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FOREWORD

Power Trains is another splendid example of the ten Mid-America Vocational Curriculum
Consortium States working,together. Through its pro'cess of assembling regional.expertise,
MA \ACC set out to produce a cuhlculum that Vvould truly reflect contemporary needs of the
diesel mechanics industry. This involved a rewrite and update of Diesel Engine Mechanics
firstkpublished in 1977. The original diesel text has been expanded fo three: Diesel Mechan-
ics: Fundamentals, Diesel Mechanics: Electrical Systems, and Diesel Mechanics: Fuel Sys-
tems. MAVCC's HydraulicsVcas designed to suOplement diesel training prO6rams, and now,
Powe; Trains is available to provide further continuity in student training.

The success of this publication is due, in large part, to the capabilities of the personnel who
worked with its development. The technical writers have numerous years of industry as well
as teaching experience. Assisting them in their efforts were representatives of each of the
member states who brought with them technical expertise and the experience related to the
classroo,m and to the trade. To assure that the materials would parallel the industry environ-
ment and be accepted as a transportable basic teaching tool, organizations and industry rep-
resentatives were inqohied in, the developmental phases of_the manual. Appreciation is ex-
tended to them for their valuable, contributions to the tnanual.

Instructional materials in this Oublickion are written in termi of student performance using
measurable objectives. This is an innovative approach to teaching that accents and augments
the teaching/learning .process. Criterion referenced evaluation instruments are provided for
uniform measurement of student progress. In addition to evaluating recall information,
teachers are encouraged to evaluate the other areas including process and product as indi-
cated at the end of each instructional unit.

It Is the sincere belief of the MAVoC personnej and all those members who serived on the
committees that this publication will all9w the students to become better prepared and

% more effective membe'rs of the work force.

11.
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David Pi:Won, Chairman
Board of Directors
Mid-America Vocational
Curriculura.Consortium
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PREFACE

You can't please everyl3Ody all of the time, but Power Trains certainly comes close. The ma-
terials apply to both on-rodtkand off-road vehicles with special materials for PTOs and chain
and belt drives used in tractol'i and çortibines. we feel that instructors who have been wait-
ing for Power Trains will find the text is worth its "wait" in gold.

rylAVCC is insistent that its materials reflect indusprieeds and industry standards. Power
Trains fulfills both requirements in the traditional easy-to-teach from, easy-to-learn from
format. Best of at Power Trains has job sheet after job. sheef after job sheet for extensive
hands-on student learning activity. And thanks to General Motors; Ford, John Deere, Eaton,
Rockwell International, ,Caterpillar, and other major manufactUrers of power train compon-
enm the text has a profusion of excellent illustrations that will serve to reinforce and en-
hance both teaching and learning.

We plan carefullY and edit with dedication, but we're still subject to typographical errors
and other possible errors in content. When you take time to call or write us when changes or
improvements should be niade, that makes you part of the MAVCC team--we welcome criti-
cism from instructors who use our texts. Your observations can contribute positively to up-
date and revision, and we hope you keep imóuch.

Students studying diesel engines are learning how to keep 'em running..Power Trains is here
to help students learn to keep 'em rolling. Have a good trip.

vii

Ann Benson
Execiitive Director
Mid-America Vocational
urriculum Consortium
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USE OF THIS PUBLICATION

Instructional Units

Power tiains includes nine units. Each instructional unit includes some or all of the
basic components of a unit of instruction: performance objectives, suggested activities for
teachers and students, information sheets, assignment sheets, job sheets, visual
and answers to the test. Units are planned for more than one lesson or class period of
instruction.

Careful study of each instructional unit by the teacher will.help to determine:

A. The amount of m teriat that cap be covered in each class period
B. The skills which m st be demonstrated

1. Supplies need d
2. Equipment nee ed
3. )3riOunt of prac ice needed
4. Amount of class ime needed for derrionstrations

C. Supplementary materys such as -pamphlets or filmstrips that must be ordered
D. Resource people who Must be contacted

Ob'ectives

Each unit 'of instruction is based on performance objectives. These objectivq state the
goals of the course, thus providing a sense of direction and accomplishment lor the student, .

k

Perfol-mance objectives are stated in two forms: unit objectives, stating the subject
matter to be covered in a unit of instruction; and specific objectives, stating the student per-
formance necessary to reach ,the unit objective.

Since the objectives of the unit provide direction for the teaching-learning process, it
is important for the teacher and students to have a common understanding of the intent of
the objectives. A limited number of performance terms have been used in the objectives for
this curriculum to assist in promoting the effectiveness of the communication among all
individuals using the materials.

Following is a list of performance terms and their synonyms which may have been used
in this material:.

Narne Identify: Describe
Label Select Define
List in writing Mark Discuss in writing
.List oally Point out 2 Discuss orally
Letter Pick out Interpret
Record' Choose Tell how

,Repeat Locate Tell whit
Give Label Explain

9



Order Distinguish
Arrange Discriminate
Sequence Differentiate
_List in order
Classify
Divide
Isolate
Sort

Demonstrate
Show your work
Show procedure
Perform an experiment
Perform the steps
Operate
Remove
Replace
Turn off/on
(Dis.) assemble
(Dis) connect

Additional Terms Used
Evaluate
Complete
Analyze
Calculate
Estimate
Plan
Observe
Compare
Determine
Perform

Const uct
Draw
Make
Build
Design

'Formulate
Reproduce
Transcribe
Reduce
Increase
Figure

Prepare s
Make
Read
Tell
TeAch
Converse
Lead
State
Write

Reading of the objectives by the student should be followed by a class discussion to
answer any questions concerning performance requirernents for each instructional unit.

A .

Teachers should feel free to add objectives which will fit the material to the needs of
the students and community. When teachers add objectives, they should remember to
supply the needed information, assignment and/or job sheets, and criterion tests.

Suggested Activities for the Instructor:

Each unit of instruction has a suggested activities sheet outlining steps to follow in
accomplishing specific objectives. Duties of instructors will %Try according to the particular
unit; however, for best use of the material thej/ should include the following: provide
students with objective sheet, information sheet, assignment sheets, and job sheets; preview
filmstrips, make transparencies, and arrange for resource materials bnd people; discuss unit
and specific objectives and information sheet; give test. Teachers are encouraged to use any
additional instructional activities and teaching methods to aid students in accomplishing the
objectives.

Information Sheets

Information sheets provide Content essential for meeting the cognitive (knowledge) ob-
jectives in the unit, The teacherl will find that the information sheets serve as an excellent
guide for presenting the background knowledge necessary to develop the skill specified in

.the Linit objective.

,
Students should read the linformation sheets before the information is discussed in

class. Students may take additional notes on the informatibn eets.

;di e 10- \



Transpar.ency Masters

Transparency masters provide information in.te special way: The students may see as
well a hear the material being presented, thus reinforcing the learning process. Transparen-
cies may present new information or they may reinforce information presented in the in-
formation sheets. They are, particularly effective when identification is necessary.

Transparencies shoulcl_be made and placed in the notebook.where they will be imme-
diately available for use. Transparencies.direct the class's attention to the topitc of discus-
sion. They should be left on the screen only when topics shown are undet discussion.

Job Sheets

' Job sheets are an important segment of each unit. The instructor should be able to
and in most situations should demonstrate the skills outlined' in the job sheetS. Procedures
outlined in the job sheets give direction to the skill being taught and allow both student and
teacher to check student progress toward the accomplishment of the skill, Job sheets
provide a re dy outline .for students to follow if they have missed a demonstration. Job
sheets also tHpish potential employers with a picture of the skills being taught and the
performances which mibht reasonably be expected from a person who has had this training.

Assignment Sheets

Assignment. sheets give direction to study and furnish practice for paper and pencil
activities to develop the knowledges which are necessary prerequisites to skill develojiment.
These may be given to the student for completion in class or used for homework assign-
ments. Answer sheets are provided which may be used by the student ancWor teacher for
checking student proOess.

Test and Evaluation

Paper-pencil and performance tests 'have been constructed to measure student achieve-
ment of each 'objective listed in the unit of instruction. Individual test items may be Pulled
out and used as a short test tikletermine student achievement of a particular objective. This
kind of testing may be used as a daiiy quiz and will help the teacher spot difficulties being
eritountered by students in their efforts to accomplish the unit objective. Test items for ob-
jectives added by the teacher should be constructed and added to the test.

Test Ansimers

. . .

Test answers are provided for each unit. T.hese May be used by the teacher 'and/or
student for checking student achievement of the objectives.

ft 1
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POWER TRAINS,
INSTRUCTIONAL/TASK ANA.LYSIS (

JOB TRAINING: What the
Worker Should Be AbleTo,Do

(Psychomotor)

RELATED' INFORMATION:
What the Worker Should Know

(Cognitive)

UNIT 1: INTRODUCTION TO POWER TRAINS

9. Calculate9ear ratio

10. Calculate gear rotation

11. Calculate gear speed

a

4

1. Terms and definitions

2. Basic components of a
power train and their
functions

3. Sequence for the trans-.
mission of power through
a power train

47Working apPlications of
power trains

Types of gears found in
power trains

b. Formula foe calculating
gear ratios

7. How to determine year
-rotation

8. Forrnula' far calculating
. gear speed

4

\
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JOB TRAININO: What the ., RELATED .INFORMATION:
Worker,Should Be Able to Do What t4itporker Should-Know

(Psychomotor) (Cognitive).

UNIT II: CLUTCHES AND F.CYWHEELS

14. Adjust clutch linkage free travel

15. Adjust free travel on a pull type
clutch

16. Remove a clutch assembly ,

xvi

13

1. Terms and definitions

2. Components of a basic
clutch asserfibly

3. Parts of a flywheel

4. Functions of a flywheel

5. Parts of a dry-type disc
clutch

6. Types of clutches and
a. their descriptiOns

7. Types of pressure plates

8. Difference between a dis,
engaged and an engaged
clutch

Clutch linkage mechan-
isms and their functions

O. .001:1.1itioni. to look for.
4 during clutch inspection

11. Symptoms that occur:,
when a clutch housing
bore has excesive runout

12. Clutch malfunctions and
probable causes

13. Purposes of °a dual disc
clutch'
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JOB TRAINING: What the-
. Worker Should Be Able to Do

(Psychomotor)

17. Inspect a clutch disc

18. Check a clutch housing alignment

19. Inspect a pressure plate.and cover

20. Inspect a pilot bearillig and
pilot bushing

21. einstall a clutch assembly

22. Remove, inspect, repair, and
reinstall a 15 1/2-inch dual
disc clutch

23. Disassemble, inipect, and
reassemble a hydraulic (wet-type)
clutch

24. Check flywheel runoui

25. Remove gncireplace a flywheel
ring gear

A

RELP/ED INPORMATION:
What/the Worker Should Know

(Cognitive)

UNIT III: TORQUE CONVERTERS AND FLUID.DRIVES ,

1. Terms and definitions

2. How a basic fluid coupling
works 1

3. Parts of a torque con-
verter

4. Torque converter parts
and their functions .

5. Types ,orfluid flop in
torque converters and
their characteristics

6. Operation of a twin-aur-
binetorque converter

7. Operation of a lockup
clutch convefter

.



JbB TRAINING: What the
Worker Should Be Able to Do

(Psychomotor)

8. Drain and refill a torque converter.,s.
9. Check for oil leaks A

10. Test a tprque ionverter

RELATED INFORMATION:
What the WorkerShpuld Know

(Cognifive)

UNIT IV: IVIECHNICALTRANSMISSIONS

.%

1 5

xviii'

1. Terms and definitions

2. Types of mechanical
transmissions'

3. Parts of a sliding gear
transmission

4. Parts of a sliding clutch
transmission _top shaft

5. Parts of a front section
countershaft

6. Parts of a transmission
front section case with
clutch housing

7. Parts of an auxiliary sec-"
tion-of a ten speed trans-
mission

8. Parts of a shift lever
housing "and reverse stop
plunger

9. Parts of a shift bar hous-
ing

.10. Parts of a remote shift
control assembly

11. Air flr for range shift-
ing
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JOB TRAINING: What the RECATED INFORMATION:
Worker Should Be Able to Do What the Worker Should Know

(PsychomOtor) (Cognitive),

12. Indicate air flow in airAines
for range shifting-

13: Check a mechanical transmission
fluid level

14. Remove and disassemble a
mechanical transmission

15. I nspect transmission parts

16. Reasserbble a mechanical transmission

17. Disassemble a -shifting bar
housing

18. Inspect a shifting bar housing
,and parts

19, Reassemble a shifting bar
housing

20. 'Install a mechanical ,transmission

- 21. Test a mechanical transmissjon after
rebuilding

UNIT V: AUTOMATIC TRANSMISSiONS

'
1Z,

e'

XhC

1. Terms and definitions

2. Major parts of an auto-
matic transmission

3. Steps in oil pump and
-regulating valve operation

4. Low range, high range,
and reverse range func-
'Cons in an automatic
trargmission

5. Characteristics of auto-
Matic transmission fluid

6, Procedure for properly
checking automatic trans-
mission fluid



JOB TRAiNINb: What the
Worker Should Be Able to Do

(Psychomotor) .

18. Remove an automatic transmission
, from a vehicle

19: Disassemble an automatic trans-
mission into subassemblies

. XX

"ELATED INFQRMATION:
What the Worker Should KnOw

(Cognitive)

7. -In-vehicle transmisiion
tests and their functions

8. -Parts of a planetary gear
system i
Planetary gear system op-
eration

10. Speed, torque, and dir- .a:ectional functions of an .

automatic transmission
'and ways they are ac- .
complished ,

11. Tools and equipment re:
quired for automatic
transniission overhaul

.

.

, :12. 'Parts normally replaced.
at each automatic trans-
mission overhaul .

4

13. Important elements of
cleaning 3nd inspection fr

14. Sped!i cons1Nrations fbr
bearing inspection and .

-handling

15. Transmission components
and their inspeCtion re- ,

quirements

16. Make-ready p'roCedures-
for rernoving or installing
an automatic transmis-
sion

17. General rules for deter-
mining whether to reuse
or replace a part

17

,i;
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JOITTRAINING: -What the
Wofier Should lie Able to Do

.(Psychomotor)
s,.

,Check end play on a torque converter
'at'sembly

21.. Disasserrible, clean, arid inspect a torcitie
converter assembly ,

22,, Rebuild a stator assembly

23, Reassemble a torque converter assembly

24. Disassemble, clean, inspect, and reas-
semble a.modulated lockup valve as-

,
sembly

. 25. Disassemble, clean, inspect, and reas-
a low shift valve assembly

261. Disassemble, clean, inspect, and reassemble
a control valve body assernyly

.

27.. Disasernble, cldan, inspect and reaisemble
, an oil pump and front support assembly

28. Disassemble, clean, inspect, and reassemble a
forWard clutch and turbine shaft

29. Disassemble, clean, inspect, and reassemble'
a fourth clutch

,

30. Disassemble, clean, inspect, and reassemble
' a center support assembly '(

.31. Disassemble, clean, inspect, and reassemble
a gear unit and main shaft assembly

32. DisassemIlle, clean, inspect, and reassemble
an output shaft

33. Disassemble, ctean, inspect, and reassemble
'a rear cover assembly,

gr 34. Disassemble, clean, inspect; and reassemble
an adapter.housing and first clutch piston

35. Disassemble, clean, inspect, and reassemble

a transmission housing

36. Reassemble an automitic transmission
1

, L.)

f.k XX i

RELATED INFORMATION:
WhaftheWorkerShould Know

(Cognitive)
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JOB TRAINING:- What the RELATED INFORMATION:
Worker Should Be Able to Do WhattheWorker Sho.uld:Know..

(Ipsycht!rnotor) - (Cognitive)

37, Install an automatic transmission,

38. Test an automatic transMissioT

-! 39. Make shift speed adjustments on an auto-
matic transmission

_11. FlOrn ve and replace a
prop ler shaft

12. Disassemble, inspect, and
reassemble a U-joint with
bolted end

LINIT VI: DRIVE LINES

1.. Terms and definitions

s, ,

1. Two characteristics 'of -a
'hOtchkissdriVe,',

'3. Types. of proWiar 'ishafti

4, POrts'Iiif a prdpeller snaft
withThijtt.yoke.

5 Parts of a'.cerfter bearing

,p. ,bifkrenth .1)0/von 'con-
stant Arid crbss
and r011er Ploirris

s
:7. ,Parts &cross and rol ler

0-joint
,

8. :Ailnts onl drive train tO
check gomponent .angles

Acceteratign-deceleration
of propeller shaft with
cardontU-joints

r,
10. Problems 'causing drive

line noise or vibration



JOB TRAINING: What the RELATED INFORMATION:
Worker Should Be Able to Do What the Worker Should Know

(Psychomotor) (Cognitive)

13. Remove and replace a cross and
rotler U-joint

14. Align and timea telescoping
drive line

15. balance a propeller shaft

UNIT VH: DIFFERENT!ALS AND FiNAL DRIVPS

0

4

20
xgiii

1. Terms and definitions

2. Types of differentials and
finar drives and their clef,:
initions

.3. Parts of -a gear tooth

4. Method's used to evaluate
gear tooth contact pat/
terns

Parts of a differenIi?l

Parts 9f aeplanetary. gear-
set 44,

Planetary gearset "com-
ponents and their, charac-
teristics

8. Typesbf differentiarlocks

Purposes of a power diV-
ider

10. asic, parts o a power'
d vider

11. Shi ting mechanisms and
thei descriptions

12. Diffe ence between
and compression

ngt



JOB TRAINING: What the
Worker Should Be Able.to Do

(Psychomotor)

13. Remove a differential assembly

14.. Disassemble a differential case
'and gear assembly

15. Clearj nd Inspect a differential
case nd gear assembly

16. Adjust drive pinion bearing preload

17. Reassemble a differential case and
gear assembly

18. Adjust-dperential bearing preload;*
check gear backlashand tooth contact
pattern

19. Install differential assembiy in diff-
erential housing

20. Remove, repair, and reassemble a
differential carrier and power divider
assembly

21. Disassemble a planetary gear assembJy
outer ends

22. Clean and inspect parts of a planetary
axle

23: Reassemble a planetary gear bearing-
preload

24. Adjust a planetary gear assembly

25. Performpreventive maintenance on
differedtial ancI final drives

26. Assemble air line,with reuSable fitting
(flared)

11:.-Assemble ail; line \kith compression.
fittings

..

- RELATED INFORMATION:
What the Worker Should Know

, (Cognitive)'

21
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JOB TRAINING: What the 'RELATED INFORMATION:
Worker Should Be Abl to Do What the Worker Should Know

(Psychomotor) (COgnitive) ..

0

t.

UNIT.VIII: POWER TAKE-OFFS

1. Terms and definitions

2. Safe operation of PTOs

3. Three types of PTO
\

guards and shields

4. Three types of PTO' sys-
tems ,

5. ASAE-SAE standardslor:
tractor PTO drives

6. Complaints and causes
for noisCh-cat, 'and vibra-1
tion in transmission-
mounted 'PTOs

7. Troubleshooting . PTOs
for poor wbitk rate \'

. .'8. ,Complaints and Causes

for external .oil leaks in
PTOs

9. TrOubleshooting' PT15s

for hard shifting

10. Troubleshooting PTOs
for jumping out of gear

11. Troubleshooting power
shift PTOs

12. Parts of a two-gear, one-.. -

sired PTO
.

13. Cdrnpo ts of hydraulic
and elecfiic circuits in a
power shift PTO

14. Parts of a PTO air shift
system



VP

JOB TRAINING: What the RELATED -INFORMATION:
Worker Should Be Able to Do What the Worker ShOuld Know

(Psychomotor) (Cognitive)

18. Install a transmission-mounted
Power take-off

UN.IT.IX: SPECIAL DRIVES

15Shifter covers for trans-
mission-mounted PTOs

16. Procedures for lubricating
PTO systems

17. Questions that are rele-
vant when selecting the
proper PTO

1. Terms and definitions

2. Three types of chain
'drives .

'3. Detachable-lihe chains

4. Roller chains

5. Silerit chains

6. 'Characteristics of detach-
, able-link chains

7. Characteristics ofstandard
pitch roller chains ,

8. Characteristics of double
pitch roller chains

9. Characteristics of silent
chains

1 p. Prfnciples of chain drives

11. Alignment of sprocket
diets and sprockets

12. Adju§tment of chain ten-
sion

13. Methods, of adjusting
chain tension

. .1
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' JOB TRAINING: Whet the RELATED INFORMATION':
Worker Should Be Able to Do What the WOrkerShou.ld,Know

(Psychomotor) , ' (Cognitive)

I )

. -

'H. Parts of a chain sprocket

'15. SiretCHed chain

16. Lubrication of chains, .

17. Methods of lubricating
-chains

,18. Repair of chain drives

1-9. Cleaning chains

20. Three types of belts

.21. Factors gov rning the a-
bility of belts to transmit
power . .

22. Three forms of 13elt drive
arrangements

23. Measurements of belt sec-
tions used on combines

24. Adjustable pulleys

25. How to determine the
length of a flat belt

26. How- to determine the
len'gth of a V-bIlt

27. How to determine pulley
sizes and speeds

28. 'Belt tension

2. Belt care and mainten-
ance

30. Maintenance of pulleys
and sheaves

31. Types of gear drives and
their-uses

32. Methods of lubricating
gears'
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JOB TRAINING: yvhal the {MATED INFORMATION:
Worker Should ,Be.,Able to Do What the Worker Should Know
" (Psychomotor) . / (Cognitive)

-

c

,

a'

6

,

\

,

,

----.....00

3,3. Gear backlash

34. Types of reciprocating
dtives -and 'their charac-
teristics.

V

35, Maintenance pf recipro-
cating drives '

36. Hydrostatic drives and (
their characteristics

37. Reversing tiydrostatic
drives,-

t
38. Maiptenance of hydro-

static drives

39. Testing hydrostatic drives

40. Functions of a safety re-
lease meChanism

41. Types Of safety , telease
mechanisms and their de-
scriptions

42. Maintenace _of safety
mechanisms

43. Compute the length ota flat .

belt

44. Compute the length of a V-belt

45. TrOubleshoot chain drives

46. Troubleshoot belt drives

47. Troubleshoot gear drives

48. Troubleshoot hydrostatic
drives

49. Troubleshoot, safety
mechanisms

-

,
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POWER TRAINS

TOOLS AND MATERIALS

The following is an alphabetized list of tools recommended for completing the job sheets
in Power Trains; manufacturers' service manuals, should beConsulted for specific tool num-

.

bers.

Adjustable work table
Adjusting ring toOl
Air blow gun
Air hoses
Air nozzles

-.Alignment bolts
Aligning tool or old transmissidn

drive gear
Approved cleaning fluid
Base plate and top plate
,Basic hand tools

-` Battery cable pliers
Bearing and gear remover with drive

handles
Bearing installer and drive handle
Bearing puller
Belt tension gauge
Blue safety tag
Bolts and rubber-covered washers
Bushing installer
Brass punch
Centering band
Center.support lifter
Chain hoist
Chalk, crayon, or pencil
Chock blocks
Clean transmission fluid
Cleaning solvent
Clean 'shop towels'
Clearance gauges for first; second,

third, and fourth clutches
Clutckadjustment tool
Clutch disc alignment tool
Compressed air supply.
Compressor, compressor base, and base

screW
Conyerter end play gauge

,.Converter leak detector
Creeper
Deep socket set, 1/2" drive
Depth micrometer
Dial indicitar 4

Differential jack
Differential repair stand
Drain pan

V.

Drill, 3/8"
Drive gear bearing,driver
Drive pinion flange puller
Droplight
Dust shield installer
-Engine support stand
Feeler gauge
Fixture stand
Flaring tool
Floor jack
Forward clutc,h clearance ga,uage
Front support lifter .

Funnel
Gear unit lifter

,Guide bolts and headless guide screws
Guide studs, 7/16 x 5" long
Hand,tachomdter
High pressure oil gauges
High-temperature lubricant
High-temperature sealer
Hoist
.Holding plate and holding fixture
.Hose clamp .
Hydraulic flow meter
Hydraulic press, 5-ton
Inch-pound spring scale
)ack stands
Large inside snap ring pliers
Large outside snap ring pliers,
Lockup spring compcessor
Marking compound
Maul
Measuring tape
Medium needle-point snap ring pliers
New carrier and cover gaskets
New converter pump flange bolts
Nfew converter pump gasket
New gasket for valve adapter
New lockstrips, four
New 3/8-16 x 2 1/4" self-locking bolt

bnd washer ,

Nonhardening sealer
Nylon fittings

e,



Oil seal installer and driver handle
Oil-Soluble grease -

Output shaft lifting tool
Cutout shaft o14 seal and dust shield

remover assembly
Output shaft oil seal puller
Paint
Parts cleaning brush
Piece of 2 x 4

.Pilot bearing remover
Pilot shaft
Plasticbag or plastic wrap
Plug installer
Press

Pressurevuge
Pry bar
Pull Scale
Rear bearing installer
Roll of copper tubing
Roll of soft wire
Rear seal installer .

Retaining bolt, 5/8-11,x 3.25"
Ring gear rivet fikture for press

.....:Rivet remover pin
Rubber band or soft wire
Rubber:mallet,r1:,
Safety glasses
Seal drivers
Selector shaft seal installer
Select& shaft seal rernover
Self-locking anchor bolt
Shop towels
Slide hammer
Small bearing puller
Small paint brush
Small strips of steel for weight
Snap ring gauge
Socket-head bolts as required
Socket set, 3/4" drive
Socket set, 1/2" drfve
Soft hamnier
Solvent
Solvent container
'Spirit level protractor or

magnetic base protractor
Spring compressor an

base
Stake tool
Stator roller retainer
Steam supply
Steel shim stock

ompressor

Straightedge 4.4"

Stud driver
Tesftachometer
Thickness gauge
Three-strand lifting sling
Torque converter lifter
Torque conVertep retaining

strap-
Torque wrench adapter
Torque wrenches, inch-pouncl,

, 100 foot-pound, and 1000
foot-pound

Transmission jack
Transmission overhaul stand

Tubing cutter
Tubing, 2 1/2" 00

.Vapuum gauge
Valve pin installer
Valve pin remover .

Valve spring Compressor
Washer-head screws as' required

-Welding equipment as required
Wood blocks
Workbench with vise

e

2 7
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INTRODUCTION TO POWER TRAINS
UNIT I

UNIT OBJECTIVE

After completion of this unit, the student should beable to identify the basic parts of a
power train and discuss how power, is transmitted through the power train. The student
should also be able to identify types of gears and calculate gear ratio, rotation, and gear
speed. This knowledge will be evidenced by correctly performing the procedures outlined ,in
the assignment sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit,,.the student should be able to:

1. Match terms related to.power trains with their correct definitions.

2. Match the basic components of a power train with their functions..

3. Arrange in order'the sequence for the 'transmission of power through a power
- train.

4. Select working applications of power trains.

5. Select types of drives found in power trains.

6. Identify types of gears found in power trains.

7. Solve.problems using the formula for calculating gear ratios.

8. Solve problems concerning how to determine gear rotation..

9. Solve problems using the formula for calculating gear speed.

10. Demonstrate the ability to:

a. Calculate gear ratio..

b. Calculate gear rotation.

c. Calculate gear speed.

PT-1
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INTRODUCTION TO POWER TRAINS

\ UNIT I

SUGOIESTED ACTIVITIES

I. Provide student with objective sheet.

II. Provide student with information and assignmeofsheets.

III. Make transparencies.
Ia.

IV. Discuss unit and specific objectives.

v.

V. Discuss information and assignment sheets...
VI. Have students make posters for formulas on gear ratio, rotation, and R.P.M. of

gears.

VII. Take students -on a field trip to a manufacturer of power train components.

VIII. H44.re a mechanic or speaker from industry corile in to talk to students about
power trains.

IX. Find films and charts showing different power train components.

X. Give test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet -

C. Transparency masters

1. TM 1--Basic Power Train Components
,

2. TM 2--Types of Gears

3. TM 3--HoW Gears Change Direction of'Rotation

4. TM 4--How Gears are Used t&Change Speed.

D. Assignment sheets

1. Assignment Sheet #1--Calculate Gear Ratio

2. Assignment Sheet #2--Calculate Gear Rotation
,

3. Assignment Sheet #3--Calculate Gear Speed

. 2i9

- - - ,

9

,

.,

.

,
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E. Answers to assign'ment sheets

F. Test

G. Answers to test

References:

6
A. Fundamentals of Service: Power Trains. Moline, IL 61265: John Deere

Service Publications, Dept. F, 1972.
. 1

B. Service Manuals-RT Series. Kalamazoo, MI 49007: Eaton Corrioration,
Transmission Division, 1974.

C. Truck Axles, Parts flook EA-107. Henderson', KY 42420.: Eaton Corpor-
ation, 1974.

D. Spicer 50-60 Series, 5-Speed Transmission Service Manual. Toledo, OH
43696: Dana Corporation, 1978.

E. Truck Talk'. Chicago, IL 60611: International Harvester Co., 1977.

F. Guynes, Bill. Diesel Mechanics: Fundamentals. Stillwater, OK 74074:
Mid-AniericaVocational Curriculum Consortium NAVCC), 1982.

(NOTE: The above reference, especially Section B; Units V' and VI, -is a
good source for information on seals and bearings. One should also check
various manufacturers specifications.)

3 0
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., INTRODUCTION TO POWER TRAINS
UNIT I ,

INFORMATION SHEET'

I. Terms and definitions

A. Power train--Revolving components involved in the transmission of power
from the engine to the drive wheels

B. Gear ratio--The number of revolutioDs the driving gear must.make to turn
the driven gear one revolution

C. Torque--A turning or twisting force

D. Backlash--The clearance or play between two 'gears in mesh ..-
E. Endplay-End-toend movement in a gear shaft due to bearing clearances

, . .

F. Preload-Adjustment of antifriction bearings so that they are under mild' '
pressure; tested by the amount of torque in inch pounds required to turn the
shaft

A

G. Gear reduction--A combination of gears used to reduce the input-speed
to a lower output speed

.
, . .

H. Constant mesh--Gears that are always in mesh with each other
i

I. Splines--Multiple keys in the general form of internal andeXternal gear teeth,
used to prevent rotation of a shaft

J. Auxiliary transmission--A unit mounted behind the main transmission to
provide supplemental gearint

(NOTE : This provides greater reduction, closer splits, or an overdrive.)

II.. Basic componerits Of a power,train and their functions (Transparency 1)

A. Flywheel-A rotating metal disc on the rear end of a crankshaft designed tO
everr,out power surges durin power strokes and deliver energy back during

,

other strokes , ,

-. .

B. =Clutch-A device that connects -or disconnects a power source from the
part it operates .to provide a smo th transmission of torque to working

,

parts in movement -,, .

C. Transmission--A device in- a powers train that increases tOrque by changing
gear ratios, permitting a vehicle to move at varying speeds in both forwai*
and reverse ,..

D. Drive line--Components that transmit torque from the transmissiOn to
the differential; made up of one or more, drive shaft`s with universal and slip
joints

,. . .
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INFORMATION SHEET

E. DifferentialA mechanism that driVes both rear wheels at the same time but
permits the wheels to turn at different speeds so the vehicle can turn corners

F. Final drive--The last phase of a power train; it gives final reduction in speed
and increase in torque to the driVe'wheels

HI. Sequence for the transmission-of power through a power train (Transparency 1)

A. Power from engine is transmitted to flywheel

B. Clutch is bolted to flywheel to send power to transmission

C. Power is transmitted from clutch through transmission at various speeds

D. The power comes out of transmission to'drive line

E. Drive line sends the power to the differential by the pinion and ring gear

F. The differential puts the power out to the final drive

IV.. Working applications of power trains

A. Trucks (highway and off-road)

B. Industrial and off-road equipment

C, Marine

D. Power generators

V. Types of drives in power trains

A. Gear drives

B. Fluid drives

C. Friction drives

D. Belt drives

E. Chain driies

VI. Types of gears (Transparenty 2)

A. Straight spur gears--These gears have straight teeth

(NOTE: These gears are noisier and used mainly for slow speed.)

B. Helical spur gearThe teeth are cut at ah angle

(NOTE: Helical spur gears are quieter in operation and have greater strength
and durability than straight spur gears because the contacting teeth are

'longer.)

e
32



INFORMATION SHEET

Herringbohe gears--Are really double helical gears with teeth angles reversed
on opposith sides

D. .Planetary gears-The outer ring gear has internal teeth which mate with teeth
on smaller planet gears; these gears mate with a center or sun gear

E. Worm gears--The worm gear is actually a screw; the mating gear has-teeth
which are curved at the tips to permit a greater contact area; it is capable of
high speed reduction

F. Rack and pinion-Converts straight motion into rotary indtion and vice
versa

G. Plain bevel gears--These gears permit the power flow to turn .a corner; the
gear teeth are cut straight on a line with the shaft -

H. Spiral bevel gears--These gears permit the powei- flow to turn -a corner;
the teeth are cut at an angle and used where higher speed and strength
are required

I. Hypoid gears-Resemble the spiral bevel gears but the driving gear is located
below the center of the driven gear

VII. Formula for calculating gear ratios-

A. Count number of teeth on driving gear and teeth on driven gear

B. Divide the number of teeth of the driven gear by the number th teeth
of the driving gear

Example: If a driving gear has 20 teeth and driven gear has 60 teeth;
the gear ratio is 60 + '20 3, or driving gear turns 3 times
toone turn of driven gear. .

VIII. How to determine gear rotation (Transparency 3)

A. bears are used to change the direction, of power transmitted

B. Gear rotation is determined byl drive gear turning in one direction (clock-
wise) which turns a driven gear in the opposite direction (counterclockwise)

(NOTE: Some planetary gears can be an exception to this rule.)

IX. Formula for calculating gear speed (Transparency 4)

A. A small gear will drive a large gear more slowly but with greater torque.

A large gear rive a small gear faster but with less torque

,

k.)

dr

PT-7
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INFORMATION S.HEET

Formula to find gear speed: R.P.M. X NO. ol Tee of drive gear =
R.P.M. X No. of Teeth of driven gear

Example: If a gear with 20 teeth reVolves at 500 R.P.M. and drives a
gear with 40leeth, how many R.P.M. would the gear with 40.,

teeth make?

500 x 20 = X x 40

10,000 = 40 X
, .

250 = X

,.

T

..,

,

,

..

(

via

,



Flywheel

Clutch

Basic Power Train Component

Transmission

Auxiliary TransmisSion

4:7

Drive Line

Final Drive

ot,

Differential .

Final\ Drive
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Types of Gears
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Straight Spur Helical Spur
r

Herringbone

,

Plain Bevel

-

Planetary .

A

t

Spiral Bevel

Worm

37

Hypoicl

ack anti 'Pinion ,14l
I.

Courtesy DEERE.81 CO., MOLINE, IL

I
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How Gears Change Direction of Rotation_

ClockwiSe

'(C) (C) Clockwise

(Ct) Counter Clockwise

Output
Power

Driver

0
Input
Power

Clockwise (C) Counter

- Clockwise (CC)

utput -

Power

Clockwise

(C)

'Driver
TM 3
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How Gears are Used io Change Speed
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INTRODUCTION TO POWER TIztAINS .

, UNIT I

-

\

''
ASSIGNMENT SHEET #1--CALCULATE GEAR RATIO '

, ..

'Directions: Using the information sheet, calculate the gear ratio of the gearsbelow and tvriti
correct answers in blanks provided.
p J

A. Calculate ill- ratio from information given .

...

-

1. . Driven gear has 9 teeth
Driving gear has 36'teeth

/
What is the gear ratio?

Driven gear has 36 teeth
Driving gear has 48-teeth

6-
What is the gear ratio?

3. Driven gear.has 36 teeth
Driving gear has 12 teeth-

._

What is the gear ratio?

4. Driven gear has 50 teeth
Driving gearha* 10 teeth ,

What is the gear ratio?

B. Calculate gear fetio from illustrations

I
40

'Teeth

i

,

lk

4 '

2.
\

p

,

I . 4

,
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ASSIGNMENT SHEET #1

3.

9
Teeth

5.

9
Teeth

4.

6.

10
Teeth

Drive

ASO

,



INTRODUETION TO POWER TRAINS
UNIT I

ASSIGNMENT SHEET #2--CALCULATE GEAR.ROTATION

,110-

Directions: Ca(culate gear rotation by indicating with an arrow the direction the driven gears

are turning.

A.

B.

Driving Gear

Driving Gear

PT-19
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C.

4
ASSIGNMENT SHEET #2

*.

Driving Gear

;
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INTRODUCTION.TO POWER TRAINS
UNIT I

ASSIGNMENT SHEET#3--CALCULATE GEAR SPEED

Directions: Calculate the direction of rotation, the gear ratio, and the RPM of each driven
gear and write the correct answers in.the blanks provided.

A. Rotation Ratio R.P.M.

1. Gear A

- 2. 'Ge'a.r B

Gbar C

4. Gear D

C Gear
48 Teeth

A Gear
60 Teeth

B Gear
20 Teeth

D Gear Driving-
40 Teeth Gear .

3600
R.P.M. 30 Teeth

PT-21
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ASSIGNMENT SHEET #3

B. Rotation Ratio R.P.M.

1.. Gear E.

2. dear F

3. Gear G

4. Gear H

Gear G
20 Teeth

Gear F
_ . Teeih 60 reeth

Drivingl:
120014PM

Gear E
10 teeth

Z. V4c

Gear H

30 Teeth

6

f



'Assignment Sheet #1

A. 1. .25:1

2. .75:1

3. 3:1

4. 5:1

B. .1. .55.;1

2: 1.82:1

3. 4:11:1

4. 5.70:1

5. 5.1.1:1

6. 5.09:1

Assignment Sheet #2

A.

B.

INTRODUCTION TO POWER TRAINS
UNIT I

ANSWERS TO ASSIGNMENT SHEETS

,,11

s''$5

0
tt

fj
r I

Driving Gear

01 --4;

so'

'
Gear

'

PT-23
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C.

Driving Gear

Assignment Sheet #3

A.

1. Gear A
2. Gear. B.
3. Gear C
4. Gear D

B.

Rotation

CC

Ratio

2:1

R.P.M.

1800
C .33:1 5400
C . .80:1 2250
CC .83:1 2700

Rotation Ratio R.P,M.

1 . Gear E
2. Gear F
3. Gear G ,.
4. Gear H

CC .16:1 7200
CC . .40:1 3000

. C .83:1 3600
CC '4 .50:1 2400

MIK
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INTRODUCTION TO POWER TRAINS
U_ RIT I.

NAME

TEST

Match the terms on the right with their correct definitions.

a. Revolving components involved in the trans-
mission of power-from the engine to the drive
wheels

13, The number of revolutions the driving gear
must make to turn the driven gear one revolu-
tion

C.

d.

e.

f.

9.

h.

a.

4'

b.

A turning or twisting force

The clearance or play between two gears in
mesh

End-to-end movement in a gear shaft due
to bearing clearances

1. Torque

2. Preload

3. 'Gear ratio

4. Constant mesh

5. Powertrain

6. Backlash

7. Splines

8. , ,Endplay

Adjustment of antifriction bedings so that 9: Gear reductio'n
they are under mild pressure; tested by the
amount of torque in inch pounds required to 10. Auxiliary
turn the shaft transmission

A combination of gears used to reduce the
input speed to a lower output speed

Gears that are always in mesh wit each
other

Multiple keys in the general form of internal
and external gear teeth, used to prevent
rotation Of a shaff

A unit mounted behind the main tranimission
to provide,supplemental gearirig

Match the basic components of a poWer train on the right with their

A rotating metal disc on the rear end of a
crankshaft designed to even out power surges ,
during 'power strokes and deliver energy back
during other strokes

A device that connects or disconnects a
power source from -the part it operates,
to provide a smooth transmission of torque to
working parts in movement

functions.

1. Transmission

2. Final drive

PT-25
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. _

c. A_ device in a power train that inCreases 3. Flywheel
torque by crianging gear ratios, permitting
a vehicle to move at varying speeds in both 4: Differential
forward and reverse

5. Clutch
.d. Components that transmit torque from

the transmission to the differential; made up- 6. Drive line .

of ,one or more drive-shafts with universal and
slip joints

e. A mechanism that drives'both rear wheels at
the same time but permits the wheels to turn
at different speeds so the vehiclian turn
corners

f. The last .phase of a power train; it gives final
reduction in spetd and increase in torque to
the drive wheels

3. Arrange in order tiie sequence for the transinission of power through the power train
by placing the correct seqiince number in the appropriate lalank.

-a. Clutch.is bolted to flywheel to send power to transmission

b. Drive line sends the power to the differential by the pinion and ring gear

c. Power is transmitted from clutch through transmission at various speeds

d. Power from engine is transmitted to flywheel

e. The power comes OLit of transmission to drive line

f. The differential puts the power out to the final drive

4. Select working applications of power trains by Placing an "X" in apPropriate blanks.

a. Power generators

b. Airplanes

c. Trucks

d. Industrial and off-road equipment

e. Marine

5. Select types of drives in power trains by placing an "X" in the appropriate blanks.

a. Pneumatic drives

b. Gear drives

c. Fluid drives 50
A



d. Friction drives

e. Chain drives

f. Air drives

g. Belt drives

6. dentify.types of gea by writing the names in the bl4nks provided.

d. . e f.

PT-27\



2.8,.

o

g.

,

7. Solve the following problems by using the formula for calculating gear ratioi.
...

..

\

a: Driven gear has 64 teeth
Driving gear has 36 teeth

i
,

38 Teeth

X

,

.0.,

Drive Gear

..4

Drive Gear 28 Teeth.

b. c.

s

,

...

,

01111"

th

0 -*t.#*Tee
NI* 0

tt
..i

,

. .
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4t,
8. Solve the following problems concerning how to determine gear rotQtion by writing

"C" for clockwise or, " CC" for counterclockwise in the blanks provided.

a. Gear A

b. Gear B

c. Gear C

d. Gear D .

7

11

%

./

,

,

..

..

'44Ati,,

P Ye

I ..... J..,,
.... 3
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9. Solve the folloWing problems by using the formula for calculating gear speed.

Rotation Ratio RPM

Gear A .L.L..:44 1.20:1

Gear B CC 21

Gear C C .03:1

Gear C .33:1

Gear C

30 Teeth

Gear 8
48 Teeth

Drive Gear
1500 RPM

Gear
16 Teet

10. Demonstrate the ability to:

a. Calculate gear ratio

b.. Calculate gear rotation

c. Calculate gear speed

20 Teeth

Gear A
24 Teeth

(NOTE: If these activities have not been accomplished prior to the test, a,sk your
instructor when they should be completed.)
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INTRODUCTION TO POWER TRAINS
UNIT I

A SWE RS TO TEST

PT-31

1. a. 5
b 3
C. 1

d. 6
e. , 8

I.
9.
h.

j.

2
9
4
7'
10

2. a/ 3
b. 5

/

C. 1

d. 6
e. 4
f. 2

3. a. 2 d. 1

b. 5 e. 4
C. 3 f. 6

.4. a, c, d, e

5. b, c, d, e, g

6. a. Worn-) f. 'Hypoid
b. Spiral bevel g. Rack and pinion
C. Straight spur h. Planetary
d. Plain bevel i. Herringbone

. e. Helical spur

7. a. 1.72:1
b. 3.16:1
c. .25:1

8. .Gear A -- C

Gear B CC

Gear C -- CC

Gear D C

9. Rotation, Ratio

Gear A

Gear B CC

Gear C C

Gear D

RPM

1250

2:1 025'
63:1 1000

.33:1 1875

10. Evaluated to th&satisfaction of the instructclp



CLUTCHES AND FLYWHEELS
UNIT ll

UNIT OBJECTIVE

After completion of this unit, the student should be able to,identify parts of flywheel and
clutch assemblies. The student should also be able to adjust a jiressure plate, check flywheel
runout, and remove, 'inspect, and correctly install a clutch assembly. This knowledge will be
eviden,Red by correctly performing the procedures outlined in the job sheets and by scoring
85 percent on the unit te§t.

SPECIFIC OBJECTIVES

After completion Of this unit, the student should be able to:

1. Match terms related to clutc/hes and flYwheels with their"correct definitions.

2. Identify the components of a basic clutch assembly.

3. Identify parts of a flywheel.

4. Select from a list tle functions,of a flywheel.

5. Identify parts of a dry-type disc clutch.
J.

6. Match types of clutches With their descriptions.

7. Identify types of pressure plates.

a. Distinguish between a disengaged and an engagerCratch.

9. Match types of clutch linkage mechanisms with their functions.

10, Select from a list conditions to look for during clutch inspection.

11. Select from a list the symptoms that occur when a clutch housing bore has
excessive runout.

12. Match clutch malfunctions with probable causes.

.13. List purposes of a dual disc clutch.

14. Demonstrateithe ability to:

a. Adjust clutch linkage free travel,

b. Adjust free traver on a pull type clutch.

c. Remove a clutch assembly:

r""

PT-33



sae

34

d. Inspect a clutch disc.
'

e. Check a clutch housing ali6nment.

f. .Inspect a Pressure plate and cover.

g. Inspect a pilot bearing and pilot bushing.

4.
I

h. Reinstall a clutch assembly. .

i. Remove, inspect, repair, and reinstall a 15 1/2-inch dual disc clutch.

j. Disassemble, inspect, and rea mble a hydraulic.(wet-type) clutch.

k. Check flywheel runout.

I. Remove and rePlace a flywheel ring ge r.

o

WEIS

)

r".",--f..) i ,

,
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CLUTCHES 'AND FLYWHEELS
UNIT II

SUGGESTED ACTIVITIES

I. Provide student with objectiv'e sheet.

II.* Provide student with information and jclb'sheets.

I 11. Make transparencies.

IV. Discuss unit and specific objectives.

V. Discuss information sheet.

VI. Demonstrate and discuss the procedes outlined in the job sheets.

VII. Take students on field trip to a shop that rebuilds clutch discs or pressure plates.

VIII. Supply films on clutch components and adjustments mechanism.

I X.. Take students on field trip to a diesel shop to watch the procedure ior removine-
and replacing a clutch assembly. ,

X. Have a speaker come in from different power train manufacturers to discUss the
operation of different clutch atsemblies.

Demonstrate different instruments used to Mosure the components of a flywheel,
clutch disc, and pressure plate.

X11. Give test.

1NSTRUCTIONAL-MATERIALS

v
I. Included in this unii:;

A. Objective sheet

B. Information sheet

C. Transparency masters

I. TM 1--Components of a Basic Clutch Assembly

2. TM2--Parts of a Fly-SA/heel

3. TM, 3--Parts of a Flexible Disc

4: TM 4-Parts of a Rigid Disc

5. TM 5--Disc-Type and Band-Type Clutches

6. TM 6--Types of Overrunning Clutches',

7. TM 7--Types of Magnetic Clutches.

b

.ro.1111110.
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8. TM 8--Other Types of Clutches

9. TM 9--Types of Pressure Plates

10. TM 10Pull Type Pressure Plate

11. TM 11--Clutch Operation

12. TM 12--Basic Mechanical Linkage Mechanism

13. TM 13--Basic Hydraulic System

14. TM 14--Basic Air Operated Mechanism

15. TM- 15Clutch Inspection

16. TM 16Clutch Inspection (Continued)

17. TM 17--Heavy .Duty Dual Disc Clutch Components

D. Job sheets

1. Job Sheet #1--Adjust Clutch Linkage Free Travel

2. Job Sheet #2Adjust Freejravel on a Pull Type Clutch

3. Job Sheet #3--Remove a Clutch Assembly

4. Job Sheet #4--Inspect a Clutch Disc

5. Job Sheet #5Check &Clutch Housing Alignment

6. Job Sheet #6--Inspect a Pressure Plate and Cover
;

7. .Job Sheet #7--Inspect a Pilot Bear,inahd Pilot Bushing

8. Job Sheet #8--Reinstall a Clutch Assembly

9. Job Sheet #9Remove, Inspect, Repair, and Reinstall a 15 1/2-Inch
Dual Disc Clutch

10. Job Sheet #10--Disassemble, Inspect, and Reassemble a hydraulic (Wet-.
Type ) Clutch

11. Job Sheet #1.1Check Flywheel. Runout

12. Jdb Sheet #127-Remove and Replace a' Flywheel Ring Gear

E. Teit

F. Answers to test



I I. References:

A. Stockel, Martin W. Auto Service and Repair. South Holland., I L: The
Goodheart-Willcox Co., Inc., 1969.

B. ,Forier, Louis C. Motor Trucks and Diesel Repair Manual. 33rd Editibn.
New York, NY 10019: Motor, 1980. .

C. Service Manual: Detroit Diesel Engines. In-Line 71. Detroit, MI 48228:
Detroit Diesel Allison Division of General Motors Corporatibn, 1979.

D. Fundamentals of Service: Power Trains. Moline, IL 61625: John Deere
Service Publication, Dept. F, 1972.

E. Notgrass, Troy. The Automotive Power Train Mechanic. Austin, TX Instrüc-
tional Materials Service Division of Extension, The University of Texas at
Austin, 1973.

F. 1968 Fad Truck Shop Manual. Destorn, MI: Ford $ervice Publications,
1968.

G. Lipe Clutches Service Manual. Syracuse, Ny: Lipe-Rollway Corporation,
1963.

H. International Motor Truck Service Manual Transmission, Section T. Chicago,
I L 60611: I nternationa I Harvester Corhpany,1968.

I. Schulz, Erich J. Diesel Equipment II. Dallas, TX: Gregg Division; McGraw-
Hill, Inc., 1982..
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CLUTCHES AND FLYWHEEL
UNIT II

INFORMATION SHEET

I. terms and definitions

A. Flywheel-Heavy metal disc which has a friction surface for clutch plate,
supports all of the clutch components, and provides gear teeth on outer rim
for startingenotor operation

B. Pilot bearing-Bearing located in the flywheel flange of the crankshaft
which allowl for correct support and alignment of transmission input shaft

C. Friction-Resistance to movement between -any two objects placed in contact
with each other

D. Clutch disc--Provides a friction surface between pressure plate-and flywheel,
and is splined to fit the transmission input shaft

E. Pressure plate-Mounted to the flywheel and supplies the force that holds the
clutch plate against the flywheel, causing the flywhe6Eclutch disc, and
pressure plate to rotate as one

F. Clutch cover--Houses the release levers, springs, and pressure plate

_ G. Clutch release bearing-Also known as throw-out bearing; used to activate the
release levers or diaphragm

H. Release fork--Y-shaped lever. inside clutch housing used to engage and
disengage clutch

I Free travel--The distance a clutch pedal must travel from its normal position
to the point at which the throw-out bearing engages the release levers

/ J. .Clutch disc spin time-Time ii takes for the clutch disC to stop spinning after
clutch release

K. Release fork ball--Acts as a pivot for release fork

L. Slave cylinder--Used on hydraulic clutch system to transmit pressure to
throw-out lever ,

M. Master cylinder-A hydraulic device that forces hydraulic pressure to a slave
cylinder to disengage the clutch; it also activates hydraulic brakes

N. Clutch housing-Covers flywheel clutch assembly and provides surface
to bolt transmission to engine

0. Clutch brake-A mechanism on the input shaft, which helps slow the rotation
of the input shaft and the clutch disc to make shifting easier

C 1
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INFORMATIOIV SHEET

Components of a basic clutch assembly (Transparency 1)

A. Crutch pilot bearing

B. Flywheel ring gear

C. - Flywheel

D. Clutch disc

E. Pressure plate

F. Clutch release bearing

G. Clutch release fork

H. Release fork ball

Parts of a flywhee (Transparency 2)

A. Clutch disc contact surface

B. Flywheel

C. Ring gear

D. 'Clutch pilot bearing bore

E. Pressure plate mounting surface

ly. Functions of a flyw'heel

A. Stores up energy during power stroke and delivers energy back during
the other?.strokes

Ring_gear is mountetheround the circuinference of flyNb provide a
means for starting

C. A flat surface is machined smooth to provide a friction surface for the clutch

V. Parts of a dry-type disc clutqh- (Transparencies 3 and 4)

A. Facings ,

B. Drive washer

C. Torsional coil springs.

D. Cushion springs

E. Stop pin

P")

^
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INFORMATION SHEET (

F. Hub flange

G. FriCtion ring

VI. Types of clutches and their descriptions (Transparencies 5, 6, 7, and 8)

A. Disc-type--One or More plates are brought :together to transmit torque

(NOTE4- There are two major types of disc clutches: the dry-type disc
which operates dry, cooled by air and the wet-type disc which operates
in either oil bath or spray, cooled by oil.)

B. 13and-type-An outside bend is tightened over a rotating part to transmit
torque

C. Overrunning-type-Engagement is allowed in one direction," but the unit
freewheels in the other

(NOTE: Overrunning clutches have three basic types: roller, cam or sprag,
and spring.).

D. Magnetic-type--A magnetic field holds two parts together, allowing them to
rotate ai a unit

(NOTE:'There are two types of magnetic clUtches: direct action and indirect
action.)

E. Cone-type-Two cone-shaped parts are engaged to transmit torque

F. Expanding-shoe-type-An inner shoe is expanded to contact an outer part to
transmit torque

G..- Over center-type--A pressure plate is forced indirectly over levers and links
against the clutch disc; as the clutch is, engaged, the levers and links come -

over the center of the pivot point and lock the engqement

VII. Types of pressure plates (Transparency-9)---

A. Push type

1. -Diaphragm spring

2. Coil spring

3. Centrifugal and coil spring

4.. Over center clutch

B. Pull type-A coil spring type with an adjusting sleeve connecting the release
levers to the release bearing (Transparency .10)
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INFORMATION SHEET

VIII. Operating principles ofthe clutch (Transparency 11)

A. Disengaged--Throw-out bearing presses the free end of release levers inward,
while other end of release levers moves the pressure plate from the clutch
disc

B. Engaged--The throw-out bearing is brought back away from the free end
of release levers (free travel); the springs force the pressure plate against
clutch disc and flywheel

I X. Tipes of clutch linkage mechanisms and their functions

(46A. Mechanical linkage--This thod uses a series of levers and rods connecting
the foot pedal to the throw- ut fork (Transparency 12)

(NOTE: Some may be actuated by cable.),
1 ,

B. Hydraulic operated--A master cylinder is connected to, and actuated -by,
the clutch pedal; the pressure created by depressing the foot pedal is trans-
Tined to the slave cylinder through high pressure hoses; the slave cylinder is
mounted near, and connected to, the throw-out lever or fork (Transparency

13)

C. Air operated-This mechanism uses compressed air and hydraulic assembly
supply power for clutch operation on vehicles-equipped with a hydraulic
clutch cylinder (Transparency 14)

,

.,
.D. Electrically operated (Transparency 7)

1. Direct-action clutch consistsof a field coil assembly, rotor unit, face
plate, condenser, and an operating switch

2. Indirect-action clutCh consists of a driving member containing a coil, an
inner driven member, and a mixture of magnetizable metal and dry
lubricant

. .

X. ConditiOns to look for during clutch iRspection (Transparencies 15 and 16)

. A. Finger and/or lever wear .

--xcessive-finger wear

C. Slight chatter marks

D. Excessive heat discoloration

E. Excessive wa,bage

.F. Heat cracks

G. Wear pattern from warped pressure plate or flywheel

H. Worn clutch disc

I. Loose or worn clutch disc hub-

,

I.
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INFORMATION SHEET.

J. Worn clutch shaft spline

K. Worn pilot bearing

L. Weak pressure plate spring tension

M. Release fork pivot and finger wear

N. Notched or rough release bearing support

0. Clutch or flywheel h.ousing alignment

Xl. Symptoms that may occur when a clutch housing bore has excessive runout

A. Excessive transrriission gear wear or noise

B. Transmission. jumping out of gear

C. Drive line vibration

D. Clutch pedal vibration

E. Grabby pedal feel

F. Pilot bearing noise

G. Excessive clutch spin time

XII. Clutch mathinctions and probable causes

A. Slip

1. Pressure plate spring tension weak

2. Excessively worn clutch disc

3. Oil contamination

4. 'Improperly adjusted clutch linkage

B. Drag

1. Pressure plate not releasing dtie to improper linkage adjustment

2. Broken pivots in i3ressure plate

3. Defective pilot bAing

4. Clutch or housing alignment

C. Grab

1. Oil .contamination on clutch assembly

2. Broken motor mounts
0
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INFORMATION SHEET

3. Glazed clutch surface-from being overheated

4. Weak pressure plate spring

D. Chatter

1. Oil contamination

2. Clutch disc glazed from overheating

.3. Warped pressure plate or flywheel

4. Weak pressure plate spring

5. Improperly adjusted felease lever

E. Freezing--Water contaminated clutch disc rusted to'flywheel and pressure

plate

F. Binding

1. Worn or misaligned.linkage

2. Release bearing dragging on support

G. Bearing noise

1. Worn or dry pijot or release bearing when clutch is disengaged

2. Pitted clutch shaft bearing when the clutch is engaged witIftransmission
in neutral

3. Worn pilot bearing

H. Pulsating pedal--Uneven pressure plate finger height

XIII. Purposes of a dual disc clutch (Transparency '17) -

A. For equipment with heavy loads

B. For engines with high torque and horsepower,

C. Allows more friction surface-area -

D. Doesn't put an excessive load on one crutch disc

E. Allows vehicle to start moving without jerking or jumping

t!



Clutch
Pilot
Be-iribg

Components ofa Baiic Clutch Assembly

Engine Flywheel

Clutch Release Bearing

Flywheel
Ring Gear

Clutch Release Fork

Clutch Disc
Release
Fork-Ball

Pressure Plate

Courtesy General Motors Corporation



Parts of a 'Flywheel
Av.

Clutch Disc
.Contact Surface

- Flat

Flywheel

Clutch Pilot
Bearrng Bore

,

'Pressure Plate
Mounting Surface .

Dish

PT-47
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cf. c

Friction Ring

Hub Flange
I

0

Parts Of A Flexible Disc

,

..

I Drive Washer
I

Stop Pin

. /.."
Cushion Springs .

I
g . l 0
ca

Facings

Torsional Coil Springs ..



, ,

Friction Ring

Hub Flange

Stop Pin

Parts Of A Rigid Disc
ii

Drive. Washer..

./v
Cusilion Springs

Facings

,



Disc-Type and Band-Type Clutches

Rigid Disc

Disc-Type

Clutch Linkage Arms

Flexible Disc

Band-Type

Courtesy DEERE & CO., MOLINE, IL

-V

Torsional
DaMpener
Springs In
Hub

Rotating Member

. (Flywheel)

Band

441,

PT-53
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I

Types of -Overrunning Clutches

.4,

, Roller

Stop

Inner Member
(Center Hub)

Roller- Clutch

&ter Member

Band

Sprags or Cams

Sprag or Cam Clutch

Spring-Type Overrunning Clutch

Courtesy DEERE & CO., MOLINE, IL
, -7

;)

"."

%

l
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Types of Magnetic Clutches

Rotor Assembly

ClUtch Facing

Field Assembly

Connecting Strap

Drive Studs

Dry Powder

Not Energized

Driven Sheave

Direct-Action

Dry Powder ,

Energized

Indirect-Action
Courteix,DEERE & CO., MOLINE; IL

t,
_1 r,

0,
$1

-
/

PT-57
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Other Types of Clutches

Drive Member Driven. Member

IntdThrow-Out Bearing

AMIIMESIE
II

Drive Shaft Driven Shaft

Clutch Lining

Cone-Type

Clutch
Release Bearing

Mechanical -Type

, Expanding Shoe

Outer

_Member,

Inner

Member

it,

Outer Member

centrifugal-Type

Expanding Shoe

Courtesy DEE RE & CO., MO LINE, IL

77
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Shoe

Vane

TM ,8



Types Of Pressure Plates

Coil Spring

Coil
Springs

PT-61

Diaphragm Spring

Belleville Spring or Diaphragni

Coil Spring

./

Centrifugal Weig

Centrifugal and Coil Spring

k..,

TM 9 -



PIVOT PINS

RETURN.SPRING

Pull Type Pressure Plate

PRESSURE PLATE

BOLT .BUSHING
ADJUSTING RING LOCK SLEEVE

PRESSURE SPRINGS
RETAINER

(\HALF RING LOCKS

PIVOTS ,

SNAP RING

,
ADJUSTING RING

'PRESSURE PLATE A

RELEASE
BEARING

FITTING

FLYWHEEL RING

© 'IWO MOTOR Truck-and Diesel Repair Manual; reprinted
by permission of The Hearst Corporation
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I.

Basic Mechanial Linkage Mechanism

/PedaltoEqualizer Rod
Link'

10,_610P11'''
Retainer

Assist Spring.

Release Lever

Bracket and'
Bumpér

Pedal

Release od

RetrActing,S ring

Cotirtew ct fhcitor tompOy
s

%

A
fwj I

;

4

TM,12

I

41"



Basic 'Hydratilic System

Master. Cyl inder
Return Spring

,

Clutch
Pedal

Bleed Screw

Slave CYlin'der

,/

S.

Adjusting Nuts ,

CoUllesy DEERE 84 CO., MOLINE, IL

4.

`..."

PT:6g

TM 13
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Basic Air Operated Mechanism

Control. au% Port Bleed Screw
Valv.

Mounting Stud

Compressed Air Poit

Hydraulic
Cylinder
Guard

Lubrication
Port

Fluid Inlet Air Cylinder ,

Port
Ere Plate .

