’ . lb.‘ r [¥]
facts and terms coaceruing ths scope.and o b .
spplication of the Alr Purce technical order R Instructional Materials _ 1
system. 1HRighty percent of the facts must be . ﬁﬁil”—!ﬁ-?ﬂl. Technical Orders :
identified corvectly. o : JABRA7330+<PT-103, Techunical Orders . R
. ' . 70 0~1201, americal Iadex and Rag Tabls .
" b. Provided a lst of resqarch. prnblc- S .| 70.0-1-02, General Techaical Order
and & studsnt tachnical order ‘index file, - - T0 0-1+32, Standard and Special Tools ' -
. locate spacific information, with instructor - |. " T0 0-1-33-3. Atmashot end Automotive Test Rquipment -
Tt : sssistance ou the hardast parts, to 1001 _ | 710 0-1-34, Shop Machivery amd Associated Equipment .
: - " agcuracy. ' | TO 0-1-36, Vehicles, Construction, Material Handlfing, and Coqounu
B ’ ™ 0-1-3', Non-Aercnautical Engines
. | . . Trainiog Msthods :
S ' < . ) Self-Instruction (1 hr) '
' ' Performsnce (2 hrs) ' '
"Instructional Envi ¢/ Desi |
' : Cc room €
- ' h ) . ' Laboratory (2 hrs)
‘ . . : . l tional Gui )
L : : Accomplish fastruction by explaiaing purpose, numbering systes, filing
) . L, ) procsdure, and proper uss of techaical order systas. Assign sach .
Tee . . o : ' studant specific inforwatiom to be located ia the techaical order. from
: ' ' available file. -Mounitor studeat progress. Stress energy and msterisl
. - . cooservetion. % 4
N . S . . ] \ %
. VL 2. Compressi ghition Engine Pamiliasrize- - 19 - Column 1 Raference - 8$TS Rafarence
. , tlon, Operatiyn, and Servicing (15/74) a ‘s :
C . -, Day 58,59 & ' 2la . . : )
T o 60 2 3, 44, 5, 21b
s [ eLanor msteuctionwo.  3ABRATII0 pate 2 January 1975 siocxwo.  VII . | racemo. 47 o
~ — . — — i — L— —_ — — — [ — ._:
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. .
" PLAN OF INSTRUCTION (Continued "
. UNITS OF INSTRUCTION AND CRITERION OBJECTIVES zof'.,'o‘:,';?," , SUPPORT MATERIALS AND GUIDANCE
. 8. Without references, tdentify basic Instructional Materials - . <
« | facts and terws pertainimg to principles’ IABR47330-5G-702, Compression Ignition Engine Femilisrization, Operation,
of operation, functiom, and relationdhip.of and Servicing . _ ) . .
compression {gnition engine systems and " - JABR4A7330-WB-702, Compression Ignition Engine Pamiliarizacion, Operation,
cosiponants with 702 accuracy. (3) ¢ and Servicing ' )
' JABRA7330-8G-702A, Comprassion Ignition Engine Femiliarizatios, 1
. b. Without rgferences, identify basic ° Operation, and Servicing (Puel System and Tune-Up) T
] facts terms related to the operating JABRA73II0-WB-7024, Multifuel Engine Pamiliarizitien and Servicing
’ " principles and fumction of cowpression JABRA7330-5G-7028, Multlfuél Eangine lﬂllulénto’n 4 :
~ '§- ignition engine fusl system components . /T0 38G1-16-121, Maintenance Magual, To-live'7l Engine Components
' vith 70% sccuracy. A ! 8 | ‘ 8 . )
. ’ ] 4| -Audio Visual Aids * ‘ :
€. Supplied vith tools and equipment, Charts ~ Diesel Engines . oy
! tachnical orders, engine trainers, and observ- Filme: ’ : . - Ce
ing automotive personnel and equipment shop FLC 1-28M8, ABC of Diesel B
safety, inspect, troublashoot, and sarvice TF9-;3469, Multifuel Bogines
compression ignition engine systems IAW PR
| technical publications. (4) Trafon ui t '
Trainers: *
- * §2-2941, Injector Diese} Puel Ki: (2)
N 68-4038, Enging Multifuel (5)
, ) .62-7943, Engine 671 Diesel (5) .
! ¥ Mechanic's Common Handtools (1) '
, Special Tools (1) .
. Bench &.- Lt . .’
. - © ! - ‘Aael Injector (1) . o
- Puel Trallsfor Pusp (10) )
. Bydraulic Governor (10) _ W .Y
v Fuel Injector Pump (10) _ g )
¢ - . ' !
j : fmug./!.,g-a \ '
v , - Discusston/Demonstration (11 hrs) . .. )
' : Performamce (4 hrs) . 5
Outside Avsignment (4 hras) .
. - lgszu!% Hmu‘.:(mtg
. ' * lasercom (11 hes ' ’ .
. . Laborstory- (4 lu'!) Co 3 -
. L
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Cy . PLAN OF INSTRUCTION (Continded -
, UNITS OF INSTRUCTION AND CINTERION OB JECTIVES » ] D?"w.’?r ' A . # SUPPORY uuf-mu.'s AND GUIDANCE .
. d 2 . , . -
:; . ) “ 5 Bstructionsl Guidance . ) ,
: b Discupe comprassion ignition engine opersting principles, fumction, ' and
' . ‘ , Felationship of comwponents of the two sad four cyclo diesel eugines.
‘ Discuse safery and methods of troubleshooting and servicimg. Assign
$ N students to sngines snd supsrvise thes closely vhils they operate,
. . service, inspect, test, troubleshoot fusl system and injector liskage
of compresaion ignition ougiu. Poiot out and correct errors on the
4 .pon . / 1 - . . .
L‘/ M ] ' ' . )
3. Principles of Refrigeration and Air 6 Column 1 Referencs 5IS Referance
Conditioning Day 61 Ja 22.
" - [ ]
a. Without refereuces,  identify basic Iutrucuml Materials
facts and terms ‘pertaining to the principles . R47330-8G-703. . Principles of lafri;cnuon and Alr Conditioniag
ot apcnuon. function, and rchtlonohlp of ? Commarcial llnml. “_279‘
afr conditiqgning systems snd coqoncntl with . o
702 accuracy. Audio 'u"“l Alds
™ Charts - Refrigaration Systess . P
' . Him: - TP 55364, ’Qtrtpntton.h—tndplu -
. - ) Trainipg Methods .
m“uu!oﬂbl_-outuuon (6 hre) .
! Instructional Rovironmsot/Desi
N . Classroom hrs
N . s ¢ . ‘ -
“ ‘ M&ft_:?%
: Accouplish fnstruction by éxplaining operating priociplss, function, md
. . R \ ulaumhl! of components . Have each student accosplish assignmsnt 1n
’ study ;uuo nfrtuu;ion and aii conditioning.
~ o - -
l(lo. Construction sad Operation of Adr . 5 . Ylume 1 hhm Ll . 878 Refereace
Condl.uoun. Compoments . Day 62 -. L n V7 2B
, ,_.. Ptavucd with tools and equipment, Instructional Rsterials '
coamercial manyal, bench itess, and pfacticing- ﬁiﬁ;ﬁ:ﬁ}-ﬁt Construction and Operation of Air Condluoning
sutomptive pcuanul and squipmant shop safety, . nts -, [ Y
vepair or service air conditioning system c_rcnl Manbal GA-279A ! ' ' v
PLAN OF NSTRUCTION NO. 340847330 OATE 5 senuary 1975 BLOCK MO 1 PAGE MO, 49
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: . PLAN OF INSTRUCTION (Continved)’

- DURATI ’ ¢ ' : (
. . UNITS OF INSTRUCTION AND CRITERION OBJECTIVES moun?b“ . SUPPORT MATERIALS AND GUIDANCE
i b 3 . . -

/ ' ‘ | Audio Visual Aide |
) Charts - Refrigeration System snd Componeats

' .Traininj; Bqd ' '
; , | . e, AttLEeandltlontn. Service (5) . .
. - Vacwm Pamy. (3)
s . . . | . Adaptey 90 Angle ¢5) :
L Tester, Radistor & Cap (5)°

_. . - A\ Mech/mnic's Common Handtools (1) -~
2 . ' Special Tools (1)~ '
. ' Air Conditionad Equipped Vchiclc (10)

“’- : Bench Items: Air Conditioning System Components (3)

: ' Trainers:
, ' . 72-4288, Auto Ailr Conditioner (3)
| . - . . - : 72-4209, Auto Air Conditioner (3)
¢ o ' 72-4290, Auto Adlr Conditioner (3)
. 74-4362, Vehicla Sedan 4 Door (10)

Training Msthods
Discuseion/Demonetration (2 hrs)

L ) Parformance (3 hrs)

. . : - ) Instryctional Bavironment /Desi o 2

: a Classroom (2 hys '

Laborstory (3 hrs)

Instructional Guidance ' _ ‘

cuss safety “the msthod of repair or servicing sir candluoung ) ’ '

systey cowponents, including the use of special tools and ‘test equfpment, .

_ The fastructor vill monitor the performance of esch studest.
) 5. Couru‘ Critique 1

L L _ . Day 62
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| PLAN OF INSTRUCTION (Continued - __ .
\ UNITS OF INSTRUCTION AND CRITERION OB JECTIVES ﬁ'..'o‘:,'.'g“ . " SUPPORT MATERIALS AND GUIDANCE
\-/6. Inspectioca, Troublashooting, Rvacuating, 13.5 Column 1 lnhr"nu g‘l‘l Reference
and Charging Afr Conditioning Systems Day 63,634 &a - 30 92, d2¢ N
'- * 65
a. Supplied vith an assigned air con- " Ins tlml Materials
ditioning traimer, tools, apd equipmsnt A 330-8G~706, Inspection, Tmlolhootln;. Evacuating, and Charging
commercis] msnual, snd observing avtomotive * Alr Condlttonl.q Systems — . .
personnal and equipment shop safety, use Commarcial Maiual GA-279A N -~y : ‘ A0
visual, auditery, opsrational msans, and ) N ' S .
test equipment to check, adjust, and isolate Audio Visual >
malfunctions im the air conditioning systems . t o Refrigeration, Bvacusting, snd Charging )
1AN techanical publicatione. (15.5) Charts ~ Alr Comditiouing Servicing !toc-duru \ :
'lnlnin. a ig . . .
t, AMr 1:10::1-; Service (3) . . o
Vacum hq (5) : .
Adapter 90° Angle (S) : v
Machanic's Common Rendtools (1) B JRN .
Spscial Tools (1) v : ' y
Traiver: . . .
' : 72-4288, Auto Air Conditicmer (3) '
. . ' 72-4289, Auto Air Condtttmr (3 ' .
72-4290, Auto Air Conditiomer (3)
N . 74~4362, Vehicle, Sedan 4 Door (10)
Training Methods : ) N '
Discuss tretion (! 5 hre) )
. Performanca (6 hrs) ‘ ' g .
at i _ .
sssroom (9.5 hre v - 4
. : ’ Lebozatory. (6 hye) * . _ i
S , : tionsl Gui ' ' i
' ‘ - =y demoastrate visual, suditory, mntuu.l nesss alll use of . .
; test oqutpu to check air conditioning systems.  Nonitor studest
’ progress. Poist out snd cOTTECt erTors om the spot. -
- . ’
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 LESSOM PLAN ( Pen I, Gt
 INSYRUETOR
A

APPROVAL OF FICE AND BATS .
At 78 75 Essens”

1.€6C N &R § GOURSE TiITL. *

o imos i im . mEal R Remt

SLOCKk TiITLE

D&D 6 hrs/ T 2 hrs
<3 ). ' ol TARM: 19 7; -
$TL/CTS REP )
~NUNBER = ML . 1
" [ STS 473x%0 - - - 3 September 1974
. E - - ' " ! SUPERVIIOR APPROVAL . .
SIBNATUAE , Avg - SIONATURE DATE
1T - Y v — Lﬁ
\ . J1
- ' PRECLASS PREPARATION
'9%’:::;:&:0‘:?0 rROU BUBPLY - -c"“""f" warEmaL | et AT @it
1. Trainer: 61-2830 | None, . |None - . 1. 3ABR47330-56-601
. Trainer: 60-2531 . 3ABR47330~5G-601A
3. Trainer: 60-2525 . 3ABR47330-56-6018
4. Wheel Cylinder . JABR47330-PT-601
5. Master Cylinder ‘ . Film: TF1-6332
6. Disc Brake Components N . Chart:CAFB59-3140
' ' . ' . Chart:CAFB59-3141
} F874-360
" CRITERION OBJECTIVES AND TEACHING STEPS __(QVER)

a, . Without reference, identify basic facts and terms related to the principles of
- operation, function, and relationship of hydraulic brake systems and vacuum brake
booster components with. 70% accuracy : i

.
- L .

{  Teaching Steps are Listed in Part II.
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- 9.-T70-2003 - . “
10. T70-2011 . [
11. Trans: CT74-389 -
12 trams: TH-3687 -
13. Trans; T71-3503
14. Chart: 73-214 '
15. Chart: 73-215.
- 16. Chart: 73-216
- 17. Ghart: 73-217

"18.7C€73-93
19. €C74-175 ‘
20. CC74-176
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o - , INTRODUCTION

10 Min

2 1. Attention and Motivatfon: Gifn students’ atteation by

that they sy tave encountared regarding the use of -
brakes on a vehicle {n which they were 3 passenger or driver. Stress

the importance, of knowledge gqinod in this subject ares from the stand-

- point of safety:

2.. Review: Review Summary questions from Student Study Guide 3ABR47330-
. 5G-601 and chack 3ABR47330-PT-601 to insure that each student has com-
pleted all frames in text. Grade outside assigmment.

3. Ovepview & Tie-in:' Relate vehicle motfon to slowing, stopping and hold-

ing a vehicle from moving. Briefly explain the
material will be presented and. the student's res

sequence in which the
ponsibility during the

presentation. Remind students of energy and materfals conservation.
(Heat, cooling, light, study materials, etc.)

BODY
PRESENTATION:

1. "Ref: Para a, Part 1.
a. System Components 3 Operation -
(1) Master Cylinder |
: . (a) Purpose

1 Converts mechanical
energy to hydraulic -
pressure

2 Multiplies residual

1ine pressure into.

~ high hydraulic )
pressure -

(b) Location:

1 Most passenger cars
& Tight duty trucks
have cylindsr mounted

5 . 2 Larger trucks-- under
- .o ’ floorboard, mounted
to frame

(c) Adjustment: Some vehicles;
, ) have brake pedal free
. ' : travel-linkage

(d); Types

.
. ey
-
LY

5 Hrs 30 Min

3ABR47330-56-601A
3ABR47330-56-6018
3ABR47330-PT-601 -
Hydraulic Brake System

(S.6.5 to be re-used) conserva-
tion of materials

Film: TF1-6332
Trans: 771-3593
(Avg. stopping distance)
Notes

Show Trans: CT 74-360

Bench Item:
Master Cyl.

Trainer 60-2531
Master Cyl.

on engine firewall . Trans: CT74-360

o
- omide
-



(1) Piston

-

(¢) Housing and reservoir

1 Compensatirg port Trans: €T 74-361

allows fluid-to Notes

retuin to'reservoir T71-3587

when brakes are - Master Cyl.

released. ,It is Assembly

the smallest of - %

two ports ¢

, ”

2 Breather port allows .

fluid to enter cylinder . L

from reservoir and
- maintains fluid in
cylinder

v+ 3 Filler cap with vent Bench Item:
provides means of Master Cyl.
fi1ling reservoir ‘
and maintains atmos- .
pheric pressure on
fluid

" (F)"Push rod: Link between -

brake pgdaI'and piston
(g) Boot | .

t I

‘1 Located on front of
cylinder around push
rod .

2 Prevents dirt from
entering cylinder

3 .Vented to prevent air
build’ up 4

(h) Secondary cup: Serves as Trans: CT 74-362
a seal to keep fluid in - Notes
. ¢ylinder and prevents fluid
from leaking into boot.
Usually part of piston

1 Holes in piston head 4 !
allow fluid to f11} :
cylinder as brakes




- | , /s
are released. Piston | . t .

S - i returns faster - '

.filb v 1y d‘fn'iﬁiii;‘gggii.~#' oA o )

- f1uid from the breather  ° : ot R ¥
| W .

rt to fi11 cylinder : . v
‘through hajus 1n piston . s y
head '

AN -
Converts mnchnnié:$~ e - = v
prassure recéived to - . -~ B “
hydraulic pressure
applied through ori- .
mary cup - s ,

jro

(3) Washer (shield): Prevents
- fluid from going in reverse °
during brake & Tication
by covering nholes in piston .

head ,

!

(k) Primary cup

~
]

1 Expands as mechanical
Pressure 1s received
to maintain hydraulic
pressure throughout

- gystem *

g_\Actua} component Bench Item:
responsible for con- Master Cyl.
~ verting machanical .
. pressure o hydraulic
pressure

(1) Spring (return and retain-

1 Hold primdry cup
against piston

, 2 Holds check valve
) in place against seat

+3_Aids in_returning .
¢ . piston to stop when .
“ ' brakes are released .

(m) Check valve (dne way) Trans: CT 74-363
o _ Notes

’

1 Allows fluid to pass

from cylinder through
valve into lines

when brakes are applied

. , . 3 ’ )
\ | 5;)
* T A4



Fluid returning from
wheel cylinders after

brakes are released

. unseats check valve,
~ allowing fluid to

return to reservoir

jeo

jw

Returns to seat and
maintains slight
pressure on wheel cy-
linders when return-
ing brake fluid pres-
sure drops to 8 - 16
" psi .

Double Master Cylinder b*\

i

. q (n)

I

Two pistons - Tandep

One piston to front
brakes

jw

One piston to rear
brakes

(2) Hheel.cy1inders

(a) Purpose - converts hydrau- “
1i¢ pressure to a mech-
anical force

-

(b) Location - Usually on
upper portion of brake
backing plate -

" '1 Housing

3 Mounted on brake
. backing plate

b Contains bleed ng

valve screw to

~ allow for removal

..”" of air from system

Rubber cups -
Convert hydraulic
pressure to mechani-
cal force

i

’

jw

Pistons

a R:geigc mgphghicél
ssure from
gubber cups

-

1A

" Trans:

Trans:
Notes
Trans:

CT 74-363
CT 74-364 |
Charts: '73-214 Master cylinder:
73-215 Frant & Rear

- lime failure
73-216 -

Bench Item: Master Cyl.

4

P

Trainer: '60-2531 .
Master Cylinder

CT 74-365
Notes
Sench Item: - )
Wheel Cyl.
Trans: CT 74-366
Notes
‘ o



-

: . . b Transfer tm;m‘
v ' pressure to
- rods wivich expand
o brake shoos |

A Rctaining spring -

. keeps rubber cups
_ separated and

against the pistons

|

S~Dust covers -.
prevent foreign mat-
ter from entering
qylinder

6 Push rods

Vi

. ) ,
a Move shoes against

.~ drm

b Connect shoes
with pistons

(c) Types wheel cyiinders

1 Straight

2 Stepped

(3) Brake Fluid
(a) Types

1 Standard duty'

2 Heavy duty - used
where high operat-
ing temperatures -

exist
(b) Qdalities

-1 High boiling point -
prevents vapor lock

2 Low freezing point -
remains fluid at low
temperatures

" (4) Tubing, hoses and fittings

(a) Composition

-

Bench Item:
Whee!' le

t' CT 74-367

T70-2003-Whee. le
T70-2011 Pressure -
bleeder

CT 74-365

CT 74-367

N
ok -

. lliJ"f:
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Lines are made of A .o T <
steel for s : e :
against-high pmsuro '

Must be double lap’ . ' .
. ‘ ftared to produce .

- strong leakproof L
Joints . S

=

Joo

Hoses are high pnssure
flexible to with-
all conditions:
of str¢ss and twist

"Reinforced rubber ’
with a stul core .

&

jon

"Fittings are usually
steel or brass alloy
to withstand pressure

(b) Prescrvation

1 Copper coated to ’ ' .*
‘. | resist rust .. . _

g Tin plated to resist
corrosion

(5) Brake Assembly ;;lns: CT 74-368
. : tes '
(a) Brake shoes and 1ining Trafner: 61-2830
Brake shoe assembly
1 Purpose - to produce '
friction between the
. 1inings and drum to :
A slow, stop, or hold ,
a vehicle -

2 Constructt on . ,_ |

steel for economy . '
. : and equal shoe and
. drum heat disgipa- * -
: tion Trainer: 61-2830

] | | . " a Shoes are pressed

. | - b, Molded Hning - /7 - . .
most common, has .
low frictional < .
/', qualities, but ‘
" ""‘wears longer and N\
di?si\nus heat "
quickly ,

- me




[ ‘Hovtn—lini

ua1h%g=!.

tains heat and u.ars |

quickly .
3. Shoe types

a Primary - initial
shoe to self-
energize (usually
front)

b Secondary (65% of
load) -

(b) Springs

1 Purpose

a3 Retracting -
returns shoes to
original position
when brakes are
releaged

: -
Retaining -
prevents shoes from
. scraping on lug
’ portions of drum

jor

(c) Adjustments

1 Major - .chored
shoes J

2 Minor - (Frco Floating)
3 Final - (Self-adjusting)

(d) Braki shoe adjusters - sfanual

“" and self-ddjusting -

1 Purpose - miintain pro-
- cPer shoe to drum clear-

CNC. \

2 Location

a Star adjustment on
- top or bottom of
brake backing p1atg,

b

n

Trans: CT 74-369
Notes

!

Trainer: 61-2830
Brake shdilogscmbly
~ .

L

Nos



" b Cam adjustment on
upper portion of
backing plate on

. . both sides

- (e) Gperation

1 Manual adjusters -
cam or star whee!l
adjustment to spread
brake shoes against
drum

in

Se)f-adjust1ng - star
wheel adjustment
. occurs automatically,-

when brakes are alter- -

nately applied and
released with vehicle
in reverse motion

-,

(6) Orums ' )

(a) Purpose ~ provide surfac.
- against which shoes are
‘ applied, resulting in
stopg:ge or slowing down
of whee) . -

(b)' Composition - pressed
steel housing with cast
iron liner

* (7) Stop light switches

(a) Purpose - means of
warning vehicles
™ approaching from rear of
intentions to. slow dbwn
or stop

(b) Location - on master
cylinder or under dash
on brake podal 1inkage
(c) Types and operation
1 Mcchan1cal - -contacts
closed by 1inkage con-
nected to brake podal

1 Pressure sonsitive -

o . a : ’: (8)

Trans: CT 74-363
Brake Assembly

Trans: CT 74-370
Notés '




(8)

‘1‘I' (9)

A

'S d .

brake fluid pressure
.Couses- disc to close

contacts
Parking \brakes
(a) Purpdse - hold yshicle
stationary not in
use -

-(b) I.ocation."- on rear

wheels or drive shaft

(c) Inspections - periodic
check for kinks in
cable or binding
1inkage ‘

(d). Operations - mechanical

1 External cantracting -
drive shaft - . .

| 'g Internal expanding -
resr wheels !

Disc Brakes
(a) Hub.and disc assembly

1 Purpose - provides fric-
tional surface against
which the shoe is applied
to stop or slow down the
spi ning whee .

- (b) Shield - protects disc from

Cross splash

(c) Caliper - (Fixed or float-
ing) - .

1 Purpose - provides means
of applying shoe and lin-
ing assemblies to the
disc

72_ ‘_ Operation
a Caliper - malleable

iron castings mounted
to the support plate:

- 4

_ Chart: CC 74-177 Floating Caliper

(9)’_ 1y

Trans: CT 74-370
Parking brake
(Extsrnal contracting)

Chart CT 74-17%

3ABR47330-SG-601A
(SG to be re-used)

a,

‘Chart:/ CC 73-93 Disc Brake .

Assembly - floating cali- -
. per

.

Assembly - sec-
tional view

Show Disc Brlp Components

kY




Shoe and lining

. assgmblies. - ‘
poﬂtiomd ot:‘m the L
caiiper so, . \

‘ straddle m.e'lsc ‘ \

Casting - Bored
t? gc?i\)m a -\ A
swon(s) - - \
p e \

Hydraulic pressure Chart: 74-176

is applied to piston{s) Function of piston seal
~ applying shoe and 1in- \ S

ing assembly to disc \

Slﬂ‘flﬂ \‘\

jor

40

[[-W

e Hydraulic pmsdn ' ‘ ' \
released - shoes , A
relax :

(b) Combination Valve

.1 Metering valve - “Holds |
of f* Disc brake apgli- | . :
cation until drum brakes Chart: CC 73-217 Combination .
make contact ) V{ln :

i

Failure warning rs_\ﬂtch -
activates dash Tamp in
event of efither front

; or rear brake system

™  fallure -

. .
Proportioner - Delays
Tear wheel skid during

. high dtcchratio‘p stops

W

(10} Vacuum bperatod brake boqsfors Trans: .CT 74-3‘71 - Hydrovac

Trainer: 60-2525 - Hydrovac

. | _ Assembly

(a) Purpose - reduce drivers ™ oA :

effort . JABR47330-5G-601 Hydraulfc

‘ T ) "~ Brakes & Vacuum Brake Booster
(b) Location - as & separate : :
unit, 1t will be located
between master tylinder
and the 1 cylinders.
With the Bend{x power .
brake and the Midland 15 o
Ross type boosfer, the . '
master cylinder is inte-

ral with the ter '
Asually found o t side P ’
of vehicle u%ﬂ" N .

or-fléor boa

o

..l’
e

» . . / ’ -
Wik R .
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jon

e oot

“Factors nlcdcd for opnrntion Chart 39-3141;

""%‘e-pr!ttur!-

Atmospheric prissurg \

“'Engine Vacuuly
Vacuum check yalég (intake

manifold)
(d) Control valve assembly

Atmospheric valve -

closed/brakes released.

Open/brakes applied

Vacuum valve - open/brakes
released. CIosnd/brakos
applied

Diaphragm

Relay valve - ﬁydraulic
piston

Atmospheric control
lino

(e) ¢ Vacuum pauar cylinder

i~

jw

(f) 51avo ¢ylinder

[

Diaphragm or piston and
seal - moved by differ-
entfial prtssurc

Actuating rod - moved
by the piston, reduces
effort the driver
nocds-to put forth

[

Return spring - returns

_piston to be released,

position when brakes
are released

\

Piston and cup - applios

 hydraulic pressure to

the wheel cylinder

R rn spring - return
ton to re casnd posi-
t‘lOﬂ
" (11
. 2
? -
I

Chart 59-3141
$9-3140

Trainer:

60-2525 Hydrovac

c Operation

Hydrovac Operation

—



. Ref: Para A, Part 1. J

3 Dheck valve - high hydrau- <

~ 11c pressure is returned € . -
to mas ¢ylinder as __ .
Tow hydriiflic pressure = N

EVALUATION:

1.
2.

What is meant by horsepower of brakes?
What besides brakes are used to ' \

slow a moving vehicle?
What is a fulcrum?

What is usually the rotating
member of a brake systes °

What determines the holding - . : 3 _ .
qualities: of a brake system? : , - _ .

What determines output' force of a
wheel cylinder piston?

What direction are wheel cylinder
cups installed?. , : oo .

What are the qualities of hydraulic : | | ’

brake fluid?

CONCLUSION '+ 20 Min

SUMMARY AND REMOTIAVTION:

1.

Summarize the principles, function and relationship of the following:
. .

e Y R N

g

Master & wheel cylinders )
Brake fluid, tubing, hoses & fittings
Shoes & 11ining .
i e

or & minor ustments : -*
Disc brake cggjmnts ‘ : /
Vacw operated braké booster system .

Explain the advantages to be gi"imd, through lw;'ough utilization of the
material learned in today's lessom Remind students of energy and materials

~ conservation.

ASSIGNMENT AND CLOSURE: CTT POI Part 1, Para A ~ 2Hrs . ®

1.

Using the SQ3R method of study, read SG 3ABR47330-602 & 602A Hydraulic
Brake System Servicing & complete summary questions.

. \ 119) 51
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LESION PLAN ( Port |, Generel)

ISTRUCTOR - J

‘ muontcl AND OATR
THSTL /Ay dwem

Counst vivLe

=N S L o

-!Briicg;ii& Shibihsion

LESION TiTLE

{Hydraulic Braké System Servicing

. M . - + . ‘ * \ _‘ £ - :
. [ TcawAcsR TLaboratory 1 I%ﬂ ToraL - ; .
_|D&D 4 hrs/Perf 8 hrs ~ 4 hrs - 16 _hrs , ’

'“! nua‘.ll PARE DAY - 2 - ) PARAGRAPY *
38 2 TJaet, 4975 . | -
' STS/CTS REFERENCE
—NUNBEN : . : .

- ISTS 473x0

$HPERVISOR APPROVAL

' * ey . g . ‘ &
SIGNATURE . OATE . HONATUAR GATE I

« , | , | . | |
'F. . PRECLASS PREPARATION ' L 41

. . gm:;v:::;:.o‘g:::o : rg'wmm.'v CLASIIPIZD NATERIAL ﬂl:::l:::fts. :::::ru .
1. Vehicles - ~ | None~ ~ = None - . JABR&7330-56-602 | .
2. Brake Bleeding Equip. : | . 3ABR47330-SG-602A .
3. Brake Honing tquip.| ' - . TO36A2-3-6-2
14. Brake Drum Lathe | : _ . L . TO36A2-3-14-2-]
.|5. Mechanic's Common | o , ' . TO36A2-4-17-2
Hand \Tools : . ‘ , . Trans:. T71-3584.
6. Special Tools g | . Trans:CAFB T71-358 .
- - o . : . Trans:CAFB- 770-201 g
ZRITEMION OBJECTIVES AND TEACHING STEPS . O v

a. Given technical order, vehicles; bench ifems, tools, and cduipmtnt. practice auto-
motive personnel and equipment shop safety, repair or~sprvice bquc systems and com-

_ponents IAW the technical order. _
b. Provided with techhical orders, vehicles, tools, and equipment, using automotivev

personnel and equipment shop safety, use visual, auditory, and operational means
~ to check brake systems IAW technical publications. L

.Toaehing Steps art.Listcd in Par;‘ll.
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INTRODUCTION ‘ - 20 Min
: 1,‘fAttantion,and Motivation: Ask students why théy feel that hydraulic brake

. system theory.of operation is important. Pgoint out how this knowledge will
be of great value to the individual during the process of serving brake.

2. .Review: Review summar& questions from studént'study guide, 3ABR47330-602,
G02A Hydraulic Brake System Servicing. Re-teach as needéd.

3. Overview & TIE-IN: Relate major component operation to component servicing.
Describe the sequence in which today's lesson will be presented. Insure
that each student is aware of ‘his responsibility toward accomplishment of
each objective. Remind students of energy and materials conservation. (Heat,
cooling, 1ight, study material, etc.).

;o . BOOY . 11 Hrs 30 Min
.. PRESENTATION: ' |
1. Ref: Para A, Part 1. . 3ABR47330-5G-602A
| . Hyd. Brake System Servicing
t a. Wheel bearings JABR47330-5G-602
| 3 ) (SG to be re-used)
. ) (1) Purpose: Take up load, Trans: T71-3588
- ' thrust and reduce friction Front Wheel Bearings
(2) Types - -
"" _ ' R /”\w
(a) Ball bearings '

- (b) Tapered roller bearings

(3) Service and inspection

) o (a) Wash in cleanihg solvent -
| dry with lint-free rag

 (b) Use compresged air to air dry
' the bearing.\ DO NOT Spin

(¢c) Check for pits, binding or
’ discoloration

&

td) Adjustment

(a) Torque to applicable .
. specifications (pre-
ferred method)

. (b) Tighten until snug, theén

back off .nut approx. one
castellation (field method)

o im



}

‘(a) Use high temperature
' ) . 9'?"‘ P

. ° . (b) Machine packing of bearing
b (preferred)

fi{eld

b. Breke drums

(¢) Hand gacking (Altornatl or

(1) Inspection.

(a)  Out of round - (Dial '53
indicator) ‘

(b) Thickness - (microﬁttor)
(c) Cracks and Groves (visual)

(2) Service

(a) "Turn" or recondition
on drum lathe

(b) Mark amount removed on
ummachined portion of drum

C. Shoes and Lining

»

(1) Primary shoe - closest to
front of vehicle

(2) Linings - may have different
frictional quality -

(a) Shortest 1ining usually
on primary shoe

(b) May be bonded or riveted
to shoe

d. . Springs

(1) Retracting’ il&z

(a) Color and number of | S5
coils - (Length)

A\ “ (2)

Froat Whee!
- Searing Lubrication



(2) Retaining
. " Equat-strength snd inter-
4 Gimatios o toer

Cylinders - (Master and wheel)

(1) Wet hone to remove minor | S
pits and scratches

(2) eplacﬂ;all moving parts

' Brake Pedal |
(1) Free-travel_adjustunnf
Parking brake

r i

(1) Clean, lubricate and adjust
after seérvice brakes are adjusted

. Bleeding pracedures - (Removal of
- air from system)

(1) Manual ér two man method Transparency T70-2011
Pressure brake bleeder

s

(2) Pressure bleedihg tank
{a) One man operation
Disc Brakes . |
(1) Disc | ks

(a) Inspect for cracks,
grooves and run-out

(b) Disc is measured with
gauge bar and ball -
critjca1 _ '

<: (c)- Refinish with disc

brake lathe
’ [ ]

{’) . Caliper bore

(a) .Inspect for scores,
pitting, nicks and.
corrosion

(b) Polish-with fine crocus
. clogh and wash with
denatured alcohol

(3)

mL
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" (c) Defects cannot be cleaned -
replace caliper housing

13

-
[9% )
S

Piston

(a) .Inspect for scares, niéﬁs
_ corrosion and worn or
- damaged chrome platiqg

N

(b)* Minimal damage can cause’
lea§ between piston and
‘ sea :

(c) -Damaged piston must be
replaced -

. “\
APPLICATION: Para A, Part 1

“Interspersed throughout the lesson,

EVALUATION: ‘
1. What is the purpose of,tﬁe wheel beariogé?
2. What is the advantage of bonded.lining‘
over riveted lining? '
3.- How cén'therprimary retracting spring’
be identified? ‘
4. How.much air pressure {s applied to the
pressure bleeding tank?
R A}
5. What should be done to a wheel cylinder
" that has minor scratches? -
END OF DAY SUMMARY
§pMMARY:
; . .
L. Summarize, principles of operation, func-

tion, and relationship of the following:
Wheel Bearings, Brake Drums, Shoes and
Lining, Springs, Cylinders, Parking
Brake, Bleeding Procedures, Disc
Brake Componénts and Troubleshooting
Procedures ‘

ASSIGNMENT: CTT POl Para 2A 2 Hrs

1.

1Read complete statements SG 3ABR

47330-602 Servicing of Hydraulic
Brake Systems, using the SQ3R

method of study. Remind students
of energy and materfals conservatfon.

¥ A

3ABR47330-56-602

L
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INTRODUCTION 70 NEH DAY'S HDRK

ﬁ. 1. gouse studont intcmst by discuning pouiblc mults oi' systn ulfunc-
B 4 ons. . v
Oy o

2.'-Revieu and grade outside-assignmnn;. Re-teach iq‘néiéed.
3. Briefly review how brake\syétnns are sorvi;zj.

PRESENTATION:

1. Ref: Para A, Part I B , ) V-
Ref: Para B, Part 1 ) - .

a. Troubleshoo{ing brake system

-

(1) Leaks or insufficient fluid' |
(a) Spongy pedal L
(b) Excessive brake travel
. o (c) Brakes do not apply

(2) Distorted or improperly
adjusted brake shoe

@® (a) One brake drags . L
- \ ——
- (b) All brakes drag , } //”
~ (€) Hard pedal

(d) Vehicle pulls to one
side :

(e) One wheel locks_when applied . N
. 'ﬁ4£l_ .Excessive. pedal travel ' -
(g) Noisy or-grabbing brakq; \

(3) Drum out of round ' ' e

(a) One brake drags
(b) Vehicle pulls to one si&cy
(c) Brakes chatter

E‘ ' (4) Glazed for worn lining
@ () Hard pedal
, | (5)

(9
”

Aruitoxt provided by Eic:
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(b) -v;ﬁicle‘pdlis to;ogt sid:\\
(c) One wheel locks
(d) Brakes chatter |
(e) Noisy or'érabbi ng hrakes
(f) Brakes do not tpply:

(5) ﬁB’n gmse' in lining |

(a) Vehicle pulls to one
‘side

‘(p)j One wheel locks

(¢c) Brakes uneven"

(d) Noisy or grabping brakes .
" (e) Brakes do not apply

~ (6) Faulty wheel cylinder

(a} One brake drags

(b) Vehicle pulls’ to one side

(c) One wheel locks
(7) « Dirty brake flu;d

(a) .One brake drags

(b) A1l brakes drag

(c) Brakes uneven

(d) Brakés do not apply
(8) Faulty master cylinder

(a) A1l brakes drag

(b) Excesiive pedal travel 54
(¢) Pedal gradually goes
goes to floor ‘
-(d) Brakes do not apply- '
(9) Air in hydréuli‘c system \

A

(6)




(a) Opq.brakoadraqs
(b) Spanay pedal

(c) Excessive pedal travel

e (d) Braies do not apply
(10) Self-adjusters not oporitkng‘

(a) Vehicle pulls to one side
(b) Excessive pedal travel

(c) Shoe click releasp

(11) . Sticking booster control o4

valve
(a) Al brakes drag -
(b) Noisy or grabbing braiig

Discuss proedures for removing, ' ‘.

inspecting, repairing or replacing !
new or reconditioned vehicle hydrau-
1ic booster units (Hydrovac). / -

(1) Removal - use applicable pdbli-
cations ' :

(a) Place drip pan under unit

-

(b) Disconnect all lines

1 Heraulfc
.2 Vacuum _
3 Afmq#éher1c
(e) Remove ‘mounting bolts
(dj Remove*unit from vehicle
Inspectioks f« - - |

(a) Visual imspection of
 external components

(b) Diéissembly (by Manual) /

D

#

Do not write in Study Guides
or TOs

TO 36A2-3-6-2 1965 Ford.Ecomo- .
, line Shop Manual

70 36A2-3-14-2-1 1968 Ford Fair-

lane Service Manual -

TO 36A2-4-17-2 1967 Chev Sedan
Service Manual



Ea

L (c) -Check condition of slave
T cylinder: .

1 Scores -

2 Pits, etc.
(d) Check condition of valve
seats

(3) Repair - usually consists of
installing a repair kit while
assembling unit

Installation - reverse proce-

ure of remov

——

-

o
—a./

r

(5) Bleeding syst

(a) Air must be bled from
"~ system upon replacement
of unit

1 Manual

2 Pressure

& Follow applicable
publication for
sequence

Start at control

o

- valve, slave cylinder,

then R.R.L.R. - R.F.
¢ L-F. wheel cylinders

. 1}
‘c. Participate in a discussion of the
brake reconditioning equipment

APPLICATION: B §

. 1. Ref: Para A, Part ]
: Ref: Para B, Part I

-, EVALUATION:

1. What safety prat®ges must be followed?

- (8)

P

W

-

T0s 36A2-3-6-2
"36A2-3-14-2-1

..~ 36A2-4-17-2
Vehicles

Remove all jewelry
Use hand & special tools
Operate brake drum lathe,

‘honing equipment




SUMMARY & REMOTIVATION: \
1.

# ASSIGNMENT & CLOSURE: CTT POI Para 2A, 28 2 Hrs Use 3ABR47330-SG-603
1.

while adjusting parking brake?

What affects the compensating port
of the master cylinder? A

. Afterrmachinifg, where are the drums
- marked? E __

Why are dmg mark_od?

What are thc.advaﬁ'tagés of pressure
brake bleeding?

How .are wheel bearings adjusted?

What precaution must be obs;wod

What should be done 1f of1 or brake P .
fluid gets on 1ining? .

CONCLUSION 10 Min

Surmarize use (7 tools & equipment; 'rep%ir or service procedures for hydrau-
lic brake systems and components; visual, auditory, operational means and
test equipment procedures to check the hydraulic brake system.

Remind students of benefits to be derived by beconin? a competent brake sys»
tem mechanic. Remind students of energy and materials conservation.

Using the SQ3R method of study, read SG 3ABR47330-603 Air and Air/Qver Hydrau-
lic Brake Systems. Complete summary questions. , ,
We Mmave now completed Hydraulic Brake Systems and our next lesson on Air and
Air.Over Hydraulic Brakes will be more easily understood.

. HHJL e
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APPROVAL OFFICE AND DATR

iST1 &/ 7cd % Sesev

~

COURgE numatn COunE TITLE ' -Mlc#&&u'c :
1 2 SRR 4723 21General Pyrpose Vehicle Summmmmm. Part I

AR s

At ﬂd A
LESON TiTLE

Air and Air-Over ‘Hydravlic Brake Systems

hension

N OURATION
‘Snoon/Laboratory RASISIIRR /LD TSNTET: TotaL
D&D 9 hrs/Perf 2 hrs N 4 hrs 15 hrs
[ PAGE NUMBER R ﬁzmnm RELERmce PARAGRAPY T
37 IBri. /925 3 ! .
SE— _ — s:rvcn un:e::u : - ‘ '
al3 473X0 . 3 September 1974 S
T : & - _ SUPERVISOR APPROVAL, ' ‘ —‘Jw
SIGRATURE . DAYTE . SIGNATURE DATER
v ﬂ :
I /° PRECLASS PREPARATION -
¢o~::.l':::;.u&c:.rv¢n rion:'m?v , CLASKIFIED MATEMAL ‘ UNCL ASSIPIED. MATERAL
1. Trainer: 63-2996 [None ) None ° 1. 3ABR47330-SG-€J3
2. ‘Trainer: 60-2526 2. 3ABR47330-WB-603
3. Vehicles : 3. Chart:CAFB59-3139
1 4. Mechanic's Common 4. Chart:CAFBS59-3139
7| . Hand Tools 1 ‘ 5. Chart:(CAFB59-3142
-5. Special Tools {1 . . . ree :
6. Air Brake Sys Comp : 6. Trans:cgl;g g:;z:sn
| 7. Air-Over Hydrauli , . | (OVER) |
CRITERION OBJECTIVES AND TEACHING STEPS S
a. MWithout references, identify basic facts and terms related to the principles of
. operation, funcTion, and relationship of air brake system components with 70%
- acecuracy. - ‘ -
b. Provided with technical orders, vehicles, bench items, tools, and equipment, and
applying automotive perconnel and equipment shop safety, repair or service air
brake systems and components [AW technical pubiications. -
,,k '] €. Supplied wftﬁ technical orders, vehiclés, tools, and equipment, and observing autoq
-' motive personnel and equipment shop safety, use visual, auditory, and operational
. means to check the air brake system IAW the technical order. ‘
! T ‘ Teaching Steps are Listed in Part I].
ATC :3:‘;, 770 . SATR. 1L 7320000
. (?s v .
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7. Trans:CAFB T20-2005
8. T036A2-2-1-122
9. Chart CC74-174




TITRODUCTLON

20 tin

\ttention and Motivation: Discuss the need for greater hr;king effort
in Lthr operation of larner vehicles, Relate importance of proper air

brake system operation and maintenance to the Air

to vehicle cost, cargo &nd personnel.

Force in relation

Review: _Review summary questions from 3ABR47330-SG-603 Alr and Afr/Qver

livdraulic Rrabe Svstemc. Re-Teach as Needed.

Overview: Déscribo the lesson sequence to the students and carefully
explain the tasks each student will be required to perform during the
materfals conservation.

anplication step. :Remind students of energy and

(ileat, cooling. 1ight study materials, etc.)
BODY

PRESENTATION:

1.

Ref: Para A. Paft ]
a. System components and operation
(1) Compressor

(a) Purpose: Source of Air
Pressure for
- system use

(b) Location: Usually at the
front of engine
on driver's side

(c) Operation:

1  Belt driven off
engine crankshaft

py'lley ’
C&%led and lubricated

2
~ by engine systems
3 Inlet ports: Located
in cylinder wall .
= and allow air to
. enter cylinder (B.D.C.)
“ 4  DISCHARGE (Exhaust)

valves: Means of
Aallowing compressed
afir to escape from:

cylinders to air

reservoirs P

10 Hrs 20 Min

3ABR47330-SG & WB 603
(SG to be re-used)

Transparency: CT 74-372

Tratner:

Notes -
170-2005
Compressor

63-2996 Brake
Assembly

a
—&
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T

S5  Unloader mechanism:
~ Receives air from
govarnor which opens
unloader valves,
temporarily preventing
compressed air build-up

Alcohol {rmjector:

o

Prevents system components

from freezing'

(2) Reservoirs (two - wet and dry)

(a)

(b)

(c)

(d)
(e)

- (f)

(a)

Purpose - store air
under pressure for
future use 1‘n the systém

Location - on underside
of vehicle frame

Wet tank - first tank

to receive air from

compressor - Hajority of
moisture is condensed

here allowing dry air

for the system

Ory tank-- second tank through
which air passes to the system -

:remainder of moisture condensed

here allowing dry air for the
system o

Safety valve - in case

of qovernor fatlure,

releases excess pressure
(popped type)

Drain cocks - one on each
reservoir

i Purpose - drain m°1s-.
ture and release
air from the Tystem

Aufomat1c bleeder

1 Purpose - automatically

. "bleeds" moisture
from reservoirs each
time brakes are applied

(3) Governor

. . (2)

af

Transparency: CT 74-373

Notes




()

g ‘.(C)

(d)

(a)

Purposo - control nuaiuuu
S WutMt

7

Locltion nnnatld on Ccomp-
ressor or engine firewall

Operation atr prossuroricts
on a mechanical device forcing
a valve to' open or (when the
sir is removed) .allows the
mechanical device to close

the valve

Types

| 1 Bourdon tube. < air pressure

forces tube to straighten
- out pulling a:valve open

2 Diaphragm - air pressure
acts on.diaphra?a
rate spring loaded valve
3 Piston - air pressure

acts on. piston to operate
Spring loaded valve

(4) Unloader mechan!sm - compressor

(a)

Purpose - unloads compressor

by destroying its capability

10 compress air

Location - usually on comp-
pressor head

Operation

1 Air pressure from gover-
nor actuates unloading
mechanism, causing an
unloader valve, located
above the piston in the
cylinder head, to open,
thus destroyin?'the cyl-

inder's capability to
build pressure -
7 "1

Demonstrate:

-

Transpaﬁoncy.

Trainer
60-2526
Afe
Guvurnor Assy

CT\74-373
ivofes '

ot
AL

?

ﬁJ'IM -0
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This cycle is rrpeated Transparency CT74-372 °
each time brake Notes
application causes air

.in reservoirs to

drop below specified

pressure

L8]

(5) Safety and warning devices

(a) Located in cab of veh-

. icle
- (b) Low pressure indicator - Demonstrate: Air brake componen:
buzzer, bell, light, air gauge & stop lion:
pendulum or a combination switch
of any ' : -

‘(c) Air gauge -registers
amount of air pressure
available in system

(d) Stop light switch - warn- Transparency CT774-373
ing that brakes are being Notes
applied (Located near .

brake valve)
(6) Air supply valve

: (a) Located inside cab on fire
wall

(b) Ready source of air pres-
* sure to use for ocutside
source

(7) Brake valve - treadle valve Transparencv CT774-374

(a) Mounted on frame Air brake valve

(b) Heart of air brake sys-
tem, meters. the air through-

out system
: (c) Also known as foot valve Demons trate: Air brake sys. com-
B _ : ponents Brake & hand
{8 Hand control valve - ; valve, quick release
| : & double check valve
(3) tocated in cab on steer-
ing column - : .

n

(b)  Allows ooeraéion of
_ trailer brakes independ-
o o ently of tractor brakes

(4)




(9) Minor valves in system Transparency (T74-374
Quick release vaive
o (a) Quick release valve -
® allows atr ¢ escave
quickiy when brakes
are released

(b) Double check valve -
allows air to flow from
two sources (foot valve -
hand control valve)

(c) One way check valve -
allows air to flow in ' ' :
one direction only ' St

(10) Tractor protection valve - Transparency: CT74-374
' ' Notes
(a) - valve located in air
system, switch located
on dashboard

(b) Vvalve protects tractor
system by cutting off
pressure in lines to
trailer (trailer break

away) ‘ Dcionstrate: Afr brake system
. ~ : components - tractor protection &
(c) Switch is usually manually relay valves '

controlled for emergency _ .
use, usually left in -
normal position ’

(11) Limiting - quick release valve Transparency C174-374
' Notes -
(a) Usually found on front
axle | .
\ . B Y
(b) Valve controls front
-~ tractor brakes for wet
or dry conditions, cuts
pressure 50% for wet
condi tions

(c) Controlled by switch on
dash

ya (12) Relay valve  Transparency: CT74-375
. Notes :
(a) Applies rear tractor :
- brakes at same time
front brakes are

. applied

5) €y




. (13) Filter ,

(a) Purpose - clean air
before entry into

v emergency relay-valve | [

(b) Location - on trailer

{(14) Emergency relayﬁvalve , Demonstrate: Afir brake system ']
. - Components - Emer. relay valve
| (a) Used on trailers only & brake chambers ’

(b) Will automatically set
~ “trailer brakes when
source of air pressure
to trafler is lost

r‘-\.— .
(15) Brake chambers ) : Transparency CT774-375
. . ) Brake chamber ..
(aj} Mounted on axle riear
each wheel (one at each
wheel)

* (b) Changes air pressure to .
| mechanical force

(16) Slack adjusters = CC74-174
: Slack adjuster
(a) Located between'brake 5

chambers and backing plate Demonstrate: Air brake system
' Components - slack adjusters, hose.
(b)7 Mechanical advantages is lines. couplings and fittings

provided here
Trafner: 63-2996 Brake Assembly
(¢) Provide quick and easy
adjustment for norma?l _
/ wear -

‘. . (d) 'n the released-or applied ,
' ' position angle between A .
push rod and slack adjuster | :
‘ must be greater than 90
T ’ degrees

~(17) Hoses, lines, couplings and
flttings .o

(a) Tubing -»dopper(riﬁid) 4 Transparency CT74-375 .

Notns
(b) - Hoses - special high v TN
~ pressure reinforced . - (N ‘“’//P\
neophrene, spring - : '
_ . wire wrapped at friction . ’
| - points
I:R\() ' . T o (6)

Aruitoxt provided by Eic: -



J -
) - (c) Couplings - provide a
L4 B quick means to connect .o
j‘l’ or disconnect hoses
1 Two rubber gaskets
form an air tight
seal
~ (d) Fittings -~ usually brass
P . ed throughtut Lesson
FeRtARQIARN Para a Part 1 _Interspers q |

1. How does the piston type compressor .
operqte? .

2.' How is the compressor cooled and lubri-
. cated?

3. Through which valves does the comp-
pressed air leave the compressor?

4, What is the purpose of the wet and
dry :eservoirs? :

5. How does the bourdon tube type gov-
ernor operate? '

when should-the éese?voirs be bled?

7. Why is a quick release valve nec-
essary in the system?

A, What is meant by the term "Lapped
position"? .

9. Why does the hand control valve
operate only the trailer brakes?

10. Explain the slack adjuster angle,

END OF DAY SUMMARY

&

LPTARY
1. Summarize pHﬁ'ciples. operation, function, and
- relationship of the following: ¢
reservoirs, governor, brake valve, hand control
valve, safety & warning devices, plus other minor
N valves in system. ‘
ASSIGNMENT CTT P.O.1, PARA 3a 2 Hns . 3ABRA7330-5G-604

‘ilsJ [

| 1. Read complete stitements SG-3ABR47330-604 Air & Air/

@,

study. (7) |

[t

N . '
.~ ERIC | |

Over Hydraulic Brake System, using the SQ3R method cf



;; Remind students of energy and materials cuniruttdu.
INTRODUCTION TO NEW DAY'S WORK

1.  Arouse student interest t h discussion on possible results of *
system malfunctions.  Note: Energy and materials conservation.
2. .::::éw and grade outside assignntnt; Re-teach as needed. r
3. Briefly review how each air'brike component functions within the syste-. N
PRESENTATION: | . "
1. Ref: Pard a, Part 1. ' : 7

Ref: Para b, Part 1.
Ref: Para c, Part 1,

A. - The air over hydraulic brake system Transparency (174-376 .Air/Cver !
combines certain hydraulic components . Brake Booster Sy: -
with certain air brake components

(1) Hydraulic components

" (a) Master cylinder ind Chart 59-3142 Afr/Over Hydraulic .
" Tinkage * | Brake Booster Syster

(bk Lines, fittings and :
flexible hoses

- (c) wWheel cylinders at each
- wheel

(2) “Air brake components
(a) Compressor
(b) Governor
(c) Reservoirs - wet or dry
(d) ‘Safety valve . -

~

(e) Pressure gauge

.,, _,:.'; | ©(F) ts;§::essure uar;ing.

\ (9) Air sypply valve ) | . ./

(h) Extended lines of air .
for trailer A

o, (1) =2:n: control-valve (trailer | '
0. aKes - : ‘ ’
; oy \ -

T

e A -



- b.  The combining of these ajr and
hydraulic co“ngpomnts to form an

- ¢ " air over hydraulic brake system

is accompTished by adding a - Chart 59-3139 Air/Hyd, Booster
brake booster unit (air-pac booster) : (released)

(1) Brake booster unit cdsponents

(a) Air cylinder and power Chart 59-3139+1 air/hyd. Booster
piston: Compressed . (applied)
air moves power piston,
resulting in greatly
increased hydraulic
pressure to whee!
cylinders

(b) Control valve: Means of o * >\
applying air pressure to . C T
power piston

(c) Hydraulic slave cylinder: Trainer: 63-2996 Brake Assembly
‘Receives power piston
force and converts to

hydraulig pressure Show Afr Over Hydraulic System

(d) Bleeder valves - Components
. 1 Means of removing
air from hydraulic .

portion of booster

1~

One located at control
valve assembly - other
at slave cylindet

.y

L. Maintenance of system"

(1) A1l air must be exhausted
from system prior to bleed-
ing or removing system com- .
ponents

. " . ' -
(2) Components of the hydraulic (:ﬁﬁ
portion of the sys are ‘
maintained as previowsly
discussed

(3 Components of the air portion RN
of the system are maintained |
. as previously discussed "

(4) Booster unit maintenance ) , | /

. consists of:

\ . - (9) | :,"-

ERIC

slilii
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S CwEk ar " '
! .

} '
(a)' Removal and- réplacement
(b) .Installation of rebuild

kits
APPLICATIOM: |
1.~ Ref: Para b, Part 1 | Mand A Special Tools v
N " Yehicles - T.0. 36A2-2-1-122
Ref: Para c, Part 1. .
(Also 1nterspersed throughout body - > 1. Remove a1l jewelry:
of lesson) 2.  Watch for oil slick on lab
_ : floor.
EVALUATION: ‘ 3. Use hand & special‘tools,
vehicles.
1. How effective 1s a booster unit?
2. What procedure is used to bleed brakes
on air pver hydraulic system? R
3. What maintenance is required on an )
air over'hydraulic brake system? S .
4. What is the difference in the air\ﬁ'/ :
_over-hydraulic system and the -, | .
hydrovac? : A o
<\
5. what_unit applies the brakes in the
air over hydraulic system? .
f.  What safety feature allows the
brakes to be applied?
7. that is the purpose of the booster , . RN
unit? S A -
: .2 .
. _ , CONCLUSION - 20 Min
SUMMARY AND QFMOTIVATION A |

I, Smm1 g)ze repair or service procedures for air brake compressar. governor,
‘esershirs, system valves, brake chambers and slack adjusters. Also air/
Sver aydraulic power cylinder master cylinder and whee! cylinder '

utEHchEN student desire to become ‘proficient on all types of | ‘brake systems
by pointina out safety ihvolved and personal gain through promotion and pay.
Remi~d students of energy and materials conservation. .

ASSIGNME™ AND CLOSURE: CTT P.O.I. Para 3b, 3¢ 2 Hrs

' Cicinc the SO3R method of study. Review 3ABR47330-SG-604 & 604A PT- 3ABR47330-
604 Conventional & Power Steering. Answer Summary questions

N

/,
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We have now completed baslgnfomtion -on all
used within the General Purpdse Career Field of

1esson will enable u$ to understand and service stesring gear assambiies,

another importan; means of ‘control for a vehic)

(1)

present day.\ brake systems
the Air Force. Our next

e in.motion.

- e

[ |
-



__ LESION PLAN ( Penv

COURSE TITLE

Ganeral Purpose v.mm R Part l

m ‘Nﬂ-l N

=
5 )
s

. Conventaona} and Povnr Steert

— .
\ D&D 6 hrs/Parf 6 hrs ‘ | : 4
e : PO sereamicy -
- TRAGT wuneEn PAGE DATE PARAGRAPH
‘ £ 2T 1925 | %Y
. _ , ~  3TS/CTS REFERENCE
Ny . R OAYE .- . ) .
Ry R ;-wnlnn;,mu . R
o SIGNATUAR - DATE T NENATURE -
4
| - : |
PRECLASS PREPARATION * -
el rmoM SUOPLY - CLASSIF IS0 MAYRRIAL “&'m.;'zm AL
- [i. Trainer: 59-2451 |None o None 1. 3ABR47330-$6-604
: Trainer: 61-2423 2. 3ABR47330-SG-604A
'15. Trainer: 59-2433 3. 3ABR47330-56-6048
| |4. Traine- . 63-2995 4. 3ABR47330-w8-604
'15. Trainer: 60-2530 5. 3ABR47330-PT-604
- 16. Mechanic's Common 6. Chart:CAFBS59-3236
Hand Tools 7. Chart:CAFB59-3145
7. Special Tools | - Mg, Chart:CAFB63-425()
(OVER) CRITERION OBJECTIVES AND “EACHING STEPS VER ot a)'

Ha. Without references, identify basic facts and terms relative -to tho principles of
operation, function, and relationship of steering system components with 70% accurac

b. Provided with vehicles, tools, and n}uimnt. bench items, technical orders, and.

applying automotive personnel and equipment shop safety, nprlr or service steering
systems and componcnts IAW the technical pub'lications .

¢c. Supplied with tools and equipmnt. vehic]es. technica‘l orders ,and obscrving auto-
- motive personnel and equipment shop safety, use visual, auditory. and operational .
means to check steering systems IAW tochn'lcal puh‘lications

¢ /

Teaching Steps are Listed in Part 1I.

e A. . '
romu ,
agema 770 : . SA?S. 1L 13.288%0




T v
l\
{
t| '
, '
EQUIPMENT LOCATED
IN LABORATOQRY
8. Steering Gear Assy.
9. Vehicle
. -
-~
[ ]

¥

GRAPHIC AIDS AND
UNCLASSIFIED WAT.

+ 9. Chart:CAFB63-425 °

(2 of 2)

.t



) tiom or in case of emergency. .
2. Review: Review 3ABRA7330-S6-604. Give an appraisal. Review sumwar:
\ . questions. Re-teach as needed. _
3. 0vg}viuw & TIE-IN: Explain sequence in which the lesson will be preser ..
placing emphasis on objectives. Show how placing a vehicle in motior :
- being able to stop the vehicle is of no consequence unless you can cor
trol the vehicle direction while it 1s in motion. Point out to each : ' .-
dent, what will be expected of him during the presentation and applic:
tion steps of lesson. Remind students of energy and materials conser-
vation, (Heat, cooling, 1ight, study materials, Etc.)
 B0DY 11 Hrs 2
PRESENTATION: - |
1. Ref: Para a, Part . 3ABR47330-5G-604
: 3ABR47330-SG-604A
a. Steering Gear Types 3ABR47330-56-6048
. (S6*s 'to be re-used)
. (1) Worm a(d sector 3ABR47330-P.T.-604

el

INTRODUCTION 20 Kin

Attention and Motivation: Gatn students® sttention by pofnting out the
possible consequences of improper vehicle steering or handiing. Stress
the importance of quick and sure steering response during normal opcra-

\ - JABR47330-H.B. <604
(2) Worm-and roller "

(3) Cam and lever .

(4) Worm and nut-
‘(recirculating ball)

b. Construction and operation

(1) Worm and sector _ Chart: 59-3236

worm § sector
(a) Worm gear integral .

with calumn shaft
on lower end

(b)  Mounted between

tapered roller bearings Trainer: 60-2530
at top and bottom in worm & sector
gear case , : -

(c) wWorm has, “Hour Glass" Y '
shape to provide:

1 Bettes,tﬁbth contact
4

\

(Do mot write in P.T. or W.C °

o ‘JIH

e ]_.‘
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(2)

(4)

2 Variiblivrctio

(d) Sector gear {s integral
with cross shaft on
inner end

" (e) Tapered to aid adjustment

and mesh with worm gear

(f) Outer end of cross shaft
is splined to receive the
"Pitnln am

Worm ‘and roller.

(a) Column shaft and worm
gear same as worm and
sector

(b) ‘Roller gear mounted
~{n ball bearings on
cross shaft

1 - Replaces sector gear

and reduces friction

.(c) Gear operation same as

-_worm and sector
Cam aédliever ’
(a) Cam replaces worm as

integral part of column
shaft on lower end

| (b) “Laver" 1is actually two

studs mounted on inner
portion of cross shaft
that msh with cam to
actuate pitman am during
rotation .
Worm and nut or recirculating
ball '

(a) wWorm s integral p&rt of
column shaft on lower end

(b) Nut is mounted on worm by

means of ball bearings
and travels up and down
worm during steering
wheel rotation R

b-"

*te

{g) Lube seal in cross. shaft housing :

Trainer:

Tratiner:

’61-2423

59-2451

Steering gear lSSllbly‘

* *

Trainer:

Chart:

59-2433 Worm & Ni*

59-3145




(c) Nut has teeth on onc side

(d)

that are tapered and mesh
with & sector wounted

on the cross.

Nut has two guides uhich
assist in recirculating the
besrings through mut to
reduce friction during
turns .

Inspeézion-

(1) Fluid level
(2) Housing

(3)

(a) Cracks, lelhing gasklts or

seals -

(b) Correct mounting

Column shaft alignment

~ (a) " Dash or cowl mounting

(b) Gear box mounting

(c) Prcvents binding on one-

piecc shaft

(d) Donc prior to "In-Box"

adjus tments

d. Adjusfmnnts - (Manual steering)

’1) Disconnect drag link or
relay rod prior to “In-Box"
adjustments

12)

Worm gear end play - (Bcaring
pre-load) - (Clay weight method)

(a)

(b)

(c)

\.

L]

hold)

Loosen lash adjusting screw
all the way out-then back

. in one turn

!

Position steering nhecl
one turn off efther extreme

Place two clay weights () 1b)
on steering whtel rim at

10:00 or 2:00 o'clock -
position. (Hhogl should

(3)

31
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(d) Add one additional weight . .
. (Total 3/4 1b)(wheel
. - should drop toward sii
0'clock position) .

\
(3) Cross shaft backlash - (Lash)

(a) ‘Center steering ?olr by
: determining .total nuiber
of turns from one extreme
to the other - then place
steering wheel at mid-
position or "Hi-point*

(b) Tighten lash adjusting
screw until “Free Play"
at Pitman arm has been
removed

(4) Upon compl::i:n of both adJ:st-
ments, a s t drag throug
mid-position or hi-position
should be felt - a spring
scale tester may be used

(5) Most modern vehicle manu-
facturers recormend the use |
. of a torque wrench to accom- \\J
plish the adjustments ‘to
their specifications

v APPLICATION: Para A, Part 1 \

Interspersed throughout the lesson

EVALUATION:

1.

Q
I

Aruitoxt provided by Eic:

‘Namé the four tyres of conventional

- ERIC

steering gears.

Which steer1n9‘g;ar is used-on heavy
duty vehicles?

What is meant by ‘the term "variqbic
ratio”? o :

. What should be done -before installing .

a new steering gear cross shaft?

Why does the recirculating ball
steering gear nut have external
teeth on one $ide?

Define the term "Hi-point".
‘ (4f

(n
~~

‘o
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. "II END OF DAY SUMMARY

. 1. Summarize principles of operation, function and relationship of “the
' following: Types of Steering Gears, Construction features, Inspec-
tion and Adjustment Procedures.
 ASSIGNMENT: CTT POI Para SA 2 Hrs. 3ABR47330-56-604

1. Read SG 3ABR47330-604 & 604A, PT-604 Conventfonal and Power Steering, .
using the SQ3R method of study. Write out answers to SG questions.

INTRODUCTION TO NEW DAY'S WORK

" 1. Arouse student-interest by discussing possible system malfunctions and
~their results. :

2. Review and grade outside asstgﬁﬁent} Re-teach as needed.
. 3. Briefly review how steering systems are inspected and adjusted.

PRESENTATION:
f ]
1. Ref: B&A
Ref: 5B
Ref: 5C
. . . a. Types of hydraulic power steering
(1) Linkage - all components in Trainer: - 63-2995
steering linkage except pump : Power steering
. & reservoir = - § assembly

 reservoir on L.F. side of >
- engine - Power cylinder in

i linkage - control valve on

~ ". gear box

'(w (2) Semi-integra) pump and
4

(3) Integral - Pumpvsnd reser-
- voir on L.F. side of engine -
control valve and power '
cylinder in steering gear case

b. Major powér steering components

(1) Reservoir - holds hydraulic
- fluid for system use Chart: 63-425
o (1 of 2)
. . . | - 63-425
o : (2 of 2)

. '.';: | | 1 '-_ ' (5)

Y N -

oo L
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c.

(2) Pump - (Roller - vane type)

(a) Belt driven off tngine
crankshaft - positive dis-
placement

(b) Pressure relief valve
Tocated in pump bedy,
controls system pressure

(3) Control‘yalve

(a) Directs fluid fiow from
~pump to the power cylinder

(b) Valve location determines

the type of power steering
system '

(c) Adjustable to prevent
vehicle "cieep” '

(4) Power cylinder

(a) Receives fluid pressure
from pump through control
valve o

(b) Increases pressure to steering
linkage, lessening driver
effort

illing and bleeding system

(1) Operate engine and rotate
steering wheel from side
to side, prior to checking
fluid leve;

(2) System is self - bleeding

- APEHICATION: A)so interspersed throughout Tesson

s
.
* '

retl:
Ref:
[ 4

Para b, Part 1.
Para c, Part 1.

-

Hechaﬁlc's Hand & Spectail !conls:
« Vehicles

Bench Item: Steerin§ Gear As:
1. Remove jewelry in.ist ar. -

2. MWatch for ofl spots on 1.
* floor

)

)k



' EVALUAIION: B
"Hhht should be dome btiaruzunting

an end play or beari load
adjustnnnt on thc veh cgro

What controls the maximum prtssuro
of a power steering system?

What is meant by the term steering
gear alignment?

What is the major source of troubie
within the power steering systam? -

What i§ bearing preload?

Wwhere is the control valve located
on the simi-integral power steering
system?

What is the purpose of the hour-
glass worm?

What are the major components of a

~ power steering system?

What should be used to k the

lash or backlash adjustment? .

What is indicated when wheels creep
to one side with front wheels jacked up

and engine is running on & powar steer-

ing system?

tnat is the last item installed when
installing a steering gear?

. ilow is air removed"frgp hydreulic

power steering system

Wwhat position should a steering
gear _be in to make a cross shaft
adjustment?

why should it be in this position?

Would you have a steer1n9 kick back
on a vehicle equipped with power
steering? Why? .

How do you- check and correct
steering alignment?

(7)

©
n\

L



T

16. What safety {tems are observed
while working on manual and power -
steering systems? '

CONCLUSION 20 Min
SUMMARY AND REMOTIVATION:

- 1. Summarize repair or service prdcoduris for worm and sector, worm and roller,
cam and lever, worm and nut conventional steering gears and :
linkage, semi-integral, integral type power steering systems and

. component
o methods used tq perform visual, duditory, operational means and test oquip-
P ment to check steering systems, - : g -

2. Explain how each objective attained will be of value to ttn’i_ndi‘idul and
. the Air Force. Remind students of energy and materfals conservation.

ASSIGNMENT AND CLOSURE: CTT PO Para SA, 58, 5C 2 Hrs 3ABRA7330-56-605

1. Using the SQ3R method of study, read $6-3ABR47330-605 & PT 605. PT-3ABRA7I30-
” ~ 605A Frame Alignment & Wheel Balance. Answer Summary questions. -

2. This completés our discussion of the steering gear systems. Our next lesson

on Frame ATignment and Wheel Balance will show a general relationship to vehi-. .
cle steering. :

e
A [ 4
o -
A :
[ { .
4
1 ] . i
i
‘ y (.", - [
> Y ’
{
=
- . * / ’ '
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N A LESION PLAN ( Part |, Generel)

APPROVAL OF ICE AND DATE INSTRUCTOR
TWST] &/ 766 I3 Lse—"
COURIT NUNBER ) COuURsE TITLE K AR binrod (.. ] o
-} D S8R 472 . | Gane PUrRO: anicie Pars - ﬁﬂ S
R “ v ry Y IR LI | } - .y . " .1
_) Brakes and Suspension L -

LESSON TIVLE

Fram§ Alignment and Wheel Balancing ] .
' . LESION DURATIO
\VIBROON/ L ABOratory MTEOeY/ L, Omt omen ‘ry TOTAL
D80 3-hrs/Perf 3 hrs " 2 hrs: 8 hrs
p
LT ] L "PAGE OATE SLALLence ) FARAGRAPN
: <% |2 Joam. 1428 XY '
. T
- ( STS/CTS un::;:!
STS 473X0. - 3 September 1974
- - SUPERVISOR APPROVAL
SIGNATURE DATE SIGNATURE ) DATE

* !j :
' ' &

h; . : L § ‘ - . ————
. PRECLASS PREPARATION
“"a’:c':::c'::&co‘:v“ ‘ v::: ’3-'5-'3 ) CLASSIZIRD wATEMAL UN:L.A‘O:!..P.!CI;.:.A:::ML >
4_ ‘ Wheel Balancer None None 1. 3ABR47330-SG-605
. Vehicles. - 2. 3ABR47330-PT-605
3. Mechanic's Common 3. 3ABR47330-PT-605A
Hand Tools - 4. FiIm:TV17-662
4. Special tools | . - 5. Trans:T71-3591A
ny CRITERION oue‘cnvs's AND MEACHING STEPS ,

Ja. Without references, identi fy basic factsarehtivc to theé principles ?of opera{:ion, '
. function, and relftionship®of frame alignment components and wheel balancing
with 70% accuracy. T

b. - Provided ’with technical orders, tools, and tgdt equipment, vehicles, an& practﬁ:ing

" automotive personnel and equipment shop safety™s dhe.sual » auditory, operational
mea?s and test equipment to check frame alignmerit and wheel balance IAW technical
publications. \ ' : :

.
— .
. -

/ ' o
Teaciring Steps are Listed in Part II. "

AUG T2
. * Y
' L J

Q . o . o / . '
EMC , . . i ) , . : r >
r o . . ) -° .

ATC Fomm 770 ' g i ' © SAPB. IL 71 1490
1 . ' )

“

Full Tt Provided by ERIC.



Aruitoxt provided by Eic:

ERIC

- s ‘[ . ' ) R . N . X - . . ' .-'-
. '3 . .
4 i
. . . A
: E /

o ¥ . : /} .

- INTRODWCT 10N - i 20 Wi

Attention and Motivation: Describe the action of a vehicle that "dog-tracks" or .

vibrates excessively at certain speeds. Explatin that understanding of today's

opjectives wtli enable them to eliminate sdch unwanted conditions from vehicles. * -

2. Review: Review and grade summary questions frdm 3ABR47330-5G6-605. Give o
an appraisal on $G-§05A. ALSO check each student's JABR47330-PT-605 to insure com-
pletion of all frames in text. . o

3. Overview and TIE-IN: Describe the sequence in which the lesson will be presente.
and the responsibility each student will’have during the pqqsentation and’ appli-
cation steps. .Explain that proper frame alignment and whee! balance add to
the ease of vehicle handling, as does the proper operation of steering gear as-
semblies. Remind students of and materials conservation.. (Heat,

Tight, cooling, and study materials). c ]
. | : - BODY ' S Hrs 20 Min
* PRESENTAION: = | | < .,
1. Ref: Para a, Part 1 |
a. Frame alignment and tracking | | \
' ® (1) Frame components - 3ABR47330-5G-605
(a) Side rails or members , 3ABR47330-PT-605
‘ s
(b) Cross members 3ABR47330-PT-605-A
(2) Definitions pertinent to (Study materials to be re-used)'
# frame alignment : : P
| ' :
(a) Wheel base - distance f,

. from front wheel spindle S ‘
to rear wheel axle with ‘
wheels in straight ahead
position and "toe" equally
divided g

(b) Tracking - equal whee{ base
' on both sides of vehicle
and all wheels in their .
original relationship to '
each other ' ‘ | : '

"N

(3);45uspension problems

r

| (a) - Knee back

)

,_f(b) Rear axle shifted_ —— |
(1) | o,

1



b.

(4) Frame Damage
(a) Diamond
(b) Swayed
(5) Use of Tracking Gauge

(a) Assemble gauge and set:
“to the vehicle wheel
base specifications.
(Oriver's side)

(bi With g_gglm ' in gauge
setting, compare to passenger
side of vehicle

(c) Indications: .

1  Equal wheel base, but,
incorrect tracking-
(Frame damage) -

E 2 . Uhéqual wheel base and
- incorrect tracking-
(Su;pcnsion problems)

(6) Determining extent of frame damage
(a) 'visqa[ inspection

(b) "Projection method“ to?pinpdint
damaged area of frame

1 Plumb. Bob-(Minimun
of eight points)

2 Chalk Line-(Center
Line and two diagonals)

3 Steel tape measure- 7
. (Ysually 3/8" overall
tolerance)

Wheel Balance _

(n
Ny

(1) Purpose -

(a) Eliminate excessive vibra-

tion which normally results
in tire and front end

component wear

(2




¢

1.

(2) Preliminary inspection of wheel
- and tire assambly - ~

(a)
(b)

(e)
(d)

(e)

(f)

(9)

(a)

) (b)

Remove all old weights

Remove dried and caked
mud from whee! ~

Remove rocks, nafls, and K\
glass from tire tread

Check wheel bearing’
adjustment

Check wheel run-out
(one eighth inch {s
maximum tolerance)

Check tire pressure

Check for dragging brakes

!
:
(3) Unbalanced whee) conditions 2

Static (still)

1 Caused by heavy Spot

on center of tire tread
2 Results inftially in

lew speed up. and down

wheel pounding action

Dynamic (running)

1 Caused by heavy spot

off center of tire tread

2 Results in high s \

side to side whee
wobble

c. Demonstration regarding the pre-
_paration and use of tracking and.
wheel balance equ{plnnt

NPPLICATION:

Ref: Para b Parf ]

-

(Also interspersed within lesson body

93

Film: TV77-662
Whee! Balance

Transparency T71-3591 (A)

Wheel & Tire Balancing

“Hand & Special Tools;

Vehicle; Whee! Balancer
Remove jewelry in 1ab

- Watch for ofl spots on lab foor

AN



quLUATION:
1

\
2.}

\

3.\

LI - 3

10.

-

Define the terms "wheel base" and
“tracking”.

List the frame misalignment conditions.

Identify conditions of incorrect tracking
not caused by frame damage.

\Explain the use of a “plumd bob".

y must we have a.minimum of eight
drop points?

Adhat is the difference between static
and, dynamic wheel balance?

Which item in the preliminary inspection

would most conclusively prevent satisfactory
wheel\ balance? y

Where are the wheel weights placed for .
correction of static unbalance?

Dynami c?

What is the purpose of the number two ‘
(2) scale on the alemite portable balancer?

low are rear wheels balanced? |

CONCLUSION 20 Min

SUMMARY AND REMOTIVATION:

1.

Summari ze principles of operatiun, function, and relationship of frame al4 n-
ment components and wheel balance factors (side rails, cross mambers , wheel base,
tracking, knee back condition, dfamond condition, swayed condition, resr axle '
shifted conditfon, static unbalance and dynamic unbalancs); methods allowing

visual, auditory operationd) means and test equipment to check frame aligrment
and wheel balance. - S _ ’

Point out major benefits that may be derived from a thorough understanding of <
frame alignment and wheel balancz principles. Remind students of hergy and |
materials conservation. (Heat, light, cooling, and study materials).

_ ASSIGNMENT AND CLOSURE: .CTT P.0.1. Para 6A, €8, 2 Hrs  3ABR47330-5G-606 @

1.

Usina the SOIR method.of study, read SG-3ABR47330.696 and PT 3ABR47330-606
and 606A. " Mswer summary questions and completg text.