To Compressed Air System
Master Cylinder (90pSi)

Clutch Pedal
Hydraulic Line
(5/16" Tube)
Clutch Throwo t Lever

mitt

e

PT-71

CR,

Air Line Air Reservorr
(3/8" Tube)

Exhaust Tube

1 Ili

_ Push Rod ;

Minipax

© 1980 MOTOR Truck and Diesel Repair Manual; reprinte
Py Permission of The Hearst Corporation

t
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Clutch Inspection

Normal Finger Wear
1

Slight Chatter Marks

Excessive Finger Wear

Excessive Heat Disc6loration

I .

e7o.

Excessive Warpage' '4Wear Pattern Froth Warped
_.., --Pressure-Plate Or Flywheel-

-



Clutch Inspection
(Continued)

Release Bearing

Cover:

Diaphragm Spring

Retracting Spring

Fork

'Flywheel bowel-hole

4

b.

Clutch Disc

Pilot Bushing

4

Pressure Plate
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Heavy Duty Dual DiSc Clutch Components

Flywheel

Front 'Disc

Center.pjve Plate

Rear Disc

Pressure Plate and Cover

Clutch BrakeDrive Pin

Clutch Housing

Linings m'ust all be same material
A.

_

Front Disc is stamped:

Flywheel Side. Install
to front of vehicle

Rear Disc is stamped:

Pressure Plate Side:

Install to rear of vehicle

C:

-

Drive,Pins mu;t be square with Flywheel for proper clearance with notches in Center Drive Nate

Courtesy Ford Motor Company

ri
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CLUTCHES AND F LYWHEE LS
UNIT II

.JOB SHEET AADJUST CLU"ICH LINKAGE FREE TRAVEL

I. Tools and equipment

A. Basic hand tools

B. Drop light

C. Creeper
-
D. Floor jack

E. Wood blocks

F. Jack stands

G. Safety glasses

II. Procedure

A. Make sure clutch pedal returns firmly against pedal stop when released
(Figure 1)

FIGURE 1

Pedal-to-Equalizer Rod

Release Fork

Assist Spring

Pedal Stop

Release Rod

Retracting Spring

B. Locate adjustment on clutch linkage

Pedal

Link

Retainer

Courtesy
Ford Motor Company

(NOTE: On some vehicles, the clutch adjustmen is made under the hood.
If adjustment is made under the vehitle and needs to be jacked up, support
vehicle on jack stands and block wheels.)

t.i
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JOB SHEET #1

C. Check clutch linkages for binding; lubricate as needed

D. Adjust clutch linkage

E. Adjust linkage until desired free travel is obtained (Figure 2)

(NOTE: Adjust linkage to manufacturer's specifications. Usually, about
one inch of clutch pedal free travel is desired.)

FIGURE 2

Pedal Stop

Pedal in fully extended position

4

Point at which the throwout
bearing contacts the pressure
plate release fingers

1

Average Free Travel .

25.4 mm

ADJUST CLUTCH FREE TRAVEL

F. Secure locknut on adjuster if so equipped

G. Remove jack stand if used

H. 'Recheck free travel

I. Remove block from behind wheels

-.)
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CLUTCHES AND FLYWHEELS
UNIT II

JOB SHEET #2--ADJUST FR E.E TRAVEL ON A PULL TYPE C.LUTCH

I. Tools and equipment

A., Basic hand tools

B. Drop light

C. Creeper

D. Measuring type or scale

E. Clutch adjustment tool

F. Wood block

G. Safety 6Iases

I. Procedure

A. Block wheels on vehicle

B. Remove inspection plate on bottom of clutch housing

C. Disconnect clutch return spring

D. Hold the release lever against the retease bearing

(NOTE: You may have to get someone to hold down
.

this operation.)

PT-81

on clutdi pedal for
t 4

. t . .. -,.
ir

.

Measure the distance, on synchronized transmissions, between the ,release
bearing and the cIRIch spring hub (Figure 1) k.

. .
Spring Plate Hub Release Bearing

,

FIGURE1

*el-

9/16"- 5/8" -1---Average MeasurementS

1

-
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JOB SHEET #2

F. Check measurement with vehicle manufacturer's specifications

G. Measure th`e distance, on nonsynchronized transmissions, between the release
bearing and clutch brake (Figure 2)

SprinApiate Hub, Release Bearing

Clutch Brake
FIGURE 2

a

13/32:1-15/32".-4--Average Measurement

H. Check measgrement with vehicle manufacturer's specifications

I. Adjust the check -assembly by rotating the engine flywheel until the adjust-
!

ing lock and bolt come into view-(Figure 3)

FIGURE 3

Clutch AssemblY

Adjusting Ring

411,.

v.
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JOB SHEET #2

J. Remove the bolt and iock (Figure 3)

K. Have 'someone hold the clutch pedal down so the'clUtch is in the relese
position

L. Use a clutch adjusting to& to turn adjusting ring cqunterctockwise to move
the release bearing toward the flywheel, or clockwise to move the release
bearina away from the flywheel

.

M. Have the person holding clutch pedal down let upon the pedal to engage the
clutch v

N. Remrsure the clearance as outlined in sf,eps E and G

O. Install the lock and bolt if clutch is properly adjusted rt

P. Check clutch pedal free travel

(CAUTION: Install"lock and pin before starting engine.)

Q. "§einstall inspection plate -
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CLUTCHES AND F LYWHEE LS
UNIT II

JOB SHEE143--REMOYE A CLUTCH ASSEMBLY

I. Tools arid equipment- .

A. Basic hand tools

B. Transmission jack

C. Engine support-stand

D. DroP light

E. Creeper('

F. Floor jack hf needed)

G. Jack standt (if needed)

H. Wood bleas

I. Shop toWels

J. Pilot Shaft

K. Battery cable pliers

L. Safety glasses

II. Procedur,e

A. Disconnect battery GROUND cable

B. Block wheels of vehicle

C. Mark propeller shaft (drive shaft) lor reinaallation (Figure 1).-

,FIGURE 1

:Pinion F lange

6

. Center Punch Marks

,

pentEr Punch Marks

I.

.

PT-85
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8 6 ii. .

:

. ' r ' . -- . ., r' .
i .r

.0

,.

,-- .
;Remove propeller shaft ''

JOB SFIEET #3

E. -Secure rollers on propeller shaft with tape

F. Dissonnect transmissio shift lever mechanisms

Z. Disco'nnect any electrical, air, or 'hydraulic connections from transmission .:
H. Disconnect speedometer cable

.1. Disconnect rear mount

-

.

,

(NOTE: It may be necessary to suPport the rear of the engine before trans-
* - mission removal if the engine does not have a rear engine mount attached.)

,

,

J. iraise transmission just enough to dealr any crossmembers o'r remOve cross- ,
members if necessary . .

..

K. Support rear of engine and raise or lower transmission as necessary

L. Remove transmission attaching bolts

,

. .k..

(CAUTION: Secure the transmission to a jack; a transmission is extremely
heavy and must be handled safely.) .

.i.

M. Remove transmission
. 4

..,

. N. Remove clutch release bearings .
1

. , . ,

r

.

.

..

41,

,

,

.

ad,a4a.

Pt
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..
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w 4;

.-> ,
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JOB 81-1E,E1" #3

, 0. Mark flywheel and pressure plate with a center plinch while cluthh asserbly,
is exposecH-Figure 2)

FIGURE2

rl

r

PT-87 .

Ar.

v

P. Remove pressure plate attaching bolts t' .,,

t . -
(CAUTION: A clutch .adjustment tool ihould: be placed th;r6Ligh the CliAch

. disc and pressure plate t6 prevent-diem frorrtjalling as:the attaching bolts.are
, .

NY Ilernovedt . .s.
, ; -

. Q. Remove dilitCh and,pressure plate s ' 1:
,. (I .. ,

0, .e
s ,.

1 4.

0 (NOTE: While removing clutch disc, notiCe the position of tlit disc-when
. removed.)

.7
:, 1, .. ..,,,,

(CAUTION: Pressure plates can ,be ektremely heavy; keep .yo'ur Ieet: Out' -.
,

from under the plate_Wben Working with it.)
, - .

f

^

sk-

7. "

e

{
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0 CLUTCHES AN D F LYWHEE LS
UNIT ll

JOB SHEET #4--INSPECT A CLUTCH DISC

I. Tools and equipment ,

1 .

A. Solvent container

B. Solvent

C, Brush

D. Drop'light

E. Shrip towels

F. Safety glasses.
II. Procedure

A. Wash pressure plate arrd clutch housing4in suitable solvent
\\,

(CAUTION: Do not wash release bearing in solvent because it would wash
out, lubricant and ruin bearing. Do not wash a nonmetallit clutch 'disc

in solvent because the facings would be damaged.)

B. Inspect the flywheel for scoring and roughness

C. I nspect, the pressure plate for scoring, roughness, and broken springs

D. Inspect the clutc disc for wear Or damage (Figure 1)

FIGURE,1

Oil on Facings

Worn Facings

I.
Loose or Worn

Hub Splines

Broken or Loose

Torsional Springs

Weak or Broken

Cushion-Springs

E. Inspect clutch release bearing for excessive wear .on contact face; check for
roughness of bails and races

97
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CLUTCHES AND F LYWHEE LS
UNIT II

JOB SHEET #5- CHECK A CLUTCH HOUSING ALIGNMENT
1.

I. Tools and equipment

A. Dial indicator

. B. "C" clamp

C. Torque wrench
/

D. Basic shop tools

E. ,shop towels

F. Safety glasses

II. Procedure

O.,

1.

r

1
-4

k
I

(NOTE: This procedure 16 accomplished with the transmission and clutch assem-
bly removed.trhe clutch housing bore and transmission mating surface shoubito
clean.)

,

\.
1

A. Check bore runout )
.....

1. Reiolace one flywheel-to-crank-shaft bolt with a bolt about 3" long
(f igure 1)

FIGURE 1

,Crank'

A

Dial
Indicator

,

Flywheel

I

98

,

.
Clutch Housing Bore

Clutch Housing
i

,

r
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JOB SHEET #5

2. MOunt a dial indicator on this bolt Figure 2)

FIGURE 2 ).

574\\

. Dial Indicator .

Measuring Housing Bore Runout

(NOTE: the dial indicator coniadt should set squarely on the bore
wall!)

3. Adjust the dial to "0"

4. Rotate engine clockwise With a socket wrench on vibration damper_
bolt at front of crankshaft,

5. Record dial indicator rieedfe deflection (Figure 3)

(NOTE: Check t.ne 'runout with, the allowable,Junout found in the ,..

service manual for the particular vehicle being repaired. Excessive
bore runout dan be corrected by installing correct size of offset dowel

. _
pins.)

FIGURE 3 12

.

( Rear Face of
Engine Bleck

99
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JOB SHEET #5

B. Check face squareness

e

1, Position dial indicator so the contact will ride squarely on the trans-
mission mating surface of the qutch housing (Figure 4) \'

FIGURE 4 Di
Dial Indicator

Cran

Measuring Housing Face Squareness

Flywheel

2. Adjust theiciihIlto "On

Dial Indicator

Clutch Housing Bore

Clutch Housing .

3. Rotate the engine clockwise with a socket wrench on vibration daMper
bolt at frpnt of crankshaft

IOU
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,JOB SHEET #5'

4. Record dial indicator reading

(NOTE: If total indicator reading is greater than allowed in th service
manual for the vehicle 'being repaired, locate the point of the )olivest
reading.)

_

e , . I

5. Place shims on the side' where the lowest reading was made (Figure
5)

FIGURE 5 Clutch'Housing Shim

-;17

f/2"

Ic

' .
6. Not more 'tfian 0.010 inches of shims should be placed between ihe

engine and clutch housing

7. If the housing cannot be brought into alignment, replace the housing

1.1

101



CLUTCHES AND FLYWHEELS
UNIT II

JOB SHEEt #6--INSPECT A ORESSUF Irq...;TE AND COVER

'Tools and equipment

A. Shop towels

B. Drop light

C. Solvent container

D. Solvent

E. Brush

F. Safety glass.es

II. Procedure

A. ,Place shorS towels on bench, and place pressure plate on
not to score or scratch the machine surface

B. Force each individual fingel- down, and then release
1).

. FlGURE1

Nortnal Finger Wear

Check to see, if finger does not retuP.
.dition and the pressure plate should be

towels being careful

4

it quickly (Figure

Individual Finger

uickly; this indicates a binding con-
laced

D. Inspect ,the surface of the pressure plate f
ridges (Figures 2, and 3)

;
(NOTE: If preSt SOre plate is badly heat-checked
pressure plate'and cover assembly.)

rn marks scores, flatness, or

102

or deeply scored, replace the
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JOB SHEET #6

Excetsive Heat Discoloration Slight Chatter'M'arks

E. Clean the pressiire plate.arld flywheel surfaces with suitable commercial
solvent to be sure the surfaces ar free frckm aLly oil film

F. Lubricate the pressure plate Iib1ywith molly-lube grease between the div-
ing lugs and edges of the pressure plates as shown in Figure 4

0

FIGURE 4

Driving Lug

Pressure Plate
and Cover

Pressure Plate Lubrication

y I *
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CLUTCHES AND FLYWHEELS
UNIT II

JOB SHEET #7-1\NSPECT A''Pl LOT BEARING AND PILOT BUSHING

I. Tools and equipment

A. Basic shop tools

B. Drop light

C. Shop towels

D. Safety glasses'

II. Procedure

A.. Checlii the fit of the clutch pilot bushing and pHot bearing ih the bore of the
crankshaft or flywheel

B. Check to see that bushing or bearing is pressed into crankshaft and not loose.

C. Inspect the inner iurface of the' bushing for wear or a bell-mouthed condi-
tion (Figure 1)

FIGURE 1

Chack for Fitness-

104

Pilot Bushing

Check for Wear
or Bell-Mouthed
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JOB SHEET #7

Inspect the pilot bearing for roughness while rotating, evidence of overheat-
ing' or loss of lpbricant (Figure 2)

. FIGUR 2

Check for Fitness

(

Pilot Bearing

Check for Roughnesi, Heat,
and Loss of Lubricant

(NOTE :'On checking lubricant for bushing and bearing, check manufacturer's
specification ,because some require lubricant and some-do ot need it.)

(CAUTION: if you do lubricate a bushing or bearing, avojd using too much,
lubricant because it may be thrown onto the clutch diSc when the Clutch
revolves.)

105
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CLUTCHES AND FLYWHEELS
UNIT II

JOB SHEET #8--REINSTALL A CLUTCH ASSEMpLY

Tools and equipment

A. Basic hand tools

B. Engine,support stand

C. Floor jack (if needed)

D. Jack stands (if needed)

E. Transmission jack

F. Clutch disc alignment,tool

(NOTE: A transmission input shaft may be used for clutch blignrrient.)

G. Torque wrench

H. Safety glasses

II. Procedure

A. Clean flywheel feiciion surface

B. Check to make sure the recess in the crankshaft is absolutely clean beforein-
stalling a new pilot bearing or bushing

(CAUTION:-When installing a pi(t bearing, keep the shielded side of bearing
'toward the trarismissio'n or away from the flywheel)

C. Apply a small amounf of grease to pilot bearing

(CAUTION: Refer to the service manual for thg vehicle being l'epaired
for lubricant procedures.)

D. Start tring by hand, thp into place by striking the outer race

E. Check to make sure the friction surface of pressure plate and flywheel are
clean before installing the clutch assembly

106
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JOB SHEET #8

F ; Prace the clutch disc in the mounting position with the radially mounted
springs away from the flywheel (Figure 1)

(CAUTION: Refer to service manual on some clutches as they may go the
othdr way.)

FIGURE 1

Pressure Plate Side

Radially Mounted Springs.

Flywheel Side

G. Position pressure plate over the clutch disc

H. Install clutch alignment shaft through the pressure plate and clutch disc and
align info the pilot bearing (Figure 2)

FIGURE 2

Clutch Disc

Clutch Alignment.Shaft

InFri

1
` t

' I .
t

Pilot Bearing

'Flywheel

0,-



JOB SHEET #8

. :.,

I. Align center punch marks on pressure plate and flywheel

J. Start pressure plateattaching bolts and lock washers

TE: Make sure bolts are the correct type and shouldered.)

K. K. Tigh n 6olts alternately a iew turns e a time until they are snug

. .,

(CAUTION: Do not tighten one bolt a't a time.)

L. Torque bolts to manufacturer's specifications

M. Remove clutch alignrrientlhaft)

N. Lubricate release bearing and sleeve (Figure .3) *

(NOTE: Check manufacturer's specificaons; some may not require lubrica-
tion.)

Grease Fitting
for BearingFIGURE 3

Coat This Groove

Pack This Recess

, O. Make sure i:elease fork is in,place (Figure 4)

FIGURE 4

Release Bearing Groove

4

Ball Stud

PT-101

Release Fork
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JOB.SHEET #8,

: P. I nstall:transmission

(NOTE:, Use a transmission jack and guide pins to avoid clutch disc damage
during transmissill installation.)

(CAUTION: Do not allow transmisiiOn weight to hang on clutch disc,)

Q. Connect clutch linkage

. R. Attach shifting linkage

S. Install speedometer cable

T. Install rear mount and cross-member, if applicable

U. Install drive shaft while aligning marks

V. Check.free travel; adjust if necessary

(NOTE: Refer to Job Sheet #1 if necessary.)

ay.. Connect battery ground cable

X. Remove jack stands if used

Y. Remove block from behind wheels

1 09
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CLUTCHES AND FLYWHEELS
. UNIT II

JOB SHEET #9--R EMOVE, INSPECT, REPAI R, AND RE INSTALL
A 15 1/2-INCH'DUAL DISC CLUfCH

.. ._. Ii

I. Tools and equiliment

A. Basic shop tools

\

t
B. Press

C. Clean ship towels

,
D. Aligning tool orold transenission main drive gear

1 e

E. Two 3/4-inch blocks.\of wood

F. Two.7/16-inch 14NC 151.1 long) guide studs ,

G. Pilot bearing remover

H. Slide hammer

I. Piece of 2 112-inch OD tubing
,

J. Piece'of 2 x 4 to make bridge
,

K. High temperature lubricant
_

L. Chain hoist

M. 100 foot-pound torque wrench
Y.

N. Safety glasses

Procedure .
,

_

(NOTE: This procedure is adapted from materials published and copyrighted
., by General Motors.Corporation, and relate specifically to the t picer 15 1/2-inch

dual disc angle-spring clutch; your instructor may modify the procedure to
facilitate a different or a smaller dual disc clutch.)

ti
.

A. Remove transmission assembly from vehicle as directed in the manufacturer's
service manual

.
.

B. Remove the clutch assembly with the fpllowing procedure:,

1. Install aligning tool or an Old tranSmission main drive gear into the hubs
of the driven discs to support the clutch assembly during removal

no
\

It

,
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( JOB SHEET #9

2, Install two 3/1-inch blocks of wood between the front of clutch release
'bearing and clutch spring plate hub (Figui=e 1)

(NOTE: The wood blocki will relieve The heavy internal spring load,
preventing the clutch from cocking during removal.)

FIGURE .1 A

471/4 4 ..,

cl

CD

meMigillIMI

3. Mark flywheel ring in relation to engine flywheel to assure original
positioning at reassembly, if either part is to be reused

4. Remove two upper clutch-to-flywheel mounting bolts and insert, in
their place, two 7/16" -14NC (5" long) guide studs

5. 'Loosen the clutch-to- lywneel cap screws, alternating one turn at
a time to avoid creating *due stresses in flywheel ring

6.- When all clutch-to-flywheel mounting bolts have been removed, slide
clutch 'assembly back on studs, using caution to prevent dropping of
front disc or intermediate drive plate

Rig a sling with a small chain to qssi.in lowering the clutch fro'm
assembly studs to floor

(CAUTION: The Spicer -15 1/2-inch clutch assembly weighs approxi-
mately 150 pounds.)

8. Remove clutch assembly froM vehicle and' lower to floor

111
t
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JOB SHEET #9

C. Stop et this point .and have Your instructor check and.initial your procedure
and safe practice

INSTRUCTOR CHECK: FrocedurenSafety Initials
4111111.1.

D. Inspect and repair Yoke:type dutch release mechanism with the following
procedure:

1. Check release bearing for roughness or noise by rotatind bearing 'race
while applying light pressure

2. RiepIace bearing if it is 'rough, noisy, or obviously damaged

-.3. Remove release lever from clutch releaie yoke cross shaft (Figure
2)

FIGURE 2,
FLEXIBLE LUBRICATION

SUPPORT HOSE AND CUP

RETURN SPRINGS

RELEASE EARING
SUPP RT

16-18
FP-LBS.

KEY RELEASE YOKE

KEYS CROSS SHAFT

RELEASE LEVER 20-25
FT..LBS.

SLAVE CYLINDER CLUTCH HOUSING T-4417

.

0

4. Disconnect flexible Lubrication tube from top of -release bearing suppOrt
(refer to Figure 2' for the remaining steps in this procedure)

5. RemOve two retaining springs from top of be\rjpgsL.ort

6. Slide release bearing and support assembly off end _of transmisSion
bearing cap

Remove two cap screws which attach release yoke to- cross shaft,
then drive the yoke to one side to expose two drive keys

8. Remove keys, then drive shaft out of yoke and remove from the
housing

112
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JO8 SHEET #9

E. Stop at this point and have your instructor check and initial your procedure
arid safe practice

,r
INSTRUCTOR CHECK: Procedure Safety Initials

,

, F. Reassemble the cl4ch release Mechanism with the follovVing pOcedure
. .(refer to Fibure 2 for all steps): ;

1. Hold clutch release yoke in position in clut6h housing, tivOn insert
release cross shaft through one side of clutch housing, throddh release

.yoke, -ampi out through opposite side of housing

2. Install two keys in cross shaft, then move o k e into place with keys
engaging keyway in yoke

3. Do not tighten bolts until after release bearing and support assembly is
sassembled to-bearing cap

4. Examine Contact buttons on eart, of bearing support for worn condi-
tion; buttons can be pressed out or into support, if necessary '

. ,
5. Slide release bearing -and support assembly on bearing cap to contact

fingers of release yoke

Ihitall retaining springs, then connect lubrication tube to top of sup
port

7. Check cross shaft and' yoke to make sure they are properly centered,
then tighten yokt clamp bolts

8. Install release lever on yoke cross shaft with drife key in slot of shaft

9. Position lever on shaft so that it is directly in line with tenter of slave
cylinder push rod

1 0 . ht en lever clamp bolt firmly

11. Fill grease cup with lub-ricant as specified in service manual, and iubri-
4ate clutch cross shaft bushings, using fitting at each side of Clutch
housing

G. Stop a this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Safety 'Initials

113
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.JOB SHEET #9

H. Inspect, remove, and ieinstall clutch pilot bearing with the following prpce-
. dure':

1. Inspect for corrosion or roughness on either, the race or the balls
by riatating the bedring inner race with a finger

2. Remove clutch pilot bearing assembly from engine, using pilot bearing
remover J-5901-2 with slide hammer J-2619

,

3. With fingers oil puller closed, insert fingers through bee ing inner race
as far as they will go, then tighten thumb screw to spread fingers

4. Slide weight shar-ply against stop on puller shaft to remove bearing

5. Pa'ck clutch pilot bearing with small quantity 1 high teMperature
lubricant as specified-in service manual

6. With shielded side of bearing toward thetrear, drive ,pilot bearing
into position, using a rawhide mallet or a block of wood

7. Inspe ct bearing to make sure it is seated firmly

I. Stop at this point and have your instructor check and initial your procedure
and safe practice'

INSTRUCTOR CHECK: Procedure Safetyr I nitialsri

J. Inspect flywheel, intermediate drive plate, pressure plate, and driven discs
with the following procedures:

1. Insriect surface which is contacted by the 440 facing

2. Make sure surface is smoo'th; it 'should not be grooved or show deep
heat checks

,

3. Replace if any of the above .conditions are evident

4. Inspect driven disc assembly for worn, loose, and grease or oil-soaked
facings

5. sCheck for broken springs, loose Hvets, or cracks in the driven disc hub

6.: Examine splines in hub .for wear and make sure they slide freely on
splines of the main drive gear

If any wear or damage is evident, reptape with a new driven disc assem-
bly

114
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JOB SHEET #9

K. Stop at this point and have your instructor check and initial your procedure
...and safe practice

INSTRUCTOR CHECK: ProcedurenSafetyflInitialsrl

L. Inspect and repair pressure plate and cover' assembly as directed by your.
instructor

M. Reinstall th.e clutch assembly with the following -procedure

1. If wood blocks have \ not been installed between the release bearing
and spring plate hub, perform the following:

a. Turn clutch assembly over on, bed of arbor press. and rest end
of release sleeve on piece of,2 1/2Anch OD tubing

b. Use the 2 x 4 bridge as shown in Figure 3 to compr*Ihe,,pressure
springs and install the two 3/4-ifich blocks between .tfre release

bearing and spring plate hub

'FIGURE 3

,

.04

,

2. Insert two 7/16-14NClng wide studi into ti-No upper mounting

holes of the flywheel f.';,1 ...
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JOB SHEET #9

3. Slide clutch disc aligning tool or a transmission main drive. gear, through
release bearing sleeve and assemble rear drive disc

(NOTE: When placing driken disc on aligning tool, be sure the exposed
portion of the disc damper springs face the pressure plate as shown in
Figure 4)

FIGURE 4

- Release Bearing As bly

0 1

....._LI"..
A ,- :'rdir"'.514. ,' , ..-,Release Sleeve

...

ReJease Sleeve Retainer ;.f.ti
4

Flywheel Rin9

'atm*
)

AdjOsting in

Pressure Plate

1

.1111.4.44.4

PT-109

Adjusting Ring Lock

Pressure Spring

Pull-Back,Spring

Lever

Front Driven Disc

Rear Driven Disc, 44P4442',
4 Intdrmediate Drive Plate



,110

A

JOB SHEET #9

4. Place intermediate plate in flywheel ring, aligning driving lugs of plate
with slots provided

5. Place front driven disc _assembly on aligning tool with exposed portion
of disc damper. springs facing the pressure plate

6. Position clutch assembly under flywheel, and use a small chain hoist to
jack or lift the clutch assembly into position on the two assembly guide
studs .

(NOTE: If alignment marks were made on flywheel ring. ankflywheel
prior to removal, align these before lifting clutch:into positiortan guide
studs.)

7. Slide clutch assembly forward and position in flywheel pilot_

8. 1Start ten Jetaining cap screws with. fotk washers and :rur/ in finger
tight

9. Tap clutch disc aligning tool in to make sure it has entered and Centered
in the pilot bearing

'10. Remove the two guide studs and insert two remaining -cap screws..
and lock washers

11. Progressively tighten all cap screw§ td 35-40 ft lb torque

(cAUTION: Do not try to pull the clutch into place.by running one
cap screw completely down with an impact wrench; this procedure
can crack or.break the pilot shoulders, causing off-square mounting and
out-of-balance conditions.)

12. As the cap screws are tightened, the 3/4-inch wooden blocks should
Jail free; if they do not, remove the blocks at this time and the clutch
aligning tool

13. Install clutch bral4 (fiber washer, steel tang washer, and a second fiber'
washer) on the transmission majn drive gear

>4. Install transmisAn aisembly 'as directed in manufacturer's service
manual

,

15. Adjust clutch controls ,as directed in manufatturer's service manual

N. Stop at this point and have your instructor check and initial your procedure
and safe .practice

INSTRUCTOR CHECK: ProcedurenSafety

-1
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CLUTCHES AND FLYWHEELS
UNIT II

JOB SHEET #10-:DISSASSEMBLi, INSPECT, AND REASSEMBLE A
HYDRAULIC (WET-TYPE) CLUTCH

I. Tools and equiPment

A. Basic hand tools

B. Lint-free cleaning cloths

C. Tool T 65 I-77515-A (Ford)

D. Cape chisel :

E. Awl I

F. Press

G. Tool T 66 L-7003-p4 and handle (Ford)

H. Clean transmission fluid

I. Cfearance gauge

J. New bushing, new inner seal,neW outer seal

K. Tool.7060--DD (Ford)

L. Compressed.air supply

Procedure

m.11

(NOTE: The following Procedure and illustrations are adapted from materials
published by Ford Service PubIrcations0-1.968,by Ford Motor Company, and aFe
reprinted with permissioh; the procedure may be modified by your instructorbto
facilitate available equipment.)'

A. Prepare component for-dissernbly of reverse-high clutch as directed by Your
instructor

-1 1 8

,
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# JOB SHEET #10

'

N.,
,

B. Remove the pressure plate retaining snap ring from the reverse-high clutch
(Figure 1) ,,, \

C.,
,,,

FIGURE

.

A

7
A

SNAP RING /Z.,
\

.wall
a

t ...-Y,:gt; .1. D1420-A

.

C.. Remove the pressure plate and the drive and driAn clutch plates (Figure 21
-

(NOTE: If the composition plates are to be re-used, they must not be
cleaned in a .vapor degreaser or with a -detergent solution; wipe them clean
with a lint-free cloth.)

FIGURE'2

0
REVERSE AND HIGH

*1 CWTCH CYLINDER

,

M.

!

.PISTOJ

0

SPRING RETAINERr.

0-'

I

.--,

SNAP RING
DRIVE PLATES ii

,

(

PISTON SEALS

I

PISTON
RETURN SPRING

(10) SNAP RING.
......

,

, 119
,

PRESSURE PLATE

DRIVEN PLATES 01897-A

...

,
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JOB SHEET #.10

D. Remove the piston spring retainer snap ring by compressing the piston
return springs with the tool shown in Figure 3, and rtmove the snap ring

(NOTE: As the tool is released, guide the spring rethiner to clear the snap
ring groove of the drum.)

"FIGURE 3

°

SPRING REVERSE HIGH
RETMN ER CLUTCH DRUM

CLUTCH
PISTON

t
Toot T 65 L - 77515 - A

Tool T65 L. - 775/5 - A

E. Remove the spring retainer and 10 piston return springs
-

'bt1591-A

t

I
(NOTE: It is important .to remember the -location of the piston return
springs because they must be reassernbled in the same places from which
they.are removed.)

,

F. Rernove the piston by inserting air preSsUre- in the piston apply hole of
the clutch hub (Figure 4)

FIGURE 4
, TooI-7000-bD--

-

l s

(

\ ,

G. ARemove the piston outer seal from the piston and piston inner, seal from
the clutch drum (refer tafjgure 2)

.

120 t.
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JOB SHEET #19

H. Inspect drum bushing, and if it is worn or damaged, remove it

I. Use the cape chisel to cUt a shallow groove 3/4 inch in length along the
bushing seam until the chisel breaks through the bushing wall (Figure 5)

(CAUTION: To prevent leakage at the stator support 0-rings, be careful not
to nick or damage the hub surface with the chisel.)

FrGURE 5

c J. Pry the loose ends of the bushing up with an awl and remove the bushing

K. Position the drum in a press, and press a new bushing into the drum with
the handle and toorshown in.Figure"6

FIGURE 6
Tool T66(.4003-84 Honie

L. Instill a new inner searin the clutch drum and a new outer seal on the
clutch piston (refer to Figure 2)

M. Lubricate the seals with' clean transmission fluid

N. Install the piston into the clutch drum

0. Place the 10 clutch piston into position oh the clutch piston

(NOTE: The clutch piston springs must be placed back exactly where they
came from.)

121



JOB SHEET #10

P. Place the snap ring, retainer on :top of the springs

Q. Install the snap ring retainer with theAcoi shown in Figure 3, and es you
press down, make sure the spring retainer is centered to clear the drum

R. Install the snap ring, and before releasing the tool, make sure the snap ring is
positioned inside of the four,snap ring guides on the spring retainer

,

Install the dutch platet:oltgnately i;starting with a steel plate, then a non-
metallic plate; the last:RA installed is the pressUre plate (refer to Figure 2)

(NOTE: For the correct nukl- ber of clutch plates required for each trans-
mission, check manufacturer's s'pecifications, and if new drive plates are
installed, soak them in automatic transmission fluid for 15 minutes before
asseMbling them in the clutch drum.)

T. Install the pressure plate retaining snap ring

Hold the snap, ring down and check reversebigh clutch snap ring clearance
with a clearance gauge to make sure clearance is 0.050 to 0.0066 inch
(Figure 7)

(NOTE: If the clearance is not witkin specifications, check manufacturers
specifications for a selective-thickness snap ring that will bring the clearance
within specifications.)

FIGURE 7 .

V. Have your instructOr check your work

W. -Reiurn tools and materials to proper storage areas

A

1 22
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CLUTCHES AND FLYWHEELS
UNIT II

. JOB SHEET #1'1--CHECK FLYWHEEL RUNOUT

I. Tools and equipment

A. Basic hand tOols

B. Shop towels

C. Dial indicator

D.. Wirebruih

E. Safety glasses

II. Ittocedure

Clean clutch contact surface and rim edge Of flywheel

Set up dial indicator (Figure 1)

FIGURE 1

Courtesy Caterpillar .

C. Rotate the flywheel to determine the amount 6frunout and
if it is within manufacturer's specifications ,

(N9TE: Hold crankthaft in one direction while turning to
play from affecting reading.) -

D. Check both clutch disc contact surface and rim edge (Figure 1
both with manufaciurer's specifications

e 1 93
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CLUTCHES AND FLYWHEELS
UN I TJ I

JOB SHEET #12--REMOVE AND REPLACE A FLYWHEEL RING GEAR

1. Tools and equipment

A. Basic hand tools

B. Wire brush

C. Acetylene torch

D. Wood block

E. Safety glesses

I L Procedure

A. Support the flywheel, ring gear side down, on a solid fiat s'urface of wood
block which, is slightly smaller than inside diameter of the ring gear

(NOTE: Check to see if ring gear teeth are chamfered [have beveled edges] ,
and place new i-ing gear in same direction.)

B. Dilve the ring gear off the flywheel with a suitable drift and hammer

(CAUTION: Do not strike the fly'wheel.)

C. Work around the circumference of the gear to avoid binding of the gear
on the flywheel'

(NOTE:, Some ring gears may have to be heated.for removal.)

D. If heat was 'used to remove ring gear, allow flywheel to cool and turn fly-
wheel overon a solid flat surface

E. Rest ring gear on a fire brick surface

(NOTE: Never heat on a concrete flooi.),

F. Heat the gear uniformly with an acetylene torch, -keeping the torch moving
arOund.the gear tO avoid hot spots

(CAUTION: Do nit, under any circumstances, heat the gear over '400°F
[204°C] ; excessiVe heat may destroy the original heat treatment-,and.the
teeth will be softeped.) ,

(NOTE:. Heat indicating "crayons," which are placed on the ring gear and
melt at a predetermined temperature; may be obtained from most tool,
venders.)

2 4'
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JOB SHEET #12

G: Use a pair of tongs to place the gear on the flywheel with the chamfer, if
any, facing the same directiir as on the gear just removed .(Figure 1)

FIGURE 1

aHAMFERED
ENDS OF TEETH

UPWARDS

THESE FACES
MUST BE CLEAN
AND FREE FROM

SURRS

HEATED
GEAR RING

SECURING
LIP ON FLY.

WHEEL

Copyright 1969 Goodheart-Willco , reprinted with ,permission

H. Tap the gear in place against the shoulder on the flywheel with a brass drift

125 4
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, CLUTCHES AND FLYWHEELS
UNIT II,

NAME

TEST

en

1.. Match the terms on the right wrth their correct definitions.

a. Heavy metal disc Which has a friction surface
for clutch plate, supports all of the clutch
components, and provides gear teeth on outer.,
rim for starting-motor oPeration

b. Bearing located .in the flywheel flange of the
crankshaft which allows for correct support

.7-
and alignment of transmission input shaft

c. Resistance to movement between any two
objects placed in contact with eadh other

d. vides a friction surfce between pressure
ate and flywheel, and is splined to fit the
nsmission input shaft

e. Mounted to the flywheel and supplies the
force that holds the clutch plate against
the flywheel, causing the flywheel,, clutch
disc, and pressure, plate to rotate as one

f. Houses the release' levers, springs, and pressure
plate

Also known, as a throw-out bearing; used
to the release levers of diaphragm

#
h. Y-shaped lever inside' clutch hoUsing used to

engage and disengage clutch
I.

I. The distance 'a clutch pedal must travel
from its normal position id the point at
which tlie tlirow-out bearing engages the
release levers

Time it takes 'for the clutch disa to stop
spinning atter; cl(itäh release

j-

k. Aqts as a pivot for release fork -

I. Used on .hydraulic clutch system to trartrit
pressure to the throw-out lever

126

1. Slave cylinder
k1

2. Freevaliel

3.

4.

5.

6.

7.

8.

9.

10.

-11.

12.

Pressure plate

Clutch housing

F I ywheel

Release fork
ball

Friction

Clutch disc
spin time

Pilot bearing

Clutchliisc

Release fork

Clutch cover

PT-121
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m. A . hydraulic de)ice that forces hydraulic
pressure to a slave cylinder to disengage
the clutch; it also _activates hydraulic brakes

n. Covers flywheel clutch assembly, provides
: 'surface to bolt transmission to engine

a. A mechanism on the input shaft which helps
slow the rotation of the input shaft and
the clutch disc to make shifting easier

13. . Clutch release
bearing

14.. Clutch brake

15. Master cylinder
_ -

2. Identify the coniponents of the basic, clutch assembly n the following illustration.

1

ii.

\

4

a



3. Identify the parts of the flywheel in the following illustration.

4. Select from a list the functions of the flywheel by plading an "X" in the correct blanks.

a. 'SUpplies power to operate electrical two-speed axle

b. Ring gear is mounted around the circumference of flywheel to provide a
means for starting

c. Operates the push rods for intake and exhaust valves
z

d. Stores up energy during power .stroke and delivers-energy back during
-the other strokes

e. A flat outer surface is machined smooth to provide a friction surface for the
clutch

128
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5. Identify the parts of the dry-type disc clutch in the following illustration.

6. Match types of clutches with their descriptions. ,

a. One on more plates are brought together
'to transmit torque

b. An outside band is tightened over a rotating
part to transmit torque

c. Engagement is allowed in one direction,
but the unit freewheels in the other

d. A magnetic field holds two parts together,
allowing them to rotate as a unit

1. Overrunni g-type

2. 'Cone-type

3. Disc-ty

4. Band-type

5. Expanding-shoe-
type .

6. Magnetic-type

e. Two cone-shaped pails are -engaged to trans-, 7. Over catiter-type
mit torque

f. An inner shoe is expanded to contact an
outer part to transmit tor.que

g. A pressure plate is forced indirectly over
levers and links against the clutch disc;
as the clUtCh is engaged, the levers and links
'come over the center of the pivot point and
lock the engagement

1 2f3



7. Identify the types of pressure plates in the following illusstrations.

b.

130
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8. Distinguish between a disengaged and an engaged clutch by writing engaged or disen-
gaged under the appropriate illustration.

a.

9. Match types of clutch linkage mechanisms with their functions.

a. This method uses a series of levers and rods
connecting the foot pedal to the throw-out
fork

b. A master cylinder is connected to, and
actuated by, the- clutch pedal; the pressure
created by depressing the foot pedal is trans-
mitted to the slave cylinder through high
pressure hoses; the slave cylinqer is mounted
near, and connected to, the throw-out lever or
fork

c. This mechanism uses compressed air and
hydraulic, assembly supply power for clutch
operation on vehicles equipped with a hydrau-
lic clutch cylinder

d.. Direct-action clutch 'consists of a field coil
assembly, rotor unit, face plate, condenser,
and an operating switch; indirect-action
clutch consists of a driving member contain-
ing a. coil, an inner driven member, and a
mixture of magnetizable metal and dry
lubricant

r
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1." Air opvrited

2. Electrically .
operate&

A3. MechaniCal
linkage-1 ,

4.. Hydraulic
operated
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10. Select from the following list conditions to 'ook for during
clutch\

i- nspection by

placing an "X" in the appropriate blanks.

t

a.. Slight chatter marks

b. Drive line vibration

--.

.

%
J

/..

l'..:

c. Excessive finger wear

r

..

; d. Incorrectgear select or adjustment

1
e. Incorrect clutch linkage adjustment

-:
f. Normal finger Wear

g. Broken engine motor mounts

h. Excessive heat discoloration

11. Select from the following list symptoms.that may occur when a clutch hoUsing bore
has excessiye runout by placing an "X" in the appropriate blanks.

a. Broken:Motor mounts

b. Pilot bearing noise

c. Rough engine idle

d. Starter gear breakage

e. Transmission jumping out of gear

f. Drive lihe vibration

g. Excessiye clutch spin time

h. Excessive transmission gear wear or noise

12. Match clutch malfunciions with probable causes.

a. Water contaminated clutch disc rusted to
flywheel and pressure plate

b. Worn 6r misaligned linkage; release bearing
dragging on support

:-
c. Uneven'pressure plate fit-Ter height

d. Pressure plate not releasing due .to improper
linkage' edjustment; broken pivots in pressure
plate

e. Oil contamination on clutch assembly;
broken: motor mounts; glazed clutch surface
from being overheated

132

1. 'brag

2. Grab

3. Freezing

4. Pulsating pedal

5. Chatter
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4.4:2N

4

4

f: rressure plate Springitension weak; excessivylV 6. Sinding;
worn-clutch disc; oil contamination; improp
erly adjusted clutch linkage 7. Bearing noise

,

g. Oil contamination; clutch clik glazed from 8. SliO
overheating;_ warped pressure plate or fly-,
wheel; weak pressure plate sPrinb

h. Worn or dry pilot or release .bearing When
clutch is disengaged; pitted clutch shaft
bearing when clutch is engaged With trans-
mission in neutral

13. List three purposes of a dual disc clutch.:

a.

b.

c.

14. Demonstrate ihe ability to:

a. Adjust clutch linkage free travel."
_

b. Adjust free travel on-a pull type clutcli

c. Remove a clutch assembly.

d. Inspect a clutCh disc..

e. Check a clutch housing alignment.

f. Inspect a pressure plate and 'c'éver.

g. Inspect a pilot bearing and pilot bushing,

h: Replace a clutch assembly.'

i. Remove, inspect, repair, and reinstall 'a,15 1/2-inch dual disc clutch.

j. Disassemble a hydraulic 4uch (wet-ty'Pe).

k. I nspect parts of a hydraulic' clutch.

. I. Reassemble a hydraulic clutch.

m. Check flywheel runout.

n. RemOve and replace a flywheel ring gear.

o. Remove, overhaul, 'reinstall, and adjust an over Center clutch.

(NOTE: If these activities have not been accomplished prior to the test, ask our
instructor when they shoUld be completed.)
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CLUTCHES AND FLYWHEELS
UNIT II

AKISWRS TO TEST .

1. a. 5 f. 12 k. 6

b. 9 g. 13 I.

c. 7 h. 11 m: 15

d. 10 i. 2 n.,.. 4
e: 3. j. 8 o. 14

2. a., Clutch pilot bearing
b. Flywheel ring gear,

Clutch disc
d. Pressure plate
e. Release fork ball
f.'. Clutch release fork
g. Clutch release bearing
h. F lywheel

3. a. R ins gear

b. Flywheel
c. Clutch pilot bearing bore

'd. FlYwheel
e. Clutch disc contact surface

4. b, d,

5. a. Friction ring ,
b. Hub flange
c. Stop pin
d. Cushion springs .

e. Torsional coil springs .
f. Facings.
gI Drive washer

6. a. 3 , e'. 2 .

b. 4 : f.1 5
c. 1 g: - 7
d. 6

a, Coil springs
b. Diaplagm spring
c. Centrifugal and cbil spring
d. Pull type

8. a. Engaged
b. Disengaged

134
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Is

a, c, f, h

11. b, e, f, g, h

12. a: 3:
b. 6
C. 4
d; 1

e. 2

f. 8
g. 5

h. 7

13. 4ny three of the following:
a. For-equipment with heavy kiads
b. For engines with high torque and horseppwer
c. Allows more friction surface area
d. Doesn't put an excessive load on one clutch disc
e. Allows vehicle to start moving without jerking or jumping

perforMance skills'evaluatezi4o the iatisfadtion of the instructor

1 V.

"

k")
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TORQUE-CONVERTERS AND FLUID DRIVES
,UNIT III

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify the parts cif a torque
converter and discuss the operations df the pump, stator, and turbine in torque converter
operation. The student should also be able to drain and refill a torque converter, check for
oil leaks, and test a torque converter. This knowledge will be evidenced by correctly per-
forming the procedures.outlined in the job sheets and by scoring85 perceht on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, tile student should be able to:

1. Match terms related to 'torque converters and fluid drives with their correct
definitlions.

2. Select true statements concerning how a basic fluid coupling works.

3. Identify the parts of a torque tonverter.

4. Match torque converter parts with their functions.-

5. Match types of fluid flow in torque converters with their characteristics.

6. Complete statements concerning the operation of a twin-turbine torque converter...

7. Select -true statements concerning the operation of a lockup clutch converter.

8. Demonstrate the ability to:

a. Drain and refill a torque converter.

b. lFeck for oil leaks.

c. Test a torque converter.

' 114
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TORQUE CONVERTERS AND FLUID DRIVES
UNIT III

SUAGESTED ACTIVITIES

Provide student`with objective sheet.

II. Provide studen; with information and job sheets.

III. Make transparencies.

IV. Discuss unit and specific objectives.

V. Discuss informatior sheet.

VI. Demonstrate and discuss the procedures outtined in the job sheets.

VII. Impress upon students that the job sheets in this unit are basically maintenance
procedures; checking end ptay on a torque convarter; disassemblV, inspection, and
rebuilt of a stator assembly; and disassembly and inspection of a-torque converter
are all presented as job sheets in UNIT V, AUTOMATIC TRANSMISSIONS, so
the student will better understand the relation of the 'torque converter to the
transmission and other components in the, power train.

VIII.. Invite a guest speakei- from industri to come to class and talk to students about
torque convefters.

IX. Take a field_ trip to a company that rebuilds torque conVerters and automatic

transinissions.

X. Give test.

I NST R UCTIONA CMATE R I ALS

I: Included ip this unit:

A: Objective sheet

B. I nformatiOn sheet

C. Transparency masters

1. TM 1--Operation of a Basic Fluid Coupling

2. TM '2Operation of a Basic Fluid Coupling (Continued)

3. TM 3--Parts of a Fluid Coupling

4. TM 4--Parts of a Torque Converter

5. TM 5--One-way Roller Clutch and Stator Assembly

137
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6. TM 6--F luid Flow

7, TM 7--Twin Turbine

8., TM 8--Lockup Mechanism

D. Job sheets

1. Job Sheet #1--Drain and Refill a Torque Converter

2. Job Sheet #2--Check for Oil Leaks

3. Job Sheet #3--Test a Torque Converter

E. Test

F.., Answers to test

U. Fieferences:

A. Stockel, Martin W. Auto Service and Repair, South Holland, I L: The
Goodheart-Wilcox Co., Inc., 1969.

B. Notgrass, Troy. The Automotive Power Train Mechanic. Austin, TX: Instruc-
tional Malerials Service Division of Extension, The University of Texas at
Austin, 1973.

C. 1968 Ford Truck Shop Manual. Dearborn, MI: Ford ServiCe Publications,
1968.

D. Forier, Louis C. Motor Trucks and Diesel Repair Manual. 33rd Edition.
New York, NY-10010: Motor, 1980.

Funclamentals ofSiVazat,,,ower -Trains. Moline, IL 61265/: John Deere
Service Publications, D'ept. F; 1972.

F. Hydraimatic THM200 Principles of OPZiTiff"1:75361;4:1,M I 48197: General
Motors Corporation, 1975. ,

-4.511
1110

I

G. Allison Transmissions Service Manual. Indianapolis, IN 46206: Detroit
Diesel Allison, 1979.

"\

H. 1986 Light Duty Truck Chassis Service Man al. Detroit, MI: General Motors.
Corporation,1979-., .

I. Dallas Independent School District. Qiesfl Technology Stude t Learning
Plan. New York, NY: Harper and Row, Publishe Inc., 1975.

1 38
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TORQUE CONVERTE'RS AND FI.41.1D DRIVES
UNIT III

_ INFORMATION SEIEp-

I. Terms and definitions

A. Torque converter-Serves as a 'fluid coupling to smoothly connect engine
power through oil to the transmission gear train and multiplies the torque
effort from engine

Fluid drive--A pair of vaned roteting elemenls held in position close to each
other withbut touching;,rotation is transferred to the driven member by this
driving member through the resistance of a body of oils

C. Turbine--A wheel upon which a series of angled vanes are affixed so that a
moving column.of liquid will -impart a turning motion s

D. Stator-41'A torque converter, the. third member which ,redirects fluid direc-
tion under certain operating conditions

E. Pump--A device which produces motion in a liquid, in e torque converter
it is the drMng member

P. Hydraulic-- Refers to fluids in motion- and the science of fluids in motion

G. Transmission stall test--A test Made while the output shaft is bra-ked and the
engine is running at full throttle; the recorded engine speed is then compared
with normal speed from an engine-converterchart to see whether'or not the
engine, torque converter, and transmission are i)erforming satisfactorily as a

unit'

H. Torque multiplication-Increased pump speed and oil flow restricted by
stator which puts a twisting force on turbine

J.

Fluid coupling-A unit that transfers engine' torque to the transmission
input shaft through the use cff two vaned.units operating very close together
in a bath of oil

VelOcity-The., rate of motion or speed at which something (fluid for
instance) moves

II. How a basic fluid coupling works (Transparencies 1, 2, and 3)

A. A fluid at high velocity strikes a turbine and forces it to turn, driving the
wheel

(NOTE: Torque is transmitted by a fluid.)

B. Placing two fans facing each other and turning one fan will cause the other
fan to turn

(NOTE :7his principle is used in a fluid coupling.)

C. When fluid is not in motion it lies level in a bowl

9
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D. When the bowl is spun rapidly, centrifugal force causes
and over the outside edge. of the bowl

.

E. i.When another bowl,lk placed down over the first one,
are spun, an axial .fl4w is created and turning force is
the driving bowl and thg driven bowl

III. Parts of a torque converter (Transparency-4)

A. Pump (driving member)

B. Turbine (driven member)

..
C. Stator (reaction member)

IV. Torque converter parts end their functions (Transparency 4).
A.

B.

Pump (impeller)

i. ; The cover is
in an oil il et] housing

the fluid to climb up

and when the bowls
tr'ansmitted between

I.

secured to pur-np -to seal all three members

(NOTE: Torque, converter part, names yary with4pe and manufac-
turer.)

2: Converter cover is bolted 4o the flexplate vslihich is bolted to the' engine
cr"ankshaft

3." The converter pump turns the same.speed evengine

4. When engine is runninvhe pump is spipning; it acts as a centrifugal
pump

'5 The pump picktItte oil up at the pump's, center ,and discharges the
oil at its rim between the blades

6. The blades cause the oil to leave pump`spinning toward the blades
of the turbine

Turbine (Transparency 4)

1. Turbine is connected to the input shaft of transmission

2; When oil from the pump ttrikes the turbine blades, it transfers a force
to the turbine causing it to turn

1.3.

,4.

When the engine is idling,and converter pump is not spinning fast, the
force of the oil leaving pump is Pot great enough to turn the turbine
with any efficiencY

As engine speeds up, the pump speed increases; and the force of oil is
greater to turn turbine'

. .

140
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INFORMATION SHEET

C. Stator

iTTfe stator is located between the pump and turbine

2. It is mounted on a one-way roller clutch-which allows it to rotate one
way but not the other (Transparency 5)

OT-137

3. lt redirects the oil from turbine and changes its ditection of rotation
-back to that of the pump member

4. The energy of the oil is then used to assist the engine in turning pump

5. This increases the force of the oil driving the turbine, and as a result
this mu ltipliesthe torque or twisting force

-
V. Types of fluid flow in torque converters aeci their characteristics

A. Rotary, flow--The instant the torque converter impeller ,(pump), which is
driven by the engine flywheel, starts rotating, the oil spins around with it
(Transparency 6)

B. Vortex flbw--The converter turbine, connected to the input shAt, resists .

turning as the oil strikes its blades; because of this resistance and because of
the shape of the blades, 'the oil takes a second path of travel crosswise
(Transparency 6)

C. Kinetic energy-The 'more oil entering the pump from the stator, and the
more the turbine resists turning, the greater_the velocity of the vortex flow
of oil circulating in the converter and the greater the torque multiplication

2

VI. Operation of a twinturbine torque converter (Transparency 7)

A. When torque demand is high, the freewheel clUtch Fs engaged and the first
turbine, assisted by the second turbine, drives the gears -

(NOTE: The first turbine Orovides high torqt7N-and low speed for starting
up and loading,)

B. When the machinelspeeds up, torque demand drops, andthe second turbine.
takes over the entire load and the freewheel clutch disengageg the first
turbine
4.

(NOTE The second 'turbine prqvides higher speed with lower torque for
travel.) ,

VII. Operation of a lockup clutch converter (Transparency. 8)-

A, Located inside of torque converter housing

B. It operates at higher speeds and higher gear range



i

138

\ ,

r.

.

-,

..

,
INFORMATION SHEET

C. When the lockup clutch is applied, the converter elements (pump, turbine,
and stator) rotate as a unit at engine speed

D. This provides a direct drive from the engine to the turbine shaft

E. .When the lockup Clutch is applied, slippage is eliminated

O.

,.

e

,
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Operation of a Basic Fluid Coupling

Fluids at high velocities,can transmit pOwer.

vrco

Turbine

One part Can drive another part by force of air or oil.

ourtesy DEERE 84. CO., MQ,L1NE, IL
--
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Operation of a Basic Fluid Coupling
(Continued)

Fluid fies Bowl is spun'
level in bowl. and fluid

spills out.

Courtesy DEERE & CO., MOLINE, IL

Torque is
transmitted to
upper bowl by
force of fluid.

44.



Parts of a Fluid Coupling

o

Driving Member
Driven Member

Crank Shaft Transmission
Shaft

Flywheel Vanes

One*member of the coupling is mounted
on ;he driving shaft and the other member
is mounted to the transmission shaft.

PT-1 43
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o' Parts of a Torque Converter

Turbine

'Stator

From
Engine'

Turbine

Pump
(Impeller)

To Drive.
kj Wheels

,Stator

Pump

Courtesy .DEERE & CO., MOLINE, GIL

Pump
Turbine

0

Stator

Courtesy General Motors Corporation

if/
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OnelAtay Roller Clutch and Stator Assembly.

Energizing Springs

:RoHers Outer Race (Cam)

Stator
Locks Up

^

Inner Race
(Splined to
Stator Shaft

:

Roller Clutch .,

Clo'ckwise forces on cam lock rollers to
inner race. Clockwise forces on cam
cause rollers to overrun inner race.

LI

Stator
Overruns

Stator Asseathly

Courtesy General Motors Corporation

-0
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-Fluid Flow,

Turbine ..--)

t Turbine

0

-i
K
0) :150

N

While torque is increasing
more vortex flow
pump is turning faster.

_

While torque is decreasing
more rotary flow

pump and turbine
reach same speed.

,
Courtesy DEERE & CO., MOLINE, IL.4.-'

A.

71
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Twin Turbine

Converter Pump

Second Turbine

First Turbine

Input

Second-Turbine Drive

First-Turbine Drive

. Planetary

Forward Clutch

High clutcti"

Converter St6tor

Freewheel Clutch

Transfer Drive Gear

Output'

Transfer Driven Gear.

pourtesy DEERE at CO.,,MOLIRE, It

1.5 2
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;

Lockup Mechanism

Lock Up:
Mechanism

$

*

Thrust
Turbine . Pressure Bearing

1' Thrust Plate Assembly
. Spacer Spring' Stator

Converter Housing Pressure Turbine Assembly Converter
Cover Assembly Plate Assembly Pump

Assembly Assembly' .

153
Courtes\i-General-Motors Corporation
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TORQUE' CONVE ATE RS AND F LUID DRIVES
UNIT III

JOB SHEET #1DRAIN AND REFILL A TORQUE CONVERTER

&Is and materials

A. Basic hand tools

B. Drop light

C. Drain pan

D. Funnel

E. Creeper

F. Shop towels

G. Safety glasses

II. Procedure

f

A. Make sure fluid is at-normal operating temperature to insure proper drainage

(CAUTION: Be careful when draining-as the fluid may be hot enough to
produce serious burns.)

B. Remove the converter drain plug (Figure 1)

(NOTE: Some transmissions require draining both the converter and oil
pan;eorne require draining the oil pan [case] only.)

FIGURE 1

Torque
Converter

Automatic
Transmission

,

Pan'

155
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hoh

JOS:SHEET #1

C. Install the converter drain plug and torque as specified

(NOTE: Converter plugs are made of relatively soft material and should
not be overtightened.)

D. Add the required amount of new fluid BEFORE starting engine

(NOTE: Fill With manufacturer's specification oil.),
E. Start engine; move,shift lever through all drive ranges, and return to park

(NOTE: Be sure .to shift lever in all ranges to insure fluid to all valves and
clutches.) . '

F. Idle engine to heat up fluid, and check level when hOt

G., Add more fluid if needed, but DO NOT OVERFILL

- 156
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TORQUE CONVE.RTERS AND FLUID DRIVES
UNIT III

-JOB SHEET #2--CHECK FOR OIL LEAKS

I. Tools and materials

A. Basic hand tools

B. Shop towels

C. Drop light

D. Creeper

E. Jack;blocks, and safety stands

F. Safety glasses

I I. Procedure

. A.. Jack vebicle and block up for _safe inspection

13, Remove the converter housing inspection pan and clean the converter

-C. Clean inside of housing and blow dry

D. Run engine at fast idle to bring the transmissiob fluid to normal operating
temperature

E. Lft transmission through all drive raliges to. force fluid through all lines

F. Watch carefully for the first sign of a fluid leak

157
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JOB SHEET #2

G. Determine if fluid is coming from transmission or from engine. (Figure 1) .

FUGURE 1

CRANKSHAFT

CRANKSHAFT
SEAL LEAK

PRONE PUMP SEAL LE AK

CONV EATER
ASSELLIILE

F LW.

CTIR DRAIN PLUG LEAK OA
=AVER TEI,IQ FLYWHEEL STUD
WELO LEAK . CONuE RUA HOUSENG

Courtesy Ford Motor Company

F RON T

PUMP TO-CASE
SOLT LEAK

....FRONT PUMP
GASKET LEAK

(NOTE: Converter leaks, other than a leaking drain, as well as front seal
leak, usually require transmission removal.)

1 58
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.TORQUE CO-NVERTERS AND F LUID DRIVES,
UNIT ill

'JOB SHEET #3--TEST A TORQUE CONVERTE Rf
I. Tools and ..materials

A. Basio hand tools

B. ShoP towels

C. Wooden block

X

D. Safety glasses

II. Procedure

A.w' Block vehicle

B. Check the fluid level in transmission

C. Start the engineand warm the engine and transmiision to operating tempera-
ture

D. Shift transmission shift lever into each-gear range

(NOTE: Never allow, the transmission to heat up beyond the maximum
operating temperature.)

E. Attach the necessary temperatin:e and pressure gauges to the converter

F, Check with service manual for these tests on the torque converter:

. 1. Main pressure (at full throttle--no load)

2. Converter-out pressure

3. Converter-in pressure, if required

, 4. Lubrication pressure

5. Converter-out temperature,
G. Perform a transmission stall test

.0*
(NOTE: Be sure to check seryice manual on type of transmission before
conducting stall test. Some manufacturers do not recommend this test.)

H. Brake the output shaft and run the engine at full throttle whileconducting
the stall.test

e*

15 9
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TORQUE CONVERTERS AND FLUID DRIVES
UNIT III

NAME

TEST

1. :Match the terms on.the right with their correct definitions.

a. Serves as a fluid coupling to smoothly con-
nect engine power through .oil to the trans-
mission gear train end multiplies the torque
effort from engine

b. A pair of vaned rotating elements held in
position close to each other without touching;
rotation is trqnsferred to the driven member
by_this driving member through the resistance
of a body of oil

A wheel upon which a series of angled vanes
are affixed so that a moving column of liquid
will impart a turning motion ,

d. I n a torque converter, the .third member
whieh Tedirects fluid direction Under ,certain
operating conditions

e. A device which produces motion jp a liquid,
in a torque converter it is the driving member

f. Refers to fluid in .motion and the science
of fluids in motion

g. A test made while the output shaft is braked
and the engine is running at full throttle; the
recorded engine speed is then compared with
normal speed from an engine-converter ,chart
to see whether or not the enginetorque
converter, and transMission ard performing
satisfadtorily as a unit

h. Increased pump speed and oil flow restricted
by stator which puts a twisting force on
turbine . .

I. A unit that' transfers engine torque to the -
transmission inpV shaft :through the Use of
two vaned units ffperating very close together
in,a bath of bil.

j. The rate of motion pr speed at which' some-
. thing moves

0
160

1, Hydraulic

2. Velocity

3. Transmission
. stall test

4. Pump

5. Torque
mul;iplication

6. Tur6ine

7. Fluid coupling -

8. Torque converter

9. Stator

10. Fluid drive

7
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Z. Select true statenients concerning how a basic fluid coupling works by placing
"X" in the appropriate blanks.

a. When fluid is not in motion it lies level in a bowl

b. Placing two fans facing each other arid turning one fan on will cause the
other fan to turn

a, When a fluid in a bowl is spun the fluid -triest9,,corne out the center of bowl

id. A fluid at high velocity strikes a turbine and forces it to turn, driving the
wheel

e. The converter pump is driven by the turbine

f. -When another bowl cown over the first one, and when the bowls
are spun an axial flow i reated and turning force iatranshlitted between the'
driving bowl and the driven bowl

g. When the bowl is spun rapidly, centrifugal force causes the fluid to climb up
and over the outside edge.of the bowl

3. Identify the parts of a torque coniferter by writing correct answers in blanks provided.

- FrOm
Engin

c.

b.