K . ..
/ - ’

[0 91 , /. o R



fR——

Now that we have completed our studies of frame aligment and whee!

balance, we

should be able to understand the next lesson on steering factors; springs and
shock absorbers as related to the vehicle frame. ' .
L, -
» /.i‘{
,\
e, :
-3
L °
-
i,
" ’
(5)
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L ESIOM PLAN ( Pen |, Generel)

APPROVAL OFFICE AND DATER

THSTI &/ 78 735 Swen—

COUMMME TITLL '

LESSON TITLE ‘ )
Steering Factors, Springs, and Shock Absorbers . - — : : —
. [ RAT )
"~ CCARRSSH /T aboratory A, esentary TovaL

! D&D 4 hrs/Parf 2 hrs

2 hrs 8 hrs

|

:#I NUMBER -

= POV REFERENCE
» OATR ARAGRAPKH
EErr $%

T RUNBER

. STY/CTS REFERENCE

. ] OATE
STS 4730 3 September 1974 |
SUPERVISOR APPROVAL
SIGNATURE DAYR HONATURE DAYTE
- -

PRECLASS PREPARATION

EQUIPMENT LOCATERD
iN LABORATORY

‘ '

1. Trainer: 60-2538
2. Trainer: 61-2432
3. Trainer: 61-2878 .
4. Trainer: VE-1102
5, Portable Wheel
Alignment Equip.

. i

 ESnent cLamripuaTenaL |, SRAWC Nt wo
None None 1. 3ABRA47330-5G-606
¢ 2. 3ABR47330-PT-606

3. 3ABR47330-PT-606A

CRITERION OBJECTIVES AND TEACNINO STEPS

Aruitoxt provided by Eic:

'“ER\C

-a. Without references,

operation, functioq. and relationship of steering factors springs and shock
absorbers with 70% accuracy. S

identify basic facts and terms relative to the principles of

Giv&n technicaI orders, tools, and.equipment, vehicles, and observing automotive
pefsonnel and equipmont shop safcty. repair or adjust stecring factors, springs,

. and shock absorbers IAW the tqchnical publicatlons
. Supplied witht tools and equipment, vehi¢les, technical orders, and applying

automotive personnel and equipment shop safety, use visual, operational means,
and test equipment to check steering factors, springs, and shock absorbers 1AW 2

. tcchnica] publications

ATC rord 779

-
- - -

' Teaching Steps are Listed in Part II.

AuG 72

SAFB IL 7y 25%een
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INTRODUCTION T 20 Min

. 1. Aftention and Motivation: Ask students why a vehicle is difficult to steer
~ when driving in “reverse”. Also why a vehicle steering wheel returns to the
straight -ahead position after turning a carner. Explain to the students that
the principles which they are about to learn are applicable to all vehitles and
t!,n?o_ro qu’%o valuable.. ' .

2. Review: Review and grade susmary questions from 3ABR47330-5G-606. Check each
student 3ABR47330-PT-606 and 3ABRA7330-PT-606-A to insure correct completion
of each frame in the texts. Reteach as neeaed. - '

3. Overview and TIE IN: Describe the sequence in ﬂhtch today's lesson will be pre-
sented and the responsibility each student will have during the presentation and
application stegs. Explain how each previous lasson in the block added to sase

of vehicle handling, safety, comfort, and reduced the overall cost of vehicle
component replacement. Remind students of energy and materials conservation.
(feat, -cooling, 1ight, and study materials). '

BODY . § Hrs 20 Min
R el
PRESENTATION: .
1. Ref. Para a, Part 1 ‘
a. Shogk absorbers
¢ (1) Types :
(a) Single acting ' 3ABR47330-5G-606
° (b) Oouble acting or . 3ABR47330-PT-606
Direct acting (most 3ABR47330-PT-606-A
common on vehicles ‘ -
. - ~ today) __ (Study materials to be re-used)
(2) Purpose '
(a) Regulate spring rebound
" (b) May also dampen compression . ,
of springs o _ -

(3) Construction ' . . '

. _ (a)_,Outer shell and base
. ' . o assembly * '

(b) Sldeve assembly | , | T

Full Tt Provided by ERIC.

‘ o \ (c) Pressure tube 3 L S
(d) Piston assembly 95
- xm
. Q ¢ - ’ - , ‘ ' ; .
ERIC o



(4) Operating pfinéiplos ‘
(d) Hydraulically operated

(b) Piston forces hydraulic
fluid through restricted

ogoning during spring
ex{
b. Springs

(11 Typcs

(a) Laminated leaf or semi-
( elliptical

(b) PCof springs :
(2)  Purpose

(a) Permit vehicle suspension
flexibility

(b)  Reduce road shock
(c) Support vehicle weight
(3) Laminated leaf type constructibg ‘

(a) Series of spring Steel
Teaves

(b) Held together by spring
clip$ and center bolt

(4) Coil spring construction

i (a) Spring ‘steel shaped in fonﬁ‘““\ |

of coil

(b) Designed to mount betuten
Tower control arm and frame
fat side rail and front -
cross member or above upper -
control arms)

c. Wheel Alignment. )

(1) Definition: Series of inter-related
angles of various front end components

(2) Purpose: Allow wheels to roll
freely without scuffing and
provide ease of vchiclc‘gsndling

"
el

]

{ O

"'i




" \'

(3) Aligment Angles (Steering:
O g vt Gz

Cimbof, o”

1

Definition - {nward
(neg) or outward (pos)

| t{1t of the wheel at thé
: top L

jro

(L)

|

jn

jon

7

3

Purpose - off-set load
deflection (I-beam) or
center tire tread at
paint of load (indg-'_,
pendent_suspension) .

Measured in degrees
from a true v.rtical
zero

: Dofinitg tire wearing

anglc

a Excessive pos - outer
edge

b Excessive neg - 1nnor
edge .

Causes wear on king pin
bushings or ball joints -
also inside wheel bear-
tng wear

Can, but does not usually, |
- cause vehicle pull (toward

more pos sidc)

Height distribution .

inside vehicle has & direct

effect on canber scttings

Caster

1

i~

Definition: Backunrd
(Pos.) or forward (Neg.)
ti1t of the king pin or
steering axis at the “top.

Purpose

a Steering stabilityw

3y 95

Traincr 60«2538 yhocl Alignntnt
: Rigid Axle : _

61-2878 Ball Joint Suspcnsion-‘

iinor 60v2538 Rig]d ."j”(/,//-‘

1-2878 Ball Joint Suspens{



. LN ul\ ' o \ NS ' & ;ﬂ'
- . 1 - '_ 2 . ] ! ;
L . , L " "“f‘,'," | .‘
LT 7 b Return wheels to-straight - T = Y
T .~ ahead positioh after turns . R PR P
":P_'"" s e . . . . . . . ~ f‘ .t
N B « ‘G- Off-set "road crown" - ’ y (*, .
. - - _ ) i . ' : ) e P
‘ -+ 3 Meusured in degrees from .
- & true vertical zero .
. AN * ot A . . ; 4
e - Does not directly cause < : . - . sy
- tire wear ' . |

' ) Effects of incorrect.” S

... - caster . B R RS

o . « - ”n - . - )

) - g_\ard’ steering -, ' J 6, - ; ,
difficult to turn - ° : o '
’ (pos) B ’
L b’ Road shock-(pos) - . o _ -

) 7 ¢ shimmy - (ps) . e ,
R PuTl ¢o one side - i o

(pos, equal or neg .
depending on road = - S

A - , - crown and setting) ‘ \
. _/ ‘-\‘ ) L4 . . ) [ .
- .e Winder - (neg) /
- - BN . § Parts wear due to all
R ‘ : of the above, | .
‘ BN 5 NOTE: A.vehiclé.will. .
N ‘ ‘ always "Pull" tow - ,
<+ ' the ‘east posifz or ° . . . :
o e T « L Mmost negative caster . . o . : .
b o - - setting | . : R |

| o ‘ (;:) Sfeerihg axis inclination (S.A;I.) -
S L (kingpin jnclination or K.P,I.)

.~ sl Definition: Imward (Pos.)  Trainer 50-2538 Rigid axle
: Tt1t of the king pin or . 61-2878 Ball Joint Suspension

*  steering axis at thestop AR
\ ' 2- Purpose . Q. B ) |
" g , 2 Steering stability S . , o :.
ST . . b Return wheels to . . - - .
N .o straight ahead position _ ' \
) . - _ after turns . A )

; A.- . . \
Q PR ; ‘ . . .

. ERIC ,. T I | (4. - T

= M"m . . ' . ' a - B : I, "\«;./ h T * - . " b s
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. APPLICATION:

1.. Ref: Parab, Part ] " &: N

. Ref: Paray, Part1 . ° R

fon

I~

,Pre-detarminnd angle set

at factory not adjustable

Readings affected by work
done on . tie rod linkage,

incorrect toe or bent arms

Readings thuld be taken
after other™factors are

' _set to’ specifications \

I~

fw

o &

rod assy. . IR

(e) Toe (in'or out, <\

Definition - comparative
difference in distance

‘between front and rear

portions of front wheels,
when measurad at spindle -
height _
KRS
Purpose - off-snt the
compression-{rear mount-
ed) or extension (front
mounted) of the tie rod °
assembly, due to the
forward motion of the

vehicle (wheel spread)

Measured in fractions

of an {ach .
Worst tire wearing angle

Adjusted by lengthenirg -
or shortening the tie

(Also intersperséd within lesson body) (*‘,

. EVALLATION:
Q.

1.7 Name and define each steering factor.

\ _ ‘ ¢

- 2. ‘ExpTain the purpose(s) of each factor. . &

\(e)

v
.
-

KL :

', Watch,

-

Trainer VE-1102 C;sier. CamSEr,
Toe -

»

N

“u~Voh1c1es‘\ | *i; _
!’melc angmt equimnt | - 7.

¥

“~‘ ‘
L
Lo
- ' .
N
- ..
. .
¢
o ® ‘
Y i
¥
Al o T4

4

’Pdrtible Alanmeng_Equibm-nif;" '

euhwe jetelry in lab area. ¢
or qil spots on lab f\qpr'




3. Describe the purpese(s) of shock ssserbers.

o S . : \ - e : «
4. Explain the operating principles- of o IR
’ . ‘ direct acting shock bsorbers, : ~ 7
5. Explain the-purpose of vehicle springs. oW , ~ ,
6. Which steering fu:tors are not adjustable? '
7. Which factor-causes most tire wear? | ] / .
8. - Which factor does not directly cause. h
tire ngr? R - -
T RS o )
. . 9. .Explain ‘the terms “scrub radfus® and ' .
- "road crom"? = . , - ‘
10.  Hhat determines the side to whicha - o
. vehicle Teads, when setting caster? ' .
© 1. How does excessive SA.1. affect wheel. R “
bearings? \ . :
2. What_controls the degree of turn in o o ' - N
' steering geometry? A | : :
13 How does incorrsct toe-in affect tires? |
. 14. List the ';'1ncfdded ‘ahgTes® and -
S explatn_h?w this term is dcriveqﬁ_‘_géf :
. * 15. a«mich‘factoq is primariiy rasponsible N _
T "for king pin or ball joint wear? L S D
« 16, When is a vehicle aligned at curb weight? - -
17.  How are shock absorbers checked 'fo_r'cqndition? - . o
18.° How is the steerd ng linkage checked for T |
- I,-‘loosenes-sw?; _ S _ L
<49, Which factor would cause tire sqeal while o g
" - rounding a curve at Tow speed? ’ ~, : : o .

! A0 -;Hhiqh adjustrent 1s made on a steering = .

+ oL Lgear when 1t s on "high point or mid- . ' .
.?s A\ ‘q | . 'C.‘ pOSition"?’ . o * . ’ ' ’ ! ;._ .
RN . CONCLUSION ) 20 Min

B O o , . _ 0 .
"' SUMARY ANG REMOTIVATION: O R ’

ye Summar ze principles of operation, function, and rolationship\oxstfnring _
" factors (cambers, caster, steering axis inclination, turning radius & toe)

L,

'-Q-' | ) “\.. (7) o - .
» @_}J
' RN - O




o
) o . = ‘\ .‘ . v ‘ | ) N .; . . ) ." A /\J
; . @ . s . !___ . . R . - f: ‘_ - _‘L‘:,:,._j
S N N \ Coe - ;° L '.-;
springs. (1eaf and coil type) and shock absorbm (singlo and dcubh acting). - .
‘repair and adjustment procedures for steering factors, springs and shock :
absorbers; methods allowing.visual, auditory, operatim means and test
- -=gquipment to *check - steering factors. snrings. and shock cbsorbors. - 5 L
U 2. ' Point out the vors‘;mhy which the knowledge of steering factors will now . =~
o permit each student when performing wheel alignment. Remind students of
’ energ_y and materials consorvation (Hoat. cooling, tht. :study materials.)
ASSIGNMENT AND CLOSURE C.T.T. P 0.1. Para 7l.b C, "2 Hrs 3ABR47330¢SB-608 -
~
S I Usinu .the SQ3R method of study. read SG-3ABR47330- 607 apd PT-3ABR47330-607A
. - ; Anmr summary "questions and domplete text. : .
. 2. We havé ‘now completed today's lesson. In our next lesson, we will lnm >
how these factors are put to best use on Beam-Type front axle suspcnsihn i
systems \ . .
- . N .
<
N\
'i,j‘ : | 4 .
_"' ot . )
] ’ ‘ . . /v . ~ .‘v
’ . | ‘ _




A L Te e LESSON PLAN { Part |, Generel)

APPAQVAL OFFICE AND DATE

ISSTRUCTOR . o .
Q73R 25 Cgee— T

[owme e < . rAmciAe

SLOCK TiTLE

Brakes and Suémioh‘

SLOCK NUMBER

LESSON TITLE | . . < . .~
.. |'Service and Adjustment of Béam-Type, Front Axle Suspension System
- 4 Hﬁ , - - LESSON DURATION IEREN
| CCANRGGM/Laboratory . SRR/ Comp 1 ementary ToTaL P
D&D 2 hrs/Perf 4'hrs : -2 hrs B hrs ‘
' . ) ' mur!na«:g - s
PAGE puu.tn - v’ PAGE DATE . PARAGRAPY
i - #3 R Jar. 1975 2T
2 PN T STI/CTS REPERENCE L
T'G'uTﬂ'l, ) N ; : i OATE B
| STS 473X0 ~ LS — b
. s o o ¥ SUPERVISON APPROVAL . N
SiGNATURE .~ DATR e SIGNATURE DATE
¥ : : ’ -
| & ‘fg" ) . - ‘ i g — -
- - _‘_ '
LF " PRECLASS PREPARATION !
e rrouipnly | csenmarina |, Shmnesotme
. Vehicles None .. . - None . 1. 3ABR47330-56-607
. Trainer: 61-2432 | . _ ‘ L 2. 3ABR47330-PT-607A
3. Trainer: 60-2538 | | . - |3. TO36A2-3-6-2
14: Portable Wheel , ‘ : 4. Film: TVL 47-4" |
Alignment Equip ~. |5. TO36A2-3-6-22-1-
-5, Scuff Tester ‘ ' ¢
6. Methanic's Common - :
' Hand tools (OVER) . .
ﬁ_ ’ ' CRITERION OBJECTIVES AND TEACHING STEPS
18- Without references, identify basic facts and terms relative to the'principles;of
. operation, function, and relationship of. beam-type front axle suspension system
-components with 70% accuracy. o i
b. Provided with vehicles, tools, and equipment, technical. publicat ons, énd observ-
" " ing autbmotive personnel and uipment shop safety, adjust amd service beam-type
- front axle suspension systems IAW the technica) order. .
c.. Supptied with tpéER\cal drders, vehicles, tools, and equipment, and .practicing
. automotive personnel and equipment sfop safety, use visual, operational means Y
. “ and test equipment to check_ beam-type fggnt axle suspension systems IAW technical
. Jpublications, | . "
. | . \
- - _ ..
t v, . Tedching Steps are Listed in Part I1. ‘ - .
": 'C 'oi.' ."m : ’ . L . SAFB. 1L 73.20090

AT Aug 71

7

$ Lo 1,
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EQUIPMENT LOCATED
IN LABORATORY -

7. Specfial Tools
8. Floor jacks
9. Jack stands.
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o*" 0 INTRODUCTION - ¢ - - L

Attention pn& Motivation: Expli‘ln‘ to students thatvstraigh; axle suspension
was used on passenger cars at one time. Créate a brief discussion by -asking

" why they are no longer used on passenger cars. Point out the current lack of

knowledgeable people, capable of correcting, adjusting and servicing Beam-
Type suspension and how the student may gain through’ understanding of this -

system.

Review: Review Summary questions from 3ABR47330-SG-607. Check frame completion
in each student's PT.607Aand 607A. : - Reteach students as needed. ,
Overview and TIE-IN: Discuss the sequence in which the lesson is to be " _
presented and what each student's responsibility will be during the presentation
and application steps. Explain how kriowledge of steeting factors, plus an -
understanding of Beam-Type suspension systems combine to allow good whee!
alignment. .Remind students of energy and matetials conservation. _(heat,

~cooling, 1ight, study materials).’

. . / ~ . gooY: , S Hrs 20 Min

PRESENTATION: - \ ' .o . v

1.

,-
..
-
bt
v

]

.7 spindle

Ref: Para a, Part ]

a. s Constructional features and cm'bonents " -

(1) Axle S Trainer 60-2538 Wheel Al{gnment
o ~(a) I Bwp (dea'd)" ' 3ABR47330-SG-607
() Tular - . 3ABRA73I0-PT-607-A
-(2) Springsi (1eaf type) | (Stv:ndy,materials f.o be re-used)
\ | (a) Tenter bolt

Y (4) U-bolth
| (c) Shackles and Hangars |
(d) Rgb;dhd Clips . T IR Y
| (3) Steering knuckle and integral

(4) King pin - | o .. o " .

; " (a) Bushings -

‘ (b) ' Bearing (thrust-)‘ . ' ..
() Steel shims o TN
@ Vockptn . I

N
. .
. v
\ - . . .
.
' : . +
: . - ’ .
o . N ]
. . : . ‘ . . P

) - M Y . _ o . - . . . < - SRR

\
|




(5) Steering knuckle arms A
(6) Steering am h
, ' (7) -Tie rod -
“ > . (8) Tie rod,ends (2‘01; - . ‘o
| ~(9) Orag nk | o . ‘ |
(a) AdJustnble
* (b) Non-adjustable

__ Film # TVL - 47-4 Portaliner
(10) Snock absorbers T e

S

-

b. Preliminary inspoction = front
end alignment

(1) Curb woight '
‘(2) Tires |

- (a) Pressure
- (b) Size
'(c) Tread Depth
>
(3) Wheels
(a) Lug.nufs' : -
(b) Bearings . -~ ' ,
d (c) Run out - (Lateral and Radial) - - | T
(:} King pins and bushings
. (§) Front and rear suspension - ' 19
Y loose, damaged, or missing i
| ~ components
= . (6) Steering linkage
. (7) Center steering gear
- e Adjditnnnts. corrections, 5 .

o . . and repnir

. . . _ N ) o 7
wem o, KDY . . , . . X .. : ; #

-
o)



/

i) et

(2)

(3)

(a) Not adjustable "

(v) ‘Correct by tmdiq ale
- ends in desired d vectio

1 Up-Negative
g, Down-Positive

(¢) K.P I. also changes in
' comparison

Caster

(a) Adjust by adding or sub-

tracting tapered shims
betwsen axle and springs

(b) Position thick part of
shimg toward the direction you
want king pin to tilt,

1 Thick part forward -
Nmtivt -

g_ TMck part bcck -
Positivo

King pin 1nclimtidn (K P.1. )
(a) Not adJusmlc ' ,

(b) Corrected during cwcr
A change . . .

(¢) Replace parts

1 Camber corrected, K.P.I.
usually s eomct

2 Camber cormt and K.P.l.

is wrong, replace steer-
ing kinuckle with ﬂm-
gral spindle

(4) Stﬁﬂng geometry

(a) Not adjustable

I'p.,

-

-

Trainer 61.2432 Sturini_ geometry




. APPLICATION: '_ -

EVALUATION: o _ /

2. To increase positive ¢

7. Hhat safety pnct'l

(b)* Mot corrected
-« | (c) mhco parts - stnr-
ing knuckle arms |
(5) Toe (in or out)

(a) To adjust, lengthen - .
or ::Jorm tizgrod, :

. (b) .Dead axle, tié mq
. al Tocatad
behind axle . i

. |
(c) Live axle - tie rvod
may sometimes bc,
" Jocated in front,
of -axle

(6) - Positdon steering ge r. with
. wheels straight ‘

v (a) MJustablo dn£ Hnl:
(b) Non-adJustablc/ dnq an

I

Ref: Para 6. Part 1 | /'
Ref: Para ¢, Pyt 1. /
(Also 1niorspo cd within leston body)

‘1. What are the a&justablc flétons?

or, what
' would you be required to do?

3. How is cuur adjus

4. If camber is wrroct md K.Pf! s
wrong, what should be done?’

5. Why are sml shims m:ludod in a
king pin kit?

. 6. Hhat should be done with bcnt steer-

1ng knuckle arms?

should be

-observed during I- axle corrections?

T.0.5 36A2-3-6-2

i

Trainer: 60-2538 ieel Aligment

v 36A2-3-6-22-1

Portable whee! ald equipment ;
scuff tester: Hum':ocul Tools.
VQMcIa. Floor Jack; Jack stamds
Remove jewelry n lab

Match for of1 on:lab' floor -

Safety: Application step

o

1()/; Lo



‘""’". “SUMMARY" AND REMOTIVATION: ° e
N . ‘ . . ) ‘. . . A.
¢ “1.. Summarize principles of opgration’, function and ralationship of Beam-

Type fvont. axle suspension system ts (axle, king pins, steering
knuckle, knuckle arms, t{e-rods, etc.); adjustment and service procedures;
methods for visual, suditory, operational means ard test equipment to

.check Beam-Type front akle suspension system. . =

- 1. 2. - Explain advantiges of ‘bﬂ_n?- knowledgeable ‘in this sin‘éhlizod ares of ‘the
General Purpose career field. Remind students of enerdy and materials
'+ conservation, ° L ‘ o

. ASSIGNMENT AND CLOSURE: -CT POI Para 8A,5,C,“ 2 Hrs . ST
. ‘ . .. -, oz . . ¢ . | . i
1. Using -the SQ3R method of study, read SG-3ABR47330-608. Answer summary .
©+ questions and complete the text. L . ‘

. 2." We have now concluded wheel alignment procedures and ‘segwi‘cing for vehicles
* v using-Beam-Type front axle suspension systems. In-our next lesson, we
v will.accomplish the same procedures on independent suspension systems.

. N . K .
. ' MY . ' . . .
|. ‘ ) . ?
. . [ - .
. -
* . . 1 f, P . )

5 ' i - ) . R + -

¥ - v . -

, .
- ’

- | (5)
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. LTWSTL &/ 249 78 w '

ﬁ Vehicles
2. Trainer: 61-2878

13,

“14. Trainer: VE-1003
5
6

'} Hand Tools -
7

-

-~ )
‘."! " -, -

LESSCN PLAN (P

" APPROVAL OFPICE AND DATE, ' . v

s -
. = . S et

Snnnpcvol

*

L BN

* ££ |2 Tam 1975

| S R Llli.“ |
[ CLAIRoSN] L aboratory [ moemntpek/Complementary - - | Torac VR
Q4D 4 hrs/Perf 7 hrs e 4 h —J Ao hrs. [ -
. : POI REF BREN - . .
T PAGE NUMBER . PAGE OATE feeapct . ] ramagrasn "
.,f—jbsr Ry B

ST/CTS REFERENCE . ° - / .
: [ ROREEN T oave . . T
STS #73x0 — _ 3 September 1974 _
C * ) . SUPERVISOR APPROVAL / ) S -._' B
SIGNATUARL . DATE T SIGNATURE \ 1? OATE
i 5 h ¢ 1_‘ ] . . ’
) o
an . - “PRECLASS PREPARATION »
h . . ) "
SQUIPMENT LOCATED - € I1PMENT , GRAPKIC MDS AND
N ‘-“°"‘“'°'V‘- ) FROM SUPPLY . . CLASSIFIED MATEMIAL UNCL ASSIFIED MATERIAL

None
‘Trainer: 61-2432 |

. Tratner: VE-1102
. Mechanic's Common

. Special Too];

None

. .

. 6. Chart:CAFB62-827

2. TO36A2-3-14-2-1
3. TO36A2-4-17-2

4. Chart:CAFB63-359
- 1.5 Chart;CAFB62-829

v |1. 3ABR47330-55-608

7. Chart:CAFB62-828
8. Chart:CAFB66-34

CRITERION OBJECTIVES AND TEACHING STEPS

(QVER) ‘ -
with 70% accuracy.

T automotive personnel and

¢. Pravided with véhicles, too '
automotive pegsonnel and equipment shop safety, use
test equipment to check independent suspension syst

a.” Without references, identify basic facts and terms
operation, function.nanq rtlatipnship of inhdependen

b e

b. . Supplied with vehicles, te&hnical.orderi; toolsy ang equipment.#anﬂ observing .

\ equipment shep safety, adjust and.service independent
suspension systams IAW technical pliblicattons. R

)
i

g . |
relatwe. to the principles of \
t suspension system components

(OVER)

™

\,

. . oy R
Is, and equipment, technical.publications, and applying |
visual, operational means and
ems [AW.the technical order.

i . ) Y ) o " ’ )
Teaching Steps are Listed in Part-1}. . | :
* ' - ) L - ¢ = . )' - : ’ ' i
" d I . 7 ¢ - ) . N : KX
170. . \ ‘ . . RN ﬁ(up%n 1779-308/ 38
» 1 r-l . 3 |
P d . ) T
- : * a— . t\ | ." 5 L) "h_ e
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EQUIPMENT LOCATED
IN_LABORATORY

. 8. Floor Jacks
9. Jack stands .
. 10. Scuff Tester
11 Portable Alignment
Equipment

‘l

*

. .

¢ -
¥

Y Y
.t
[ ]
-

*

L

" GRAPHIC AIDS AND
UNCLASSIFIED MAT.

9. Trans: 71-3590 .
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s b M Attention and W ttEtion:: 'm student: attenttén Ay giving ekamBles of © . o
. various, w:ud handling charscteristics of vehicles, effects of worn | -
. suspensfon parts_and 11lustrations of tire wear.. Point out to students, .= .
N . that a thorough undersianding of how an independent suspension functions.gan
- o +make their job as vehicle revatrmen etsier, '

L 4 ' .-

" 2: Review: Review and grade the susmary questfons from 3AGR47330-5G- 608.
" ™ .Re-teach as needed. . e

3. dverview: Explain the sequence in which today's Tesson is to be . .
- .presented an each student's responsibility.during the presentation and applica- -
tion porttons of the lesson. Stress how today's . lesson objectives tie-in
* with the objectives previously covered inthe Bemi-Type suspension system. ~
}iggninq Students of enercy and materfals conservatina. (Heat, cooling, light, = .

Study materials) '

-

| " BODY ' - 10 Hrs 30 Min
. PRESENTATION: N
1. Ref Para a, part 1 o 3A§R47330-‘SG-608 i
A .‘ > : ., (Study materials to"be re-used)
. . ' a. Constructional features and - :
"~ - conbénents . ) a ' :
N .. (1) Coil spring suspension ’ Tra1mr.5i'-287a Ball jotnt
. Y system components 3 4y C Suspension
- (a) *Control arms-(parallel : o
. | arms or “A" frames)
1 Inner cross shaft _ ' ,
2 Bushings -
e .. (b) Bam joints
‘ 1 Usually rivetad to
R ' outer end of upper -
- _ L and lower c¢ontrol
‘ ' arms o ‘w - .
: R : : -
- 2 Provide steering axis - = . g SR
' i {c) Spindle support amms with - ) '
7 thtegral spindle . . - cA s

o - (d) Coi1 springs _

o ST ‘1 Located Qotw«n.lwer '
| . T S . . -control amm and.Freme -

» " (large sedaps) v
v\ - : 1”__'_.&
A [AY " . v
- . 'y Lo . L. "
L] \) ‘ , ,
CERIC .. . o -

!

I e



5__}’, Ce T T_imm:m.m$_mmmmfmefrmni”,m ) '-'}f.-- L .o
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. N - 'tocatod b\tutcn .. CHART: 62-829 ( Y i
, R \ cntrol ‘arm and, + Falcop'front suspemsion © .
T ' " brackat in fender well - O ‘ .
e o . (Smaller, 1ighter, sodam) . P | o
2 ;H, R 3 gﬂng ldcltion dq;omim ? L . _ L
R acement of floor jack @ o g _ -
S AR whon checking ball joints : B .
RN for unpr. . . o .ot P LT
L = ) ,submmj bar .o D
. t / 1 Single bar, mounted * - , ’ wE
— oL across frame horns of o N
. N vehicle down to 1ink .
' . ‘ < . at each Tower control . . o 4
arm,’ - : )
2 . Designed to pravent’ . .
vehicle "roll-over"
. < furing high spcod ‘turns
N '
' (f) §1rut rods - S S -
- 5 . . 'I'\'
1 One &giznch side of vehicle, » . : -
_ attached between outer R , s
' , end of lower control armm - - . ;
s _ _ ’ N . - ‘Nd ﬂ'm‘hm‘n . .
W ™ »
_ . .2 _M caster adjustﬂhnt - ) !
N ?1 Primary use is to Chnrt 62-828 faicon stabflizing
‘ ~re-enforce or stabilize .. strut -
.the lower. control arws - ‘ ' \
) Shock absorbcrs S 7 . Transt T71-3540 : :
. ' ' : Shock absorbers | T
< (k) T1| rbd linkage S X ' ~) ‘.
' " - * ' . hd B L) )
1 Tie rods, s,lnns and . _ . ‘. X
s, ! Qﬂdi/ , L - - .
Noay ! ~ T ‘ . b
-2 Rﬂayf rod ¢ - _
S a3 Idlor and bushings | K
) (1) Comprossion ubber buhpors L 'f’ RS R
(2) Torsion bar;__,spen;ion compomnts - Lja o @
(a) Same components as ball - '
' Joint susponsion system
' (b) Torsion bar replaces coil ’
-

spring on each side of vihiclo ,,(2) o - f ‘
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(c) ﬂml!ﬂ ptrl'nll .£0 each- T L Ay
e L ‘frame dide rqll, batween. A
-_.__‘ . C e ’ ﬂ”m‘s . ’ . ~ = .
® Y Tower c'mmal arms (near . v T S
. S Aveee shafts) . - S

( ' . _ R .
(d) Cold rotied s steel, -
duignﬁ to' t:::ngmss in - - '

AR~

- ‘.\

L Marked "L“0r "R* at - S -
I.‘ ‘ mr ° r ; "“,-‘ .

. ' . - LN \
» . . . . !

| 2 May,be flolor coded ' o
- S 3 Mery ngeabl A S
(.) mmg haight adjustment K _— L s

Usually located, undlr |
each side lam'_ controk& - ~
.mo‘ . N ' .

Comparison boﬁun Jower | .
: - control arm. inner shaft IR
¢ _ _ and ball joint hoight .

. ' _3_ ~ Veary ‘important! Must be ' o
~ .accomplished prior to ' o co ‘- ‘ \
~ ,chocking steer ng actors. L A

y
(3) Twin I beam suspomion sysm . \\J (‘ ,\‘
o e A
e

[N

N components . ;
| (a) 1 beam axles (2 ea) Chart 66-34 Twin [-beam Suspemo

Systam Principles
. ( 1 Pivoted from side member .
. of frame

2  Radius arms and 1'gsuhtors o .

(b) Springs (coil) mounted above \., B 1
dxles to frame _ ; ! .-

(c) Tie rod 1inkage
Relay rod

L4

1 | R
.2 Tie rod | ' L A A
. N ! ! -QH\ {_!- &
/. L 3 Ends ‘ ST S 2

- @ | (d) A1l other components same | :
- 83 1 beam conventional axle (3) 11 v - 4
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-M.fusmnts and corncthns | A o K

(1) Curb weight

(3) Wheels . - ‘_ ; o,

- (1) Cutcr e _ o | ‘Trainer VE-1003 Castor. Gmbu'

- -
’ . i

. » M i -

(o) Only adJustmnt is "TOE"
(f) Cormt ccsur by tuist'lng nxh end o
(§) Correct ‘camber and KPI by lmdmg axle. ond o R

b R

Preliminary 1pspcction = front end . O

(2) Tim ‘ A .,. o .I,J- - N )

. -\’t 1] . N ) . .
(a) . Préssure RO . . ~

(b) Size
(c) Tread depth

(a) Lug nuts
l(b')' Bearings . | | |
(c) Runeout - ) | e

(4) Ball Jnints - (-cchk) . | ' '

(a)™ Coﬂ spri g on lower control
= Hlack floor jack under
lcmr control amm

(b} Coil spr1ng ‘on upper control . L.
Toam - plackfloor jack fn . A T
center of Trame front cross o .
pember . . F X ‘ N
(5) Front and rear suspeision - - | Lo v el
- loose, broken, damaged or‘ - C o -
missing components ~ _ . , .

(6) Steering linkage - o | _ I .

. | [

(7) . Center s‘turing* gear . ¢

& .

(a) Shims - a&d to or subtract Mjustment siw‘lator N ... .
from one bolt-only . N -

(b) Coms .~ Nir .
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& T the other for sl
vy - caster change

2 Turn. cams in oppouto
direction for large

wtor change |

(¢) Strut rods - longthon or
sho rod (restricted
adjustment due to effect

on vehicle wheel base) .

(d) Correct caster on twin I-beam

-

axles by twisting axle
(2) Camber |

(a) Shims - add or subtract
shims at both bolts

og\u‘l'ly

‘(b) Cams - mvc both in the
: nn direction

(c) Comct camber ‘on twin I-
on axles by bending axle
7 endin desired direction
1 Up- Noqtt_i" ,
" 2 Down - Positive

Steering axis 1nc11nation. king
pin inclination

(a) Not adjusted
(b) Not corrected
(c) Replace parts - if camber
.correct and SAI wrong,
- rophco spmm

(4) Steering geometry (toe g%
‘on-turns or turning rad¥us)

(a) Not adjusted ’_ /\\

~ (b) Nofcorrected

<,

M&-wrmwm-

' nstnnt
o %
Chart 62-628 Falcon stabilizling .
Strut
X
. . ‘ -
‘ “
. [ ) *

Traiur vmoos Caster, Camber -
AMJustment slnhtor . o

-
o

Trainer VE-HOZ Caster, Camber
Toe, Adjustment Simlator

<~

Trainer 62‘?432 Si:.urin‘g Geometry
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(¢) TReplace steering knuckle
1c:v."’unmm\nm

{5) Toa (1n or out)
" (a) Lengthen or shorten
h::g tie rods”%ho same
amount ‘ ,
(b) Lengthen or shorten the
- tie rod - twin l-Beam
suspensfon” .
(6) Positioning steering gear
| (a) Toe 0.K. o
| 1 Lengthen one tie rod
shorten the other the
same amount

2  Same as l-Bems conven-
tional suspension systam

(b) -Too not ¢.K. - Lengthen
or shorten one tie rod
END OF DAY SUMMARY
SUMMARY ) »

‘1. Summarize principles, function &

relationship of the following:

a. Control arms, springs, stabilizer
bar & strut rods, shock absorbers,

- tie-rod 1inkage, torsion bars, twin
I-beam axles. Remind students of
energy and mater{als conservation.

ASSIGMMENT CTT POI Para A,5,C, Par 1 2 Hrs

1. Review stud} materials on front
suspension service & adjustment
procedures using SQ3R method of study

a

- -

|

INTRODUCTION TO' NEW DAY'S

S

. 3ABR47330-5G-608

Chart 63-359 Steering wheel off
center

w -

@

1.Restate objectives of, the
lesson (covered in this day).

2.Emphasize the area of major ..
{mportance. *

3.Use oral questions to deter-- .

mine areas to be retaught.
1.1dentify study materials.
¥ . . ¢

2.Give reasons for student to |
study assignment. L

3.Mention method of study.
1 1 « .

WORK * < 2

1.  Arouse studonf interest by'piii_ptmg out to stude 1ts.- they are._.iiow ready for the
| final subject matter that will enable them to successfully perform wheel align-

_hent on 211 types of vehicles. (6) -.
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- 2.  Remind sm of the objectivas suted in pmioui' uy's Tesson.
G mﬁnmmm. iiummiuluasn“. ! - __
. . "sme olmeti‘m for todu's Tesson and make sure uch studont 13 wware of S

his responsibility during the lessen. Resind students of m and mtoruls
mm::mon {Heat, light, eoollng. study utmals) ]

APPL ICATION: L o R

Rnf: ﬂ'" b, part .l  Scuff tester: Porublc Alignment
ara ¢, part 1 . Equf‘p: TO's 36A2-3-14-2-1

(Mso 1ntorsw-ud within lesson bom/ GA2-4-17-2

Hand & Special Tools: :
N ~ Vehicles; -Floor Jack A Jack Stands

' _ Remcve all jewelry before entering
EVALUATION: : : N Jab. Watch for o1 on floors'

1. " What are the thres(3) types of 1mp.mnt vy o~
suspension systams? .

2. Where 1s the cofl apring mnm on ball
| Joint mumion systems?

3. How 18 caster change accomplished on the
- tuin [-beam suspension munrw

4, . What safety precautions must be observed
_Q ". while m-km on nmm with torsion bars?

8.  What nffoct would adjusting caster with
. strut rods have on nh cle?

6. 1f camber s correct and SAT wrm what
would have 80 be done?

7. Neme three methods of adjﬁuyg caster.
S 8. What suspension has adjustable riding height? -
9. What is the purpose of an idler arm? -
10.  What sequemce is followed when adjusting _
| steering factors on cofl spring typo
1ndopomnt suspomion' o _
' concLusion - - 10 Min
" SUMARY AD. aemhvmon. “ .
1. Summarize uhmn and adjustment grocodum for 1mponunt suspension sys-
um visual “GP{ opergtional means & test equf pwent procedures to
- chack adjus ndependent suspension systems. / ¢ .
‘-,-". Remind ammq of the m nln they have accomplished toward Nmi/ng . ¢

‘ proficient in s Muhly opmmu? sme. MM students of energy and materials
* conservation,

|~Ei I3

fu.l.' . m*‘i‘i i
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ASSIGNMENT AND CLOSURE " CTT POI Para %a,b,c 2 Hrs ) y -
1. Using the SQSR method of study. read se-ummo-?m. Answer. susmary qmtions
‘2. * We have now completed a ,hum on brakes and suspension systems. In your

next area of instructt

7 your first lesson will be on Principles of Compres-
ston-ignition miqq
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) ., erence to Technical Orders or other official publications.
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" Chanute AFB, Illinois
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HYDRAULIC BRAKES AND VACUUM BRAKE BOOSTERS

p

.

:
ORJECTIVES ' :
e --_— . = - . . A

After completing this unit of instruction, ypu will understand th
operating ‘prisciples of the hydraulic brake systea and canponnnen. and the
.principle on which the vacuum booctnr system opevates.

INTRODUCTION .

The safety of a modern automotive vehicle and its cargo or towel load .
depends more often on the proper operation of the brakes than on any other
unit edcept that of the steering gear. Not only nust the brakes stop the
vehicle, but they must bring it to a stop within certain and very definite
limits of space. The brakes must be able to do this within one-eighth or
ofte-sixth of the time it takes the ungine to develop the speed. Besides
being efficient, the brakes must be reliable agiinst mechanical failure,
weather of all types, dirt, gric, and grease. They must operate onsily and- -
vith a wide margin of saf.:y. Brakes must be long-lasting and tough. They
aust be made so that braking force, when applied, will be uniform.