IV To Drive
kj Wheels
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4. Mitch torque converter parts on the right with their functions, f.>

a.. The converter covej is secured to pump tc:N 1. Stator
seal all three members in an oil filled housing; 9

converter cover is laolted to the flexplate 2. Pump

.". which is bolted to the endine crankshaft; the
converter .pump turns. the same speed as 3. Turbine

engine; when engine is running the pump is
spinning; it acts, as a centrifugal pump; the
pump picks..the oil up at- the pumP's center
and discharges the oil at its rim between the
,blades; the bladocause.thol to leave piimp
spinning toWard the blades of the turbine '

b. This 'device is connected to the input shift
of transmission; when oil from the pump
strikes the tufbine blades, It transfers a force
to the turbine causing it to turn; whin the
engine is idling and converter pump is not
Spinning fast, the force of the oil leaving

pump is not great enough to turn the turbine
with any efficiency; as engine speeds up., the
pump speed increases, and the force of oil is
greater to turn turbine.

PT-163
44;

c.' This device is located between the pump
and turb'ine; it .is motnted on a one-Way
roller dutch which allows it to rotate one way
but not thp other; .it redirects the oil from

- turbine and changes its direction of rotition
. back to that of the pump member; the energy

of the oil is then used to assist the engine in
turning pump; this increases the force. of the
oil driving the turbine, and as a result -this
multiplies the torque or twisting force 0

5. Match the types of fluid flow in torque.conyerters on the right with their character-
istics.

a. The instant the torque converter impeller
(pump), which is driven 'by the engine fly-
wheel, starts rotating, the oil spins around
with it

b. The converter turbine, Connected to the
input shaft, resists turning as the ojl Strikes its
blades; because of this resistance and because
of the 'shape of the blades; the oil tikes a
,second path of travel crosswhe

;

162

1. Vortex flow

2: Kinetic energy

3. Rcitiry flow
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c. The more 'oil entering the pump from the
stator, and the more the turbine resists
turning, the greather the velocity of the
vortex flow of oil circulating in the converter
and the greater the torque multiplication

6. Complete the following Statements concerning operation of a twin-turbine tor ue
converter.

a. When torque demand is high, the freewheel dlutch is engaged arid the

the gears
turbine, assisted by the turbine, driyes

b. When ihe machine speeds up, torqte demand drops, arid the
turbine takes over the entire load and the freewheel-clutch disengages the

turbine

7. Select true statements concerning operation of a lockup clutch converter by placing an
"X" in the appropriate blanks.

a. When the lockup clutch is applied, slippage is eliminated

b. This provides a direct drive from the engine to the turbine shah

c,. Located inside of torque converter housing

d. Lockup clutches are engaged at all times except in higb gear

e. Mien the lockup clutch is applied, the converter elements rotate as a unit at
engine speed

f. It operates at higher speeds and in higher gear range

8. Demonstrate the ability to:

a. Drain and refill a torque converter..
.

.b. Check foroil leaks.

C. Test a torque converter.

(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

163
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TORQUE^6ONV5R-FERS AND F LUZDR IVES
UNIT ILI 5"-

,a4IATFis TO TEST a

1. a.: 8 f.
b. '10 g. , 3
c. 6 h. 5
d. 9 i. 7
e. 4' 2

2. a, b, d, f,.g
,

3. a. Pump
-'' b. TUrbine

c... St6tor
-

4. .a. - 2
' 6.

-

-5.
; b. 1

c. .

5

sa. -First .

c Second

. Second
.r First

0

. b, c,,e;cf

8. Performance skills evaluated to the satiSfaction of the instructor

.`

tt,

e

Q.,

\
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MECHANICAL T.RANSMISSIONS
UNIT IV

UNIt OBJECTIVE

After completion bf this unit; the student should be able to identify types of mechanical
transmissions and the Shafts, housings, anci shift control cbrnponentsrof mechanical trans-

.

- missions. The student shouldfalso be able to indicate air flow in range shifting lines, disas--._

semble and reassemble a mechanical transmission, and complete related troubleshooting
activities. This knowledge will be evidenced by correctly performing the procedures outlined
in the assignment and job sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should' be able to:

1. MatCh terms related to mechanical transmissions with their correct definitions.

2. identify types of mechanical transmissions.

Identify-parts of-a slidinigear-transmission.

4. -Identify parts of a sliding clutch transmission top shaft.
4

5. Complete a list of parts on a front section countershaft.

6. Identify pai-ts of-a'transmission front section case with clutch housing..

7: Identify parts of,an aux iliaty section of a ten speA transmission.

8.. Identify parts of a shift lever housing and reverse stop Plunget114

9. Identh parts of a shift/bar hoUsin.g..

10. Identify parts of a remote shift control assembly.

11. Select trUe statements concerning air flow for 'Inge shifting.

12. Indicate air flow in air lines for range shifting.

13. Deinonstrate.the ability to:

a. 'Check a mechanical transmission fluidlevel.

b. Remol and disassemble a mechanical transmission. 0

c. Inspect transmission parts.

105
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d. Reassemblea mechanical transmission.,

e. Dissassefnble a shifting bar hOusing.

f. Inspect a shifting bar housing and parts':

g. Reassemble a shifting bar housing.

h. Install a mechanical transmission..

i. Test a mechanical transmission after .rebuilding.

1c6



MECHANICAL TRANSMISSIONS
UNIT IV

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information, assignment, and job sheets.

III. Make transparenCies.

IV. Discuss Unit and specific objectiyes.

V. Discuss information and assignMent sheets.

'VI.- ,
Demonstrate and discusi the procedures outlined in the job sheets.

VII. Show slides and films on mechanical transmissions.

VIII. Have speaker from local company that works on transmissions talk to the class.

IX. Show examples of different types oT mechanical transmissions.

414,

X. Give test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheef

C. Transparency masters

1.. TM 1--8Iiding Gear Transmission with Shafts in Line

M 2--Sliding Clutc arismission

TM 3--Synchromesh Transmission

4. TM 4--Marine Gear Transmission
4?«,

5. TM 5--Parts of Sliding Clutch Transmission Top Shaft Assembly

6. TM 6--Parts of Front Section:Countershaft

7. TM 7.1-Transmission Front Section Case with Clutch Housing

8. TM 8--Parts of Auxiliary,Section, Ten Speed Transmission

9. TM 9--Parts of Shift. Lever Housing and Reverse Stop Plunger

. 167
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Yd.*

10. TM 10--Parts of a Shift Bar Housing-

11. TM 11--Rembte Shift Coritrol Assembly

12. TM 12--Airflow For Range Shifting

13. TM 13--Air Flow For Range Shifting (Continued)

D. Assignment Sheet #1--Indicate Air 'Flow in Air Lines for Range Shifting

E. Answers to assignment sheet

F. Job Sheets

1. Job Sheet #1--Check a Mechanical Transmission Fluidlevel

2. Job Sheet #2--Remove. and 1-4sasemble a Mechanical Transmissipn

3. Job Sheet #3--Inspect T smission Parts,

4. Job Sheet #4--Reassemble a Mechanical Transmission

5: Job Sheet #5--Disassemble a Shifting Bar Housing

6. Job Sheet #6--Inspect a Shifting Bar Housing and Parts

7. Job Sheet #7--Reassemble a Shifting Bar Housing

8. Job Sheet #8--Install a Mechanical Transmission

9. Job Sheet #9--Test a Mechanical Transmission After Rebuilding

G. Test

H. Answers to test

I I. References:

A. Truck Talk. Chicago, I L 60611:* International Harvester Co., 1977.

. B. Spicer .1107 Series, 7-Speed Transmission Service Manual. Toledo, OH
43696: Dana Corporation, 1978.

C. Fundamentals of Service: Power Trains. Moline; I L 61265: John Deere
Service Publications, Dept. F, 1972.

-
D. Service Manual-RT 610 Series. Kalamazoo, MI 49007: Eaton Corporation,

Transmission Division, 1973.

E. Service Manual-RT 613 Series:"Kalamazoo', MI 49007:- Eaton, Corporation,
TranSmission Division, 1972.

F. Service Manual-3992 Marine Gears. Peoria, IL: Caterpillar Tracuir

'G. Ivan J. ArmstrOng. Adto Mechanics: Volume I. Stillwater, OK 74074: State
Department of V,ocational and Technical Education, 1976.

ICS
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MECH AN 1,CAJL.NTI VNSM ISSIONS

INFORMATION SHEET

I. Terms and definitions

A. Transmission--Used to multiply engine torque a41 vary vehicle speed by
means of gears arranged so that different ratios can be selected to meet .
various operating requirements

B. Spur gear's-Gears with 'straight teeth

(NOTE: Spur gears are usUally used in sliding gear mechanical transmissions.)
.411%

C. Helical gears-aars with slanted teeth; usually found in constant mesh
synchronized transmissions

-

(NOTE: The teeth are positioned &gone* a-C-ross the face of the gear

D. Overdfive transmission-A transmission in which the gear ratio is less than
one to one

(NOTE: This permits the vehicle, under favorable conditions, to maintain
a higher road speed with any given -engine, speed or a given road speed at

a lower engine R.P.M.)

E. Gear ratio--The number of revolutions the driving gear must make to turn
the driven gear one revolution

F. Synchronizer-Device in the transmission that allows /wo gears being shifted
together to rotate at the same speed ,,

G. Idler gear--Gear in the transmissions used to change direction of rotation
of the output shaft !

H. Gear timing-Timing assures that the countershaft gears will contact the
mating mainshaft gears at the same time, allowing mainshaft gears to center

on the mainshaft and equally divide the load

I. Countershaft-An intermediate shaft which receives moiion from a main
shaft and transmits it to a working part

J. Gear-A. cylinder or cone-shaped part having teeth on one surface-whidh-----__
Mate with and engage the teeth of andther part which is not concentric
with it

K. Input shaft--The shaft carrying the driving gear by which the power 'is
applied to the transmission

L. Output shaft--The shaft or gear whjich defivers the power fro!rn a device
(transmission) to the rest of the power train

44.
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INFORMATION SHEET

II. Types of mechanical, transmissions

A. Sliding gear (Transparency 1)

B. Sliding clutch (Transparency 2)

C Synchromesh (Transparency 3)

D. Marine gear (Transparency.4)

Ill. Parts of a sliding gear transmission (Transparency 1)

,

A. First speed gear on inpufshaft,

B. Second speed gear on input

C. fhirci speed gear onfinput shaft

D. First, reverse sliding gear

E. Second, third sliding gear

F. Third speed gear on output shaft

G. Reverse idler output gear

H. Reverse idler input gear

I. Idler shaft

J. Input shaft

K. Output shaft

1

IV. Parts of ailiding,clutch transmission top shaft (Transparency 5)

A. Snap ring

B. Drive gear bearing

C. Spacer

D. Gear snap ring

E. Clutch shaft

F. Drive gear

G. Sliding clutch

H. Washer

I. 4th speed gear

J. 3rd speed gear

.4,

1 7 u



INFORMATION SHEET

K. 2nd speed gear

L. 1st speed gear

M.' Reverse gear

N. Mainshaft

0. Key

P. Bearing

Q. Auxiliary drive gear

V. Parts on a front section.countershaft (Transparency 6)

(NOTE: The RT610 transmission uses two countershafts.)

A. Woodruff key

B.. Roll pin

C. Gear key

D. Snap ring

E. PTO and 2nd speed gear cluster

F. 3rd speed'gear

G. 4th speed gear

H. Drive gear

. VI. Parts of a transmission front section case with clutch housing (Transparency 7)

A. Clutch housing

B. Clutch cross shaft bushings

C. Inspection plate

D. PTO cover plate gasket

E. Front gasket

F. PTO cover plate

G. Lube filler plug

H. Oil temperature Plug

I. Lubeoil drairlplug

J. Oil sleeves

PT-173
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K. Rear gasket

L. Dowel pin

M. Magnetic discs (2)

N. Front section case

INFORMATION SHEET

VII. Parts of an auxilary section of a ten speed transmission (Transparenby 8)

A. Countershaft front bearings- (2)

B. Pilot bearing

C. Auxiliary countershaft asSemblies (2)

D. Synchronizer assemblies

E. Low speed gear and tailshaft assembly

F. Auxiliary housing and rear bearing assembly

G. Countershaft bearing (2)

H. Output shaft bearing

I. Spacer

J. Speedometer drive gear

K. Gasket

L. Bearing and seal housing

M: Seal

N. Nut

VIII. Parts orshift lever housing nd reverse stop_plunger (Transparency 9)

A. Ball grip (shift knob)

B. Dust cover

C. Pin

D. Lock washer
. le:

E. Nut,

F. Capscrew (4)

G. Housing

H. Gear shift lever

11
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INFORMATPN SHEET

I, , Washer

J. Spring

K. Shift yoke

L. Plunger

M. 'Plug

Parts of a shift bar tiousing (Transparency 10)

A. Tension spring cover

B. Gasket

C. Tension spring

a Tension ball (poppe-t ball)

E. Plug

F. Actuating plunger

G. Backup light pin

H. Shift bar housing

I. 1st-reverse shift bar

J. -Spring

K. Plungers

L. ist-reverse shift Yoke

M. 2nd-3rd speed shift bar

N. Interlocking ball .

/0. 2nd-3rd speed shift Yoke

P. Interlocking pin

Q. 4th-5th speed shift bar

A. 4th-5th speed shift yoke

1 3

PT-175
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INFORMATIO SHEET

X. Parts of a remote shift control assembly (

A. Cover

B. Set screw

C. Finger outer shaft

D. Gasket

E. .Rod and bracket assembly

F. Rod

G. Oil seal

H. kJ:joint assembly

,

r

I. Remote housing

J. Plug
. .

K. Finger inner shaft

L: Key

_

arency 11)

\

,

Xl. Air floW for range shifting (Transparencies 12 and 13)
,.

(NOTE: Constant air supply) -for all ranges is from regulator to slave airvalve top
rear connection, to control valve S connection; and to- largest connection in
intermediate shift cylinder.)

A. LOw range--Air from slave air valve, side cainection, to front of auxiliary
shift cylinder

B. -Intermediate ranger-Air frOm slave air valve .front connection to front con-
nection of auxiliary shift cylinder, arid from .control valve F. connection to
small line connection on intermediate shift cylinder

t C. Direct range--Air from slave air., valve top connection to connection in .

rear of auxiliary-shift cylinder and from control valve F connection to small
connection on intermediate.shift cylinder, and from control valve R.-connec-
tion to small froqt convectiOn of slave air valve

(NOTE: Syrnbols for air floW schematics are: S = Supply, F = Feed, and :
...-R = Return.)

1"

.
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...

Sliding Gear Tlansmission with Shafts in Line
so

.,

, Reverse . , Second .

Idler Gear. Speed Gear Third._

First Speed \ Reverse
Speed Gearu .

Gear Idler Shaft

,

\ / . /,. \ / /
,_..........-- ........,.

First Gear . Reverse
Gear ,

i. 4. 5--I
g ' ..

_.,
C'ourtesy DEERE & CO., MOL111-E, IL.,
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Synchromesh Transmission

, Input Shaft Gear
, (Main Drive Gear)

- Input Shaft'
Bearing Retainer

Inpyt Shaft
(Ctutch Shaft)

Second .7
SPeed Gear,

First Speed
Gear

Second and Third Gear.
-Synchronizer Assembly

First and Reverse
Synchronizer Assembly

Reverse Gear

OutpUt Shlaft
(Main Shaft)

41.

--\Counter Shaft,'

TransmiSsion Case

,

-7.

Counter, Gear or
Cluster Gear

( IExtension Housing

Reverse Idler Gear

Reverse idler. Gear Shaft
,

17 9



7

PT-183

Marine Gear Transmission

...SELECTOR
VALVE

OIL P MP LEVER
SELECTOR

VALVE
OIL
MANIFO D

OI,L PUMP
DRIVE
SHAFT

DRIVE SPI-DER

COUPLING FLANG.E "

ASTERN
CLUTCH

AHEAD
CLUTCH

\=

COMPANIDN FLANGE

:Courtesy Caterpillar

9
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Parts of Sliding Clutch Transmission

Top Shaft Assembly
Snap Ring Spacer Gear Snap.Ring

Drive'Gear Bearing

Washer
Snap Ring

Drive Gear
Sliding
Clutch

4th 3rd
Speed ,Sigeed
Gear Gear

Clutch Shaft

Key

Washers

SlidingSliding
Clutch

2nd 1st Clutch
Speed. speed .
Gear Gear

.1s1

Mainshaft
Snap Aux. Drive Gear
Ring Rearing

Courtesy TransmisgiOn Division, Eaton Corporation

Revers
Gear

182



Drive Gear

Parts .of Front Section Countershaft

. Snap Ring

--1

ts) th 3

4th SPeed Gea't

3rd Speed Gear

11"

PTO and 2nd S(oeed
Gear Cluster ,

Roll Pin

Key-

( ) Key

Countershaft with 1st and .Reverse
Speed Integral Gears (Two Used..Per Transmission)

Courtesy Transmission 'Division, Eatom COrporition



Transmission FronfSection Case witi'Clutch Housing

SAE Std. No. 2
Clutch Housin

.Gasket PTO Cover Filier Plug

Oil Temp. Plug

ler
A/Drain Plug

OiL Sleeves(2)

StudS

Froni*Section
Case

Clutch Shaft
BUshing (4)

ti:;)

4

Front
Gasket

Dowel Pin (2)
PTO Cover

Inspection Plate

Courtesy Transmission Diyiston, Eaton Corporation

o.
Maghetic DiscS (2)



.. Countershaft
Front Bearings (2)

Parts of Auxiliary Section,
Ten Speed Transmission

*-Low Speed Gear.
and Tailshaft Assembly

Auxiliary Housing and
Rear Bearing Assemtply

Output Shaft
Bearing

Spacer

o

*
CY

Pilot Bearing
Auxiliary

. Cou ntersh aft
, Assemblies.(2) .

: SynchrOnizer .

.4 Assembly
q

Countershaff
Bearing-.,

'

I

Bearing and'
Seal -"Housing

Nut

Gasket

.

Speedometer
Drive Gear

. A
,

-i Courtesy Transmission Division, Eaton Corporation
g
co )

Seal

1 S8



Parts of Shift Lever. Housing a!id Reverse Stop. Plunger

Grip

Shift Yoke
Plunger Spring. .Plug

Reverse stop Plunger

Courtesy Transmission Division; Eaton Corporation, - .

Cover

Pih

e.---=Lockwasher

Nut
tHCapsctew: (4)

Housing
0 0

Gear Shift Lever

*L---Spring

'
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Parts of Shift Bar Housing

Actuating Gasket ,s
Plunger 4-- Tension Spring(3)

(5 Tension Ball (3)
s.

Capscrew (2).

Tension Spring Colier

Shift Bar. Housing -;

1st- Reverse'
Shift 'yokeLocks'Erew

;/ETH
Plug / Plunger

, ;Spring °

lstReverse Shift Bar

c

Ne%

2nd- 3r&Speed
Shift Bar 1.

,

.2nd- 3rd Speed

haterlóck Pin

I n ter I oc

Blar

N
YokeShift ,

4th- 5th Speed
Shift Bar,

Locksrew

ksc rew

4th: 5th Speed Shift Yoke
.

Codt'tesy TransmissiOn Division, Eaton Corporktidn

,

TM 10 °

vr

CD*
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a

4

Set Screw
-----,..

Cover
e,.

ft,

. SC r ew
ari'd Washer

Remote Shift COntrol Assembly

t

Flinger
(Outer Shaft)

'\, Rod arid Bracket
' Assembly

..;

-

Gasket

. .

t Oil Seal

Rod

r

/

('

.. 7
U-Joint Assembly,

Remote Housing

i Plug

u
Finger

(Inner Shaft)

. =
Key.

%

Set Screw---

Courtesy Transmission Division, Eaton Corporation

1

1

..



i

t

1

4

fr .
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#

-

Air Flow. For Range Shifting
,

,

,

Control Valve (Top)

Constant Air From Regulator

4

No Air
4

. No Air -.

Intermediate
Shift Cylinder '

Constant Air
. From Regulator

,-

(

Control Valve (Side)

Note: Control Valve is shown in reversed

position for clarity of air line connection
./......

No Air
,

0.

Supply Air Line

:Auxiliary .

Shift-Cylinder

Slave Air Valve

LOW RANGE

Courtesy Transmission 'Division/ Eaton Corporation

,
,

#

,

.r

I.

.4



Air FloW For Range Shifting
(Continued)

Control Valve (Top)

NUR 0
,04

Constant Air
From Regulator 72

Control Valve (Side)

. No Air .

Air

-
Note. Control Valve is Shown
in reversed position for clarity
of air line connections

Supply.Air Line
(COnstant Air)

No Air Slave Air Valve

Intermediate
Shift Cylinder

ConstantAir /
From Regulator

AuxiRary
Shift Cylinder

Constant Air
From Regulator

I ntermediate:
Shift Cylinder

Constant'
Air

From Regulator

Air

INTERMEDIATE RANGE

Control Valve
Note Control Valve is shown
in reversed position for clarity
of air line connections

Supply Air Line
(Constant Air)

No Air -.

Slave Air Valve

Auxiliary Shift Cylinder

FWD

DIRECT RANGE

Courtesy Transmission Division, Eaton Corporation

1:9.6
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MECHANICAL TRANSMISSIONS
UNIT IV

PT120P-

ASfaNMENT SHEET #1--SHOW MR FLOW IN AIR LINES -
FOR RANGE SHIFTING

Directions: Show air flol in air lines for range shifting by writing 19ir or no''air in the blanks
in the following diagrams.

Control Valve (Top) .

Constant Air From Regulator

Intermediate
Shift Cylinder

Consfant Air
From Regulator

b

Control Valve (Side)

Note:,Control Valve is shown in reversed

position for clarity of air line connection

C

Auxiliary
Shift Cylinder

SleVe Air Valve

7...4wD..=411111x

LOW RANGE

,
Courtesy Transmission Division, Eaton Corporation

-
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(,

,

,

,

i

,

I

ASSIGNM

Control Valve (Top)

T SHEET_#1

f.

Control Valve (Side) `
NA:4e: Control Valve is shown
i.ri reversed position for clarity
of air line connections1.,

e.---,.....

Constant Air
From Regulator

.7
-,4:--h

I.____...

Intermediate
Shift Cylindef

4

i e

tonstant
Air

From Regulator

1---

/

we ilailL.. ow 37

OPO'milMW..:257,041111

11.
r?IAlt

/ ' " r 4

0. 1044; e 41= y i
....... 4

Auxiliary.
Shift Cylinder

FWD-0.

'Slave Air Valve

k.

`V

4

r
, INTERMEDIATE RANGE

Control Valve
Note Control Valve is shown

) in keversed potition for clarity
of air line connections,..,

Constant Air
From Regulator

Intermedige .

ShifiCylinder

Constant
, Air

From Regulator

I

Slave Air Valve

,f

Auxiliary Shift Cylinder
.

fti

Courtesy Transmission

,}--'

- t
thRECT RANGE-

Division, Eaton Corporation

:
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MECHANICAL TRANSMIkSIONS
- UNIT IV 4

ANSWERS TO ASSIGNMENT SHEET #1

a.
.

No air g. Air
b. No air h. Air
c. Np air i. No air
d. Air j. Air
a No air k. Air
f. Air I. Air

199

4

.
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MECHANICAL TRANSMISSIONS,

UNIT IV

JOB SHEET #1--CHECK A MECHANICAL TRANSMISSION FLUID LEVEL

I. Tools and materialg-

A. Shop towels

B. Basic hand tool set

C. Creeper

D. Safety glasses

E. ProPer lubricants

F. Drain pan

G. k Approved,cleaning fluid

H. Chock blocks

I. Blue safety tag

II. Procedure

7'

V'

(CAUTION: Always use creeper, wear safety glasses, chock wheels,
Lkeep un-

authorized people out of cab, and blue tag the ignition switch.)

Place vehicle on level ground

4
B. Put drain pan under check plug

C. Clean area-around plug

D. Remove plug or plugs

E. Check level of lubricant (Figuiv 1)

(NOTE: LubriCant should be at the bottom edge of plug hóle.)

FIGURE 1

PT-207

.... ,.//a/o, tamamaid hwiandzmminual

.

Courtesy Transmission Division, Eaton Corporation

2 ()



208

k

JOB SHEET #1

F. Use fluids recommended by vehicle manufacturer

G. Visibly inspect transmission mounts and mount bolts

H. Visibly inspect air lines if so equpped) for cracks, worn spots, and leaks

I. Visibly inspect transmission for leaks at,front an'd rear seals and at gaskets

J. Change fluid and fiilter as recommended by manufacturer

4.

2ui

't



MECHANICAL TRANSMISSIONS
UNIT IV

.
.

JOB SHEET #2-- liEMOVE AND DISASSEMBLE A MECHANICAL TRA.NSMISSION

I. Tpols and materials 444

A. Basic hand tool set

B. Shop towels

C. Safety glasses

D. Inside snapring pliers--large

E. Outside snap ring pliers--large

F. .Snap ring pliers--medium (needle-point)

G. Bearing_pullers--small

H. Drive0gear bearing driver

I. Steam supply

J. Solvent

K. Appropriate service manual

L. Press

M. Ma&

I. Procedure

A. Remove GROUND cable from battery

B. Remove mechanical transmission per vehicle manufacturer's service manual

(CAUTION: Use proper eye protection.)

C, RemoVe air regulator and filter assembly
-

-1. Disconnect and remove the air lines, incliiding line clamps .

2. ;iiirn out cap screws and reMove regtilator and filter assembly

(NOTE; DUring-disassembly, lay all parts on cl.ean workl3eNch in order

of removall
II

(CAUTION: Use :good hobsekeeping methods while disassembling

transmission.)

P1-209
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JOB SHEET #2-

D. Remove range shift contrbl valve

. Remove two nylon air lines, one at front of valve and one at rear
o lye

2. Remove two air lines between the ,yalve and cylinders on auxiliary- .

3. Remove cap screws holding air valve

Remove, actuating spring and pin frbm bore in transmission (Figure
1)

74,4SwFIGURE 1 vr

Remove shift bar housing

1. Turn out.cap screws

4

2. Jar housing to break gasket seal

3. Remove housing from teansmission

F. Remove universal joint companion flange or yoke

1. Lock the transmission by engaging in two gears

2. ''Remove companion flange nut from output shaft

3. Pull,flange or yoke straight to rear and off shaft

"
2(13

4

,_
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JOB SHEET #2

G. Remove auxiliary section

1. Turn gut cap screwi .

2. Insert puller screin

.- 3. Tighten puller screws evenly

(NOTE: Remove auxiliary section straight to the rear with puller
screws.)

4. ReMove auxIliary section from front:section (Figure 2)

(CAUTION: Use groper lifting procedure.)

FIGURE 2

H. F,Iemove'clutch housing.

1. Remove clutch release Mectianism

altturn mits from six spds-
.

3. Break gasttt seal
--

4. Remove Clutch housing from case

,

2 !)

PT-211
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JOB SHEET #2 .

I. Remove front bearing cover

1. Turn,out cap screws .

r
,

(NOTE: Tap ag,ainst drive gear from inside caselo move ,cover foxward
and break gasket seal.)

2. Remove cover

J. Remove bearings from right countershaft 14,

1. Remove snap ring at rear of right countershaff

2. Using soft bar and maul. against rear of shaft move assembly forward as
far as possible unql snap ring groove in frontbearifig is exposed (Figure
3)

(CAUTION: Use caution when using hammer.)

FIGURE 3 .

3

',sr+

-

3. Install snap ring in geoove in front bearing

(NOTE: Use.snap ring removed from bearing bore.)

2 U5
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. JOB SHEET #2 .

_

PT-213.

4., Using pry bars, remove front bearing from countershaft (Figure 4)

FIGURE 4

t

4

I

7/

z,

S.
ts.

,

s
-,

5. Using soft bar and maul from inside case, move countershaft to rear/far
enough to expose rear beating snap ring gtoove

,
6., Install snariring in gropXe,

-....-. 7, Use pry bar or puller to remove bearing (Figure 4)

,

K. Remove clutch shaft bearing'

1. MoVe drive gear.forward as far as possible

2. Remove bearing retainer snap eing (Figure 5)
). ..

FIGURE 5

...

..

:.., :r94 ..."'''

. \

..,

-

,

..

,
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JOB SHEET #2

,

3. Hold shaft in position and tap on side of shaft while pulling forward
to unseat bearing frorn case

4. Use puller or pry bar to relpove bearing

(CPAUTION: Use proper tools far the job.)

L. Remove clutch shaft

1; Remove drive gear washer

,c,

22., Remove shap i-gg from groove in. I.D. of gear'(F igur4

g

FIGURE 6

Pull shaft forward from splines of drive gear

4. Move drive gear to rear against 4th Speed gear ehgaging sliding clutch

M. Remove auxiliary drire gear assembly

1. :Turn out caPscrews ,

2. Remove two bearing retainer rings

2 V 7
,

A;-...

4.
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JOB SHEET #2

3. Remove snap ring from groove in mainshaft (Figure 7)

FIGURE 7

-PT-215

A

A

4. Tap against front of meinshaft to move drive gear bearing to th.e rear'
exposing bearing snap ring

5. Use pry bar tciremove auXiliary drive gear from ca4,./-

N. Remove bearing frni`auxiliary gear

1. Remove snap ring from gear

2. Remove bearing frOm drive gear.by using press or bearing driver

0. Remove left reverse.idler gear

1. Remove auxiliary countershaft front bearing from left reverse idler
bore
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JOB SHEET #2
I

2. Remove rear idler washer and holder from bore of main case (Figure
8)

FIGURE 8

3. Remove reverse idler gear horn case.

4. Remove idre'r bearing from idler gear (Figui:e 9)

'FIGURE 9

1;,

5. Remove front idler washer from case

Remove and disass ble mainshaft

1._ Block right countershaft to right as far as possible

2. Lift mainshaft assembly from case

3. Remove drive gear and 4th-5th sliding clutch from mainshaft



4

JOB SI-lEET #2 1
4? Remove 4th gear retainirig snap ring from mainshaftiFigure 10)

FIGURE 10

5. Removezith gear and washer f,Figure 11)',

FIGURE 11

.1):17,217
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JOB SHEET #2

Remove 3rd gear and wasfier

7. Remove 2nd-3rd'sliding clutch

8. RemoVe long key

9. Remove 2nd,gear washer

10. Rem Ove 1st gedr and washer

11. -Remove 1st reverse sliding clutch

12.. Remove reverse gear and washer

Q. Remove countershaft assemblies

1. Lift right Countershaft from case

2. Remove bearings from left countershaft in same manner as right (Refer
to ,Figures 3 and 4)

3. Lift lefebountershaft from case

R. Remove right reverse idler gear .

1. Removeauxiliary countershaft front bearing from right reverse idler
gear bore

2. Remove rear idler washer andholder from bearing bore

3. Remove reverse idler gear from case

4. Remove.idler bearing from gear

5. Remove front idler washer from case

S. Disassemble countershaft assemblies

(NOTE: Disassemble both countershafts in the same manner.)

(CAUTION: Use caution when using press.)

-1. Remove,snap ring from front of countershaft

- 21
^
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JOB SHEET #2

3. Press 4th gear from shaft (F igureN13)

FIGURE 13

'*ze;

:

4. Press P19 gear and 3rd gear from shaft bji pressing on PTO ge'ar

5. Remove woodru,ff froot;Trom shaft

(NOTE: Do not rtmOve Woodruff key from shaft, unless key of shaftx
needs replacing.)

or

-

213



\t-

..

,

JOI3.SHEET #2
I

T. Remove auxiliary cduntershaft asserriblies
..

1. Remove bearing from front of tailshaft (Figure 14)

FIGURE 14 --'

2. Turn out capscrews and remove rear bearing cover
..--

3. Remove rear seal fro. cover

4. Remove speedometer gear and washer .

,

e

5. Drive countershaft jar bearing outer race to rear abOut 1/2" (Figure
15)
,

0
..; FIGURE 15 .

,

..

i A

It

(NOTE: From ;inside housing, use long pundh to drive bearing race
rearward.) ,

214
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JOB SHEET #2

6. Remove countershafts

U. Disassemble auxiliary countershafts

1. Remove bearing inner race from rear of countershaft (Figure 16)

FIGURE 16

(NOTE: In late style transmissions, the, drive
countershaft and cannot be removed.)

2. Remove snap ring

3. Press'drive gear from shaft

V. Remove range shift cylinder and synchronizer

1. Turn ou't cap screws and remove cylinder cover

2. Remove nut holding-air piston to shaft

215

gear is welded to the

a.
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JOB SHEET

3. Use air to remove piston (Figure 17)

(CAUTION. Don't,use iob much air pressure.)

miff/.

^

y414,i

4. Remove 0-ring frain piston

5. Remove copper seal from shaft

6. Remove synchronizer, shift yoke, and piston shaft as en assembly
(Figure 18)

FIGURE 18

2 6

wig

PT-223
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i JOB SI-IEET #2. 1

7. Cut lock wire; take out two lockscrews; and remove shift yoke from
shaft

, 8. Place low, synchronizer on bench, and by twisting remove high range
, synchronizer from pins

(CAUTION: There are 3 springs located in high range synchronizer
which will be released as high range synchbnizer is removed.)

9: 'Remove sliding clutch from .low.synchronizer pins

1,4/. Remove and disassemble air cylinder .. k
,

_if*"
,

1. Remove dust seal and air port extension from top of housing a-
, e

(NOTE: Ail' port' extensiOn has to be removed from cylinder before
cylinder cab be removed from housing.)

..

2. Rgmove cylinder from housing

3. Remove 0-ring from small bore in cylinder

X. R emove and disassemble low Speed gear and tailshaft

i

1. Drive or press tailshaft forward out of rear bearing
it

2. Remove rear washer and low spe.ed gear
-,...

3. Remove spline washer from hub of low gear .

-
4. Remove mainshaft-bearing from housing

/

5. Remove countershaft rear bearings from housing

I

2 --f

,

/

,
/4
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MECHANICAL TRANSMISSIONSil,
UNIT IV

) JOB SHEET #3--INSPECT TRANSMISSION PARTS.
,

I. Tools and materials

A. Safety glasses

B. Air blow gun 4

(NOTE: Blow gun should be regulated at 30 P.S.I. output pressure)

C. Solvent

D. Shop towels

E. Reusable parts guide

F. Maniffacturer'S service manual

II. Procedure

A. Inspect all bearings

1. Wash all bearings' tear

'(CAUTION: Use approved cleaning solvent)

2. Blow bearings dry with air

(CAUTION: Never let bearings spin wIlikr-bispwing dry witIT air, and
use, Safety glasses.)

3. Check bearings for pits or spalls in inner races (Figures 1 and. 2)

F1GURE 1

21b

FIGURE 2

-225
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JOB SFiEET #3

4. Check bearings for pitts or spalles in outer races (Figures 1 and 2)

5. Check bearings for pitts or spa Iles in roller or balls

6. Lubricate bearings

7. Check for axial looseness

,B. 'Check for radial looseness

9. Replace bearings with excessive looseness

10. Wrap all reusable bearings

. '(NOTE: If transmission is high mileage overhaul-100,000 miles or
more--all bearings should be replaced.)

B. Inspect all gears

1. Check gear for pitting on gear teeth faces (Figure 3)

(NOTE; Replace all gears with pitted teeth.)

2. Check engaging gears for tapered teeth (Figure 4)

3. Check engaging dears for Worn or chipped teeth at engaging end

FIGURE 3 FIGURE 4

21'
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JOB SHEET #3

4. Check gear hubs for gaulding

5. Check gear hubs for excessive wear

6. Check gears for cracks (Figure 5)

7. Check gears for broken-teeth (Figthe 6)

FIGURE 5

C. Inspect shafts

1. Check for bent shafts

2. Check for twisted shafts (Figure 7)

FIGURE 6

FIGURE 7

-220
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JOB SHEET #3

3. Check for w'orn splines

,4. Check cracks in shaft

5. Check for gaulded splines

6. Check for worn snap ring grodves

D. Inspect thrust washers

1. Check surfaces for being scored (Figure 8)

....FIGURE8'

21 Check washers for being reduced in'thickness

E. .Inspect sytichronizers

1. Check high and low synchron for wear at contact surfaces

2. Check contact surfaces for heat dam
40-kt

(NOT: If cOntact surfaces re blu or bladk, they have been over-
*leafed.)

. . 3. blocker pins for excessive wear

4. Check.for loose or missing blotker pins (Figure 9)

1

FIGURE 9

2 2 1

z
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<1.10B SHEET #3

5. Check synchronizer contact surfaces on high and low range gears
for wear and burrs

F. Inspect cases

1. Check cases for cctacks (Figure 10)

FIGURE 10

1

2. Check cases for worn bearing bores

3. -Check cases for damaged bolting surfaces

4. .Check cases for dameged bolt threads

G. Inspect beaQng and seal retainers

1. Check bearing retainers for worn bearing grooves and snap ring grooyes

2. Check to make sure seals in retainers are tight

3: Check'worn.grooves in front retainer for wear

viNk. ,

222
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MECHANICAL...TRANSMISSIONS
UNIT IV

JOB SHEET #4--REASSEMBLE A MECHANICAL TRANSMISSION

I. Tools and materials

A. Shop towels

B. Basic hand tool set
_

C. Creeper

D. Safety glasses

E. Large inside snap ring pliers

F. Large outside snap ring pliers

G. Bearing drivers

H. Seal drivers

I. Medig needlepoint snap ring pliers

J. Appropriate service manual

K. Press

L. Paint

M. Small paint brush

N. Large torque wrench (ft. lb. torque wrench)

I I. Procedure
4

I.

A. Reassemble and install low speed gear and tailshaft

1. Place magnetic cleaner in auxiliey case

2' 3

Ii

PT231
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:JOB SHEET #4

2. Mark timing teeth on low speed gear (Figure 1)

FIGURE 1,

(NOTE: Paint two adjacent teeth, then paint two adjacent teeth
straight across from the first two.)

3. Place splined washer in low speed gear hub with shoulder to the rear

4. Install low speed gear on tail from the rear with clutching teeth forward

5. Install low speed gear thrusi Washer, chamfer to rear

6. Place auxiliary housing over tailshaft

7. Install tailshaft bearing (Figure 2)

(NOTE: Use bearing driver and seat bearing on shaft and in case.)

FIGURE 2

2'),1
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JOB SHEET #4

B. Install air cylinder for range'shifting

1. Install 0-ring in groove in small bore of air cylinder

2. Install air c'ylinder in auxiliary case with air port in line with port in top
of case

3. Intall air port extension with dust cover (Figure 3)

TIGORE3,,

C. Reassemble range synchronizer

1. Place low range synchronizer on benclwith pins up

2. Place sliding clutch on pips with recessed side up

3. Place three springs in bores in higli range synchronizer ring (Figure 4)
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JOB SHEET #4

4. Install high range synchronizer ring over pins in low range synchronizer;
take care not to damage springs in high range synchronizer

FIGURE 4

D. Install range synchronizer and shift fork in auxiliary case

OM.

1. Install shifting fork on piston shaft, fork toward threaded Rnd

2. Align slots in ihaft with bores in yoke hub and install lockscrews
and safety wire

3. Place yoke in groove of sliding clutch;-slide piston shaft wit fsynchro-
nizer assembly, into rear case with piston shaft threaded end" ?ing into
bore of air cylinder and synchronizer over tailshaft

4. I nst'all cooper seal on piston shaft (Figure 5)

FIGURE 5

,
J
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JOB SHEET #4
;

5.1nstall. 0-ring over air piston (ki(ure 6)

FIGURE 6

I

6. Install piston on piston shaft and secure with lockwasher and nut

7. !inn!l gasket and cylinder cover securing with four capscrews

E. Reassemble the countershafts

(NOTE: .Iri late models, the drive gears are welded to shaft.)

1. Install keys in- shafts

2. Press gears on shafts with long hubs to the rear-(Figure 7)

FIGURE 7

227
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JOB SHEET :#4

3. Install snap rings

4. Install bearing inner raced.,on rear of shafts

F. Mark timing teeth on countershafts .

1. Find tooth n low speed gears- aligned with keyway in drive .gear
(Figure

2. Mark timing toOth on low Speed gears with paint (Figure 8)

(NOTE: Timing teeth will be Marked with an "On on the end.)

FIGURE 8

G. Install countershafts

1. Seat rear bearings outer races into cases about two-thirds of the way irr

2. Place countershafts into case with marked tooth on low drive gear
between two marked .teeth on low driven gear (Figure 9)

4'

9



0 JOB SHEET #4

t

e

,

a

,

f

3. Drive rear bearing outer racei the rest of the*way into case anct onto
shaft

FIGURE 9

0 zLtiZ14

PT-237

,

. .

H. Install speedometer gear washer and speedometer gear \
1. Install speedometer gear washer on tailshaft with champhered inside

o diameter toward bearing (Figure 10)

2. Install speedometer gear, or replacement spacer, on tailshaft (Figure 10)
, ..

,

a

FIGURE 10 .. 0.

VI,
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JOB SHEET #4

I. Install seal in rear seal retainer and install retainer

1. Drive rear seal into i:eiainer with lip of seal toward the inside

2. ' Ihsta II -iear seal retainer with speedometer bore up and to the left

3. I nitalt cap screws and tighten

J. Install front pilot bearing on tailshaft

K. Install magnetic cleaner in bottom of main-trah-smission case

L. Install right reverse idler gear front washer on pin in lower right of case

1. Install small reverse idler gear front washer on pin in lower right of case

,
,2. Placq reverse idler gear in case with machined surface of gear hub to

rear, 't.

3. Place rear washer in holder with oil grooves down and bend lugs to hold
, washer in

4. Install reverse idler gear bearing

5. Install holder, with washer, into rear countershaft bore

6. Install rear countershaft front bearing' in bearing bore of fronrease

(NOTE: Front of auxiliary countershaft is journal for idler gears.)

M. .Assemble front countershaftS

1. Install roll pin,(Figure 11) ,

2. Install woodruif key

23u

}Q.%



JOB SHEET #4

'3. Install long key (Figure 11)

FIGURE 11

4. Press PTO-2nd speed geir cluster onto countershaft with PTO gear

forward
3

5. Press 3rd speed gear on with long hub to rear

6. Press 4th speed gear on with long hub to front

7. Press drive gear on with long hub to rear (Figure 1.2)

2-3

BT-,239
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JOB SHEET #4

0. Place left and right countershafts in the case without bearings

P. Assemble mainshaft

FIGUtiE 14

1. Place mainshaft in vise with keyway o the left or right, and pilot
end up

.2. Place key in keyway with word top to the outside and cross pin up

3. Place reverse Ars splined washer on shaft in groove at bottom of
shaft and slide key ih square notch in washer to lock washer

(NOTE: 1st, 2nd, and 3rd, speed gears splihed washers are the same;
4th speed gear washer is smaller in diameter.)

4, Install1st-reverse sliding clutch

(NOTE: Slot in all sliding.clutches will have to align with key.)

5. Rerhove %long key and install 1st speed gear splined washer on shaft
in 2nd groove from the bottom then reinstall long key to thck washers
(Figure 14)

6.. Place 1st speed gear on shaft oVer splined washer with clutching teeth
down (f igure 15)

PT-241

FIdURE,15
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..k9B SHEET #4

7. Install 2nd speed gear on shaft with clutching teeth up

8. Remove long key and install 2nd speed v*asher into hub of 2nd speed
gear, then reinst.97long key to lock all three washers (Figure 16)

9. Vista II 2nd-3rd speed sliding clutch

10. Pull long key up slightly and install 3rd speed washer at bottom of
. top groove ,then move long key down and seat cross pin on top of

3rd speed washer (Figure 17)

FIGURE 16

FIGURE 17

a
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JOB SHEET #4

11. Install 3rd speed ger over splined washer

12. Install' 4th speed gear on shaft with clutching teeth up

13. Install 4thspeed washer On shaft inside4th speed gear

14. Install itnap ring in groove on shaft to hold 4th speed gear (Figure-

18)

15. Install 4th-5th sliding clutch

16. Mark timing teeth on drive gear (Figure 19) .

(NOTE: Mark any two adjacent teeth on gear then rrirk two teeth
directli Opposite the first set.)

FIGU,RE 18

FIGURE 19

9 Qr.
4.0 J
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JOB SHEET #4

17. Install drive gear on shaft against 4th speed gear with snap ring groove
to the'front

- t.
18. Remove mainshaft from vise and `lostall -revei$e 'gear on rear of main-

shaft over splined Washer t
.. .\ .

Install mainshaft in case

1. Move both countershaft assemblies4to side of case as far as possible

2. Install mainshpft assembly in case and block unddr front to center
shaft in bearing bore

R. Atsemble auxiliary drive gear and install in case

1. Press bearIng on gear with shari ring toward reer

2. Install bearing retaining snap ring in auxiliary:drive gear groove (Figure
20)

FIGURE 20

.3. Center mainshaft ip rear bearing bore

-
i4. Install auxiliary drive gear and seat bearing n case

236
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JOB SHEET #4

5. Install snap ring inside auxiliary drive gear ant in groove in rear of
mainshaft (F igure 21)

FIGURE 21

q.

6. Install two bearing retainer plates and tighteh capscrews

Assemble clutch shaft and main drive gear ^

1. Replace pocket bushing clutch shaft

(NOTE: Make sure oil hole is not plugged and bushing is even with

shaft.)
h

2. Install clutch shaft inside main drive gear and move main drive gear

forward against case

3. Install snap ring in groove in 'main drive gear

4. Install main drive gear spacer, taper forward

5. Install clutch shaft bearing and seat in bore of case'

!' 6. Install\ bearing retaining snap ring in groove on clutch shaft with taper
to outside

,

PT-245
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JOB SHEET #4

T. Time Pmainihaft to both countershafts and complete assembly of counter-
shafts

1. Time left countershaft to mainshaft by placing one marked tooth on
countershaft in mesh with two marked teeth on main drive gear (Figure
22)

FIGURE 22

2. Install front countershaft bearing part way while holding countershaft
in position

(NOTE: Hold rear of couhtershaft centered in rear bearing bore with
block of wood or-tool.).

3. Install rear bearing anC1 seat on countershaft and in case bore

: (NOTE: Use bearing driver to Oevent damage td bearing.)

4. Seat front bearing on shaft and in case bore

5. Install snap ring in groove in rear bearing bore

6. Time rigtr countershaft 'to mainshaft by rilacing one marked lobth
countershaft into- mesh with two marked teeth on main drive gear

7. Hold right counterShaft into position and install front and rear bearings
in same way as left countershaft



JOB BHEET #4

U. Install left reverse idler gear

1. Install front washer on pin in case

2. I
1 nstall bearing in gear

3. Install gear in case

4. Place rear washer and holder in case bore

5. Install left auxiliary countershaft bearing in case Oore to hold idler gear.
place

(NOTE: The front journal on auxiliary countershaft is used as a journal ,

. for reverse idlergear.)

PT-20

V. ,Install clutch shaft bearing retainer and clutch housing

1. Place clutch shaft bearing retainer on clutch shaft and install and
tighten capscrews

2. Place clutch housing on front of transmissfon case and instalr six
nuts and two bolts

(NOTE: Use manufacturer's torque ratings on all nuts, capscrews,
and Jachg.)

-$

23;)
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JOB SHEET #4

W. 1r4tall auxiliary section to front section

1. Stand main transmission with clutch housing down (Figure 23)

FIGURE 23

2. Center reverse idler gears and washers in case bores

(NO-TE: Washers and gears .must be centered in case bores to allow
front journals of countershafts to enter bearings of idler gears.)

3. Use chain hoist and lower auxiliary section onto front section (Figure
23)

(NOTE: Align auxiliary section n dowel pins in front section, and
align auxiliary countershafts in bear igs of idler gears.)

24u



JOB 1-1-IEET#4

4. Install and torque auxiliary capscrews .
5. Install and torque_output shaftflange or yoke

X. Install shift bar housing

1. 'Place shift bars in neutral

2. place all sliding clutches on mainshaft in neutral

3. Place shift bar holing on.transmission (Figure 24)

(NOTE: Be sure that a'icikes f3,iin yoke grooves on all sliding
clutches.)

.FIGURE'24 .

4. Jnstall all capscrews and tighten

4

--PT-249
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JOB SHEET #4

Y. Install range shift air valve

1.- Install actuating pin and spring in bore of transmissi case (Figure 25)

FIGURE 25

A

2, -Install alignmessTheve in air valve

(NOTE; Piston in air valve has to be either all the way forward or
all the the way.to the rear.)

1'

3. Install bolt in valve and tighten

Z. Install air System lines

1. Install high range air line between the air port in the rear cover Of the
air cyclinder and side rear port of air valve

2. Install the low range air line from airportin top ofcylinder to street ell
in top of the air valve side cap

3. Install air filter and regulator assembly on mounting surface on left rear
of trarismission case

4. Install air lines from output port of 'regulator and tee supply port
of air valve then clamp line at rear left of gear shift lever mounting bolt

5. Install air lines from range shift valve to range shift control valve
, .

2
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MECHANICAL TRANSMISSIONS
UNIT IV

JOB SHEET #5--DISASSEMBLE A SHIFTING BAR HOUSING

I. Tao Is and materials

A. 'Basic hand tool set

B. Shop towels

C. Solvent

D. Work bench with vise

E. Safety glasses

II. Procedure

A. Remove tension springs

1. Turn out two capscrews

2. Remove tension spring cover

3.. Remove three tension springs

(CAUTION: Remove springs with care .or springs and bearing balls

will fly all over the place.)

B. Remove Shift bars, shift yokes, interlock pin, and actuating plunger

1. Place housing in vise with plunger up and front -of housing to the.
right

2. Cut lockwire on lockscrew in top shift yoke

3. Remove lockscrew

4. Remove top shift bar to right

(NOTE: Hold shift yokes while rerniwirbj bars and keep all bars in
neutral.) .

5. Cut lockwire on lockscrew in center bar

6. Move center bar to right and out of shifting yoke, as neutral notch
clears front web, remove interlock pin from bore in neutral notch

7. Remove actuating plunger

8. Move lower bar to right and remove shift yoke

9. Remove two interlocking balls from front web

21-j
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MECHANICAL TRANSMISSIONS, UNIT IV

.

JoB SHEET #6--INSPECT A SHIFTING BAR HOUSING-AND PARTS

I. Tools and materials

A. Cleaning solvent

B. Shop towels

II. Procedure

A. Inspect shift yokes and blocks

,1. Check yokes for wear at, pads,

2. Check yokes for wear at lever slots

3. Check yokes for, alignment

4. Check lockscrew threads for wear

7

,

,

,

B. trispebt shift bars for wear at netural notches/from interlock balls

,

,

(NOTE: Bars indented adjacent to neutral notch should be replaced.)

C. Inspect tension springs and balls

1. Check springs for tension

Z Check springs for cracks or breaks

3. Check balls for flat spots

(NOTE: Replace all worn parts.)

\

,

4

,

e1

\ 4 4

\.
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MECHA11ICAL TRANSMISSIONS
. UNIT IV

JOB SHEET #7REASSEMBLE A SHIFTING BAR HOUSING'

Tools amd materials

A. Lubricant

B. Shop towels.- .

C. 'Basic hand tool set
,

D. Vise

E. Safety glas es

II. ProcedUre

f-N-4 A. Place housing in vise with front to right (Figure 1),

,

FIGURE 1
,

A

B. Install 4th-5th shift bar 'and yoke

1; install in bottom bore,(Figure 1)

2. Install with heUtral notches to front

3. Install yoke on bar with yoke toward front

4. Install lockscrew and safety wire

2.15
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JOB SHEEr#7

C. Install interlock ball .and'plunger

1. Install ball in bore in front web (Figure 2)

2. Install plunger in bdre in rear web (Figure 3)

. 1:AGURE 3FIGURE 2

D. Install 2nd-3rd shift bar

1. Install in center bore

2. Install yoke on bar lockscrew hole to rear.

2 4 G
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JoB SHEET #7

3. Insert interlock pin in bore in neutral notch (Figure 4)

FIGURE 4

-

1

4. Inst(II yoke lockscrew and safety wire
..

5. Install imerlock ball in bore in front web (Figure 5)

FIGURE 5

.:,

.
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JOB SHUT #7

3

. 3. Place three springs one on top of each ball

4. install tension gpring cover and tighten capscrews

9 1 I
Nif /

i

e.

..
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JOB SHEET #8--INSTALL A MECHANICAL TRANSMISSION

MECHANICAL t R ANSN1 ISS I ONS
UNIT IV

I. Tools and materials

A. Safety glasses

B. Basic hand tools

C. Creeper

D. Proper lubricant

E. Chock blocks

F. Transmission jack

G. Alignment bolts

I I. Procedu re

A. Position transmission on jack

1. Place transmission on jack

Level transmission to same degree as engine

3. Secure transmission on jack to prevent falling off during installation

,(CAUTION: Chock vehicle to prevent rolling.)

B. Position transmission under vehicle

i-t Roll transmission under vehicle

(NOTE: Jack vehicle up if necessary to get transmission under vehicle.)

2. Jack transmission up to where clUtchshaft lines up with hole in clutch
,

c. Install transmission to.engine

1. Put transmission in gear

2. Move transmission forward to engine

(CAUTION: Make sure transmission and jack move as a unit so trans-
mission does not slip off.)

(NOTE: While moving transmission forward, turn transmission output
shaft so clutch shaft splines will line up with splines in clutch.)

2 ;)

,
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JOB SHEET.#8

3. Install two to four line up bolts in bell housing

(NOTE: Alignment bolts can be made of 4" to 6" bolts with hex
heads cut off and slots cut in end for screwdriver to remove.)

(CAUTION: Be sure clutch forks engage clutch release bearing.)

4. Align clutch housing to bell housing when they are about. 1 11 apart

so there is equal distance between them at all points

(NOTE: Clutch housing and bell housing have io be in ali§nment so
clutch shaft will enter pilot bearing.)

5.. Continue pushing transmission forward until there is no space between
clutch housing and bell housing

(CAUTION: Never use boltkor jack to force, housing together or,
damage may result to pilot Thring, front transmission bearing, and
clutch housing.)

6. Remove line up bolts

7. Install clutch io bell housing bolts arid tighten

8. Install shift control

9. Hook up air lines (if used)

16. Hook up drive line universal joint to transmission yoke

(NOTE: Make sure drive line slip yoke is in time if used.)

11. Remove transmission jack

12. Fill transmission to proper level

(tAUTION: Make sure fill and drain plugs are ti6ht in transmission
case.)
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MECHANICAL TRANSMISSIONS
-" UNIT IV

JOB SHEET #9--TEST A MECHANICAL TRANSMISSION AFTER REBUILDING

I. .,Tools and materials

A. Creeper

B. Shop towels

C. Light

D. Safety glasses

Procedure.

A. Visual inspection before roadtest

1.. Visually inspect all bolts for tightness, lockwashers, and proper installa-
tion

2. Visually in*spect fo.r, lubricant leaks

3. Inspect for proper installation of driveline

4. Start engine.to build up air pressure and check for air leaks in air shift
system (if used)

Roadtest

1. CheCk clui.ch' for proper operation

2. Listen for unusual noise

INOTE: All transmissions make certain sounds which are normal.
Through experience you learn to distinguish between normal and
abnormal sounds.)

C.. Visual inspection after roadtest

1: Check for lubricant leaks

2. Check for air leaks

P. Check for loose bolts

D. Check lubricant level in. transmission'

2



MECHARICAL TRANSMISSIONS
UNIT IV

NAME

TEST-

1. Match terms on the right with their correct definitions.

a. Used to multiply engine tbrque and . vary 1.

2.

3.

4.

5.

6.

7.

B.

9.

10.

11.

12.

Helical gears

Idler gear

Gear ratio

Overdrive
transmission

Spur 9ears

Transmissiorr

Output shaft

Gear timing

InPut shaft

Synchronizer

Countershaft

Gear

vehicle speed by means of gears arranged
so that different ratios can be selected_ to
meet various operating i equit ements

b. Gea with straight teeth

c. Gears with slanted teeth; usually found
in constant mesh synchronized transmissions

d. A transmission in which the gear ratio is less
than one to one

e. The number of revolutions the driving gear
must make to turn the driven gear one revolu-

tion

f. Device in the tranimission that allows two
gears being shifted together to rotate at the
same speed

g. Gear in the transmission used to change
direction of rotation of the output shaft

h. Timing _assures that the countershaft gears

will contact the , mating mainshiaft gears at
the same time, allowing mainshaft gears
to center on the mainshaft and equally
divide the load

4
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I. An intermediate shaft which fegeiyes Motion
from a main shaft and transmitt it to a
working part

Arntincler lir cone-shaped part having teeth'
on one surface which mate with and engage
the teeth of aliother part which is not concen-
tric with it .

k. The shaft carrying the driving gear by which
the power is applied to the transmission

I. The. shaft or gear which delivers the power
from a device, to the, rest of the power.train

2 (.3
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2. Identify types Of mechanical transmissions.

Clutch Engaged
in 3rd Speed

Gear

leIng
Clutch

Clutch Engaged
in 2nd Speed

Gear

Input Shaft Gear
(Main Drive Gear)

Second and Third Gear
Input Shaft Synchronizer Assembly First Speed

' Beanng Retainer q Gear

lyre-
fClutch Sh

Shift

, Second
Speed Gear

Input

Counter Shaft,

Transmrssion Case

a.

First and Reverse
Synchronizer Assembly

Reverse Gear

Output Shaft
(Main Shaft)

:: :`--
/101 11 i:.,-. , 1.....-: --....-:.

\ .,_,

:;,,.., ....k.... ,...,,1
-,--

Counter Gear oi Reverse Idler Gear Shah b.
Cluster Gear

Extension Housing

Reverse Idler Gear

Input Shaft

Reverse Second
, Idler Gear SPeed Gear Third

Fast Speed \ Reverse I
Speed Gear

Gear Idler Shaft

First Gear 'Reverge
Gear

Second
Gear

ThIrd
Gear

Output Shaft

c.

7

2-, 4

S.



3. Identify parts of a sliding gear transmission

Input Shaft
f.

PT-267

a

t

FirSt Gear

\ \

Second
Gear

Third
Gear

Output Shaft

4. Identify parts of sliding clutch transmission top shaft.

Snap Ring

'

Spacer Gear Sno-Riny

a.

Drive Gear Bearing

Washer Washers
Snap Ring

d,1/40

Sliding d 3rd
Clutch ok Speed

Gear

Key 7

12d3
fI

C.

a.

e.

f.

Washers

I §Sliding e.2nd 1st ,
Speed speed

Clutch

Gear Gear,

Snap
Ring Bearing

255

Aux. Drive Gear
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5. Complete the following list of parts on a front section countershaft.
_

a. Woodruff key

b. Roll pin

C. Gear key

d. Snap ring

e.

f.

9.

h.

6. Identify p rts of a transmission front section case with clutch housing.

Gasket
Filler Plug

Oil Temp. Plug

Studs ey,Drain plug

Oil Sleeves (2)

Dowel Pin (2),

0
Magnetic Discs,(2)

Gasket 4

-a.

b:

4

PTO Cover

Inspection Plate

'

d:

e. .

2 6



7. Identify parts of an auxiliary section of a ten speed transmission.'

Countershaft
Front Bearings (2)

Output Shaft
Bearing

Spacer

Pilot Bearing
a.

' d.

b. e.

c.

237

f.

Countershaft
Bearing

e.

Speedometer
Drive Gear

PT-269
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8. identify parts of a shift lever housing and revers? stop plunger.,

Shift Yoke

04:1-Ball Grip

--Dust Cover ,

Pin

*---Lockwasher
f

b. Plug 1C..' Nut

fr-Capscrew (4)

d.

Reverse Stop Plunger

4

7'

Washer

4:,

I.



9. Identify parts of a shift bar housing.

Plug

Actuating

44

**--;
Capscrew 12)

Tension Spring Cover

Plunger
Gasket

Tension Spring(3)

Plug Tension Ball (3)

Gasket \
Pin

0

c.'--

Gaiket

Lockscrew;---7-4
Militcz-JJ

Plug / Plun r
Spring

d.

Locksrew

Interlock Ball

"<*°1)
- Interlock in

N/ Interlock
'tic Bar

b.

a. d.

b.

c,

e.

C.

Lockscrew

PT-271



272
.0-

10. Identify parts of a remote shift control assembly.

'Screw
and Washer c

Gasket

a.

\
b. e.

ii,
8elect true statements concerning air .flow for rangeshifting by placing an "X" in

t.

/A)
Oil Seal

Rod

d..

Plug

the appropriate blanks..,

a. Intermediate range-Air, from slave air valve, side connection, to front of
auxffiary shiftCylinder .

b. Low range-Air from slave air valve front connection to front connection
of 'auxiliary' shift cylinderand from control, valve F connection to small'
line connection on intermediaie shift cylinder

c. Direct range--Air fr6m slave air valve topc'connectionlio cbnnection irrrepr of
auxiliary shiftcylinder and from.control valVe F connection to small cnnnec-
ticin on intermediate shift cylinder, and from control valve R connection to

'small front conneCtion tif slave air valve.

12. Indicate air flow in air Hoes for range'shifting.

13. Demonstrate tile ability to: .

.a. Check a mechanical transmiision fluid 1'00.
,

b. Remove and disassemble a mechanical transmission. .