INFORMATION

t2

BRAKING SYSTEM

In early motor vehicles brake systems were rather simple. Not wmuch
attention was given to their improvement, More attention was given to the
increase of power for moving the vehicle than for ltopping it. Early
automotive vehicles used a simple brake band attached to the transmission.
Later, drums were attached to the rear vheels and external bands were
supplied for holding the vehicle in a parked positica. As higher speeds
became possible, two-wheel brakes were unable to control the vehicle and
four-wheel brake systems were developed. Programmed Text 3ABR47330-PT-601
will teach you some basic information about hydraulic brake systems. The
- information will include identification of cowponents, location of components,
hydraulic principles, and some repair procedures to be followed. The reuainder
of this study guide contains information relative to the construction and
operation of vacuum brake boosters.

Brake Boosters (Vacuum, Hydrovac)

. Heavy motor vehicles and their towed loads generally require more
powerful braking effort than can be exerted by the unaided efforts of the
driver. Systems have been developed for use on heavy vehicles whereby the
operator simply controls a valve or switch vhich releases stored energy as
needed to produce brnkin; action of the dcsirhd intensity.

Vacuum System -

In order to uUkderstand <he principle on which the vacuum booster system
operates, it 10 necessary to know what a vacuum 13 and how 1: can be used.
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ﬁrmttﬂlmnmmuyh&dtmnrw from wvhich air or &/ s
| ! [gas has been partly exhisted. Air, like all matter, has weight. Since air s
S ‘axtends upvard from ses level for several hunired miles, the weight of the

.air exerts a-pressuré¢ tarmed "am-phcric pressure” at sea level of about .-
R _,.15 psi (14.7 to he exact). This pressure is equally distributed in all - . et
Sz directions upon all obju:ts of ﬂu urt.h'a surface. . « | - R

., . g
. ' AMtmospheric pnut.jro Ay be used to operate buku by crntion of a .
+  vacuum. $Since a vacuum 13 ‘ereated by removing air,> cho pressure within a { !
, vacaum is less .than that of the atmosphere. A pecfect vacuum from w:iich . -
- all matter has been rap\hd has.no pressure vhatsoever. A perféqt vacuum . ‘ ol
: : . is not obtainable, altfiough it can be closely approached. Hence, the full -~ . '
force of 14.7 psi atmospheric pressure camnot be utilized. If air in a v
. . coniainer has been pumped vut or evacuated until only 5 psi remains; the A .
10 psi differential existing between "vacuun pressure” and “atmospheric |
pfessutre’ may be used to perform wotk. The pumping action 6f the engiane
. 'pistons causas a partial vacuum tohbe created in the intake manifold of an
Gy intérnal tombustior engine. When engine is coasting in high/gedr, with
-7 the carburetsr \throtth fully closed, very little air is admitted inte the -
' intake unifold 80 that the pumping actions of the piltons teéucqs the .
pressdte so that only dbout 5 psi exists in the manifold. ; ' _ o

: ';'ho driver's fobt is taken off the accelerator pedal when he apﬁlies
the brakes’ ‘80 that about 10 psi difference (often called -differential)’
w, between the vncumxypressute (5 psi) and' atmospheric pressure (15 psgi) are )
' available to opetate the brakes. Any chamber connected to the intake mani- : y
‘% fold willlhave air nxfumsced from it when the engine is running. The power - :
cylinder, which comyains s piston, depends on this fact for its operation. .
A valve operated the brake pedal is inserted between the cylinde# and T
manifold, as showp in figure 1, to control _the operation of the power '
. cy.‘cinder. When. the valve is opened, air is exhausted from the chamber I
. " ahead of the piston. Atmospheric. préssure gcts on the other side of the
piston to exert a force on the.rod attached to the piston. The amount. of N
force dependa upon sthe ayea of . the piston orf*which the pressure acts and
8 upon the degree of vacuum on the evacuated side ‘of the piston. When the & | .
. valve is ¢losed,ithe chamber ahead of" ch¢ piston is shut off from the intake
manifold and connected t¢ atmosphere. Air; enters this chamber through the
- valve and raises the pressure on the front side of the piston to that of
he gtmsphetc. 'The pressure is then the same on both sides of the piston
" so that no pull (s exerted on the pull .rod and it remains in the relsased
_ position. . : ‘ : . ] . .
\ , - ' o . ’ » )
' Hydrovac '
N ﬂeavyload carrying mgcor vehicles usé a combination of a hydraulic
system and a vVacuum to operate the. braking power. . Such a gystem is shown.
in figure 2. Note that ‘the. powet brake cylinder s the important unit; in- -
» fagt it is about the whole system. It consists of 4 vacuum eylinder and
piston, a control valve, and a.slave cyliudex. As the.name .implies, the’
' ‘control valve directs vacuum pussuru tb vajious par;s ‘of the vacuum
e . cylinder from the engine intake’ manifold ‘and admits’ agd .meters a:mospheric
. . alr to, other parts of the vacuum cylinder. K R -

1%




_ The - difference betveen vacuusl, and atnoepberic pressure (ueuelly celled _
'pr,meure differential) actuates the slave cylinder piston'wvhich creites -

 va?d atmospheric valv

. . 0_"

“hydraulic pressute in the hydraulic slave cylinder. This- gressury is trtﬁs-
mitted to the wheel cylinders in apounts proportiopal to the préssure created
in the Mydraulic slave cylinder, ®hich in“turn is determined by the amount

L of pressure differential existing "in che vacuum cylinder. The whole cycle

of, events is controlied by the relay velve hydraulit piston, and the vacuum
located 1n the concrol valve assembly.

When the brake pedal is” depreseed thesa events take place.. Hydraulic
pressure in the master cylinder is built Jyp high enough to cause a shifting
of .the relay hydraulic piston. This closes the vacuum valve in the diaphragm
blate afid opens the atmospheric valve and admits atmospheric pressure, vhich
is directed to the left side of the front and rear pistons of the vacuum
cylinder. You will note that these two sections of the cylinder are inter-
connected by a passage in the piston rod.. At the same time, remember that
when the driver takes his foot off. the accelerator to place it on the brake,
he closes the butterfly valve, thus 1ncreaeing the vacuum in the manifold.
This vacuum pressure (suction) is admitted to the right side of the rear and
front pistons. .This vacuum, coupled with the atmospheric pressure admitted
.through the atmospheric valve, creates a pxessure differential which results
in the piston being forced toward the .right. This .force is transmitted by -
rthe push rod to the slave cylinder piston. The slave cylinder piston develops
.hydraulic pressure which is transmitted to the brake cylinderg, thus applying
the brakes, A

~

, When pressure on the brake pedal is released, the valve spriﬁg causes
the atmospheric and vacuum valves to shift-into the released position. This -
connects the atmospheric control line to vacuum ptessure, which reduces

. pressure in the left side of both rear and front cylinder pistoms, equalizing

the pressure differential. 6prings in the cylinder and in the hydraullc
slave cylinder cause the whole assembly (piston, push rod, and slave cylinder
piston) to shift to the left, thus releasing hydraulic pressure in the brake
lires, . _ ~ ’

There are several vantages to this system. The first one is that it '

. compensates for speed, for at high engine (piston) speeds with the butterfly

closed (during deceleration) the manifold vacuum is highest; therefore, a
greater piston differential is caused, resulting in higher brake pressure
application at higher speeds. As the vehicle slows down and the engine

piston action becomes slower, vacuum pressure (suction) is not as grea. 1s

,-Lat high _speeds, and pressure differential is not as great. ‘As the vehicle
approaches a stop, pressure differential tapers off and braking effort tapers

of £ accordingly

. A second advantage is gained through central location of the power brake
cylinder, high pressures are not carried through long distances as.is the case
Irn"a typical hydraulic system. The line between the -master brake cylinder
and the slave cylinder need not be very heavy, for pressure in this line is
never very great and should a leak appear in it, it would not be critical.

The power brake cylinder may be centrally located 80 that none of the brake
lines to the wheel cylinders need be long.

W

-

.

.

*



S Y ,EZ_‘.. . . * T . : - %

»
v

nute AFB, Illinois . . ‘

HYDRAULIC BRAKE SYSTEM SERVICING

= omcrm:s ‘- | v
' ‘ , :

. After completing this unit of 1nstructibn, you will be able to remove,
1nspect, clean, service, install, and adjust vehicle hydraulic brake com- -
v ponents, bleed the hydraulic ‘brake system, using special tools and equipnent
in;luding publications and safety procedureq‘
N
INTRODUCTIOH . / '

In the case of brakes, various difficulties may arise that require
inspection and correction to keep them in good operating condition. Although
the difficulties vary somewhat according te type.of system (hydraulic, vacuum,
mechanical, or air) only the hydraulic brake syeten is considered in this

“ . guide.

b M ’

INFORHATION

CDNSTRBCTION OPERATION AND SERVICING
Brake systems require periodic 1nspdction, adjustment, and occasional -
parts replacement. Remember! This is your responsibility. The reading
material presented in the following paragraphs will assist in providing you
with the required information.

— Factors Which Affect Braking
. “The amount of retardation {or slowing down) obta;‘,hed by the braking -
system of a vehicle is affected by several fdctqrs; the amount of pressure’
exerted on the braking surfaces (lining~and drum), the weight carried on the.
wheel, the overall radius of the wheel (from center to outer thread of tire),
- the radius of the brake drum, coefficient of friction between brake drum and
lining, and the coefficient of friction between ‘the tire and the road.are
some of the wmore common factors : ,
b
When brakes are applied, the wheel either rolls or skids, dépending on
relative values of coefficients of feictYon of gripping qualiti s existing
between braking surfaces, and between tire and road. Rapidly jamming the
. braking surfaces together tends to increase the friction to such a degree
that the wheel will lock and skid along the road. When this happens, braking
action is faused by friction between tire and.road, which heats and wears
the tire.
, - : ¥ e
. Maximum retardation is reached when friction between the brake surfaces
is such that the wheel is about ‘)o lock. At this point, friction between
the brake surfaces is almost the same ds that between.tire and road.

Construction and Types of Brake Drums “

Brake drums are made{qf pressed steel, cast iron, or a combination of
the two metals. ’bast iron drums dissipate the heat generated by friction

12,
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- . more rapidly than steel drums, and
" have a higher coefficient of friction
‘with any particular brake lining.
However, cast iron drums are
not of sufficient strength. Centri-
fuse brake drums which are brake
drums of steel with a cast iron
liner for the braking surface,
figure 3, are most. commonly used.
A solid cast iron drum of the same
total thickness as the centrifuse
drum would be too weak, whilé one
-of sufficient strength would be
" *too heavy for the average passenger
car. JTo give greater streéngth and
better heat dissipation, cooling.
ribs are often added to the ocutside
of the drums, -.

»

Removal, Inspection and Reconditioning Figure 3, Cross Section | _— . N
of Brake Drums of a Centrifuse Brake Drum.
When removing the hub and brake drqm from a Jeﬁicle. care should be
, taken pot to drop the wheel bearings. Bearings should be cleaned in solvent, _ .
inspected, and repacked with fresh grease before they are reinstalled. )

. Brake drums should be cleaned with solvent and in;Bected For cracks, s
scores, and warpage. Cracked drums shou®d be replaced. @enerally, scored ' gy . .
and warped drums can be reconditioned by resurfacing them on a brake drum

‘ lathe. However,.if they are warped or scored to a great extent, they should .;
be replaced. f : \

“When a brake drum is machined, the thickness of the metal removed from °
the.inside of the brake drum should be plainly marked on the unmachined part
of the drum, so that the brake shoe may be shigpmed accordingly. ;

Removai, Inspection, Replacement and Adjustment of Brake Shoeahand Brake l
Lining e . -

Most of the wear in a brake takes place on the brake Iining. Over a
long period of operation, the lining will become worn to the extent it needs
replacing, or occasionally, defective grease seals may cause the lining to
é lose its effiiciency. In either case, the lining must be removed and replaced.
Before replacing the new-lining,” the shoes should be cleaned thoroughly and
all burrs. and rough spots removed. : e z

-8

Brake linings are of two general types, molded and woven, E?gures 4 and .,
5, The molded lining 'is the most commonly used-on service %rakes. Linings
are fastened to brake shoes by two methods, by bonding or riveting. Riveting
has its disadvantages due to-the fact that as .the lining wears the rivet heads = -
are exposed'and'bome in contact with the brake®drum, causing it td score. I , :
Bonding is the best process dye to the fact that the lining is bonded to the .
shoes and will wear much longer without damage to the braké drums. - .




e

- Pigure 4. Molded Brake Lining. . figure S.. Woven Brake Lining.: S

When shoes are removed for inlpectioﬁ, the brake cylinders.oﬁ naéh'vheel
should be removed and inspected for condftion and‘repgi;é& or replaced. The
lines should be inspected fog leaks and kinks and be rgplaced as required. B

" After the brake system has been inspected and the required repairs or
replacements made, the wheels should be 1n|ta;;ggdgnd,the'nedbs.aﬂ&“adjup:nent
made on the linkage and shoes. The bleeding of ‘the hydraulic system 1is
necessary to eliminate any air that might have entered the system.

._S.lf-qurgiiing Action .

3 ' b . . '__ , - . -
The brake operating linkage alone does mot provides sufficient nechanigpl(z

-advantage for positive braking. A self-energizing actionm, suppltﬁhnting the

physical application of the braking system, has to be used to increase .
pressure on the brake shoes. While there are var{ations of tﬁis action,

it is always obtained by the shoes themaelves, whiclk’ tend to revolve with

the rwolving drum. . Y ‘ t\ o

~ When the brake shoes are anchoged, as shown in glgure 6, and the drum

revolves in the dirextion shown, the shoes will try to revolve with the .

drum when.they are forced agqinst the drum. As a result, the shoe will " s
exert considerable self-energizing force against the ‘anchor pin. Stnce .

the pin is fixed to the brake shield, thias force tends to.wedge the shoe ;
tightly in between the pin'and the drum as™indicated. "As the initial :
btakipg force is 1nqre§sed on the cam, the wedging acgion increases and the :
shoe is forced still moxe tightly against the drum to increase the self- -
energizing action. Brakes making use of this principle to inecrease force

on the braking surfaces are known as self-energizing brakes. . .

. The smount of self-energizing agtion available depends mainly on - . |
location of the anchor pin. 'As the pin 1is moved toward the center of the -
drum, wedging action increases ufitil a point’ is reached vhere the shoe . :
automatically locks. The pin‘must be located outside of this locking

point so that the operator can control the braking.



Figdre 6.°
Self-Energizing Action.

' Figure 7. Brakes with Articulating Links.
‘% Wﬁen'&wo shoes are anchored on the bottom of the'b;ake shield, as shown
in-figure 6, self-energizing action is effective on only one shoe. The .
other shoe tends to revolve away from its pivot, which reduces its braking
aotion. When the wheel is revolving in the opposite direction, the self-

- energizing actionm is- produced onthe opposité shoe. Two shoes ate 8sually-

‘mounted so that self-energicing action is effective on both. This is . .
accomplished by pivoting the shoes to each other andgkgaving the pivot free —

- of the ‘hrake shield. . This brake is known as an articulating 1ink brake, asg .
», shown in figure.7. The cnly pliysical effort required i: for operating ghe

first or primary shoe. Both shoes.tend to revolve with vie drum and are

wedged against the ‘drum by the one anchor pin. R -
e ‘ : .
Hydraulic Action * . . . ’
The service brake pedal, operates a piston in the master c&linder to”
force fluid through the lines to the wheel cylinders which in turn operate
the brakes. Each unit of the system must serve its intended purpose to keep
the brakes operating properly. ~
Fluid Lines-and Hoses- v *
} n ' ‘
High-pressure flexible hoses are used between the front wheel cylinders ./

_and frame connectors, also between rear axle tee and f;éme.connectors.
Special mégal tubing'is used between the master cylinder and frame connect
also between rear axle tee and rear axle wheel cylinders. Any-gign of fluid:

leak along the lime indicates a loose connection or dadaged line should .
be tightened or, replaced. Kinked or restricted lines restrict the flow of

fluid between ma§ter.qhd wheel cyliqders, and should be replaced.

-

-
.
I
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f When a master cylinder or wheel cylinder becomes excessively worn,
leaky, or develops-sticking pistons, it must be temoved, repajred or replaced
. with a serviceable ‘cylinder. - ' ~ .

5
I]ij.; wl e

T
Lo Removal, Inspection, ergir and Replacement of‘BraEg System_Un%ts .

When 1nspecéing the brake shoss and cylinders of a hydraulic brake o
' system, it is necessagy to remove t wheels. The vehicle should be jacked
up.and trestles placed' under- the aXles Of the vehicle as a support. The
wheels should be removed and placed in a position so they will'nbt roll or .
tile. (It is reiomend-ed they be placed flat on the floor.), )
. ‘ ] -, $ -
The brake shoes should be removed, ciéaned. and inspected. Brake = - .
cylinders should be cleaned of all dirt on the outside before disassembling. ’ '
After disassepbling, the cylinders should be repaired 'in accordance with the
applicable publication. If.the cylinder walls of the brake cylinders dre
- found to be scored or rusted, they should be reconditiouved or discarded. .°
It is mecessary to always use new qubbe:iparts when reconditioning cylinders.

-

Note: aBrake cylfjpder repair kits usually contain all the parts required

to recoudition a prake.cylinder. These parts should be used even.if.

it does not appeal the replacements are needelt, .Experience has preven

that the Ja.ddes\ saflety and'braking. efficiency offsets the cost of« parts.
/ & . -

Before repiading 11ndet$:én§ shoes, all brake lines and connections’ )
should be inspected, repaired or replaced (as required). After completing ¥
.the inspection and making' ¢ requ ed iepairs.,it is necessary to install"
the units to the. backing p1::‘ an#?irébargbtheghheeld for replacement.

Before replacing the wheels, tha bearings and racgs shoeid he cleaned
# and inspected for serviceability. I found serviceable, they should be |
lubricated and installed in accordahee with ‘procedures outlined in the '
.publication applicable to vehicle in use. . In addition, tightening of the
wheels is also governed by the procedures established in the applicable
publication. " ' ' ' '

@
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. . Brake Adjystment g

. .
~ f N .o - :

Brake systems are prov;d&d{wich»aﬁ.adjustmgnt to compensate for normal
lining wear. This.is called a thinortbrake adjustment. It consists qf,
adjusting the brake shoe at one end. . ; ( :

On some typgs-of'brakék an additioﬂfl adjustment is alsé provided to
adjust the othér end of the ‘brake shoe. 'When both ends are adjusted, it is -
dalled a major brake adjustment. Maj&% brake adjustments’ are required when
the brakes are being relined, parts are being replaced, . or any time the -
position-ef the ancﬁprs:haq beeg ¢changed.

& T B : ' .
) . Q)ﬂor brake adjustments -position the brake shoe so the linings contact
- " the drum the full length .of ‘the lining when the brakes are applied. If the.
. shoes are improperly adjusted,’ the braking action will be poor and distortion
| AL or damage may resulgt to the brake parts. This is shown in figure B. -~
J L.
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POOR BRAKING ACTION BECAUSE
OF THE SMALL AMOWNT OF

LINING ¥ CONTACT WITH
THE DRUM.

\
. A

IF BOTH SHOES WERE
ADJUSTED LIKE THIS THE
BRAKES WOULD BE HARD
TO APPLY. -

-y

FORWARD ROTATION,
— b

BRAKE SHOE
ADJUSTING CAMS

_ AND HAVE TO BE REPLAGED.

" NOTE THE SMALL

A HARD BRAKE APPLI-
CATION WOULD DISTORT
THIS SHOE TO DECREASE -
CLEARANCE. (SPONGY
PEDAL)

THIS SHOE MAY GRABD

AMOUNT OF LINING »
AREA WHICH CONTACTS

ANCHORS (ECCENTRICS) FOR

Figure 8. Showing Improper Brake Shoe Adjustment.

»
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B P Whenever any unit of the hydraulic system 1s disconnected or replaced, / d q

‘the fluid must be replenished and the system bled free of air.

'

Wheel Bearing Lubrication ‘ . J | .

'
- -

Véhicle manufscturers usually recommend the lubrication of wheel beaiﬁim v

annually or at 25,000-mile intervals. Lubricating wheel bearings is
mechanically known as "packing" wheel bearings; the job consists of removing,

cleaning, inspecting, lubricacing, replacing and adjusting the bearings.
Bearings should be washed with volatile mineral spirits or dry cleahing
solvent and dried thoroughly with a cléan cloth. '
Caution: As a safety precaution, bearings must not be spun with
compressed air to prevent injury to personnel. -

Bearing cups and beaiings should be inspectéd for condicion. and-
.damaged parts replaced as required,.

" Wheel bearings are usually packed by hand or by the use of a mechanicai
\packer, introducing lubricant into all spaces between the rollers and race.
~Care must be exercised to insure that dirt, gric, lint, or other contaminants

are not introduced into the bearings. If the bearings are not installed '~
immediately after packing, they should be wrapped in clean oilproof paper
as a protection from contamination.

: After the bearings have been properly lubricated the hub should be
packed with a sufficient amount of lubricant to uniformly fill it to the
inside diameters of the inner and outer bearing races. The spindles and
hub caps should be coated with a thin layer of lubricant (not over one-
sixteenth of an inch) to prevent rusting. Remember! Hub caps must not be
filled to serve as grease cups under any circumstances.

®

Lubricant in the bé;rings is sufficient to provide enough lubrication
until the next service period. Excessive amounts of lighter lubricant
than specified by the manufacturer usually results in leakage past the
grease seals and damage to the brake linings. ;

Troubleshooting Hydraulic Brake Systems

The type of difficulty exp!rienced in braké systems ,is often an
indication of the cause of the trpuble. Following is a detailed diagnosis
of the more common hydraulic brake troubles. '

PEDAL GOES TO FLOOR BOARD, When the brake pedal goes all’ the way to
the floor board, several conditions could be the cause. The brake shoes
may be improperly adjusted, or the brake linings may be out of adjustment,
In addition, there may be air in the brake lines or, the fluid level may be
low in the master cylinder or the master cylinder may be worn or defective.
ONE BRAKE DRAGS. When the frake shoes of one wheel drag, the indication
is that the lining is not moving away from the drum when the brakes are ‘
released. This could be due to improper brake shoe adjustment, clogged
brake line, sticking wheel cylinder pistons, weak or broken retracting
springs, or a loose wheel bearing.

. _ ’11
1.,
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© 7. ALL BRAKES DRAG. When all the brakes drag, the brake pedal does not -

o hawe escugh fres travel becsuse of improper adjustsient. The master cylinder
vent may be clogged, or brake fluid of mineral oil content could have been °* 4
added to the brake system so that the.rubber pistons have awvollen and stuck. '
Mineral oil must never be used in vehicle hydraulic brake systems. Any oil

in the system other than the specified brake fluid is apt to cause serious

o
kT

- P

CAR PULLS TO ONE SIDE. If the car pulls to one side when the brakes are
applied, it indicates that more braking pressure is being applied on one side
than is being applied on the other. This happens if some of the brake linings
have become oil soaked, if the brake shoes are unevenly or improperly adjusted,

.- if tires are not groperly or uniformly {nflited or if one of the brake lines
is clogged or restricted. .In addition, s brake backirig plate may be loose \ )
on the axle housing or the Qteering knuckle. If two different types of brake ,
lining are being used, trouble also results.

- SPONGY gEDAL. WH;n the pedal action is soft or spongy, ic {ndicates
.that there is air in the brake system. Improperly adjusted brake shBes could .
also gause this condjtion. o ‘

BRAKES HARD TO APPLY. When excessive pressuré.on the brake pedal is
required to slow down or sgop a vgh;cle. the trouble is due “xo oil soaked

brake linings, improper brake shoe adjustment or the use of the wrofhg lining.
When the brake linings get wet, it is difficult to stop a vehicle; however,

prake action returns to normal as the ‘linings dry. . « BN
. - . _ -
BRAKES GRAB.WBrakes grab if the brake linings are greasy, if the brake ,_\.
drumg are scored, if the brake shoes are improperly adjusted, if brake backing .
. plates are loose or if the wrong type of lining has been ingtalled. '

) ’
NOISY BRAKES. When brakes squeak as they are applied, the indgcatiqg
would be that the brake shoes. are warped, the linings or shoes are lgose,
' or the llnings are so worn that the shoes or rivets are making contact with
theobraye_arum. Occasionally, brakes which are in good operating condition, »
such as on a new vehicle, squeal. This 18 due to the type or construction
of the brake and is not of a serious nature,

. . _l . ‘..‘ -

Troubleshooting Hydrovac Brake Systems - AN

-

The outside of the hydrovac unit should be cleaned thoroughly. at least
every six months. All hose clamps should be tightened and all pipe fitctngs
and hydraulic connections checked for security. One ounce of Bendix Vacuum'
Cylinder oil should be added to the power cylinder at the lubrication plug _
- .at 12,000-mile intervals, each six-month period and especially before . : .
: anticipated cold weather oparation. The air cleaner should be removed, . Lo
disassembled and cleaned at least twice a year. 1f the vehicle.is operating

. njar ‘adverse conditions, it is necessary to clean the air cleaner more .
frequently. Regular maintenance should be performed to keep fhis unit in ~,
proper operating condition so that it continues to provide trouble-freé¢
service. If trouble should develop in the systep, it is recommended that
the following points be checked before accua{IYQCheckink the hydrovac unit.

. ] . .
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e . MAIN CYLINDER PRIMARY CUP TO COMRENSATING PORT CLEARANCE. It is neces- ,/?/r T

S _sary that the linkage is properly adjusted to permit opening of compensating x

: port.with brake pedal in normal full releasad position. Failure fo properly

T N uncover the compensating port mey cause sufficient pressurs to be maintained '

i =* " in the hrake systam to hold the hydrovag valve in a partially applied position - .. =
’ . » .y '

and thus ‘cause dragging brakes.
'RESTRICTED VACUUM LINES. Vacuum is checked at the hydrovac by dis-
o +  conne¢ting the vacuum line at the hydrovac vacuum connection fitting and
' holding a thumb over the line with the engine operating. If no vacuum exists,
or if airflow is slow, a check of the vacuum line to manifold should be nade ¢
for kinks in tubing, collapsed lines or hoses and to determine if the check
valve opens properly.

*

RESTRICTED AIR LINE'AND AIR CLEANER. It is- necessary to disconnect the
air cleaner line at the hydrovac and blow into the line. If the line is
restricted it is necessary to check-for collapsed hose or tubing.

[ . '

BRAKES. The brake shoe should be adjusted for proper clearances. These
clearances should be in accordance with the recommendations given in the
hydraulic brake adjustment manual. Excessive shoe clearance causes excessive .
pedal travel. Insufficient clearance may cause dragging brakes.

\ Note: Troubleshooting the remaining parts of the system employing

& hydrovac, is the. same as outlined in troubleshooting - the hydraulic
. brake system:. -
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Figure 9. Bonder and Dehonder Machine with Associated Equipment. '\
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o Figure 11.
. - Lathe, Brake Drum.

4
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" Figure 10. Brake Riveting (Reliner) '’

Machine Complete with Abrasive Unit. | o

Brake Reconditioning Equipment

Various types of brake reconditioning equipment may be uscdlby’ar

‘maintenance shops to repair brake systems units. The following paragraphs
. "are designed to fam;lfhrizg.you with some of the representative types.

BONDER AND DEBONDER MACHINE. The pyrpose of a bonder and debonder

‘machine is to reline brake shoes through the use of heat and.a bonder tape.

The advantage of a bonder and debondér machine over riveting is the brake
lining can'be worn down closer to 4he brake shoe than a lining put on by

rivets. Figure 9 shows a typical bonder and debonder machine complete vith
accessories. ‘ T e |

BRAKE RIVETING MACHINE., The purpose of a riveting machine is similar

.to a bonder and debonder machine. Brake linings put on by rivets require

less equipment: Figure 10 shows a brake riveting (reliner) machine.

ABRASIVE MACHINE. The putnése of an abrasive machine is'to grind the

'brake shoe and lining to the contour of the brake drum, €Igire 10. An

abrasive machine is included witgx the rive:hrﬂchine. '
- . {\ . - B . -
N ] .




Figure 12. Wet Honing Machine.

. - BRAKE DRUM LATHE. The brake drum lathe is used to refinish brake drums
that have become pitted, grooved, or out-of-round. Figure 11 shows a brake
drum lathe complete with accessories. . '

WET HONING MACHINE. This machine is used to hone brake cylinders and
master cylinder to remove pits; scrafches, and foreign materials that may y
hinder the efficient operation of these units. Figure 12 shows a typical

- honing mschine. This machine may also be used to hone many other automotive
. ~ units. The use of these machines will be Jdemonstrated by yqur instructor;
. * therefore, further information can be obtained on the procedures for operatiopn
S during this time. - -

*

Adjustment of Handbrake - o . . .

L4
-

Most vehicles are equipped with a handbrake or parking brake to hold
the vehicle when stopped. It should be noted that the temrm "handbrake" . R
’ referred to in this training publication is often called the "parking brake. e

\.’ o P s 12,
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Both of these units erg the same brakn.,ﬁunst trucks use an extsrnal con-' coT
= """ ‘trseeing type hawndbrake. - ot e e .. L2

o The ‘brake drulp is moun on"::he rear of the transmission or transfer > i’;'

- " case and when ied, holds the propeller shaft and keeps ~the vheels from : |

’////— turning. The (brake ié applied through dinkage from the’cab of the wehicle. \,

Adjustment on this type of brake consists of bringing the band closer to the

drum as the liming wears down. Care must be taken, during adjustment, to be ,

sure that the lining does not drag any spot on the drum. The procedure . .
‘for adjustinog this ®ype of brake will be covered during the p lctical work

dssignment of this training project outline where the actual.edquipment is

available. o . . ' !
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QUESTI{ONS

1. '~ Yhat are the factors which affect braking action? L - N
» ‘2,  When or-at what point do vehicle brakes reach their maximum:

retardation (or slowing down) action? - . o .

S 3.s What inépection should be performed on brake drums? Why?
- \ . - w

+ f- H - LI L
v . b3

4. How should you be able to determine-if a brake drum has been
turned? N ' '
) - ' L » e '
5. . How should wheel bearings be cleaned? !
. ” . ,
6. How are wheel bearings lubricated.‘ . " ' — .
7. How much grease should be placed in the wﬁeel hub when packing .
. wheel bearings? : ‘ _ o a .
- L . v o4 . '
8. What uwsually happens 1f too much grease is used to lubricate wheel . .
_bearings? . _
9. What conditions could cause the brake pedal, when applied,‘to go all _ .
o ]

the way to the flcor board?
v . : - !
) . 10. 1f the vehicle pulls to one side when the brakes are applied, it
- . indicates that more braking pressure is being applied one side ghan the other.
Why ' would two different types of brake linings cause the vehicle to pull .to
one side? o . . ) '
. . 3 . .
. ) ‘ . 4 . .
11. 1If brakes were adjusted with no brake pedal free trAvel, what would g Y
. be the result? ’ : ' - .
- _ R \' - ’ ) J , f \.4
12. ‘When the bgakempedal action is soft‘hnd spongy, it indicates that
there is air in the brake system or the brake shoes are improperly adjusted.
_ how can you best determine whether there is air in the brake system or the
" brake shoes are improperly ad justed? -

)
- -

-13. Brake linings may be put on brake shoes by two different methods. . S .
What are the two methods, and what advantages does one have dver the other? - .
- . . "-\
. ] 1 3 . ) - . . T, '_
« , ' _ . _
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14, Why is icgnaccssgri to refinish brake drums?

- 15. From what source can inforiigion be obtained when troubleshooting
. brake systems? '

N 2
- P .

16. What safety precautions should be observed when troubleshooting =
brake systqﬂi? _ . , .
.

. 4 1
17.. What causes brake drums to get out—of-round?

18. What is self-energizing action?
19. What should be used to clean hydraulic cylinder parts?
‘ 20. How do major and minor brake adjustment differ?

“»

21, Why must wheel bearings be properly adjusted before adjusting
brakes? '

22. How does a parking brake mounted on the transmission or transfer °
case hold the vehicle wheels froém turning?

REFERENCES

1. TO 36A-1-76, Principles of Automotive Vehicles.

2. IHC Motor Truck Service Manual.
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e - AIR AND AIR-OVER°HYDRAULIC BRAKE SYSTEMS

@ . OBJECTIVES . | A

/  After completing shis unit of dmstruction, you will bé-able“o explain™ -
the location, construction and operating principles of the air brake system
units and to remove, inspect, repair or replace, install and adjust these '
- f units and disassemble,”inspect, repair and reassemble air-over-hydraulic
cylinders using speeial .tools, applicable publdcations and safety proceduyres.

»

INTRODUCTION . o A
Jhe fundamental charscteristic of the air brake system is_thét the brakes, .
although controlled by the driver, are applied by compressed air. Compressed
air provides sufficient braking force to control even the heaviest vehicle. /’
J o '

INFORMATION o ‘ ;.
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Figure 13. Simple Air Brake System.
/!

Air brake equipmeat on trucks and truck-tractors provides a means of .
controlling the brakes through the medium of compressed air. Air brake . b
equipment consists of a group of devices, figure 13. Some maintain a supply P
of compressed air, some direct and control the flow of the compressed air
and others transfer the energy of compressed air into the mechanical force . R
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Figure 14, Typical Air Brake Circuit Diagram.

-

Figux"_e*ls.. 'Rotary Air Compressor. Figure 16. Pistoﬁ Type Compressor.

e st

{

.
ana\ motion nece‘ssaty to apply the brakes. Different types and sizes of
dévices are in‘'use on different types of vehicles to meet operating requirements,
~ “figure 14,  but they are all fundamentally the same. Following are the devices /

‘" comprising a typical tguck or truck-tractor air brake system, with a brief
desoription of the function of each device.

* Compressor
. ) The compressor supplies; the compressed air to .operate the brakes. Two : .
typés of compressors may be/found in vehicles, namely, ‘the rotary, figure 15 —
or piston type compressor, figure’16.
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'Th. rotary type usciqa rotor with four blades n tﬁi’roﬁor,'fignre Iiﬁ,"A;}f

loy three principal func'tional components

' The rotary type air compressors emp
to accomplish air compression and reservoir pressure regulation:’

Thn'copprilao:-ptopcr‘which compresses she*incoming air. 5
’ Thog§1r dond‘and oil s , which separates oil from.the compréssed air‘
pumped by'’the cdhrressor and stores the -reserve supply of oil.

The control valve (governor) which regulates the'punpihg action of the
compressor to maintain the correct pressure range in the air reservoir tank.
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Figure 18. View of Compresger

Figure 17. Cross
0iling System.

" Section of Rotor and Stator.

Engine lubricated compressors include a fourth functional component,
the oil supply valve, which units the compressor oil sump to the engine
pressure oiling system. It automatically supplies 0il from the vehicle

‘engine crankcase reserves as required to maintain the correct oil level

in the ‘compressor oil sump. -

Cogpression Chamber

The compressor rotor revolves with a shaft suppofted'on bearings in -
each end plate. This rotor is positioned eccentric in relation to the stator,
which surrounds it, with the small clearance at the top. Four equally spaced
!rotox blades contact the stator wall at an acute angle; separating the space
between rotor and stator into four compression chambers, figure 17. These
four chambers each have their capacity progressively increased and reduced
to pass through, three stages; intake, compression, and discharge, duyring
each revolution. e : :
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. the unloading pistons
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Piston Type Compressor

k!

Another‘compressor commonly used is the piston type; this compressor

™ay be a two-cylinder or moEF.' The one shown in figure '6 is a two-cylinder
. ‘le

water cooled and is ‘lubrica rom the engine systems. The air intake
makes use of the carburetor, air cleaner. The lubrication system is a force
feed from the truck engine‘iubricatibn system, figure "18. " The. piston type

.compressor. is driven by a belt or belts from: the engine crankshaft or

auxiliary shaft. The compressor runs continuously while the engine is
running, but thesactual compression of air s controlled by the governor, -
which, acting in conjunction with the unkoading mechanism in the compressor
cyvlinder head, starts or stops the compression pf air by loading or unloading
the compressor wher the pressure in the air brake system reaches the desired
ninimum (80 to 85 psi) or maximum (100 to 105 psi). :

COMPRESSING AIR (LOADED). During the’ downstroke of each pistom, a;
partial vacuum is created above the piston which unseats tHe inlect valve
allowing air drawn through ‘the intake strainer to énter the cylinder above
the piston. As ‘the piston starts the upward stroke, the air pressure on
top of the inlet valves, plus the inlet valve return spring force, closes
the inlet valve. The air above the piston is further compressed until the’
pressure lifts the discharge valve and the compressed air is discharged
through the discharge line into the reservoir. As each piston starts its
downstroke, the discharge valve above it returns to its seat, preventing

. .. ohe compressed air from returning to the cylinder and the same ¢cycle is

repeated. '

UNLOADED, NOT COMPRESSING AIR.. When the air pressure in the reservoir
reaches the maximum setting of the governor (100-105 psi), compressed air
from.the reservoirs passes through the governor into the tavity below the
unloading plstons in th¢ compressor cylinder blgck. This air pressure lifts
yZich in turn lift the inlet valveg off their seats,

PASSAGE OF AIR ﬁﬁRINGhNONCOMPRESSION. ‘With the inlet valves held off
their seats, the air during each upstroke of the piston is forced through
the air inlet cavity and to the pother cylinder where the piston is on the

downstroke. When the air pressure in the reservoir is reduced to the minimum .

setting of the govergor (80-85 psi), the goverhor releases the air pressure
beneath the unloading pistons. The unloading piston return spring then
forces the pistons down and the inlet valfe springs return the inlet valves
to their seats and compression is resumed. :

-
PR

Governors '
» ‘ N €

~ .There are seve}al types of govgrﬁors used on vehicle air brake systems.
Regardless of type or make, ‘the purpose for the governor is to maintain a .

" maximum and minimum air pressure in the air brake system: The location of

the¢ governor is different for dif fefent_ typés and makes. Some are located
on‘the fire wall and %ome are on the compressor, and other at different
locations. One of the old standby governors is known as the Bourden tube
(Bourdon gage) governor, figure 19, also shown on figure 13. This type of
governor operates on the Bourdon gage principle of a curved metal tube that
tends to straighfen under internal pressure. Lt is adjustable for different
air pressures, but it is mot adjustable to change the- difference between

the minimum and maximup pressure.
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.type. This governor consists

which admits air to, or exhaust

~setting spring. This adjustment

The type D governor, shown
in figure 20, is usually mounted
on the fire wall and is a diaphragm

essentially of a diaphragm upon
which air pressure acts, a spring #
‘to control the movement of the
diaphragm assembly, and a valve
mechanism controlled by the
position of the diaphragm assembly

air from, the unloading mechanism

in compressor cylinder heads. This
governor is adjustable for maintaining
the correct air pressure in the

system by increasing or decreasing
'the spring tension on tlie pressure

will be practiced on the vehicle
in the training area during practical
work. , '
Another type of governor used L . ) ' .
on some vehicles is mounted on the - Figure 20, Type "D" Governor.
compressor showd in figure 16, This ' . )
governor is for the same purpose as the others sh here, except that the
mounting place is different. The adjustment 1ns£§§5¥tﬂns on these govVernors
will be instructed in the classroom by the instructor, and additional in-
structions and specifications can be foupd in the applicable publication on
the vehicle you will be assigned to fo practical maintenance. i

L N



Air Cleaner
= Some compressors use the® -
carburétor air cleaner for
intake of clean air as shown
in figure 16, Some compressors
have an air cleaner fastened
to the air intake of the com-
pressor and cleans the air
for the compressor, figure 21.
This air cleaner (air strainer) Figure 21. o
must be disassembled periodically. Exploded View of Air Strainer. o
, and cleaned, dried, and lubricated. _
There are some air cleaners for this purpose known as the yet type. These
‘air cleaners are similar to the type used for carburetors, but smaller in
‘size. The service required for this type is to remove and wash clean, then
fill with oil up to the mark shown in the reservoir of the air cleamsr.

- Caution: Do not averfill.

Reservoirs (Air Tanks), Safety
Valve and Drain Cocks

RESERVOIRS. The reservoir
is sometimes known as the air
tank, figure 22. There are
usually two of these reservoirs
used on each truck and are known
as the wet reservoir and the
dry reservoir. The air used
for the operation of the brakes
is taken off the dry one. .The
~.rpose of the reservoirs is to -
p.ovide a place to store com- . S ’
pressed air so that there will
be an ample supply available
for immediate use in brake

Figure 22. -9
v in Cock., . '
‘operation. The reservoirs also Reservoir, Safety Valve and Drain 'Cock.,

provide storage for sufficient '
compressed air to permit several brake applications after the engine has
stopped. Another function of a reservoir is to provide a place where the

. air, heated during compression, may cool 2nd cause the oil and water vapors
to condense. Reservoirs are tested against a 200-pound pressure.and treated
on the ingide with a rust preventive.

SAFETY VALVE. The purpose of the safety valve is to.pébcect the air
brake system againsf-excesaive air pressure. Should the air pressure in |
the air brake system rise above the setting of the.safety valve at 150 pounds, -, .
the ball valve opens and permits pressure above 150 pounds to be exhausted, T
~ figure 23. The safety valve is located on one of the reservoirs, figure 22,
The-safety valve consists of a spring-loaded ball check valve which should

I

be adjusted to "BLOW OFF" at 150 pounds air pressureég.figure 23.

DRAIN COCKS. The drain cocks have a brasg body fitted with a tapered ‘ .
brass key. The drain cock is open when the handle is parallel to the body,
and closed when the handle is at right angles to the-body. Drain cocks are

Q + . 24 | 1 43
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‘Air Supply Valve’ >

_ Pigure 23. Sectional Figure 24. Sectional View
View of Safety. Valve. . of Low Plessure Indicator.

{nstalled in the bottom of each reservoir, figure 22, in the air brake system
to provide a convenient means of draining the condensation vhich normally
collects.in the reservoir. Always open a drain cock by hand. Never strike
the handle with a hammer or any other instrument, as the cock will be damaged
and leakage will develop. :

Low Pressure Indicator

The low pressure indicator, figure 24, is a safety device desigried to
give an augomatic warning whenever the air pressure in the air brake 3ystem
is below approximately 60 pounds. Operating as an air-controlled switch-

of an electrical circuit, the low pressure indicator automatically sounds
_ a buzzer when the air pressure drops too low. On some vehicles a light is
- used to indicate low pressure in place of the buzzer. _ .

-~

In some cases the air supply valve is included to provide an,&ély means

e inflation; or for whatever need you masy have for compressed air.

— \nﬁkobtaining compressed air from the air brake system for such°parposes as
~_ C

Quick Release Valve , | ;

_ The purpose of the quick valve, figure 25, is to reduce the time required
to release the brakes by hastening the exhaust of air pressure from the‘Prakc
chambers. It is most commonly used with front wheel brake chambets.

The valve consists of a body containing a spring-loa&ed diaphrdgm so
arranged as to perhit air pressure ta_£¥6w through the valve in one direction.
However, when the supply pressure is reduced, the air whiich has assed through
the valve is permitcted to escape through the exhaust port, figure 25.

25.
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_ 'Fignre 25.' Sectional . Figure 26. Sectional
View of Quick Release Valve. View of Double Check Valve.

Double Check Valve

Double check va;ves.'fiﬁurg 26, are used in an air brake s&sccn vhere

it is necessary to automatically direct the flow of air pressure into a common

line from either of two other lines. .

4 .

There are two types of double check valves, the shuttle type and the
disc type. The shuttle type double check valve consists of a die cast body
and two end caps. Inside the valve are two rubber seal gaskets and a brass
metal shuttle. ) B T

The disc type double check valve consists of a cast body and one end-
cap. Inside the valve is a rubber disc and a disc guide. One end of the
end cap serves as the disc seat, and the other end is tapped for air line:
connection.

N\

[ ]
Fundamentally, the only difference in the ‘desjgn of the two valves is

that the shuttle type has a movable metal shuttle which contacts rubber seats -

fo seal off the line not being used, whereas the disc type has a movable
rubber disc which ‘contacts metal seats. .

Tractor Protection and Two-Way Valves

The ﬂgrpose of the tractor protection valvé, figure 27, is to provide

. extra bpake protection for towing vehicles. ~1t provides for complete braking

control of the fruck or tractor by permitting closure of service and emergency
lines leading to thé trailer hose lines {n the event of a trailer breakaway

'

or other malfunction in the trailer or tractor air brake ‘systen.

|~ The manually controlled type valve, figure 28, installed on vehicles
consists of a two-way control valve and a tractor protection valve. The
handle of the two-way control valve may be put in ejither one or two positions
called "NORMAL" and "EMERGENCY." ) :

)

- r
For all normal operating conditions the two-way control valve handle

‘1s.ggaced in'the "NORMAL" position which permits reser?oir pressure to enter

26 114

o




m act on the duylu' 2 and
- , ‘plunger assembly. During mttﬁl
- {_ " wcharging, the mergency valve
and service disc valve h the
,u;_ﬁ;:Ht!Ili?!lliiflﬁiiﬁﬁiiifiit

" pressure -is reached in the
\ tractor rllorvoit and up* to
-, “that prnsluro no air s .upnliod
' . to the trailer through the )
trailer emergency line. . - .~ o

tg

. When approximstely 30-40 pni
tractor reservoir pressure is . .
reached, the emergency valve and
. sarvice disc valve in the tractor
- protection valve open and remain .
open allowing air pressure to
. be delivered through the emergency
line charging the trailer reservoir.
All normal braking and emergency
)functioun for both truck-tractor.
and trailer are retained as long
.as tue tractor reservoir pressure
ls aPove 30-40 psi. .

Figure 27. ‘Sectiondl
* . View of Tractor Pr&{cq:ion Valve.

sy

. Conbina:ion Liniting Quick Release
and Two-way Vhlvcs

‘way valve are’used as a combination in air
brake system of .trucks, buses and tractors.
This conbination permits full brake valve

delivery pressure to the front wheel brakes

Soadler .
‘ ‘ | The limiting quick rcluu valve and two-
r

when on dry, roads, or at the option of the Figure 28.
' driver, linit!“yhe pressure to the front Two~-Way .
wheel brakes-50 percent of the brske valve : Contrel Valye.
delivery pressure whgg on llippcry roads. * )
., " The cwo-way valve is mounted on the dash within E;ay reach of the driver. -
The limiting quick release vplve is mounted at or on tHe front axle, whichever'
— ' is copvenient.- Ah air line from the brake valve delivery port is connected

to the inlet port of the two-way valve and also to the brake valve port of
the limgting quick release valve.. Another air line is taken from the side
deliver rt of the two«way valve and connected to the port opposite the . V
mounting pad of the™limiting quick release wadve. The two'y&hor side ports
of the limitypg quick release valve are connected to the front brake chambers.
The.limiting quick rclusc valve, buidq providing for 50 percent i
- teduction of front wheel braking pressure, 4lso serves as a quick relealc L
valve upon release of brarso.- ' . . - oo

.' : -. A“’ 27 | o | '
L1 !

e
id




" Hand Control Valve

figure 29, 1is used for con-
trolling the brake on a trailer
independently of .th¢ brakas on .
the towing truck. The valve s
{s usually mounted on the

stesring column or on the dash.
The driver may put the handle

in any one of several positions
between brakes released and

brakes fully applied position

so the brakes on the trailer

are kept applied until the brake . S _

valve handle is returned relesase . Figure 29. _
position. The distance he brake Hand Control Valve Assembly.
handle is moved in a clockwise

direction toward applied position determines the severity of the brake
application. Thus the brake application on the trailer may be graduated
during both application or release of- the brakes and the position of the .
brake valve handle always determines the air pressure being delivered through
the service line to the trailer brake equipment.

The handle of the brake valve is fitted with a friction lock so it will
Ffemain in whatever position it is placed by the driver. The brake valve should
never be used to hold the brakes applied when the vehicle is parked or when
the driver is off duty. \ ‘\

) —

Brake Valve (Treadle Type)
’ Lk
" The foot qpérated brake valve, which is the main air control device :
of the air brake‘system, may be one of two different types. One of these ..
i{s the treadle type brake valve, figure 30, which is operated by a foot -
trqadle..Tﬁb‘other {s the lever .type brake valve, figure 31, which is fitted
with a lever that connects to a conventional brake pedal.

. Movement of the treadle or pedal controls the movement. of an inlet and
exhaust valve which controls the air pressure delivered to, or exhausted from,
tha ‘brake chambers. Full depression of the treadle or pedal results in a
full brake pfplication; partial return of ‘the.  treadle or pedal results in
1Ikr¢|pond ngly less braking force. At any time the brakes may be partially
released by the driver permitting a partial return of the treadle or pedal

_ to release position. The amount of force being applied to the brakes is

alwaya.proportionnl to pedal pressure applied by the driver.

Brake Chambers, Roto Chambers, Brake Cyliﬁdeta

! = .
% There sre several types or kinds of brake chambers used on sir brake
systems, but the purpose is the same. Brake, chambers, roto chambers, or : :

brake cylinders all transform the energy of compressed air into the mechanical °
force and motion negessary to apply the brakes. One of these units is used

to pperate the brakes on each wheel. | 1 4(; .
. B / : k) . ﬁ .
g — v ’ . ' ’ t
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1. oDV =
2. PLATE, MOUNTING ’10. SPRING . »
3. LOCKWASHER " 17. O-RING 1. FITTING 13. 8007 ™
4. CAPSCREW - 18. PISTON. 2. CAP, DO 14. GUIDE, SPRING
s. 900T 19. VALVE, EXHAUST 3. GASKETS t3. .COVER
6. PLUNGER 20. O-RING 4. O-RING 16. Wt
7. RING, SNAP 21. LOCKWASHER 5. WT 17. SPRNG
8. ‘Guice SPRING g. 3:,':5” e 6 '18. ' VALVE, EXHAUST
. CLEAMER, AIR . , VAL ASHER, CUP 19. SPRING
10. CAP . 24. CAP, END :: :.m ' 20. BOOY
10A.SCREEN . g VALVE, INLET , o BOLT ' 21. VALVE, INLET
11. WASMER, SHIM - Wt 10. WASHER, DIAPHRAGM 22,
12. SPRING Z7. GASKET 11, pLETON 23
13. RING, SNAP . SCREW y
14, SEAL, VEE-BLOCK 12. SPRING
Figure 30. Brake Valve, Treadle Figure 31. ‘Brake Valve -
Type (Cross Sectional View). Lever Type (Cross Sectional View).

BEAKE CHAMBERS (DIAPHRAGM TYPE). The brake chamber consists of two
dished metal plates, namely the nonpressure plate and the pressure plate *
separated by a diaphragm, figure 32. . : . e

In front of the diaphragm are the nonpressure plate, push rod and push _
rod spring. Behind the diaphragm is the air-tight cavity into whicl 1is connected
a tubing line from the brake valve. Due to the extreme sensitivity of the dia-
phragm this arrang t permits the.push rod to respond to the slightest vari-.
ation of air pressure from the brake valve, thus permitting the driver to apply -
or relesse brakes as rapidly or gradually as the various road and operating -
conditions warrant. o f < f
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Neapressure plate

“ -
Prossare phote ‘
- Vapheogm
. Pasbred’ 3
relurs wyring -
— N [ N
‘ 1. RETAINR, SPRING . 6. SPRSNG ‘
; 2. COVER 9. LOCIOVASHER
3. DIAPMRAGM - 10. LOCKMUT ' -
N T 4. NJT. ! .s D, WY .
o) S. BOLT £ YOKE
6. BAND, CLAMP F. PiN COTTER
7. 80OY G. PIN CLEVIS
- ' t
Figure 32., Typical ’ . F P
: igure 33. Brake . .
Brake Chamber (Diaphragm Type). Chamber (Crou-Scctional View). —_— .)

) ,,/f '"irr.-

”/h
700 ey
Figure 34. Typical ' Figure 35. Typical : -
Brakp Chamber (Roto Chamber). Brake Chanr (Piston Type): .

In order to meet requirucnu for different braking forces, brake
chambers are made in several different sizes. All sizes are made for several
different type mountings, such as stud mountings, brazket mounting and flange
mounting. Figure 33 shows a typical brake chamber (disphragm type) using
a brand clamp around the brake chamber instead of bolts. . '

/

BRAKE CHAMBER (ROTO CHAMBER)., Roto chambers figurc 36 convert the - —
energy of compressed air into the mechanical forq‘l? motion necessary to

30
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o :b operate the brakes. The -15: J;tail parts of a voto chamber .are a cylin- /&8 |
drical body, tubular diaphragm, inner and outer diaphrage clamps, push rod, ' . . .

spring, cdver, moynting studs and yoke. . : . -
One end of the diaphrage is conmbcted to the fna(de vall of ife body = ¥

————by- & clump ealled the outer clamp. The push rod is attached to a push plate .
and the push rod - push plate assembly is attached to the diaphragm guide. " .
. The cover is attached to the outer body and a yoke is screwed onto.the end - e
,of the push rod completing the roto chamber assesbly. . ' ' . :
- . NP . - i w
BRAKE CHAMBER (PISTON TYRE). The air cylinder (piaton type), figure 3s,
requires very little attention, but to insure proper’ operation the cylinder . _
should be kept lubricated. At intervals of approximetely four months or SN
15,000 miles the air connection at the rear of the ¢ylinder should be _
reuoved and one quarter pint of lubricant (similer to graphite type grease
vith 10X neat's-foot oil) inserted. L. C

» - -

&

Figure 36. | Figure 37. quut,a.tn ;

Sectibnal View ‘of Slack Adjuster. Locking Sleeve on Adjusting Nut. .
Slack Adjuic.rs - ' . - .

Slack adjusters provide a quick and easy method of adjusting the brake
to. compensate for brake lining wear. One slack adjuster is used for the '
brakes on _uc'h' vheel ., _Shqk.\ adjusters consist: of a worm-and gear inclosed -
in a body which serves as an adjustable lever, figure 36. They provide a
quick and easy means of adjusting the .brakes to compensate for brake lining

.
,
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wear, figure 37. During brake operation, the entire slack adjuster rotates
bodily with the brake camshaft. During brake adjustment, the vora moves

the gear so as. to change the position of the lever arm in relation to the

brake ( camshaft.

SHOULD WIVER GO OVER CK

1. Cover, assembly 5. Collar.
" 2. Spring, return 6. Diaphragm

3. Dibke, contact 7. Body
4. Gasket
Figure 38.
Slack Adjuster Angle. , Figure 39. Stoplight

Switch (Cross-Sectional View).

. When slack adjustér movement
does not give the desired brake
action, adjustment of the push rod
length by altering the location of
the yoke may be necessary. With
brakes released the angle formed
by the push rod and slack adjuster -
must be ‘greater than 90°, figure 38,
and all-slack adjusters should be
set at the same apgle. With the .
brakes “fully applied, after being
adjusted, this angle should still :
be greater than 90°. 1In ‘other words, My
the slack adjuster should not go i
"over center' when the brakes are

1. BODY, VALVE,

applied, figure 38. The position ' 2. SPRING.

on the push rod should be adjusted, : w&n”g?::lw Y
. if necessary, ugtil these conditions . ,bc.,, \(iuv:. )
. prevail. /

100 Figure 40. 4One-Way Check
32 valve (Cross~Sectional View).




' "tdplight Switch « i - : ' w " f

_ . The stoplight switch conlistslgf a die épst body containing a diaphragm -
- and contact disc. Electric contacts and a diaphragm return ‘spring are containéd
" in an insulated cover, figure 39. ; ' | . "
One-Way Check Valve ‘ : B - : i,

The jore-way check valve, figure 40, is used to permit passage of air
pr re through the valve in one direction only as indicated by an arrow
on\i}de of valve. ' '

-

Alir Gage | ‘ .
- -

The purpose of the dash mounted air pressure gage is to register the |
amount of air pressure in the air brake systesa. While air pressure gages ! -
of this type are commercially accurate, they must never be confused with,
or substituted for, test air gages which are intended primarily for accurately
checking air pressure in the air brake systea. ' . _ .
. | \
Only test gages known to be accurate are to bq&ﬁsed for checking brake \i
valve delivery pressure, governor pressure settings and other tests. Test
gages differ from ordinary dash gages in respect to material and workmanship
just as an expensive watch differs from a cheaper one. Due to these dif-
: ferences they are more accurate over entire range and maintain their accuracy
over longer periods. - .o ,
) :

Tubing and Tubing Fittings ' ' ' -

Tubing and tubing fittings connect the differeat air brake devices in ©.
the air brake system.

&

-
1f any evidence is found that a tubing line is restricted, remqve and
blow air through it in both directions. to be sure the passage through the
tubing is not obstructed in any way. _Inspect tubing for partial restrictions
such as may be caused by dents or kinks. Damaged tubing must be replaced,

With the air brake system fully charged, the governor cut out and brakcs
applied, coat all tubing lines and fittings with soapsuds to check for leakage.
No leakage is permissible. Leakage at a tubing fitting is somet imes corrected
by tightening the tubing fitting nut., If this fails to correct the leakage,
replace the tubing fitting, the tubing, or both.

Hose, Hose Assemblies and Hose Counnectors ' P

Hose and hose fittings provide a means of making flexible air connections

' between points on a vehicle which normally change their position in relation
to each other, also for making flexible connections between two vehicles.

All hose assemblies include detachable type hose connectors with spring guards.
Hosq4assemb11es used .to connect the air brake system to another vehicle are
fitced with hose couplings. The two hose lines or hose couplings at the

rear of the tractor-truck are marked by tags identifying them as "gervice"

or "emergency." :

13,
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Hose Couplings'and Dummy Couplings
= _Hose“ couplings provide an easy and convenient method of _c«}mcun;}ndk
disconnecting air lides between g,ﬁicl.o by hand. The design off the hose
couplings 1is such that when two of them are cogpled together pressure is
put on two rubber gaskets, making an air-tight seal.

Dummy couplings are made in two general désigns, some \being fikted with
brackets to permplt them to .be rigidly mounted on the vehicle, while hers
_are fitted witl/a chain attaching them to the vehicle. .The bracket ty
is used when the dummy coupling i to serve .as a fastening for holding hose.
lines when not in use, whereas the chain type is used for blocking off hose
couplings rigidly mounted on.the vehicle as used on the trac¥oretruck. The ¢ -
purpose of the dummy coupling is :o prevent the entrance of dirt or other
foreign matter into the air brake lines when the lines are not being used.

Figure 41. Installing a New Gasket.

”

Figure 42. Pushing Gasket into Place.

Testing Couplings

With the hose couplings codneCdi and brakes applied, coat the hqse
couplings all over with soapsuds te check for -leaKage. There must be np‘leakage.

Leakage is usually caused‘b& worn, daﬁaged; or improperly installed
gaSkEtsi. To gorrect leakage, install new gaskets, figfre 41. '

Remove the old gasket by prying it out with a screwdriver. Before
attempting to install a’new gasket, be sure the groove in the coupling
in which the gasket fits.is thoroughly cleaned, otherwise it will be
impossible to install.a new gasket properly. '

L5
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- apply the hrakes.

. . - S 8 . . o
" To install a new gasket; partislly collapse it with the fingers,
figure 41, and enter one side of the gasket flange in the e in the
coupling. Then use a blunt nosed screwdriver or similar igstrument to
push the gasket into plhce, figure 42. When properly installed, the
exposed face of the gasket should be flat, not cwﬁ,ced or bulged at any

-point. : .

. - . Y
Operation of the Air Brake Equipment *

The reservoirs are charged with air by a cofipressor. The reservoir
air hag access to the inlet valve chamber of the brake 'valve and the inlet
valve is then closed by the tension of its spring and air pressuré.

. . . - Y., ‘ » [

When it is desired to apply the btakéﬁ. foot pressure is applied to

the brake pedal, which action is catqicd,thgpugh the brake rod pulling up

:on the lever of the brake valve. This compresses the spring, deflects the
‘diaphragm downward, and through the medium of the rocker arm closes the

exhaust valve and opens the inlet valve. Air is thereby admitted from the

reservoir to the brake valve, thence out thg two side outlets to the fronmt

and rear brake chambers. The power thus exerted against the brake chamber
diaphragms or pistons forées the push rods out, rotating the camshafts to

In flowing to the rear brake chambers the air pressure passes through
the quick release valve entering at the top, deflecting’the diaphragm and -
its seat to seal the exhaust opening while the air pressure passes around
the diaphragm to the two side connections, each leading to. a brake chamber.

When the pressure built up in the brake chambers and acting against
the brake valve diaphragm is enough to compress the regulating spring, the
diaphragm moves upward, allowing the inlet valve to close by action of its
spring. 7 :

The exhaust valve remains closed by action of the inlet valve spring
and tilting of the focker arm. Further increase of brake chamber pressure
is thus prevented. If, hovwever, there should be leakage from the brake
chambers or piping, while the brake valve lever remains in this position,
the resulting drop in pressure under the brake valvé diaphragm will cause

the regulating spring to again unseat the inlet valve and restore the lost .
. pressure.

_ When the foot is removed from the brake pedal, the brake valve lever
is moved back toward normal position again, which relieves the tension on
the regulating spring so that the diaphragm will be moved upward to its

normal position by brake chamber pressure underneath it. This permits the

exhaust valve to be unseated by its sprimg which opens the brake chamber
line to atmosphere and allows air to exhaust from the brake chamber.

If the brake valve lever s moved all the way back to normal position
and left there (foot entirely removed from brake pedal), the brakes will
entirely release, but if moved only part way back (foot pressure eased).*
the brakes will only partially release, the exhaust valve will remain open
until the brake chamber pressure has reduced to such an-amount as will no
longer hold the diaphragm up, whereupon the regulating gpring will move the

diaphragm with rocker arm downward again and close the exhaust valve.

35
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The brake chamber line to the rear wheels is reledsed only up to the
quick release valve or -relay valve. This allovws the diaphragm to unseat,
-uncovering the exhaust port through which the rear brake chambers are then
exhausted? i ) ’ ' )
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Air-Over-Hydraulic Brake Booster System N
v - // . .

The air-over-hydraulic brake booster system is nothing more than \
hydraulic brakes with an air booster cylinder to step up the hydraulic pressure
in the wheel cylinder _gf ‘the vehicle.. . X %

- : "ai"
| - X- ; .
ALK ADANTER

Air Brake System ' ‘

Figure &B.I Air Hydraulic Booster Cylinder.

Booster Cylinder ' € . \

1

This system requires the addition of a booster cylinder, figure 43,
to the regular hydraulic brake system. - The brakes are applied by a regular .
. master cylinder which exerts pressure on the control valve of the booster.
The booster, in turn, puilds up the applied pressure and sends 1t out to
the wheel cylinders to apply the brakes as shown in figure "44. . NS

The booster cylinder is operated by compressed air and this requires
different accessgries, such as used on the regular air brake system, including:

1. Compressor.y 15 .
)] [

‘2 . Reservoirs.
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Figure 44. ,Ait-Over-—Hydrh/uli'c Braking ‘Systenm.
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pressure and“re not nearly as efficient.

e
s

..3+" Governor.

-4, Safety valve.

5. Air pressure gage. . | | .

6. - Low pressure indicator.

As long as there is air pressure in the reserVOixs, and the system is
in operating condition the hydraulic brakes can be’ appligd with very 1i:tle

- pressure exerted on :he brake pedal.

7/ .
The air hydraulic booster has- a bypass port {n the hydnaulic cylinder

of the booster which makes it possible to apply the brakes even though the
booster does jnot operate. This is merely a gafety device in case the booster
should fail, but in this event, the brakes apply only with master cylinder

)

!
This type of booster can be adopted for use with trailer brakeé by

- extending the lines and adding a few more units.

Advantage of Boosters

Booster brakes have the advantage of givinh more braking effort with

less pedal pressure. Modern passenger cars have started using boosters

(pawer brakes) because of the greater stopping power required as the speed
and weight of automobiles increases. The vacuum brake is generally used ‘
on automobiles as it requires no additional accessories other: than the booster — '

itself.

The air hydraulic booster is in common use on trucks because of the
greater amount of pressure differential that can be developed with compressed
air. It is also easily -adapted for pulling trailers as it has service and ‘ -
emergency line outlets making it possible to use any trailer eduipped with '
air brakes, figure 44.

: , 4
Removal of Boosters ,
\ ’ -

The air hydraulic booster requires only the removal of the hydraulic
lines, air lines and mounting bolts to be taken off the vehicle. Removal
of the booster requires the brakes to be bled after the units have been
reinstalled.
Bleeding Brakes

It is necessary to bleed the brake system whenever air gets in the
l1ines.  Air in the system is indicated by a "spongy" brake pedal which will

become hard as the air is removed. _ _ .

The booster brake system is bled in the same manner as regular hydraulic
brakes with the exceptions that the booster has o be bled first and all
compressed air has to be released from the reservoirs on the air hydraulic 4 .
system to prevent’personal injury resulting §fqp the extreme hydraulic .
pressure created Qx\i?e booster.

N
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QUESTIONS . C - '
1.+ How is the compressor driven?

2. What is the function of the brake chambers?

3. Whi is 1t-n¢¢couary to'adjuat newly inltallcd air govctndr?

< ‘ b. Whylil it necessary to adjust the slack adjusters oflan air brake
system? ‘ : ' - .

5. Why are the soft metals like brass or copper used in lines and
fittings? |

" 6. How are the vnriqus valves of the lysicn checked for operation?
o 7. How are the trailer brakes applied? .
8. Nhﬁ; is the job of the.air ;;pply valve?
c 9. What causes air to enter the cylinder of the compressor?

10. The air compressor is cooled by the engine coolant. Why is it
necessary to periodically inspect or service engine cooling system? .
= |

11. How {0 you determine the working force of a(;ooster?
‘ b
12, What makes it possible to apply the brakes of a booster system if
| the booster is inoperative?
' . 13, Why ig it not a common practice to use a;r-hydraulic bogsters on
passenger cars? _ {
14. VWhen is it necessary to bleed brakes on an air-hydraulic brake

system?

15. What is meant by the term PSI?
16. What is the advantage of the air-hydraulic booster over the
hydrovac?

17. Would there be any moisture in the reservoirs. on an air-hydraulic
brake system when in operatiérf?

18. What brake system on the automotive vehicle is usually a mechanical:
system? ' : :

- S _(n - bs . :

19. What two methods are used to bleed hydraulic booster ‘brakes?

20, What malfunctionsfmay be found in an air brake system if it fails to
pump up air pressure? . ' ' '
' 21. What may be‘the':roublé'in an air brake system if the front brakes
do hot release fast enough? f '

: 39
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t . 32. There are two methods for applying the air brakes on the trlilo:;

what are they? q

‘

23.7 What”?& a full power-brake system?

24. What do we mean by pressure differential in the booster cylinder?

25. What would happen if the -bypass port in the booster cylinder would
not close? » -

- 26, What safety precautions should be observed when troubleshcoting
air-over-hydrailic brakes?

REFERENCES .
- . \ - ., " . |
1. TO 36A-1-76, Principles of Automotive Vehicles.
U 2, ' Applicable Vehicle Technical Publication.
- . Nﬂ

A-h\’




© ' Venicle Maintesance Bradch ‘L T 3ABRA7330-48-603 } 3
‘ Chanute AFB, Illinbis

- ' AIR AND AIR-OVER HYDRAULIC BRAKE SYSTEMS
_ ; _

. ORJECTIVES ) . '

s
I IS

When you have canplct.h the exercises in this WS you will be able to:
Locate, identify, service and adjust air brake system components.
. PROCEDURE
_ This worksheet contains schematic drawvings and diagrams of the air
brake system and components. As the instructor discusses each component, ' -
you will be required to complete statements, ansver questions, and take '
notes in the spaces provided. ' '

1. What is the purpose‘of the compressor?
\ . . ‘ . , | S

2. How is the compressor driven? . '

3. What happens to the air when it leaves the compressor?

4. What is the purpbse of the brake chamber?

5. What does the linkage include?
»

6. -“What is the purpose of the sfﬁck adjuster?

7 7. What is the purpose of the air governor?

A

8. What is the purpose of the unloader valves in thg compressor head?

411(‘)‘ |




. 9. Why are there two reservoirs?

- -

10. What is the purpose of the brake valve?

11. How is the brake valve actuated?

12, What is the purpose of the intake valve on the brake valve?

13, What is the purpose of the exhaust valve on the brake valve?

14, What is the purpose of the quick release valve?

~®
15. Why is it necessary to have a relay valve? . .
16. Does the relay valve incorporate a quick release valve? (YES/NO)
17. Where is the compressor located?

18. Where is the air governor located-on this particular vehicle?

a. Firewall?
. b. Instrument panel.
c¢. Engine. h
1 d. Compressor. .

s )
19. Where are the reservoirs located on this particular vehicle?

: a. Engine compartment.
¥ b. Firewall.
¢. Under side of vehicle,
d, Passenger comparctment.

20. . Where is the qu.ick release valve located?- , .
7 ~
l:-‘ : . : . 7 (“ ’ *
Q , - 42 1 1y
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21, Where is the relay valve 1oca;:cd?

Py LI

22. How many brake chambers on this particular vehicle? (2) (4) (6) (8)

b
»

Bleeder Valves

Hydraulic Slave Cyl.inder. Air Cylinder and
Power Piston

The above illustration is a schematic dréwing of a typical air brake
system, During this lesson your fnstructor will discuss each component.

As the instructor discusses each component, you will be required to
complete statements, answer questions, and take notes. Each page of this
note book contains a miniature diagram of the air brake system with a specific
component magn.fied. Under each component dre provided spaces for notes,

questions, and other information.

At the end of. this lesson you should be able to identify all of the
compenents in the diagram and know its purpose. '
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o
- AIR BRAKE SYSTEM GROUP
= "1, Constant Supply. o ' T )
Purpose: . L, ¥
'
. ' Z ' .

2. Service Supply.

Purpose:
3. Exhaust.

Purposé:

. ‘Y

4. Mechanical. - , . ?

Purpose: ° '

1 ' | *

5. Hoses and Lines. - | .\_

Purpose: : . :

; 5. Fittings and Couplings.
Purpose:
o
A BN
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AIR COMPRESSOR

" T8

NOTES:
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TYPRS:

SERVICE PROCEDURES: b
Y
DRAIN COZK:
)
NOTES:
4
.



AIR SUPPLY VALVE:

-
PURPOSE:

NOTES:

ATIR PRESSURE GAUGE:

PURPOSE:

NOTES:

‘ lo .
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INSTRUCTIONS: Write the namds 6f the units enclosed in the
' circles indicated above in the lines provided.




e e T . . U, LT L ot T T R, .
_ . p

' ' Circle the correct alt.omt..tve to tho mf.-uu belov.

| AN
- 8. The purposs of the brake valve is to
r.lquo dr to the rnorvoir. ' :
- b.
c. ruuhto m nto thl urvict line for bx-dd.u ‘o =

d. relouo |Qtr from t.he service line.

9. The purpose of- the momor is to

a. regulate the air in the brake sorvice line.

b. limit the amount of air used 'in any one brake application.

¢. maintain a predoterliuod auunt of air pressure in t.ho air
reservoirs.

d. reguhto the amount of d.r entorl.ng the conpreasor.

Coiuplato the statements below. .
10. The pui-ﬁs’e of the air compressor is to .

4
A\

11. What is the purpose of the air reservoir saféty' valve?

12. The purpose of the air gauge S to

\.’ 13. The purpose of the air reservoir is to - ,

1);. How is water drained from the air brake system?

15. What is the purpose of the unloading valve?

@ - ' 51
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- never 13”

Centerline of slack adjuster in
"applied" position should never

go over center.-—————s| . :
Appli
Releas

This angle

than 90 .
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BRAKE VALVE (Hand-operated)

PURPOSE:

NOTES:
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PURPOSE:

NOTES:
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21.

22.

23.

25.

Y

)
- . -

26.

The purpose of the quick release valve is to ‘ .
a. release the front wheels quiokly.

"b. release the air to the fromt brake chubcn more quickly.

c. Treleasre exsessive air pressure wvhen the brakes are applied.

d. relsase ths front btreakes whils the vehicle is turning.

-

What is the purpose of the brake chamber?

The relay valve is acmtod by

- hydraulic pressure from the brake valve.
air pressure from the air tanks.

air pressure from the brake valve.

air pressure from the campressor.

poge

What is the purpose &"‘th-'slack adjusters?

-

What is the purpose of the linq.ting/q‘uck release valve?

. X

What is the purpose of the hand-operated brake valve?

What is the purpose of the tractor protector valve?

\L 1
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Yehicle Maintenance Branch ' | . 3ABR&7330-5G-604 /[f;’ig' i
Chanute AFB, Illinois - S . : .
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-

o . . POWER STEERING SYSTEM UNITS r
OBJECTIVES - R - i | E

- _ \
After completing this .unit of instructiom, you will be able to explain

the construction and operating principle$ of power steering systems and to

remove, inspect, repair, replace and adjust the power steering system.

INTRODUCTION .

Heavy wheeled vehicles are hard to steer because large loads on the
tires increase their turning resistance. The average passenger car today
also can make good use of power steering. because the large tires used cause
a. heavy turning resistance; this resistance is very noticeable when parking
or driving away from the curb. This difficulty cannot be overcome satis-
factorily by using a steering gear with a very high reduction ratio because
it would require numerous revolutions of the steering wheel to turn the -
vehicle wheels. Some form of power steering to aid the driver is therefore
desirable. Air steering.is very satisfactory on some heavy vehicles using
air brakes because they have air supply available, but for the average
passenger car and some trucks the hydraulic power steering is favored. Some
manufacturers have been using electrical mechanisms for this- purpose, but
this is not a general practice on motor vehicles.

INFORMATION
HYDRAULIC STEERING SYSTEM -

The term power steering has become well known in the automotive field
since the introduction of hydraulic steering systems on various passenger
cars. While there are variations in the different systems used on the _
different passenger cars, the description of the steering systems used on -
gsome cars will serve, in a general way, to explain how these systems function..

Types of Power Steering Systems

There are three general types of power steering systems, they are
known as: , Ua

INTEGRAL TYPE. Tqﬁs type the power operating-assembly is part of the
steering gear. ' #

SEMI-INTEGRAL. This type the control valve mounts on the steering gear
proper, with the power cylinder on the linkage. . ™

LINKAGE TYPE. This type the powef operating assembly is part oﬁrfﬁ;

steering linkage. ' , ‘ _
The integral type power steering unit is located at the lower end of the ‘J' :

steering column on the steering gear, and is connected by two oil lines to the

hydraulic pump mounted on the gené%ator as shown in figure 45. On. some .

vehicles the hydraulic pump may be a unit by itself and driven by a "V" belt.

B ' 61 , ‘ al&\
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. The pump is of the conventional _
=" “roror type with a relief valve: - - , STRIMS (SatACE
to prevent excessive oil pres- P
sures. The power steering unit
consists of a valve body with
four valves and two cylinders
with pistons, one on éach side
of a piston arm, attached to
the steering shaft. In opera-
tion, the valves direct oil
to the piston that will assist
in making a turn as explained
in the following paragraphs.

\ The semi-integral power
'steering system operates by
‘a hydraulic pump located on
the engine in a position to

permit driving through a "V" {
belt from the fan or engine ’

crankshaft pulley.. The control Figure 45.

valve is mounted with the steering Location of Power-Steering Unit.

gear proper. This valve controls \
the fluid flow to the power cylinder. The power cylinder serves to.convert

the fluid, delivered to it under pressure, into mechanical movement taking
the steering ef fort away from the driver.

The linkage type power Steering system operates cn the same principle : " .

as the integral or the semi-integral, the main difference being the location T

of the hydraulic pump, control valve and power cylinder. The following text

is an explanation of the operation and hydraulic fluid flow through the pcwer

steering system. While there may be minor differences in construction between

the larger and the smaller valves, the principle of operation is the same. (

A valve-operating~block in the valve body is mounted on the lower end

of the steering column. The lower section of the two-piece steering column

is‘mqunted in a spherical bearing to permit the lower section of the steering

column to. pivot slightly in this bearing. This movement permits the steering
- column spur gear (at the extreme lower end of the column) to move several
thousandths of an inch wifq"respect to the spur gear on ‘the worm shaft. When
the steering wheel is turned one way or the other, the resulting torque on .
the spur gears causes the steering column spur gear to climb up and down
(a fraction of an inch) on the worm shaft spur gear. e _ v !

-

Mainteénance . ‘ o ' ‘f , 4

FILLING THE HYDRAULIC 3YSTEM. ' ' "

—

Note: The followiﬁg maintenance instructions apply to the THC gruck

power steering system. It is recommended that the applicable publication LAY
- ) be consulted for the vehjcle being serviced. Not all- power steering ' GJI
systems use SAE 10 motor oil in the hydraulic cteering systems. *
. ’ ‘ —_— ‘
; . D .
‘ A 1) b ) /
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re 1. Fill .teservoir with SAE 10 motér oil to the indicated level and /¢0
. replace the cap.

1

2. Scart engine and idle turning wheels to the full left and right
 three timas. Shu; off engina and rcfill reservoir to indicated level.

3. Continue operation in step 2 until system maintains its proper °
‘indicated o0il level.

-

&
b. Run engine at faster speed and continue turning wheels slowly from

"Pull left to full right and back again for approximately five minutes to check
" for leaks. This will bleed the system of air. Again refill the reservoir
to the indicated level or to 1-1/2" below top of filler neck on reservoir
without dipstick attached to filler cap.

No‘;: The preceding instructions are 1m§ortgnt. _ -
L

N BEL} TENSION: Check and maintain belt tension periodically. Pump belt
tension is obtained by loosening the adjusting screw and moving the pump
‘upward and odtward. The proper belt tension is obtained when the belt can

¢ be depressed approximately.3/8" half-way between the two pulleys. Tighten
pump mounting bolt securely.