. -26u



c. Inspect transmission parts.

d. Reassemble a mechanical transmission.

a. Disassemble a shifting bar housing.

. f. ; I nspect a shifting ba r housing and parts.

g. Reassemble a shifting bar housing.
_

h. Irltall a mechanicattransmission..

,. i. Test a Mechanical transmission after rebuilding.

1

,

-

..

«

(NOTE: If thaw activities have not been, accomplished prior to test, ask your
instructor when they should be com'Pleted.)

l

,

IP'

I.

..
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MECHANICAL TRANSMISSIONS
VN IT IV

,0,11SWERS TO TEST

6 e. 3 i. '11
5 -4. 10 j. 12

1 9. 2 k. 9
j..4 h. 8 I.- 7

-,,.

a. Sliding clutch
b. Synchromesh
c. Sliding gear

3. a.. First speed gear
b. Reverse idler gear
c. Reverse idler shaft
d. Second speed gear
el, Third speed gear
f. Reverse gear

4. a., Clutch shaft
b. Drive gear
C. Sliding clutch'
d. 4th speed gear

Reverse gear
Mainshaft

5.,, e., PTO and aid speed gear Ouster'
f. 3rd speed gear
g. 4th speed gear
h. Drivegear

6. -a. tlutch housing
b. Clutch shaft bushing
c. Front gasket
cl' PTO covet'
e. Front section case

071fr.

7. a. Auxiliary countershaft assemblies ,
b. Synchronizer assembly _

Low'speed gear and tailshaft assembly
d.. Auxiliary housing and rear bearing assembly.
e.. Bearing and seal housing

8. a. Plunger
b. Sprirp
c. HouSing
d. Gearshift lever

k

2C2

e

S'
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9. a.- Shift bar housing
b. 1st reverse shift yoke
c. Shift bars
d. 2nd-3rd speed shift yoke
e. 4th-5th speed shift yoke

10. a. Finger outershaft
b. Rod and bracket assembly
c.. U-Joint assembly
d. Remote housing
e. 'F inger in nershaft

,

11. c
..,.

.12. Evaluated to the safisfaction of the instrOctor

13. Performance skills evaluated to the satisfaction of the instructor

-
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AUTOMATIC TRANSMISSIONS
LINIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify major parts of an
automatic transmission, explain the function of automatic ttansmission components,
and list the make-ready procedure for automatic transmission overhaul;The student should
also be able to remove an autOmatic transmission from a vehicle, disassemble the trans-
mission into subassemblies, clean, inspect, and reassemble the subassemblies, and reinstall,
road test, and adjust an automatic transmission. This litraiiowledge will beevidenced by
correctly performing the procedures outlined in the job sheets and by scoring 85 percent on
the unit test.

ECIFIC OBJECTIVES

PT-277

After completion of this unit, the student should be able to:

1. Match terms related to automatic transmissions with their correct definitions.

2. Identify the major parts of an automaticlionsmission.

3. Arrange in order the steps.in an oil puthp and regulating valve operation.

4. Select true statements concerning low range, high range, and reverse range func-
tions infan automatic transmission.

5. Corriplete a list of statements concerning the characteristics.Of automatic trans-
mission fluid.

6. Arrange in order the procedure for properly checking automatic transmission
fluid.

7.

8.

9.

10.

Match in-vehicle transmission tests with their functions.

Identify parts of a planetary gear system.

Complete statements concerning planetary gear system op

Match speed, torque, and directional functions ofisn
with ways they are accomplished.

11. Complete a list of tools and equipment required for
. .

overhaul.

eration.

automatic transmission

automatic transmission

12. Name three parts norMally replaced at each automatic transrnissiOn overhaul.

13. Select true statements concerning impOrtant elements ot cleaning and inspection.

14. Complete statements concerning special considerations for bearing inspection
and handling.

2G 4
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15. Match other transmission componepts with the inspection requirements.

16. Arrange in order make-ready procedures for re oving or installing an autOmatic
transmission.

17. Ligt-three general rules for-determining whether tb reuse or replace a part.

18. Demonstrate the ability to:
-

a. Remove an automatic transmission from a vehicle..

b. Disassemble an automatic transmission into subassemblies.

c. Check end play on a torque converter assembly.

d. bisassemb le, clean, and inspect a torque converter assembly.

e. Rebuild a stator asse-riibly.

f. Reassemblea torque converter assembly.

g. Disassemble, clean, inspect, and reassemble a modulated lockup valve assem-
bly.

-
7

h. Disassemble, clean, inspect; and _reassemble a low shift. valve assembly.

I. Disassemble, clean, inspect, and reassemble a control valve body assembly.

j. Disassemble, clean, inspect, and reassemble an oil pump and front support
assembly.

k. Disassemble, clean, inspect, 94-id reassemble a forward clutch and turbine
shaft.

I.
t-

Disassemble, clean, inspect, and reassemble a fourth clutch.

m. Disassemble, clean, inspeCt, and reassemble a center support assembly.'

n. Disassemble, clean, inspect, and reassemble a gear ,unit and Main shaft
assembly.

o. Disassemb.le, clean, inspect, and reassemble an output shaft.

p. Disassemble, clean, inspect, and reassemble a rear cover assembly.

q. Disassemble, clean, inspect, and reassemble an adapter housing and first
c I utch piston.

r. Disassemble, clean, inspect, and reassemble a transmission housing.

s. Reassemble an automatic transmission.

t. Install an automatic transmission.

Test an automatic transmission.

Make shift speed adjustments on an automatic transminion.
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AUTOMATIC TRANSMISSIONS
UNIT V

SUGGESTED ACTIVITIES
.

I. Proiide student with objectivelheet.

. II. Provide student with inforMation and job sheets.

I I I. Make transparencies.

IV. Discussinformation sheet.
.

V. *Discuss and demonstrate the procedures outlined in the job sheets.

VI. Have an up, to date' Detroit Diesel plison Transmission Service Manual available
for reference while the job sheets are being performed.

VII. Have a safety director from .an automatic transmission overhaul 'shop talk to the
class about shop safety with special emphasis on using hoiits and lifting slings, and
the need for wearing safety glasses when cleaning or drying parts with compressed
air.

VIII. Arrange for a field trip to an industry that rebuilds or overhauls automatic trans-
missions, and have the- students take notes and make brief reports about the
procedures and safety practices they observe.

IX. Have a planetary gear system available for display and demonstration in the class-
room; explain how the gear functions in high, low, reverse, and direct drive.

X. Show films of different types of automatic transmissions, and C'ompare their over-
haul requirements with the procedures contained in 'the job sheets in this unit.'

Xl. Modify the job sheets in this unit as required to facilitate equipment and trans-
missions available in your shop, but be sure that any modifications reflect the
total Procedures with major parts and all subassemblies as presented in this unit.

XII. Use charts or materials from a service manual to show students special disassem-
bly and assembly tools recommended by various manufacturers and impress upon
students the necessity of having special tools for disassembly and assembly
procedures.

XIII. Give test.
. 411i

INSTRUCTIONAL MATERIAL§

I. Included.in this unit:

A'. Objective sheet

B. I nfo rmation' sheet

236
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C. Transparency Masters

1. TM 1--Major Parts of an Automatic Transmission

2. TM 2--Parts of an Oil Plimp

3. TM 3--Oil Pump and Pressure Regulator

4. TM 4--Automatic Transmission in Low Range

5. TM 5--Automatic Transmission in High Range

6. TM 6Automatic Transmission in Reverse Range

7. TM 7--Checking Transmission Fluid Level

,8. TM 8--Parts of a Planetary Gear System

D. Job sheets

1. Job Sheet #1--Remove an Automatic Transmission From a Vehicle

2. Job Sheet #2--Disassemble an Automatic Transmission into Subassem-
blies

3. Job Sheet #3Check End Play on a Tbrque Converter Assembly

4. Job Sheet #4.--Disassemble, Clean, and Inspect "a Torque Converter
Assembly

5. Job Sheet #5--Rebuild a Stator Assembly

. 6. Job Sheet #6--Reassemble a Torque Converter Assembly

7.. Job Sheet 7#7Disassemble, Clean, InsPect, and Reassemble a Modu-.
lated Lockup Valve Assembly

8. Job Sheet .#8Disassemble, Clean, Inspect, and Reassemble a Low
Shift Valve Assembly

9. Job Sheet #9Disassinb1e, Clean, Inspect, and Reassemble a Control
Valve Body Assernbly

10. Job Sheet #10Disassemble, Clean,
Pump and Front Support Assembly

11. Job Sheet #11Disasser'nble, Clean,
Clutch and Turbine Shaft

12. Job Sheet #12Disassemblei Clean,
Clutch

13. job Sheet #13Disassemble, Clean,
Support Assembly

14. Joll Sheet #14--Disassemble, Clean,
Unit and Main $haft Assembly

Inspect, and Reassemble an Oil

Inspect, and Reassemble a Forward

.
Inspect, and Reassemble a Fourth

Inspect, and Reassemble 'a Center
N"

Inspect; and 'Reassemble a Gear

2C;

Ibs
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15. Job Sheet #15--Disassemble, Clean,
Shaft

16. Job Sheet #16--Disassemble, Clean,
Cover Assembly

17. Job Sheet #17--Disassemble, Clean,
er Housing and First Clutch Piston

18. Job Sheet #18---Disassemble, Clean,
mission Housing

PT-281

Inspect, and Reassemble an Output

Inspect, and Reassemble a Rear

Inspect, and Reassemble an Adapt-

Inspect, and Reassemble a Trans-

19. Job Sheet #19--Reassemble an Automatic Transmission

20. Job Sheet #20--I nstal I an Automatic Transmission.

21. Job Sheet #21--Test an Automatic Transmission

22. Job Sheet #22--Make Shift Speed Adjustments
Transmission

II. References:

on an Automatic

A. Serviçle Manual 3192 Marine, Gear :Transmission. Peoria, IL: Caterpillar
Trac or Co., 1962.

Stockel, gartin W. Auto Service and Repair.- South Holland, IL: - The
Goodheart-Wilcox Co., Inc., 1969.

C. Notgrass, Troy. The Automotive Power Train Mechanic: Austin, TX: In-
Structipnal Mater Is Service Division of Extension,. The- university of Texas

at Austin, 1973

D. Forier, Louis C. Motor Trucks and Diesel, Repair Manual. 33rd Edition.
New York, NX 1Q010.: Motor, 1980.

,

1968 Ford Tr ck Shop Manual. Dearborn, MI: Ford Service Publications,

1968.

Fundamentals of Service: Power Trains. Moline, IL 61265: John Deere
Service Publications, Dept. F, 1972.

,

G. Diagnosing Drive-Irain Noise Ipd Vibration. Chicago, IL 60611: Interna-
tional Harvester Co.

, Service Manual: Detroit Diesel Allison Transmissions. Detroit, MI 48228:
Detroit Diesel Allison Division of General Motors Corporation, 1980.

I. Dallas Independent School District. Diesel Technologyi: Student Learning
Plan. New YOrk, NY: Harper and. Row Publisheri, Inc., 1975.

J. 1980 Car Shop.Manual: Powertrain. Dearborn, MI: Ford Service Public&

tions, 1979.
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AUTOMATIC TRANSMISSIONS
UNIT V

INFORKATION SHEET

I. Terms and definitions

-,

A. Accumulator--A device used in automatic transmissions to cushion the
. shock of clutch and servo actions

t

e

Automatic iransmissionA transmission in which .gear ratios are changed
automatically ^

C. BandIn an automatic transmission, a hydraulically controlled brake band
installed arodnd a metal clutch drum, used to stop or permit drum rotation

D. Governor--A device used in certain automatic transmissions to control
gear shifting in relation to vehicle speed

E. KickdownA-system in an_automatic transmission which_produces a down-
shift when the accelerator is pushed down to the floorboard

F. Multiple-disc clutchA clutch which has more than one friction disc; usually
there are several driving discs and several driven discs, alternately placed

G. Pressure regulator--A valve that opens to release oil' from a line when the oil
pressure attains specified maximum limits

H. ServoA device in a hyNkulic system that converts , hydraulic pressure
into mechanical movement; it consists of a piston which rrioves in a cylinder
as hydraulic pressure acts on it.

I. Shift valveA valve that moves to produce the shifts from one gear rbtio to
anOther

, .

J. One-way clatchA clutch in whicli power can be transmitted in one direction
but not in the other

K. Transmission oil cooler--A small radiator, mounted separatel art
of the engine radiator, to cool the transmission lubricating oil

L. Wet-disc clutch--A clutch in which the friction disc (or discs) is opera ed in a

i bath of oil
,

M. Viscosity--The resistance ofa liquid to flow r
Example: A thick oil has greater viscosity than a thin oil

N-. Vacuum modulator--A device in 'automatic transmissio* that modulates,
or changes, the mainline hydraulic pressure to meet changing engine loads

. 2C.13
p
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INFORMATION SHEET

0. Planetary gear system--A gear-set consisting of a central sun gear surrounded
by two or mere planet,pinions which are, in turn, meshed with a ring gear;
used in overdrives and automatic transmissions

P. Power shift--A transmission designed to provide high speed .by the use
of hydraulic actuated clutches operated manually

Major parts of an automatic transmission (Transparency 1)

A. Lockup clutch

B. Torque converter

C. Foi-ward clutch

D. Fourth clutch

E. `. Third clutch

F. Second clutch

G. Center planetary

H. First clutch

I. Low clutch

Output shaft

K. Lo* planetary.,

L. Rear planetary

M. Connecting drum

N. Front planetary

0. Sun gear shaft

P. Main shaft

Q. Turbine shaft

III.- Oil pump and pressure regulating.valve operation (Transparency 2)

A. The hub of converter pump fits intd nOtches of oil pump and driving oil
pump when ehgine is running

B. The oil purr p is of the gear typ,e, and the crescent is* part of the pump
housing (rransparerlcy 3) ,

C. When the inner gear is turne:C1 by the converter hub the outer gear also
turns

';40
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D. As the teeth ,of the twd gears move apart oil .1s. drawn in through an oil
cavity (Transpaeency 3) H

E. As the ojl in the teeth of the gears is carried around td other tide of crescent,
the teeth come together, pressure is created, and the oil is forced' gut the
pressure cavity (Transparency 3)

F. The oil pump can create low flow at low speed and high flOw at high speed,
so a pressure regulating-valve is used 'to keep pump from building to high
flow (Transparency 3)

G. The valve is usually of ,the spool type and, when there is ho pressure on'
valve,,the spring pushes the valve to the bottom of its bore

H. While engine is running, the.pump directs,the oil,to the pressurcregu)ator
valve, then the oil conies in around theldhcis of theiPbol

I. At the oil 'flows through the preisure line,-a small amount flows through,
an orifice under the valve

J. As pressure iS built up, the valve rises and.one bond will uncover the pasiage
lebding to the return line,, and this Prevents the pressure from getting too
high .

IV. Low range, high range, and reverse range functions in an .automatic transmission

A. Low range (Transparency 4)

1. The engine turns the torque converter: which turns the transmission
pump and input shaft

.

2: Low band-is applied either manually or by hydraulic,pressure

3. When the low bond is applied the clutch drum and low sun gear are
held stationary

4. The input sun gear isIurning in the same rotation as the engine
4

5. The input sun gear is in mesh with the long pinion gears, which are
ih mesh with.the short pinion gears

As the short pinion gears walk around the ring gear, the output shaft is
connected to the planetary-pinion carrier, which is rotating with-the
plapet gears

(NOTE: Gear reduction is achieved in the combination of the- short
and long pinions.)

B. High range (Transparency 5)

1. Engine turns torque converter, which turns oil, pump, and input shaft

2. The low band is released in high range

271
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3. The forward clutch is applied which locks the sun gear to the input
shaft

4. The whole planetary gear system turns as a unit

(NOTE: There is no sear reduction in the transmidsion.)

C. everse range (Transparency 6)

1. Engine supplies power to the torque converter, which turns oil pump
and input shaft

2. The low band and' forward clutch are released

3. The reverse clutch is applied either manUally or by hydraulic pressure

4. The reverse ring- gear is held stationary, and the sun gear turns the
planet gearsin the opposite directions (reverse)

5. Since the planet carrier is attached to
same direction as the planet gears

6. The output shaft is attached to the
in reverse

(NOTE: There is a gear reduction in
gears turning around ring gear.)

V. Characteristics of automatic transmission fluid

the planet gears,'It is turning the

planet carrier which is turning

4

reverse because of small planet

(NOTE: It is very important to use the .correct transmission fluid that is recom-
mended by the transmissiOn manufacturer.)

A. Automatic transmission fluid has several additives, such as:

1. Viscosity-index impcover

.2. Oxidation and corrosion inhibitors

3. Extreme-pressure and antifoam agents

4. Detergents

5. Dispersants

6. Friction modifiers

7. Pour point depressants

8. Fluidity modifiers

vlos,
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B. The red dye is added to fluid so it Will not be confused with any other
lubricants

C. Do not use a fluid that is not recommended by manufacturer because It
could cause serious damage to transmission

VI. Procedure for properly checking automatic transmission fluid (Transparency 7)

A. Block wheels and apsly parking brake

B. Operate engine until transmission fluid is at no mal operating temperature

VII.

. VIII. Parts of a planetary gear sy tem (Transparency 8)

A. .Sun gear

C. Shift transmissiOn thrOugh all ranges at,idle spe d

D. Leave engine idling and shift transmission i to the Tecommended position

E. Clean all diri frtm around dipstick and cap

'F. Pull out and wipe dipstick; reinsert until ap bottoms on filler tube

G. Pull dipstick and check if level is bet een arrows or Fall. and Add marks;
adjust fluid level as necessary

(CAUTION: Do not over fill the tra mission.)

icle transmission tests.and their f ctions

A. Road test--Warms up transmis ion fluid to operating temperature, 'and

indicates overall Characteristics f transmi,ssion operation

B. Stall ;test-Indicates the condi 7on of torque-converter operation and strength
of hydraulic system

C. -Fluid pressure test--Tests e ch hydraulic circuit and compares it with manu-
facturer's specifications t detect general problems in hydraulic components

D. Air pressure teAtjests ach hydraulic comPonent individually for ,pressUre

leaks

B. Planet pinion (gea s)

C. Ring gear' (inter al)

D. Planet-pinion arrier and shaft

E. Sun-gear shaft

F. Tube to ring gear

%.
04/ V,

7 ,
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S. .

/11b

PT-287'



288

1

,111/11r

IKORMATION'SHEET

\

P(arAatary-gear system operation

%

A, A planetary gear syste01 can aCit a.s a speed increaser and,a torque reducer

The planetary gear system also can act as a speed reducer and a torqu
increaser

*C. The planetary system can also act as a means, to rei,erse flow of power

D. To get different speeds and elifferenl torques and reverse is ma'de possible by
applying the input rotation to different gears 'and holding one of the other

.tVvo gears stationary

Speed, torque, and directional functions of an automatic transmission and ways.they are accomplished

A, Speed in-creased-torque reduced
1. .

st

. L If ihe sun gear is held station'arY and the planet-pinion carrier turns,
there is a speed increase at th ring gear . \N

..

2.
,

ff the ring gear is held tationary and the planet-pinion carrier tu'rns,
there is a speed increate at,the sun gear

,
B. SPeed redlicedL-torque increased ., .

1. If the suri gear is held stationdryiend the ring gear turns, there isa speed .
. ,

reduction in the rZtation of-Th-r planet-pinion carrier 4

2. If the ring gear is herd stationary and the sun gear turns, the planet- .
pinion Carrier turns in the same direction as sun .gear but at a slower
speed

.

4.

i
C. F ever:se

1. It the planet-pinion carrier is held stationary and the ring gear turns, the,
planet-pinidn ac.ts as an idler gear and turns sun gear in opposite rota-
tion ot ring gear . 1 ., .

. ... ,
2. If the planet-pinimcarrier ig h6ld stationary and the sun.gear turns, the

planet-pinion acts as an idler gear and turns the r ng gear in opposLte
rotation of sun gear . ..

D. Direct drive--tf any two of thethree rn4mbeq (stin gearcarrier, or, ring
gear) are locked together, the whole planetary/ gear fsystem is locked' out
and-the input and output shaft turn at the.same speed

x I. T oo ts and equipment for automatic transmission cjverhaut

A. 1500-pound cwacity work table-
, ,

B. Special t4ols as recommended by Manufactur'er-in Vic.e manual

2 -,

,

.



,

INFORMATION SHEET

Q. CommonjneCh.ânic's tools and shop equipment

Snapring pliers
ArAMA.

2.. Micromet

/3 3 g lifting sling of 1/2 ton-capacity wi,tti 900 angle attaching plates

4. 1/2 to* capacity, hoist (safety inspected)

5. Cqntainer of volatile mineral spirits 'for cleaning parti

(CAUTION: Caustic cleaning compounds° will damage some transmis-

-_ sion. parts.).

6. -Torque wrriches: 100-inch pound, 100-foot -pound,. and 1000-folk
'pound

Hot plate or heating equipment for heating bearings or other interfer-
ence-fit parts to aid assembly

8.- Clean, lint-free shop cloths

9. Boxes, receptacles for parts

10. Supply of wood blocks

1.1. Oil=soluble grease (petrolatum)

12. Nonhardening sealer, Peratex No. 2 or equivalent

13. Crocus' cloth ..-

(NOTE: Crocus cloth is sometimes called "emeiy" cloth, but the
two should,not be confused; crocus cloth dontains iron oxide which
is lightly abrasive and has hi0 polishirig characteristics; emery cloth
contains a, coars;_,iety of corundum and is used for grinding as wkll
as polishing.)

14. SOft honing stone

XII. Parts normally replaced at each autornatic transmission overhaul

AAA

A. Gaskets

B. Lockstrips

C. Washers or spri gs damaged by remoVal.
,

D. 'Oil seals and Stqh teaTilICTS
;

(6AtiTION.: Do not burn discarded Teflon seals; toxic gases are produced
by barhing.)

, ,

et
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Important elements of cleaning and inspection

:A. All parts must be clean to permit-effective inspection

(NOTE: At reassembly, it is very important that no dirt or foreign matter be
allowed to enter the transmission; even minute particles tan cause the
malfunction of_ close-fit parts such as valves.)

B. All the metallic parts of the transmission, except bearings and friction-faced
clutch plates, shodld be thoroughly cleaned with volatile mineral spirits or
by steam cleaning

\
C. Parts should be dried with compressed air

(CAUTION:.When using compressed air for cleaning or drying, .211,NAYS
WEAR SAFETY GLASSES.)

D.' Steam-cleaned-parts shoirld be oiled immediately after drying

E. Oil passages should be cleaned by working a piece of soft wire back and
forth through the passages apd flushing with mineral spirits, then drying with

, compressed air

F. 'Examine all parts, especially oil passages, after cleaning to make certain they
are entirely clean

f.

XIV. Special considerations for' bearing inspection and handling

A." Inspect bearings for roughness of rotation; reply bearing if rotation is still
rough after cleaning and oiling,

It. '
B. Inspect bearings for scored, pitted, scratched, cracked, or chipped races, and

for excessive wear of rollers or balls; if any one of these defects is found,
replace the bearings A ,

C. Inspect bearing housing.ahd shaft for grooved., burred, or galled conditioris
that would indicate the bearing had been turning in the bore or on the shaft

(NOIE: If damage cannot, be repaired with crocus clothreplace the defec-.,
-.4

iiv4Oart)

D. Do not remove the wrapper from new bearing; until ready to install them

E. Do not removethe grease in which new bearings arp packed

F. Do not lay bearings bn a dirty bench; place them on clean, lint-free cloths, or
paper

G. If asserAbly is 'not -to -be coMPleted at once, wrap or cover the .exposed
bearings with clean paper or lint-free cloth to keep dust but

-

st4-
-1
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XV. Other transmission components and their inspection requirements

A. Cast parts, machined surfaces--Inspect bores for wear, scratches, grooves, and

dirt

B. Oil passages--Inspect for obstructions

Mounting facesInspect. for nicks, burrs, scratches, and foreign matter

Threa enings--Inspect for damaged threads

E. Bushings--I pect for score's, burrs, roundness, sharp edges, and evidence of

over eating

F. Thrust ashers--Inspect for distortion, scores, burrs, and wear

G. Oil seals a askets--Ir*ect sarings for cutS and hardness; replace all
compositio ga ets -

H. Gears--Inspect for scuffed, nicked, burred, or brOken teeth; inspect thrust
face for scores, scratches, and burrs

I. Splined parts--Inspect for -stripped, twisted, chipped, or burred splines

J. Snaprings-- Inspect for nicks, distortion, and excessiVe wear

Springs--Inspect foi; signs of overheating, permFent set, or weapdue to
rubbing against adjacent parts

-

(NOTE: When springs require rsplacement, the manufacturer's spring chart
should be used to select a proper replacement.) .

L. Clutch plates--Inspect friction-faced steel , plates for burrs, embedded metal
particres, severely pitted faces, excessive wear, cone, cracks,,distortion, and
damaged spline teeth; inspect steel plates for burrs, scoring, excessive wear,,
cone, distortion, embedded metal, galling, cracks, breakl,.and damaged tangs

M. Swaged, interference-fit partsInspect -far looseness due to relative motion

N. Palls in clutch housing--Inspect for restrictions tO- free movement

O. -Seal contact surfaces--Inspect far roughness, scoring, pitting, or wear that
will either permit oil leakage or cause damage to the seal

XVI. Make-ready procedures for removing or instalIing an automatic tran§mission

A. Drain the oil from the transmission before removing the trans-mission from
the vehicle

(NOTE: 'For better drainage, ,the transmission should be warni.and allowed
to drain overnight; since applications will differ, consult the service manual
before removing or reinstalling a transmission.)
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B. Make sure that all linkages, controls, cooler; lines, modulator actuator cable,
temperature connection, input and output couplings, and mounting bolts are
disconnected before transmission removal, also the oil filler tubeand other
equipment such es attached parking brake handle°

C. Place il lines safely out of the way of damage and cover all oilte openings
to k ep dirt out

D. Place jack or hoist sling relative to transmission center of gravity -

E. Install e retaining strap to hold the converter in place es soon as-the trang-
mission-is clear of its mountings

(NOTE: The torqueconverter is'freelo move forward when the transmission
is disconnected from the engine.)

F. Clean the exterior of thetransmissiort .

(CAUTION: Steam cleaning should be followed imfnediately by disassembly,
beceuse condensation allowed to remain in the transmission could cause
rust.)

G. At reinstellation, all items should be reconnected; a t-ransmission jack is
convenient to raise tile transmission into mounting position

H. Fill the transmisskyrf with oil

I: Road test the tr nstriission a4rinstallation

XVII. General rules fpr d termining whether to reuse or replace a part

A. Minor surfare iri:egularities can.Usually be corrected with a crocus cloth and
the part can be reused

B. Some nicks, scuffs, and burrs can ,be corrected with a soft honing stone
and the part can be reused

C. Parts that cannot be smoothed or corrected with crocus cloth or a soft
honing stone or parts that are 'obviously distorted or eXcessiyely worn
should be replaced

,

5



Basic Pints of an Automitic Trammission
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Pads of an Oil Pump
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Converter Converter Oil.Pump

Cover Pump Assembly

Courtesy Generg Motors Corporation
A

N.) 2S
4



Oil Pump and Pressure Regulator
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Automatic Transmission in Low Range .

Pump

p.

.Clutch Drum and Low ?,

Sun Gear Held Stationary

Ring Gear
. Reverse

Low Sun Gear
Clutch Drum

Siator

Roller
Clutch

Input
Sun
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2c.:: 1

Input
Shaft

Stator
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Low Band
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\ Short
Pinion

Forward Long
Clutch . Pinion
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Clutch
Released

Courtesy General Motors Corporation
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Atitoinitic Transmission in High Range

I. -

1.
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1
it Stator.

gillfilll11 4Clutcb:

Input,
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ShaftFto
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Courtesy General, Motors Corporation
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Automatic Transmission in Reverse Range

1
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Reverse .Ring Gear
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Courtesy General Motors Corporation
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Checking Tranimission F uid Level
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Parts of a Planetary Gear. System
6

Su4ear6 mI

Shaft to
Sun Giar

2(3/4 )

4.

Planet Gears

Shaft
to

Carrier

Tube to,
Ring Gear

293



AUTOMATIC TRANSMISSIONS
UNIT V

JOB SHEET #1--REMOVE AN AUTOMATIC TRANSMISSION FROM 4 VEHICLE

I. Tools and materials

A. BasiO hand tools

B. Transmission jack'

C. Hoist

D. Floor jack

E. Jack stands

Wooden blocks

G. Drop light

H. Creeper

l. Shop towels

J. Safety glasses

K. Drain,pan (oil and coolant)

r

II. Procedure

A. Disconnect The battery GROUND cable

B. Remove starter (if needed)

C. Remove wires, coolant lines, shift rod, vacuum lines
speedometer cable, filler tube

D. Mark and remove the propeller shaft

E. rylark and rerriove any PTO propeller or linkages if used

F. Drain the converter and transmission of fluid ,

G. Remove the convertar to Orive_plate fasteners

. 4

(if used), downshift rod,

H. Mark the drive plate and converter to assure proper reassembly

I. Place a jack under the engine if motor mourjts are part of the transmission

(CAUTION: Do not damage the pan.),,

J:. Remo4 the fransmission support to crossmember fasteners, if used

+WO -.to,-

2"j
4

PT-309



310

.1_0B SHEET#1

.

K. Raise the engine transMission assemhly, if necessary

L. Position a transmission jack under the transmission

(NOTE: Always secure the transmission to the jack with a safety chain.)
(Figure 1)

FIGURE 1

M: 'Remove the converter housing to engine fasteners

(CAUTION: Make sure the e-ngine is supported.)

.2

2 :2

Safety Chain
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N. Work the transmission and convet=ter beck far enough to position a converter
retaining .strap or b.ar (Figure.2)

FIGURE 2'

Retaining Strap

,)

Converter Housing

0. -.-Remove the transmission and copverter as an assembly

PT-311

Converter

15. Pull the Xransmission back Until clear of eVerything and 'then lower to floor

-(CAUTION: Never let the weight of transmission and converter rest ,on the
drive plate.) .

Q. Stop at this point and have yoLir instructorcheck and initial your procedure
and safe practice

INSTRUCT0111 CHECK: ProcedurerlSafety Iniiials1 1
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AU COMA1 IC TRANSMISSIONS
UNIT V

JOB SHEA! 2 DISASSEMBLE AN AUTOMATIC
TRANSMISSION INTO'SUBASSEMBLIES

Tools and materials

A. Ba§ic hand took

B. Clean shop-towels

C. Cleaning sok/ern in clean container

D. HQlst

E Transmission overhaul stand

F Holding plate and holding fixture

G. Three-stand lifting sling
, -

H. Appropriate seince rnanual

PT-313

I. Special disassembly tools as recommended by rnanufacturar

J. Torque conver ter retaining strap_

K Torque converter Idter

L.. Front lifter support assembly

M. Center support lifter

N. Gear unit lifter

0 Output shatt lifting tool

P. Safety glasses

Procedure
\\

(NOTE The following procedure and, illustrations are adapted from Materials
published by Retroit Diesel Allison, U General Mo.tors Corporation, and are
reprinted with perinission, this adaptation does not constitute endorsement
by either Detroit Diesel Allison or General Motors Corporation and the procedure'
may be modified by your instructor to facilitate available equipment.)

A. Mount the .transinission 4n an overhaul stand with the following proceclure:

(CAUTION. 1he torque converter must be held into the transmission by
a retaining strap, make sure the strap is in place before lifting the trgnsmis- -

sion.) . .
..

PC ..i
.

.

1 . Remove the six bolts that retain the PTO cover
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. 2.

3.

,

a
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Remove.the cover gnd gasket

Replace the PTO cover with a J1.24462-1
holding fixture

4. Secure the plate and fixture with six 3/8-
1)

Attach a three-strand Iiiting sling ;and
position for attach merit to the J-3289-20
1)

FIGURE 1

hcilding plate and a J-23602

16 x 1-3/4-inch bolts (Figure

/
hoist the transmission into
holding fixture WO (Figure'

loaJ-S289-20

WASHER (6)

B. Check the transmission'to be sure the front, rear, and bottom are freely
accessible for removal and reinstallation of components

(NOTE: The transmission stand may be mounteci in any available turnover
stand, but any attachment at the PTO pad shoAld use bolts that will not
project into the inside of the hoUsing to obstruct removal and reinstallation
of components.)

C. Check to assure that the stand will permit positioning of the transmission in
the following four positions:

1. Horizontal--Top of transmission upward

2. Horizontal--Bottom of transmission upward

3. Vertical--Front of transmissidn upward

4. Vertical--
/Rear

of tran ission upward-

*

-

\-
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Stop at this point and have your instructor check and initial your procedure
and'safe practice

TRUCTOR CHECK: Procedure Safetyr I nitialsrl

E. Remove torque converter with the following procedure:

1. Position the transmission front upward

2. Check the-converter retaining strap 'to make sure it is firmly secured

3. Attachtorque converter lifter J-6795-01
I

4. Lift complete torque converter from the transmission (Figure 2)

FIGURE'2

T1-6795-01

-111-

TRANSMISSION HOUSING 14111-911P TORQUE CONvEitTER

C

'5. Set torque converter aside for later disassembly

F. Stop at this point and have your instructof check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedurel ISafetyrilhitialsr
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-r

40:

G. Remove the madulator control and bil pan with...tilt following prodedure: IC

1. Remove thei modulator retainer bolt (Figure ,3)

2. Remove the modiilator control (Figure 3)

3. Remove the 21 washer-head screws that retain the oil pan (Figure.
3)

4. Remove the old pan and asket (Figure 4)

FIGURE 3 FIGURE 4

cVL FiLTER

TUBE -

SCREW (21)
OIL PAN

OIL HUH

.PAROASKET

v

H. Stop a.../ this point and have your instiuctor check and initial your procedure
and safe practice .

INSTRUCTOR.CHECK: Procedure Safety
.11MNI

%.

I. Remove oil filter and modulated lockup valve with the following procedure:

1. Remove the screw that retains the oil filter (Figure 5)

2. Remove and discard the il filter
. .

3t)1.3

A
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3. Remove the oil filter tube and discard the sealring from the upper
end of the tube (Figure 5)

1).

(NOTE This .procedure is for later model oil filters; for earlier model
$oil'filters, the prodedure is the same except that the filter and sealring
should be discarded after removal.)

Fl-dURE 5

OIL FILTER

OIL PU.TER

"=. TUBE

SEALR I NG
Art

"VA

J. Remove modulated lockup valve body with the f011owing procedure:

1'. 'Remove the four bolts th'at retain the valve body (Figure 5)

2. Remove the valve body assembly and place it in a safeclean place for
inspection

Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Safetylnitials
MI/

3

,11/

PT-317
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L. Remove the low shift valve and control valve body assembly With the follow-.

ing procedure:

. 1, Remove the following .tubes: drivq, forward regulator, low .and
first feed, the first trimmer (Figure 6)

FIGURE 6 .

LOW SHIFT
VALVE BODY ASSY

FIRST TRIAWER

LOW AND FIRST FEED

2. If the tubes are fastened to the control valye body with bolts, remove
the bolts and tubes

3. Remove the bolts that retain the low shift valve assembly

4. Remove the valve body assembly .

5. Remove the separator .plate which is directly behind the valve body
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\

6

-

-..
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6. ReMove the two bolts that attach the low shift oil transfer plate (Figure

7)

FiGURE 7

--

,

-

or

,.

, RANGE ,

SELECTOR

VALVE '
*

'.CONTROL VALVE

BODY ASSY

SCREEN LOCATION,

I

7. Remove the oil tranifer plate and two governor tubes as an assembly

8. Rerhove and discard the filter screen from a tube bore in the control
valve assembry

9. Secure the range selector valve to a pad on the control valve body with
a rubber band (Figure 8)

10. Remove -the bolt that attaches the detent spring and roller assembly

11. Remdve the detent spring and roller assembly (Figure 7)
.,,

: 12. Loosen two bolts at the top of the control valve body-to act as support
bolts

: 13. Remove the remaining bolts, that attach the control valve body to
the transmission housing

14. Hold the control valve body assembly 'firmly . and remove the two

b
remaining bolts (Figure 8) ,

(CAUTION: Perform this part of the procedure with extra care to
prevent loss of the governor check balk) .

31,1. ..... A.

I

I

4

(
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15. Remove the control valve in a downward'and outward movement to
clear the actuator pin froM the housing bore (Figure 8)

16. .Remove the check ball (Figure 8)

17. Place low shift valve ahd control valve body assemblies in a safe, clean
place for inspection

(NOt E: On Apison moctels MT 640 and 643, this procedure require's
removal of th tube adaptei assembly, check with your instructOr
for special directions.)

FIGURE 8

M. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Proceduhs SafetIJ Initials

N. Remove the oil pump anq folward clutch with the following 'procedure:.

1. Remove the twelve bolts and twelve rubber-covered .washers that
retain the oil pump and fronf support assembly.

2. Install front lifter support assembly .1 24473 onto the converter ground
sleeve (Figure 9)

4010
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. 3. Check to make sure the lifter assembly is secure before reMoving
the support assembly

4. Attach -a hoist ,to the lifter assembly and carefully remove the oil
pump and front support assembly (Figure

FIGURE 9
Y

-

OIL PUMP AND
FRQNT

SUPPORT ASSY'

HOIST ,

r----.1-244-73,.

CONVERTER GROUND SLEEVE

TRANSMISSION. HOUS I NG

_

\

5. Remove the support gasket
..,.

6. Remove the bearing and one race at the rear of the Support assembly;
leave the other race on the support hub

, (CAUTION: The pump and front support assembly is fitted to the
transmission housing with very little clearance; if the ffousing is cold, it
may bind; if so, heat the housing slightly'with a culrent of warm air or
a sun lamp, not a torch, then, if the pump and support assembly starts

(\ upwards and binds, tap it downward and lift again.)

,

cp

1

\
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7. Remove the forward clutch by grasping the turbine shaft and lifting the
forward clutch and attached PTO, gear and fourth dutch hub from the
transmission housing (Figure lor

FIGURE 10

FOURTH CLUTCH HUB

Cif
FOURTH CLUTCH HOUSING

8. Remove the beatIng and two races at Oa i.ear.of the-ClutO

0.' Stbp at this point and have your initruciar chtNk and ir)itial your procedure
and safe practice

INS UCTOR CHECK: Procedure

A
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P. Remove the fourth and third clutches and center support with the following
procedure:

1; Grasp the spring retainer of the fourth clutch, andlift the fourth clutch
assembly from the transmission (Figure 11)-

FIGURE-11 r

MIRTH-CLUTCH ASSY

2. Re:move the bearing and race at the Tar df the clutch assembly, and
leave the other race on the support hub' .

3. Remove the snapring that retains tl?e third clutch baack plate (Figure
12)

FIGUREP12:

A s

S.

THIRD-CLUTCH PLATES (6)

3/2 7
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4. Remove the back-plate

5. Remove the six plates Of the\third clutch

6. Remove the center support anchor bolt and washer from the bottom
of 'the transmission and discard the bolt (a new bolt will be used for
reassembly)

7: Remove the snapring that retains the cente support assembly (Figure
411,

13).

8. Place center support lifter .1-24455 into the recess between the- sealrings
on the support hub

' 11°

(CAUTION: The center support is fitted to the transmision case
with very little clearance,; if the case is cold it may bind; if so, heat the
case slightly with a current of warm air or a son lamp, not a torch, then,
if the support assembly starts upwards and binds, tap it downward aod

.

lift again.)
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.; 9. Remove the, center support assembly from the transmission (Figure

14)

FIGURE 14

0

TAPPED HOLE

Q. , Stop at this point and have your instructor check and initial yo'ur procedure

and safe practice

INSTRUCTOR CHECK: ProcedurenSafety I nitials
0

,

,

CENTER SUPPORT ASSEMBLY

*

PT-325

R. Remove the governor and' the gear unit with the following peocedure:

1. Rernove the fot.3/4051,ts that retain the gOVernOr cover

2. Remove the caverand gasket

110!.

1.

A

I
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3. Remove the gov assembly. carefully (Figure 15)

(NOTE: If the .peedometer driven gear has not
removed from the 1-ansmission rear cover, remove it.)

J
been previously

_

31u -

4
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4. Install gear unit lifter :J-24454 behind th; splines of the main shaft
(Figure 16)

FIGURE 16

GEAR UNIT ASSEMBLYk

. . .
.1-24454

\

SPARRING

NVC CFI

5. Attach a hoist to the lifter and re ove the gear unit from the transmis-
sion housing r v

(NOTE: Some 'models may requir only removal, of the gear unit
according to the procedure just outliijed, but when a governor must be

removed, the dovernor drive gear, speedometer drive gear, and sleeve
spacer may reniain on t*output shaft or irf the transmission housing;
check with your instructor for directions.)

T. Stop a4 this point and have your instructor check and initial yourprocedure
and safe practice 1
INSTRUCTOR CHECK: Procedure Safetyrinitialsr

',Woo

PT-327
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Re ove the second and first clutches with the following prot
,

1. Remove the second clutch by removing the snapring that positioned
the center support-assembly (Figure 17)

^

2. Rerntve the six plates of the second clutch and remove the back
plate

usi
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3: Remove the first clutch b'y removing the rear plan tary 'ring gear
and hub assembly from the transmission (Figure 18)

(NOTE: If replacement parts ar required, it may be ecessary to
femove the snaprihg and sepa ate ,ring gear from the rin .gear hub;
ChecKwith your instructor.)

FIGURE 18

RING GEAR AND
s HUD ASSY

4. RemoVe the snapring that retains the first clutch back plate, and
remove the back plate (Figure 18)'

5. Remove the 12 plates of the first clutch

6: Remove the thrust washer

Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Pr oceduro

3

Sa tn rtrafs

PT:329
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-W. Remove the governor, rears cover, and low clutch componenti with the
following procedure:

(NOTE: Allison MT 650 model transmissions with serial numbers 49996
through 55402 may include a sPacer between theoutput flange and ihe
output shaft rear bearing, and should be installed unless the output shaft is.
being replaced; check with your instructor.for additiOnsl directions.)

1. Remove the four .bolts that attach the governor cover to tHe rear
cover (Figure 19)

(NOTE: Governor cover and gasket and speedometer drive gear, if,
not previously removed should be removed according to directions
in step R.)

FIGURE 19
4

111-, OUTPUT PLANGE RETA!NING NUT
:NE(k12 COVP

GOVERNOift0E12'.

GOVERNOR,COVER

GASKET.:

BOLT, 5116-18

k1.9A I NG

`.
2. Remove the rear cover by attaching a lifting tool to the output shaft

(Figure 20)

3. Remove 14 bolts and washers from the rear cover

4. Attach the hoist to the lifting tool

5. Lift carefully and separate the rear cover asseMbly from the adapter
housing (Figure 20)

,
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6,Fiernave the re
(

comer_gasket.(Eigure:20)

FIGURE 20

Ii

3 1 u

.
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bt,
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7. Remove the output shaft and-attached_p_arts frorn itherear cover assem-
bly (Figure 21)

FIGURE 21

GOVERNOR

DRIVE GEAR.

OUTPUT

SHAFT ASSY

SPEEDOMETER'

DRIVE GEAR
REAR COVER

ASSY

(NOTE: On later Allison models which have a roller bearing next
to the governor drive gear, the roller Ivaring outer race will stay in the
rear cover; orrearlier MT 650 models, remove the spacer, speedometer
drive *gear, and governor drive gear from the output shaft; on later MT
650 and all MT 653 models, rernove, only the spacer and speedometer
drive gear.)

8. Remove the low clutch by removing the planetary gear ring (Figure
22)

FIGURE 22

T4

THRUST WASHER

LOW PLANETARY CARRIER ASSY

----tov.PanermentikkGEAR

9. Remove the thrust washer from.the ring gear hub

-
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-
10. Remove the low planetary.carrier issembly (Figure 23)

11. Remove the thrust washer from the carrier4F igure 23)

12. Remove the sun gear, th-rust washer, and'the eleven low clutch plates
(Figure 23)

FIGURE 23

THRUST

WASIet

""

LOW PLANETARY

CARRIER ASSY

-

LOW CURCH

RATES Ill)

LOW P1ANETARY

SUN GEAR

PT-333

13. Remove the adapter housing and attached 'first clutch piston compon-
ents.(Figure.24)

FIGURE 24

ADA PiR
MOUSING

TRANSMISSION
HOUSING

14. RemOve the 'gasket (Figure 24)

317

ADA PER HOUSING
.GASKETt-

46



' 334

JOB SHEET #2

X. Stop at this point and have your instructor check and initial your procedure,
and safe practice

INSTRUCTOR CHECK: Frocedurer isafetyrilnitials

Y. Remove second and first clutches and rear cover With the following proced-
ure on models 640 and 643:

1. To remove the second clutch, remove the snapring that positions
the center support assembly

.2. Remove six clutch pl-ates and the clutch beck plate

(NOTE: This procedure should have been accomplished in step U,
but is repeated to erilphasize its relationship tO. this part of the proced-
ure.)

3. To. remove the .first clutch, remove the snapring thet retains the first
'ctvtch back plate

4. Remove ten clutch plates, ring gear, and back plate as an assembly
(Figure 25)

FIGURE 25

eqRNA...LTAGgo,
CH PLATES'

I NAL.SPLINED
'CLUTCH PLATEVa:

5. To remove the rear cover, invert the transmissiOn

6. ReMove the speedometer driven gear if, if has not already been removed

.316
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7. Remove the fourteen bolts and washers that retain the rear cover
to the transmission housing

8. Carefully remove the rear cover assembly and attached parts (Figure
26)

0. Remove the rear cover gasket (Figure 26)

FIGURE 26

REAR COVER

r

$1;,- `:

TRANSMISSION "
HOUSING

G-ASKET

Z. Stop at this point and have yDur instructor check and initial your procedure
and safe practice

IN8TRUCTOR CHECK: ProcedurenSafety

I.

3

Ori

PT-335



AUTOMATIC TRANSMISMNS
UNIT V

JOB SHEET #3--CHECK END PLAY ON A TORQUE CONVERTER ASSEMBLY

I. Tools and materials

A. Basic shop tools

B. Clean shop towels

C. Cleaning solvent in a clean container

D. Converter end play gauge

E. Dial indicator

F. Appropriate service manual

Procedure

,

PT-337

(NOTE: The following proceature andillustrations are adapted from material§
published by Detroit Diesel Allison, General Motors' Corporation, and art
reprinted with permission; this procedure may be modified ID\ your instructor
to facilitate available equipment.)

A: ' Support the converter assembly on the converter cover with pump hub
upward

B. Place converter end play gauge J-24470 into the conVerter pump hub(Figure
1)

FIGURE 1 4.

TORQUE CONVERTER

ASSEMBLY

-4J-24470 ,

3 2
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C. Hold_ the center screw of the gauge and tighten the nut until the gayge
is securely retained, but do not overtighten

D. Install the dial indicator as shown in Figure 2

FIGURE 2

k:

f,.

DIAL INDICATOR

J-24470

TORQUE CONVERTER

ASSEMBLY

E. Adjust the indicator bracket so the stem of the indicator is in firm contact
with the top of the center screw

F. Set the dial to read zero

, G. Use both hands as shown in Figure 2 to lift the center screw as far as possible

H. Record dial indicator reading and determine Tesults according to the follow-
ing general rules:

1. End play exceeding 0.025 inch indicates-Wear of converter components,
and requires replacement of worn components and the selection of a
new spacer

2. If end play does not exceed 0.025 inch, the converter may be disassem-
, bled for inspection and cleaning, and reassembled with the same spacer

except,When major parts must be replaced

(NOTE: After disassembly of the tbrque converter assembly, end
play should be checked again at the time of reassembly;the procedure
is the same as' outlined above, but slightly different rules aOply, and
they are explained in the following steps.)

Record dial indicator reading and compare it with Dimension B in the
SPACER CHART that follows
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J. Select the proper size spacer from the chart (Figure 3)

FIGURE 3 SPACER CHART
Dimension B Use Part No. Color

Less than 0.0177 Use no spacer
0.0177-0.034 6837429 Gold
0.034-.0.049 " 6837430 Silver
0.049-0.062 6837431 flain
0.062-0;079 6837432 Black
0.079-0.093 *6837433 Copper

(NOtE: Thel-part numbers and..color codes listed above are from Detroit
DieSelAllifekispecifications; spacer part numbers and cOlor codes will
obviously vary with the manufacturer; checking end plait first and correcting
problems will save time at later stages in the reassembly of aiutomatic traAs-
mission component.%)

K. Stop at this point and have your instructor check and initial Yottr procedure
and safe practice ,

INSTRUCTOWCHECK: Procedure
,

Safety I nitialsE
111 MIMIMINII

)3
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AUTOMATIC TRANSMISSIONS
UN IT V

,JOB-SHEET #4-DISASSEMB , CLEAN, AND-INSPEC'T
A TORQUE CONVERTER ASSEMBLY

I. Tools and maierials

A. Basic hand tools

B. Clean shop towels

C. Cleaning solvent in a clean container

D. Compressed-air supply for.drying parts

E. Wood surface work area

F. Oil can and lubricating oil

. G. Bearing rristaller

H. Appropriate service manual

. Sa.fetY grasses 4

oOk

PT-341

, II. Procedure:

(NOTE: The following procedure and illustrations are adapted from materials
published by-Detroit Diesel Allison, CI General Motors Corporation, and are
reprinted with .peimission; your instructor may modify the procedurt to facilitate
available equipment.)

-

A. Remove six retainers 3 and six spacers 4 from the converter asseinbly cover 6

B. Remomtwenty-four nuts 6 from cover 6

(NOTE: 'Refer' to the parts list and exploded view, that accompany this
job shee; for parts) identification, and, retain the parts list and exploded view
for use with Job Sheet46.)

3 4

.1
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t.

C. Remove, as a unit, the lconverter cover, lockup clutch, piston, and related
parts (Figure-ft

FIGURE 1

seihts,

BEARING RACE

TORQUE CONVERTER

COVER

SFA-L RING

LOCKUP CLUTCH
PISTON

BEARING

LOCKUP
CLUTCH

PLATE

LOCKUP

CLUTCH

BACKPLATE

BALANCE MARKS

D. Place cover assembly on the work table with the lockup chatch piston up

: E: ' -Remove bearing race 16
.' .

F. Compress,the center of piston 10 and remove snaprin%15

G.' Turn cover assembly over, piston down, and bumb the cover sharply on
a wood surface to remove the piston

H. Remove sealring retainer &and seeking 9 from cover

I. Remove sealring 11 from piston 10

J. Inspect bushing 7 for scores, burrs, roundness, sharp edges, and evidence of

overheating

K. 'Remove bushing scores with crocus cloth

L. Remcmie burrs or sharp edges on bushing with a Scraper or knife blade

M. Inspect bushing 7 for being out-of-round, deeply scored, or excessivaly

worn;,if any of these conditions exist, replace it with a p4roper size replace-

ment

(CAUTION: Whenever it is necessary to' cut out a defective bushing, use

care not to damage.the bore into which the bushing fits.)

N. Remove lockup'clutch plate 12

3:-:
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0. Remove lockup clutch back plate 14 from torqbe conyerter pump 33

P. 'Remove sealring 13 from plate 14

Q.' Remove roller bearing assembly 17, bearing race 18, and spacer .19,, from,
the hub of turbine

, R. Remove the ccinverter turbine assembly (Figure 2)

FIGURE 2

CON-VERiER

TURBINE

ASSEMBLY

SEAMING

CONVERTER
- STATOR

ASSEMBLY

44,4 elSur, a

3`)

CONVERTER

. PUMP
ASSEMBLY

P1-343
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-4.
converter stator

JOB SHEET i#4

S. Grasp the statof and the roller race as shown in Figure 3 and remove as_ _
a unit

FIGURE 3

4

STATOR

ASSEMBLY

V

ROLLER

RACE

LOCKSTR IP BOLT, 114-20 x (8)

T. Position stator assembly- 21 on the work table so that the freewheel roller
race 23 is upward

U. Remove the roller race by rotating it clockwise while lifting it out of the

V. Remove the ten rollers 25 and ten springs 24 frprn stator 21

W. Check needle bearing assembly 22

X. tAsh and flush the needle bearing assembly thoroughly with dry cle'aning
solvent or mineral spirits

Y. Dry the .needle bearing and lubricate with transmission oil

Z. Replace the freewheel race only and rotate the bearing while pressing upon
the freewheel race; if there is no roughness or binding, the needle bearing
assembly may be left in the stator and cam assembly and retised

(NOTE: Do not mistake dirt or grit for a damaged needle bearing.)

AA.- Reclean,and re-oil the needle bearing if dirt is suspected

BB. Check the needle bearing end of freewheel race for Smooth finish

CC. Replace thefreewheel race if the beating ehd is scratched or contains chatter
marks

326 r'
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DI). Replace needle 6earing assembly 22, if 'required, with the following proced,-
ure:

(CAUTION: Do not scratch or nick any stator bores;
disassemble the stator and *cam assembly.)

Remove needle bearinj carefully. to avoid nicking
in which It is held , ,

2. Place a new bearing assembly, thrust race first,
bore of the stator

3. Install the thrust bearing by using bearing installer

FIGURE 4'

do not attempt to

the aluminum 'bore

into the aluminim

J-23549 (Figure 4)

BEARING

ASSEMBLY

3 "7

STATOR
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Drive the bearing assembly into the stator until the top of the outer
shell is 0.025 to 0.035 inch above the shoulder in'tile side plate (Figure
5)

(NOTE: The installing tool will seat on the stator area surrounding
the bearing when the bearingis properly installed.)

(CAUTION: Apply the load only to the outer shell of the bearing
clueing installation.)

FIGU RE 5

STATOR

DIRECTION OF

FLYWHEEL

ROTATION

ENLARGED VIEW

SECTION A-A

ASSEMBLE WITH

POSITION SHOWN

CAM POCKETS IN

o 4.0

ASSEMBLY LOAD TO BE'

APPLIED IN THIS AREA

ON OUTER SHELL OW

0.035 (0.89 mm)
0.025 (0.64 mm)

ENLARGED VIEW

OF CROSS-SECTION

l's

5. Remove bearing 26 and searing race 27 from converter pump hub 30 ,
.. .

(NOTE: This step applies to Allison models with serial numbers prior to
49489; models with later serial numbers 'require removal of the needle

ta'earing,

bearing race, ared roller bearing from the converter pump hub,
nd then removal of aSeglring.) -

6, Flatten the corners of lockstrips 29 or 39 and remove eight bolts
28 or 40 and four lockstrips from converter pump hub 30 or,36

7. Remove hub 30 or 36.and gasket 31 from pump 33

8., Remove sealring 35 from hub 36

9: Glean and dry parts for inspection and reassembly

10. Inspect all.parts for damage or excessive wear

3 ''"v La



JOB SHEET #4

EE. Stop at this point and have your instructor check and initial your, procedure
and safe practice

INSTRUCTOR CHECK: Procedure

S. 3"'_L,

.#

fety Initial

PT-347



JOB SHEET #4--PARTS LIST FOR TORI6UE 'CONVERTER
AND LOCKUP CLUTCH

1- Flexible disk nut, 3/8-24 (6)
2: Torque converter assembly
'.3 - Spacer retainer.(6)
4 -Spacer (6)
5 - Self-locking nut, 5/16-24 (24)
6 - Convener cover 'assembly
7 - Bushing .

8 - Sealring 'retainer
9 Piston inneu sealring

10 - Lockup clutch piston
11 - Piston outer seal
12 - Lockup clutch plate
13 - Sealring
14 - Lockup clutch back plate
15 - Snapring
16 - Bearing race
17 -Thrust bearing assembly
18 -Bearing race
19 - Thrust bearing spacer (ar):,

.0177-.034 (gold)

.034-.049 (Silver)

.049-.062 (Plain)

.062-.079 (Black)

.079-.0933 (Copper)

.,

20 - Canvener turbine
21 - Converter stator assembly
22 - Needle bearing assembly
23 - Freewheel roller race
24 -Freewheel roller spring (10)
25 - Freewheel roller (10)
26 - Needle bearing assembly
27 - Bearing race (before S/N 49490)
28 -Bolt, 1/4-20 x 5/8 (8)
29 - Lock strip (4)
30 - Converter pump hub (before S/N 49490)
31 - Gasket

32 Sealring
,33 -.Converter pump assembly
34 - Bolt, 5/16-24 x 1.3 (24)
35 - Sealring (after S/N 49489)
36 - Converter pump hub (after S/Ni21941119c
37 - Roller Bearing (after S/N 49489)
38- Bearing race (after S/N 49489)
39 - Lock strip (4) ,

40 - Bolt, 1/4-20 x 5/8 (8)

©1980 General Motors Corporations reprin'ted'With permission

3 3
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JOB SHEET #4-EXPLODED VIEW FOR TORQUE CONVERTER
AND LOCKUP CLUTCH

,

,,

I.

©1980 General Motors Corporation; reprinted with permission
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AUTOMATIC T RANSMISSIONS
. UNIT V

JOB SHEET #5-REBUILD A STATOR ASSEMBLY.

I. Tools and Materials

A. Basic hand took'

B. Clean shop towels

C. Cleaning solvent in a clean container

D. Compressed air for drying parts

E. Hydraulic press (minimum 5-ton capacity)

F. Adjustable table

G. Pre'ssure gauge to determinerivet staking loads

H. 3/8-inch drill

I. Fixture stand

J. Rivet remover pin

K. 100 foot-pound torque wrench

L. Base plate and top plate

M. Rubber mallet

N. Stake tool

0. 5/8-1.1 x 3.25-inch retaining bolt

P. Appropriate servi-ce manual

Q. Safety glasses

II. Procedure

(NOTE: The following procedure and_illustrations are adaPted from materials
published by Detrcit Diesel Allison, General Motbrs Corporation, and are
reprinted with permission; your instructor may modify the procedwe to facilitate
available equipment.) .

. t
A4'. Inspect the stator assembly to Make certain that it needs rebtiliding, and

rebuild or replace according te, the following:

1. If stator thrust washer 28, rivets 22; or washer 23, require replacement,
rebuild the assembly

(NOTE: Refer to the parts list and exploded view that accompany
this job sheet for parts identification.)

3
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2. If stator 26 or cam 25 is-cracked or damaged, replace the complete
siator assembly

B. Rebuild the stator assembly with the following procedure:

1. Place the stator assembly in a drill press, formed Ovet side up (Figure 1)

FIGURE 1

TATOR ASSEMBLY

STATOR RIVET (6)

zke!,

.2. Using a 3/8-inch drill, align and drill the rivet, removing the formed.
head

3. Place base plate J-29521-1 under the stator assemblY, making sure
the holes in the baseplate are under the rivet heads (Figure 2)

4

.4



100%.

PT-355

JOB SHEET #5

4. Place top plate j-29521-2 on top of ihe stator assembly (Fig Ure 2)

FIGURE 2

J-25587-1

BOLT

518-11 x 3.25

J-29521-1

5. Install the 5/8-11 x 3.25-inch bolt to- hold the,two plates together

6: Tighten the bolt to '60 lb ft torqUe

7. Place fixture stand J-25587-1 on a hydreulic press (Figure 2)

8. Install rivet remover pin J-29121-3'intO fixture J725587-1 head

9. Tighten the tool retainer thumb screw

10. Place, the stator asseMbly, with base and top plates, onto the fixture'
stand, drilled rivet side up

11. Align the rivent remover pin with the drilled rivet and press the rivet
from the stator assembly

12. Repeat the above process for each rivet

13. Remove the retaining bolt and top plate (Figure 1)

t4. Separate thrust washer 28, side plate washer 23, two cam washers
24, and cam 25 from stator 26
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15. inspect the stator and cam for cracks, and rivet holes for burrs or
swelling

16. Remove burrs with crocus cloth or soft honing stone

(CAUTION: If cam or stator is cracked or distorted, replace the com-
plete stator assembly.)

17. Clean stator assembly components

C. Stop at.this point and have your instructorcheck and initial Your prbcedure
and safe practice

INSTRUCTOR CHECK: ProcedureE)afet

D. Reassemble the stator assembly with the following procedure:

1. Assemble cam 25 and stator 26 with the Toner pocket positioned
at shown in Figure 3

2. Install cam washer 24, one on each side of the stator

3. Install freewheel Waiher 18 and thrust washer 13

FIGURE 3

STATOR

DIRECTION OF
FLYWHEEL

ROTATION

.47

EM.ARGED VIEW

SECTION A-A

ASSEMBLE WITH
CAM POCKETS IN

POSITION SHOWN

3 J.

ASSEMBLY LOAD TO DE

APPLIED IN THIS NREA
ON OUTER SHELL ONLY

0.035 (0.19 mm)
0.025 (0.61 mm)

MIN
ON=Is

111111/
ENLARGED VIEW

OF CROSS-SECTION

,
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4. Align the six rivet holes 'and insert six new 1/4 x 1.94-inch t.ivets'into
the stator assembly from the rear to front of the stator 4)

FIGURE 4

J -25587-f

J129121-1*

liott

518-11 x 3.25

J229321-2 .

ST4Pft,
Asserts&

J-29521-1

PT-357

5. Place the 'stator assembly on base plate J-295211-1 (Figure 4), and
be sure the rivet heads rest on the base plate, between clearance holes

6: fnstall top plate 4-29521-2' Ad *the 5/8-11 x 3/25-inch retaining bolt

7. Strike the top plate with a rubber mallet to seat co:Mponents

8. Tighten retainer bolt to 60 lb ft torque

9. Place the stator assembly on fixture J-25587-1

10. Install stake tool J-29121-1 into fixture head of J-2'&587-1

11. Tighten the thumb screw finger tight

12. Apply approximately 8000 pound load to swage each rivet head

(NOTE: The amount of force to apply will va6r depending on the
condition of the swaging tool and the press equipment,being used.)