QUESTIONS ,
l. What is the difference between the integral and the semi-integral
power steering system? p
2. Where is the power cylinder located on the linkage type power
steering system? ‘

g

3. Where is the val. body located on the linkage type power steering

system?
4. Where’is tHe valve body located on the integral type power\steering
system? .
5. Where is the valve body located on the semi-integral type power
N steering syStep? . '
6. On”the powar . steering system the hydrauiic oil is pumpéd to the

Calve body; how is the pressure contrqlled?

. 7. What are two causes for steerigg resistance on vehicles “without
v power steering? : m.., ‘

¥ ¢

\

8. WOulg a power steeriyg system help reduce kickback on the
, steering wheel Q\d ,
. s 4

REFERENCES S / '

3

1. TO 36A-1-76, Principles of Automotive Vehicles.

Y

2. HC Motor Truck Sefvice Manual.
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. POWER STEERING SYSTEM UNITS / B
OBJECTIVES — .
' . \ .
When you have completed the task lists in this WS you will be able to
service and maintain power steering pumps and cylinders.
1

.
>

EQULPMENT

Pump, Power Steering

Cylinder, Power Steering

Mechanics Handtools
PROCEDURE f ’ R

Complete all tasks outlined in this worksheet, following all steps
carefull; and notifying your instructor of any assistance needed. ~

W

b
-

s
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The purpose of a power steering mm is to provide easier amd
safer steering.

There are three types of power steering assemblies. They get their
names from the manner-in which they are integrated with the mamal

steering system.

The' integral power steering syatam has tha cont.rol valve and
cyli.ndr :Lnto the steeéring gear.

The auni-i.n?_ﬁ pover steering system has the control valve in
the gear an e cylinder connscted in linkage.

The linkage system has both the control valve and the cylinder
comnecte linkage.

JIn all of the above systems, the pump is driven fram the engine or
.from the rear of the gencrator by a belt.

Read the statemsnts below. Determine which statement is correct.
Follow the directions found after the statement you choose.

1. The thrae types of power stee systems are

integral, sand.-integral, and 1 ge. . . Go to Frame 2.
2. The three types of power ‘steering systems are
control valve, cylinder, and pump. . . . . Go to Frame L.
FRAME, 2

The statement you eolocted read: "The three cypes of power steser-
ing systems are integral, semi-i.nt.ggral and linkage."

You are correct.

Go on to Frame 3.

66




FRAME 3.
Your intrynmmld look like this:
2. Types
| a. integral.
b. semi-integral.
¢. linkage.

Hakg any corrections necessary in your notebook, then skip to
Fl'm . ' . ’

FRAME L

You selected the statement listing the comtrol valve, cylinder,
and pump as types of power steering systems.

This is not correct. These items are camponents found in any
power steering system. |

The type of system is determined, not by the components, but by
the manner in which these components are mounted in the system.

*Integral" means, literally, belonging to the while. A power
steering system having the control valve and pump as a part of the
whole steering gear is an integral power steering system.

A system with the control valve as a part of the steering gear
but with the cylinder mounted separately and connected by linkage is
a semi-integral system, '

A linkage system has both the control valve and cylindsr mounted
separately and commected by linkage. ) '

Answer the question below and proceed to the frame indicated after
the answer you choose. "~ :

What are the three types of power steering systems?

a. Intoént »d, separate cbm;octicn, and - -
14nkage.. . « « . + « « 2 o o o s « o o Go to Frame 5.

b, Intogﬁl, semi-integral, and linkage. . Go to Frame 6.

67

1€

. iiiJi L



FRAME S

Tou are still incorrect. The three m of power atoor.l.ng systems

are: integral, semi-integral, and linkage.

Return to Frame L.

o’

FRAME 6
You have selected the correct answer.

Go to Frame 7.

FRAME 7
‘Your entries should look like this:
2. Types.
| a. integral.
b. semi-integral.
c. linkage.

Make the neceasary corrections in your notebook, then ga on to

Frame 8.

/

FMB

Answer the question below and proceed to the frame indicated after

the answer you choose.
What are the components common to all three
ing systems?
a. Integral, semi-integral, and linkage.
b. Control valve, cylinder, and pump.

types .of power steer-

« « 30 to Frame 9.
Go to Frame 10.

N #
Cry
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C oy . 3 \
) L FRAME 9
| Tmmo'swmmmﬁiﬁum%obtmrm-
ing systems. .You were asked to identify the basic components, or
parts, ca-mtouchotthnulylt- |
Go tofFrame 10. |

: FRAME 10 ?r
The basic components ¢ to all powsr steering systems are a
cmtrol uao, cynndnr & pump. .
Notify your Lnatmctor that you m mdy for Part II of this

[

pl‘oject. - \.q 0 |
r
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- ' PART IT: PUMP DISASSEMELY TASK LIST

DIRECTIONS: All steps must be accomplished in the order listed. If ome —_ .
man is working alone he will, of course, accomplish each .
step. If two men work together, one man should acoomplish
the disassembly while the other man reads the steps aloud. -

The man accomplishing the disassembly should then read the
steps while his partmer accomnlishes the reassembly.

Begin with Stap 1 below:

STEP 1. Remove the reservoir filler cap
assembly (Item a in Figure 1).

STEP 2. Loosen reservoir cover mounting
. bolt (Item b in Figure 1) and remove
reservolr cover dssembly .
(Item ¢ in Flgure 1).

STEP 3. Remove the reservoir
cover gasket.

STEP 4. Remove filter element
(Ttem d in Figure 2).
R :

STEP S. Drain oil from the

J"'-\.-'

reservoir. :
' | Figure 1
STEP 6. Remove return stud from the
’ body assembly (Item e in
Figure _2) . ' .d,

STEP 7. Remové
resarvoir to
body mounting -
screws and lock
washers {Item f
in Figure 2).

1

STEP 8. Remove'the rein-
forcement plate
(Item g in Figure 2) and
reservoir.

, Continued on néxt page. _ Figure 2

»
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‘m 11.

the cover froa
the body.

STEP 12. Remove body to
, " cover gasket.

STEP 1). Remove and ds-
- card "O" ring
seal from body
(Item X in
Figure 5).

STEP 1L. Scribe a line
across the imner
and outer rotors
for reassembly

purposes.

STEP 15. Remove the outer
rotor (Item 1 in

Figure 5).

STEP 16. Remove the immer
_, rotor (Item m in
Figure 5).

“-'—'\Gont:u"ﬁ;d on next page.

aggf
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1

_STEP 17. Remove the imer rotor
. drive pin (Item n in
- Mgure §) from shaft.

STEP 18. Remove the bearing

. retaining ring (Item
o in Figure 7) using

‘- ‘ internal snap ring

pliers.

. " STEP 19. Remove shaft (Item D
’ : ~in Figure 7) and
bearing from body.

STEP 20, Press bearing from
shaft.

STEP 21. Remove shaft seal_‘
fram body.

STEP 22. Remove spring re--
tainer cap fitting
(Item q in Figure
7). Discard the
"O" ring seal.

STEP 23. Lift out the flow
control valve

spring.

, STEP 2,.. Tap cover om wooden block Figure 7 . ) | I
to remove the combination :

flow control and relief
valve. :

STEP 25. To remove the pressure relief valve and spring from the flow
" control valve body, place the valye in a vise (use soft jaws)
place h aggpst the relief valve and relieve spring pres-
sure. Remove the refaining ring using internal-snap ring
pliers. Remove relief valve and spring.

STEP 26., Remove the return hose adapter (Item r in Figure 7) from
the body. o

YOU HAVE COMPLETED DISASSEMBLY OF THE PUMP. A | -
_ \ - . .

1¢, @
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DIRECTIONS:

_‘!‘:1;'1
Q

A"

t

PART III: mmmmxmr- o

aupcmtbcaccdpnmduthomrmud. 1t
mm“wrthtllmh-ml, of course, acocmplish
each step. IZ two men work together, e s o dis-
assembled the .pumpPshould read each step alowd and his

. pmrnhmlduco-pnlhmuo-blypmdnm R
: ———— ar
" / .
STEP 1. Phco spr!.nc and relief valve m hho relisf valve bow -
STEP 2. Install the flow comtrol ulvo' into the pump cover.
STEP 3. Install flow control vu],vo spring. . -
STEP L. Install new *0O" ring %ul o nw control valve cap titt.ing h
_ . and install in pump cover.
STE™ S. Replace seal in pump body. - ) ‘ "“- -
STEP 6. Press bearing omto pump shaft untﬂ bearing seats
' sgainst the shoulder on the shaft- inaull the shatt
and bou-:l.nz into pamp body : 1. E I
STEP 7. Install bearing retd.n.iu d.n:ua:l.nz i.ntomlmpring : 'i‘.
’ pliers. .
. . -~ %
. STEP 6. . Install imner rotor drive pin in zrod‘v m shaft.
) STEP 9: Install inner rotor nki.nz sure that the acribo line is . '
facing upward. : ,
STEP 10. Install outer rotor, making sure scribo line 1s.£ac1nz PN r ‘ ¢
_upwu‘d. _ N ' -
STEP 11. After the roters have been nested in the pump body, tooth.
o clearance should be chocked with a feeler gauge as shown
o in Figure 1 (next page). If the clearance exceeds 0.008 i .
: , the rotors should be replaced with a new sst. The '
. fothr end clearance should be checked as shown in Figure ..
2. (next page). The rotors should be replacod if this - o
clearance oxcooda 0. 0025 inch | Yo T
{ .
Continued on next page. o . | : o /‘ ..
/ " . .-'/ . '. "
. 3 - - - B
Y .
o ¢
_ {
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STEP

STEP

STEP
STEP

STEP

Figure 1 _ Figure 2

—_——

N . .
172, Install new "O" ring seal imr body and new body to cover
gaskct. '

13, Position cover on body and attach cover with screws and

1ock washers. Torque assembly screws to 20-25 foot-pounds.

Rotate pupp shaft and check for.freedom of rotatiom.

T

1. ‘Tnstall "O" ring retainer into pump-body.

1. Position four new "O" ring seals on pump body to mount
reservoir. ; '

16. Position reservoir over "O" ring seals and pump body.
17. Place reservoir reinforcing plate inﬂpésition.

18. Secure reservoir and reinforcing plate to body wAith two
gcrews and lock washers.

19. Install pump return stud’into body.
’ ¢ .

'20. Install new {ilter eledent.

t

21. Install new reservolr cover gasket; install cover and
tighten bolt securely. |

-
r

voy HAVE COMPIETED ASSEMBLY OF THE PUMP.
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DIRECTIONS: All steps must be accomplished in the order listed. If one / 7/
' pan is performing this operation he must, .of courss, accamé .
* plish &1l steps. If two men are working together, one should

o~ ) digassemble the cylinder-while the other reads the steps..
. . aloud. ’ (A v - .

Begin with Step 1 below. . S

STEP 1. Drain -fluid by running piston rod from end to end.

| STEP 2. Use a spanner wrench to loosen the cover about 1/8 of a

turn (as shown in Figure 1 below). This w#ill bend out the

L ' staked por'i:j.cm3 of the outer cylinder. The cylinder should
) * then be tapped’3ightly with a mallet in the staked area

, in order to straightem out the threads.

o

Figure 1. " Figure 2.
- STEP, 3. Unscrew and remove cover (ftem a in Figure 2).
STEP L. Remove seal from pistan rod.

- STEP 5. Remove spring retainer and spring.

Continued on the next pagé. ]
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STEP &. Loosen packing from around beéring (Item b in Figure 3) and
remove, c. : B

-

Figure‘j.

STEP 7. Remove bearing (Item c in Figure 3) from cylinder barrel
and piston rod (Item d in Figure 3).

STEP 8. Take hold of the threaded portion of the piston rod and
_ pull out rod, piston, and piston ring assembly.

. Remove piston rings (Item e in Figure L) from the piston
(Item f in Figure k).

Figure U

THTS COMPLETES DISASSEMBLY OF THE CYLINDER

NOTIFY YOUR INSTRUCTOR

R
At
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DIRECTIONS:

T e

PART V: C!I{NDER.ASSBIBL! TASK LIST
A1l steps musi be 'accmplj.ahod in the order listid'balow.'

"If two men are working together, the man who disassembled
. the cylindar should read the steps aloud and his partner -

should accomplish the assembly.

e
(% Begin with Step'l below.

STEP 1.
STEP 2.

STEP 3.
STEP L.
STEP 5.

STEP 6.
STEP 7,
,’
STEP 8.

STEP 9.

Irx)stall piston rings to piston and rod assembly.

With the aid of a piston assembly installer sleeve, insert
the piston rod assembly in barrel.

Slide bearing onto piston rod and into barrel.
Position new packing into barrel and around bearing. /

Install spring with the large diameter next to the b/aa'ri.ng,
making sure it rests in its seat. .

Insert spring retainer into the spring.- ' Ca

With the rod seal thimble positioned on the threaded end of

" the rod and over the wrench flgis, install a new piston rod

seal, making sure the side with the lettering "THIS SIDE
QU™ is started on the rod. :

Install cover and tighten securely with the spammer wrench.
The face of the cover should now be flush with the end of
the ocuter cylinder barrel. '

Stake outer cylirder barrel into a wrench slot with a blunt
nosed tool. Select a point op the cylinder not previtusly
staked, if possible. ' _

YOU HAVE NOW COMPLETED ASSEMBLY OF THE CYLINDER

r
v
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. sehicle Maintenance Branch 3ABR47330-SG-605 // ?/,
Chanute AFB, Illinois = ° : ,

. ' FRAME -ALIGNMENT AND WHEEL BALANCING
@ - omcivis .

_ Aftefﬁcompleting this unit of ingtruction, you will be able to check
b vehicle frame alignment and perform wheel balancing using special shop
' equipment . ‘

INTRODUCTION

The imporfange of wheel alignment, wheel balance and body-frame
straightening in the automotive field cannot be minimized. Its proper
understanding by service men is essential if motorists are to congerve
costly tires and prolong the life of their automobiles. No other phase of
automotive operation when neglected can be so costly or so dangerous to the
owner of a ‘car or truck,

INFORMATION

Every wheel alignment mechanic |should know how to accurately check
alignment of the frame and should hJVc a thorough knowledge of how frama
misalignment directly affects wheel and steering alignment. The procedures
for checking vehicle frame alignment and performing wheel balancing are
contairned in Programmed Text 3ABR47330-PT-605. Study this information and

_.-4llustrations_ carefully and bgﬁdble to answer the questions therein.

i
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Chanutz AFB, Illinois \

. - Yehicle Maintenance Branch ) 3JABR47330-SG-606 //;;’ ;

STEERING FACTORS, SPRINGS AND SHOCK ABSORBERS -

CBJECTIVES

~ After completing this untt of Instruction, you will better understand
vehicle steering factors and the purpose of springs and shock absorbers.

INTRODUCTION - | e

The front-end asseﬁbly of the modern motor vehicle is one of the'moét
remarkable engineering accomplishments on.the entire vehicle. It is a
system of interrelated angles of axles or other suspension, wheels and ther
chassis parts to permit ease of steering, greater safety and to prevent .

. abnormal and wasteful wear of tires and suspension parts. In wheeled vehicles

the suspension must provide for absorption of road shocks, allow the driver
to steer the vehicle, and be efficient over a wide range of speed and load -
conditions. The keeping of the suspension system in top condition at all
times is of utmost importance 'for the safe and efficient opération of the
automotive vehicle. . « * .

: . .

INFORMATION

*
Information relative to steering factors, sprirgs and shock absorbers

is contained in Programmed Text 3ABR47330-PT~606. Study this information
and illustrations carefully and be able to answer the questions therein.

" —
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Vehicle Maintenance Branch - ' 3ABR47330-SG-607 //T;Qﬁ;

Chanute AFB, 'Illinois

. . * SERVICE AND ADJUSTMENT

* 3? BEAM-TYPE FRONT AXLE SUSPENSION SYSTEM

L

OBJECIIVES .

After completing this unit of instruction, you will be able to remove,
inspect, repair or replace, install, and adjust conventional front axle
steering system units. '

-

INTRODUCTION

Automotive vehicles use various types of fromt suspension systems:
Although these .suspensions will differ in desigr, they must provide for
up and down movement of the wheels, plus allowirg wheels' to swing at various
angles to the vehicle frame for ’steering. In order to permit the front wheels
to swing to one side or the other, each wheel is supported on a spindle which
is a part of a steering knuckle. The steering knuckle is then supported,
through a kingpin, by the front axle beam or by a steering knuckle support.

INFORMATION

FRONT AXLE 7”/

The axle on the conventional type steering system is of the I-beam type.
This axle must not be bent or sprung in any way during vehicle operation.
A bent axle will cause difficult steering and excessive tire wear. Conventional
front axles are sometimes known as "dead" or I-beam axles, figures 46 and 47.
"Dead" axles are so named because they have no driving power. Front axles
that have driving power are known as ''live" axles. However, both types of
axles are equipped with a steering system which must be maintained, figure 46. °

Steeridg-System Components
. .

STEERING KNUCKLE. A typical steering knuckle is illustrated in
figure 47. It is attached to the axle by a kingpin and bushings. In the
ball joint suspension used by some of the modern passenger cars the kingpins
are omitted. Excessive wear at the kingpins requires the installation of
new kingpins, bushings, or bearings. In live front axles the wear may be
ad“usted by removing shims next to the taper roller bearing. The bearing
must be lubricated as required. ¢

The front wheel is attached to the spindle of the steering knuckle.
Excessive wear im the front wheel bearings will also cause improper steering.

The-front wheel bearing must be adjusted as recommended by the manufacturer
of the vehicle.

~ 'STEERING KNUCKLE ARM. A steering knuckle arm is bolted and keyed to
ecach steering knuckle or to the brake backing plate which,” in turn, is
attached to the steering knuckle. A two-bolt attaching arrangement is often
used to reduce localization of stress. Very little trouble is encountered
with the steering knuckle arms. Bent steering knuckle arms should be replaced,
since it is almost impossible to align them in their original position. '

83
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STEERING WHEEL

N

STEERING con.uq\ ‘

y/
f STEERING GEAR
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. GEAR |
‘"fgﬁ“LE | PITMAN ARM
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Figure 46. A Conventional Type Steering System.

Figure 47. A Typic

Steering Knuckle.
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TIE ROD. The stee-ing knuckle ' / 77

arms are interconnected by a tie
rod. The ends of a tie rod for

most passenger cars and light
trucks are fitted with tie rod

ends of the type shown in fig- A
ure 48. Heavier vehicles usually
are equipped with tie rod ends
'similar to those shown in fig-

ure "49. The tie rod ends are .
threaded to the tie rod so that

the tie rod can be lengthened or
shortened to adjust the front wheel
toe-in. Some steering systems,
especially the independent type -
suspension, are equipped with two
tie rods. The tie rod ends should’
be lubricated as recommended by Figure 48.

the lubrication chart pertinent A Light Duty Tie Rod End.
to vehicle In use. . -

LUBRICANT
FATTING

YOKE

YORE BOLT THREADS FOR
20JUSTING TOE-IN

%
Yo cLaMP sOLT

TE ROO

YOKE-BOLT NUT

Figure 49. A Heavy Duty Tie Rod and Ends.

DRAG LINK. The drag link is simiiar to a tie rod and conpects the
pitman arm w{th the steering knuckle awgm, The ends of a drag link are simiiar
in construction to tie rod ends. Parallel arm suspension, in most cases, does
not make use of a drag link. The ball and socket joints in a drag link may
be adjusted.to compensate for wear, figure 50. Some drag link ends are like
the tie-rod end in figure 48 and cannot be adjusted. The drag link ends should
" be lubricated in accordafice with the lubrication chart.

L 2N .

STEERINC GEAR ARM. The steering gear arm, commonly referred to as the
pitman arm, connects the steering gear cross shaft with the steering drag
link. It is fastened to the splined end of the cross shaft by a nut. No
particular maintenance is required of this unit. However, the nut should
always be tight. : '

A



Figure 50. Drag Link - Disassembled View.

3

STEERING ALIGNMENT. Steering wlignment, as referred to in the automotive
field today, may be defined as a system of interrelated angles of the axles,
wheels, and other chassis parts, to permit ease af steering, greater safety
and to prevent abnormal and excessive wear of tires and front end parts.

The main purpose of steering alignment is to make the four wheels roll
without scuffing, dragging, or slipping under all road operating conditions.
This gives gredter safety in driving, easier steering, longer tire wear and
less strain on the parts that make up the front end of the vehicle.

Correct steering alignment is obtained through interrelated angles.
Thus, any service of this type includes a complete inspection of the chassis,
wheels and steering linkage. Misalignment of one may distort others. Modern
methods and equipment make it possible to check each steering angle, irrespec-
tive of others, quickly and accurately. » :

All settings, when once established by the manufacturers, should be
rigidly complied with. Any changes due to wear, acclidents, strain, etc,
must be corrected to the original specifications. Nearly all of the steering
angles’ are engineered within a degree or two, or even fractions of*a degree.
_That is why they are so easily disturbed by loose bearings, weak ot broken
springs.
’ L]

. For this reason, periodic steering aligoment ingpections followed by
whatever corrective steps necessary, result in a tremendous saving of tires
and monav. ' o

4
L
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If camber is wrong on & comventional steering system and nothihg can be 29
fsund worn or loose, the axle could be sprung and would have to be corrected . 5’
by bending. . o y ) 2

Caster is adfﬁsted by the use of shims between the springs and the
axle, but it could also be that the "U" bolts are loose and not holding the -
‘ axle in alignment with the springs, or the 9prings could pe weak.

-

. . . »
\

dlossarf of Terms ‘

Following is a glossary of terms that are used throughout this course
- nf instruction. . s '

Camber. Ihe@iﬁward-or outward tilt of the wheel .at the top.

Camber Rolil. An inherent characteristic of certain independent front
suspension vehicles to momentarily change the front wheel camber angle under
certain driving conditions. : ' ‘ - ‘

1 * ) . . . - N
Camber Wear. Wear on one side of the tire tread caused by the tire tread
running at an angle to the road surface.

Caster. The backward or forward tilt of thé~steering knuckle pivot pins.

Center of Gravity. An imaginary point about which the vehicle's wdight is
balanced. ’ )

Cornering Force. The side siippage force generated between the tire and
_ pavement when rounding a turn.

M — . . .
. . Cornering Wear. An abrasive type of tire 4ear caused by ®ornering force.

Curb Weight. The net weight of a vehicle incluging a full supply of fuel, oil |
and water. . n

Distortion. A twisting or twisted condition.

Frequency. The number of oscillations, vibrations. c¢vcles, or changes in
direction in a unit of time.

_ Front Suspension. A series oI linxkages by which the front wheels are attached
- to the frame used to support the -front end of the vehicle and keep the front
wheels in proper alignment (Independent Front Suspension).

Kingpin Inclination. The amount in degrees the upper end of the kingpin or
knuckle pin is tilted inward toward the center of the vehicle. N

Knuckle. A movable joing, of which 'the front wheel spindle is a part, which
can be turned to left‘'or right to steer the car on its desired course. .

Knuckle Pin. A steel pin that attaches the 'steering xnuckle to the vertica:
support or axle, around which the knuckle can pivot.

Knuckle Support. That part wnich connects the outer ends oI the upper anli .
lower suspension_support arms and to which the steering knuckle is arttached.

A
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Leverage. The mechanical_adﬁahtage gained by the use of a lever.

. -
o -~

Pitman Arm (Steering Gear Afm). The arm or lever which transmits the
. rotating force of* the steering gear cross shaft to the lateral movement of

the steering connecting rod or drag link.
Pull (L eaa). The tendency of a vehicle to pull or lead to the right or left
cf the nAghwav ' .

Radius. The distance irom the center of rotation to the arc or circumference
of the circle made by the rotation. '
e~

Road Shock (Wheel Fnght of Steerlng Kick). A shock movement or kick
. transmitted to the steering wheel through the steering linkage caused by

irregularities in the road surface or a faulty steering system.
Scrub Radius. The distance between the intersection <¢f an imaginary center-
line of the steering knuckle pin and the centerline of a tire on the road.

Shim. A spacer to adjust and maintain the distance between two parts.

Shimmv (Wobble). A rapid series of oscillations of the steering knuckle,
wheel and tire assembly abcut the steering knuckle pin.

-~ Stabilizer. A torsional bar and linkage to eliminate sway and decrease the
' side rolling tendency of the car from the body. .

Support Arms. The horizontal arms -of the firont suspension by which the front
wheels are attached to the frame used to support the .frant end of the vehicie,

se-ln=Toe-Out. The difference in, distance petween the f{ront tires at the
extreme front and the extreme rear at .spindle Helght wnen the wheels are in
the straight-ahead position.

"

: Tee-0ut on Turns. The differente in turning radius of the twe front wheels
when maxirig a turn to left or right.

Torque.. A force. that tends teo produce a rotating or turning motion,
. Tramp. The action of a wheel te jump or hop up and down.

Unsprung Weight. The weight of that part of a vehicle that is not supported
by the springs. '

QUESTIONS

.. What is an I-beam type of front axle?

[

]

What would be the results of a Spyfné front axle?

3. What procedure should be used for &orrecting a bent steering
knuckie ' y
' 7 : - » g
4. Figure &7 show$ a leckpin. What does this pin lock?
* AL
. 88
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« 5. Why are some front axles known as "dead" axles and some "live'

axies?

. - . ; o
s, ® The pitman arm is’connected between two .other parts. What are
they.? ) '—' ) I ™ - - ’ ;

- . - £ om .
r Y g .
whd

What is the purpose of the\h}e rod?

. 8. What is the purpose for a rod having left threads on one end and
right thr2ads on the other?

-

7. ‘fhat is the difference between heavy dutv tie rod ends and light
guty? ,

10. What is the purpose for steering alignment?

;é. The tie rod ends are connected to what two parts’

il How do yod change camber on the conventional front axle?

23 If caster is wrong on the conventional axle., how would you Zaange

Tl what steering factor would badly worn kxingpins and bushings change’

what steering factors would loose wheel bearings change?

A 1f toe-out on turns is wrong, what part of the steering system should
> changed’ '

i7. what is unsprung weight?

Ry What is curb weight? '

29, What is positive camber?

‘What is negative caster?

S
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N . .
L * *GERVICE AND \ADJUSTMENT - o .
=y N . . OF INDEPENDENT SUSPENSION SYSTEMS . )

- |
. OBJECTIVES
L After cémpletiné'Ehis unit of instcuction, you will be able to inspect, ° ..
~ ° repair or replace, iustall and adjust independent suspension steering system
A . units. : 1 : !

INTRODUCTION

-—

A - Most modern automobiles now use some type of independent front suspension.
This means that each front wheel is independently supported. There -are
’ N several different designs of front suspensions in present use.’ Each vehicle
manufacturer uses his own type so always refer to the manufacturer's manual
g;\mfo; specific information about these. '
: <l N FORMATION

o _ OPERATION AND ADJUSTMENT

Due to greater flexibilitly, new type suspension systems are easily
knocked or jarred cat of proper alignment. In addition, they are subject to
far greater strains in driving than were earlier models. Think of the extra
wear and stresses resulting from impacts.at.high speeds, sudden application
of brdkes, skidding and swerving. It {s litiée wonder that even under average
driving conditions steering alignment angles.become disturbed resulting in
costly tire wear and hard steering. -

-

o

Checking Vehicle ! . .

Checking a vehicle equipped with any of the various types of independent
suspension units does not differ materially from that ofy the conventional
axle designs except where reference is made to the act check of the axle
itself. All tests should be made with the vehicle in ar level position.

It is important that the venicle is at “curb weight, with no passenger
. load, but with spare tire and with normal supply of water, fuel, and oil.
- The parallel arm type of independent wheel suspension consists of a set or
. arms supported through a coil spring and dampened by snock absorbers.

The cprrections of camber and caster are pefformed_through the adjustment
of the component arms and levers. There are several vehicles that use this
type, all the same in principle, but differing in construction and adjustment
procedures. -

Wheel Mounting 7 R
If one of two wheels mounted at opposice'ehds of a rigid axle receives
‘a jar-or jolt, the whole suspension system, including the axle is affected.
This méans that a large unSprung weight is set in motion which results in

.t
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poor riding qualities. When a wneel hits an obstruction, the force of the

impact is directly proportional to.the unsprung: ‘weight which it carries, ] T .

The force of the impact pl@pes a strain on the wheel, axle, sprxﬁgs, steering
mechanism, etc, and has d drstructive effect on the road. kenCu, 1z i{s highly'
desirabpliz to reduce the unsprung weight as much as'possible.

-t W1*H ihdependent suspension the wheels cf a'motor vehicle are individwally
supperted so that each wheel Lunctlons independently Bf the others. The_
tullOWlnb are the most important features of 1ndepend¢nt suspension: When
ond wheel passes over an obstructidn, the shock is not transmitted to the ' .
opgosite wheel, thereby aiding steering and reducing chassis dlstortlon,
th¢ unsprung weight is reduced  to a oipimum and is confined to the w21ght
of "™Ma¢ wheel itself and does not include the axle, springs, and steering

- w

"linkage, therqu improving r-ilng qualities. -

Figure 31. Ball Joint Suspension Figure 52. Ball Joint Suspension
Lpper and Lower Control Arms. . Shock Absorber and Coil Spring.

Parallel Arm Suspension System -
. . , * - £
The paraljel arm suspension is tHe most commonly uSed of the several
independent wheel suspension types'manufactured figures 51 and 52, The';
upper and lower control’ arms are pivoted to the frame in an approximately |
paraliel positiomr. “The steering kriuckle support is mounted betwben the ends
of these triangular shaped control arms® The inner ends of the upper control
arm are attached to the frame by a’/control arm shaft and bushings, figure 51.
*The inner ends of the lower control arm are pivoted on a shaft having bearings
(bushings) at each end of the shaft and supported by brackets bolted to the
.bottom or the f{rame cross member. Shock'absorbers used are usually eéirect..
acting, mourted inside of the coil spring, figure 52, or on the contftol arm

outside of the coil spring. Regardless of dmountings the shock absorbers must : .

be insgected for proper upératlon because they have a lot to do with good
steering and riding qualities. . : : -

H
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" The control arms allow the
*» - - -steering knuckle and whgael to f
move vettically. The lower control
— arm is longer thah, the upper one
*to.maintaily the distance detveeam -
| .o~ the tires vhere they inest meet
. ' the roadway and-to prayvent side
Wslip frolm unduly scuffing and
- weéaring the tires. Ball pivots —
_ . - are provided at.both.ends of the
* stee(lng knuckle and.shils are
. usually ysed on the wupper c¢ontrol
- arm so the inclinatioh of the
steering.knuckle pivot can be
adjusted, figures 53 and‘5a.

Coil springs are mounted
between sheet metal ¢ups riveted
to the lower control arms and cups
provided in the frame front ‘cross
dfember, Tigute 52.

R RuBBé% bumpers are mounted . %\Figure 53 Caster Adjustmént. - 2 ¢
on the outer end of the front cross . ' ‘
member or on the congrol arms to preveng metal to metal conteet as the coil
spring compresses and rebounds, figure ?3& i

E '\ﬁ -
Figure 54. Adging or Removing Shims.

Adjustment Procedures for Caster, Camber‘.nd Toe41n ‘ N

Due to the difference in design of mOtor icles the manufacturer
may use a different system for adjusting, - unting and maintaining st
system. Regardless of design the alig t principles are the dame. For
example, some motor vehicles use eccentric (off center) bushings to adjust )
- camber and caster, and on some adjustments are made on the lower control arm
and on others the upper The vehicle referred to in this study guide uses
/ shims for this adjustment, located on the upper control arm, figure 4. =T
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Caster can be adjusted by repoving shims at one side of the cross shaft
and replacing shims at the other, figures 53 and 54. This tilts the top of
the steering knuckle support forward or backward, changing the caster ‘angle.
When making this caster adjustment it will be neceésary to loosen the bolts
holding the shims and upper control arm against the frame. After this
adjustment has been made special care must be taken to See that these bolts’
are tightened to correct specifications.

Camber may be adjusted by using the same procedure as explained for
adjusting ''caster.” However care must be taken that the same amount and size
of shims are taken from both shim packs or the” caster will be changed. Again
vou must make sure that the bolts are ‘tightened to sPeCLflcaclons and both-
camber and caster is .measured as a final- checx.

4

The adjustment of toé~in is made by turning the tie rods. These tile
rods have left-hand threads on one end and right-hand threads on the other.
This causes the tie rod to lengthen when turned one direction and shorten
when turned the other. To adjust toe-in you must position the steering wheel
in the certer position and then turn both tie rods until the front wheels are
straight ahead. Then without disturbing the: steering wheel, it will be
necessary to turn both tie rods an equal amount until the toe-in is correct
and equal at each wheel. . _ .

Removal and Replacement

Since each front wheel moves independently of the other in this system,
vou will find that the procedure for the removal and replacement of the parts
are different from those used for removing and replacing the parts used on a
rlgld tvpe axle . . .

« Special tools are requz&ed to remove and replace the upper and lower
control arms, bushings (bearings) and springs. If there is any problem
. abour this procedure askK your 1nstructcr,what steps to take.
. -
All seals should be rerewed at time of reassembly since mud and dirt
getring into the'moving pivots scon cause them to- wear rapidly causing faulty
steering. ' * - :

. -
.
[}

Different manufacturers may use slfghtly different designs of 1ncependent

suspension but a litrle time spent studying the proper publication wlll guide

you through the removal and replacement of these units/ -
R Yy
QUESTEQL: R h
~
1. There are two definite reasons for pivot pin inclination. What.are

these two Teasons? ‘

. i .
2. All wheel allgnment testa should be-made with the vehlcle in. a

desired.position. What Is this 9051 ion? WHV should the vehicle be placed

in thiahgﬁxarlon? « .
3. when ad justing wheel alignment factors the vehicle should be a

desired weight. What is this desired weight? Why is this necessary?

;) !" .
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*. parallel arm type of.

frage. What is the purpose fer :hege’shims?

LY

&

4,

-
-

o

How is .&he a
in
‘Shims aYe usually used between the upper control arm and the

a

6. .Figure 51
pur.ose for these T
Toe-in 1

-

/s

ste
What type of
what Jdo we mean by the term

3

3.
system?
10.
i1. Bolts holding these control arms should b
specifications. Where are these specifications found®
12. What could cause hard steering? _
13. what could cause a vehicle to wander?
14, What cculd cause the vehicle to pull to one side during normal
driving? “
v / »
e 15. What may ctause fFont wheel shimmv at low speeds?
16. Caster can be adfusted by removing or replacing shims on the upper .
control arm. What does is do? :
- s \ - 4 . = - I}
7. How would you check a shock absnrber to cdeternime if 1t 1S 1D
satisfactory condition?
‘ 156. How would you increase or decrease caster ob this independent C e
suspension system’ ' .
\% . 19. Does front wheel pearings have anything to do with wheel alignment’
. - 'w'h‘;'? .
- 20. How many tie rods are there to adjust when making a toe-in
’
’ adiustment’
A — . Al' . i . . B
21. If eamber measured correctly and rivot pin measured wrong, whnat
i corréction should be made?
v '
- ‘. g n .
REFERENCES ‘ $ )
) | ; e . -
1. Bear Wheel Alignment, AxIb\and Frame Straightening Service Manual
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2 19 16A~1-76, Principles of Autcumotive Vehicles.
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dfustment of camber and cagfgr performed on
’ a
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ubber bumpersyi

what type shock absorbers are used in this st

Vi

the

-

I

aependent wheel suspension?
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1 4
v,

shows two compression rubber bumpers. what is the
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what position should the.

i

s adiusted by the tie rods.
springs does the independent “suspensicn-systen use”’
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eting wheel be in when adjusting tce-in?
'independent suspension’ steering
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HYDRAULIC PRINCIPLES AND PRINCIPLES OF
OPERATION OF DRUM AND DISC TYPE BRAKES

OBJECTIVES

After completing this unit of instruction, you will be able to
explain the principles of hydraulics and principles of operacion
of drum and disc type brakes.

INTRODUCTION

The safety of a modera automotive vehicle and its cargo or towed
load depends more often on the proper operation .of the brakes than
on any other unit except that of the steering gear. Not only must
the brakes be able to stop the vehicle, they must bring it to a
stop within certain and very definite limits of space. The brakes
must be ablé to do this within one-eighth or one-sixth of the time
it takes the engine to develop the speed. Besides being-efficient,
the brakes must be reliable against mechanical failure, weather of
all types, dirt, grit, and grease. Tﬁby mist operate easily and
within a wide margin of safety. Brakes must be long-lasting and
tough. They must be wade so that braking force, when applied, will
be uniform. :

INFORMATION
HYDRAULIC PRINCIPLES

Before we discuss power steering and power brakes, it is necessary
to understand and review the principles of hy?raulics

Liquids Cannot Be Compressed s

This rule simply says that applying pressure to liquids wilil
not reduce the volume of the liquid.

*

-

Motion Can Be Transmitted By Liquids

Figure 1 shows two pistons in a cylinder, with a liquid separating
them. If piston A is moved to the right, piston B will be moved to
the right the same ‘distance. This is due to the rule stated in the
preceding paragraph. Two cylinders of the same diameter are connected
by a tube, as showmn in figure 2, and one pistdbn is in each cylinder..
1f the space between the two pistons is completely filled with
l1iquid, then a movement of piston A to the right will cause corres-
ponding movement of piston B to the right, with the liquid flowing
through the tube.

Pressure in a closed system, in pounds per square inch (PSI),
is the appling force divided by the area of the applying piston.
In figure 3, a 100-pound force on a piston of one square inch will

1

/70



Figure 1. Liquids Cannot ke
Compressed.
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~» Figure 2. Liquids Canmot be
Compresgsed.

50 (S,
PER 5OQ. IN

1 3Q. INCH 2 S. ICHES
PMISTON AREA PISTON AREA

Figure 3. Pressure-Force-Area.

produce a pressure in the liquid of 100 psi. If the same force
(100 pounds) is applied to a piston of two square inches in area,
the resulting hydraulic pressure will be 50 psi. The formula for
this relationship is

Force in pounds
Area in square inches”

F .
— P = X Or pressure in pounds per square incb

L
A liquid under presuure transmits pressure equally in all direc~-

tions. A pressure gauge placed anywhere in a closed hydraulic system
will read the same at any point, as shown in figure 4.

9 2 2 Oy
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Figure 4. Equal Pressure
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Fizure 5. Force Jutput. o

Force developaed on an output piston is the pressure in the
system times the arza of the output*piston. Figure 5 shows a 10Q-pound
force on 1 square inch piston developing 100 psi in a closed system.
On piston A 1/2 sqyare inch, a force of 50 pounds, will be developed.
On piston B of 1 syguare inch area, 100 pounds force will be developed.
On piston C of 2 square inches, 200 pounds force will be developed.

The above rules for hydraulic circuits govern the properties of -
‘011 under pressure. In order for power steering and power brakes to
operate, several basic items are required. These items will be covered
in principles of operation of drum and disc type brakes.