OMB.
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13. Swage the second 'rivet 180 degrees (3.15 rad) froM the first

14. Locate the third rivet, 60 degrees (1.05 rad) frm the second; and
swage lt

15. Locate the fourth rivet 180 degrees(3.15 rad). from the third, etc., until
all rivets are swaged 11

16. Remove the top and bottom plate retaining bolt from stator assembly
2 t _

17, Remove the two plates.

18. Install, new needle bearing, if required, according to procedure previous-
ly outlined

19: Inspect stator assembly to make sure it is ready for replacement into
'torqueconverter assembly

E. Stop at thrs pOint and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedurer Safet Initials

1.



J013 SHEET #5-PARTS L_1ST FORSTATOR ASSEMEiLY

I.,. Flexible 'disk nut, 3/8-24 (6) 0
2 - Torque converter assembly
3 - Spacer retainer (6,)

' 4 - Spacer (6)
5.- Self-locking nut, 5/16-24 (24) .©
6 - Converter cover assembly
7 - Bushing
8 - Sea 1ring retainer
9 - Piston inner sealring

10 - Lockup clutch piston
11 - Piston outer seal

- Lockup clutch plate
'3 - Sea lring
14 - Lockup clutch back plate
15 - Snapring
16 - Bearing race
17 - Thrust bearing assembly
18 - Bearing race
19 - Thrust be-gring spaceir car):

0.014-0.016 inch (0.36-0.41
0.029-0.031 inch (0.74-0.79
0.041-0.043 inch (1.04.-1.09
0.159-0.061 inch (1.50-1.55
0.074-0.076 inch (1.8841.93

20 - Converter turbihe
21 - Converter stator assemW
22 - Rivet (6)
23 - Side plate washer
24 -f Cam washer (2)
25 - Cam
26 - Stator
27 - Needle bearing assembly
28 - Thrust washer
29 - Freewheel roller race
30 - ,Freewheel roller spring (10)
31 - Freewheel roller (10)
32 - Needle bearing assembly
33 - Bearing race (before S/N 49490)
34 - E}olt, 1/4-20 x 5/8 (8) ©
35 - rock strip (4)
36 - Converter pump hub (before S/N 49490)
37 - gasket
38 - Sealring
39 - converter pump assembly
40 - Bolt, 5/16-24 x 1.3 (24)
41 - 'Converter pump hub (after'S/N 49489)
42 - Roller bearing (after S/N 49489)
43 - Bearing race (afterS/N 49489)

b1980 aeneral Motors Corporation; reprinted with permission

44 - Lock strip (4)
45 - Bolt, 1/4-20 x 5/8 (8) ©
46 - Seeking (after S/N 49489)

Torque

mm) (Gold)
mm) (Silver)
mm) (Plain)
mm) (Black)
rrim) (CoPper)

lb-ft N.m

® 33-40 45-5,A4
19-213

12-15

3
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AUTOMATIC TRANSMISSIONS
UNIT V

JOB SHEET #6--REASSEMB LE A TORQUE CONVERTER A'SSEMBLy

Tools and materials

A. Basic hand tools

B. Clean shop towels

C. Cleaning solvent in a clean container

D. Compressed air for drying parts

E. New converter pump gasket

F. Four new lockstrips

G. New converter pump flange bolts as required

H. Stator roller retainer

I. Bushing installer

J. 100 foot-pound torque wrench

K. Appropriate servic.e manual

L. Safety glasses

II. Procedure

(NOTE: The following kocedure and illustrations are adapted from materials
published by Detroit Diesel Allison, © General Motors :torporation, and are
reprinted with permission; your instructor may modify the procedure to facilitate
availableequipment.)

A. Install a new, dry gasket 31 onto converter pump 33..

(NOTE: Refer to Job Sheet #4 for Parts List and Exploded View.)

PT-363 \'

, .

Install hub 30 or 36 into purnp 33, aligning the holes in the hub and gasket ,

with the holes in the Pump

C. Install four new loc)(strips 29 or 39 and eight, 1/4-20 x 5/8 bolts 28 or 40
through hub 30 or 36 in pump 33

D. Tigliten the bolts to 9-11 lb fftorqüe

E. Bend the corners of the lockstrips agaipst the bolt heads

F. 'Replace any converter pump flange -bolts necessary and make sure ,any
weights are in their original positions-if pump bolts have been remOved

5:'
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' JOB SHEET #6

install sealting-32 into the groove, in the outer circumference of converter
pump 33

(NOTE: On Allison models prior to serial number 49489, install bearing
rade 27 and needle ,bearing 26 into Converter pump hub 30; aftei serial
number 494,39, install roller bearing 37, bearing race 3.8, lugged side first,
and ne.edfe baring 26 into converter pump hub 36, 'and install sealring 35
into the grogve of hub 36.)

H. Place the, stator and Cam assembly on the work table, bearing side down
(Figure 1)

-.FIGURE 1
;SA ING ROLLER:, BOLL, ER RA cg,

1-2421.8:2:

^

DA 'ASSEMBLY, e-

BEAR INC(

".:ASSDARL:6,

I. Cover the bottoms of the stator cam pocketi with oil-soluble grease

\ J. Install stator roller retainer J-24218-1 as shown in Figure 1 so the.cord can
lafer be used to remove the retainer

K. Install ten freewheel rollers and ten springs in the shallow ends of the cam .
pockets .

_

7.7
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. PT-365

L. Check to make'sUre the open end of the spridg touching the rolleteis toward
the center of the 'stator cam assembly (Figure 2)

,

..

k

M. lnitall die freewheel roller race, shoulder-side first (Figure 1), until the race
engages, the rollers

N. Rotate the, race in a clockwise direction while pressing downward until
the race touches the collapsible retainer.

0. Lift up on the stator assembly and pull bn the cord to remove the retainer

P. Continue rotating the race while pressing downward, and when the race
is fully seated, rotate it firmly in the opposite direction to lock the stator
'and cam assembly

,

,

,

0.

, _
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4

\

Q. Grasp the stator and earn assembly, hold the roller race firmly to hold
it in position, and install the stator assembly (raid to Job Sheet #4)

4

R. Install the converter turbine assembly (refer to Job Sheet #4)

.

S. Install the same spacer 19 that was remOted at the time of disassembly,
only if the end play reading taken, before disassembly was satisfactory,
and if no parts affecting end play are being replaced

-

T. Install the spacer into the hub of converter turbine 20 prior to the following
sfep

U: Install bearing race 18, outer lip upward, into hub of turbine 20

V. Grease'and install bearing 17 onto the bearing race

W. Install sealring 13 onto lockup clutch back plate 14

X. Install the back plate onto the torque converter pump and align the balance
. mark on the ba'ck plate with the balance mark on the converter pump

Y. Install lockup c)utch plate 12 onto plate 14t'
(NOTE: If the comierter cover bushing in the converter hub was removed,
use installer J-24648 to install a new bushing as shown in Figure 3; after
installation, the bushing inside diameter should be 0.990 to 1.0010 inch.)

,

FIGURE 3

sc.

,

ustisNING

....,,,,,

3.4 '3. A. 4.

z

,

,

4)

i
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Z. Install sealring retainer 8, smaller end first, onto converter hub 6

AA. Anstall sealring 9 into retainer

BB. Install sealring 11 onto piston 10

CC..,Install the lockup clutch piston into the converter cover with
marks aligned so that the piston guidepins will enter the nearest
piston (Figure 4) .

(CAUTION: The lockup clutch will not release if the pistort is
with thP pins.)

FIGURE 4 PENCIL MAK' PIN. pima.
.

4+;-.'

. SEAL RING

. PT-367

the balance
holes in the

not engaged

(NOTE: To make installation of the lockup piston easier, 'place a pencil
mark in line With the pin nearest the orffice in the piston, when the balance
marks are aligned as shown in Figure 4; then, when the piston is installed,
use Vire pencil mark as a guide for the location of the pin beneath the orifice;
one recessed hole is concentric with the orifice; rotate the piston 4ghtly, if
necessary, during installation to ensure that the piston angabes the pins; to
verify that the piston-is-seated-,--measure the distance from the pump cover
mounting surface to the piston; the distance should be approximately 1 1/2
inches.)

DD. Using hand pressure on the center of piston 10, install snapring 15

EE. Install, bearing race 16, inner lip first, into the hub converter cover 6, and use
oil-soluble grease to retain it

FF. Install as a unit; The .converter cover, lockup clutch piston, and related parts
(refer to Job Sheet #4)

.GG. Align the balance marks on the cover pith the balance marks on the lockup
clutch back plate and the converter pump

3.4
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HH. Secure the converter cover with twentyfour'nuts 5

lt Tighten ihe nuts evenly to 19-23 lb ft torque

JJ. Install a spacer 4,, and then a ,spacer retainer 3 onto each of the six drive
studs. on the converter cOver

(NOTE: At this point in the lp rocedu re, the end play check is necessary

if spacer 19 was not installed, at buildup; however, the check is recom-

. mended even if spacer 19Sivas installed to verify that proper end play
remains after rebuild; refer to Job Sheet #3 for the procedure for checking
end play, repeat the procedure, if required, at this point, and use the Spacer
Chart in Job Sheet #3 to select the right spacer by number and color; it is
not necessary' to disassemble the coMplete converter if another spacer is
required at this time; check with your instructdr if you have any questions

about the correct procedure.)

KK. Stop 'at this point and have your instructor check and initial your procedure

and safe.practice

INSTRUCTOR-CHECK.: Procedure Safety

3 1 0
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AUTOMATIC TRANSMISSIONS
UNIT V

JOB SHEET #7--DISASSEMBLE, CLEAN, INSPECT, AND
REASSEMBLE A MODULATED LbCKUP VALVE ASSEMBLY

I. Tools and materials

A. Basic hand tools

B. Clean shop towels

C. Cleaning scilvent in a.clean container

D. Compressed air supply for drying parts

E. Appropriate service manual

F. Adjusting ring tool

G. Safety glasses

Procedure

(NOTE: The following procedure and illustrations are adapted from materials
published by Detroit Diesel Allison, © General Motors Corporation, and .are
reprinted with permission; this procedure may be modified by your instructor
to facilitate available equipment.)

A. Disassemble the modulated lockup valve assembly with the following proce-
dure:

"FIGURE 1

MODULATOR

BODY

CONTROL

VALVE

ASSEMBLY

1. Mark adjusting, ring 7 to indicate its position irtrelation to pin 3 (Figure
1)

(NOTE: Refer to the parts list and exploded view that accompany
this job sheet for parts identification.)

.316



370

JOB SHEET #7

AO,

2. Depress ring 7 with valve body adjusting ring tool J-24314 against
spring pressure, and remove pin 3 AO-

3. Remove adjusting ring 7, valve stop 6, spring 5, arid valve 4 from
valve body 2

4. Clean and dry parts for inspection and reassembly.

5. Inspect adjusting ring for nicks, distortion, and excessive wear; replace

if required

6. Inspect spring for signs of overheating, permanent set, or wear due to
rubbing adjacent parts; replace if required

B. Stop at this point and have your instructor check and initial your procedure

and safe practice
**kb

INSTRUCTOR CHECK: ProcedureESafety Initialsrl

C. Reassemble the modulated lockup valve assembly with the following proce-

dure:

1. Install valve 4, smaller diameter first, into valve body 2

2. Install spring 5

3. Install valve stop 6, undrilled end first, into spring 5

4. Install adjusting ring 7, flat side first, over valve stop p, and align the
adjusting ring as it was aligned prior to disassembly

p. Depress ring 7 against spring pressure, and install pin 3 through the
holes in valve body 2 and valve stop 6, and into the slot of adjusting
ring 7 .

6. .Inspect adjusting ring to be su-rd it is aligned with the pin as .it Was
before removal

<

D. Stop at this paint-and have your instructor check and initial your procedure

and safe practice

INSTRUCTOR CHECK: ProcediAre SafetynInitialsi=1,

-
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JOB SHEET #7--PARTS LIST AND EXPLODED VIEW FOR
MODULATED LOCKUP VALVE ASSEMBLY

4

1 - Modulated lockup valve body assembly
2 - Modulated lockup valve body
3 - Retainer pin
4 - Modulated lockup valve
5 - Modulated lockup valve spring
6 - Modulated lockup valve stop
7 - Adjusting. ring

©1980 General Motors Corporation; reprinted with permission
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AUTOMATIC TRANSMISSIONS
UNIT V

.i0B SHEET #8--DISASSEMBILE, CLEAN, INSPECT, AND
REASSEMBLE A LOW SHIFT VALVE ASSEMBLY

I. Tools and materials

A. Basic hand tools.

B. Clean shop towels

C. Cleaning solvent in a clean container

D. Compressed air supply for drying parts

E. Appropriate service manual

F. Safety glasses

II. Procedure

4-

(NOTE: The following procedure and illustrations are adapted from materials
published by Detroit Diesel Allison, © General Motors Corporation, and are
reprinted with permission; this procedure may be modified by your instnictor
o facilitate available equipment.)

A. Disassemble the iow shift valve assembly with the following procedure:

1. Mark the location of adjusting ring 14 in relation to pin 6

(NOTE:. Refer to the parts list and exploded view that accompany
this job sheet foe parts identificatibn.) moor

. Remove retainer pins 5 and 6 from body 4 while applying pressure
to adjgsting ring 14 and valve stop 9

I._

3. Remove adjusting ring 14, washer 13, valve stop 'I, valve spring 11,
and low shift singal valve 10 from' body 4

4. RemoVe valve stop 9, spring 8, and low shiff'relay valve 7

. 5. Clean and dry parts for inspection and reassembly

6. Inspect valves, springs,, and bores,for signs of overheating or wear;
replace as needed

3 1 ,5
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B. Stop at this point and have your instruct& check and initial yoappecedure
and safe practice .

INSTRUCTOR CHECK: PrOcedureriSafetyl Initials
OMIONIMMONMO.

C. Reassemble the low shift valve assembly with the following procedure:

1. Install low shift relay valve 7 into the longer bore of valve body 4

2. Install spring 8 and valve stop 9 into the same bore

3. Depress stop 9 and install pin 5 into body 4

4. Install low shift signal valve 10, stem end first, into the remaining valve
bore

5. Install spring 11, stop 12, and washer 13

6. Install adjusting ring 14, flat side first into the verve bore
.

7. Alio the bole in valve stop 12 and the slot in ring 14 with the hcilse in
valve body 4

8. Install retainer pin 6, and be sure adjusting .ring 14 is aligned with the
pin as it was before removal

D. Stop at-this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: ProcedurenSafety Initials
.101OI

AIMMIONO

4oOlMily
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4110 JOB SHEET #8--pARTS LIST AND EXPLODED VIEW FOR LOW SHIFT
VALVE BODY ASSEMBLY

0,

1 - Oil transfer plate
2 -Separator plate
3 Low shift valve assembly
4 -Valve body
5 -Retainer pin
6 -Retainer. pin
7-1-2 shift valve
8 -Shift valve spring
9 -Valve stop

10-2-1 inhibitor valve
11 -Valve spring
12 -Valve stop
13 -Washer
14 -Adjustift ring

©1980 Gerieral Motors Corporation; reprinted with permission

3 51
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AUTOMATIC TRANSMISSIONS
UNIT, V

JOB SHEET #9--DISASSEMBLE, CLEAN, INSPECT, AND
REASSEMBLE A CONTROL VALVE BODY ASSEMBLY

Tools and materials

A. Basic hand tools

B. Clean shop towels

C. Clean solvent in a clean container

D. Compressed air supply for drying parts

E. Approprjate service manual

F. 100 foot-pound torque wrench

G. Oil-soluble grease

H. Rubber band or soft wire

I. Plastic bag or wrap

J. SafetY glasses

Procedure

PT-377

(NOTE: The following procedure ana illustrations are adapted from materials
published by Detroit Diesel Allison, © General Motors Corporation, and are
reprinted with permission.; this procedure may be modified by your instructor
to facilitate available equipment.)

A. Disassemble the control valve bo'dy assembly with the following procedure:

1. Place valve assembly 1 on a work table with modulator valve body
47 upward

0

I.

(NOTE; Refer to the iiarts list 'and exploded view that accompany
this job sheet for parts identification.)

2. Remove three bolts 40 from the modulator body and remove the
modulator body

(NOTE: ,The valve bodY assembly corttains a number of- springs that
can be Distakenly interchanged; since the calibration of the valve
body funItions will be lost if the springs are notreinstalled in 'the sarne
locations from whicli they are removed, it is recommended that each,
spring be tagged as it is removed and listed according to its identifying
part number in the exploded view; notes or sketches should be made of
pins and adjusting rings too; these must also be reinstalled in Their fr

original positions for the original calibration of the valve body to be
maintained.)

0

, 3 9
t.../
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3. Remove retaining, pin 48 from modulator body 47 while applying
pressure to adjusting ring 41, then remove the adjusting ring

4. Remove valve stop 42, ,washer 43, spring 44, modulator valve 45,
and actuator pin 46

(NOTE: On Allison models, only those models equipped with modu-
lated lockup use separator plate 39; all others use plate 38.)

5. Remove separator plate 38 or

(NOTE: Later MT 650, '653 models include a slot in the separator
plate, that engages the flared end of the retaining pin 33; the separator
plate must be slid lengthwise to disengage it from pin 33.)

.6. Remove priority valve 4, spring 3, and stop, 2

(NOTE: On later model MT 650, 653 models, a 1/4-inch ball 49 is
used; note the location of the ball in the valve body before removal.)-

7; Place control body 50 on a work table, flat side down

(CAUTION: Trimmer valve corner 71 is spring loaded' and must be
restrained while the bolts are being removed.)

8. Remove eight bolts 72 from trimnier valve cover 71

9. Remove trimmer valve cover 71, and valve stops 55, 60, 65, and 70

10. Remove springs 53, 54, 58, 59, 63, 64, 68, and 69

(NOTE: Springs 54, 59, 64, and 69 are-used on Allison models witf; 1
serial numbers after' 13800.)

11. Remove trimrrier plugs 52:57, .62, and 67

12. Remove trimmer valves 51, 56, 61, and 66

(NOTE: Valve stop 76 and spacer 79 are spring loaded and must be
restrained while pins 73 are beihg removed.)

13. Remove two retainer pins 7? from the control valve

14. Remove valve stop 76 and spacer 79 -

15. Remove relay valve sprfngs 75 and 78, and relay valves 74 and 77

(NOTE: Adjusting rings 9 and washer 8 are applicable on Allison
models after serial number 66939; record location of the adjusting
ring in relation to retaining pinq11 before removal.)

--
16. Depress.adjusting ring 9 o4acer (earlier models)
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,

17. .Remove pin 11, ring 9 or spacer, washer 8 (if used), valve stop 7,
spring 6, and valve 5

18. Remove selector valve 10 ,

19. Compress adjusting rings 16, 2, and 28, and remove retainer pins
17, 23, and 29

20. Remove the adjusting rings

21. Remove valve-stops 15; 21, and 27

22. Remove springs 14, 20, and 26

23. Remove modulator valves 13, 19, and 25

-24, Remove shift valves's:12, 18, and 24

25. CoMpress relay valve stop 32 and remove retainer pin 33

26. Remove valve stop 32, valve spring 31, and relay valve 30
,

27.- Depress trimmer regulator valve stop 3-7 and remove retainer pin 34

28. Remove valve stop 37, spring 36, and valve 35

29. Clean.and dry parts for inspection and reassembly

30. Inspect valves, springs, and bores for signs of o,verheating .-or wear;
replace as needed

B. StOp at-,this point and have your instructor check and initial your procedure
And safe practice

INSTRUCTOR CHECK: ProcedureSafetylillnitialsi: ,

0

C. ReasseMble the control valve body assembly with the following procedure:

1. Install valve 5 into its bore in valve body 50

(NOTE: For reassembly you should refer not only to the parts list
and exploded view but also to the cross-section view that accompanies
this job. sheet; also, double checlerthe position .of all components,
configuration of valves and plugs, and the identification of all springs
before installation; refer to the spring chart from the manufacturer's
serVice manual, and make sure that all valves, when,dry, move freely, by
their own.weight in the bore.)

2. Install spring 6, valve stop 7, washer 8, and adjusting ring 9 into the
same bore

(NOTE: This' step applies to late models; on earlier models, install
spring 6, valve stop 7, and a spacer into the same bore.)

PT-379
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3. Depress the adjusting ring or spacer against spring pressure and, install
pin 11

(NOTE: The location of pin 11 should have been sketched or noted
during disassembly.)

4. Install pin 11 through"hole in valve stop 7; on earlier models, depress
spacer and install pin 11

5. Install valve 12, shOrter land first, into valve body.50

(NOTE: Remember to refer-to the cross-section illustration for prop r
parts replacement reference.)

6. Into the same-bore, install valve 13, smaller end first

7. Install spring 14, valve stop 15, and adjusting ring 16

8.. Depress ring 16 against spring pressure and install pin 17 so that it
passes through vaKte stop 15 and retains ring 16

9. install valve 18, smaller end first, into valve body 50; refer to cross-
section (bore C)

10. Into the same bore, install valve 19, smaller end.first

11. Install spring 20, valve stop 21, and adjusting ring 22

12. Depress ring 22 against spring pressure and install pin 23 so tpat it
passes through valve stop 21 and retains ring 22

13. Install valve 24, smaller end first, io valve ody 50; refer to cross-
section (bore D)

14. Into ihe. same bOre, install valve 25, smaller end first, spring 26, valve
stoP 27, and adjusting ring 28

15. Depress adjusting ring 28 against spring pressure and, install pin .29 so
that it passes through valve stop 27 and retains ring 28

16. Install. valve 30 into valve body 50; refer to cross-section (bore E)

17. Into the same bore, install spring 31 and valve stop 32

18. Depress valve stop 32 against spring pressure and install pin 33

19. -Install valve 35, smaller end first, into valve body 50;' refer to cross-
section (bore F)
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13T-381

A

20. Install trimmer valve 51, open. end first, into valve body 50; refer to
'cross-section (bore G)

21. I rho the same bore, install plug 52, springs,53 and 54, 'and valve stop 55

22. Install trinimer valve 56, open end first, into valve body 50; refer to '.
cross-section (bore H)

23. Into 'the same bore, install. plug 57, springs 58 ens:159, and valve stop 60

24. Install .trimrher valve 61; open end first, into valve body 50; refer to
, cross-Section (bore Ir

25. Into the same bore, install plug 62,-spli 63 and 64, and valve stop 65 ,

26. Install trimmer valve 66, open end fi;st, into valve body 50; refer to
cross-section. (bore K)

27. Into the same bOre, install plug 67, springs,68 and 69, and valve stool()

28. Install cover.71 over springs 53, 58, 63, and 68

"R--?97---gerce the cover against spring pressure, and install eight. 1/4-20 x
518-inch bolts 72

30. Tighten.,,the bolts to 9-11 lb ft torque

31. l'nstall valve 74 ,into valve body 50; refer to cross-section (bore L)

.32. Into the same bore, install spring q 5 and valve stop-76

33. Depress stop 76 against spring pressure, and 'install pin 73

.34. Install valve 77,-; larger end first, into valve body 50; refer to cross-
, section (bore M)

35. Into the same bore, install spring 78 and,spacers 79

36. Depress spacer agianst spring Pressure, end install pin 73

N.

37. Install actu4tor rod 46, smaller end first, into valve body 47; refer to
cross:section (bore N)

38. Install Valve 45, longer land,first, into the same bore
404

39. Install spring 44, washer 43, valve stop 42, and adfustiffg ring 41
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40. Depress adjusting ring 41 against spring pressure, and install pin 48 so
that it,passes through valve stop 42 and retains ring 41

41. Replace ball 49 in its original position, and.retain the ball with oil-
, soluble grease; refer to cross-section, sectiol BB

(NOTE: On some models, this step may not be required.)

42. Install valve stop 2, spring 3;--and priority valve 4, open end first, into
valve body 50; refer to cross-section (bore 0)

43. Place separator plates 38 or 39 onto body 40 so the bolt holes align

(NOTE: On later Allisori models MT 650 and 653, there is a slot in
the separator plate that engages the flared end of Pin 33.)

44: Install the assembled linodulator valve onto separator plate 38 or
39; and align the bolt holes

45. Install three 1/4-20 x 1 13/4-inch bolts 40 through valve body 47,
plates 38 or 39; and into valve body 50

46. Make sure that thl plate and valve body are properly aligned so that all
valve body mountingbolts will pass through them, then tighten bolts to
9-11 lb ft torque

47. Install selector valve 10, drilled end first, into valve body 50; refer to
cross-section (bore P)'

, 48. Secure the valve against dropping out with a rubber band, cord, or soft
wire

49. Using adjusting tool J-24314, position adjusting rings 9, 16, 22, 28, and_
. 41 as they were before the valve body Was disassembled

D. Stop at this points and have your instructor check ana'initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Safety InitialsE

E. 'Cover the control valve body assembly with a plastic bag or wrap to protect
it form dust, dirt, and moisture if it is not going to be immediately reinstalt
ed.

111111.1I
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JOB SHEET #9PARTS LIST FOR CONTROL VALVE BODY ASSEMBLY

1 - Control valve assembly 31

2 -Valve stop pin 32

3 - Priority vaive spring_ 33

4 - Priority valve 34

5 Hold regulator valve 35

6 -Regulatornalve spring 36

7 - Valve stop pin 37

8 - Washer 38

9 - Adjusting ring
10 - Selector valve. '39
11 - Retainer pin
12 - 2-3 shift- valve (Mt 650, 653) 40

1-2 shift valve (MT 640, 643) 41

13 - Shift modulator valve 42

14 - Shift valve spring
15 - Valve Ap
16 Adjusting qng
17 -Retainer' pine
18 - 3-4 shift valve (MT 650, 653)

,2-3 shift valve (MT 640, 643)
19 - Shift modulator valve
20 Shift valve spring °

21 - Valve stop 50
.

22 - Adjukg ring
(51

23 - Retainer Pin 52

24 - 4-5 shiW valve (MT 650; 653) 53

3-4 shift valve (MT 640, 643) 54,

25 - Modulator valve
26 Valve spring , 55

27: Valve stop 56

28 - Adjusting ring 57

29 tRetainer pin 58

30 4-5 relay valve (MT 650, 653) 59

3-4 rclay valve (MT 840, 643)
. ., :

+.41.

Valve ,spring
- Valve stop (later models)
- Retainer pin

- Retainer pin

- Trimmer regulator valve
Trimmet regulator spring
Trimmer regulator valve stop

- Separator plate
(hon-modulated lockup)
Separator plate
(modulated lockup)

- Bolt, 1/4-40ox 1 3/4 (3)
Adjusting ring

A

Valve, stop
- Washer

Valve spring ,

- Modulator valve

- Modulator valve actuator pin
Modulator valve bpdy
Retainer pin
Check ball (after S/N 47284,

MT 650, 653 only)
Control valve body

-Third clutch trimmer valve
; Trimmer 'plug
- Valve outer spririg

Valve inner spring
(ifter'S/N 13800)

, Valve stop
First clutch trimmer valve

-Trimmer plug
--Valve outer spring

- Valve inner spring -

(after SAL 13800-MT
653; all 640, 643)

44.-
45

46
47
48
49

4

PT-383

60 Valve stop
61 Second clutch trimmer valve
62 - Trimmer plug
63 - Valve outer sPring
64 Valve inner spring

(after S/N 13800-MT 650,
653;.all 640, 643)

65 - Valve stop
66 - Fourth clutch trimmer valve
67 - Trimmer plug
68 - Valve outer spring
69 - Valve inner spring

(after S/N 13800)
70 Valve stop
71 - Trimmer valve cover
72 Bolt, 1/4-20 x 5/8 (8)
73 - Retainer pin (2)
74 23-4 relay valve (MT 650, 653)

2-3 relay valve (MT 640, 643)
75 - Valve spring
76 Valve stop (later models)
77 - 2-3 relay valve(MT 650, 653r

1-2
relay valve (MT 640, 643) ,

781Valve spring
79 Spacer
80 First clutch tube (MT 64.0, 643)

81 - Governor tube (2)
12 - Governor screen assembly
83 - Triminer tube (MT 859, 653)
84 - Low and hist feed tube

(MT 650, 653)
85 Drive-1 tube (MT 650, 653)
86.; Forward regulator tube

(MT 650, 653 )

©1980 General Motors CorPoration; reprinted with permission
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JOB SHEET #9--EXPLODED VIEW OF CONTROL VALVE BODY ASSEMBLY
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©1980 General Motors Corporation; reprinted with permission
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AUTOMATIC TRANSMISSIONS
UNIT V

)0B SI-ltET #10DISASSEMBLE, CLEAN, INSPECTAND REASSEMBLE
AN g IL PUMP AND-FRONT SUPPORT ASSEMBLY

Tools and mateiials

A. Basic shop tools

B. Clean shop towels

-

C. Cleaning solvent in a clean container

D. Compressed air supply for"drying parts

E. Valve pin remover

F. Slide hammer
41,

G. Lockup spring compressor

H. Bushing installer

I. Oil seal installer and driver handle

J. Nonhardening sealer.

K. High-temperature sealer

L. Stra ightedge

M. Thickness gauge for gear/oil pump clearance .

N. Centering band

0. Bearing installer and driver handle

P. Valve spring compressor

Q. Valve pin installer

R. Oif-soluble grease

S. Appropriate service manual

-T. Safety glasses .

II. Procedure
- .

(NOTE: The f flowing 'procedure andillustrations are adapted from materials
published by iDetroit Diesel Allison, % General Motors Corporation, and are
reprinted with permission; this procedure may be modified by yqur instructor
to facilitate available equipment.)

PT-389,

'AI
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JOB SHEET #10

A. Disassemble the oil pump and 'front support gssernbly with the following
procedure:

1. Place oil pump and support assembly on -a work table, support side
upward

2. If not previously removed, remove the two step-joint sealrings, the
needle bearing, and bearing race from the hub of the front support
(Figure 1)

3. Remove oil pump seeking 3

(NOTE: Refer to the parts list gild' exploded view that accompany
this job sheet for parts identification.)

4. Remove the needle bearing ;from the bore of the converter ground
sleeve only if replacement is necessary (Figure 1)

FIGURE .1

CONVERTER CROSEEEVE\ ,10PORPtik

Pit -34.16 X 1 Iii (2) ',,,,9t.T. *.ii'll 4110

1\ sur-mir sAtiiNG

.. ..

pidiEVA146.

straffidit#

ntoiltsurr,oiet
IDe s.e.t4tY2.$ki* VALVE Is

-(1
,SEAkik

4tiVIA1EA PRESiLitE .,4511.
'OftEGULATOR VALVE .

fltECULATOR VALVE

5. If parts replacement is necessary, install valve, pin remover J-24412-2
onto the head of the converter regulator valve gbide pin



JOB SHEET #10

6. Attach slide hammer J-6125-1 to the valve, pin remover tools and
remove the guide pin, valve spring, and regulator valve (Figure 2)

4

FIGURE 2

SPRING

3-244124

GUIDE PIN -OIL POMP:AND FROIVI
SUPPORT ASSEMELY

7. Attach the main regulator and lockup spring compressoy J-24459 to
the front support (Figure 3)

8. Tighten the compressor screws, removing- all force from the retaining
snaprings, and remove both snapringi (Figure 3)

(NOTE: The main pressure regulator valve spring is under approxi-
mately 65 pounds compression.)

FIGURE 3

9. Carefully loosen the screws on the spring compressor until it can be

removed from the front support

R.

10. Remove valve stops 11 and 18, valve springs 12 and 19, regulator
valve 13, and lockup valve 20

3r 3

PT-391
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JOB SHEET #10

11. Inspect orifice plug in main regulator valve assembly 13; if it is loose,
damaged, or distorted, replace regulator valve assembly 13

(NOTE: Current Allison models do not include an orifice plug.)

12. Remove the fourteen bolts that hold the oil pump and the front sup-
port together (Figure.1)

13. Separate front support ,aisembly 23 from oil pump body and gear
assembly 4

14. Do' noi remove ground
movement is 'apparent,
23; if the ground sleeve

15. If replacement, of parts
ference of support 26

sleeve 25 from froht support 26; if relative
replace bearing and front support assembly

is damaged, ,replace front support assembly 23

is necessary, remove Plug 27 from the circum-

16. Remove oil pump gears 8 and 9 from oil pump body 7

17. If body 7 or gear 8 or 9 are damaged, replace oil pump assembly 4

18. Remove oil-seal 2 from oil pump body-7

19. Remove bushing 6, if damaged, frombody 7

(NOTE: Allison models after serial number 49489 do not require
-bushing 6, models prior to that serial number do.)

20. Clean and-dry parts for inspection and reassembly

21. InsPect all parts for damage or excessive wear

B. Stop at this point and have your instructor check and initialyour procedure
and safe practice _

INSTR UCTO R CHECK: Procedure1Safety...
IMMOI

Initials

C. Reassemble "the oil pump and front support assembly with the following
procedure: . _

1. install a new bushing 6 if the old one was removed

2. Position the bushing joint (spitline) so that it is within a 10 to 12
o'clock -position when viewed from the front -of the oil pump body

3. Use. installer J-24474 to install the bushing to proper depth which
should be flush with, to 0.010 inch below, the area adjacent to the
installed bearing

lf oil seal 2 was removed from oil'pump body 7, install a new one
11
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JOB SHEET #10

, 5. Place the oil pump body on the work table, flat side down

6. Seat the oil seal on installer J-24449 or j-26912, with the spring loaded
lip facing away from the toot

7. Attach.driver handle j-24202.4 to the oil seal installer

8. Coat the outside diameter Of the oil seal with nonhardening sealant

9. Drive the seal into the pump housing as shown in Figure 4

_

i

FIGURE 4

,

,

%

t^...r. .

, ,
J-24202-4

J-24449 (PRIOR TO SIN 49490)
1-26912 (AFTER SIN 49489)

PUMP BODY

e

C.-

.

10. Remove the seal installer end apply a high temperature seal bricant to
the ibside diameter Of the oil seal

(NOTE: If the above oil seal installer is not available, install t e seal,
spring loaded lip first, into the seal bore of the oil pump and press the
seal to 0.010 - 0.020 inch below the front surface of the pump body;
On Allison mockls after serial number 49489, press the seal to 0.050 -,.
0.070 inch below the front surface of the pump body.) /

,

11. Position O.il pump body 7, flat side up

12. Install driVe gear 9 and driven gear 8 into the oil pump body
.,

3Co
.."

_

,

I
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JOB SHEET #10

13. Place a str/aightedge across the sur'face of the oil pump as shown in
Figure 5

FIGURE 5
STRAIGHT EDGE OIL PUMP BODY

- THICKNESS GAGE DR IVE GEAR

DRIVEN GEAR

14: Insert a thickness gauge between the straightedge and the driven gear,
then repeat the procedure for the drive gear (Figure 6)

'FIGURE 6

STRAIGHT EDGE
OIL PUMP EDDY.

,11.

THICKNESS GAGE
DRIVEN GEAR

DRIVE GEAR

15. Check clearance; if it- exceeds 0.0024 inch, the gears and/or pump
body are worn

16. Check. to see if new gears win reduce the clearance to 0.0024 inch or
less; if7t, oil pump assembly 4 should be replaced

(NOTE: If several gears are available for trial selection, use those that
give the lesser clearinces but not less than 0.0005 for drive gear 9, or
0.001 for drive gear Eizuse clearance gauge J-26957 for measurements
when selecting gears.)



jOB SHEET #10

17. If plug 27 was removed from support 26, refalace it

18. Press the plug to the shoulder in the support (Figure 7)

FIGURE 7
PLUG 1

PRESS TO SHOULDER

SUPPORT ASSEMBLY

CONVERTER GROUND SLEEVE

1.2W In. 02:CO mral
1.240 in. 01.50 mm I

2C0 !Ds

090 NI

BEARING

BEARING CAGE MUST

WITH.STAND THt.

SPECIFIED LOD IN
THE DIRECTION

INDICATED

19. Place oil pump body and gear assembly 4 on work table, front -side
down

20. Align the bolt holes in front support assembly 23 with those in assern-
. bly 4

.

21. Install two 5/16-18 x 1 3/4-inch bolts approximately 180 .degrees
apart

22. Tighten the bolts one OE two threads

23. Install centering band J-24461 around the oil pump' body and front
support assembly (Figure 8). . /-

.

3 C 7

PT-395
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24. Install the remaining ten 5/16-18 x 1 3/4-inch bolts:and two 3/8-16 x 1
1/2-inch bolts (Figure 8)

FIGURE 8
SUPPORT ASSED1ILY,

J-24461

DOLT, 5/16-14 X 1 314 (12)

OIL PUMP ASSEMY

25. Check the centering band to insure a secure fit

at; 311716x1
tzwr,4--4

(NOTE: It is imperative the split line .between the pump. and the
support be perfectly smooth after bolt installation.)

26. Tighten the twelve 5/16-18 bolts to 17-20 lb ft torque,nd tidhten the
3/8-16 bolts to 3643 lb ft torque

27.. Place needle bearing 28 into ground sleeve 25, with the numbered
end of the bearing cage facing up

3 6

44,

a
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OT-397

28. Using bearing installer J-24457 and driver haryttle j-8092, drive the
bearing into the ground sleeve (Figure 9)

FIGURE 9

FRONTISUPPORT AND

OIL PUMP ASSEMBLY

.
J-8092

J-24457'

. :

(NOTE: If the preceding ools are not available, install the bearing,
numbered end of bearing cage up, into the ground sleeve, until the
bearing is 1.240 o 1.260 nches from the face of the hub as shown in
Figure 7, and remember. hat the installed bearing must withstand 6 200
pound load in the dir ction indicated in Figure 7 without moving.)

29. Install main regulato valve 13 and lockup valve 26, Innger land first,
intb their proper bor s in support 23

30. Install springs 1-2 nd 19, and valve stops 11 and 18 into their proper
bores ,

:31. Insfall main r gulator and Jockup, valve spring compressor J-24459

. 'onto the supp rt as shown in Figure 3

32. Place snapOngs 10 and 17 onto the soMpressor tool
to compresiing springs 12 and 19 .

33. Compre springi,12 and 19 and install snaprings 10 and 17
t

34. Remove the spring compressor

z35. If valve pin 14 was removed, replace it with a new one

:
46

tb
%.

4

screws pfior
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36., Using valve pin installer J-24458, place valve, pin 14 into the inttaller

37. Place spring 15 and valve 16 onto valve pin 14

38. Install the yalve qn and components into the front support ass bly
(Figure:10)

FIGURE 10

J-24151

REOULPAYALVE

FRONTSUPPORT AND
OIL PUMP ASSEMBLY

30. If valve pin installer J-24458 iS riot available, install the 'guide pin'and
components Ito extendPn6 to 1/20 inches above the fipishpd surface
(Figure 11)

FIGURE 11

r

..tVALKE GUIDE

SPR1t1d

VALVE

1.20-in. (30.5 mm )
1.16 in. 129.5 mrn)'

'

,

alt

e
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40. LUbricate sealring 3 with an oll-solubie grease and install it into the
grooveron the outer circumference of the oil pump body

41:Inspect the sealring.to be sure it does hot twist in the groove

D. Stop áy1point and have your instructor check and initial yopr procedure
and fe practice

I STRUCTOR CHECK: ProceduSafetylnitials

qr.



JOB S1-IEET #10--PARTS LIST FOR 01 L PUMP AND
FRONT SUPPORT ASSEMB LY

*:- 1 - Oil pump and,front support assembly 19 - Valve spring
2 :Oil seal c 20 Lockup valve
3 Sealring .. .21 - Self-I.Fking bolt, 3/B-16 ,x 1-1/2 (2)
4 --Oil pump assembly 22 - Self-rocking bolt, 5/16-18'x" 1 3/4 (12)
5 - Pump body and bushing assembly- 23 - Valve and front support assembly

Before §/N 49490 24 - Front support assembly
6 . Bustiing Before-S/N 49490, 25 - Converter ground sleeve
7 - Pump body.. , 2.6 Front Opport
8 - Pump driven gear . .,,, ,?7 -,13,1ug

9 Pump drive gear
..

:28"iNtledlii bearing sseibIy
10- Snapling 29 Roller bearing astern ly
11 Valve stop 30 - Bearing race :

12 - Valve spring 31 Bearing
,

13 - Mani pressure regulator valve . 32 Bearing race

14:Valve guide 1` ' 33 Seeking (2)
. 15 - Valve spring , ' . i ' ," 34 Gasket

' 16 - Converter pressure regulator valve 35 Washer (12)
17 Snapring 36 Bolt. 3/8-16 x 3-3/8 (12)
18 Valve stop

44-

0

61480 General Motors Corporation; reprinted with.permission

0
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JOB SHEET #10.-EXPLODED VIEW OF OIL PUMP.

AND F RONT SUPPORT ASSEMBLY

©1980 General Motors Corporation; reprinted,with permission.

0

,o

C)



gel

AUTOMATIC TRANSMISSIONS
UNIT V

JOB SHEET #11--D ISASSEMB LE,'C LEAN, INSPECT, AND
'REASSEMBLE A FORWARD CLUTCH AND TURBINE.SEAFT

I. Tools and materials

A. Basic shop tools

B. Clean shop tow,

C. Cleaning solvent in a clean container

D. Compressed air supply fordrying parts

E. 20 pieces of 3/32 x 0,020 x 3 steel shim stock

F. Press

Comp resSor

H. Forward clutch clearance gauge

I. Oil-soluble grease

J. Appropaate service manual

K. Safety glasses

II. P.rocedure

1r,

('NOTE: The following procedure and illustrations are adapted from materials
published by Detroit Diesel Allison, © General Motors Corporation, and are
reprinted with permission; this procedure may be modified by your instructor
to facilitate availalSleequipment.)

A. Disassemble the forward clutch and turbine shaft with the fol-lowing proce-
dure:

1. Remove sealring 3 from the housing and shaft assembly

(NOTE: Refer to the, parts list and exploded view that accompany
(: this job sheet for parts identification.)

3 /.

PT-405'
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2. Flemove the PTO gear by compressing the snapring, located within
the gear, and sliding the gearfrom the housing

log

. (NOTE: Figure 1 illustrates a model that do(s-not include centrifugal
valve components 6 through 9; the procedurlei that follow in steps 3
through 8 apPly to all models; however, when the centrifugal valve is
included, the assembly must be positioned shaft downward.)

FIGURE 1

TURB INE

SHAFT

CLUTCH

HOUS ING

SH IM STOCK

PO
GEAR

FOURTH-CLUTCH

HUB

3. To.compress the snapring, 'insert 10 pieces of steel shim stock, 3/32 x
0.0/0 x 3, between the shapring and the PTO gear

4. To accomplish this, locate the snapring gap, and at the cutout nearest
' the gap, press the snapring into thq groove in the housing '

5. Slip a piece of ship stock between the 'snapring and the inner ends
of the splines of the PTO gear, and repeat the operation at the other
side of the snapring gap .

6. Work at each, opening where there is a missing ,spline \ to, compress
the snapring, and insert the remaining pieces of shim.stock at *Proxi-
mately 3-inch increments

7. Slide the gear from the housing 'and remove the snapring

64-

375..
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8. If the gear does not slip easily, check for a break in the light that can be
seen betMen the gear and housing, and work to.depress the snapring in
that area

9. Remove the snapring that retains the fourth clutch hub in the forward-
clutch housing (Figure 2)

FIGURE 2

SNAPRING

FORWARD-CLUTCH

HOUSING

FOURTH-CLUTCH HUB

FORWARD-CLUTCH HUB

-0

10. Remove the fourth clutch_hub arid the forward ,clutch hub from the
/ housing

1.1. Remove bearing races 18, and 20., and bearing 19; these bearing com-
ponents may adhere to either forward clutch hub 21 or the hub of
forward clutch housing 4

12. Remove five internal-splined plates 23 andjive external-tanged plates
22 from the forward clutch housing

1

376
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Air

4

: j08 SliEET #11

13. Place the hoising and shaft assembly in a press as shown in tigure 3

FIGURE 3'

7.

J34340I

SNAPRING

SPRINGIETAINER.

PISTON

SPRING

FORWARD-CLUTCH

'Husky!)

14. Using compressor J-643801, depress the spring retainer and remove
the retainer snapring

15. Remove the retainer, piston return spring, and piston

16. Remov sealring 13 from the piston and sealring 12 from housing

17. Remove the balls 5 from housing and sifaft assembly 4, only if replace-
ment is necessary; if necessary, clear the bores of staked metal-and
remOve the balls

18. On Allison models afte i. serial nuniber 49489, remove pin 9, plug 6,

valve spring 7, and vAlve 8 from the outer circumference of forward
clutch housing assembly 4

19. Clean and dry parts for inspection and reassembly

20. Inspect splined parts for stripped, twisted, chipped, or burred splines



1
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JOB SHEET #11

21.. Inspect snaprings for nicks, distortion, and excessive wear

22. Inspect friction-faced steel plate for burrs, embedded metal particles,
severely pitted faces, or excessive wear

23! Replace parts that cannot be corrected with a soft honing stone

B. Stop at this point and have your instructor check and initial your procedure
and safe practice .

INSTRUCTOR CHECK: Procedure afety Initialsill

C. Reassemble the forward clutch and turbine shaft wiih the following-proce-
dure:

-0

1.' Inspect. centrifugal valve parts 6, 7, 8, and 9 for damage and replace
with new parts if needed

(NOTE: ;This, step _applies to all models with
replacement parts are required, be sure the c
part replaced because all three parts, 6, 7
coded.) .

:s

2. Install centrifugal valve , conical end first, into' its bore in forward
clutch housjng 4

ntrifugal pumps; when
or code is the same as the

and 8, must be identically

PT-409

3..

4.

Prace spr nside the valve

s the spring with plug 6 and retain the spring and plug with pin

5. If balls 5 were removed, replace them

6. lace each ball in its bore, and stake each bore at three equa% spaced
places

. *.: ,

, (NOT E:-Each bore it properly staked when the ball has at least 0.020-
inch axial movement and when the ball isietained by ttt stakes when a
30 lb load is appliedagainst the ball.)

7. Establish clutch clearance before completing the assembly, 'using-
.either the direct measurement method or stack dimension computation.

,

(NOTE: The method for direct measurement is given. in this Procedure;
stack dimension computation for clutch clearance is covered in ;the
setvice manualt) .-..

8. position the clutch
on a work tab,le

1

9.. Lubricate and' install
dousing hub .and piitot

housing and

the piston

37s

shaft assembly, shaft downwardr

sealrings into their grooves' in the
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10. Make sure that the sealring lips face toward the oil pressure side of the
piston, and install the piston into the housing (Figure 4)

(CAUTION: If either "sealring is installed incorrectly, the forward
clutch will not operate properly.) , -

FIGURE 4

.*

FOURTH-CLUTCH

HUB

t 'LUTCH

PLATES (10)

,

CHECK CLEARANC RE

0.079-0.130 (10 PLATE
(2.39-3.76 mjii)
0..094-0.14MP PLATE)
(2.01-3.30 mm)

1

,

. .. PISTON
141,

. 301:13 LOAD SEALR INGS
. (133 N) .

)

3
, 11.- Alterriately install the five external-tanged platefiand five internal-

spli ned plates
-

33,

12. Install the fourth clutch driving hub iy retain it with the snapring
. ,

13. Hold the fourth clutch driving hub firmly against the snapring and,,
using foNvard clutch clearance gauge J-26913, check the clearance . 'V

between the fourth clutch driving hub and the internal-splined clutch
plate . ,

14. Check. learance for forward clutch to see that. the clearbnce is

- 0.079-0. 30 inth
.,

.

(NOTE: When clearance is achieved, the first gtep of gauge J-26913
will fit between the-hub and plate, but the second step of the gauge will
not.) P

,

0 0 4
_

,

-liFv, /

ii

.;

-

,

:

-

-

3,
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15. When the second stage of:the-gauge will fit, clearance is excessive and
tfie thinner clutch' plates shoUld be ceplaced with new ones

16. If the clearance is still excessive atter all ten plates and fourth clutch
" drive hub have been replaced, a thicker piston is required

;
. .-

17. When the first stage of the gauge will not fit, clearance is insufficient
and a thinner piston is required.

(NOTE; Refer to manufacturer's Paris eatalog for proper piston selec-
tion.)

18. Remove the snapring that retaini- the foui-th clutch driving hub, and
remove the hub

19. Remove the forward clutch plates.

20. Place the clutch housing and shaff. assembly, and assemiSled piston
on a press bed as shown in Figiffe 3

21. Install the piston return sPring and spring retainer, and position the
snapring on the hub

22. Ching compressor J-6438-01, depress the spring retainer sufficiently to
install,the snapang into its groove in the.housing hrib
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4.4

23. Return the subassembly to the work table,.. and install the bearing
race, outer lip first, onto the hub of the forward clutalhoiising (Figure
5)

.c,
.

1

(CAUTION: The, bse of oil-soluble grease to'retain bearing races 18 and
20, and bearing assembly 19 is very important; dislocation or off-
centering of eith.er race or the bearing bssembly, before the- fOrwerd
clutch assembly is installed into the transmission will prevent proper

..i insteli,ation, and extensive damage coulthresuit ;from improper assem- '

bly.)

FIGURE 5

BEAR INCL

RACE.

FORWARDTCLUTCH

-HOUSING

FORWARD-CI.UTCH.

HUB

BEARING

RACE

. ,
24. Install the,other bearing race, flat side first, onto the inner hub of the

... forward clutch hub (Figure 5) and install thern bearing onto the race Orf
,

25. Retain the bearing with oil-soluble grease

26. Position the clutch housing and .shaft, shaft dckwnward, on .`a work
t -obte .

27. i'lace ,the forward clutch hub, outer splines first, oTitc; the hub of the
forward clutch housing

28. Install the ten clutch plates, starting with an external-taraged plate

_.

11
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4,
29. Install the fourth clutch driving hub, and retain, it with the snapring

7,

P1-413

(Figure 6)

FI.GURE

FOURMCLUTCH
DRIVE HUB

BEAR INC.

RACE

PTO GEAR

BEAR ING

SNAPR ING

FORWARCKLUTCH

HUB

A

30. Install the PTO gear snapring onto the forward olutch housing

31. Install the PTO gear, chamfered inside diameter first, from the'rear of
the clutch housing

snäpring engages its mating32. Slide the gear onto the housing until the
, groove in.the gears

33. Install the.bearing rac, flat side first, and
'forward clutch h'ub (Figure 6)

34. Use oikoluble 'game to retain the/bearing

bearing onto the hub of The

,
,

components durihithe rest
of the reissembly procedure

so

.

.8/
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36. Invert the assembly and install tWo seatrings at the base of the shaft and
one near' ttle end of the shaft (Figyre 7) ., ,

FIGURE 7

BEAR 1NG

RACE

SEALR I NG I'21

, -
SEALR ING\

FORINARes CLUTCH

36. Retain the sealring% with oil-sOluble grease

e,

,s

'

37. Install the bearing race, 9uter lip fi0t, onto the hub of the clutch
housing

-I
`4, fi 38.A Retain the race with oiksolpble Vase

D. StoP at this point-and have your instructor check and initiatypur procedure
and safe practice

INSTRUCTOR CHECK: Peocedurer1S8fety

\4.

ay.

a

01.1mr

jrthials

,

3 '3'. L.

0.

410.



JOB SHEET #11--PARTS LIST FOR FORWARD GLUTCH AND
TURBINE SHAFT ASSEMBLY

1 1Pealting
2 - Forward" clutch and turbine shaft

asseobly
3 - Sealring, (2)
4 Turbine shaft and clutch housing

assembly
5 - Check ball (2)
6 - Valve plug
7; Valve spriug
8 - Centrifugal valve
9 - Retainer pip

10 - Snapring

44' 11 - PTO drive gear
12 - Housing sealring

'13 - eiston sealring
14 - Forward clutch piston (ar):

0.995-1.005 thk (A)
1.020-1.030 thk (B)
1.045-1.0554k (C)

15 - Forward .clutch pisfon spring
16 - Spririg retainer
17 - Snapring
18 - Bearing race
19 - Roller bearing. assembly

20 - Bearing race
21 - Forward' clutch hub

22 - Externalltanged plate (5)
23 - Internal-splined plate (5)
24 - Fourth-clu.tch driving hub
25 - Snapring

26 - Bearing race
27 - Roller bearing assembly

28 -Bearing race

V1980 GenerarMotors Corporation; reprinted with permission

3 L A
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JOB SHEET #11--EXPLODED VIEW OF FORWARD CLUTCH AND
TURBINE SHAFT ASSEMBLY

4

PT-417

-
C1980 General Motors Corporation; reprinted with permission
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AUTOMATIC T RAN SMI SSIO NS
UNIT V

JOB SHEET #12--DISASSEMB LE, CLEAN/ INSPECT,
AND REASSEMBLE.A FOURTH CLUTCH

I. Tools and materials

A. Basic shop tools*

B. Clean shop towels

C. Cleaning solvent in a clean container

D. Compressed air supply for drying parts

E. Compressor and compressor base

F. Fourth clutch clearance gauge

G. Oil.soluble:grease

H. Appropriate service manual
3

I. Safety glasses

Procedure

(NOTE: The following procedureand_illustrations are adapted froni materials
_pubfished .by_Detroit Piesel Allison, © General Motors Corporation, and are

reprinted with permission; this prócedure may be modified by your instructor
to facilitate availaee eqUiPment.) ;.

PT-419

A. Disassemble the fou'rth clutch with the-following procedure:

1. Remove beiring. race 28 from the front hub of fourth clutch housing
12 if it has not been'previously removed .

(NOTE: Refer to the parts list and exploded view that accompany
this job sheet for parts identification.)

2. Remove bearing race 15 from the rear hub of the clutch housing

c
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JOB SHEET #12

3. Using compressor J-6438-01 and compressor base S-24204-2, depress
the spring retainer sufficiently to allow removal of the snapring (Figure
1)

FIGURE 1

J-?4,2Q4-.2

1-60431

FOURTH:CLUTCH HOUSING

4. Remove the snapring

SNAPRING

INC PiATE

,OttING.RETA O'ER

5. Remove the spring retather, and remove the clutch return spring which
is directly beneath the retainer

6. Remove the snapring that retains the backing plate, and remove the
back pla,te

Remove the eight clutth plates 4 and 5, and piston 9

8. Remove sealring 10 from the piston, and sealring 11 fkrn fourth
clutch housing 12

9. Remove balls 13 from fourth clutch housing 14 onl if replacement
is necessary; if necessary, clear the affected. 6ores of staked metal and
remove the balls

10. Clean and dry parts for inspection and reassembly

11. Inspect snaprings, springs, bearing races, and sealrings for damage Dr
excessive wear; replace as needed

3 `-

0
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JOB SHEET #12

PT-421

B. Stop at,this point and have your instructor check and initial your procedurel
and safe practice

INSTRUCTOR CHECK: Procedure Safetyrilnitials
INI

. .

C. Reassemble the fourth clutch with the following procedure:

1. Freplace balls 13 if they were removed

2. Place each ball in its bore

3. Stake each bore at three equal-ly spaced places

(NOTE; Each bore is properly staked when the ball has at least 0.020
inch axial movement and when the ball is retained by the stakes when a
30 lb load is applied against the ball.) .

4. Establish clutch clearance before completing the assembly by using.
the direct measurement method or stack dimension cotoputation

(NOTE: The method for direc easuremerit is given in this procedure;
stack dimension computation f.,citch clearance is covered in the
Service manual.)

5. Position the fourth clutch housing, rear hub downward, on a work
table .

6. ,Lubricatynd install the piston sealrings into their grooves in the
housing hub and piston
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JOB SHEEe#12 1

).
I

I

7. Make sure the sealring lips face toLTivard the uil pressure side of the
piston (F igure 2) t .

,

(CAUTION: If either sealring is installed incorrectly, the fourth clutch
will natoperate properly.)

FIGURE 2

FOuRTH-CtuTCH
HOuSING

PISTON

CHECK CLEARANCE HERE

0.064=0.125 (8 PLATES) \
(1.73-3.23 mm)
0.068-0.127 (10 PLATES)
(1.63-3.18 mm)

BACKING PLATE

SNAPR INC

SEALRINGS PLATES (8)

30 LB 'LOAD

(133,N)

8. Iristall the piston intope fourth clutch housing (Figure 2)

9. Alternately install the four external-tanged plates -and four internal-
splined plates

10. IfistaIrthe backing plate and retain it With the snapring

11. Using fourth clutch clearance gauge J-26917, check tlie clearance
bgtween the backing plate and the first internglspiined plate

,

(NOTE: The prescribed clearance for the fourth, clutch is 0.064-0.125
inch; when this clearance is achieved', the first .step of the gauge will fit
betweeri the backing .plate and the clutch plate, but the second step of
the gauge will not fit.)

12. When the second st p of the gauge fits, clearance is excessive and the
thinner clutch plates should be'replaced with new ones

' 18: If the clearance is still excessive after an eight plates and the backing
plate have been replaced, a thicker piston is required

c,)
A
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JOB SHEET #12

14. When the-first stdge of the gaugb will no't fit,' clearance is insufficient
and a thinner pispn is requirgd

(NbTE: Refer to manufacturer's parts catalog for proper piston selec-
'tion.)

15, Lubricate and install the piston sealrings into their grooves in the
housing hub and piston

4

t

,

e.,

1

\
%

.

16. Make sure -the sealring Lips face loward the'oil pressure side of the
piston .(Figure 2)

17. Install the piston into the hbusing, f
,

0

(CAUTION: If either seWlring ,is installed incorrectly, .the fourth clutch
will not operate prop'erly.)

4
r

18. Install the piston return spring and spring retainer
- .' ,c 19. Using compressor J-6438-01 and compresSor Ipse J-24204-2, depress

i., 1 the spring retainer (Figure 1)

0

i
4

,

I

20. Install the snapring to retain the spring/retainer

21. Install the Bearing race, outer lip first, onto the front tiu\b ofthe clutch
housing (Figure 3)

,

-FIGURE 3

BEARING RACE

FOURTH-CLUTCH HOUSING

. \

k

,

., .

- 22. Use oil-solubli grease to retain the races during the rest of the assembly

procedure

a

1,

350.

s

t

1

,
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'\

23. Install the bearing race, outer lip first, ont6 the rear hub of the clutch
housing (Figure 4) .

FIGURE 4 1

- BEAR I NG
RACE

`101.121H-CLUTCH
, ROUSING

cr v

\

,

t
D. Stop at this point and have your instructor check and initial your procedure

and safe practice

INSTRUCTOR CHECK: ProCedure

.,

. ..

..

r

: 3 (-) ;

1.
11111111%

Safetyrilnitials

,

.111=1=11

l......:...

,

S r
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JOB SHEET #12--PARTS LIST AND EXPLODED VIEW
FOR FOURTH CLUTCH ANIEMB LY

Plt-425

15

1 - Fourth clutch assembly
2 - Snapring
3 - Clutch tack plate
4 - Internal-splined plate (4)
5 - External-tanged plate (4)
6 - Snapring
.7 - Piston spring retainer
8 - Piston return spring

- Fourth clutch piston (ar):
0.9951.-1.005 thk (A)
1.020-1.030 thk IB)

10 - Piston outer sealring
11 - Piston inner soaking
12 - Fourth clutch housing Assembly

13 - Check ball (4)
14 - Fourth clutch housing
15 - Bearing race
16 - Roller bearing assembly
17 :Bearing
18 - Bearing race

©1980 General Motors Corporation; reprinted with permission_
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AUTOMATIC TRANSMISSIONS
UNIT V

JOB SHEE.T #13--DISASSEMBLE, CLEAN, INSPECT,
0, AND REASSEMBLE A CENTER SUPPORT ASSEMBLY

I. Tools and materials

A. , Basic shop tools

B. Clean shop towdl

C. Cleaning solvent in a clean container

D. Compressed air supply for drying parts
- I

E. Bushing installer \

-
. F. Lockring installer

G. Oil-soluble grease

I1
;

I.

Appropriate service manual'

Safety glasses

II. Procedure

, I

41

,

l

e

. i
(NOTE: The following procedure 'and illustrations are adapted from materials
published by Detroit Diesel Allison, © General Motors Corporation, and are..
reprinted with permission; this procedure may be modified by your ipstuctor
to facilitate available equipment.) ,

A. Disassemble the center support assembly with the following procedure:

1. Place .center support assembly 14 vertically upright on a work table.

1NOTE: Refer to the parts lift and exploded view that accoevany
this job sheet for parts identification.) ..

.. .0

2. Remove pistons 10 and 20, wjth attached parts

3. Remove the inner and outer sealrings from each piston
,
\

4. If jcorts replacement is necessary, disassemble the two piiion assemblies
1,

1

3" 3

.

_
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JOB SHEET #13

5. 'Cut N.th, :elf-locking retainer ririgs to prevent damagIng the piston
projections (Figure 1)

10URE 1

RETAINER

RETAINER RING (4)

SPR ING (20)

CLIJTCH PI STON

6. Remove four 'self-locking retainer rings, a retainer, -and twenty springs
from each piston

7. Remove two step-joint searrirrig.13 and. bearing race 18 from the
hub of the center support assembly

8. If the bushing in the center bore ,of the support assembly is worn
or darbaged, mark the location of the notch in the bushing in relation
to the,cenctw support

Press the bushing from the support

10. Remove the ball, freed by removing the bushing, from the hub of
the support

11. Clean and dry parts for inspection and reassembly

12. Inspect bushing, retainer rings,, ra6iner and springs for damage or
excessive wear; replace as needed

B. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK; Procedure Safety Initials

C. Reassemble the center support aisembly with the .f6Howinl procedure:

1. Install new parts if the bushing' and balls were removed frome
center support

°

-10
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-

2. Install the ball and bushing as ilf ustrated in Figure 2

FIGURE 2

.11

,

NOTCH.MU ST BE

WITHIN THIS AREA

\
20

10 35 rad)

kilo
(ad)

. BALL

I
SECTION D-D

-,
CENTER SUPPORT

16 NOTCH

10.28 ti6
BUSHING

0.

NOTE

/
PRESS BUSHING FLUSH

WITH, TO 0.0I0 Mt
f0.25 rnm /BELOW, THIS
SURFACE

AFTER ASSEMBLY. BUSHING MUSi WITHSTAND
500 lb (2224 WEND LOAD IN DIRECTION OF ARROW X

SECTION A-A

'

,

.,

c

,

3. Use installer J-24794 to 'Oess the bushing irrto the center support

(NOTE: The bushing shoyld lie prebored and, require no reaming,)

A.'
4. Engage the lug on the piston. with the recess in the center support, and

temporarily place piston 10 in front piston cavity,..of center support
assembly 14

5. Install springs 9 into the pockets of the piston

....

6. Align spring retainer 8 on the four ejector pin bosses of the..piston
A

a

3 ..., U .

'..

f7

/ . .. 4 /

4

,

17

,

PT-429

r

..
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'JOB SHEElf #13

7.. Compress the springs by forcing the retainer into the rece.ss at the outer
edge of the center support when the sekocking retainer rings are

' installed (Figure 3)

FIGURE d

RETAINER RING

THIRD PISTO-N

J-2,443

EJECTOR BOSS CENTER SUPPOO

8. Install new self-locking retainer rings on the ejector pins of the piston,
using lockring installer J-2445

9. Remove the piston from the center support

Repeat steps 4 through 9 to aSsemble items 20 through .23 into the
rear cavity of center support asiembly 14

(NOTE,: If4the pistons are not forced.to the bottom of thek cavities
during.installation of self-locking retainer rings 7 and 23, proPer clatch
clearance cannot be established.)

lo.

11. Use Oil-solUble grease to grease, and then install inner sealrings 11 and
19, and outer sealrings 12 and 18 onto.Pistons 10 and 20

(NOTE: The lips cif all the-sealrings must be toward the piston cavities
of the center sUpport.).

12. Inspect the piston cavities in center_ support assembly 14 for .any
obstruction or foreign material

3 " 6

ic

A
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JOB SHEET 413

13. Install piston 20 into the rear of the center Support, engaging the lug on
, the piston with the recess in the support

ti
(NOTE: Be sure the lips of both the inner .and. outer sbalrings face

% the bottom of the piston cavity.)

14. Lea've the assembled third clutch piston out .of the: center support
,

1111 until final installation of the center support assembly

15, i If oil filier and sealring wer removed, install the new filter and sealring
closed ehd of th4cone first into the center support,

, -
16. Make sure the sealring on the filter seats against 'the shqulder in the

suppqrt
.

D. Stop at this point and have your instructor check and initial your
.

procedure
and safe practiebz'

,

* 'INSTRUCTOR CHECK: Procedure

l,

,

0

,

II

-7r

c

(

V

Safety

i

Initials

.0

,

..

PT-431
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JOB SHEET #13--PARTS LIST FOR T H I RD CLUTCH, CENTE R SUPPORT,,

'AND SECOND CLUTCH

a.

1 - Snapring
2 - Third clutch beck plate (ar):

0.476-0.486 thk (No. 1)
0.450-0.460 thk (No. 2)

3 - Internal-splined clutch plate (3)
4 - External-tanged clutch plate (3)
5 - Snapritg (ar):

0.148-0.150 thk (blue)
0.152,8.154 thk (yellow)
0.155-0.157 thk (green)
0.158-8.160 thk (red)

6 - Center support assembly
7 - Self-locking retainer ring (4)
8 - Retainer, ring
9 - Piston return spring (20)

10t, Thiid clutch piston
11 - Piston inner ,sealring

t-

12 - Piston outer seeking
13 - Seeking (2)
14 - Center support assembly
15 Bushing

.16 Check ball
17 - Center support
18 - Piston outer sealring
18- Piston inner sealring
20 Second clutch piston
21 - Piston rat= spring (20),
22 - Retainer ring
23 - Self-locking retainer ring (4)
24 - Snapring
25 - External-tanged plate (3)
26 - InternaPsplined plate (3)
27 - Second clutch back plate (ar):

0.476-0.486 thk (No. 1)
0.450-0.460 thk (No. 2)

©1980 General Motors Corporation; reprinted with permission
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PT-433



,

IN

-

JOB SHEET #13--EXP.LODED VIEW OF THIRD CLUTCH, CENTER SUPPORT,
AND SECOND CLUTCH

(
-

.

5

.

.

.0

t

©1980 General Motors Corporation; reprinted with.Permission
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. AUTOMATIC TRANSMISSIONS
UNIT V

%

JOB SHEET #14-DISASSEMB LE, CLEAN, INSPECT, AND
REASSEMBLE A GEAR UNIT AND MAIN SHAFT ASSEMBLY

I. Tools and materials

A. Basic snoAtools

B. Clean shop towels

-
. C. Cleaning solvent in a clean container

D. Compressed air supply for drying parts
-

E. 'Bushing installer

. F. Oil-soluble grease

G. Plug installer

H. Appropriate service manual

I. Safety glasses

II. Procedure

,.

,

PT-p7

(NOTE: The following procedure and illustrations are adapted from .materials
published by Detroit Diesel Allison, ° General 'Motors Corporation, and are
reprinted with permission; this procedure may be modified- by your instructor
to facilitate available equipment)

A. Disassemble the gear unit and main shaft assembly with the following
,

procedure:

1. Refer to the parts list and exploded view that accompany this job
sheet for` proper parts identification

'
\

(NOTE:. This disassembly and reassembly procedure is for Allison
models MT 650 and 654; depending on available equipment, your

4 Instructor may refer you to the'Allison ,service manual for procedures
.

covering models MT 640 and 643 for this same activityi)

,

-

/

........

/

f
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2. Remove the thrust washers that are at each end'of the gear unitassem-
bly (Figu're 1)

FIGURE 1

THRUST WASHER

(REAR)

isamodavAtilik

r

0-

GEAR UNIE AND
MAIN SHAR ASSY

4.

3. Remove the front sun gears(Figure 2)

FIGURE 2

FRONT SUN GEAR

THRUST' WASHER

THRUST WASHER

(FRONT1

CENTER SUN GEAR

.SHAFf ASSY

CENTER SUN

GEAR SHAFT ASSY

4. Remove the', thrust washer from the gear or center sun gear shaft
'assembly
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PT-439

4. 4

5. (Lift off the front planetary carrierassembly and remove the thrust,
washer from the assembly (Figure 3)

FIGURE 3
WASHER

FRONT-PLANETARY

CARF1R ASSY

CENTER PLANETARY

oCARR,IER ASSY'

,
6. Remove the center sun gear shaft assernblY,(Figi-lre 4)

FIGURE d

CENTER SUN BEAR

SHAFT ASS"

SPRING

,
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7. If parts replacement is necessary, remove bushing 26 and spring pins 24
from shaft assembly 23 .

(NOTE: Bearing assembly 28 and bearing race 29 may come out when
sun gear shaft assembly 23 is removed.)'

8. Remove bearing assembly 28-and bearing race 29 if not removed in
step 7

9." Remove the snapring that retains the front planetary gear (Figure
5) .

FIGURE 5

FRONT

PLANEFARY,
RING GEAR

PLANETARY

CONNECTING DRUM

CENTLR PLANETARY

ARRIER ASSY

10. riemo.ve the ring gear from the planetary connecting drum

11. Lift out the center planetary carrier assembly (Figure 5)



JOB SHEET #14

12. Remove the main shaft, and its attached Mini from the planetary
connecting drum (Figure 6) - .

FIGURE 6
REAR 'PLANETARY

CARR I ER 'AS SY

PLANETARY CENTER PLANETARY

ONNECTitIG DRUM RiNG GEAR

13.. Remove the spiral snapring that retains the rear planetary ,sun gear on
the main shaft (Figure 7)-

,

FIGURE 7 ,
-v

move the main shaft

A 15. Remove orifice 84 from shaft 35 only if replacement is necessary

CENTER R ING GEAR

16. Remove snapring 31

17. Remove rear planetary sun gr; 36 from center planetary ,ring gear
32

4 '

PT:441
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f8. Remove the snapring that retains the rear planetary carrier assembly in
the planetary connecting drum (Figure 8)

FIGURE 8

REAR PLANETARY

CARRIER ASSY

PLANETARY

CANECTiNG .

DRUM

19. Lift the carrier assembly out of the drum

20. Remove needle bearing assembly 39

(NOTE: Needle bearing assembly 39 may not,easily come out of the
rearplanetary carrier assembly; in most cases, it 'can be removed by
careful manipUlation, after rotating the planetary pinions to allow the
bearing race to_ tit if the bearing assembly cannot be removed at this
point, refer to the specialplanetary carrier assembly section of the
service manual.)

s

"21. Clean and dry parts for inspection and reassembly

22. I n spect all parts for dablage or excessive wear

B. Stop at this poinf and have 'your instructor checleand initial your, protedure
and sdfe practice

7 INSTRUCTOR CHECK: Procedure Safety trutIals

- 1; .

0 `.. . ..

C. Reassemble the gear ynit and main shaft assembly with the follqwing proce-
. ,

S.

dure:

1. Iflubricdtion Orifice plug 3was rem-wed froni shaft 35, install a new
plug, using installer J-24369

4 t)

.

v
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5.
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JOB SHEET #14

Install the RI Cig, small-orificed end first, into the front of the'rnain shaft

Press the plug into the shaft until the front of the plug is-recessed 0.140
to 0.180 inch below the front end of the shaft

,r-
If sPring pins 24 were removed from shaft assembly 23, instaknew pins

Presseach pin into the shaft, split in pin must be directly toward either
adjacent spline tooth, until -the outer end of the pin is flush with, to
0.010 inch below, the top Of the adiasent spline teeth

#.
.

If bushings 26 -were removed from shaft assembly 23, install new
bushings, using installetI-24468 (Figure 9) ,

(NOTE: The installer is designed to position each bushing at a different
depth.) .

Position front bushing at 0.400 to 0.420 inch depth

Position rear bushing at 0.650 to 0.670 inch depth

ma

.0

\

t

0

.4

,

a,

,

PT-443
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9. Install front bushing and rear Bushing as shown in Figures 9 and 10

ittFIGURE 9 FIGURE 10

10. Clieck to insure that the bore of each bushing, installed, is concehtric
with the finished outside diameter of shaft 23 within 0.002 inch ,

11. Position the planetary coonecting drum with front, long internal
splines, downward (Figure e)

4 12. Install the rear planetary carrier assembly ,-

13. Instal) the snapring that retains the Carrier assembly in the drum

14. Install rear planetary-sun gear 36 into the rear of center planetary ring
gear 32

15. Retain the sun gear with snapring 31

16. Install the main shaft into ihe front of the rear planetary sun gear'
(Figure 7)
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17, Retpin the main shaft in the sun. gear: by installing the spiral snapring
into the groove in the main shaft

18. Install the main shaft, and its attached parts, into the planetary connec- ;
ting drum (Figure 6)

19. Make sure the sun gear is seated against the thrust bearing in the rear
planetary carrier

20.. Position the components assembled thus far so the hub of the rewai
planetary darrier assembly is downward (Figure 11)

FIGURE 11 1

REAR PLANETARY

SUN GEAR

BEARING RACE

NEEDLE

BEARING ASSY

21. Install the needle bearing race, inner lip Upward, orito the front of the
rearplanetary sun gear .

22. Retain the race with oil-soluble grease

23. Install the needle bearing assembly, coated with oil-soluble grease, onto
the bearing race

t.

24. Install the center planetary carrier assembly, pinions first, into the
centerplanetary ring gear and planetary connecting drum (Figure 5)

25. Install the front planetary ring gear, outer splines first

26. Retain the'ring geir with a snapring

27, Install, the center sOn gear shaitassembly, larger diameter'first,(Figure
4)

28. Make sure the shaft is seated on the heedle bearing asseniatly installed in

steps 21 through 23 preceding

v
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29. Coat the" thrust washer with oil-soluble grease and install it onto the
rear hub of the front planetary carrier assenibly (Figure 3) _

30. install the carrier assemblY

- 31. Coat the thrust washer with oiksoluble grease and install it onto the
rear hub of the front planeiary sun gear (Figure 2)

32. Install the sun gear, onto thecentér sun gear shaft assembly so that the
missing internal spline locations of the sun gear index with the spring
pins in the,center sun' gear:shaft assembly

33'. Coat both the front and rear thrust %Washers with oil-soluble grease, and
install them onto the assembled gear unit (Figure 1)

.
D. StoO at this point and have your instructor check and initial your procedure

and safe practice,

INSTRUCTOR CHECK: Praedure SafetypInitials

;

4



JOB SHEET #14--PARTS LIST FOR GEAR UNIT ASSEMB LY

1 - Gear unit and shaft assembly

(44T 650, 653)
2 - Thrust Washer
3 - Front sun gear ,

4 - Thrust washer
5 - Front planetary carrier asiembly
6 Pinion pin(6)
7 - Bronze thrust washer (1,2)
8 Steel thrust washer (12)
9 - Pinion (6)

10 - Roller (120)
11 - front planetary carrier assembly
12 ;Bushing
13 Thrust washer
14 - Snapring
15 - Front .planetary ring gear
16 - Center planetary carrier' assembly
17 - Pinion pin (4)
18 - Center planetary carrier
19 - Bronze thrust washer (8)
20 Steel thrust washer (8)
21"- Center planetary pinion (4)
22 - Roller (72)
23 - Center sun gear shaft assembly,

24 - Spring pin (2)
25 Shaft and bushing assembly

26 - Sleeve. bushing (2)
27 - Sun gear shaft
28 - Needle roller bearing assembly
29 - Bearing race
30 - Planetary connecting- drum .

31 - Snapring
32 - Center planetary ring gear',
33 - Main shaft assembly
34 - Lubrication orifice plug
35 - Main shaft
36 - Rear plenary sun: gear,
37 - Snapring
38 - Rear planetary carrier assembly

39 - Needle bearing assembly
40 Pinion pin (4)
41 - Rear planetary carrier
42 Bronze thrust washer (8)
43 - Steel thrust washer (8)
44 - Roller (72)
45 - Pinion (4)
46 - Snapring

, 47 - Thrust

©1980 General Motort Corporation; reprinted with permission
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X

JOB SHEET #14--EXPLODED VIEW OF GEAR UNIT ASSEMBLY

2

36

' 37
v'tc'?

kr" Ic"*t
et - 46

6 47

©1980 General Motors Corporatio. n;

reprinted with permission
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AUTOMATIC TRANSMISSIONS
UNIT V

JOB SHEET-#15--DISASSEMB LE, CLEAN,, INSPECT,
AND *ASSEMBLE AN OUTPUT SHAFT

I. Tools,and materials

A. Basic shop tools

B. Clean shop towels

'C. Cleaning solvent in a clean container

D. Compressed air supply for drying parts

E. Bearing and gear remover with drive handle

F. Rear bearing installer and drive 11 andle

G. Press

H. Appropriate service Manual

I. Safety glasses

II. Procedure

(NoTE: The following procedure and illusfrations are adapfed from materials
published by Detroit Diesel Allison, © General Motors CorpOcation, and are
reprinted with permission; this procedure may be modified by your instructor
to facilitate available equipment.)

A. Disassemble the output shaft with the following procedure:

1. Place the output shaft assembly on a press, small end o shaft down-
ward

2. Install remover,J-22912-01 st, iheJJt side of the puller plates make
contact with,the forward .edge of e governor gear teeth

3. Force the shaft down With the press until spring 5401eirs the slot
and is free in the ny" portion of gear 7

(NOTE: Refer to the. parts list and exploded view that actompany
this job sheet for parts identification; this procedure is for assemblies
reqUiring governor drive gear press-fit installation; assemblies without
governor press-fit requirements will be treated later in this job sheet.)

,4. Remove spring pin.51governor drive gear 8, and ball bearing 6 (or roller
bearing 7) from output shaft 4

5. If the, bearing resists movement, use remover J-22912-01 to complete
disassembly
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.

.6. Remove needle roller bearing -1 and cup plug 3 only if parts replace-
ment is necessary

(NOTE: 9n output shaft assemblies not having a pressfit governor
drive gear, remove spring pin 5 from output shaft 4, and press ball
bearing 6 [or roller bearing 7] from the shaft, using remover
J-22912-01.)

7. Clean and dry parts for inspection and reassembly

..8. Inspect all parts for damage or excessive wear

.B. Stop at this point and have your instructor check and initial your procedure
and safe practice'

. INSTRUCTOR CHECK: ProcedurCSafetynInitials

C. Reassemble the output shaft with the following procedure:

INNIENINMI

111111.

.1. If cup plug 3 was removed from shaft 4, install a new plug

2. Place the plug on the end of installer J-24369

3: Install the plug into the output shaft as shown in Figure 1

4. If bearing 1 was removed from shaft 4, install a new bearing

4
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5. Place bearing 1 on instaiierwittrnurribered-end of-bearing -facing tool

----4 F igure-1)
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8. Attach driver handle J-8092 to the installer and install the bearing into

flo

the output-shaft-as-shown-in-Ptgure-2---

. (NOTE: If the installer is not available, insert the bearing onto the
output shaft; press on the ',lumbered end of the bearing, locating
bearing 0.270 to 0.290 inch below the front surface of the shaft.)

FIGURE 2

,

7. Replace ball bearing 6 with roller bearing 7, when replacement is
required

8. Place outpUt shaft 4 on a press, small end downward

9. Place roller bearing 7, ch'amfered end first, onto shaft 4

10. Place a steel sleeve, 2.378 inside diameter x 2.875 outside diameter x
1.750 long, next to the bearing

11. Install tools J24447 and J-24202-4 onto the output shaft and press
roller bearing 7 against the shoulder on the shaft

12. Remove the tools and the sleeve frOm the output shaft

13. Press spring pin 5 into its hole in °shaft 4 until it, protrudes 0.150to
0.170 inch above the surface
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14. Place governor drive gear 8, slot first, onto shaft 4

15. Precisely align the slot in the gear with spring pin 5 on the shaft

PT-455

16. Place installer J-24447 and driver handle J-24202-4, in that sequence,

.. onto shaft 4 and press governor drive gear 8 into place

D. Stop at this point and have your instructor check and initial your procedure

and safe practice

INSTRUCTOR CHECK: Procedure Safetynlnitials
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Jop SHECT #15--PARTS LIST FOR OUTPUT SHAFT
,AIND REAR COVER ASSEMBLY.

.1 - Needle bearing assembly.
i- Shaft and plug assembly
3 Cup .plug
4 - Output shaft
5 -Spring pin
6- BOI bearing assemtily (early models)
7 - Roller bearing (late Models)
8 Governor drive gear
9 Spbedometer drive gear

1D - Sleeve spacer
11 - Rear cover gasket
12 - Rear cover assembly
13 - Roller bearing auter race (later models)

14 - Rear cover
15 Governor support pin
16 - Plug. 1/8
17 - Plug, 1/8
18 r GoVernoi oil filter

19 - Sealring
20 - Filter plug
21 - Plug, 3/8
22 -Drain tube
23 - Flat washer, 1/2 (14)
24 - Bolt, 1/2-13 x 5-1/4 (14)
25 - Snapring (early models)
26 - Ball bearing
27 - Snapring
28 - Oil .seal .

29 - Dust shield
30 - Self-locidng nut
31 - Governor assembly
32 - Governor service kit
33 - Governor weight pin (2)
34 - Gasket
35 - Governor cover
36 - Bolt, 5/16:18 x 9/16 (4)

©1980 General Motors Corporation; reprinted with parmission
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........., JOB SHEET #15--EXPLODED VIEW OF OUTPUT S.HAFT
AND REAR COVER ASSEMBLY
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AUTOMATIC TRANSMISSIONS,
UNIT V

JOB SHEET#16--DISASSEMB LE, CLEAN, INSPECT,
AND REASSEMBLE Ao REAR COVER ASSEMBLY

I. Tools and materials

A. BaSk.shop tools

,-
\ B. Clean shop towels

C. , Cleaning solvent in a clean container

D. Compressed airsupply for drying parts.

E. Output shaft oil seal and dust shield eemover assembly

F. Spring
;
dompressor and compressor ba

G. Clean transmission fluid

H. Rear bearing in

I. Rear seal installer

J. Nonhardening sealer

K. Dust Shield installer

;.L. Appropriate service manual

M. Safety glass%

II. Procedure

*-7

4
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(NOTE: The following .procedure and iliustrations are adapted from materials
published by Detroit Die.sel Allison, © General Motors Corporation, and are,
reprinted vaith permission; this procedure may be modified by your instructor
to facilitite available equipmentX

"A: Disassemble the rear cover assembly with the following procedure:

1. Place rear cover assembly 12 on a-Work table, front side down

(NOTE: Refer to the parts list and exploded view that accompany
Job Sheet #15 for parts identification.)
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2. Using remover J-2417I, remove the dust shield as,shown in Fjgure 1

3. Using remover .1-24171, remove the oil seal from the rear coyer as
shown in Figure 2 c..

vlb

FIGURE 2

0114.K. .

*Waft:EC

4. After removing the beveled snapring that retains the' rear output shaft
bearing, remove the' bearing; use a soft drift and drive against the -
bearing outer race

5. Place spring compressor J-24452 on the piston ring retainer

6. Install spring compressor base J-24204-2

420



JOB SHEET #16

1 7. Compress the spring retainer and remove the snaprmg Vigure 3)

FIGURE 3

SpRING RETAINER

PISTON

.

8. Release the spring compressor carefully and remove it-

9. Remove the spring retainer and twenty-six springs (Figure 4)

FIGURE 4

.

4')

SPRING (261

PISTON

REAR COVER

PT-463
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10. Remove thie clutch piston (Figure 5)

FIGURE 5

OUTER,SEALRING

INNER SUING

11. Re ove the inner and outer seal rinds from the piston

12./ Re ove plugs 16, 17, and 20, sealring 19, and governor oil filter
18\tim cover 14

\
(NOTE: Earlier Allison models use a conical metal oil fi ter screen,
retained in the housing by plug 17; do not use the conic screen when

filter 181s used.)

13. Remove roller bearing outer race 13 only if r'eplacement is necessary

14. RemoVe all remaining parts; tube, snapring, 'governor support pin,
and plugs, that require replacerhent, from the rear cover

15. Clean and dry parts for inspection and reassembly

16. Inspect all parts for damage or ikxcessive wear

B. Stop at this point and have your instructor check and initial your.procedure,
and safe practice

INSTRUCTOR CHECK: Procedure Safety

V.

Initials

C. Reassemble the rear cover assembly With the following procedure:

1. On earlier model rear covers, install ihe front snapring 25

4 2'



JOB SHEET #16

2. Install plugs 16, 17, and 21

-
3. If removed, install the governor suppoil pin to the dimensions shown in

Figure 6

(NOTE: Accuracy of location arid concentricity with the governor
bore is of the utmost importance when installing the governor support
pin.)

FIGURE 6

Governor pin', late. models

8,5 1141 16 nint(
5334 1141 50 mml

I.

14

IILAR COM

PIN

-1

Governor pin, early models

PT-465
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4. Install drain tube into rear coyer 14 by pressing the tube until it is

0.050 to 0.100 inch frocil the chamfer in the cover (Figure 7)

0.020 (0.51rnm)
0.150 (3.81rtm)
BELOW SURFACE

Drain tube in early cover

OIL SHIELD

omt H1.05
(26.7 mm)

.4IiiOI"'-"Pr-v9,%r
0.050 (1.27 mm)

Drain tube in late cover

FIGUI1E 7

TUBE
BEVEL SKJAPRI NG

DUST SHIELD

DRAIN TUBE

0.100 (2.54 mm)

5. Lubricate sealrings with transmission fluid, and install them into the
grooves co-rpiston (earlier' models)

(NOTE: The lip of each sealring must face the rear of the piston,
toward the piston cavity in rear cover.)

6. kistall the piston carefully into the rear coverlFigure 5)

(CAUTION: 'Use extreme care to prevent the lip of either seal folding
back over itself; if installation is difficult, remoYe the piston and check
the seal and cover bore egain before attempting installation.)

7. Install' one spring into each of twenty-six pockets of the low piston

8. Install the spring retainer, cupped side first, onto 1,he ,springs,(Figure 4)

9. Install spring cth-n.pressor base 9-24204-2 and compressor J-24452

a 10. Compress the twenty-six springs until tleilftwring can be installed as
shown'in Figure 3

11: Place the ball bearing into the rear cover

12. ,Usireg rears bearing installer J-24447, install the bearind until it seats
, firmly in the rear Cover

(NOTE: On earlier models, the bearing is seated against a snapring
as shown in Figure 7.)

4
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13. Install the bearing snapring, beveled side toward the rear of the trans-
mission, and be sure the snapring is fully expanded into its groove

14. Apply a nonhardening sealer (Perfect Sealer No. 4 or equivalent)
onto the outer circumference of the rear oil seal

15: Place the seal onto the rear seal installer J-24620, spring-loaded side
away from the installer

16. Insert the seal installer and the oil seal into the rear cover and drive the
seal into the bore until its rearward surface is 1.03 to 1.07 inch below
the rear face of the rear cover assembly,as shown in Figure 7

(NOTE: The installeritill seat when seal is properly positioned.)..,

17. Place the dust shield onto dust shield instiller J-24198, concave side
first

SI

18. Coat the outer circumference of the shield with a nonhardening sealer

19. Drive the 'shield .into the rear cover, as shown in Figure 7, until-it is
flush with, to 0.040 inch below, the rear face of the rear cover assembly

20. Install filter 18 and sealring 19 into cover 14

(NOTE: On earlier models, install the conical metal screen before
installing plug 17.) -

21 If roller,bea ring outer race 13 was-removed, or if ball bearing 6 is being
replaced with roller bearing 7, insta II. race 13 into the front of cover 14

(NOTE: The race must be installed, inner lip first, until the front end of
the race is 0.080 to 0.090 ihch below the surface adjacent to the bore
into which the rice is installed.)

. -
D. Stop at this point -and have your Instructor check and initial, your procedure'

and safe-practice

INSTRUCTOR CHECK: ProcedbrenSafety

3.
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AUTOMAT IC T RANSM 1SS IONS

UNIT 1/*

JOB SHEET #17--D ISASSEMB LE, CLEAN, INSPECT, AND REASSEMBLE.
. AN ADAPTER HOUSING AND F IRST CLUTCH. PISTON

41/f.

L Tools and materials

A. Basic shop tools

B. Clean shop towels

C. Cleaning solvent in a clean container

D. Compressed air supply for drying parts

E. Compressor, compressor base, and base screw

- F. Appropriate service Manual

G. Safety glasses

II. Procedure

(NOTE: The following procedure and illustrations are adapted from materials
published by Detroit Diesel Allison, © General Motors Corporation, and are
reprinted with permission; this procedure .may be modified by your instructor
to facilitate available equipMent.)

A. Disassemble the adapter, hou&ing arid first clutch piston with the following
procedure:

1. Place the adapter housing and attached piston, piston upward, on
-

the.work table .

(NOTE: Refer to,. the parts Itsts and exploded views 'that accompany
this job sheet for parts identification.)

4 2 t;
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2. Install compressor J-24452 onto the first clutch spring retainer (Figure
1)

I FIGURE.1

)724204-2

ittR sr tiorcH
FISTONADAPTER

HOUSING
,

4°.

3. Attach compressor base J-24204-2, and tighten base screw, compressing
retainer springs; .

Lk. Remove the sgaprind, retainer, and 25 piston return springs
a

5. Remove ,the first clutch piston from the adapter housing, and remove
the seal rings from the piston (Figure

, FIRST CLUTCW
FIGURE 2 PISTON .

SEALRING

ADAPTER

'HOUSING
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6. Remove plug 4 (B-9) only itnecessary for cleaning the internal Oassages
in the housing

7. Clean and dry parts for inspection and reassembly

8. Inspect all parts for.damage or excessive wear

B. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Safety Initials

C. Reassemble the adapter housing 'and first clutch piston with the following
procedure:

1. If the 1/4-18 plug 4 (B-9) was removed, replace it

2. Tighten the plug sufficiently to prelient leakage (Figure 2)

3., Lubricate and install the piston -sealrings into thek_grooves in the piston
(Figure 2)

4. Make sure that the sealring lips face tovyard the oil pressure side, cavity
in adapter housing, of the piston

5. Align the lug on the piston with the recess in, the housing. and install the
piston

6. Install twehty-six piston return ,sprjngs 10 (A-9) into the pockets
of first clutch piston 11

7. Place spring retainer 9, cupped side fkst, on fop of the twenty-six
springs

8. Place compressor J-24452 onto the spring retainer (Figure 1)

9. Install compressor baSe.J-24204-2 as shown in Figure 1

10. Tighte the compressor base center screw handle tq allow sufficient
clearance for installati6n of the spring retainer snapring

, t
11. Install the snapring and remove the compressor tool

D. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: ProcedurenSafety
elgb

I nitialsr

.%
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JOB SHEET #17--PARTS LIST FOR F I RST CLUTCH AND REAR
P LAN ETA RY RI NG G EA RS (A) .

I - Snapring
2 -First clutch back plate (ar):

0,702-0.712 thk (No. 1)

4671-0:681 thk (No. 2)
0.64'0-0.650 thk (No. 3)

3- Internal-splined plate (6)
4 - External-tangedwplate (6) ,

5 - Rear planetaryling gear (MT 650, 653)
6 - Rear planetary ring gear hub

(MT 650, 653)
7 - Snapring (MT 650, 853)
8 - Snapring
9 Spring retainer

- Piston return spring (26)
11 - First clutch piston
12 -Piston outer sealring
13 - Piston inner sealring
14 ReaF planetary ring gear (MT 640, 643)

©1980 General Motors Corporation; reprinted with permission
^
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JOB SHEET *17PARTS LIST FOR LOW CLUTCH, PLANETARY,
AND ADAPTE R HOUSING ( En

1 - Adapter housing gasket
2 Thrust washer
3 Adapter housing -

4 Hexagon socket plug, 1/4 in.
5 Thrust washer
6 - LoW sun gear
7 - Thrust washer
8 - Low-planetary' carrier assembly
9 -Pinion pin (6) .

10 - Bronze thrust washer (12)
11 - Steel thrust washer (12)
12 - Pinion '(6)
13 - Pinion Ritter (114)
14 - Carrier and bushing assembly
15 - Bushing
16 - Thrust Washer
17 - External-tanged plate (6)
18 - Internal-splined plate (5)
19 - Low-planetary ring gear,
20 - Snapring
21 - Piston spring retainer
22 - Piston return spring (26)
23 - Low clutch piston (ar):

0.858-0.868 thk (A)
0.829-0.839 thk (B)
0.800-0.810 thk (C),

'24 - Piston outer seeking
25 - Piston inner sealring

la

,

0
P1980 General Motors 'corporation; reprinted with permission .-
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JOB SHEET #17--EXPLDOED VIEW OF LOW CLUTCH,-,PLANETARY,
AND ADAPTER HOUSING (B).

©1980 General Motors Corporation;
reprinted with permission
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AL11:0 MAT ICT RANSMISSIONb
UNIT V

JOB SHEFT #18 -DISASSEMBLE, CLE4N, INSPECT,
AND RLASSEMBLE A TRANSMISSION HOUSING

I. . Tools ,Ind materials

A. OdSic 51)01) tools

B. Clean shop towels

C Selector shaft seal ritover

D. Selector shaft seal installer

E. Cleaning solvent in a clean, container
.
Coi-npressed air supply for drying parts'

G. Neiriv gasket for valve adapter

H. Socket-head bolts as 'required

I. 100 foot-pound torque wrench

J. Nonha'rdening sealer

K. Appropriate service mdrival

I. Safety glasses.

II. Procedure
o

1 '

PT-484

(NOTE: The following.,procedure and illustrations' are adapted from materials,
published_by Detroit Diesel Allison, © Genera! -Motors Corporation, and are
repnhted with permissionl this procedure may be modified by your instructor
to faci,litate available equipment.) , ."

A. Disassemble the transmission housing with the follociving procedure:

' 1. Remove manual detent lever 34 by first remoying shaft-retainer pin 37
and nut 35

(NOTE: Refer td the parts list and exploded view _that accompany
this job sheet for parts identification.)

2. Hold the detent lever in o6e hand, and remove the shaft by carefully
pulling it thrOugh the oil seal in the housing,

8. Remove the detent leyer

4. Remove oil seal 44 from ;the bore- in the housing;using remover
J-26401

4 '1' '



482 ,

J08 SHEET #18

>

5. If replacement of the breather is ecessary, use an open end.wrench and
rotate the breather countercloc ise (Figure 1)

FIGURE 1

.06. Remove the breattier

BREATHER

SELECTOR

SHAFT

PLUG, 314-16

PLUG, 118121

7. -Remove the 3/4-1.6 plug and washer, or i eutral swit , and the two
143-inch plugs arty if necessary for cleaning internal pass.ages

8. Remove two bolts, and washers if used, that retain the lubrication
valve adapter iFigufe

FIGURE 2

GASKET

DR I VE SCREW

'NAMEPLATE

SEALR I NG

VALVE

S PR ING`

ve.2

, LU BR !CATION

VALVE AMPTER

, LUBR !CATION

VALVE

9.. Remove the adapter and discard the sealring and/or gasket

10. ReMove the,lubrication valve and spring

\
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'1:1 Remove the 1/8-inch plug. (2 plugs-on units with modulat ckup)

from the right side of the transmission housing

--
12. Remove the nameplate only if it is necessary to replace it

(N TE: All replacement parts orders require information ffQthe
nam4Aate, so it is imperative that the new nameplate be stamped

with ideMi al information to the nameplate that is replaced.)

13. Pull valve guide tithe 12, pressed into the main housing on earlier
models, from the housing replacement is necessary

14. Clean and dry parts for inspection end reassembly

16. Inspect all parts for damage or excessive wear

B. Stop at this point and have your instructor check and initial your procedure
arid safe practice

INSTRUCTO'R CHECK: PrOcedureFSafet
(1=ap

1.11.

C. Reassemble the transmission housing with the following procedure:

1. Install a new guide valve tube 13 if it was removed

2. Press the tube into its bore until it is 0.56 to 0.60 inch below the
external surface of the adapter mounting boss

3. Replace the 1/8-inch plugs if they were removed

4. Tighten the plugs sufficirtly.to brevent leakage (Figure 2)

5. If a new nameplate is required, all jnforrnation on the old plate must be,
metal stamped into the new plate

6. Install the new plate and retain it with a drive screw

7. Install -the lubrication valve spring onto the tube in the housing bore
(Figure 2)

8. Install 'the lubrication valve, convex side outward, onto the spring'

9. Install a new gasket 8 onto the valve, adapter

10. Install 4e adapter into the bore

11. Retain the adapter with tWo new 1/4-20 47/8-inch socket-head bolts

'(NOTE: The bolts and 19ckwashers fbrmerly used can be replaced
with socket-head bolts when interference with hose-end fittings occurs;
use bolts only.one time.)

12. Tighten the bolts to 9-11 lb # torque
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13.. the 3/4-16 plug and washer, or neutral switch, or the two 1/8-inch
plugs were removed, replace them

14. Tighten the 3/4-16 plug, or neutral switch,. to 50-60 lb ft torque

15. Tighten the two 1/8-inch plugs sufficiently to prevent leakage.

16. Place the selector shaft oil seal, sealring lip away from the tool, onto
installer J-26282

17. Apply a nonhardening sealant onto the outer circumference of the
oil seal

18. Install the seal into the housing bore (Figure 3)

FIGURE 3

.

19. Lubricatethe inner bore'of the seal

4$3

TRANSWItt,IONIIOUSING

OIL SEN.:

J-26212

$

(NOTE: The revised configuration of thg installer J-26282 permits
installation of the oil seal with or without the selector shaft installed.),

20. Guide the grooved end of selector shaft 43 through seal 44 after remov-
ing burrs from shaft to protect oil seal.

2 . Position detent lever 34 So that the selector valve pin extends toward
the inside of the housing, and engage the slot in, the detent lever with
flats on the selector shaft

s. 22. Install nut 35 and retainer pin 37 to retrain the shaft and lever

4" )
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23. Tighten the nut to 15-20 lb ft torque

(NOTE: See manufacturer's service manual for installation of. the
external selector lever.)

24., -install a new breather if the oJone was removed-

25. Tigiften .the breather sufficientiy using care .not to distort or crush the'
breather stem r

O. ,Stop at this point'and, have your inItructor check and initial your procedure
and safe practice

,INSTRUCTOR CHECK: Procedure Safet

1

4 2 7

.11.1



PT-487

JOB SHEET.e8--PARTS LIST FOR TRANSMISSION HOUSING,
OIL F I LTE,R, AND PAN

1 - Breather
2 - Modulated lockup check plug

3 :-6-aAet

17 - Tube adTpter (MT 640, 643)
18 Bolt, 1/4-20 x 1114 (4) (MT 64d,
19 - Bolt, 1/4-20 x 2-3/4 (7) (MT 650 , 6

.32- Oil pap
) 3_3 - Washei head screw (21)
) 34 - Inside detent lever

4 - Power takeoff cover 20 - Bolt, 1/4-20 x 7/8 (2) (MT 650, 6-53) 35-- Nut, 3/8-24
5 Bolt, 3/8-16 x 3/4 (6) 21 - Bolt, 1/4-20 x 2-1/4 (1a) 36 - Pltig, 1/8 (2)
6 I /4-20 x 7/8 (2) 22 - Bolt, 1/4-20 x 1-3/4 37 - retainer pin

7 - Lubrication regulator valve adapter 23 - Detent roller and spring assembly 38 - Bolt 5/16-18 x 9/16
8 - Gasket 24 - Bolt, 1/4-20 x 1-3/4 (4) 3 - Modulator retainer

9 - Lubrication regulator valve 25 - Washer head screw 5/16-18 4 - Governor pressure check ball

10 Valve spring 26 - Oil Filter 41 - Bolt, 3/8-16 x 2-1/4
11 - Transmission housing assembly 27 - Oil filter tube 42 - Plain washer, 3/8

12 - Housing 28 - Seeking 43 - Manual selector shalt
13 Valve guide tube 29 - Oil pan gasket 44 - Selector shaft oil seal

14 - Plug, 1/8 30 - Drain plug 45. Plug, 3/4
15 - Name plate 31 Gasket 46 - Washer

16 - Drive screw

.
Eartier models used two external hex head bolts and two washers.,

A

,.

-

01980 General Motors Corporation; reprinted with permission
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JOB SHEET #4-EXPLODED VIEW OF TRANSMISthON HOUSING,

OIL FILTER, AND PAN

V----1
4

PT-489

43

eS, 36 37

ti
I I

41 , ','?'.- .

/
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/
©1980 General Motors Corporation; reprinted with permission
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AUTOMATIC TRANSMISSIONS
UNIT V

JOB SHEET #19--REASSEMBLE AN AUTOMATIC TRANSMISSION

I. Tools and materials

A. Center support lifter

B. Front support lifter

C. Hoist

_D. Depth mir rnmeter

13T-491

0

E. First, second, and third clutch clearanCe gauges.

F. Troque converter lifter and converter retaining strap

G. Snapring gauge

H. Compressor base, compressor bar,'and compressor screw

I. Gear unit lifter

J. Rear bearing,installer

K. Oil seal installer

L. Dust shield installer

M. Oil-soluble and high-temperature.grease

N. Self-locking anchor bolt

0. Guide bolts and headless guide screws
4114(1*

P. Bolts and rubber-covered washers as required

Q. 'New 3/816 x 2 1/4-inch self-locking bolt and washer

R. Washer-head screws as required

S. Compressed air supply

T. 100 foot-pound torque wrenCh

U. BasiC shop tools
-

V. Cleaning solvent in a clean container

W. Clean shop towels

X. Nonhardening sealer
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Y. Appropriate service manual

Z. Safety glasses

H. Procedure

(NOTE: The following procedure and_illustrations are adapted from materials
published 'by Detroit Diesel Allison:, General Motors Corporation, arid are
reprinted with permission; this procedure may be modified by your instructor
to facilitate available equipment.)

A. Select center support snapriri9 with the following procedure:

1. Position the tram-miss* housing, convener end up, and ins4II t e
second clutch back plate27

2. Beginning with an internal-splined clutch plate, alternately install three
internal-splined 26 and three external-splined 25 clutch plates into the
transmission housing

3. Retain the plates with snapring 24
-

(NOTE: Refer to the parts lists and exploded views that accompany
previous-job sheets-for parts identification.)*

4. Remove third clutch Piston 1.0- frOm center support assembly 14

5. Attach center .upport lifter J-24455 into the recess between the
sealrings on the4uppon hub (Figure 1)

'FIGURE 1.

VIPPEIXHOLE

.v

tomserPOMSSEMILY,

4 ,
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6. Align the tapped hale in the support (Figure 1) with the anchor bolt
hole in the transmission housing (Figure 2)

FIGURE 2

CENTER SUPPORT

BOLT HOLES

PT-493

7\ Lower the support carefully into the housing, seating it firmly against
the second clutch retaining snapring

8. Remove the lifting bracket from the support

9. Retain the support by installing the special 3/8-16 x 2 1/4-inch self-
locking anchor bolt and washer

10. Tighten the bolt finger tight

/".
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11. Install compressor base J-24475-1 over-the hub of the center support
(Figure 3)

,-FlGURE 3

J-244754

.1-2371T-1

I-24475=

BOI.T;4/846 1,11/4121

:12. Install compressor bar J-24475-2 and screw J-23717-1, retaining the bar
to the transmission with two, 3/8-16 -x 1 1/4-inch bolts (Figure 3)

-411

13. Compress the support-byapplying-a torque-of 5-pound feet to. screw
J-23717-1

4 3
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14. Using gauge J-242084, measure the clearance between the top edge
of the center support and the top of the,snapring groove in the housing
(Figure 4)

FIGURE 4

15. Select the proper snapring, using the following table:

Measured Snapring Snapri hg

Clearance Thickness Color

PT-495

i0.150-0.154 ;0.148-0.150 Blue

0.154-0.157 0.152-0.154 Yellow
0.157-0.160 0.155-0.157 Green'
0.160-0.164 0158;0.160 Red

16. Install the selected , snapring and remove the compressor from the
housing _ _

B. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR C)-4ECK: ProcedurenSaietyrinitialsn

C. Check second clutch clearance with the following procedure:

I. tnvert the transmission housing, output end upward

2. Using gauge J-26915, check the second clutch plate clearance

4 ' x

4.
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3.. Insert the gauge between the back plate and the transmission housipg
(Figure 5)

CENTER SUPPORT

4. Measure to see that the presCribed clearance of 0.049 to 0:111 is
achieved

(NOTE: When prescribed clearance is achieved, the first step of the
gauge will fit.between the back plate and the transmission housing; the

second step will not.)

5. If the clearance is not satisfactory, measure the total plate thickness,
-and rei5Iace-1l- plates necessary to satisfy the prescribed clearance

(NOTE: If required, :thé back plate .may be replaced by a thicker
or thinner plate.)

D. Stop at this point .and have your instructor check and initial your procedure
and safe practice

(NSTRUCTOR CHECK: Procedure Safetyninitialsrl

4 "
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E. Install rear cover and first clutch with the following proce

1: Place the rear Cover gasket on the transmiSsion housing-, aligning the
holes in the gasket with,those in the housing (Figure 6) -

(NOTE. This procedure aliplies to Allison models MT 640 and 643;
check with your instructor if you have queitions concernirig this
step in the procedure.)

FIGURE 6

:si. REAR COVER;

i iUVl .7C

y

GASKET

2. install the rear covOr assembly (as completed in a previous job sheet)
onto the transmission housing (Figure 6)

.* .

3. Install fourteen 1/2-13 x I .1/2 inch bolts and washers to retain the rear

9.

cover assembly -

4. Tighten tv:io bolts- that are 180° apart to 33 lb ft torque

5. Move approximately 90 around the bolt circle and repeat the tigken-
, ing operation

6. Tighten the remaining bolts at 180° increments to 33 lb ft torque

7. Repeat the entire process, tightening each of the fourteen bolts to
67-80 lb ft tórqüe

8. Begin installation of the first clutch by inverting the transmission front
side Up

4 4-13

PT-497
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9. / Remove the snapring that retains the center support

10. Rem e the center support anchor bait and washer,

11. Attach center support lifter J-24455 to the hub of the sUpportlFigure
1.)

12. Remove the center support from the transmission

13. Remove the lifting braCket from the center support

14. Remove the second clutch retaining snapring

15. Remove the six second clutch plates and the back plate from- the
tran.smission housing

16. Retain the second clutch plates in a pack; do 'riot mix them in with
other plates

17...Install one external-tanged, one internal-splined, and one external-
tanged first clutch plates into the transmission housing

18. ,Place the rear planetary ring gear, extended tooth side down, on the
work table

19. Beginning with an internal-splined clutch plate, install five intertial-
splined and four external-tanged clutch plates and the back plate, flat
side first, onto the ring gear
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20. Install the ring gear and plates as an assembly into the transmission
housing (Figure 7)

FIGURE 7

EXTERNAL-TANGED

CLUTCH PLATES
INTERNAL-SPLI
CLUTCH PLATES

..1111

21. Retain the first clutch plate-pack With a snapring (Figure 8).

t.FIGURE 8

0,

r BACK PLATE

S NAP R I NG

RING GEARlitikZ,

PT-499
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22. Using first clutch clearance gauge J-26914, check the clearance between
the snapring and back plate (Figure 9)

FIGURE 9

,

23. Measure to see that the prescribed clearance of 0.074 to 0.147 inch for
the first clutch is achieved

(NOTE: When prescribed Clearance is achieved, the first step of the
gauge will fit between the snapring and back plate; the second step will
not.)

24. If the clearance is not satisfactory, measure the total plate thickness,
and replace all plates necessary to satisfy the prescribed clearance

(NOTE: If required, the back plate .may be replaced by a thicker
or thinner plate.)

1

F. .Stop at this point an& have your instructor check and initial your procedure
and safe practice

1NSTRUCTO.R CHECK: ProcedurenSafety
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G. Establish low clutch clearance with the following procedure:

(NOTE: This procedure is for Allison models'MT 650 and 653.)

1. Position the adapter housing and first clutch pistOns (as assembled in a
previous job sheet) on a clean work surface, piston downward (Figure
10)

FIGURE 10
ADAPTER

HOUSING .

DEPTH MICROMETER

V A

....."
e ti CWTCH PLATES 1

4

A,,
00- e

.

DEPTH MICROMETER

A-B CLEARANCE

2. Install the lo utch platessix external-tanged plates, five internal-
splined plates, into h adapter housing (Figure 10)

3. Position the rear Cover (as as rOled in a previous job sheet) on a clean
work surface, piston upward, anal all .the 'rear -cover gasket (Figure
10)

4. Using a depth micrometer as shown in Figure 1
dimension A, distance from top of housing to top clutc elate

easure and record

RT-501,

5. Use firm hand pressure against the plates at the point of meaiur nrt

45,J

re
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6. Using a depth micrometer as shown in Figure 10, measure and record
dimension B, distance from top of piston to gasket mounting flange

7. Subtract dimension B from dimension A to obiain clearance of low
clutch

(NOTE: The clearance is acceptable if it is viiithin 0.081 to 0.139
inch; however, the closer the clearance is to 0.081, the longer the...life of
the clutch pack.)

8. Replace worn plates with new plates to obtain desired running cle
ance

(NOTE: If the adapter housing or real' cover was replaced; it may
be necessary to select a piston with a different thickness to obtain the
desired clearance.)'

9. After a desired ,clearance is established, remove and identify the low
clutch p-ack

H. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Safety
Imir

I. Install the low clutch with the following procedure .
(NOTE: This pro dure is for Allison models 650 and 653.)

1. Install the aJapter housing gasket onto the rear of the transmission
housing (Fig re 11)

AGURE 11
J-1927-1 J-1927-1

A1/01ER
'110t1SOO

,

..,'GASKET
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2. Install the adapter housing and first clutch piston (as assembled in a
,preyious job sheet) ,

3. Use 1/2-13 x 6-inch guide bolts J-1927-1 iO maintain gasket alignment
during assembly

4. Install the tanged thrust washer and loW planetary sun gear (Figure 12)

FIGURE 12

ADAPTER

HOUS ING

THRUST

WASHER

LOW PLANETARY

SUN GEAR

PT-503
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5. Install the thrust washer into the low planetary assembly and retain it
with oil-soluble grease (Figure 13)

FIGURE 13 LOW PLANETARY ASSY

sa-mw

6: Install the planetary assembly (as assembled in a preYlous job sheet)
onto the planetary sun gear (Figure 13)

7. Install the thrust washer onto the htib of the tow ring gear and rdta in it
with oil-soluble grease (Figure 14)

FIGURE 14

,)

THRUST WASHER LOW RING GEAR

4
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8. Center the thrust washer within the planetary assembly, and install the
ring gear (Figure 14)

9. Beginning with an external-tanged plate, install the low clutch pack into
the adapter housing

10. Pa y. particular attention to the positioning of the three sets of double
tangs on the plates; if the tangs are not positioned as shown in Figure
15, movement of the stationary plites will occur

FloURE 15

EXTERNAL-TANGED

PLATE

DOUBLE

TANG

DOUBLE

TANG

INTERW-SPLINED
PLATE

454

4

PT-505
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11. Install the output shaft assembly (as assembled in a previous job sheet)
into the low ring gear (Figure 16)

FIGURE 16

OUTPBT SHAFT ASSY

BEAR ING

LOW RING GEAR

12. If the governor drive gear was not previously installed, install it onto
the output shaft, and engage the spring pin with the slot in the drive
gear (Figure 17)

FlGURE 17

44.

END COVER

ASSY

J-1921-1

SPRING PIN -

GASKET",i

SPACER

SPEEDOMETER

DRIVE GEAR

GOVERNOR

DRIVE GEAR

13. Install the speedoMeter drive gear and spacer onto the Output shaft

4

N.
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J. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Safety/ 11
110111.

K. Install'the rear cover with the following procedure:

InitialsE

1. Install the rear cover gasket onto te adapter housing is shown .in
Figure 17

2. Install the rear cover assembly (as assembled in a previous job sheet),
onto the adapter 0ousing (Figure 17)

3. Install twe ve 1/2-13 x 5 1/4-inch .bOlts aod washers, through the
rear cover and adapter housing, into the transmission housing (Figure
18)

FIGURE 18

a

`\)

OYTPUT SHAW'

RIAR COVER.

TORQUE WRENCH

BOLL 112-13 x 5 114 (14)

WASHER, 112 PLAIN (14)

ADAPTER

HOUSING

4. Replace the 'two 'guide bolts with the two remaining cover bolts and
washers

5. Tighten two bolts that are 180° apart to 33 lb ft torque

6. Move approximately 90° aroundthe bolt circle and repeat the operation

7. Tighten the remaining opposite pairs of bolts to 33 lb ft torque

8. Repeat the entire process, tightening all fourteen bolts to 67-80 lb. ft,
torque

r,

1 45t.
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- 9. Install the governa into the rear cover assembly (Figure 19)

FIGURE 19
OUTPUT SHAFT -

REAR COVER

GOVERNOR

ADAPTER

HOUSING

,

TRANSMISSION
HOUSING

10. Install the governor cover gasket and the cover onto the rear cover
assembly

11. Retain the governor cover with four 5/16-18 x 9/16-9ncii bolts

12. Tighten the bolts to 15-20 lb ft torque

(NOTE: Check with the service manual to see if an output flange
spacer is required, and'refer to the manual for installation of the output
flange retaining.nut.)

10'

L. Stop at this point and have youi instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Safety Initials

M. Install the first clutth with the following procedure:

1. Invert the transmission, .6c:int side upward

2. Remove the support anchor bolt and washer

(NOTE: It may be necessary to compress the cehter support in order to
remove the snapring.)

3. Attach center support lifting,bracket J-24455 to the hub of the support

4
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4. Relnove the center support

5. Remove the second clutch plate retaining snapring

6. Remove ti-ie six second clutch plates and back plate from the transmis
sion housing

7. Retain the second clutch plates in a pack; do not mix them with
other plates

8. Install ring gear hub 6 'into ring gear 5 and retain it with snapring 7

9. Install the tanged thrust washer into the hub of the adapter housing
(Figuçe 20) .

FIGURE 26

,
10. Install the rear planetary ring gear and hub assembly

11. Starting with an external-tanged plate, alternately install six external-
tanged and six internal-splined clutch plates

4 .;

PT-509
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12. Install the back plate, flat side first, and retain it, with the snapring
(Figure 21)

FIGURE 21

a

SNAPRING

.:BACKING purE

FIRST-CLIJITH
PLATES (12)

.ammims

"13. Using first clutch gauge J-26914, check the clearance between the
snapring and' the ack plate as shown in Figure 9

14. Measure to see that the prescribed clearance of 0.074 to 0.147-inch is
achieved

(NOTE: When prescria clearance is achieved, the first step of the
gauge will fit befween the snapring and the back plate; the second step
will not.)

15. If the clearance is not satisfactoi-y, measure the total plate thickness,
and replace all plates nebe.ssary to satisfy the prescribed clearance'

(NOTE: If required; the back plate may be replaced by a thicker
or ihinner plate.)

N. Stop at this Point ond have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure

44

4

SafetynInitialsrl
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0. install the gear unit with the following procedure:

(NOTE: This procedUre is for Allison models MT 650 and 653.)

1. Attach gear unit lifter J-24454 behind the splines of the main shaft
(Figure 22)

2. Be sure that thfust washer 47 is retained by oil-soluble grease to rear
carrier assembly 38

3. Using a hoist, carefully lower the gear unit (as assembled in a previous
job sheet) into-the-transmission housing (Figure 22)

4. Engage the ,internal splines of the rear, planetary carrier assembly
hub with the splines of the output shaft, and the pinions of the rear
carrier assembly with the teeth of the rear planetary ring gear

(NOTE: On Allison models 640 and 643, this procedure, after lowering
. the gear unit into the transmission housing, requires engagement of the

piriioniof -the rear planekary carrier assembly with the teeth of the rear
planetary ring gear.)

P. Stop at this point and have your instructor check and initial yoUr procedure

and safe praetice

INSTR UCTOR CHECK: Procedure

4 6

Safety

A.

PT-511
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Q. Install the second clutch with the following procedure:

(NOTE. Prior to- installation of the second clutch, be sure the clutch pack
satisfies the required clearance.)

1. Install the second clutch pack into the transmission (Figure 23)

FIGURE-2

-444

SECOND-CLUTCH

f3AtKING NATE

2. ,lnstall second clutch back plate 27

GEAR UNIT

3. 134inning with an internal-splined plate 26, alternately install three
plates 26 and three plates 25

4
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4: Install the snapring to retain the second clutch (Figure 24)

,

SECOND-CLUTCH

PLATES (6)

.\

5. Be sure the thrust washer is in place on the front sun gear

PT-513

R. Stop, at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Sa fetyri I nit ialsrl

S. Install the Center support with the following procedure:

1. Install the third clutchriston, as previously assembled, into the center
support

2. Use cpre to eMure that the piston sealrings are not pinched nor-dis-
torted when the piston is installed

3. Attach center support Iffter J-24455 into the recess between the
sealring grooves on the support hub (F.igure 1)

4. Align the tapped hole in thesupport (Figure 1) with the anchor bolt in
the transmission housi ng F igu re 2)

5/-Arrange the gap ot the second clutch snapring soit will be between any
twos of the four -tangs on the second clutch spring ret i er ring 22

6. Install the center support las reassembled in a previous job sheet) and
seat it firmly anst the second clutch snapring

4 C,-)
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7. RemoYe the lifter form the center support

8. Start a new 3/8-16 x 2 1/4-inch special self-locking bolt and washer into
the center support assembly

9. Install the snapring, pre.yiously selectedto retain the center support

10. Place the snapring gap between any two retainer ring tangs

11. Tighten the center support anchor bolt to 39-46 lb ft torque (Figure
25)

FIGURE 25

CENIER SUPPORT BOLT

12. Inetall needle roller earing assembly 16, rollers upwaed, onto the
center support hub -

1,3. Install two step-joint sealrings 13 onto the hub, and retain them with
oil-soluble grease

Stop at this point and have your instructor check and.initial yo4r procedure'
and safe.practice

INSTRUCTOR CHECK: Procedure

G

SafetyElnitials

_
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U. Check third clutch clearance and install third and fourth clutches with the

following procedure:

1. Begin third clutch assembly and check by starting with an external-
tanged Plate as shown in Figure 26, and alternately install the three
external-tanged plates and three internal-splined plates

(NOTE: Pay attention to the location of the three sets of double
tangs; if the tangs are not positioned as shown, movement of the
stationary plates will occur.)

FIGURE 26 Pr

4`v

or"

iii' 4
fs.

et..4

INTERNAL-
SPLINED
PLATE

0.

RNAL-
TANGED

- PLATE

.0"

S.

PT-515
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2, Install the back plate and retain it with the snapring (Figure 27)°*

FIGURE 27

3. Using third clutch clearance gaug J-26'916, check between the snapring
and back plate

4. Measure to see that the Presc ibed clearance of 0.050 to 0.114-inch iS
achieved

(NJOTE: When prescribed clearance is achieved, the first step of the
gauge will fit between th snapring and bock plate; the second step will
not.) ,

e_

5: If thg clearance isnot tisfactory, measure the total plate thickness, and
replace a.14 plates nec sary to satisfy the prescribed clearance .

(NOTE: If requir d, the back ,plate may be replaced Liy a, thicker
or thihner plate.)

6. Be sure the ne dle bearing race is in place on the rear of the fourth'
clutch housing/ ub

7.. Align the internal splines of the third..clutch plates to the external
.4

_splints on the fourth clutch housing -

, \. :3

-

f
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8. Grasp the fourth clutch- aisernbly, (as reassImbled in a previous job
sheet) byAhe spring retainer, and install it into the center support hub
(Figure 28)

F.IGURE 28

FOURTH-CLUTCH

ASSY

RETAIKER RING
TANG

SNAPRING
OAP

dr.

r
"4."-

THIRD-CLUTCH
PISTON' ,

V. Stop at this point and have your, instructor check and initial your procedure
and safe praqice /-7-
INST4RUCTOR CHECK:. PreedurelIISafetvEJlnitilC

4.

"ar

-11, ,s.

.5
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W. Install forward clutch, oil pump, and front support with the following
procedure:

1. Align the internal-spl med plates of the fourth'clutch, and direct air intir
the fourth Cl tch appty port (Figure 29)

(NOT . The air will apply the iourth clutch and prevent movement
. of t clutch plates during irlftallation oi tbe forward clutch assembly.)

-A

FlGURE2

--r

1

FORWARD-CLUTCH
ASSY

FOURTH-CLUTCH

HUB

C7C3H

INTERNAL-SPLINED
PLATES (4)

'2. Be sure thp needle earing and race are securely in place on theJorward
clutch hub (refer to Figure 6 in Job Sheet #10, if necessary) and the
mating race is place on the hub of the fourthslutch'housing-(Figure
29.)

3., Install the fo ara'clutch assembly (as reassenAled in, previous
jOb Sheet) 'while engaging the fourthvclutch 'hub within the internal-
splined plates of the fourth clutch housing (Figure 29).
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4. Make sure forward clutch assembly is properly seated; it should be
approximately 1/2-inch behind the forward edge of tbe PTO opening

(NOTE; Another check is to apply air in' short bursts to the fourth
clutch and watch .the forward clutch assembly -for an up and down,
movement; if the assembly does not move, it is properly seated.)

5. Install Ole frontsupOort Jasket (FIGURE 30)

FIGURE 30

GASkET TURBINE

SHAFT

FORWARD-CLUTCH s

HOUSING

4-71~

0

BEARING RACAIE

t

6. Be sure the two seayings at the base of the turbine shaft are h=4d in

Place with oil-solUble grease

7. Install bearing and race assembly 29, race first, onto the hub of support
-assembly 23

8. Install two step-jointSealrings 33 onto the h4b

9. Retai.n'the bearing and sealrings witvh oil-soluble grease

10. .Check for race 32, which must be at the front of the forward clutch
housing

11. Lubricate the outer sealrieig on the support assembly

12, Install two 3/8-16 x 6-inch headless guide screws J-24315-1 into the-
transmission housing
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13, Attach front support lifter J-24473 to the converter gro,und sleeve
(Fi.gure 31)

FIGURE 31

14.. Align ad holes in the front support with the corresponding holes
ih the transmission housing

15. Index two of thecse holes to corresponding holes containing the two
'guide bólts and inStall thfront support

.

16: lasted' ten of the twelve 3/8-16 x 3 3/8-inch bolts and rubber-celkiered
washers (F igure 32).

FIGURE 32 ;

t

PUMP'AND
FRONT SUPPORT ASSY

BOLT, 3/8-16 x 3 3/8

RUBBER-COVERED
WASHER 02)

N.'

17. Reniowe the' two guide bolts and install the two remaining support
bolts

(NOTE: D4 not tighten.the bolts in sequence.)