PRINCIPLES OF OPERATION OF DRUM AND DISC TYPE BRAKES

Now that wy have reviewed and understand the principles of

hydraulics, let:s look at the operations of the dyum and disc type
brake systems, '

‘ When the prakes are fully released, the master cylinder piston
. . is held againg: the retaining ring; and the primary cups are held just




Figure 6. Rear Line Failure.
. *

]

clear of the coppensating ports by the mastar cylinder springs. The
pressure chasbers ars filled with fluid at atmospharic pressure due
to the open compensating ports and the flexible reservoir diaphragm.

When the brake pedal is deprassed to apply the brakcn.'thc Pulh?
rod forces the master cylinder piston and primary cups forward. As

this movement starts, the lips of the primary cups cover the compensa- .-

ting ports to prevent escape of fluid into the reservoirs. Continued
movement of the piston builds pressure in the pressure chambers and
£luid is then forced through the lines leading to the wheel cylinders.
Fluid forced into the wheel cyiinders between the cups and pistons
cause the pistons and connecting links to move outward and force the
brake shoes into contact with the drum.

On disc type brakes of the single piston mechanisa, hydraulic
pressure acts on two gsurfaces.

The first, and mosj obvious, is the piston. The gecond is in the
opposite diréction against the bottom of the bore of the caliper
housing. Since the area of the piston and bottom of the caliper
boye are equal, equal forces are developed.

Hydraulic force in the caliper bore is exerted against the
piston which is transmitted to the inner brake shoe and lining assembly
and the inner surface of the disc. This tends to pull the caliper
assembly inboard, sliding on the four rubber bushings. The outer
lining, which rests on the caliper housing, then applias a force on
the outer surface of the disc and toge:zher the two linings brake the
car. Since an equal hydraulic force is applied both to the caliper
housing and the piston, the force created c<gainst the outer surface
of the disc is the same as to the inner. Since there are equal forces
on the linings, no flexing or distortionm of the disc occurs regardless
of the severity or length of application and lining wear will tend to
be equal.

Now that we understand the operation of the drum and disc type
brake system, let's take a look at the different components that make
up the brake systems.

~@



Figure 7. Front Line Failure.

Master 6y11nder

L -~
4

The master cylinder is'pedal operated and applies the .brakes
at all four wheels Wwith equalized pressure. The master cylinder,
connecting lines, and wheel cylinders, are filled with special
hydraulic fluid which is forced through the system by the movement
of the master cylinder piston. The master .cylinders used today have
split reservoirs. This mears that the front and rear brakes are
separated from each other by the design of the master cylinder.
Refer to figures 0 and 7. .

The master cylinder contains two fluid reservoirs and two
cyiindrical pressure chambers in which force, -applied to the brake
pedal, is transmitted to the fluid which actuates the brake shoes

‘or brake disc. Breather ports and compensdting ports permit passage

of fluid between each pressure chamber and its fluid reservoir
during certai: operating conditions. ,A vent cover and flexible
rmbber diaphragm, at the top of the master cylinder reservoir, seals
the hydraulic system from possible entrance of contamination, while
at the same time permitting expansioh or contraction of fluid within
the reservoirs without direct ventipg. T .

In the pressure chambers, coiifspfings hold rubber primary.

" cups against’ the end of the piston, These cups, and rubber seccrdary

seals on the opposite end of the piston, prevent escape of fluid past
the pistons. The piston is retained in the cylinder by a stop plate.
A rubber boot is installed over this end of the cylinder to prevent
foreign matter getting into the system. Refer to figure 8.

Stroking or pushing the brake pedal causes the primary pistons [in
the main cylinder to move forward. At the same time a combination of
hydraulic pressure and force of the primary piston spring moves the
secondary piston forward. When the pistons have moved forward so
that their primary cups cover the compensating holes, hydraulic
pressuyre is built up and transmitted to the wheels. ’

2
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Figure 3. Master Cylinder. . |
e .

when the brake pedal 1is released thesmaster cylinder pistons
move rearward and hydraulic pressure on the system is released.

Wheel Cylinder .
Each wheel cylinder, as shown in figure. 9, contains two pistons

dnd two rubber cups which are held in contact with the piston by a

central coil spring (sometimes' with cup expanders to provide a fluid-

tight seal).  The wheel .cylinder cups are of la-special heat resisting

rubber. Cups of. this material must have an expander to hold the lips g
of the cup out against the wheel cylinder bore. These cup expanders
are crimped on each end df the wheel cylinder spring. The inlet

port for brake fluid 18" located between the pistons so that when fluid
pressure is applied, both pistbns move outward toward the ends of
wheel cylinder. The piston imparts movement to the brake shoes by
mdeans of connecting links which seat in the piston and bear against
the-shoes. Rubber boots enclose both’ends, of chéiqylinder.to prevent
. forei'gn matter from getting into the cystem. A valve for bleeding

the brake lines and wheel cylinder is located above the inlet port.

Disc-Rotor Assembly

’

The purpose of the disc is to provide the frictional- surfaces ]
required to stop the vehicle. The cast iron disc is of the ventilated : B Y
rotor- type incorporating fins and is attached to and rotates with - . -
the' wheel hub. A splash shield boltéd td the spindle is used ) _

) 6 "
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s.. Figure 9. Typical Wheel Cylinder.
primarily to prevent road contaminants from contacting the inboard

rotor and lining surfaces. The wheel provides protection for the
outboard surface.of the rotor.

Caliper-Fixed and -Floatinyg

The caliper provides a means of applying the shoe and lining
assemblies to the disc. It is connected to the system by a hydraulic
line. It is mounted to the support plate by two housing retainer

" bolts, two sleeves and four rubber bushings. An inner caliper
rubber bushing is installed between each sleeve and groove in the
housing, and an outer caliper rubber bushing is installed between

\ each bolt and groove in the housing. Shoe and lining assemblies ,
are positioned on the caliper so they straddle the disc.

| P

The fixed caliper disc brake is called "fixed" caliper type
because the.cdmplete caliper assembly is rigidly bolted to the steering
wheel spindle. The caliper assembly consists of two caliper halves
bolted together. Each half has a pair of pistons, Internal passages
in the caliper housing and an external transfer tube between the two
caliper halves hydraulically connect the cylinders. Each caiiper

assembly has one bleeder screw and fluid inlet fitting. Refer to
figure 10.
s ' Shoes and lining assemblies are located betwee- parallel

machined abutments within the caliper. Tabs on the outer ends oi the
shoe assemblies radially support the shoes. The shoes slide axially

in the caliper abutments by means of the tabs, which ride on v
machined ledges (bridges) when hydraulic pressure is applied tc

the pistons. The shoes thus squeeze against the rotor to stop the

wheel. Clipe attached to the top ‘of the caliper retain the shoe

and lining assemblies. The lining is either riveted or ‘bonded to 3

metal plate (shoe). It is replaced as a unit.
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Figure 11, Floating Caliper.

_The "floating" caliper disc brake, figure 11, functions“much
differently than the fixed type. TRe floating caliper consists of
a one-piece housing, not a two-piece assembly. It is not bolted to
the wheel spindle but is free to move inboard and outboard (float)
parallel to the spindle axle, as the brakes are applied and released.
Only one piston is used instead of fout. . '

The one-piece caliper housing slides in and out a fractiom of an
inch on two caliper locating pins that screw into ears on the claiper
* housing, and pass through insulators ficted into holes in the anchor
plate. The anchor plate bolts to~the wheel spindle. Stabilizers control
i -the caliper's position in relation to the rotor. The stabilizers are
' fastened to the caliper by the caliper locating pins and to the anchor

plate by two cap screws.

The single . piston fits into a bore in the inner portion of the

. caliper. The inner brake shoe and lining assembly fits against the
/ piston and has ears on the outer ends that rest on the anchor plate
bosses. Two hold-down clips, bolted to the anchor plate, hold the

K
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\ shoe in position. ‘The outer shoe and lining,-which is longer, attacﬁés / qg'

to the outer legg of the caliper.

The floating caliper brake works like a "G" clamp. When the

brakes are applies, hydraulic pressure forces the piston outward,

. moving the inboard shoe and lining into ccntact with the rotor. -
No appreciable braking effect occurs, however, until more hydraulic
fluid enters behind the piston. It does not exert greater pressure
force on the piston, but because the caliper can "fioat," the additional
hydraulic pressure develops a reaction force that moves the caliper
inward, forcing the outboard shoe and lining against -the rotor. Addi-
tional hydraulic pressure forces both linings to grip the rotor in a
"sandwiching' action to stop the wheel.
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‘ Figure 12. rPressure Dzjferentzaa Valve and Braxe aQXmiiuy’ LUt L tdrh =
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BRAKE SYSTEM SAFETY DEVICES )

Today's hydraulic brake systems have severa. safetv devices built
into the system that warn the operator of brake failure and assist
in a balanced braking action. The following paragraphs will briefly
explain the function of these safety devices.

Pressure Differential Valve
\3‘ The pressure differential valve also called a failure warning
switch, is activated if either front rear brake system fails and
p _when activated, completes a circuit to the dash warning lamp. If,

" the rear hydraulic system fails, the pressure of the good front .
system forces the switch position to the rignt. The 4witch pin is
forced up .into the switch by the piston ramp, figure 12, and makes
the electrical circuit lighting the dash lamp and is Weld in this

, position by the piston. : . : :

;
‘
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FROM MASTER CYLINDER REAR OUTLET
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Pigure 13. Jormal Brake Stop. o -
‘,‘ >
FROM MASTER CYLINDER-REAR OUTLET
|
TO REAR BRAKES
| s @
. - 4
. -
VALVE STEM
VALVE STEM SEAT "\ ,
MSTON  STOP PLATE
. |
. ‘ Figure 14, Proportioning AZtiom.

Proportioning Valve - (Disc Brake Only) |

. The proportioning valve improves front to rear brake balance
at high deceleration. 'During high deceleration stops, a percentage
of the rear weight to the rear wheel contributes to early rear wheel -
skid. ~The proportion valve reduces the rear brake pressure and
delays the rear wheel skid. .

The proportion valve does not operate.during normal brake stops
(below 10 ft deceleration).  Fluid normally flows into the pro-
portioner, through the space between the piston center hole and
valve stem, through the stop plate and out to the rear brakes. The
spring loads the piston so that it rests against the stop plate. for .
normal brake pressures. Pressure developed within the valve pushes
against the large end of the piston and when sufficient to overcome the .

! . —
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springload.,‘, moves the pistdn to the left. Theqpiston "contacts" the 2‘00
spherical stem seat and starts proportioning by restrcting pressure .
through the valve. See figures 13" and 14. , y .

Y

FROM MASTER CYLINDER

. - ' . ' , TO FRONT BRAKES 4 : : ‘

KNURLED
x PUSH BOOT PASSAGE
é IN TO BLEED WAY

THRU VALVE

N\ Metering Valve - (Disc Brakes Only)

L .. "The metering valve holds off front disc braking until the shoes
of the rear drum brake contacts the drum. - '
When brakes are not applied, the metering valve allows free rlow
. of brake fluid through the valve. This allows the fluid to:zexpand
' . and contract with temperature changes.

4 TOJ0 PS.I

LIP CONTACTS SMOOTH END
|| OF PIN PRODUCING " SHUT-OFF"

?

x .
Fizure 16. Shut~0ff Point.
When the Shut-Off-Point (initial brake application) occurs, the

metering valve stem moves tq the left, and at &4 tce 30 psi the. smooth
end of the stem is in a sealing position with the metering valve seal

’ .-\. ll
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Combination Valve o S | ;,&.
This valve, figure 18, is a combination valve consisting of

a proportioning valve, metering valve, and pressure diiferencial
valve. ' -

PISTON SATON SEAL RELAXED

~

v

.25?7 =

CALIPER HOUSING
BRAKES aPPLIED BRAKES RELEASED

Figure 13.. Funection o] Piston Sea.l.
Caliper Piston Seal

Figure 19 shows a caliper piston seal which performs the seii-
adjusting action on disc brakes, instead of a mechanical set-up 4as
used in drum brakes. During brake application, the caliper piston
seal distorts as hydraulic pressure, pushes the piston out for the
distance required to press the brake shoes against the rotor. Removing
the foot from the brake produces pressure and the seal returns to a
relaxed position. As the seal relaxes, or rolls back, it moves the
piston inward in the caliper housing bore. As the piston moves
inward, the stabilizers position the 'caliper housing and outer brake
shoe lining assembly on the rotor, to automatically maintain the
correct clearance. This retracting action, however, is always
limited by rotor runcut and amount of seal roilback, or relaxatiouw,
that in turn causes the piston to .travel back.

QUESTIONS
1. Explain the basic principles of hydraulics.
2. How is motion or force transmitted by liquids?

3. . Explain the difference between the ''fixed caliper™ and
"floating caliper' assembly.

4, What is the purpose of the pressure differential vaive?
5. How does the proportioning valve prevent rear wheel skid’

6. Explain the function of the metering valve.
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SERVICING OF HYDRAULIC BRAKE SYSTEMS
0BJECTIVES :

Upon completion of this unit of instruction, you will be able
to: (1) inspect, locate, and identify malfunctioning components
in the hydraulic brake system, (2) make necessary adjustments to
components in the hydraulic brake system, and (3) bleed the hydraulic
brake system.

INTRODUCTION

In bﬁpke operation various difficulties may arise that require
inspection and correction to keep them in good operating condition.
Although the difficulties vary somewhat according to type of
system (drum or disc brakes), servicing procedures are samilar.

INFORMATION

Brake systems require periodic imspection, adjustments and
occasional parts replacement. This is your responsibility. The
reading material presented in the following paragraphs pertain to
inspection and servicing of the brake system.

PRELIMINARY INSPECTION

Before you adjust or repair amy bart of the hydrawlic brake
system you must first inspect the system for leaks or malfuncticns.
This is called a preliminary inspection and consists of the following
checks:

1. Check the fluid level of the reservoirs in the master
cylinder. 1If the fluid level 1is below'specifications, more f{luid should
be added.

»

2. 1f, during checking of the master cylinder you found it lower
than normal, it is a good indication of a leak in the system. Check
for leaks at the master cylinder, lines and hoses, safety devices,
and wheel cylinders or calipers. When checking fer leaks on a power
hydraulic brake syste, you must also check the booster for leaxs.

3. Check the fluid for contamination. There should not be anv
craces of rust or sludge. If there is cause to believe incorrect
fluid may have been added to the systeg, 2 check for mineral oil
contents must be made. 7, : - §

GONDITIONS THATr AFFJICT BRAKING N

In addition to previous ménéiqgiﬁf;nSpecégcns the following
conditions may affect brakg performance and shpuld be correcyed
pefore work is done on the brake mechanisa.
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1. Tires having unequal contact and grip on the road could
cause unequal braking. Tires should be equally inflated and tread
pattern of right and left tires should be approximately equal.

2. When the car has unequal loading, the most heavily loaded
wheel requires more braking power than others.

. 3., A very loocse front wheel bearing could, on a drum brake
vehicle, permit the drum to tilt and have spotty contact with brake
shoe linings.

4. Faulty shock absorhers that permit bouncing of the car on
quick shops may give the erroneous impression that brakes are too
severe., ' ‘

READING ASSIGNMENT
In the manual provided by your instructor, locate and read

portions dealing with inspection, adjustment, and bleeding procedures
of the hydraulic brake system components.
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- . PRINCIPLES OF OPERATION OF VACUUM BOOSTER BRAKE SYSTEMS,
‘ - - TROUBLESHOOTING AND SERVICING BOOSTERS | .

OBJECTIVES . | -

After completing this unit of instruction, you will be able
to explain the location, construction, and operating principles o
the vacuum booster, and to troubleshoot and service the booster
using applicable publicatfons and safety procedures.

INTRODUCTION "

The vacuum booster ig uded with the brake system to reduce
the braking effort requiréd by the driver. The unit is used in
‘conjunction #ith a conventional brake system master cylinder. The

vacuum booster utilizes engine manifold vacuum and atmospheric N
pressure, to provide power assisted application of vehicle brakes.
- INFORMATION >

In order to understand the printiple of how the vacuum booster
system operates, it is8 necessary to know what a vacuum is ardd how
it can be used. ™

For practical purposes, a vacuum may be defined as a space from
which air or gas has been partly exhausted. Air, like all matter, t
has weight. Since air extends upward from sea level for several '
hundped miles, the weight of the air exerts a pressure termed
"atmospheric pressure" at sea level of 14.7 psi. . This pressure is
equally distributed in all directions upon all objects of the
earth's surface. ’

Y

Atmospheric pressure may be used to operate brakeg by creation

of a vacuum. Since a vacuum is created by removing air, the pressure
within a vacuum is less than that of the atmosphere. A perfect’ vacuum
from which all matter has been removed has no pressure whatsoever.
A perfect vacuum is not obtainable, although it can be closely
approached. ‘Hence, the full force of 14.7 psi armospheric pressure
cannot be utilized. 1If air ip a container has seen Pumped out - or
evacuated until only 5 psi remains, the 10 psi differential existing
between "vacuum pressure" and "atmospheric pressure' may be used to
perform work. The pumping action of the engine piston caujes a
partial vacuum to be created in the intake manifold of an internal
combustion engine. When the engine is coasting in hign gear, wicth che
carburetor throttle fully closed, very little air is admitted into

" the intake manifold so that the pumping actions of the piston reduces
the pressure so that only about 5 psi exists in the manifold.
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s PRINCIPLES OF OPERATION OF VACUUM BOOSTER BRAKE SYSTEMS, ~
= ® ._ TROUBLESHOOTING AND SERVICING BOOSTERS o

OBJECTIVES .

After completing this unit of instruction, you will be able
to’ explain the location, conatruction, and operating principles o
the vacuum booster, and to troubleshoot and service the booster
using applicable publications and safety procedures.

INTRODUCTION

The vacuum booster is used witgﬁthe brake system to reduce
the braking effort required by the driver. The unit is used in
‘conjunction with a conventional brake system master cylinder. The
vacuum booster utilizes engine manifold vacuum and atmospheric .
- ‘ pressure, to provide power assisted application of vehicle brakes.

INFORMATION

In order to understand the principle of how the cuum bocster
system operates, it is necessary o know what a vacyum is and how
it can be used.

For practical purposes, a vacuum may be ‘defined as a space from
which air or gas has been partly exhausted. Air, like alil mactter,
has weight. Since air extends upward from sea level for several
hundred miles, the weight of the air exerts a pressure termed
“"atmospheric pressure" at sea level of 14.7 psi. This pressure is
equally distributed in all directions upon all objects of the
earth's surface.

C X

Atmogpheric pressure may be used to operate brakes by creation
of a vacuum. Since a vacuum is created by removing air, the pressure
within a vacuum is less than that of the atmosphere. A pertect vacuum
from which all matter has been removed has no pressure whatsoever.
A perfect vacuum is not obtainable, although it can be closely
approached. Henve, the full force of 14.7 psi atmpspheric pressure,
cannot be utilized. If air in a container has been pumped out or
evacuated until only 5-psi remains, the 10 psi differential existing
between "vacuum pressure"” and 'atmospheric pressure' may -be used to
perform work. The pumping action of the engine piston causes a
partial vacuum to be created in the intake manifold of an internal
combustion engine. When the engine is coasting in high gear: with the
carburetor throttle fully closed, very little alr is admitted into
the intake manifold so that the pumping actions of the piston reduces

the pressure so that only about 5 psi exists in the manifold.
P . LY
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1w plq:.'“ held against the éucti_qn retainer. "The «ir valve spring holds Zoq __
v the reaction levers against the hydraulic dpaction plate and also holds
B L the air valve against its stop in the tube of the power piston. The -

floating control valve assembly is held against the air valve seat-

_ by the fleating control valye spring. With the power brake at _

. | ' relessed position -the primary seals on both the fewr piston and t e
floating piston, are bhck past the two compensating portd in the hete.

e ,\'. . ) , .

As ‘the pedal is depressed, figures 22,and 23, the yalve operating
rod (push rod) carries the ‘air valve away from the floating control
valve. The floating comtrol valve will follow until it is in conta =~
with the raised seat injthe power piston insert. When this occurs,
vacuum_is shut cff to the rear of the power pistont and air under

N

- atmospleric pressure rushes through the air filtex and travels past the
seat of the air valve and through a passage into tie heuging atr che
rear -of the power piston. Since there is still-a vacuua on the front

// side of the poyer piston, the atmospheric -aiyp pressure at the rear of
the piston will force the power piston to travel forward.

. As the power piston travels forward, the-hydraulic push rod
carries the master cylinder piston further into the bore of the
master cylinder. The pressure on the master cylinder piston spring

_— forces the floating piston to move forward. As the primary seal on
both the rear master cylinder piston and the floating piston pass the
compensating ports in the bore, hydraulic pressure will build, up in
the lines to the front brakes and the lines to the rear brakes. As o
the pressure builds up on the end of the master cylinder piston, the ‘
hydraulic reaction plate is moved off its seat on the power pistgn and
presses against the reaction levers. The "levers, in turn, swing about
their pivots and bear against the end of the air valve operating rod

. asgembly. In this manner approximately 307 of the load on the
' hydraulic master cylinder piston is transferred back through the

reaction system to the brake pedal. This gives the operator a feel,
which is proportional to the degree of brake application.

When. the desired pedal pressure 1is reached, figures 24 and 23, .
the power piston moves forward until the floating control valve, which '
ig still seated on the power piston, again seats on the air valve.

The power piston will now remain stationary until either pressure is -~
applied or released at the brake pedal, As the pressure of the pedal

is released, the air valve spring forces the air valve back to> 1its

stop on the power piston. As it returns, the air valve pushes the

floating control valve off its seat on the power piston insert. The

air valve seating on the floating control valve has“shut off the

outside air source. When it lifts the fleating control valve from

its seat on the power piston insert, it opens tne space at the rear
. of the power piston to the vacuum source. - :

Since both sides of the power piston aye now under vacuum, .
the power piston return spring will retura the piston to its released
position against the rear housing. As the power piston is returned,
the hydraulic master cylinder piston and floating piston move back
and the fluid from the wheel cylinder flows back into the master
cylinder. If the brake pedal is released quickly, the master cylinder
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piston and floating piston immediately return to. the released position.
1f the fluid in the lines cannot return as quickly as the pistons,
this is compensated for by the flow of fluid from the space between
the primary cups and the secondary seals through the compensating

. holes in ‘the pistons. The excess fluid in the system can flow back
to the fluid reservoirs éﬁrough the small comp..nsating posts in the
master cylinder bore. , :

- A .1 -

In case of vacuum failure, the brake unit operates in éhe following
manner:

As the peaal is pushed down, the end of the air valve contacts
the reaction levers and pushes, in turn, against the hydraulic reaction
plate. Since the hydraulic reaction plate is fasteéned te the master
cylinder push rod, it forces the push rod against the master cylinder
piston, which builds up the hydraulic line pressure. With this
condition you have, in effect, a standard brake unit.

TROUBLESHOOTING POWER BRAKES
1. With transmission in park, stop the engine, and exhaust all
vacuum in the system by depressing the pedal seyeral times.

_ 2. Depress the brake pedal and hold it in the applied position
for one minute with approximately 20 lbs pedal force. If the, pedal
gradually falls away or the brake warning light comes on, it is an
indication that the hydraulic system‘is leaking or that there is a mal-
function in the master cylinder. ‘

3. If the brake pedal feels spongy, it is an indication of air
in the hydraulic system. Bleed the air from the system and recheck
the pedal feel. j '

/ ,

4. Depress the brake pedal and start the engine. If the vacuum
system is operating the brake pedal will tend to fall away when the
engine starts and less pedal pressure will be needed to hold it inm
the applied position. 1If no action is felt when the engine starts,
the vacuum system is inoperative.

BRAKE SYSTEM MALFUNCTIONS
No Boost - Hard Pedal (Probable Cause) P
1. Bént, broken, obstructed tube, collapséd hose.
. :
2. Stuck éheck valve.
3. Air inlet blocked. | x '
4, Air valQe'stuck. | AN
b

5. Faulty diaphragm. ' .
6. Faulty piston seal.

7. Leaks intdrnally.

»
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Note: For ropkir procnduros; refir go apbliéible maintenance _
manual. f T ' Y

Slow Brake Pedal Return (Probable Cause)

1. Excessive seal friction in power unit.
S over. |
2.  Faulty valve action. - RS

3. Broken return spring.

the£ For repair procedures, refer to applicable maimtepance
manual. . . )

Brake Grabbing_{Probable Cause)

1, Broken valve spring. ’
-

2. Sticking vacuum valve.

3. Reaction diaphragm.
]
Note: For repair procedures refer to applicable maintenance

manual.
Brake Pedal Chatter (Bellows Type) (Probable Cause)
1. Power brake trigger is out of adjustment or bent.
2. Master cyliﬁder push rod is improperly adjusted.
3. Power brake trigger rubﬁér collar is missing or damaged.
4. Binding inside of power unirt.

Note: If trouble is determined as being caused by the power
booster, refer to the_applicable gservice or overhaul manual
for service procedure.

The preceding diagnoses are malfunctions that apply to most
power brake systems. For further diagnoses of power braxke systems,
refer to the applicable service manual.

SERVICING BOOSTER
Removal and replacement of the vacuum booster should de accom-
plished by closely following the applicable service manual. Some
manufacturers recommend replacement of the vacuum bocoster with 3
new one if the booster is damaged or inoperative. Some brake bcosters
are serviced only as an assembly.

READING ASSIGNMENT

In the manual provided by your instructor, locate and read
portions dealing with the operation, troubleshooting and servicing

of the vacuum booster. '
27
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PRINCIPLES OF OPERATION AND SERVICING OF
POWER STEERING SYSTEMS ‘

OBJECTIVES

Upon completion of this unit of instruction you will be able
to explain the principles of operation of the power steering
assembly and also be able to service the systam.

 INTRODUCTON

Power steering at one time was an extra cost option on most
vehicles. Today, many vehicles have power steering as a standard
item of equipment. You, as a member of the Air Force vehicle mainte-
nance team, must be able to diagnose troubles related to the power
steering system and service this item when the need arises.

INFORMATION

The power steering unit furnishes power to reduce the amount
of turning effort required at the steering wheel.

Because of the complexities and variations of the power steering
systems that are available on the different wmakes of vehicles, we
will cover only one extensively, '"The Integral Power Steering System."
We will discuss the integral system because it is most widely used
system on automobiles today.

There are two distinct types of power steering in current auto-
motive use. The first is the 'tie-rod power assist' typd and the
second is the 'steering gear power assist' which is the integral
system. -

The integral system is so called because tnhe hydraulic assist
unit incorporates as an integral unit with the steering gear. lle
following paragraphs cover the different components that make up
the power stearing system.

PUMP

There are three major types of hydraulic pumps used in conjunc-
tion with current automotive power steering. They are: (1) vane,
(2) slipper, and (3) roller. Figures 26, 27 and 28 illustrate these
three types of pumps.

Power steering pumps are either mounted on the engine and ~}
belt-driven from the crankshaft, fan drive pulley, or driven directly
by the engine.

29 .)1)
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All pover steering pumps have a fluid reservoir integrally J / Y )
mounted on top of the pump. A pressure relief and bypass valve is

. incorporated within the pump to prevent excessive pressure within

the system.

The mode of operation of the power steering pump is based upon
the demand of the power asteering gear.

s PPER
CRVE ANC
SPRING

METERING
PN

QELIEF vaLVE

RESERVOIR
ORFICE PLUG
Figure 29. Power Steering Pump. :

The various major modes of operation are: slow cornering,
moderate to high speed straight shead driving, and cormering against
the wheel stop. The pump is designed to recognize these conditions
as required by the steering gear valve and compensates for them
internally. Figure 29 illustrates a power steering pump. All power
steering pumps are positive displacement pumps, which means that
they will move a definite volume of fluid depending on the speed at
which they are operated. * .

v STEERING GEAR - INTEGRAL SYSTEM

The integral power steering gear has an open center, three-way
control valve, which directs oil to either side of the rack piscon,
The rack piston converts hydraulic power into mechanical output.
<The steering gear incorporates the recirculating ball system in
which steel balls act as a rolling thread between the steering wormshaft
and rack piston. The rack piston nut 1s geared to the sector of the
pitman shaft. The control valve is contained in or on the gear housing.
Figure 30 illustrates a power steering gear. Figure 31 illustrates
a disassembled power steering gear assembly.

’ The fluid flow is continuous from the reservoir to the pump,
to the control valve, and back to the reservoir. ~

31
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This type of)‘::Qi steering also opposes 'road shock" or kick-
back" caused by j@u;h roads. Some vehicles, especially those . _
equipped with air conditioning, require a power steering systeam™ : ..-..
fluid cooler. The cooler compensates for the hijher temperatures .
inherent in some vehicles, and protects the hoses and seals from

excessive temperatures under extreme operating conditions.

The integral steering gears have internal oil passages within
" the gear except the pressure and rcturg_poucn between the valve and
pump .

Pigure 32. Valve 01l Flow - -
Straight Ahead Positiom.
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Figure 33. GSteering Gear Straight Ahead: Position. /
POWER STEERING GEAR OPERATION

With the steering wheel in straight ahead position, oil flows
from the pump through the open center valve and back to the pump .
reservoir without traveling through the power cylinder. See figure 32. .
The valve is in the open-center position at all times except when
steering, reducing pump losses to a minimum. The power gear assembly
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11. always full of oil which acts as a cushion to nboorb road shocks so Q}?
that they are not transaitted to the driver. In addition, this ofl

lubricates all the internal components of the gedt, as shown in

figure 33. -

Pigure 34. Valve 0il Flow -
Right Twrn Pogitiom.
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Figure 35. Steering Gear Oil Flow - Right Twm Position.
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- Figure 36, Valve Otl Flow -
. ~ Left Twrm Positiom.
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Figure 37. Steering Gear Oil Flow - Left Turm Position,
Wwhen the steering wheel is turned to the right or left, Gue to
the turning resistance between the front wheels and the road, the
steering control valve is actuated. The respective power cylinder
piston face will bd pressurized vhile the ¢pposite end will be open
to return fluid to the reservoir. Refer to figures 34, 35, 36 and
37 for the various positions. '

\ During slow cornering maneuvers, figure 38, the oil pressure
required will usually aot exceed 400 psi. The speed of the pump is
not high enough to require internal bypassing of oil, therefors,

the putp bypass port remains closed. The high pressure discharge oil
is slightly lower in pressure than the internal high pressure oil. '
The drop in pressure occurs as oil fl6ws through the flow control
orifice. This lower pressure is communicated to the bottom end of
the pump comntrol valve, via orifice and passage, resulting in a
preseure unbalance on the valve itself. The flow control valve

moves away from the digcharge fitting, but due to the force of the flow
control spring the valve remains closed to' the bypass hole. The oil
pressure does not build up high enough to cause the pressure relief
valve to actuate because the oil pumbped through the steering gear is
allowed to recirculate through the entire system.

When operating at moderate to high speed, figure 39, ic is
desirable to limit the temperature rise of the oil. This is done by
flow controlling. The control valve in the steering gear is an open
center rotary valve. When this valve is in the straight ahead positionm,
oil flows from the pump through the open center valve and back to the
pump reservoir without traveling through the power cylinder. When
this flow exceeds the predetermined system requirement, oil is bypassed
within the pump. This is accomplished by the pressure drop which
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occurs across the flow cohtrol orifice. The pressure is reduced at
the bortom of the flow control valve, via orifice and passage. The
pressure unbalance on the valve is. sufficient to ovetcone the force of
the spring, allowing the valve to open the bypass hole ‘and diverting
0il into the intake chamber. Supercharging of the intake chamber
occurs under these conditions. 0il at high velocity discharging
past the valve into the intake chamber picks up make-up oil at the
hole from the reservoir on the jet pump principle. By reéduction
of velocity, velocity energy is converted into super ‘charged
pressure in the cdvity. During this scraight ahead driving comdf’tion,
the discharge pressure should not exceed 100~ psi.

When the steering gear control valve is actuated in either
direction to the point of cut-off, the flow of oil from the pump is
blocked. This condition occurs when the front wheels meet the
wheel stop, figure 40, or -when the wheel movement is otherwise
blocked by a curb or deep sand or mud. The pump is equipped with a
pressure relief valve. The’relief valve is contained inside the
flow control plunger. When the pressure exceeds a predetermined
pressure (greater than maximum system requirements), the pressure
relief ball unseats, allowing a small amount of oil to flow into
the bypass hole. This flow of oil passing through the pressure
relief orifice causes a pressure drov and resulting lower pressure on
the bottom end of the control valve.

The pressure unbalance then causes the valve to compress the
spring allowing the major portion of the oil to bypass into the
intake chamber in the same manner as is accomplished by flow
controlling. Relief pressures are usually between 750 and 1450 psi
depending on the vehicle requirements. Refer -to applicable service
manual for recommended specifications.

If the engine is not rufning or the power system should fail,
the steering gear will operate manually, with increased steering
effort, giving the driver full control of the car.

SERVICING POWER STEERING SYSTEM

Conditions such as shimmy, hard or loose steering, and road
shocks may be caused by damaged or faulty front suspension and
steering components, steering shaft and coupling alignment, front
end alignment, shock absorbers, wheel bearings, wheel balance,
tires or tire pressure, These items should all be checked for
‘proper operation before periorming repairs on the power steering
system. Before doing any major service 'work, check and correct
the fluid level and condition, belt adjustment| pump pressure, and
steering gear adjustment. Always refer to the applicable service
sanual for removing and replacing procedures of the steering gear
assembly.

. Disassembly and assembly of the unit and the subassemblies
must be made on a clean work bench. Cleanliness is of utmost im-
portance in repairing this or any other hydraulically operated unit.
The bench, tools, and parts must be kept clean at all times.
Thoroughly clean the exterior of the unit with alauitable solvent
and when necessary drain as much of the oil as possible
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Lubrication. of thn hydrlulic mechanism is not rtquircd.' How~

‘ever, check the hydraulic fluid level in the reservoir periodically )

and replenish to-the indicated level mark. Use the manufacturer's
recommended fluid or its equivalent. For repairs of the
stocring gear on the vehicle, refer to applicable service manual.

READING ASSIGNMENT
In the manual ptovidcd by your imstructor, locate and read

portions covcring the opcration and servicing of the power steering
system. -

+
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_Ganeral Vehicle Maintenance Branch L uzuiaso-a-sc-iw 2_;_7

Chanute AFB, Illinois 4LASTL 7350-6-5G~105
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TROUBLESHOOTING AND MAINTENANCE OF POWER
~ STEERING COMPONENTS

OBJECTIVES | \

Upon completion of this unit of instruction, you will be able
to troubleshoot and explain the repair procedures of the power
steering system of general purpose vehicles.

INTRODUCTION

The vast majority of power steering gears and pumps are remarkably
dependable and trouble-free. As a matter of fact, the only things
that must be checked periodically are pump drive belt adjustment and
power steering fluid level. But seldom is anything absolutely fool-
proof so power steering troubles do happen now and then to tax your
diagnostic know-how and service skills. \

The information An this study guide will improve your know-how
and tip you off to.fhe more common service pitfalls.

INFORMAT ION

Many factors affect power operation of the steering system, of
which the most common are:

1. Fluid level and condition.
2. Drive belit tension.

3. Loose component wountings.

-

4, Loose pump pulley.

These factors must be checked and corrected before making any
further diagnoisis of the steering system. The need for proper diagnosis
cannot be over-emphasized.

After the source of the problem has been found, deterﬁ!ne the
cause. For example, if the oil level 4t the reservoir is found to -
be low, refill and check the entire hydraulic system for qil leaks.

When adjusting a power steering pump belt, never pry against
the pump reservoir or pull against the filler neck. To increase
belt tension move the pump outward by prying against the pump housing
casting extension directly behind the pump drive pulley. Pump drive
belt tension cannot be checked accurately using the thumb pressure
or belt deflection methods. Correct belt adjustment is assured only
with the use of a belt tension gauge. Tension settings differ in
that if the belr is old or new. A belt that has been run longer
than 15 minutes is considered an old belt.

1
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During the breaking-in period of the vehicle, it is probable
that some of the factory adjustments will change. These changes
in adjustment do not necessarily affect the satisfactory operation
of the steering gear assembly and ordinarily do not téquire resdjusc-
ment unless there is excessive lash or other malfunctioning. The
only adjustment that should be performed in the vehicle is the total
over center position load (mesh load) to eliminate excessive lash
between the sector shaft and rack teeth. Always refer to the

applicable service manual for adjustment procedures.

Another check for locating malfunctions is thé power steering
flow and pressure test which will show whether the pump, steering
gear or power assist control valve is causing the trouble. Refer
to the applicable service manual for pump flow and pressure test
procedures. ) :

MALFUNCTION DIAGNOSIS -GUIDE

In the fullowing paragraphs are some malfunetions and probable
causes that are usually common to all or nearly all power steering
Systems. For all inspections or servicing of the systems or
components ~lways refer to the applicable technical publication.

Hard or Epratid Steering

Low or uneven tire pressure.

2. Ingorrect éteering gear adjustment.

3. lmproper front wheel alignment.

4, Insufficient or incorrect lubrication. .

5. Suspension parts, steering, or linkage components

Jamaged or misaligngd.
6. Tight wheel bearings.
7. Sagging springs.
Excessive Play or Looseness in the Steering

L. Steering wheel loose on shaft.

2. Steering gear adjustment loose or parts badly worn.
| 3.- Steering linkage or attaching parts loose or worn.

Steering arms loose.

L
T

"5, Loose or worn wheel bearings.

6. Steering ar housing attaching bolts loose.
3 A L

7. Pittman a oose on shaft. ’
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Wheel Shimmy or Tr;mp . .

l. Wheels, tires, oT brake drums out of balance - wheel

¢

2. Loose or worn steering parts or connections.

-

3. Incorrect tire pressurs.

4. Inoperative, loose, Oor worn shock absorbers or mounting

5. Loose or worm Qheel bearings.

6. Incorrect steering gear adju;é;dhts.
7. Cupped, eccentric, or bulged tires. .
'8, Incorrect front whefi_dli;nnnn:.

_Pump Leaks S

| 1. Pum;M;haf: gseal worn or damaged.

2. Re;ervoir too full. | |

3. Inlet or outlet connec;ionn damaged.

4. Reservoir por pump bodyl"o" rings ar gaskets damaged.

5; Porosity in pump caéting. i
Noisy ﬁump Operation

1. Low fluid level.

2. Drive shaft or pulley loose or benc.(/’r

3. Air in systen. Check vent in teservbff cover-bleed system.

4.  Pump bushings or internal parts worn or scored. 4
5. Dirt in pump or gear.

6. Slipping drive belt.

N Loose mounting parts; hoses touching other parts of
the vehicle.

Hard Steering or Insufficient Power §teering Assistance

1. Weak oil flow in system. Inspect pump relief valve and
flow control valve; inspect 0il hoses for restrictions.

2. Drive pulley locse.

45
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3. Drive belt worn, slipping, or oil on belt.

,4.  Lack of pump speed due to low engine idle.

Hard Steering. While Driving

-

1. Lower coupling flange rubbing against adjuster.

2
-

Incorrect column alignment.