4; ).)
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18. Maintain an even pull on the outer perimeter of the support by tighten-
ing the first two bolts 180° apart to 15 lb ft toraue-

19. Move apprximately 900 around thrbolt circle and repeat the operation

20. Tighten the remaining opposite pairs of bolts

21. Repeat the entire process, tightening all twelve bolts to 24-32 lb ft
torque

X. Stop at this point and have your instructor check and initial your procedtire
and safe practice

INSTRUCTOR CHECK: Procedure Safet Initials
Air

Y.. Install the low shift and control Valve bodies with the folio g procedure:

PT=52)

1. Irastall the governor check ball into the deep pocke end of the governor
pressure recess (Figure 33)

1111
FIGURE 33

RUBBER BAND

CONTROL VALVE

BODY ASSY

2. Secure the range selector valve
_ .

3. PositiOn the control valve assembly (as reassembled in a previous
job sheet) so that the actuator pin enters the housing bore (Figure 33)

.. 2
4

cr
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4. Install the control valve body and retain Tt with seventeen 1/4-20 x 2
1/4-inch bolts and one 1/4-20 x 2 3/4-inch (2 1/4 in later models) bolt

(NO*E: Do not tighten these bolts at Irs ti)
5. Leave the bolts sufficiently loose to move the valve body for.engage-

rnent of the selector valve and the installation of the bracketed jumper
tubes (used on current models)

6. If the governor oil screen was not discarded during disassembly,discard
it (Figure 34)

(NOTE: Later models discontinued the use of the governor oil screen.)

FIGURE 34

CONTROL VALVE

BODY ASSY

COVERNOR

OIL SCREEN

.-TUBES

I
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7. Retain the oil thrust plate with two 1/4-20 x 7/8-inch:bolts (Figure35)

FIGURE 35

411'

' RANGE DETENT

SELECTOR VALVE LEVER sir

DETENT

SPRING

BOLT, 1/4-20 x 1 3/4

BOLT. 1/4 -20 x 2 114 118)

OIL TRANSFER
PLATE

r..1rxqua_t r.
BOLT, 114-20 x 718 (2)

8. Temporarily install seven 1/4-20 x 2 1/2-inch bolts to,pign the transfer
plate

9. "righten the two 1/4-20 x 7/8-inch bolts to 9-11 lb ft torque, and
r'nove the seven temporarily installed bolts

1-0. Engage, the groove in the 'range selector valve With the pin on the
detent lever (Figure 35).

11, Position the detent spring to engage a notch in the detent lever and
install one 1/4-20 x 1 3/4-inch bolt

12. Tighten the ISolt to 9:11 lb.ft torque
,

(NOTE: , If the jumper tubes have bOlt brackets, proceed with the
'following step.)

4

PT-523
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13. Install the separator plate and low shift valve (as reassempled in a
" previous job sheet) onto the oil transfer plate (Figure 36)

FIGURE 36

a

BOLT A

BOLT.

1/4-20 x 2 3,14..(7)

"awl_

p*ROLVALVE,,
,?`poy

a

011:TRANSFER

PLATE

;LOYI:StilgT;
VALVESODY

SEPARATOR;
PLAT

14. Install the seven '1/4-20 x 2 3/4-inch bolts to retain the low shift valve,
but do not tighten the bolts at this time

(NOTE: The- jumper tubes shown in Figure 37 and described in item
15 below, were used on earlier models; current models use jumNf-
tubes with bolt brackets permanently attached and are described
in items 16 through 21 that follow.)

4 '
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a

15. Install the valve juniper tubes in the following sequence by inserting the
tube ends`into the bores in the valve bodies; drive-1, forward regulator,
first trimmer, and low and first feed tube (Figure 37)

(NOTE.: The forward. regulator. tube is hot required after serial number
47284; be sure each tube is seated in its bore because failure to seat the
tubes properly will cause interference.)

FIGURE 37

LOW 1141Fr
VALVE BODY ASSY LOW AND FIRST FE/WI

1

16. Place each of the bracketed jumper tubes in their proper positiOns,
inserting the tubes into their respective bores

.

17. Locate the brackets on the tubes for their particular valve body retain-
__

ing bolts
..

18. Mark the bolts and gemove the tubes, and their corresponding bolts

19. Install the tubps.in the same sequence listed in item 15 above

.
20. Be sure the tubes are properly seated-in their respeciive bores

21. install fhe bracket reta'i'ni,ng bolts, but do not tighten

0 .1
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22. Working from the center outward, tighten the seVenteen 1/4-20 x
2 1/4--inch control valve body bolts (Figure 35), and one 1/4-20 x

-2 3/4-irich (2 1/4 on later models) bolts to 9-11 lb ft torque

2.3. Tighten the seven low shift valve body bolts to 9-11 lb ft torque

(NOTE: Refer'to the service manual for installation
body and tube adapter for Allison models 640 and .)

AN*

Z. Stop at this point .and have your instructor check and initial your procedure
and safe practice

trol valve

INSTRUCTOR CHECK: PrOcedurerlSafetyrlySitials
11=1,

.1
AA..Install the modulated "lockup valve body with the following procedure:

1. Install the modunted lockup valve body assembly (as reasSemled
in a previous job sheet)

2. Instoll four 1/4-20 x 2 3/4-inch bolts to retain the valve body (Figure'
38)

FIGURE 38

BOLT.174.-0 x 2 3/4

110 BOLT REQUIRED

!
MODULATED

LOCKUP
VALVE BODY ASSEMBLY

C4)

3. Tighten bolts to 9c..11 lb ft torque

(NOTE: This procedure may be disregarded if. the modulated lockup
valve body is not used.).

TORQUE

WRENCH

4 7
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BB. InstalF the oil filter With the following prooedure

1. Install the oil filter tube into the oif filter (igure 39)

FIGURE 39
SEALRING

OIL FILTER
SU.CTION TUBE

9 '147. '
OIL HEM

PT-527

2. Install the sealring onto the upper end of the tube

(CAUTION: When installing the oil filter, oil filter tube, and sealring,
care must be exercised to prevent twisting the tube or *filter in any way
that might pinch, cut, or deform the sealring; in air-tight seal must be
maintaine'd to enable the oil pump to draw oil from the sump free of
entrained air.)

3. Apply oil-soluble' grease to both the sealring and its bore in the trans-
mission housing

-

Sk
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mit i4. install the filter assembly and retain it with one bo (F gure 40)

FIGURE 40

COlifROL VALVE

BODY ASSEMBLY

TUBE ADAPTER BOLT, 114-20 X 11/4 (4)
MAW

5. Tighten the bolt to 10-15 lb ft torque

CC: I ristaH the oil parr with thiaKsdlowing proqedure: ,

1. Install two 5/16-18 x headlesS guide sm.:efts J-3387-2,into the
transmission housing 4

11.

r
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Install tne oil pan gasket -(Figure 41)

'1;7\ FIGURE .41

.1S.

I.

re 4

J-33137-2

ft!

.
GASke

PT529

:4
r

OIL PAN

3. Install the oil pan and retain it vVith twvty-oneWasher-head screws
.1. /

4."--Rernove the two guide bolts for install.ation of last two screws
; 7

5. tighten the screws tO1013 lb ft torque
,-

6. AlLow the gasket to set, then apply 5 lb ft torque to each washer-head ,

serew to ensure a proper seal -
OD Stop vat this Point and have your instructor check e'ric) initial your procedure

and safe practice
', ' f

INSTRUCTOR CHECK: Procequre

4 T'

Safety InitIgls
ee)

4,
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E E.. Install the torque cogverter assembly with the following procedure:
cz

1. Attach torque converter lifter J-6795-1 to the torque converter-assem-
bly (as reassembled in a previous job sheet)

a ..

(NOTE: After Allison serial nurnGer 49489, check to ensure that
sft, seeking 35 .is lubricated with oilsoluble grease and 'installed into its

groove in pump hub' 36 before irfstalling the torque converterassembly;
refer to5 parts list and exploded view in Job Sheet.#5 for parts identifi-
cation.)

2. Suspend the torque converter assern6"N on a hoist (Figure 42 '
.

FIGURE 42

r-
ASSEMBLED

TORQUE

.CONVERTER.

Nx-r

.. .
, . ,

Install the aliernblyc,onto the'lransmission hiterotating it 6-erigadd'
the flats on tbe'purnp hub- with the flats in the tranipliSSital Oil ptimp,

- .

hislake sure, thesplings of the turb,ine4hu6, within jhe,conVer:tel, engage '
,

, the splin'es of theturbin9 shaft..

,- . , '

-

r

r,:
(.1

4!-
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PT:531
t

5. When the converter assembly is seated, measure the distance from
the transmission mounting flange io the converter cover (Figure 43)

(NOTE: This distarice should be approximately 9/16 inch; if the
measurement is significant)/ greater than 9/16 inch, raise the converter
assembly slightlY, roiate it. to align the pump hub flats, ad reseat it.)

FIGURE 43

. N

6. 'Remove lifter J-6795-1, and install a retaining strap to prevent the
torque converter assembly from moving (Figure 44)

7. Keep this strap in place until ready to install the transmission into the .

vehicle

FIGUR 44

I. 4 'f.3

RETAINING

- STRAP
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FF. Stop at this point and have Your inêtructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: ProcedureESafety nitialsEj

GG. Install output comgonents with the following procedure:

1. Install governor drive gear, slot first, onto the output shaft assembly
(Figure 45)

FIGURE 45

2. Engage the slot in the drive gear with the protruding'in on the output
shaft

3. Install speedometer drive gear 2 and *eve spacer 3 onto the output
shaft

(NOTE: Refer to parts list and exploded view for parts identification.) .

4. Place ball bearing 16 into the rear cover

.J0

40.

40 '
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5. Using rear bearing installer, install the bearing _until it seats firmly
against the snapring in the rear cover (Figure 46)

FIGURE 46

6. Secure the bearing with a beveled snapring (Figure 47)

FIGURE 47.

#1

SNAPRING

BEARING..

7. Be sure the beveled side of the snaking faces the rear of the transmis-
sion, and the snaking is.fUlly expandarifittith'e-groove-qfthe-housing

8. Apply a nonhardening sealer (Perfect Sealer No. 4 or equivalent)
onto the outer surface of the rear oil seal

9. Place the seal on oil seal installer J-24448, sealing lip away from instal-
ler.

4

PT-533
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10. Insert the seal installer and the seal into the rear cover and drive the seal
into the bore until its rearWard surface is 1.03 to 1.07 inch below the
rear face'of the.cover assembly (Figun 48)

FIGURE 48

/

11. Make sure the installer seats against the rear cover hub; this indicates
the seal is properly Positioned

12. Lubricate and.pack.the seal with a high-temperature grease that con-
forms to MIL-G-3545A

14.

4' )

1 V.
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1 . Place a dust shield onto dust shield installer J-24198, concave side first
(Fjgure 49)

.

FIGURE 49,

J:24262:4

J-24198-

..0.§1.§1.1110

ReAR IIPUSING
;,

14.. DriVe the seal into the rear cover until it is flush with, to. 0.040 inch
below, the rear face of the reef cover assembly; the installer sbould seat

, on coverbub .

k
HH. Stop at this pornt and have your instructor check and initial your procedure

I I.

, and.safe-practice

INSTRUCTOR CHECK: Probeduq Safety

Install the governor with thelollowing prOcedure:

Install the boyernor 46 trnbly, gasket, and cover (Figure 19)

.2.. Retain shese components with. four 5/1 6-18 x 9/16-inch bolts, and
.4 tighten them to 15:26 lbft.torque

JJ.: Make a final inspection to ensure that all subassemblieS are properly reinital-
.

led and that the transmissron is' ready to be reinstalled in the vehicle

KK. Stop at this point and have your instruc,CoT check-and initial-yourprocedura
and safe practice

1NSTRUCTOR-CHECK: ProcedureESafetyL

A t

Initial

iI ,
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AUTOMATIC TRANSMISSIONS
. UNITA/

4

JOB 814t-EET #20INSTALLAN AUTOMATIC TRANSMISSION

I. Tools and materials

A. Basic hand tools

B. Transmission jack

C. Flom:jack

D. Wooden block's

Jack stands

F. Hoist

.G. Drop liaht

H. Creeper

I. Shop fowels

J. Approp,riate service rrranuat

Ilk. 'Safety glasses

, Procedure

A. Remove ground cable from battery if ndt already removed
-

B. Tighten the converter drain plug and Pltig in oil pan to specification

C. Place transmission on the fack and secure the transmission to the jack
with a chain (Figure 1)

(FIGURE 1 -

4 !I:

r

.

Safety Chain_

/
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D. Slide transmission under vehicle and align into position
Nis

E. Move the converter and transmission assembly forward into position

(CAUTION: ,Use pare not to damage the flywheel and the Converter pilot.)

F. Rotate the converter until the studs are in alignment with the holes in the
flywheel .

G. Move transmission and converter against the flywheel
,

(NOTE: The converter must rest squarely against the flywheel; this assures
that the converter pilot is not bibding in the engine crankshaft.)

A Install and tighten_ the converter;housing-to-engine bolts t specification
.

I. Tighten converter-to-flywheel studs to specification
_

J.` Lower transmission to engine mounts and tighten mounts to specification

K: Remove the safety chain from around the transmission and remove transmis-
sion -jack c ..

4---
Connect speedometer cable to the transmission

-M. Connect the oil cooler lines to the correct connection .

N. Connect the vacuum lines to.the vacuum diaphragm,

.

0. Connect the downshift rod to the transrnision downshift lever

P. Install the drive shift as marked in removal

- G., Remove any jack stands (if used) and lower the vehicle

R.2 'Fill transmission to correct level with the specified fluid

Si Connect the groundcable to.ba.ttery .

T. Start the engine and shift transmission through all ranges, then recheck the
, ftUid level

11. Release the paring brack and remove .woOden block lrom behind wheels'.
, ,

V. Stop at this point.and have your instructor check and initial your procedure.
and safe practice

INSTRUCTOR CHECK: Procedure
:

4 6

S'afetyL I nitialsri
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AUTOMATIC TRANSMISSIONS
UNIT V

JOB SHEET #21--TEST AN AUTOMATIC TRANSMISSION

Tools and Materials

A. Basic hand tools

B. Torque wrench

C. Oil pressure gauges (high pressure)

D. Clean shop towels

E. Vacupm gauge

F. .Air hoses

G. Air ;ozzle

H. Converter leak detector

I. Appropriate service manual

J. Safety slasses

II. Procedure

A. Check fluid level\
1. Bring fluid to operating temperature

^

2. -Place tfansm ission jn park

3. Operate engine at idle RPM

4. Apply parking brake

5. Fluid level should be between the Add and Full marks

B. Check tra' nsmission fonfluid leakage
A

1. Check the speedometer cable connection at the transmission

2. Check leakage at oil pan gasket

3. . Check the fluid filler tube connection af the transmission case or pan

4. Check the fluid lines and fittings betwee/ n the transmission and the
cooler.

5. Check for leakage at the downshift control leVer shaft or the manual
laver shaffseals

,
6. Check for leakage at the converter ...--

4
57." "I 5
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4
-

C. Check engine idle speed

1. 'If the idle speedis too low the engine will run roughly

2. If idle speed is too high the vehicle will try to c

D. Check vacuum pressure

1. Engine vacuum test

2.. Remote vacuum test

.47

rv
(NOTE: ,Check with manufacturer's specifiqation on the transmission

'being worked on as to what method to use.)
L

E. Make vacuum,diaphragrp test for leak-age (Figure 1)

p.

FIGURE 1
v4. 4n,

if ,

(NOTE: Check with manufacturer's- specification for :correct' amount for
vacuum.)

F. Perform the stall test

t Start the engine and bring transmission 'fluid "to operating temperature

2. Apply parking brake and service brakes

4



e
I

..,

7' .,

ws1

d

,

JOB SHEET #21

3. Place transmission in di'ive

. 4.. Operate engine at full throttle

r

i

c

:

...

.

5. If engine does not reach the recommended RR4V1 that is given in specifi-
cation, it is an indication the clutch or bands are slipping

.

G. Check governor operation, and check with manufacturer's specification
for correct procedure. .

H. Adjust intermediate band (Figure 2)

. 1. Loosen lock nut several turns

,

PT-541

1

1

2., Using a special torque wrench, tighten adjusting screw until torque
...1 wrench clicks e.

(NOTE: Check ;with manufacturer's specification on 'what torque to
adjust band on tranirnission being repaired.) *.

3: Back off adjusting screw exactly 1 3/4 turns

4. Hold adjusting screw from turning and tighten lock nut

FIGURE 2'

*

:.
e

, 4 '......e 3

.

,

/

.

I

,

c

,

%

f
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I. Adjust low-retierse band (Figure 3)

1
1. Loosen lock nut several turns

4 r-
2. Tighten'adjusting screw until pre-set torque wrench clicks -

,

(NOTE: 'Check with manufacture's specification pn what, torque to
adjust band on trgismission being repaired.)

3. Back off adjusting screw exactly 3 full turns

4. Hold adjusting screw from turnirfg and tighten lock nut

FIGURE 3

0)'

J. Adjust the manual linkage

K. Adjust throttle and downshift linkage

L. Stop at this point and have your instructor check and initial yOur procedure
and safe practice

1.11STRUCTOR CHECK: Procedure Safety I nitials0
Vonlawilam1.

1

/4

0 a

ft
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AUTOMATIC TRANSMISSIdNS-

UN fT

JOB SHEET #22--MAKE SHIFT SPEED ADJUSTMENTS
ON AN AUTOMATIC TRANSMISSION

I. To s and m teria Is .

A. Appropr ate service_ manual

B. Manufacturer's shift point chart or table

C. Test.tachometer-
. ,

D. "Basic shop tools

E. Special adjusting tools as required

F. Clean shop towels

G. Pencil and paper

w

.13t-543

H. . Accurate iristruments for checki-ng temperatures, pressures, and vacuums

Procedure
.

(NOTE: The following -procedure Nand illustraions are adapted from mater,ials
-

published by Detroit Diesel Allison, Gener.6 Motors Corporation, and are
reprinted _with permission; this procedure may be 'modified by your instructor
to facilitate avail'able equipment.) .

A. Make the following checks before adjusting shift points:

1. Warm-up the transmission or test, stand setup to normal operating
temperature (160° to 220°F1 for; the road test

2. Check the engine no-tbad gFvernor setting, and- adjust if required,
to confirm to,the transmisiion 'engine speed reqUirements

3. Check the engine for satisfacIory performance before making shift
point adjustments

4. Check the throttle linkage that controls the modulator valve mechanical,
actuatOr on,the diesel-engine transmission ,

^

5. Check vacuum lines for condition and proper .routing to vacuum
modulator used on most gasoline-engine transmissions

-.N .

...;,, . .
6. Check the shift selector linkage for proper range selection

.. ,.

7. Provide accurate instrumentati9n required for observing speeds, tern-
peratures, pressures, vacuum, etc.

!--) , ,

(NOTE: Transmission shift points cannot be satisfactorilr adjusted
if the transmission has the wrongtgovernor installed; check transmissidn

serial number with manufacturer s partst fqr the govern& if there I's

any doubt.) , .

4
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131 Make shift speed adjustments with the'road test method by using the follow.
ing procedure"

1. 8e-fore the road! test, determine the vehicle Tachometer error with
a test tachometer, and make corrections for error

2. Note the no-load governed speed of the engine

(NOTE: This is the base speed from Which checks and adjustments
are made.)

..-
3. Subtract 200

'remainder as
the 1-2 shift
and 653; the
less 600 rpm

rpm from theterned tsrieed ,recorded, and record the
the desired peed forall automatic upshifts, except
of the MT 640, 643, apd the 2-3 shift of the MT 650
latter two shifts should occur at no-load governed speed,

4. Drive the vehicle and check the engine speed, at full throttle, at which
each up-shift occurs ,

(NOTE: Each upshift should occur at the speeds determined in step
3.)

5. If an upshift speed does,riot reach that specified, the shift point may be
raised by adjusting (increasing) the spring force on the 1-2, 2-3, 3-4, or
4-5 shift signal valves

6. If the upshift speed exceeds the specified rpm, or if upshift does not
occur at all, the sprin6 force Must be reduced

7. Adjust the force on only the springs for +italves that do not upshift at
.the proper speed

(NOTE: If more than ohe shift signal valvesspring requires adjustment
in the same direction; it may be necessary. to adjust the spring force on
the modulator valve in the same direction; if not adjusted, the closed
throttle downshifts may be abnormally high or low depending on the
direction the shift signal adjusting rings were rotated; if all full throttle
upshift points are too low by approximately the same amountcheck
adjustment on the modulator external linkage.)

C. Make shift, speed adjustments using speedometer readings by using the
fo llowing procedure:

(NOTE: When a tachometer is not available for checking, shift points, the
vehicletspeedometer can be used.)

1. Check the top speed of the vehicle in each hold position and record the
top speed for each .

(NOTE: This would be first, sécohcl, third gears for MT; 640 and 643;
second, third, and fourth gears for MT 650 and 653; no third-gear hold
is available in MT 650 after serial number 13800 or in MT 653.)

40,"
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2. For checking the shift points, place the selector at Drive (D) so that all
automatic shifts can occur

2

3. Drive the vehicle at full throttlefrom a standing start until the 34 (MT
640, 643) or 4-5 (MT 650, 654) upshift occurs

4. Recci.rd the speed atwhich each upshift occurs

5. Complire the ubshift speeds with the holro speeds recorded -earlier=

6. Determine adjustment reqpirements from the following:

11

PT-545

a) The 2-3 upshift in the MT 640, 643 should occur at approximately,
two mph below the top speed for second gear

b) The 3-4 up4iift should occur at appoximately two mph below
the toP speed for third gear

c) 'Thei-3-4 and 4-5 upshifts for the,..,MT 650, 653 should occur
approximately two mph below the top speeds of third and fourth
gear, respectiVely

d) The 1-2 (MT 640, 643) and 2-3 (MT p5o, 653)-upshifts are not
to be adjusted relative tO hold speeds; instead, the 2-1 downshift
.(IVIT 640, 643) or 3-2 downshift (MT 650, 653) Mould occur, with
closed throttle, at 3 to 5 mph

D. Make shift speed adjustments using the last stand method by using the
following procedure:

1. Check 'shift point specifications as given' in the -manufacurer's service
manual

2. Make all determinations 'from output shaft speed instead ol engine
governed speed

3. Checigindividual output shaft speed ranges for each shift

4. Make "shift speed adjustments as outlined in the road test method

E. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure
(

Safety
1011./1Initialsrl

al.
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AUTOMATIC TFANSM ISSIONS
C. UNIT V

NAME

TEST

1. Ntatch the terms on the right with their correct definitions..

a. A, device used in atitomatic transmissions 1.
to cushion the shtick of clutch and servo
actions 2.

b. A transmission, in which gear ratios are 3.

changed automatically .4.

c. I n an automatic transmission, a hydrau-
lically controlled brake band installed,around
a metal clutch drum, used to stoifor permit
drum rotation

d. A device used in certain automatic transmis-
sions to control gear shifting in relation to
-vehicle speed

e. A system in an automatic transmission
Which roduces a downshift when the accesli
erator is pushed down to the floorboard

f. A clutch which has more than one friction
disc; usually there are several driving discs and
several.driven discs, alternately placed

g. A valve ,that opens to release oil from a line
when itikoil pressure 'attains specified maxim
mum limits

h. A devite in a h.ydraulic system that con:
verts hydraulic pressure into mechanical .

'movement; it consists. of a piston which
moves in a cylinder as hydraulic pressure'
acts on it

i. A valve that moves to produce the shifts
from o7ce-gear ratio to another

A clutch in which power can be transmitted
in one direction but not in the other

4(11

Shift valve

Power shift

Kickdown

Viscosity

5., P-lanetary gear
system

6. Transmission oil
cooler

7. One-way clutch

8. Wet-disc clutch

9. Multiple-disc
clutch

10. Automatic trans-
mission

11. Vacuum modulator

.12. Band

13. Governor

14. Accumulator

15. Pressure-regu-
lator

1-6. Servo

ts'
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k. A small radiator, mounted separately or
as part of the engine radiator, to cool the
trantMission lubricating oil

I. A clutch in which the friction diic is operated
in a bath of oil

The resistance of a liquid to flow

n. A device i.n. automatic transmissiws that
modulates, or changes, the mainline hidraulic
pressure to meet ' changing ' engine loads

. o. A geat-Set consis4g of a central sun ,gear
surrounded by two or more planet pinions
whicfr are, in tur,p, meshed, with a ring gear; A

used in overdrives and automatic transmis- 4.

sions

p. A trarismission designed .to provide high .
spee-el by the use oj hydraulic actuated
clutches operated manually

0

4
t

AO'
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2. Identify the major parts of the automatic transmission in the following illustration:

Lockup
Clutch

a.

C. d. e.
Center
Planetary

f.

PT:549

Output
Shaft ' .

Turbine \

Shaft

Rear
Planetary

Connecting
lYrum

Main Shaft Sun GearV Front
Shaft Planetary

3. Arrange in order oil pump and pressure regulator valve operation by placing the correct
sequence number in the appropriate blank,

a. As pressure rs built up', the valve rises and one band will uncover the passage
leading to the return line, and this prevents the pressure from getting too,
high,,T

b. Mille engine is running, the pump directs the oil to the pressure regulator
valve, then the oil comes in around the lands of_the spool

c. As the oil in the teeth of the gears is carried around to'other side of crescent,
'the teeth come together, pressure is created, and the oil is Jorced out the
pressure cavity

4

'4
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A

d. The valve is usually of the spool tYpe and, when there is nO pressure on
valve, the spring pushes the valve to the bottom of its.bore

e. As the teeth of the tWo gears-move apart oil is drawn in through an oil
cavity .

f. The oil pump can create low flow at low speed and high flow at high speed,
so a pressure regulating valve is used to keep pump from building to high
flow

g. the bil pump is of the gear type, and the crescent is part of the pump
housing

h. As the oil flows through the pressure line, a small amount flows through
-an orifice under the valve

i. When .the inner ge is turned by the converter hub the outer gear also
turns

The hub of the converter pump fits into notclies of the oil pump and driving
oil pump when enaine is-running

J.

4. Select true statements concerning low range, high range, and reverse range functions in
an automatic transmission by placing an "X" in the appropriate blanks.

(NOTE: For a statement tb be true , all Parts of the statement must be true.)

a. Low range

J

if '
1)' The engine turns the torque.converter, which turns thq transmission

pump and input shaft

2) Low band is applied either manually or`by hydraulic prespIre .

Wilen.the low band is applied the clutch drum and low sun gear are held
stationary

'4) The input sun gear is turning in the same rotation as the engine

5) The input sun gear is in mesh with the long pinion gears, which are in
mesh with the short pinion gears

6) As the short ,pinion gears walk around the ring gear, the output shaft is
connected to the planetary-pinion carrier, which is rotating with the
planet gears

b. High range

1) Engine tu ns torque converter, whicl-yt-drns oil pump and input shaft

2) The low ba

111.

d is released in high range

The forwdrd clutch is applied which locks the sun gear to the input
v ihaft

4) The whole planetary gear system turns as a unit,

ta
4 `i

c



c. Reverse range

1) Engine supplies power to 'the torque converter, which turns oil pump
and input shaft -

.2) Vhe'low band and forward.clutch are r=eleased

PT-551

3) The reverse ,clutch is applied either manually or by hydraulic pressure

4) 4`he reverse' ring geat is held stationary, and the sun gear turns the
planet gears in the opposite directions

5) Since the planet carrier attached to the planet gears, it is turning the
same direction as the planet gears

6) The output shaft is attached to the planet carrier which is turning in
reverse

$

5. Complete a list of stateMents concerning the characteristics Of \automatic transmission
fluid.

a. Automatic transmission fluid his several additives, such as:

1. index improver

2. Oxidation and corrosion inhibitor's

3. Extreme-pressure and

4. Detergents

5. bipersent 4

A:. 6. modifier's

7. point depressants

8. Fluidity Modifiers

,

b. The is addedto 'fluid so it Will noT be
cOnfused with any other lubricants

c. Do not use a fluid .that is noCrecornmended,by mar4facturer becabsé. it could
cause

6. Arrange in order the procedure for properly,checking autofnatic trans sion fluid by
placing the cbrrect sequence number in the appropriate blank, ,

, ,
a.' Leave engine idling and 'shift, AtansniissiOn into r;comlnlencled ,position

lOper-7ite--)ingine until transmission,1 's'at noting' operating temperature., ,.
, . .

c: Pull dipstick and check if .i.le've,lislippdear-i arrOws'or Full and Add marks;-
adjust fluid level as necessarY,

d. Clean all dirt fro'm around. diAick,and'ap
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e. Block wheels and apply parking brake

f. Pull out and wipe dipstiCk; reinsert until cap bottoms on filler tube

g. Shift transmission throu4h all ranges at idle speed

7. Match in-vehitle transmision tests with their functions.

a. Warms up transmission fluid to operating
temperature, and indicates overall charac-
teristics of transmission operation

b. Indicates the condition of torque converter
operation and strength of hydrauk system

c. Tests each hydraulic circuit and compares
it with Manufacturer's specifications te-
detect general problems in hydraulic compo-
nents

d. Tests each hydraulic component individually
for pressure leaks

8. Identify the partrs of the planetary gear system in the following tflustration.

1.

2:

3.

4.

Fluid pressure test'

Road test

Air pressure test

Stall test

.Goi.r.ip*e the following statements concerning the planetary-gear system.

a.:, a,. A planetary gear system can aCt as a
. torque reducer

.

I?. The planetary gear 'system also can act as a
a tOrque increaser

4

increasgr and a

reducer and

'lob&
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c. The planetary system can also act as a means to
power

i
'd. To get different* speeds and different torques and reverse is made possible by

applying the , rotation to different gears and
one of the other two gears stationary

flow of

10. Match speed, torque, and directional functions of an automatic transmission with ways
they are accomplished.

1. Speed increased--
*torque reduced

. .

2. Reverse
J.

3. Direct drive'

a. If the sun gear is held stationary and the
planet-pinion carrier turns, there is a speed
increase at the ring gear

b. If ,the ring gear is held stationary and fhe sun
gear turns, the plenet-pinion carrier turns In
the same direction as the sun gear but- at a
slower speed

c. If the ring gear is held stationary and the
planet-pinion carrier turns, there is a speed .
increase at the sun gear

d. If the planet-pinion carrier is held stationary
and the sun gear turns, the planet-pinion acts
as an idler .gear and turns 'the ring gear in
opposite rotation of sun gear

e. If the sun gear is held stationary and the ring
gear turns, -there is a speed reduction in the
rotation of the planet-Pinion carrier

f. If any tvvo.of the three merribers are locked
together, tlie whole planetary gear system is
locked out and the input pnd output shaft
turn,at thiSame speed ) .

,

g. If the planet-pinion carrier is held stptionary
and the ring gear, turns, the planet pinion abts
as an idler gear and turns sun gear in opposite
rotation of ri'ng gear

V

.4. Speed reduced--
torque increased

11 Complete the following list of tools and equipment required for automatit-transnis-
sion overhaul.

a. 1500-pound capacity work talile

b. Special tools as recommended by manufacturer in service manual

c. Common mechanic's tools and shop equipmertt

1) Snapring pliers

2)

.

PT-553
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4.

3) 3-leg lifting sling of 1/2 ton capacitY with 90° angle attaching Oates

4) .1/2 ton capacity hoist

5) Container of volatile mineral spirits for Cleaning parts

6) Torque wrenches: 100-inch 6ound, 1400-foot pound, and 1000-foot pound

7) Hot plate" or heating equipment for heating bearings or other interference-
fit parts to aid assembly

8)

9) BoXes,"receptacles for parts

10) Stinply of Wood blocks

'11) Oil-soluable grease

-12) Nonhardening sealer, Peratex N6. 2 or equivalent

13)

14) Soft honing stone

1Z Name three parts normally replaced at each transmission overhaul.

-a.

.<

b. 0

13. Select true stateMenti concerning ininorlant elements of cleaning and inspection
by placing an "X" in the appropriate blanksa

a. All parts must be clean toyermireffective inspection

b. All the metallic parts of the trphsmission, except bearings and friction-fqced
clutch .plates, should be thoroughlY cleaned with volatile mineral spirits or
by steam cleaning

c. Parts should be dried with clean rags

_d. Steam-cleaned parts should be oiled immbdiately after drying

e. Oil passages should be cleaned by working a piece of,soft wire back and
forth through the passages and trashing' withminerai spirits, then drying With
compressed air

f. Examineiall parts, especially oil passages, after cleaninglo make certain they
are entirely clean

41.
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14. Complete the following statements concerning special consideratiOns for bearing
inspection and handling.

a. Inspect bearings for roughness of rotation; replale 1:.iaring if tation is still rough
, .

after

I 4.

b. Inspect bearings for sc'ored, pitted, scratched, -bracked, o chipped races, and .for
excessive wear of rollers.or balls; if any one of these defec s is found,

c. Inspect bearing housing and sliaft for grooved, burred or galled conditions that
-, would indicate the bearing had been turning..

d. Do not remove from .new bearings until ready
to install them

:e.

f.

,Do not remove

Do not lay bearings on a dirty bench; place lbw

PT-555

in which new bearings are packed

g. If assembly is not to be , wraP or cover the exposed
bearings with Clean paper or lint-free cloth to keep dust out

15cMatch other,transmission bomponents with their inspection requirements

a: Inspect bores for wear, scratches, grooves, and
dirt

b. Inspect for obstructions

c. 'Inspect for nicks, burrs, scratches, and foreign
matter

d. Inspect for damaged threads

e.. Inspect for scores, rs, roundness, sharp
edges, and evidence of verheating

f. Inspect for distortion, scores, . burrs, and
wear-

g. Inspect sealrings for cuts and hardness;
replace all composition gaskets

h. Inspect for scuffed, nicktburred, or broken
teeth; inspect thrust face r scores, scratches,
and burrs

4

i. Inspect for stripped, twisted, chipped, or
burred splines

,

Inspect for nicks, distortion, and excessive
wear

k. Inspect for signs of overheating, pe1nanent
set; or wear due to rubbing against adjacent
parts

1 Oil seals and
gaskets

2. Seal contact -
su4aces

3. Mounting faces

4.. Splined parts

5: Cast parts,
machined surfaces

6. Bushings

7. Balls in clutch
.housing

8. Thrust washers

9. Swaged
interference-fit
parts

10. Oil_passages

11. Clutch plates
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I. Inspect friction-faced steel plates for burrs,
'embedded metal particles, severely pitted
faces, escessive wear, cone, cracks, distortion,
and damaged spline teeth; inspect steel plates

. for burrs, scoring, excessive wear, cone
distortion, embedded metal, galling, cracks,
breaks, and damaged tangs,

,

in. Inspect for looseness due to relative motion

n. Inspect for restrictions to. free movement

o. Inspect for roughness, scoring, pitting, or
Wear that will either permit oil leakage or
cause damage to the seal

12. Springs

13: Gears

14. Threaded openings

15. Snaprings
0

16. Arrange in order the make-ready procedures for-rmoving or installing an automatic
transmission by placing the correct sequence number in the appropriate blank.

a. Drain theY oil from the transmission before *removing the :transmission from
the vehicle

b. Install a retaining strap to hold the converter in place as soon as the trans-
mission is clear of its mountings

,c. Clean the exterior of the transmission .

d. At reinstallation, all items should be reconnected; a transmission jack is,
convenient to raise the transmission into.motnting position

e. Fill the transmission with oil

f.

g.

Road test the transmission after installation

Make sure that all linkage& controls, cooler lines, modular actuator cable,
temperature connection, input and output couplings, and mounting bolts are
disconnected before transmission removal, also the oil filler tube and other
equipment such as attached parking brake handle

h: Place oil lines safely out of the waiof damage and cover all oil line open-
ings to keel) dirt out I'

i. Place jack or hoist sling relative to tran5Ft9ission center of gravity

17. List three general rules for determining whether to "rjusé or reprace a part.

a.

b.

t*,1

,r
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. 18. Demonstrate the ability to:

a. Remove an automatic transmission from a vehicle. 419

b. Disassemble an automatic transmission into subassemblies.

c. Check end .play on a torque converter assembly.

d. Disassernble, clean, and inspect a torque converter assergbly.

e. Flebuild a stator assembly.

f. Reassemble a torque converter assembly.

o'
g. Disassemble, clean, inspect, and reassemtle a modulated lockup valve.assembly.

h. Disassernble, clean, inspect, and reassemble a low,s ift valve assembly.cl

i. Disassemble, clean, inspect, and reassemble a control valve body assembly. i.

i. Disassemble, clean, inspect, and reassemble an oil pump and front support assem-

/IVY.

k. Disassemble, clean, inspect, and reassemble a forward clUtch and turbine shaft.

I. DiSassemble, clean, inspect, and reassemble a fourth clutch.,

m. Disassemble, clean, inspect, and reassemble a center support assembly.

n. Disassemble, clean, inspect, and reassemble:a gear unit and Main shaft assembly.

o. Disassemble, clean, inspect, and reassemble an output shaft.

p. Disassemble,.clean, inspect, and reassemble a rear cover assembly.

q. Disassemble, clean, inspect, and reassemble an adapter housing arld first clutc
piston.

tr. Disassemble; clean, inspect, and reassemble a transmission housing.

s. Reassemble an automatic transmission.

t. Install an automatic transrnission.

u. Test'an.automatic transmission.

v. Make `shift speed adjustments on an automatic transmission.
4.0

(NOTE: If these activities have not been accomplished prior to the test, ask your
instruct& when they should be completed.)

5
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\AUTOMAIC TRANSMISSIONS

. .UN IT V .

ANSWERS TO TEST

f. a. 14 i. 1

b.. 10. .1. 7
c. 12 I. 6
d. 13 I. 8
e. 3 m. 4
f. 9 n.- 11

g. o. 5
h.

a.

b.

16 p.

'torque converter
Forward clutch

2

C. Fourth clutch .

d.
e,

f..

Thjrd clutch-
Second clutch
First clutch

PT-559.

3. a. 10
b.. 8., g. 2

c. h. 9

d. 7 i. 3

e. 4 j. 1

4. a, b, c

5. a. 1. Viscosity
3. Antifoam
6. Friction
7. Pour

b. Red dye
c. $erious damage to transmission

6. a. 4
b. 2

7.

,c. 7,

d. 5

e. 1

f. 6

g 3

a. 2

b. 4

,

C. 1

d. 3
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8. a. Planet gea s
b. Sun gear
c. Ring gear 7
d. Shaft to sun gear
e. Tube to'ring gear

slk
f. Slhaft Io carrier

9'. a. Speed
b. Speed
c. Reverse , I.

d. Input, holding

10.
.*

a.

b.
c,
d.

1 e. 4
4 f. 3

4

1 -9. 2
2

11. c. -21 MiCrometer
8) Clean, lint-free shop cloths

13) Crocus cloth

12. Any three of the following:
a. Gaskets
b. Lockstrips
c. Washers or springs damaged by removal
d. Oil seals and piston sealrings

13. a, b, d, e, f

14. a. Cleaning and oiling
b. Replece the bearings
c. In the bore or on the shaft
d. The wrapper .
e. The grease .
f. On clean, lint-free cloths or paper
g. Completed at once

15; a.
b.
c.
d.

16. a.
b.
c.
d.

q.

17. a. Minor surthce irregularities can usually be corrected with a crocus cloth and the
part can be reused

b. Some nicks, scuffs, and burrs can be corrected with a soft honing stone and
the part can be reused
Parts that cennot be smoothed or corrected with crocus cloth or a soft honing
stone or parts that are obviously distorted or excessively worn should be replaced

Perfoerhance skills evaluated to the satisfaction of the ihstrtictor

5 . e. 6 I. 4 m. 9 -

10 f. 8 j. 15 n. 7
3 g. 1 k. 12 o. 2
14. h. , 13 I. 411

1 f. 9
5 g. 2
6 h. 3
7 I. 4

c.

5')6



gRIVE LINES
4'. UNIT VI(

.UNIT CMJECTIVE

After completion of this unit, the student should be able to identify parts of propeller

shafts, center bearings, and cross and roller U-joints. The student should also be able to

disassemble, inspect, and reassemble a U-joint, troubleshoot other problems with drive lines,

and balance a propeller shaft. This knowledge will.be evidenced by correctly performing the

procedures outlined in the.job sheets and by,scoring 85 percent-on the unit test.
,

SPECI F IC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match.terms related to drive lines with their correct definitions.

2. List two characteristics of a hotchkiss drive.

3. I d entif y types of propeller shafts.

4. Identify parts of a propeller shaft with slip yoke.

5. I dentify parts of a center bearing.

6. Differentiate between constant velocity and cross and,roller U-joints..

7. I dent ify parts of a crosiand roller U-joint.

8. Select points on a drive train to check component angles.

9. Select true- statements concerning acceleration-deceleration of propeller

with cardon U-joints.

10. Complete a list of problems causing drive line noise or vibration.

1 1. Demonstrate the ability to:

a. Remove and replace a propeller shaft.

b. Disassemble, inspect, and reassemble a U-joint with bolted end.

\
c. Remove and 'replace a cross and roller U-joint.

d. Align and time a telescoping drive line.

e. Balance a propeller shaft.

5u7
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DR.IVE LINES
UNIT VI

SUGGESTED ACTIVITIES

I. Provide student with objective sheet.

I I. Pro-vide with information and job sheets.

I I I. Make transparencies.

IV. Discuss unit and specific'objectives.

V. Discuss information sheet.

VI. Demonstrate and discuss the procedures outlined in the job sheets.

VII. Take students on field trips to shops that build and repair.drive lines,

VI II. Have a representative from a drive line manufacturer talk to the class about
modern drive line technology.

IX. Show film on drive line components.

X. Give teit.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. °Transparency masters

1, TM 1--U-Joint Arrangement

2. TM 2--Hotchkiss Drive

3: TM 3--Propeller Shaft With Shift 'Yoke

4. TM 4--Propeller Shaft-Coupling Shaft and 'Center Support Bearing

5. TM 5--Propeller Shaft--Coupling Shaft Without Center Bearing

6. TM 6-Telescoping Propeller Shaft Components

5"S

PT:563
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7. TM 7--Types of U-Joints

8. TM 8--Point on Drive Train to Check Component Angles
4

9. TM.. 9--Acceleration-Deceleration in a Cro'ss and Roller Propeller Shaft

p. Job sheets

1. Job Shdet #1--Disassemble, Inspect, and Reassemble a U-joint with
Bolted. End Caps .

.L.
\, .

2 Job .1-ieet #2-- Remove and Replace a Propeller Shaft .
s -

3. Job Sheet #3-- Remove and Replace a Cross and Roller U-joint
.-

4. Job Sheet #4--Align and Time a Telescoping Drive Line

5. Job Sheet #5--Balance a Propeller Shaft.

E, Test

F. Answers to test

all. References:

A. Fundamentals of Service: Power Trains. Moline, -.IL 61265: JoPM 'Deere
Service P0blications, Dept. F, 1972.

B. Truck Talk. Chicago, IL 60611: International Harvester Co., 1977.

C. Eaton Truak Components Orive Line Angles. Kalarnazoo,..M I 49007: Eaton
Corporation; transmission Disiision, 1979.

D. Truck Service Setion, Diagnosing Drive Train CT 23Z International Har-
.

vester Co., 1977.

E. Ford .Truck Shop Manual Volume One. Dearborn, MI : Ford Motor Co.,
1968. .

51
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.1. Terms and definitions

DRIVE LINES
UNIT VI

-INFORMATION S1-1.EET

PT565

Ni..."*

A. Parallel U-joint arrangem nt-All companion flanges or yokes in the drive
line are parallel to each other with, working angles of the joints equal and

opposite (Transparen 1)

B. Broken back rangement-The working angles of the joints are equal, but
tie yokes are nonparallel (Transparency 1)

C. Universal joint-A flexible coupling that permits a driving shaft to operate
between two power train units that are not in perfect alignment with each
other and are subject to movement

(NOTE: When installed on a propeller shaft, the universal joint alloits.
the shaft to rotate through an anglet

Propeller shaft-Shaft that connects two units of the drive train to propel
vehicle

E. brive line-1Driving connection made up of one or more propeller shafts.
a between two or more units of thedrive train

Constant velocity U-joint-Two closely coupled cross and roller U-joints
arranged so that their acceleration-deceleration effects cancel each other,
resulting in output protroeller shaft speed identical tO input speed

G. Slip joint-Variable-length connection at one end of i propeller shaft that
all ws the shaft to varY in length

( TE: The propeller shaft has to vary in length due to movement of drive

train components.) ,

H. Cardon joint-Cross and roller U-joirkt

(1--1&E: Cardon joint is also balled hooke joint.)

I. Whirl-Propeller shaft runout dr, unbalance cobdition causing the shaft
to arc similar to the looping action ofa rope held at both erids and swung in

an arc

(NOTE: Whirl can be caused by turning ropeller' shaft at too higli an.
R.F.M. for the size of the shaft.)

U-joint timing--Procedure of aligning the yokes of a propeller shaft parallel
to each other

(NOTE: U-joint timing is sometimes called phasing.),

5

8
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INFORMATION SHEET

K. Center support bearing--A bearing and mount assembly used to support
the' rear of a drive shaft when two or more drive shafts are used (Transpar-
ency 4)

(NOTE: The center support bearing is also called center bearing, midship
bearing, or carrier bearing.)

II. Charkteristics of a hotchtiss drive (Transparency 2)

A. Open U-joints

B. Exposed drive line
-

(NOTE: -,losed or torque-tube drives formerly Liked on .some passenger
tars are practically nonexistent now; the open hotchkiss drive is much
easier- to maintain and repair and improves the operational characteristics
bf the drive train components.)

Types of propeller shafts (Transparencies 3, 4, 5, and 6)

A. Coupling shaft and center supPort bearing

B. Propeller shaft with slip yoke

C. Coupling shaft,without center bearing

(NOTE: The coupling shaft is used between transmission and auxiliary
transmission.)

D. Telescoping propeller shaft

IV. Parts of a prOpeller shaft with slip yoke (Transparency 3)

A. Flange yoke

B. Journal and bearing

C. Sleeve yOke

D. 4IPSlip stub shaft

E. Tubing

F. Stub yoke

G. End yoke

H. Slip U-joint

I. Permaneni U-joint

V. Parts of a-center bearing (Transparency 4)

A. Bearing

B. R ubber support

5 ;
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4- INFORMATION:SHEET

C. Retainer '

D. Supports

yr. Types of U-joints (Transparency 7)

A. Constant velocity (cross and roller type)

B. Cross and roller (cardon)

VII. Parts of a.cross and roller U-joint (,Transparency 7)
fol

A. Bearing cap

B. Yok

C. Spider (cross)

D. Lock plate

VI I I. Points on aidrive train to check component anglei (Transparency 8)

A. Machined pad on rear pf transmission

41, Coupling drive shaft on clean tubing section

C. F e yoke or flange of auxiliary transmi'ssion

Front yoke on forward rear axle

Interaxle drive line on clean tubing

F. Front yoke of rear rear axle

IX. Acceleration-deceleration of propeller shaft with cardon U-joints

A. Input side of U-joint turns at constant r.p.m. (Transparency 9)

,

ra

B. Output of U-joent accelerates -and decelerates two times during one revolu-
tion of the shaft (Transparency 9)

C. The greater the U-joint angle the greater the effect will be

X. Problems causing driyp line noise orlvit?ration

A. Out of balance emergency brake drum on rear of transmission or auxiliary

B. Lack of lubrication in the U-joints

C. Worn U-joint bearings
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\-- INFORMATION SHEET .

D. Bind in slip yoke
,

E. Sprung or damaged drive shaft

r. Missing balance weight .

G. Drive shaft li-joint out of time

H. Foreign material on drive shaft

I. Loose or worn engine mounts

.1'. Loose or wornoar suspension

K.! Excessive drhykshaft angles ,

\
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U-Joint Arrangement

Parallel Arrangement

Broken:Back, or Nonparallel Arrangement

Courtesy Eaton Corporation

51,4
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Open U-Joints

Hotchkiss Drive

P

Exposed.Drive Line

0

516
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Propeller Shaft with Slip Yoke

Flange Yoke
. Slip Stub,Shaft Stub Yoke

Tubing

,

Journal & Bearing

5 -

Sleeve Yoke

Slip U-Joint

a

.Courtesy DEERE & CI., MOLINE, IL

End Yoke

,e3

--Permanent U-Joint-w

I. 518
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Propeller ShaftCoupling Shaft
and Center Support Bearing

2Coupling Shaft
Rubber
Support

3
Courtesy Ford Motor Company

Retainer

V.
Support Rear Flange

.

10

520
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Propeller ShaftCoupling Shaft Without Center Beaiing

Bolt Flange

Oki

Pin

Nut Spider

Knuckle
Fitting Boit

. LockLock
ea-

Bearings

Bearing Cap

Fitting

Bearing Cap

Seal

Seal

Bearing Cap

;

01

Lock

Bolt

Washer

Cap

Drive, Shaft

Bearing
Pin

Yoke

Fitting

Bearing Cap,
Nut

Lock

Courteiy,' Ford MO-tor Cornpany
"Bolt

5`);)



Telescoping Propeller Shaft Componenis

oupling. Shaft
Center U.-Joint Driveshaft .

Front Yoke Support . Knuckle

523

Shafts must be assembled with these
yokes in (phase) line as shown.

' Courtesy Ford Motor Compony

/
;521
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Types of U-hints

PT-581

Lock Plate

Bearing Cap

Spider.

Constant Velocity

B4ing Cap

/- Cross and Roller (Cardan
I

;,,r .....a.

,5

Cap .Screws

a
a

4
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Points ori Drive Train to Check Component Ang es
1

Angle Angle 2 Angle 3

Bubble Protractor 0° Ground Level

t
Engine - Mai Transmission Angle

Angle 4 A'ngle, 5 An 16 6.
.Angle'F 'Angle G

Inter-
Main Transmission

transinission . Shaft

5 2 G

co
0

Auxiliary
Transmission

Forward Inter-Axle Rearward
Driveshaft , Rear AxteRear )^xle

Courtesy Ford Motor Company

of;i"
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1 Acceleration b- Deceleration

in a Cross and Miller Propeller Shaft

Turning Radius Changes- as Joint Rotates .

2600
2400

2200
2000
1800

1600

140b

/.

00 500 180° 2706 3600

Graph ora .C.ross and Roller U-Joint Speed Change with the

523- Joint Operating, Through a 30° Angle at 2000 rpm Input. 52.9

.01B

-a
'71
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DRIVE LINES
UNIT VI

1'
: JOB SHEET #1--REMOVE AND 'REPLACE A PROPELLER SHAFT

Tools and equipment

A. Floor jack

B. Jack stands

C. Basic hand tool set

D. "Soft hammer

E. Torque wrench and adapter

F. Creeper

G. Safety glasses

PT-587

llfr Procedure

A. Jack up rear of vePe and place jack stands u der frame
.

Mark all joints and yokes with a center punci to retain balance and phasing
(Figure 1)

FIGURE 1

Pinion Flange

Center Punch Marks

C. Remove propeller shaft attaching bolts

Centeei PUnch Marks

; (NOTE: Study the propeller shaft to determi4e-Kow it is fasterted.)
4,-

i ..

D. ReMove the center support bearing if a two-piece propeller shaft is used

i(NOTE: Check between center supportand -frame for shims. If shims are
tised, they must be replaced when propelleshaft is reinstalled.)

5 "
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JOB SHEET #1

E. Remove propeller shaft from vehicle

(NOTE: Tape U-joint rollers to prevent loss of needle bearingi. See F igu re 2.,
,The slip yoke should also be protected to- prevent damage during removal.)

r

FIGURE 2

Tape Rollers On Protect This Area

9 (CAUTION: When.removing, replaci g, or servicing a propeller shaft, careless
\ handling can damage the shaft and -joints.)

eryice prcipeller shaft

install propeller shaft

Place in positio'n a nd check alignment marks

(NOTE: All mounting surfaces should be clean and free of nicks'before
ssembly.),

2. P sition all fasteners correctly and tighten evenly

3. Re lace fasteners in center support bearing if used

(NO E: Replace shims between frame and suppOrt if used.)

4. Torqu all fasteners to manufacturer's specifications

H. Jack up rear f car and remove jck stands

.
.1. Lower vehicle to floor

,

53:



DRIVE LINES
UNIT VI

o

JOB SHEET #2--DISASSEMB LE, INSPECT, AND REASkMBLE
t ,

A U-JOINT WITH BOLTED END

!.. Tooliand materials .

A. Basic hand toql set

B. Creeper .

Shop t9wels

D: Cleaning material
,

E. Chock blocks a

F. Hydr.atAic jack

'G. Jaák stands

H. Safety glasses

II, Procedure

A. Remove propeller shaft with bolted end caps

1. Jack up rear of vehicle if necessary .

2. Place jack stands under rear axle or frame.

. (CAUTION: Wear safety glasses when under vehicle.)

3. Bend tangs Of lockplates away from capscrew heads (Figure 1)

FIGURE 1

..

4.

fa

ab
4,*

/41
.4 LOCK

PLATE

\

/
B A RING
CAP

FLANGE

,

5 3 2

BEARINC
CAP

LOCK
PLATE

a

A

/

PT-689



. JOB, SHEET #2 ;
\ ,

4. Remove capscrErs and lockplates

5. Remove bearing-caps from flange and spider

-MOTE: If caps have to be'driven ou with a hammer, be careful. not
to damage flange or prop tube)

-3
B. Inspect Uljoint With-bolted ends

1. "Clean all U-joint paits
,

2. Check bearing journals for evidence of wear or he-at damage; also
check ends of crosses

3. Make sure lubricant passages-in cross are clean

.
4. Check for missing, worn, or damaged needle bearings

5. Apply recommended lubricant to rollers in caps

6. Turn caps on journali to check for wear

(NOTE: If any parts are wom or dainaged, replace with 'new parts)

C. Install U-joint with, bolted ends.

1. Position the ndedle bearing in the bearing caps

2, Place spider in yokes on propeller shaft

3. Install bearing caps through the yokes.and onto the spider

4. Install lockplates and capscrews

5. Position spiders throcTh yokes on drive train units

- 6. Install bearing caps .

(NOTE: Take care not to damage bearings when installing caps.)

1. Install lockplates and caps

8. Lubricate both U-joints

5 -)



DRIVE LINES"-
UN IT VI

JOB SHEET #.3--REMOVE AND REPLACE A CROSS AND ROLLER U-JOINT

I. Tools and equipment

A. Basic hand tool set

\ B. Soft hammer

C. Brass punch

Vise

E. Safety glpises

II. Procedure

A. Mark all parts 'with a .center punch so the parts may be reasseMbled in

the same positions (Figur-6 1)

'

FIGURE 1

A

r

B

ei.

Center Punch Marks

(NOTE: It is' very important to align the-propeller shafts parts A and B
when reassembling thetwo shafts.)

1,
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A

JOB SHEET #3

B. Remove snap rings or retainer plates and grease fittings as required (Figure 2)

(CAUTION: If the propeller shaft is held in the vise while removing the
%nap rings, do not bend, overtighten, or Scar the shaft with the vise.)

FIGURE 2

C. Place a small socket against one roller; place a large socket against the
yoke on the opposite side (Figure 3)

D. Place in a vise and close the vise jaws until the roller assembly is pressed out
ofike yoke (Figure 3)

(CAUTION: Be sUre the large socket has enough room to allow the roller
to enter without wedging in the socket; and do not.use a hammer to install
bearings.)

FIGURE 3,

Small Socket

Large Socket

)

14
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I JOB:SHEET #3

(NOTE: Remove roller with pliers dr soft hammer. See F igure 4.)

,,

FIGURE 4

10

,

PT-593

E. Place small socket on remaining roller; place the large socket against the
yoke bn.the opposite side

(NOTE: Use caution to avoid damaging seal shields.)
. .

F. - Place in a vise and close the vise jaws until the roller assembly it presied out,
of the yoke. .

..

(NOTE: Refer to Fig Ure 3.)

G. Rem Ove roller with pliers or soft hammer

(NOTE: Refer 'to Figure 4.)

H. Remove the cross from the yoke (F igure.5)

FIGURE 5

.,

..
it

Tip Cross and Remove from Yoke

526
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JOB SHEET #3

I. Remove other rollers using the same procedure
i

J.' , Inspect cross trunnions -for excessive Wm; corrosion, or grooving; dheck
all needle bearings for chippihlor brealoge

(NOTE: If the components are not worn, they may be coreectly lubricated
and reusedjf there is any sign of wear, install a new U-joint.)

K. Reasiernble the U-joint

1. Place the cross in th propeller shaft yoke (Figure 6)

FIGURE 6

Joint Yoke

xu-
2. On U-joiht with.grease 'fittings, the fitting should be positiothe on the

propeller shaft side to allow clearance for lubrication after insta tion

(NOTE: It provides a welcome service conVenience when all grease
fittings are in line.)

5 "
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0 JOB SHEET #3

2. Slide the cross tc; one side and start a roller over the cross bearing

race (Figure 7) .

3. Start the roller id the yoke eye (FigurV)

, FIGURE 7

,1*

It

4. Place U-join in a vise and press, the roller-into the yoke eye (Figure 8)

(NOTE: Be sure to 'keep the cross in the roller bearings to prevent
the bearings from loosening or getting out of their proper position.)

FIGURE.8

5.

)
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JOB SHEET #3

5. install the snap ring into the roller groove or yoke eye groove according
to the type of U-joint

6. Slide the cross slightly out of the roller so that the opposite roller can
be started on the cross bearing race (F (gure 9)

, 'FIGURE 9

Olace in a vise and Press the roller into the yoke eye sufficiently to
install the snap ring (Figure 10)

FIGURE 10
-$

1- 'ens

/1"

100"



JOB'SHEET #3

8. Replace remaining. U-joint rollers using the same procedure; install
remaining Inap rings

PT-597

Strikeqoke to seat rollers against the snap rings and tckposition the
cross (Figurei 11)

(NOTE: Make sure the U-joint is not binding throughout its range of
movement)

Of

FIGURE 11

40
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DRIVE LINES
UNIT VI

JOB SHEET #4--ALIGN AND TIME A TELESCOPING DRIVE LINE

I. Tools and equipment

A. Spirit level protractor, or magnetic baie protractor

B. Basic hand tool set

C. Chock block

D. Creeper

E. Safety glasses

F. Vehicle manufacturer's 4rvice manual

Procedure

A. Take degree reading of transmission

(.

1. .Place vehicle on level floor

2. Place protractor on machined pad of engine or transmission

(NO : It is important that this pad be one which is parallel or per-
riendi ular to the engine-transmission center line. Make sure that
surface is clean and smooth.)

3. Recbrd reading on Figure 1, Angle one

PT:599



JOB SHEET #4
FUGURE 1

Bubble Protractor 09 Ground Level

Angle
ngine ain ransmission

Angle 2 Angle 3
,Angle 4 Angle 5

Angle F

ng

Angle 6
Anble G

Inter-
Main

Transmission Shaft

5

'Auxiliary
Transmiesion

Forward
Rear Axle

Courtesy Ford Motor ComPany

Inter-Axle Rearward
Driveghaft Rear Axle

5 .1. 3



JOB SHEET #4

B. Take degree reading of intertransmission shaft

1. Clean foreign material from shaft
A

2. Take reading from flat surface of shaft or tubing parallel to center
line of shaft

8. Record reading-Gm-Figure 1, Angle two

C. Take degree reading of auxiliary transmission

1: Remove front or rear U-joint from auidliary transmission yoke

(NOTE: Remove the U-joint that is the easieit to remove.)

2. Takereading from U-joint yoke (Figure'2)

,

Courtesy Ford Motor Company

3. Record reading on Figure 1, Angle 3

(NOTE: While U-joint is removed, make physical inspection of U-joint
and make necessary corrections.)

'D. Take degree reading on front rear axle

1. Remove input shaft U-joint from yoke on front rear -axle or find a
machined pad perpendicular or parallel to center line of input shaft

on differential or axle housing

2. Take degree reading

3. Record degree reading:on Figure 1, Angle 4

PT-603
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JOB SHEET #4

E. Takedegree read i g of interaile drive shaft

1. Clean spot n drive Shaft'tubing of foreign material
-

2. Take degre reading on clean spot of drive shaft tubing

3. Record rea mg on Figtn 1, A)Igle 5

\

\

F. Take degree re ing of rear rear axle

1. Remove nteraxle drive shaft U-joint from input shaft yoke or find, a
machin pad on differential or axle housing parallel or perpendicular
to center line of input shaft'

2. Take degree reading

3: Record reading on Figure 1, Angle 6

G. Locating points of drive train misalignment

t Compare recorded degrees (Figure 1)

2. Any unit varying more than V4 to 1h° from engine-transmission (except
rear rear axle) is misaligned

H. Intertransmission drive line and auxiliary transmission for misalignmqnt

-

'.,

1. Correct intertransmission drive line angle by moving auxiliary transmis-
sion

_
. "

..

(NOTE: If intertranimission drive line angle is less than engine angle,
the auxiliary transmission will ,hlve to be lowered until angle is,correct;
if the drive line angle is more than transmission angle, the auxiliary
transmission will have to be raised,' and when relocating auxiliary,
make sure to keep auxiliary angle the same as transmission angle.)