Hard Steering When Park%ﬁg

1. Loose pump belt.
2. Low oil level in reservoir.
3. Imbroper lubrication in linkage or frogt suspension.
4. Low or uneven tire pre;aure.
5. Insufficient oil pressure - check operating pressure.
Low Qi1 Pressure
1. Restrictions in hoses; kinks or foreign objects in hoses.

2. Presgure loss in cylinder due to worn piston ring or scored
housing bore.

3. Leakage at valve rings,; valve body to worm seal, or
rack-piston end plug.

4. Loose fit of spool in valve body or leaky valve body.

Steering Wheel Surges or Jerks When furning With Engine Running,
Especially When Parking .

1. Loose pump belt.
2. Low system pressure.
Poor Return of Steering Gear to Center
1.‘ Lower coupliﬁg flange rubbing against adjuster.
2. Steering wheel binding.
3. Incorrect tire pressure.
4. Incorrect front end alignment.
5. Tight speering linkage. -

6. Tie-rod ball studs not centered.

7. Steering gear misalignment.
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8. Tight suspension ball joiants.

9. Steering adjustment tight. Discomnect pitman arm and
readjust. \ *

10. Thrust bearing sdjustment too tight.
11. Rack-piston nut and vorm preload too tight.

12. Sticky valve spool - remove and clean valve or replace
valve.

Momentary Increase in Effort.Hhen Turning Wheel Fast to
Right or Left

1. 011 low in pump.

2. Pump belt slipping. _

3.. High internal leakage - replace rack-piston ring and "o
ring, rack-piston end plug, valve body to worm seal, and/or replace
valve assembly.

External Oil Leaks | -

1. Loose hose connections.

+ 2. Danagoq hone;

3. Defective side cover "0" ring seal.

4. Dafective pitman shaft seals.

5. Defective housing end plug seal.

6. Defecéive adjuster plug seal.

7. Defective torsion bar seal.

Gear Noise (Rattle or Chuckle)

1. Loose over-center adjustment.

2.  Flexible coupling misaligned and rubbing.

3. Gear loose at frame nﬁ@nting.

Excessive Wheel Kickback or Loose Steering | .

1. Lash in szgnring linkage or suspension components.

2. Air in system. 4 ¢

3. Steering gear loose on frame. ]
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i, Excnssivellash between pitman shaft sector and rack-piston.

5. Lcose thrust bearing adjustment. ' —. .
6. Shaft_fiex coupling loose. ]
7. Ball nut and worm preload incorrect.

Valve Squawk When Turning or Recovering from a Turn
1. Cut or worn damper ring on valve spool.
2. Looge or worn valve.

No Effort Required to Turn
1. Broken torsion bar ; requires valve replacement.
2. Damaged torsion bar.

READING ASSIGNMENT

In the manual provided by your instructor, locate and read :
portions pertaining to preliminary checks and troubleshooting of

the power steering systemn. '5’///
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OBJECTIVES - . ;

After completing this programmed text you will be able to accomplish the
following objectives with 85% accuracy.

1. State two hydraulic principles used in hydraulic brake system
operation.

kY

J2. State how the pressure in a hydraulic brake system is indicated.

3. Given the area of a brake cylinder piston and the applied force,
compute the system pressure,.

4. State the rule of thumb used to design a typical brake system in
relation to engine size,

5. List the two fluids used to compose hydraulic brake fluid.
b. List the major components of the hydraulic brake system.

7. Given an illustration of the following comnonents label the part of
each one:

a. Master cylinder. ﬂ.
- b. Wheel cyl'mdrer.
¢. Drums and shoes.
$. State the purpose of bleeding a braxe system.
VALIDATION
This programmed text was x'alida;ted in 1964 by 30 students enrolled in
the 3ABR47330 course at Chanute AFB. At least 90% of the students used in

the validation exercise achieved the objectives as stated. The text has
trained app-oximately 5000 students and is considered to be still valid.

2y -
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The Programmed Text which you are gbout to use will teach you some
basic information about hydraulic brake systems. The information will in-
clude: identification of components, location of components, hydraulic
principles, and some repair procedures to be followed. You will receive
additional training in the shop, but the information you receive from this
package will make your work in the shop easier. The program is presented
in a series of small steps called '"frames.'" You will be required to make a
response to most of these frames. and the responses will help strengthen
your knowledge of the material. Record your responses in Response Book-
let 3ABR47330-PT-601.. Check your answer with the one given at the. top
of the next frame. If they are the same proceed to the next frame. If your
answer is different, reread the frame to find your error before moving ahead
to the next frame. At the completion of this program you will be given a test
which covers the material. Read the background information immediately
below then proceed to Frame 1 on the tcp of the next page. Answer all
questions in the response booklet.

BACKGROUND

One problem that has ''bugged'' the designer of every vehicleis '"How to
stop i1it? "' Early animal-drawn vehicles could be stopped successfully by
application of a block of wood, sometimes covered with iron, to the rim of
one of the wheels. The principal use of such a brake was to hold the vehicle
while it was stopped, rather than to stop it while in motion. The animals
which pulled the vehicle were also trained to voice and rein signals and to
use their weight and strength to stop the vehicle. As mechanical propulsion
began to replace animals, the need for more efficient stopping or braking
mechanisms soon became evident. From about 1905 until 1928 vehicles
‘manufactured in the U.S. were equipped with brakes on the rear wheels only.
At this time several states passed legislation which required all vehicles
manufactured after that date to be equipped with brakes on all wheels.

Most vehicle manufacturers still favored mechamcally operated brakes
actuated by rods or cables. As the vehicles became faster, heavier, and
more numerous, the need for better braking systems became more critical.
The manufacturers who pioneered the use of hydraulic brake systems received
the approval of the buying public, and competition finally forced all manu-
facrurers to adopt them. The last'major manufacturer to adopt hydraulics

- put them on in 1939. Since that date, only the parking brake is mechanical.

c).._

» ,I’
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Frame 1.

‘ |

TRy i, -

We said that earlv brakes were merely a wooden block which was ap-
plied to the outer rim of the wheel. In a modern automobile the
wheels may be turning as fast as 1,500 revolutions per minute. This
speed would make any sort of primitive brakes not only impractical,
but impossible. Braking actiom in the modern vehicle is the result
of friction between a rotating drum and a set of movable shoes. The
drum is secured to the wheel and the shoes are mounted to the vehicle
at the axles. The shoes are actuated by pistons in a hydraulic
cylinder.

QUESTION 1.

?27?2%?°?2?2?2?2?2?72?7?2???7?717?2?2?72?2?2°??*????¥?r??1??1??1?110 7

Wwhich of the statements below are correct? (Mark your answer in the
Response Booklet.)

? a. Braking action is caused by the contraction of the brake ?
shoes.

? ?

b. Friction between the shoes and the drums causes braking

? action. ?

? ¢ Pistons in a hydraulic cylinder actuate the brake shoes. ?

? d. Brake shoes actuate pistons in the hydraulic c¢ylinder to ?
stop the vehicls.

? ?

??7?2???277°?%2°?2°2°2°%2?22272?22?2?2?2?222222rrrrr22NR2?



Frame 2,

Statements "b" and "c" are both correct.

One of the hydraulic principles used in designing hydraulic brake
systems is that fluids camnot be compressed under ordinary pressures,.
With this principle in mind, the problems are reduced to finding a
way to transmit the fluid where needed, sealing it against leaks, and
determining how much pressure must be applied to perform the task of
stopping the vehicle.

QUESTION 2.

?

?

?

?

792 92929222227722722272?2°22222222222?7722°?27?7°

In the parenthesized statement below, select the werd or words
which make it a true statement. Write the word in the provided
space in vour Response Booklet.

"Fluids (can) (cannot) be compressed under ordinary pregsures.”

If you picked "cammot'" you are correct. Proceed.
If you picked anything else, yon don't belong here.

"9 9299927292272 22222922222?22722727272222222°27?27

QUESTICN 3.

229272272 22%7721727

27292729297 22222272222222722

?

oy

Fill in the hlank provided for Question 3 in vour Response Bcooxlet.

Since fluid cannot be

under ordinary pressures,

2 the next move is to determine how much pressure is needed to perfom

the task of stopping the vehicle.

The essential factors here are the

? weight of the vehicle and the speed at which it is to de opurated.
T-essure generated in a hydraulic brake system may run up o Y. 400
. pounds per square inch (PSI).

292929272222 922729222222222222227?2?22?27772272 ? 7
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Answer to Question 3: .

You should have answered "compressed.”

=
QUESTION L.
27?2?2?7777277777?2?277277772227?222222272227227?

2 How high in pounds per square inch, i3 the pressure of a hydraulic -
brake system? PSI. (Answer in the Response Booklet,)

7227772777272272722272277222227227222222272°22727?

A}
Check your answer at the top of Frame L.

If you are incorrect, return to Question 3 at the bottom of Frame
2 and read it again.

. We have learned that one of the principles of hydraulics applied
to the design of brake systems is that fluids camnot be compressed
under ordinary pressure. Another principle used is that force may
be transmitted through fluids in a closed system.

QUESTION 5.

?7?72?2?22°?2?2727272?2?2?72772°2°27?27272?2722°?272°7°?2°?2?2°27722°7°%

? How is fo.ce transmitted in a hydraulic brake system? ?

=)

Write your answer in the space provided in vour Response 3ooxlet. ?

]

??*?727%2?27?2?2?27?27?2?72?2?27%7?7?2?72?2?2?2?2?2?2°2°2?2?0r17 7?0
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Frame L.

\Q
/ Y

7 \

]
Answer to Question L is 1,400 PSI

Answer to Question S: Through fluids, since they carmot be com-
pressed. (You may not have included the last portion of the answer,
but it is in direct correlationm.)

QUESTICN 6.

2?72?2?2?27?72?72?2?27?72?27?2?277?2%2°?2?2?72?7?2?2°?2°?2?2°2°2°?2°?2?22°2°?7?7%

b4

What is the physical use of fluids in a hydraulic brake system?

? (Write your answer in the blank space provided in your Response ?

Booklet)
2272729227272272722°272722?2727?22?72?272%72?2?72?2?2?2272?2272717?°

?

\"

-~
- -

NS
i
The answer to Question 6 is: Fluids are used to transmit force
in a hydraulic brake system (or words to that effect).

—
iy
Ay

—l,

If force is transmitted through fluids, pressure must be applied
to create this force. OSince there must be a means of describing and
measuring this force the term "pounds per =square inch" or PSI was
selected as being the most descriptive. This is a common means of
measuring gases and fluids.

QUESTION 7,

?27?272°?2?22?27?22?27?2%2°?2°?2?2°%2°?2727?2%7?72?°?2%??2?7%?72?2?2?2?2?2?2°?27??7

2 How is the pressure in a hydraulic brake system indicated? ?

(Wrlte the answer in the space provided in vour Response Booklet.)
sp P 2

2727?7772 7?2%27272%227°22222%22727222°2722°272?2?22272277
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The answer to Question 7 is: Pressure in a hydraulic brake system
is indicated in pounds per square inch, or its abbreviation "PSI."
(PST is sufficient.)

QUESTIONS 8, 9, and 10. »

???????????"??????????????????????”??

2 As -4 review of what has been covered so far, complete the sentences ?
below by writing the answers in the space provided in the Response

» Booklet. _ ?

Question 8. Fluids cannot be under ordinary
? pressures. ) ?
2  Question 9. Force may be through fluids in a ?
' closed system.

? : ?
Question 10. Pressure in a hydraulic brake system is measured in

? ?

~— ?????????????????????????????????????
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Frame §.
\ 3 e
‘/ F \ \‘.
|

The answers to the questions asked in Frame 5 are:

8. compressed.
7. tranamitted.
10. pounds per square inch.

|

We have learmed that pressure must be applied to the system to
create the force which is transmitted to the wheels to stop the
vehicle. We have learned that this pressure is measured in pounds
per square inch. The amount of pressure is determined by dividing
the applied force (in pounds) by the area of the piston (in square
inches) to which this force is applied. Thus, a pi#ton with an area
of 3 square inches to which a force of 15 pounds is applied will
create a pressure of 5 pounds per square inch, or 5 PSI.

QQUESTIONS 11, 12, and 13.

7?7220 2722°2%2229227222,7722222229299292997

? Complete the statements below. Write your answers in the

Wwspunse Booklet,
Ia)

<uestion 11. With a piston of 4 3q. in. area and a force of 20
pounds., what would be the pressure created?

» Question 12. With a piston having 5 sq. in. "and a force of 30
pounds, what pressure would be created?

Questi‘on 13. A force of 24 pounds exerted on a piston having 3
sq. in. would give what pressure in the system?

P27 227229%2722722722222922929929290909990
[}

.)x'\ -
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The a‘gmrs to the/ questions asked on Frame 6 are: -

| Question 11. 20 ddvided by 4 = 5 pounds per sq. in. or 5 PSI.
Question 12. 30 divided by S = 6§ PSI.
Question 13. 2L divided by 3 = 8 PSI. ~

® !

As can be readily seen, th&fo;\da remains constant and changing
the values for the giston area and the force applied will enable the :
designer of the brake system to create any pressure needed to stop - -
the vehicle. ~A rule of thumb used by brake system engineers is to
design the braking systea to control eight times the horsepower of
the engine to be used in the vehicle.

~

QUESTIONS 1L, 15, and 16. ' ,
o ??????????????????????????????'???????'?
. ?  Complete the statements belaw, by writing your answe}-s in the spaces ?
' provided in your Response Booklet.
? . ? el -
Question 1L. If the engine of a vehicle develops 200 horsepower,
#? how much horsepower control will be designed into ?
the brak system? ' ' .
? ' ?
Question 15. If.the engine develops 250 horsepower, how much
? control will be designed into the vehicle's brake ?
system? .
? - ?
Question 16. With a 300 horsepower engine, how much control is
? . required? ' . ?

?????????????????????????????????????




_Frame 8.
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The answers to the questions asked on Frame 7 are:

Question 1. 1,500 horsepower.
Question 15. 2,000 horsepower.
Question 16. 2,400 horsepower. .

QUESTIONS 17, 18, 19, and 20.

?

?

?

[

7?227222722222222222272229229222227722279

Compléte the statements below by writing your answers in the spaces
provided in your Response Booklet.

-

Question 17. How is pressure deténninad, and how is it expressed?

Question 18. A force~of 25 pounds applied to a piston of S sq. in.
area would give how much pressugre in the system?

Question 19. How many times the horsepower of the vehicle's
engine can be controlled by the brake system of the
vehicle? ‘ .

Question 20. If an engine of a vehicle developed 225 horsepower,
. how much would the brakes be capable of controlling?

77?2°9?222222222272222222222222229299999

.),\‘\‘v
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The answers.to the questions asked on Frame B'Iare:

‘- Question 17. Divide the applied force (in pounds) by the area
of the piston (in sq. in.). Pressure is express-
ed in pounds per square inch or PSI.

Question 18. S pounds per square inch, or S PSI.
Question 19. 8 timas the horsepower of the vehicle's engi '
Quegtion 20. 225 x 8, or 1,800 horsepower of energy./-

==

—————

Altﬁkough the lack of compressibility of most fluids is similar,
other properties of various fluids make their use impractical in -.
brake systems. Brake fluid must not boil, freeze, or evaporate. It |
mist not rust the steel lines and cylinders. It must not soften the
rubber or neoprene seals or flexible lines. The most reliable and .
inexpensive fluid which meets all of these requirements is a mixture -
of castor oil and alcohol. The proportions used are not critical,
but when the fluid is manufactured a 50-50 mixture is used./ As part

of the alcochol evaporates the fluid thickens somewhat, but this is
. | not important. Addition of the regular mixture is always made,
rather than trying to reatore the original balance by the addition
of alcohol only. ‘

QUESTION 21.

.................

?  Hydraulic brake fluid is composed of ?
? a. half alcohol -and half castor oil. ?
2 b. 1/3 castor oil and 2/3 alcohol. ?

" ¢. any rust-proof liquid.
d. 2/3 castor oil and 1/3 alcohol.

27?7 777727?27?2?2727?2?72?22°27?7?2?2°?2?727?2°?27?22°22°2°2°2°2%°°7?°°

?




Frame 10.
— e -
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The answer to Question 21 is: "a" (Brake fluid is composed of
@S/castor oil and S0% alcohol. .

EE

e T

Even though other fluids possess most of the qualities of hydraulic
braMe fluid it is very important to remember that only the approved
agulic brake fluid be used in a hydraulic brake system. gher
uids may work for a while but all hydraulic brake system components
may have to be replaced due to deterioration of rubber parts or rust
damage to the metal parts.

QUESTION 22.

9222229222222272227272722727222222222222222722

? ?
? ?
Why is it so important to use only the approved Hydraulic Brake
? Fluid in a hydraulic brake system? ?

972227272222222722222222722?2222222222°2272?

----- .

10



e 1. 9¢/ g,

(

Y

The answer to Question 22 is: Other fluids may damage rubber or .-
metal parts of the hydraulic brake system (or words to that effect).

——

Any syster is camposed of a number of units or "components." While
each of the components of the hydraulic brake system has a number of
parts, we only consider the entire unit. The major components of the
hydraulic brake system include: the master cylinder, a wheel cylinder
for each wheel on the vehicle, brake drums, and shoes, along with both
solid and flexible brake lines to connect all the romponents into a
closed system.

i

WU ESTION 23.

2722222222222?222222222222222222222222

yan "2  Which of the following statements lists the major components of the ?
. hydraulic brake system?
? ‘ ?
a. Master cylinder, wheel cylinders, brake drums, brake shoes,
? hydraulic fluid. ?
? b. Brake drums, brake shoes, backing plate, return springs, wheel?
cylinders.
? ?
c. Master cylinder, wheel cylinders, drums and shoes, solid and
? flexible lines. ?
? d. Master cylinder, wheel cylinders, drums and shoes, and park- ?
ing brakes.

??22?27722222272277272722222227227222272722727272727?

' I




Frame 12.

The answer to question 23 is: (e)
These components are essential to

are either refinements or part of
those listed.

form a system. Any additional units |

- —-—
——— —
L —
. )
b,

A typical vehicle hydraulic system is illustrated below. A similar
{llustration is in vour Response Booklet shown as item 24. Label all
the components as they appear in the illustration below.

FRONT

FLEX LINE———\‘

\..___
BRAKE PEDAL
BRAKE _ LINKAGE
BLEED -~-MASTER CYLINDER
SCREW )
=CF =x=J 3RAKE LINES (STEEL
\\,,rf’
/ WHEEL CYLINDER

@ \ BRAKE LINES _/ BRAKE ADJUSTING

SCREW AND CAM

\ ' BRAKE SHOE
BRAKE DRUM AND LINING

p—
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0f the camponents listed, the first ig the master cylinder,: shown
in the figure below. The master cylinder provides power to operate
the brakes by converting mechanical force intc hydraulic pressurus.
In addition, to provide the power to operate the brakes, the master
cylinder contains the fluid reservoir for the hydraulic brake system
(3). This unit is usually mounted an the firewall for éasy access
(1), and may also contain the stoplight switch (2), as in the example
shown in the illustration. This is not a fixed rule, however. The

stoplight switch may be located in any convenient place on the
vehicle.

)
S

MOUNTING FLANGE

O (1)

A similar illustration is shown in your Response Booklet on page 2.
Locate the fluid reservoir, firewall mounting flange, and the stoplight

switch. Write the names in the corresponding numbered spaces in the
Response Booklet.

QUESTION 25.

29272721772772277272?272222272 2272722777277

» Wwhat unit of the vehicle hydraulic system Iis illustrated above? (Write
* your answer on the bottom of page 2 in the Response Booklet .)

79227727277227272777272722722722?27272 2722727272227 727°




Frame 14.
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The answer to question 25 is: Master Cylinder.

=

- The master cylinder is the heart of €£:f;ydrnulic brake system.
If some other part of the system fails there may be some braking
action remaining, but if the master cylinder fails the entire brake
system fails. A defective master cylinder may be replaced ‘with a
serviceable unit, or it may be repaired. Repair consists of removal
from the vehicle, disassembly, reconditioning of the cylinder by

testing.

honing, replacement of all internal parts, assembly, installation and

QUESTION

?272?2722°?

2A

77?27?7222222272727222722227227222722222227°

?  Which of the following statements are corfpct? ?
? a. A defective master cylinder must be d;scarded. ?
? t. Master cylinders ray be replaced or repaired locally. ?
? ¢. Repair includes replacement of all internal parts. , ?
? d. The stoplight switch zan %e mounted in any convenient place. ?

)
I

A A

???272222227°2722727222%922°2°2222272729207
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Frame 15.

\‘:
‘/' “\'\
The answer to question is: b., c., and d.

The accampanying figure illustrates how the master cylinder trans-
forms mechanical energy into hydraulic pressure. Force applied to the
brake pedal actuates the piston in the master cylinder, which attempts
to compress the brake fluid in the cylinder. Since we know that
fluids camot be campressed under ordinary pressures, the resistance
of the fluid to the mechanical action of the piston creates pressure
in the fluid. Within reasonable limits, the more force that is ap-
plied to the brake pedal, the more the pressure that is created in
the cylinder.

= BRAKE PEDAL

MASTER
(o _— — CYLINDER
MASTER CYLINDER PISTON
QUESTIONS 27 and 28.
n27 9292222922272 222227272222222272 072272727

n

?

?

?

?

?

27. Which of the following statements is true?

a. The foot pedal acts through linkage to compress the o
fluid in the master cylinder. '
b. The greater the force applied to the foot pedal, the ?

greater the pressure in the master cylinder.

28. What is the purpose of the master cylinder?

7729272722 2272772?272°2%?2?72?272?72°?2?27°?72°?2?2???17077°07%
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The answers to gquestions on Frame 15 are:
7. b. ‘

?8. convert mechanical emergy into hydraulic preasure,

-
- e,
| =)=

Next on our list of major camponents are the wheel cylindera (B).
They contain some of the same parts as the master cylinder, but they
transform hydraulic pressure into mechanical energy. 1In the figure
below, note that fluid enters the cylinder at fitting A, and forces
the pistons outward.

RUBBER CUPS

PISTON RETURN SPRING
Lapel 2ach part of the 1lilustration shown as item 28 in veour
mespanse HDookler., Mheon, arswer Questicns 2o oand 3 helow,

QESTICNS 29 and 3C.

(O A S S O S A S A A S A A S O A O A B O O B A

? 29. Study the figure above closely. Is this a single-acting

cylinder or a double-acting cylinder? Why?

30. What is the purpose of the wheel cylinders.
”

2222222222272 ?27???2?2?2?222722?220 22?7
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The answers to questions on Frame 16 are:

29. a. double-acting cylinder.
b. there are two pistonms.

NOTE: If you answered this question correctly, you are to
be congratulated! There was no mention of single- or
double-acting cylinders, but you did some creative
thinking and followed through.

3. Convert hydraulic pressure into mechanical energy.

a—
pomy
o

Brake drums are constructed of
cast iron, pressed steel, or both.
In the latter case the pressed
steel shell is used for strength
with a cast iron liner to help
dissipate the heat generated by
braking action. Some of the
heavy passenger cars have alum-
imim fins fitted to the outside of
the drums to aid in cooling, since
aluminum dissipates heat faster
than steel or cast iron. Front
brake drums are a part of the
wheel hub and contain the wheel
bearings. Rear brake drums have
no support function and merely
slip over the hub of the rear
axle.

QUESTION 31

292722972722 727272°272722?2%27??7?2°?27?2?2% 7?77?2722 ?

?  In the figure above, is depicted a brake drum. Fram the infrormation
given, this is a (front) (rear) drum. (Write your answer im“the space
? provided.)

?
272?27%7272727272272?2722?22?2727?2227%7?2?2%?2772?272727° ?/



e answer to Question 31 is: (rear).

This is a rear brake drum gsince it does not contain ‘he wheel hub.

— __.%_:‘

Brake shoes press the lining againsat the brake drum. creating the
necessary friction with the drums to stop the vehicle (A). They come
in pairs; one pair for each wheel (B). The shoes are constructed
from flat steel stock that is shaped and welded. Each steel shoe is
covered, on the outer curve, with a fiber lining. FEarly brake lining

was woven (C) but now all vehicles are equipped with molded lining (D).

This change came about because the molded lining proved to wear much
longer, especially under the increased demands of heavier, more power-
ful vehicles. Note that the molded lining has holes “o receive the
rivets used to secure the lining to the brake shece. Item 31 in vour
Response Booklet shows this same illustration.

Label the parts as in
this i{llustration in the booklet.

Then, answer the questions found

below tne illustration on vour Respcnse Booklet.

18
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The answer to 32 is: to press the lining against the rotating
brake drum to create the friction necessary
to stop the vehicle (in other words, to
transnit the mechanical emergy from the

‘ wheel cylinder to the brake drum.

The answer to 33 is: Brake lining, brake drum.
The answer to 34 is: Woven, molded.

!
\
-

- ——
.
‘ _
* ’ T

——

The change from woven brake linings to molded lining increased the
interval between adjustments or replacements. Both types of lining
were secured to the shoes with rivets. The useful thiciness of the
lining was limited to that portion which extended beyond the rivets.
Particles of dirt lodged in the recesses of the rivet holes and wore
grooves in the drums. This required that the drums be turned on a «
brake drum lathe to restars smoothness to the drums.

JUESTIONS 135 nd 36.

’??'?’}')’)’)‘?'7'?’?'?'3’)??’7’2?'7"_?"??'?'7‘?’?')')"'_"?")’7‘79')

? 1§, Select the altermative which correctly completes the statement
below.

- X Woven or molded brake lining can be used until

P a. it is w~orm down to the Lrake shoes. '
? b. the rivets are touching thes drums. ?
? %. Grooved brake drums :
? a. must be discarded. 7 2 . . 7

?

b. should de turned on a lathe. R

??????????????????u??????????????’-‘??'Z;?
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The answers to the previous questions are:
35. (b)
36. (b)
4 ; - L 4
Turn to page 4 of vour Response Booklet. Read the instructions

under {tem 3b. Then, answer questions 37 through &1.

I

In the last frame we discussed turning grooved brake drums on a
brake drum lathe. The gpecial lathe used for this purpose is shown
in the drawing beldw.

0

WESTION L2.

7227222 %572 727292292272 7222222727227222722727272777
&
.2 The brake drum lathe i3 uzed to : ) )
. a. restore the drum to its origiral thidkness.\
b. remove grooves from the drum.
? A
2222222229222 2%22222229022222222272°2%
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Frame 212{2’ |

el
. 'The answer to Question 37 is: B Master cylinder. ‘

The answer to Question 38 is: C Wheel cylinder.

The answer to Question 39 is: D Brake shoe.

The answer to Question 4O is: A Brake drums.

The answer to Question L1 is: E Brake lining.

@ ﬁ,
- ' The answer to Question ;2 is: (b) The brake drum lathe is used

to remove grooves from the
drum.

The next significant change in brake lining was not in the lining
itself, but in the method of attachment to the brake shoes. Since the
woven and the first type of molded linings were both attached with
_ rivets, the usefulness of the lining was limited to that portion which

extended beyond the rivets. The bonding process is accomplished with
. a high-strnegth adhesive bonder tape and the applicatiom of heat.
Bonded brake linings have a distinct advantage over riveted lining in
that the full thickness of the banded lining is available for use.
Also, becanse there are no holes for the dirt to lodge in, less
abragsive action takes place on the drums and they do not become
grooved. This eliminates the necessity for turning them on the brake
drum lathe, except in the cases where heat-warping has caused the drum
to become out of round.

QESTION k3.

79272?22227727277277272727227?72?2°?272727?272?72?7?2?2?2°2°?2727?°2°7%

? What is the main advantage of bonded brake lining over riveted ?
lining?

-3

2272272772772 ?272?2?27?2?2?72?2??2?7?2?2°?27°?2°?2?°?7°?7?272°7717?°??




I/ . . -
'Answer to Question L43: The full thickmess of the lining can be
used before replacement is necessary.

2=

We have already covered most of the main components of the hydrau-
lic brake system. The master cylinder, wheel c¢ylinders, brake drums,
and brake shoes have been covered. These units must be cormected to-
gether in order to form a gystem, and the connectors are called
hydraulic brake lines, both s0lid and flexible. The solid lines are
made of steel tubing to withstand the high pressure that is sometimes
developed. The flexible lines are made of neoprene, reinforced with
steel mesh. The figure below is a camposite drawing of a typical
hydraulic brake systam. The drums are omitted in order to show
greater detail. Note that a flexible line is used from the frame
bracket to the rear wheels as well as to the front wheels. This is
necessary because of the up-and-down movement of the rear axle
assembly.

QESTION Uuk.

?2?2?722727?22727?2?2727?72?2772°??2°?72°?2°?2?27?27272°?27?2?2?2°2?2°?2°27?7°

?  Pressure in the hydraulic system is ?

? a. greathst at the master cylinder. ”
b. greatest at the wheel cylinder.

o c. greatest in the lines since they are the smallest in diameter.,

d. equal throughout the system.

??2?7?2?2?22?727?2?27?2°?272°?2?2°?2%7?2°?2?7?7?????2?°??7?2?°?2r? 7?7
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Frame 23}.
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The answer to question Ll is: (d) Pressure in the hydraulic
system is equal throughout
the system.

==

el gy

Our hydraulic brake system has now been assembled and connected
with solid and flexible lines. We now add hydraulic brake fluid
(50% castor oil - S0% alcchol), remove any residual air from the
system, check for leaks, and we are in business. The proceas of re-
moving air from the brake system is called "bleeding" and mat be ac-
complished when any of the camponents of the system are changed,
when a leak develops, or when the fluid level in the master cylinder
gets low enough for air to enter the system. Remember, fluid cannot
be compressed but air can be; and a bubble of air any place in the
system will cushion the pressure applied to the brake pedal. For:
this reason, all air must be eliminated from the brake system to in-
sure positive braking actiom.

/

QESTIONS L5, L6, and L7.

2929777972792 7292922272222272227227222222772272°27222

?

?

?

?

?

?

LS. What i3 the composition of hydraulic brake fluid?
45. What does bleeding of the brakes accomplish?

7. My must brake systems be bled?

??????????????????‘?????????'??'z‘?????
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The answers to questions asked on Frame 23 are:

LS. 508 castor oil - 50% alechol:
L6. Bleeding removes all air from the system.
47. Brakes must be bled to insure positive braking actionm.

The picture to the right
shows a typical brake bleeding
arrangement. A clean glass jar
(A), a short length of rubber
or neoprene hose (B), and a
fitting to screw into the
bleeder valve (C), are the
only materials required. To

“bleed the brakes: (1) attach
the hose to the bleeder valve;
(2) check the master cylinder
regcervoir to make sure that it
is full of fluid; (3) insert
the loose end of the bleeder
hose into the glass jar so that
the end is submerged in the
fluid (D); (4) have another
person apply pressure to the
brake pedal; (5) using a box-
end or opan-end wrench, locsen
the bleed valve and allow fluid
to flow into the jar; (6) close
the bleed valve and tell your
helper to release the brake pedal
(this prevents air from being
drawn in while the valve is open).
Repeat this procedure until all
bubbles stop coming” from the hose.

»
t
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When all of the air has been bled from one brake, repeat ths pro-
cedure for all other brakes on that,vehicle. Since each wheel cylin-
der is at the end of a brake lins only way to insure complete re-
moval of all of the air is to bleed each brake. Make surs that the
bleeder valve is closed before ths brake pedal is released each time,
and make sure that the master cylinder reservoir is kept full.

QESTIONS L8 and L9. \

?

?

?

27229227272779727?722?72722?2721?77?7 2277777227772

LB. Why must the bleeder valve be closed before the brake pedal

is released? ?

L9. Why must sach wneel be bled? ?

202
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TAG answers to the questions on Frame 25 aAre:

LB. To prevent alr from entering through the open bleeder valve.
L9. Because each wheel cylinder is at the end of a brake line.

1:553!!§g!l

With the addition of hydraulic brake fluid and the removal of air
from the system by bleeding each of thes wheel cylinders, we now have
a complete brake system ready to function. We have already determined
that force may be transmitted through fluid in a closed system. It
follows, then, that movement of the piston in the master cylinder,
caused by pushing the brake pedal will rreate movement of the pistons
in the wheel cylinders. Remember, fluid cannot be compressed under
ordinary pressures so there is no lost motion irn a fluid-filled
system. '

|
J

QUESTION  s0.

i

?

?

?7777?2272°27272?27272°27?27272727272°2°2°2°7272°2°?2?292?27272°?2°277

Indicate which of the following statements are correct. ?

a. Movement of the pistons in the wheel cylinders is caused by .
compression of the brake fluid. ’

o. Movement of the piston in the master cylinder causes the
pistons in the wheel cylinders to move.

¢, Force may be transmitted through fluid in a closed gystem.
d. Depressing the brake pedal forces fluid into the reservoir.

7?7?7717 ?27?22°272°?2727?7272?272?272727?27222°272°2°22°2°2272?72°7°
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Pressure, in pounds per square inch, is equal throughout a closed
system. If movement of the piston in the master cylinder creates
movement of the pistons in the wheel cylinders, the amouht of fluid
displaced in the master cylinder must be divided among the number of
wheel cylinders on the vehicle. Thus, if all the cylinders are of
‘the same dismeter sand the vehicle has four wheels, each wheel cylin-
der will receive ) of the fluid displaced from the master cylinder.
If each wheel cylinder has two pistons, that is, if they ares dowble-
acting cylinders, the individual wheel cylinder pistons will only
move 1/8 of the distance traveled by the pistoan in the master cylin-
der.

L~ QESTIONS 51, S2, 53, and SL.

-J

? In all of the following problems we are assuming that the diameter

of all cylinders is the same. , -
? ?
51. lL-wheel single-acting master cylinder moves 2 inches.
? Wheel cylinders move . ?
“ 52. L-wheel, double-acting master cylinder moves 2 inches. ?
Wheel cylinders move .
? ?
53. 6-wheel, double-acting master cylinder moves 3 inches,
? Wheel cylinders move ‘ . ”
? SL4. L-wheel, double-acting master cylinder moves 3 inches. ?
Wheel cylinders move .
? ?

Iz
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'I’he answers to the questions asked on Frame 27 are:
'51. 2 inches divided by L (for L wheels) = 1/2 inch.

52. 2 inches divided by 4 (for L wheels) = 1/2 inch, which
divided by 2 (double-acting) = 1/L inch. LS

53. 3 inches divided by 6 (for & wheels) = 1/2 inch, which
divided by 2 (double-acting) = 1/ inch.

S4. 3 inches divided by L (for L wheels) = 3/4 inch. which
divided by 2 (double-acting) = 3/8 inch.

=z]

- """"'-.

The exercise just completed in the previous fraqo was not intended
as an arithmetic drill. It was designed to show How a small increase
in the clearance between the brake shoe and the brake drum would
multiply by 4, 8, or even 12 times the necessary travel of the piston
in the master cyl:l.nder Normal wear on the brake lining makes adjust-
ment of the clearance between the shoe and drum necessary. There is
no set time or mileage involved since some vehicles are driven for
long distances in open country with little demand placed on the
brakes, while others, such as taxicabs, are driven almost exclusively
in traffic with much brake usage per mile traveled. Brake shoes
should be adjusted when the brake pedal can be pushed to within three
inches of the floor.

QUESTION ©55.

?
?

?

?

\???????????"?
Y

Which of the stataments below are correct? 3 7

?2?72?2727722?2722?2727?2?22?2?2?72?72°2?27?2°7*?

a. Brake shoes should be adjusted every 10,000 miles. ?

b. Brake shoes are adjusted as nomal wear decreases the thick-
nesg . of the lining.

¢. Brakes are adjusted when the brake pedal can be pushed to ?
within 3 inches of the floor.

. ]
d. All vehicles wear out their brakes at about the same rate.
272272772 777272272727272772727?2?72?272727%*7272?°2?227°2?27?2272°727227?
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. A The answers to Question 55 are: b. and ¢. o o .

BR
JA

In all l'xy'draulic brake systems, the shoes are held aga*t the
drums by préssure in the system. The shoes are returned from the |
drums to their normal position by return springs. If the pressure -
is not allowed td bleed off, the springs cannot return the shoas
to their normal -poisition. To insure the release of ?ydraulic pres-
sure, the brake pedal is adjusted for "free travel." ' If there is
no free travel in the pedal, the pistom inside the master cylinder
has not roturned\and there is fluid trapped in the system, causing
presBure. ,

?

QJESTION 6.

9 92929292729222272272727227222222?2?2?2772722227277?272

N
. ?  Which of the statements below is correct? ?
? a. The return springs are strong emough to overcome the trapped 7?7+
fluid.
7 ‘ 2
».” The brake lining will soon smar off emough to provide a
7 clearance. ?
? ¢. The brake pedal must have free travel to release the hydraulic?
pressure. '
” )
P d. Kicking the pedal sever’al times will release the pressure.

? . B o . _ I ?
’ ; ‘ .
2909092929222 22227272222227?2272?2?222272?2°%°%727° ??
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e answer to Question 56 is:

pressure.

/

-

2ic) The brake pedal muat have free
travel to release the hydraulic

E

of the pistan in the

master cylinder, the brake
pedal must be adjusted for
free travql. As shown in
the picture at the right.
the adjustment is made lnso
the master cylinder push rod
linkage. To test for free
travel, use light finger
pressure on the brake pedal.
There should be 3t least :
1/2 inch travel of the brake

pedal before resistance is
fal

A.s—-.L\.Jn

JUESTICN 57. , .

?

4 ]

a

-

2722722722772 7222?222?2°22?2272772?22°?2°2%72222°22727?77°

which of +he statements below is.correct? .
5. Free “ravel is adjusted on the pedal.
H

b, Free travel should be a*% least 1/2 inch.’

B

T'ree travel should be at least 2".

(L 0

R

Adjusiment is on the push rod linkage &f the master cylinder.

"9 7T927277297272222%222722°2272227727?273¥Y272°?2?
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 .The last part of the brake system that we will study with this
program is the paridng brake. Most vehicles utilize the brake shoes
and drums on the rear wheels for parking brakes as well as service 3
brakes. Since there would be no practical way of applying pressure
to the hydraulic systam, the parking brakes are actuated mechanically.

QUESTION 58.

292722727777727?2277?272?2?22?27?72?227?22227227?2?2°?2°2727

— ?  Which of the statements below is correct? ?

. -7 - a. Parking brakes can be either hydraulic or mechanical. ?
? b. Parking brakes may utilize some units of the service brake ?

gsystem. '

2 ?
277222292%272772°?2722227222°22277?2°22?27272°272°2°2°?°%°
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While some parking brake- installations
share the rear brake shoes and drums
with the service brakes, a means
of actuating them mechanically
must be devised. All modern
vehicles use a flexible '
cable which extends
through the brake
backing plate and
connects to # lever
inside the brake - 3
agssembly. In the
picture at the
right, the parking
brake cable (1) is
connected to the act-
uating lever (2) which
moves the actuating rod °
{3) when the h