2. Correct auxiliary transmission angle by raising or lowering front or rear
of auxiliary with shim under mounts

J. Correcting front differential for mis.atignment
:

1. If front axle angle is more than transmission, add shims under rear
torque ann mount at cross membet ,

2. If front axle angle is less than transmission, remove shims from under
torque arm

5'4 ... tl



JOB SHEET #4

K. Correcting alignment cear rear axle and interaxle drive line

1. l nteraxle drive line has broken back angle

2. Working angles have to be equal (Figure 3)

(NOTE. If front dif1eTentla1-1§- tn

PT-605

tract 7.50 - r = 4.56 then add 7.5° + 4.5° = 12°. The rear rear axle angle
would have to be 12° Y4 to W.)

3.

_

ENGINE
- -
TRANS.

7.5'
3'
4.5 WORKING

ANGLE

L. Tirne telescoping drive line

12'
- 7.5*

4. 5" WORKING

ANGLE

Courtesy Eaton Corporation

1. Make sure all drive lines are in time
.

2. 'Drive lines are in time when the yckes:On both ends are in the sarne
plane

51_6



. DRIVE LINES
UNIT, VI

JOB SHEET #5--BALANCE A PROPELLER SHAFT

I. Tools and equipment
411.

A. . Hose demo (slightly larger than propeller shaft)

B. Chalk, crayon, or pencil

C. Jack stands, 5

D. Floor jack

(NOTE: Use a twin-post hoist if available.)

E. ,Basic hand tool set
8

F. Safety glasses

G. Small strips of steel for weights (1/8" X 1/2"-X 1")

H. necrn ecl..9...4,ipment as required

II. Procedure

(NOTE: If a balance problem exists, the propeller shaft should be cleaned of
build-up of foreign materials and checked to determine if any balance weights
have been lost and that the shaft is properly installed. Road test after cleaning. If
the problem still "exists, disconned the propeller shaft from the pinion and rotate
180 degrees. Reconnect propeller shaft and road test again. If the problem still
exists, balance the propeller shaft using the following procedure.)

A. Place the vehicle on jack stands so that the rear of the vehicle is supported
on the rear axle housing with the wheels free to rotate

B. Set a jack stand approximately 1 inch (254 RIM) from the propeller shaft
(Figure 1)

C. Start the engine and rotate the propeller shaft at 40-50 mph (65-80 km/h)

t

5 .1 7. .
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JOB SFIE,ET #5

0. Mark the propeller shaft by carefully bringing the crayon or pencil up
until it just barely contacts the rear end of the spinning propeller shaft
(Figure 1)

0

(CAUTION: Avoid contact with the spi(ining shaffand tires:While marking
the 'shaft, avoid areas Where balance weights are located because they could
injure 'your hands.)

FIGURE 1

-

Use Support Stand
as a Stetdy Rest

A

(NOTE: The mark made by the crayon or pencil.will indicate the h:avy side-
af the shaft.)

'E. Turn off the engine

F. Install one screw type hogeclamp on the rear of the propeller shaft so
that the screw head is 180 degrees from the mark on the propeller shaft
(Figure-2)

FIGURE 2
CHALK MARK

Clamps 1800 from
Chalk Mark

r 4
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JOB SH E ET #5

G. Tighten clamp seaurely

H. Run the vehicle up to 40-50 mph (104-112 km/h) speedometer reading or
range of vibration

.(NOTE: lf no vibration is felt, road test the vehicle as,la final test. If vibra,
tion still eAsts, proceed as follows.)

I. Ipstall. heavier Weight under hose clamp screw

J. Continue to add weight and test until vibration is eliminated -

K. Weld.weights to shaft being careful not to oyerheat shaft

5 !
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DRIVE LINES
UNIT VI

NAME

TEST

1. Match the terms on the right with their correct definitions.

a. All companion flanges or yokes in the drive
line are parallel to each,other with working
angle,s of the joints equal and opposite

The working angles of the joints are equal, -.,
but the yokes are nonparaller .

c. A flexible coupling that permits a driving
shaft to operate between two power train
units that are not in perfect alignment with

each other and are subject to "movement

d. Shaft that, connects two units of the drive
train to propel vehicle

e. Driving connectiOn made up of one or more
propeller shafts between two or more units
orthe drive train

f. Two closely coupled cross and roller U-joints
arranged so that their acceleration-
deceleration effects cancel each other, result-
ing in output propeller shaft speed identical
to input speed

Variable-length connection at one end of
a propeller shaft that allows the shaft to vary'
in length

g.

h. Cross and roller U-joint )-

i. Propeller shaft runout or unbalance condition
causing the shaft to arc similar to the looping
action of a rope held at both ends and swur.kg
in an arc

j. Procedure of aligning the yokes of a propeller
shaft parallel to each other

k. A bearing and mount assembly used to
support the rear of a drive shaft when two

' or moredrive shafts are used

5 5 o

1.

2.

'Slip joint ,

Parallel .U-joint
arrangement

3. Center support
bearing

4.

5.

6.

7.

8.

9.,

Universal joint

U-joint timing

Propeller shaft

Drive line

Cardon joint

Erroken: back
arrangement

10. Constant veloc-
ity p-joint

11. Whirl

PT-611
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2. List two characteristics of a hotchkiss drive.

a.

3. Identify types of propeller shafts.

a.
Bearing

- b.

Rubber
Coupling Shaft Support

. b.

C.

a.

^

'Flange Yoke

-Journal &.Bianng

Sleeve Yoke

Retainer
.

1%th
Support

Slip Stub Shaft Stub Yoke

404

Tubing

-
Rear Flange

0 CI

End Yoke

.

Shop-Joint

Bolt Flange
'Nut

Pin
Spider

Knuckle
Fitting Bott

'

Lock 1iLL
.Seal ,5 Seal

Lock. Bearing Cap

/. &/Beanngs--11

.,, Bearing Cap 0 ), ''', Spider Sea-i

Fitting /- -

Bearing Cap uck
Washer

PiBneagin9.... Cap ,
1111

Bolt Yoke

Dnve Shaft
Fitting------

'13eanng-Cap.

Permanent U-Jointo,

Nut
Lock

4
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4. Identify parts of a propeller shaft with slip yoke.

a.

b.

C.

d.

e.

5. Identify parts of a center bearing.

f.

a.

a'.

b.

C.

d.

b.

-

ft.

011.

NLV

-01F(1°11
71.

PT-613
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6. Differentiate between constant velocity and cross and roller U-joints by correctly
labeling ihe illustrations 'below.

a.

fir
Lock Plate

Bearing Cap

Range

Bearing Cap

Lock Plate

Spider

(to

Cap Screws

b.

,
5



7. Identify parts of a cross and roller U-joint.

t;

a

via

-8. Select points on a drive train to check component angles by placing an "X" in the
appropriate blanks.

a.. Top of auxiliary
"E.

b. Interaxle drive line on clean tubing

c. Machined pad on rear of transmission

d. Coupling driveshaft on clean tubing section

e. Front yoke or flange of auxiliary transmission.

f. Radiator mount pad

9. . Select true statements concerning 'acceleration-deceleration of propeller shaft with
cardon U-joints by placing an' "X" in the appropriate blanks.

a. Irfput side of U-joint turns at constani

b. Output of U-joint accelerates and decelerates once during three revolu-
vIt

tions of the shaft

c. The greater the U-joint angle the greater the effect will be

PT-615
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10. Complete-the followirig list of problems".ausing drive line noise or vibration

. a. Out of balance emergency brake drum on rear of transmission or auxiliary

b. Lack of lubrication in the U-joints

c. Worn U-joint bearings

d. Bind in slip 'yoke

e. Sprung or damaged drive shaft

f.

g. Drive shaft U-joint out of time

h. Foreign material.on drive shaft

Loose or worn rear su§pension

k. Excessive drive shaft angles

11. Demonstrate the ability to:.

a. Remove and replace a propeller shaft.

b. Disassemble, inspect, and reassemble a U-joint with bolted end.

c. Remove and replace a-cross and roller Lkjóint.

d. Align and time a telescoping drive line.

e. Balance a propeller shaft.'

(NOTE: if-these activities have nOt been accomplished prior to the test, ask your
instr-uctor when they should be completed.)

42
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DRIVE LINES
. .UNIT VI

ANSWERS TO T EST ,

1. a. 2 e. 7 i. . 11

b. 9 f. 10 j- 5

c. 4 . g. , 1 k. 3

d. 6 h. 8

a. Open U-joints
b. Exposed drive line

3. a. Coupling shaft and center support bearing
b. Propeller shaft with.slip yoke
c. Coupling shaft without center bearing

4.* a. F lange yoke

b. Jaurnal and bearing
C. Sleeve yoke-

d. Slip stub shaft
e. Tubing ,

f. Stub yoke
g. End yoke
h. Slip U-joint
I. Permanent U-joint

5. a. Bearing
b. Rubber support
c. 'Retainer
d. Support

6. ,a. Cross and roller
'b. Constant velocity

7. a. Bearing cap
b. Yoke
c. Spider
d. Lock plate

8. b, c, d,

9% a, c

10. f. Missing balance weight
i. Loose or worn engine Mounts

t'
-

11. Performance skills evaluatedto the satisfaction of the instructor

5 5 6
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DiFFEnNTIALS AND FINALDRIVES
UNIT VII

UNIT OBJECTIVE

After completion of this unit, the student should be able to ,identify the components
of differentials and final drives. The student should also be able to make bearing adjust-
ments, identify different tooth patterns, and .be able to remove, repoair, and replace differ- .
entials and final drives.. This knowledge will be evidenced by correctly performing the
procedures outlined in the job sheets and by scoring 85 percent on the unit test.

SRECIF IC OBJECTIVES

1. Match terms related to differentials and final drives with their correct definitions.

2. Match types of differentials and final drives with their definitions.

3. Identify.parts of a gear tooth.

4. Match the methods used to evaluate gear tooth contact patterns with the correct
diagrams.

Identify parts of a differential.

Identify parts of:a planetary gearset.

7. Match planetary gearset components with their characteristics,

8. Name three types of differential 'locks.

9. 'Select from a list the purposes of a power divitar.

7
1.0. Identify the basicvarts Of a powerdivider.

11' Match types of shifting mechanismt with their destriptions.

12. Distinguish betWeen flared and compression fittin6s.

- 13. 'Demonstrate the ability to:

a. Removea differential assembly.

b. Disassemble a diprential case and gear assembly. ,
I

c.1 Clean and inspect a differential case and gear assembly.

d.. Adjust drive pin i7n bearing preloati.

5 5 7 '
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S.

9. Reassemble allifferrtia case an gear assembly.

f. Adjust differential bearing preload; check gear backlash and tovh contact
pattern. ,-. -

g. Install differential assembly in differential housing.

h. Remove, repair-, arid reassemble, a differential carrier and power divider
assembly.

i. Disassemble a planetary gear assembly outer ends.

j. Clean and inspect parts of a planetary axle.

k. Reassemble a planetary gear assembly.

l., Adjust a planetary gear bearing preload.

m. . Perform preVentive maintenance on differential and final drives.

n. Assemble air lihe with reusable fitting (flared).

o. Asiemble air line with compression fittings.

S.

*NO



DIFFERENTIALS AND FINAL DAIVES
UNIT VII

SUGGESTED ACTIVITIES

I. Provide student with objective sheet.

II. Provide student with information and,jOb sheets.

III. Make transparencies.

IV. ,Discuss unit objectives.

, V. Discuss information sheet.

VI.' ernonstrate and discuss the procedures outlined in the job sheets.

VII. Taktudents-on-field-trip_to industry that manufactures,orAtvices differential..

and final drives. .
.

VIII. Bring different differential and final drivecomponents into ihop and tow
students htiw each component is different in design.

IX. Have a differential arid final drive disassembled and laid out on shop bench and
show students how the parts work together.

X.. Have a mechanic from industry come in and talk to students about what is
expected of them when they go to work on differentials and final drivo.

Xl. Give test.

INSTRUbTIONAL NIATERIALS

Included in this unite

A. Objective sheet,

B. Information sheet

Transparency masters

1. TM 1--Gear Tooth Nomenclature

2. TM 2--Ring and Pinion Gear

3. TM 3-parts of a Planetary Geirset

. 4. TM 4--Single Reduction Axle Assembly

5. TM 5--Double Reduction Axle
,

p. TM 6,2-Speed -Axle

a



622 i-n

7. TM 7--Tandem Drive Axle

8. TM 8--Planetary Double Reduction Axle

9. TM 9--Planetary Drive Axles

10. TM 10-Todth Contact Patterns

11. TM 11--Parts of a Differential

am*

12. TM 12--Types of Differential Locks

13. TM 13--Types of Differentral ,Loc,ks (Continued)

14. TM 14---:Parts of a.Power Divider

. 15. TM 15--Parts of a Power Divider (Continued)

16. TM 16.-E lectric Shift System .4_
17. ,TM 17--2-Speed Bing! Axle Straight-Air Shift Sh stem

18. TM 18--2-Speed Tandem Axle Straight-Air Shift ystem

19. TM 19--3-Speed Tanderin Axle Straight-Air Shi t System

20. TM 20--Types of Pfdr Lirie Fittings

D. Job sheets

1. Job Sheet #1--Remove a Differential As mbly

2. Job Sheet #2--Disassemble a .Differe tial Case. and Gear Assembly

3. Job Sheet #3--Clean and "Inspect a D'fferential Case and Gea.r Assembly

4. Job Sheet #4--Adjust Drive Pinion earing Preload
. .

5, Job Sheet #5--Reassem6le a Di ferential Case apd Gear Assembly
-

6. Job Sheet #6--Adjust Differen al Bearing Preload;7 Check Gear Back-
11

. lash and Tooth Contact Patter . . ,
. ,

7. Job Sheet #7--Inoall Differ ntial Assembly In Differential Housing
.. .

8. JOb Sfleet #8--Renia R pair, and. Reassemble a Differential Carrier
and Power Divider Assem ly

9. Job Sheet #9--Disassem le a Planetary Gear. Assembly Outer Ends' .

10.. Job Sheet #10--Clean nd Inspect Parts cif a Planetary Axle ,

11. Job Sheet #11--Rea semble,a Planetary Gear Bearing Prelod.
.,

'. 12. Job SI-reet #12--Adjust a Planetary Gear Assembly ''-- *
' b II., . ...

..
. ... . ... .

t3
I %P,

:X.Pet ft I.
4
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At.

6 PT-623
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13. Job Sheet #13--Perform Preventive Maintenance on Differential and
Final DriJes ,

0 14. Job Sheet #14--Assernble Air Line with Reusable Fitting .(Flared)

.15. job Sheet #15--Assemble Air Line with Compression Fittings

'E. Test

F: Answers t'O test.

Refei.ences:

A. For*, LouiS C. Motor Trucks and Diesel Repair Manual. 33rd Edition.
New York, NY 10010:, Motor, 1980.

Notgrass, Troy. TheAutomotive PoweATra-in.Mec-hank. Austin, TX: Instruc-

,.
tional Materials Service Division of Extension, The Unhiersity of Texas at

0

D.

E.

F.

Austin, 1973.

FundaMentels of Service: Power Trains. Moline, I L 61265: John Deere
Service Publications, Dept F, 1972.

1968 Ford Truck Shop Manual. 'Dearborn, MI: F9rd 9ervice Pub sations,

1968.

Stockel, Martin W: Auto Service and Repair. South Holland, IL: - The
Goodheart-Wilcox Co.; Inc., 1969.

Field Maintenance kr Rock71tandard Off-HighwaY Vehicles Employing
Planetary Axles. Troy, MI 48084: Rockwell International 'Automotive
Headquarters, 1976.

G. Eaton Truck Axles, Service.Manual EA-104.
Corporation, Axle Division, 1977.

H. 'Eaton Truck Axles, Service Manual EA-104.
Corporation, Axle Division, 1980..

Cleveland, OH 44110: Eaton

Cleveland, OH 44110; Eatop

I. Schulz, Erich J. Diesjltquipment Defies, TX: Gregg -DivisiOn, McGravir
Hill, Inc., 1982.
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DIFFERENTIALS AND FINAZ. DRIVES
UNIT VII I

I. 'Terms and definitions

A. Differen tial-- rangement of gears connecting two shafts or axles in the same
line, dividin the cifiving" force equally between them, and permitting one
shaft to revdjve faster than the other (also knowrras third member)

B. Final drive--The last phase of the power train; it gives the final reduction in
speed and increase in torque to the drive wheeli

IITFOR MAT ION SHEET

C. Backlash-DiStance that one gear can be moved back and forth Without
moving the gear into which- it is meshed (Transparency 1)

D. Ring
gearName

- given to the bevel gear in a differential, and the gear which*surrounds or rings the sun and planet gears in a planetary system

E. Hypoid gear-A gear that is similar in appedrance to spiral bevel .gear, but the
driving gear is located below the center of the driven gear (Transparency 2)

F. 'Pinion-A small gear having the teeth.formed in the hub; it drives a larger
gear..

G. Preload-Adjusting antifriction bearing so that it is under mild pfesjurCthis,
prevents bearing looseness under a driving stress

H. Gear tooth clearance-Distance separating two gear teeth that are meshed
together (Transparency 1)

I. Tooth contact pattern, test-A m thod of testing the wiping action between
ring gear and pinion gear to deter ine if they are properly adjusted

J. Planetary gearset-A gearing unit tonsIsting of a ring gear with internal teeth,
a sun or central pinion gear with \external teeth; and a series of planet gears

c that are ,meshed With both the ,ring and the sun gear (Transparency 3)

K. Differential pinion-Small gears mbunted on a shaft pinned to the differeptial
.- case; they mesh with, and dri , the'axle end gears

-II. ypes of differentials and final rives anc their definitions,
.)

A. Single redbction axle- ear axle a sembly 'with single reduction through
ring gear and drive pinio (Tiansparency 4) -

4. , , , \
, ; ..- .

B. Double reduction axle-Re& axle assembly with twarethictions;onethrough
g and drive pinion, one through a\ Set of helical gears (Transparency 5),. < - .\

\ a

4p

('

5

,)
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INFORMATION-SHEET

C. 2-speed axle-Rear axle asserhbly with two gear ratios for various road
and load conditions (Transparency 6) -

D. Tandem drive axle-Rear axle assembly incorporating ,two single wile uniti
and power divider interConnected by a propeller shaft ..(Transparehcy 7)

E. Planetary double reduction axle-Rear axle .assembly vvith two reductionv;
one through ring gear and drive pinion, one _through planetary gearing
(Transparency 8).

F., Planetary drive axle-Rear axle assemlplies which are more durable because
torque loads ere spread more evenly over several gears (Transparency`9)'

II l. Parts of a gear tooth (Transparency 1)

A. Flank

B.., Pitch line

=
(NOTE: Rerriern iber that pitch lite s not physically part of a gear tooth,
ut wrimaginary linerused for refenence.) .

C. Face

D. Toe (small end)

E. Heel (large end)

IV. Methods used.to evaluate gear tooth.,contact patterns (Traosparency 10)

(NOTE: _Check tooth contact patterns pn both sk.es of tooth, drive side and
cciast side; the drive side has concave teeth and the coast side has donvex teeth.)

A. On drive side of topth

1. Should be centrally located between the top and bottom

2. Tends to spread toward the heel of the tqoth as the load increases

3. Can be slightly closer to the toe end

B. On coast side of tooth

-1. May be a little longer and closer to the toe end

2. Should be centrally located between the toiii and bottom

V. Parts of a differential (Transparency 11)

A. Co anion flange (pinion yoRe)

B. Pinion seal and retainer

T
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C. Companion flange flat washer

D. Pinion bearing Icone,and cup)

E. Pinion bearing cage

F. Pinion bearing cage shirn

G. ,*Piniontbearing spacer

H. Drive pinion

I. Pinion pHs:It beariiig

J. -Differential carrier

K. Carrier gasket

L. Differential bearing adjuster

M. Differential carrier bearing cap

N: Differential bearing cup

0. Differential bearing cone

P. 4 Differential case, flanged half

Q. Ring gear

R. Side gear thrust washer
t

S. Side gear

T. Spider

U. Side pinion

a

-V. Side pinion thrust washer

W. Differential case, plain half

VI. Basic parts of a planetary gear differential and final driVe (Transparency 3)

A. Sun,gear

. B. Planet gear

C. Planet carrier'

Ring gear

5 C 4

"MN

PT-627



- 628 (

INFORMATI)N .;-1iE

VII. Planetary_ gearset_cornporient drld thelt Idracteristid (Transparencies 8 and 9)

A. Sun gear- The center gear ri tOtli with the planet gears #

siw
(NQTE: The sun gear can he used as a drive gear as in a final drive or as a
drive gear as in a planetary differential.)

B. Planet gear-Those geais in a planey-y gearset Viet are in mesh with both the
ring and the sun gear

(NOTE: They' are reterre'd to as planet gears in that they orbit or move
around the central or sun gear.)

C. r-fcanet carrier -That part uf a planetary gearset upon which the planet gears
are affixed

D. Ring gear:The large gear Nall internal teeth in mesh._ with 'the teeth of
the planetliinions at all times .

(NOTE: The ring gear may be attached to the inside of a differential carrier.)

VI II. Types of differentials locks (Transparencies 12 and 13)

(NOTE: The differential' loek.. is used to lock both axle shafts in as one; this
prevents the Usual loss of ti action ,hen one wheel is slipping.)

A. Mechanical lock WO levers and linkages to engage a collar on axle to
the splines on differential housing

B. Hydraulic lock Uses oil pressure to lock out the differential; when the pedal
is depressed the valve allows pressure oil -to flow to the differeqtial

C. Automatic lock 1his jnit is norrnalt engaged at all times, bis..it still allows
for relative motion bctween the wheels when cornering;_ when engaged it
prevents one wheel frornispinning when it loses traction and thereby depriv-
ing the other wheel of full di ivin'y poiver

fX Purposes of a power divider

A. Equally distni)utes powei n ut,.: the vehicle transmission to both the forward
and rear rear axles

B. On a tandem drive a0J, whtin oki.ct- divider is disengaged; the Itwo axles
act as two inuividual axles

1111hen goe power dividJA,ciigagc-t; ti.t two axles act as one

D. Provides ma ximiun 0,1. unditIons are unfavorable

I
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E. When power divider is disengaged it prevents axle fight and permits freer
rolling

(CAUTI N: Onva tandem drive axle be sure that bof axle ratios are the
same.)

,

F. Allows for easier ;t6ering.and better roadability

X. Parts of a power divider (Transparencies 141, and 16)

A. Input shaft

B. Inter-axle differential lockout

C. Helical side gear

D. Pinion helical gear.

E. Inter-axle differential .(

Xl. Types of shifting i:nechanismi (2-speed axles)

(

A. Electric shift (Transparency .16)

..

,

1

1. Consitts of a manually-operated control switch and an electpic shift unit

2. Connected by electrical cables and normally protected by a circuit
breaker

.,.

3. The shift unit includes a hersible .electric motor, automatic switch,
drive screw, and torsion spring drive

B. Air-operated shift (Transparencies 17, 18, and 19)

1. Consists of manually operated air shifter valve, a quick.release valve,
and an axle shift unit .

PT-629

2. Air shifter supplies air through the quick release valve to the axle shift
unit .'

3" Air pressure in the Shift unit shifts axle to high range
/

4. TO shift axle to low range, air. pressure is exhausted at shifter valve,
which exhausts air pressure at quick release valve

C. Vacuum-operated shift \

1. ' Consists of a manually operated contrdl lever, vacuum valve Controlled
by linkages,and an axle shift unit

-
. --,

2. Vacuum can be.used to shlft the unit to low range

3. Spring tension shifts the unit back to high range
...

-

I

r
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.
XII. Types of air line fittings (Transparency' 20)

.

A.. Flared fitting--Tfie end of the tubing is spread (flared) outward at:an angle

B. Compression fitting (sleeve)-- It is either a separate unit or designed as part of
'the nut, and when drawn todether the sleeve is compressedg against the
tubing, fitting, and nut

-'

6,
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Gear Tooth Nomenclature

a
e

Backlast .006" To _016" I Tooth Clearance

:g

The,Heel of the Gear Tooth
is the Large End and the

Toe is the Small End

5'ird

Face
Pitch Line
Flank .

41C.

PT-831

TM 1 ,"
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Ring and Pinion Bear

'Hypoid,Ring. Gear

Hypoid Pinion

Nominal Dimension

4.

Spiral Bevel Ring Gear

Spiral Bevel Pinion

Nominal Dimension

Courtesy International Harvester

PT-633

TM 2 _

OW.



Parts Of A Planetary. Gearset

Sun Gear
Carrier

Pinion or
.Planet Gear

Sun .Gear

'-Shaft To
Sun Gear

Si

Ring Gear

Tube To
Ring Gear

11,.) ffj
. Carrier With

Planet Gears'

PT-635

Shaft To Carrier

TM .5
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Single Redpction Axle Assembly

Axle Hriusing

Internal View

Drive Pinion

Axle Shaft

CourtesY Transmission Division, gaton Corporation

PT-637.

Axle Differential

4.1 11

TM 4



Double ReductionAxie

Helical Dirve, Gear

Hypoid Ring Gear-

Rotation

Rotation
I

Helical Pinion Gez

Hypoid- Pinitin Gear

1

Rotation

Courtesy Ford Motor Comppy. .

A,

4
s

PT-639

TM 5'
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2-Speed Axle-
.

-

;""\

,
- It%

Axle Hou

Internal View

, m I 1 hii g Speed Clutch 'Plate.

High Speed Clutch Plate Ring Gear

Bearing Adjlistei ....
Left-Hand Differential Left.:Han'CLD ifferential ..

, (Law Clutch Plate) . 4
1

'
Beiring Adjuster ,

(Low, Spep lutch Plate) .
. .

.
)

TiSliding-Clutch-
Gear

Idler Pinions

tt'

EV9
;

4 ., r-
. 1

Sliding Clutch Gear /
,

'.1ciler Pinions

Coth-tesy Transmission Division, Eiton Côr-poration

444

5 3
,

4 1

1 I

.

PT-641

Pt,

.Ring Gear

- )

TM 6 r .
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Tandem Drive Axle

...-

:

I 3

Egg.

-Axle Houshig

Courtesy Transmission Division, Eafem Corporation

7

5 7 5



Planetary Double Reduction Me

Axle Housing

Planetary Gears

(

Ring Gear
Drive Pinion

Stationary Sun Gear

Planetary Pinions

Courtesy Transmission Division, Eaton.Corporation

5vtj
V41W

Differential

Venturi Cover

Internal View"-

3,;,

PT-645

7

TM 8

(
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Tooth Contact Patterns
Pattern A

DRIVE. COAST

Ideal Ring Gear Tooth Contact Under
Light Load

DRIVE Pattern B COAST

S.

DRIVE Pattern C COAST

Toe Contact - To Correct Move Gear
Away 'From Pinion

DRIVE Pattern D COAST

High Tooth Contact - "Co Correct Move
Pinion Toward Gear.

Heel Contact To Correct Move Gear
toward Pinion

.

DRIVE Pattern E COAST

eir

Low Tooth Contact - To Correct Move
Pinion Away From Gear

'MOVE IIING 'GEAR AWAY FROM DRIVE PINION
TO COR FkECT PATTERN "a"

MOVE DRIVE PINION
TOWARD RING GEAR

TO CORRECT
PATTERN "D"

1-

Ring Gear 4-

Drive Pinion 4.,

IMOVE DRIVE PINION
AWAY FROM RING GEAW

'TO CORRECT
PATTERN "E"

MOVE RING GEAR TOWARD DRIVE PINION
TO CO-EIRE& PATTERN "C"

TM 10
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4.

% Planetary Drive Axles

Planetary Gears Away

From Differential

9

Ring Gear

Differential

PT-647

Wheel Hub
Sun Gear

Planet PiniOs

Final Drive Shaft

PlanetarV-Sea4::
Next to Diffefential

Ring Gem.

Pleplet Pinions

Drive Wheel Here

Planet Pinion Carrier

Rear Axle Shaft

.Rear Axle Housing

From Diffeqtial

Pine! Drive Shaft And Sun Gear

Courtesy DEERE &-Ca., MOLINE,

. J
<1*

TM 9
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Diff. Carrier and Bearing Cap

Diff. Case - Plain' Half

. .1
6)ff. Betting Adjuiter Side Gear ThruTt Washer ,----z

..... e .. ,
Bearing Cone

Carrier Gasket

Diff. bearin-g Cup
; 1

Parts of a Differential
Diff. Case -"Fledged Half

4="40

Diff. Carrierand Bearing Cap

Diff. Bearing-Adjuster

Side Gear Thrust Washer
Side Pinion Thrust Washer

Side Gear

. Side Gear

Side-Pinion

Ring Gear

,
Diff. Carrier

.

Pinion Pilot, Bearing

Pinion Bearing Spacer

Diff. Bearing Cup

,Diff. Bearing Cone

Spider

Courtesy Transmission Division, Eaton Corporation

Diff. = Differential

5 :1 (:) 4

Pinion Bearing
& Cup)

Companion Flange (Pinion Yoke)

Pinion Bearing Cage

Pinion Bearing (Cone & Cup)

Pinion SM.& Retainer
5 Ei
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To Engage Lack.

Types of Differential Locks

.

'Housing Splines

.

DrivenClutch
And Spider

Remain Locked
, And Valid .

At Same Speed

Splined Side Gear

Driven Clutch

SPider
Driven Clutch Elevated By Cams
Disengages From Spider Clutch

Teeth And Travels
At Faster Speed

Driven Clutch

Spider Clutch
Teeth Drive

Driven Clutch

sir
4

Splined Side-Gear

Fork

Axle Splines
. -

Co Her r
To Engage Lock

Mechanical Lock

Courtesy DEERE & CO., MOLINE, IL
Automatic Lock
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Types of Differential Locks

Piston Engages Clutch

Disk Clutch

4,

_

, (Continued) To Engage Lock

N

I
,

Bevel Gear
(Locked) .

I

Courter DEERE & CO., MOLINE, I'L

...

ft

Hydraulic Lock
,

5 c AI

.".

,

-.



Parts of a Power Divider

-Input Shnft

Power Divider

PT-657

inter Axle Differen,tial Lockout

Inter Axle '

.Differential

Output Shaft Side Gear

Output Shaft

Axle Shaft

Ring Gear

Input Shaft,Helicar
'And Differential Side Gear

'Drive Pinioh HelicaiGear

Drive Pinion

Ring Ggar

Axle Differential

7.7=-4xrc-61.

\

T11,

IDrive. Pinion

II

,

Courtesy Transmission Division, Eaton Corporation

5 t5

Axle Shaft

z---') Axle Differential
,

Venturi Cover

,

TM 14
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Parts of &Power Divider
(Catinuect)

Inter-axle
Differential Lockout

Input 'Shaft'

Inter-axle
Differential

11.
Nli 14, vial

00,00
Mir -11-1Pir

ialialdil 4
SN1

N
(1k1

Power Divider

Helical
Side Gear ridav,

4. Drive Pinion

5 G

7
CourteRy Rockwell International

,:



flectric Shift System

Power Source
(Ignition or Accessory

Switch)

Circuit
Breaker

Up-High

I Down-LoW Range

Speedometei
Adapter

Wiring Harness
I

.

Switch Knob

4 Contiol SWitch

Electric qik.tor

Field
Coils

,0
!Automatic Switch

Armature

r

Courtesy Transmission Division, Eaton Corporation

Automatic Switch

Switch Screw

Terminal Lockout

Sbift Fork Actuating Lever

Torsion Spring

Drive Screw AsseMbly

Spring Winding Lever

J

, PT-661.

Electric Shaft Unit

Electric Motor

MOtor Screw

...vCable Clamp

45' Motor Gasket

Shift Unit Housing

Shift Fork Seal

Seal Spring

Locknut

Insulator Bushhig
Insulator

Drive Screw Bearing

Lever Shaft

Cover Gasket Cover Gasket

Housing Cover

Oil Filler Plug

5

Bearing.Cover,

Cover Screw

TM .16.
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2-Speed Sing e Axle Straight-Air Shift System

Axle Shift Unit'

Quick Release Valve

+ FOr Vehicles With Transmission

Drive Speedometers

+ Speedometer Adapter

2 Speedlkir Shifter Valve

Dry Air Tank
4 Pressure Switch
(Normally Closed)

White

*Circuit Breaker

Green

*For Vehiclei Not EquiPped.
-With Automatic Safety Brakes

5'

*ldnition or Accessory Switch
,

Courtesy Transmission Division, Eaton Corporation

Exhaust

5 S.1i



2-Speed Tandem Axle Straight-Air Shift System

+Pressu re Switch
, (Normally Closed)

Quick
Release
Valve

Exhaust

+ For Vehicles With Tranimission
Drive Speedometers

+ Speedometer

Speed Air Shifter Valve

Rear Axle Shift Unit v.4
. .$W

Dry Air Tank '`..1.'~4""*""4

,
*Soleniod Valve

Loc6ut
Cylinder

Forwark Axle
Shift Unit

*Circt Breaker

- Dry Air Tank . White

Red
'Green

4

*ignition or
Accessory_ Switch

'Breen Tubing

To Lockout,Cylinder

*For Vehicles Not Eauipped ,

With Autornatic Safety.Brakes

5 sJL

Courtesy Transmission Division, Eaton Corporation

Exhaust



3-Speed Tandem Axle Straight-Air Shift System

+Pre;sure Switch
Quick .Release Valve (Normally Open)

ipeedometer Adapters .

Forward Axle
Shift Unit

Quick Release Valve

+ For Vehicles With
Transmission Drive

Speedometers

'N3 Speed 'Air Shifter Valve

Rear Axle Shift Unit

Dry Air Tank '

*Solenoid Valve .

*Circuit Breaker

Lockout
Cylinder

Lockout Control
Valve

Bleck

*Ignition or Accessory Switch

Green Tubing

To Lockout Control Valve

*For Vehicles Not Equipped With
Automatic Safety Brakes .

5 3
,

Courtesy Trensrnission Division, Eaton Corporation

t.

,

- Exhaust

Green

l'civ 5 0,



Types of Air Line Fittings

Flared Type

PT-669

y . .

Compression Type

,Nut Fitting slee Nut Tube
Ve Irisert

Insei:t Partially Installed

NiflOn Air Line_Assemlily

ek,

.5 `.)J

.2

NM 20



DIFFERENTIALS ANC) FINAL DRIVES-
UNIT VII

JOB SHE'ET --REMOVE A DIFFERENTIA ASSEMBLY

I. Tools and equipment

A. Basic hand tools

B. Floor jack

C. Jack stands

D. Deep socket set, .1/27 drive-

E. Differential jack

F. Drain pan

G. Drop light

H. Creeper

I. Safety glasses

I I. Procedure
0

(NOTE: This procedure will cover the itraight axle drives, pinion drives, power
dividers, differential locks, 2'and 3 speed axles'and planetary drives.)

A. Remove plug from bottom of axle housing and drain lubricant

IM

PT-671

Remove the axle shaft stud nuts, lock-washers; and tapered dowels
.-

(NOTE: To loosen axle shaft from the tapered_ dowels', hold a 11/2 inch
diameter brass drift against the center ofthe axle shaft heed; strike the drift
sharply with a 5 to 6 pound h ammer Or, sledge.) I

(CAUTION: Check service manual; some manufacturers do ,not recommend
this.)

., C. Remove the.axle shaft from the drive unit and housing

D. Remove drive line from pinion yoke and slide other end out of slip joint

(NOTE: Mark drive line with benter punch before removing.)

E. Place drive line out of work'area

F. Disconnect the electrical terminals or air hoses from shifting mechanisms
if it is a differential with a 2-speed shifting mechanicsm; on tthidem drive
axles, disconnect the air hoses to the powei divider shifting inechenism

5
S..
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< JOB SHEET #1

G. Remove carrier to housing stud nuts

(CAUTION: Loosen two top nuts but leave- on studs to prevent carrier
from falling.) '

H. Break carrier fbose from.housing with a rawhide,mallet

I. Place differential jack under carrier (Figure I)

J. Remove top nuts and lock _washers and work carrier free

, (CAUTION: Keep to one side of'differential.whilemoving.)

K. Use a small pinch bar to straighten carrier in housing bore

(NOTE: The end must be rounded to prevent indenting the carrier flange.)

L. Bring differential straight out of carrier bore

M. Lower differential to floor and roll out from under vehicle
,

41.

1

.11

1,



DI'FFERENTIALS AND FINAL:DRIVES
UNIT VII

, JOB SHEET #2--DISNSEMBLE A DIFFERENTIAL CASE AND GEAR ASS.EMBLY

I. Tools and equipment.

A. Basic hand tools

B. Carrier repair stand

C. Socket set, 3/4" drive

D. Socket set, 1/2" drive

E. Pry bAr

F. Drive pinion flange puller

G. Safet, glasses

11§ I I. Procedure

A. Position the carrier on a differential carrier repair stand (Figure 1)

FIGURE 1 /

(NOTE:, Proc

e

and illustrations courtesy Tr4nsmission Division, Eaton Corporation.)

5 "
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JOB SHEET #2

B. Mark differential bearing caps and carrier with a center-punch for correct' location in reassembly (Figure 2)

FIGURE?,

C. Cut lockwires, then remove cap screws, differential bearing caps, and adjust-
ers

D. Lift out the differential and gear assembly (Figure 3)

(NOTE: On some differentials you will have to tilt ring gear awai from
pinion.)

FIGURE 3

.
. ,

5 ?.)



JOB SHEET #2

E. Removeipinion flange or yoke shaft.nut and washer (Figure 4)

(NOTE: There are different methods in removing nut and washer so check

with Manufacturer's specifications.)

FIGURE 4
COMPANKA

FLANQE

PINION OIL
REARING SEAL

CAGE RETAINSP4

4

F. Remove pinion flange or yoke with a suitable pad (Figure 5) -

(NOTE: Driving the flange off will cause excessive runoutJ

FIGURE 5

Courtesy Rockwell International

6 o

PT-67A5
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JOB SHEET #2

;G. Remove pinion c e stijd nuts or capscrews

H. Remove bearing cover and,oil seal assembly

I. Remove bearing cage (Figure 6)

(NOTE: Some manufacturer's provide puller holes and other manufacturers
recommend driving the bearing came out With*a brass drift. Check with
manufacturer's specifications before removing.)

(CAUTION: Note size and number of 'shims under bearing cage flange for
easier adjustment during reassembly and wire shims-together when removed.)

FIGU'RE 6 .

(CAUTION: The use of a pry bar will damage the shims.)

J. Press drive pinion shaft out of bearing cage

K. Remove outer bearing from cage (Figure 7)

FIGURE 7

(Or:PAMO'4
A`NCE

+1411

A,

,t
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JOB SHEET #2

L. Remove bearing spacer washer and spacer from drive pinion (Figure 8) I

F.IGURE-8

PINION
REARING-
SPACf R

PINION
REARING

CONf

PINION
PILOT -

REARING

ARENG
SPACER
WASHER

DRIVE .
PINION

N. Remove inner bearing cone and pilot bearing from drive pinion, using
suitable pullers (Figure 9)

FIGURE 9

DRIVE
PINK 1'.1

PRESS

-PIN104
BEARING

CONE
(INNER)
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JOB SHEET #2
_

N. Punch mark differential caies for correct locatidn in reassembly (Figure 10)

FIGURE 10

ILO

0. Ctit lockwire, then remove cap screws, nuts and bolts (Figure 10)

P. Remove plain differential case (Figure 10)

Q. 'Remove ,right-hand .side gear and thrust washer, then lift out differential
spider, side pinion, and thrust washer assembly (Figure 11)

FIGURE 11

,

SIDE SPIDER
, PINION

SIDE
PINION

' THRUST
WASHER

SIDE
GEAR

SIDE
GEAR

THRUST
WASHER

6



JOB SHEET #2

R. Remove -left-hand. side gear and thrust washer from flanged differential
case (Figure 11)

S. -Remove bearing cones from differential cases with a split-type puller (Figure

12)

FIGURE 12

DIFFERENTIAL
BEARINGn'

CONE

SPLIT.TYPE
PULLER

PLAIN'
-0DIFFERENTIAL

CASE

T. Remove ring gear from flanged differential.case (Figure 13).

(NOTE: Carefully center-punch rivets in -cenfer of head. Use drill 1/32"
smaller than body of rivet to drill through head from gear iide. Press out

rivet.) )

(CAUTION: Do not chisel out rivets.)

FIGJE 13

RIGHT . WRONG

GEAR SIDE .

PT-679

42:7
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DIFFERENTIALS AND FINAL DRIVES
UNIT VII

JOB SHEET #3--CLEAN AND INSPECT A DIFFERENTIAL CASE
AND GEAR ASSEMBLY

I. Tools and equipment

A. Basic hand tools

B. Solvent container

C. Solvent

D. Parts cleaning brush

E. Safety glasses

II. Procedure

-op

PT-681

A. Wash parts having ground and polished surfaces such as SAars shafts, and
-bearings should be cleaned in a suitable solvent

.(NOTE: GdsOline should be avoided.)

B. Do not steam clean assembled drive units after they have been removed
from the housing

(NOTE: Water will be trapped in the cored passage of the castings and
in the close clearances between parts as well as on the parts.)

C. - Clean rough parts such as differential carrier castings and cast brackets in

hot solution tanks with mild alkali solutions

(CAUTION: Exercise- care to avoid skin rashes and inhalation of yapors
when using alkali cleaners.)

D. Dry parts thoroughly after cleaning

E. Coat all parts that are to be immediately reassembled with light oil to pre-'
vent corrosion; parts should all be inspected, cleaned, and dried

F. Inspect all bearings, cups, and cones, including those not removed from
parts of-the drive unit

G. Inspect gears for wear or damage; gears whidh are worn, ridged, pitted
or scored, should be replaced'

(NOTE: Replace rirnd pinion gears as a 'set.)

13 "-t)
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JOB SHEET #3

H. Inspect the differential assembly for the following:

1. Pitted, scored or worn thrust surfaces of differential case halves, thrust
washers, spider trunnions, and differential,gears

2. Wear or damage to the differential pinicin and side gear teeth

I. Inspect axle shafts for signs of torsional fractures or other indication of
impending failure

J. .Clean axle housing inside and outside thoroughly with solvent and blow
dry with compressed air

(CAUTION': Wear safety glasses.)

K. Inspect housing for cracks, loose studs, nicks, and buri:s at machined surfaces

110



'DIFFERENTIALS AND FINAL DRIVES
UNIT VII

JOB SHEET #4-AbJUST DRIVE PINION BEARING PRELOAD.

I. Tools and.equipment

k Basic hand tools

B. Hydraulic press

C. Torque wrench, foot pound

D: 7Roll of soft wire

E. )Inch pound spring scale

F. Safety glasses

I I. Procedure

A. 'Press new bearing cups firmly against pinion bearing cage shoulders

B. Lubricate bearings and cups with light machine oil

C. Press pilot bearing firmly against the pi niOn shoulders-with a suitable sleeve
that will bear onty on bearing inner race (Figure 1)

(NOTE: Some pilot bearings require a snap ring to hold bearing.)

FIGURE 1

(NOTE: Procedure and illustrations courtesy Rockwell International.)
f."

PT-683
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JOB SHEET #4

D. Install pinion and bearing assembly into bearing cage and-slide spacer onto
pinion shaft

E: Press froht bearing firmly against spacer

F. Rotate cage several revolutions to assure normal bearing contact

G. Check bearing preload white in press undertressure by Wrapping soft wire
around. cage and 'pulling, on horizontal line with pound scale (Figure 2)

-

FIGURE 2

re/

Tighten the pinion mit to the correct torque and check preload if a press is

not available

Check with manufacturer's specifications for torque for prnion nut and
correct preload settings and beware of possible conversion 'factors (Figure 3)

(NOTE: Example qisome pressures and, torques for checkin9;pinion bearing
preload are as follows:)

FIGU-RE 3

(

PINION
SHAFT

THREAD
SIZE

NUT TORQUE

PRESSURE FlAni REUITSTIG
REQUIRED LOCKWIRE OR
TO oBTAIN COTTER PINS) TO
CORRECT OBTAIN CORRECT
PRE-LOA D PRE-LOAD

NUT TOR OE
REQUIREIA.(FOR

MIME ITIM
OR COTTER PINS)

TO OBTAIN
CORRECT
PRE4LOAD

7 ?8"-20
718"-20

1"-20
1%"-12
11/4"-18
11/2"-12
11/2"-18
13/4"-12
'2"i2

.6

1.75- 200 lb. ft.
6totnos(selastij 200- 275 lb. ft. /

6 tons 300. 400 lb ft. -"'w
11 tons

.

tl tons 700- 900 lb. ft. .

14 tons 800-1100 lb. ft.
14 'tons 800-1100 lb. ft.
14 tons :_

14 tons . 800-1100 lb. ft.' .

200- 275 lb. ft.

300 460 lb. ft.
700 .900 lb. ft.
700 900 lb. ft
800-1100 lb. ft.
900-1200 lb. ft.

1000-13.00 lb. ft.

t,6



JOB SHEET #4

1

J. Check rotating torque; if it is not within specifications, use a thinner spacer
to increase preload or a thicker spacer to decrease preload

K. Torque pinion yoke onto pinion shaft and-recheck preload if the preload w
set in the press

L. Use ,torqUe wrench_ method, if needed, to check prekiad; some 6in ion bea
ings can be checked with this Method

-
1. Place drive,pinion in vise

1
2. Rotate bearing cage by hand a few times

3. Then rotate bearing cage with torque wrench and note reading

4. .Check with manufacturer's specifications for correct preload

-
5. Use thinner spacer to increase preload and thicker spacer to decrease

. preload

M. Clamp bearing carrier in vise and use inch-pound torque wrench on pinion
nut and set preload to manufacturer's specifications

A

(CAUTIO'N: p qt se shim stock to increase thickness of space(; always
use correct size spacer.)

6

I.

,,PT-685
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PT:6_87

JOB SHEET #5--REASSEMBLE A DiFFERENiTIAL CASE :
AN DrG EAR, ASSEMB LY

(NOTE:. Procedure and illustrations courtesy Rockwell Internationall .

I. Tools and equipment

11P

A. Basic hand tools'

B. Socket set, 3/4" dr'ive

C. Socket set, 1/2" drive

D. Torque wrench, foot pound

E. Drop lignt

F. Shop towels

G. Safety g lasses

H. Differential repair stand

I. Ring gear rivet fixture for press

I I. Procedure
%

A. Make sure tnat differential case and gear assembly parts are c l'ean

B. Install same number and size shims that were removed in disasse bly onto
ammbled pinion bearing.cage

(CAUTION: .Locate thin shims on both sides for maximum sealing ability.)

C. Position pinion and cage assembly over studs and tap into position with
soft mallet

; (NOTE: If there are no studs on differential case, you can make studs out
of a 5" long bolt ',and cut head ofboltoff.)

D. Install lock washers and stud nuts or capscrews, and tighten to manu-
facturer's torque specifications

'

E. Rivet the ring gear to the flange case half with new rivets'

(NOTA: R i"vets should not be heated, but ilways upset cold.)
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JOB SHEET #5

F. Rivet ring gear and case together to manufacturer's specifications (Figure 1)

DIAMETER TONNAGE
Of MET REQUIREDFIGURE 1

7t1 6 22
112 30
9116" 36

45

- 1. Differential case and gear bolts are also available for service replacement
Of rivets

2. Torque bolts (if used) to manufacturer's specifications'

G. Lubricate differential case inner, walls and all component parts with axle.
lubricant

H. Position thrust washerand side gear in gearcase half

I. Place spider with pinions and thrust washers in position (Figure 2)

FIGURE 2

Pinion Thrust----o-
Washers

Side Gear
and
Thrust Washers

,

I.



JOB SHEET #5

J. Install second side gear and thrust washer

K. Align mating marks, .position plain case half and draw assembly-together
with four equally spaced cap screws (Figure 3)

FIGURE 3

Aligningf -Marks

L. Check assembly for free rotation of differential gears

, M. Install remaining capscrews and tighten to correct torcide and lockwire
if used

N. Press differential bearings squat-61y and firmly onto differential-tase halves
with suitable sleeve

0. Made gear assembly into differential case (Figure 4)
,

'. FIGURE 4

6

PT-689
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JOB SHEET #5

P. Place cup over bearings and position assembly in carrier housing-.
Q. Insert bearing adjusting nuts anq turn hand-tight against bearing cups

R. Install bearing caps in the correct location as 'marked and tap lightly into
position (Figure 5)

o

FIGURE 5

(CAUTION: If bearing caps clo, not position properly, adjusting nuts might
be cross threaded. Remove caps and reposition the adjusting nuts. Forcing
caps into position, will, result in irreparable damage to the carrier housing or
bearing caps.)

Install carrier leg capscrews and tighten to required torque. If carrier leg
capscraws are drilted or castellated, safety wire after final ,adjustments are
made

(NOTE: For differential bearing pre-load, gear backlash, and tooth contact
pattern go to Job Sheet #6.)
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DIFFERENTIALS AND FINAL DRIVES
UNIT VII

JOB SHEET #6--ADJUST DIFFERENTIAL BEARINIG PRELOAD,
CHECK GEAR BACKLASH AND TOOTH CONTACT PATTERN

(NOTE: Procedure and illustrations courtesy Rockwell Internation-al.)

I. Tools and equipment
,.

A. Basic hand tools

Pry bar

C. Dial indicator

A\ D. Smal( container of marking compound

E. Torque wrench

F. Shop towels

G. Safety glasses

II. Procedure
:

A. "Position differeritial case and gear assembly into a differential repair stand

B. Check bearing preload ,

1. Using a dial indicator at backface of ring iigear, -loosen the bearing ,
adjusting nut on the side opposite ring gear only enough to notice
end play on the dial indicatar (Figure 1)

FIGURE 1

2. Tighten the same adjusting nut only enough to obtain .000 end play.
Rotate ring gear to check ring gear for runaut, if rimout excSeds
.008", rerriove differential and check for cause .

(NOTE: Check to manufacturer's specifications for runout.on differ-
enticsl being worked on.)
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JOB SHEET #6

3. Tighten adjusting nuts one notch each from .000" end play to preload
. differential bearing .. ,

(NOTE: Check ser
cations.)

C. Check gar backlash

.ce manual for manufacturer's pre-load specifi-
-

1. Place dial indkator (:)-1 tooth side of ring gear (Figure2)

FIGURE 2

,

2. Hold pinion yoke wit one hand and rock ring gear bafk and forth
between tooth t6 tooth clearance

A A

3. While rocking ring ge r back and forth, check dial indicator to see
.1 if backlash is within spe ification

(NOTE: Set backlash to manufactrer's specifications.)

4. Adjust' backlash by mov ng the ring only
.

5. This is done by backi g off one _adjusitng ring and advancing the
opposite ring the same a ount

.

,

t

,

6 ' 6

,

\

,
/

o
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D. Check tooth contct pattern (Figure 3)

1. Apply the pattern paste to both sides of the rin'g gear teeth-

FIGURE 3

(NOTE: As a rule, coating about twelve teeth is sufficient for'checking
,purposes.)

2. Turn the drive pinion while holding on to the ring gear (Figure 4)

FIGURE 4

Tui:ning Pinion "

Brass Drift Binding 'Ring

PT-69j
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3. Compare the ring gear tooth pattern with the patterns in Figure5

FIGURE

V

TOE END

Ideal Ring Gear Tooth Contact

Under Light Load

DRIVE

\
Low Tooth Contact-- To Correct Move High Tooth Contact-To Correct -,

Pinion Away From Gear Mo Pinion ToWard G4ar,

Toe Contact-To Correct yove

GearAway

1-1EEL END

Ideal Ring Gear Tooth Contact

Under tight Load

Heel Contact-To Correct Move

Gear Toward Pinik

COAST

High Tooth\ Contact-To Correct

Move Pinion Toward Gear ,

Toe Contact-To Correct Move Gear
Away From Pinion

*Low Tooth Contact--To Correct

Move Pinion Away From Gear

Heel Coniact--To Correct Move

Gear Toward Pinion

6
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E. Install the thrust screw or block (if used)
,..

F. Torque all. capserews that, need to be tightened to manufacturer's specifi-
cations

G. Tie capscrews with lockwire (if used)

k

,

,

p

%

61 S

. .-

r

r

2

.3

I.

4V

r

PT-695
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DIFFERENTIALS AND FINAL DRIVES
UNIT VII

JOB SHEET#7INSTALL DIFFERENTIAL ASSEMBLY
IN DIFFERENTIAL HOUSING

I. Tools and equipment

A. Basic hand tools

B. Floor jack'

C. Jack stands

D. Deep socket set, 1/2" drive

E. Differential jack

F. Drop light

G. Creeper

H. Appropriate.service manual

I. Safety glasses

I I.. Procedure

A. Make sure old gasket is cleaned off differential base flange and housing
flange

B. Put differential on differential jack, and secure on jack, then roll under
vehicle

'Oto`

C. Install new drive unit anti housing gasket on housing stud

(NOTE: Check service manual; some housings require sealant Only.)

D: Start Carrier into housing and start four nuts and flat washers equally spaced
and tighten alternately to draw the carrier squarely into axle housing

(CAUTION: Driving carrier into hbusing with a steel hammer will damage
carrier flangeand cause oil leakage.)

E. Remove nuts and flat washeis and install lock washers and stud nuts or
capscrews, and tighten to correct torque

F. Clean old, gasket off of axle flange and axle hub, and instajl 'new gasket
before-installing axleshaft

(NOTE: Check with manufactitrer's specifications for torque for stud nuts
on axle.)

6 1
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JOB SHEET*7

46'

G. Tighten drain plug in bottom of housing, and remove fill plug and fill carrier
with lubricant

(NOTE: Check with manufacturer's specifications for type of lubricant to
use.)'

H. Install drive line to aligning marks and tighten securely

I. Check vent on differential housing to make sure it is free of dirt



PT.699

DIFFERENTIALS AND FINAL DRIVES
- UNIT VII

- ,

JOB SWEET #8-REMOVE, REPAIR, AND.REASSEMBLE A DIFFERENTIAL
CARR IE R .ANUPOWER DIVIDER ASSEMBLY

(NOTE: Proeedure and illustrations courtesy Transmission Division, Eaton Corporation.)

Tobls. and equipment

A. Basic hand tools.

. B. Clean shop towels

. C. Piess

D. Repair stand ,C

E. Hoist and chain sling

F. Output shaft oil seal puller

G. Bearing,puller

H. Inch-Pound, 100 foot-pound, and 100 foOt-pound torque wrenches

I. Feeler gauge

J. Sealant

. K. Dial indicator

L. New carrier and cover gaskets

M. Safety glasSes

I I. Pr ceciure

(NOTE: The following, procedure and illustrations are adapted 'from materials
published and copyrighted 1977 by Eaton Corporation, and are reprinted with
permission; this procedure is applicable to Eaton "D" series tandem drive axles,
30D;.3417, 38D, 42D, 50D, D340, D380, and D400 with input shaft tapered roller
bearing; your instructor may modify this procedure to facilitate available equip-

ment.)
:

A. Remove and 'disassemble axle housing cover with the fol)bwing procedure:

1. Drain lubricant

2. Disconnect propeller shafts at companion- flanges and remove axle-
shafts

. 3. Remove cotter pin, nut, flat washer, companion flange, and retainer
washer froM output shaft

4. ReMove cover to axle housing stud nuts and .lockwashers

5. Remove cover assembly and discard cover gasket

6')

01'
A
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JOB SHEET #8

6. To disassemble axle housing cover, remove oil seal from autput-cShaft
opening, uSing suitable puller

7. Remove snapring from output shaft o ening, then press rear bearing
from axle housing cover

, (NOTE.: Rear bearing sleeve is mounted on the output shaft.)

B. Remove differential carrier and power divider assembly from axle housing
,with the following procedure:

1. Disconnect lockout connections

2., If axle is 2-speed, rerrpve shift unit to differential carrier nuts and flat
. washers

3. Disconnect electric wire or tubing .as necessary tb permit removal
of shift unit

0.
4. Remove carrier to axle housing stud nuts'and lockwashers

5. Lift and pull differential carrier and power divider assembly out of axle
housing

(CAUTION: The carrier and divider assembry areS very heavy and must
be lifted and moved with special care; the best way is to rig a chain sling
and lift the entire assembly with a hoist that can-safely transport it to
the repair stand.)

C. Stop iirt this point and have your instructor cheek and initial your procedure
and safe practice

INSTR UCTOR CHECK: Procedure Safety Initials
.11.11.

Imml

.1
D. Disassemble the differential carrier and power divider with the following

procedure:

1. Make a preliminary inspection of units; if ring gear and drive pinion are
satisfactory, check backlash and tooth cpnta0 pattern for easier
adjustment 'at time of reassembly

.44

e
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.2. Remove thrqer cOVer to differential carrier cap crews and lockwashers,
then remove carrier cover assembly (Figure 1)

AJ

FIGURE 1

\

4 A

DaffiriMilAt
cARRIER
COAR

DirgAWRIAl

3. Lift inter-axle differential off output shaft side gear (Figure 2)
.,

FIGURE 2
INTER AXLE

Off ERENfIAL,
02

bRIVE
PINION

1

, .. .
4. Before disassembling inter-axle differential; punch 'mark cases for

correct position during reassembly
7

5. Remove locknuts and bolts

6. If lockwire is,used, cut wire and remove nuts and bolts
,..

7. Separate cases and remove thrust washers, side pinions.; bushings,

and spider

r

6') iA.,.

RT-701
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JOB SHEET 143

E. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: ProcedureLiSafety Initials

F. Remove and disassemble output shaft with the following procedure:

1. If output shaft holdout spring and thrust washer are iled, remove
and discard

2. lift output shaft assembly froni differential carrier, tapping at com-
panion flange end of'shaft (Fig 3)

3. Remove bearing cup korn carrier (Figure 3)

FIGURE 3

e

SHAFT
ASSEMBLt

4'. Disassemble output shaft by`removing snapring, then lifting off side
gear assembly (Figure 4)

de-
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.JOB SI-IET #8

5. Discard output shaft 79" rings (FigUre 4)

FIGURE 4

r PT-703

8. If replacement is necessary, 'remove bushing from bore of output
shaft

7. Remove output shaft' front bearing cone from side gear

'NAP

f

1'



704

JOB SHEET #8

8. Place side:gear assembly in press with split-type puller plates under
front bearing cone, then press side gear out of front bearihg cone
(Figure 5)

FIGURE 5

SHAM
FRONT.

OUTPUr;:-

BEARING:-\ SPLITTiPE
PULLER
PLATES CONE

\
.

AA

_

9. Remove and disasserrble input shaft by remOving sn pring from input
shaft, then lift off h4cakside gear, helical-side gear t 'rust washer, and
"D" washer (Figure 8)

0
10. If replacement ne essary, press bushings from bore cf helical-side gear

(Figure 6)

FIGURE 6 HELICAL
SIDE
GEAR "

INP T
. SHAM

THR ST
WAS ER

"D" WASHER

SNAP
RING
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..108 SH.EET

1.1. iiemove cotter pin, nut, flat washer, and input companion flange
from input shaft (Figure,7)

FIGURE 7

NUT

INPUT
SHAFT

at.

INPUT
ANION

FLANQE

FLAT WASHER

12. Remove input shaft bearing cover to differential carrier cover cap

sdrews, then lift off bearing cover assembly and shims (FigUre 8)

FIGURE 8

BEARINGtv'
OVER;

CAP
S REW

INPUT
'SHAFT

SHINS

13. Note size and quantity of shims .for easier adjustment during reassembly

(Figure 8)

14. Remove oil seal and bearing cup from bearing cover (Figure 8)
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15. Lift input shaft assembly out of carrier cover, disengaging the shaft
from the.glidirig clutch, and remove flange spagr washer (if 6§ed) froth
input shaft (Figure 9)

FIGURE 9 INPUT
SHAFT.
ASSEM WY

FLI4N
4PAC ER

16. To remove bearing cone from input shafi, temporarily place sliding
clutch on shaft, teeth toward the bearing cone, then press shaft out of
cone (Figure 10)

FIGURE 10

6 '

SLIDING- CLUTCH
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PT-707'

Stop at this point and have your instructor check and initial your procedure
and safe practide

INSTRUCTOR CHECK: ProcedurepafetyLlnitials

H. Remove t

low

.11

1 . eRemoVe nuts, lockwashers, and cover frOm shnift cylinder body (Figure
11)

Vi

2. Remove nut and flat washer from 'Dish rod (Figure 11)

3. Remove cap screws, lockwashers, shift cylinder body assembly, gasket,
. and compression spring from carrier cover (Figure 11)

4. Remove- and check strainer plate vent screens and felt for plugged
Condition, and dean or replace parts

5. Remove shift fork and 76ush rod assembly, and input shaft sliding
chutch from carrier cover (Figure 12) .=

FIGURE 11

isko:_tocorksH
Woo
rokiivAsa

CRGROMMET .

SHIFT0S0'

GASKET'

%RING

FIGURE 12

TINPUnSHAFTre/
".C1.1,IrCirA

5477,77-
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I. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedurel ISafetyrilnitials

J. Remove cotter pin and loosen drivuinion helical geariwt before remoVing
differential assembly

K. Remove and disassemble axle differential by referring to appropriate .senlice
manual for Single Reduction, 2-Speed, or Planetary Double Reduction AXIes

(NOTE: If oil distributor is used, be:sure to remove pipe plug, spring, and
distributor from caerier before attempting to remove differential,)

L. Remove and disassemble drive pinion by referring to appropriate service
manual for Single *Rethiction, 2-Speed, or Planetary Double Reduction
Axles, except for the following variations:

1. 'The drive pinions for the single drive axles are equipped with com-
panion flanges; for this type installation, the pinion bearing.cageicap
screwS are accessible to permit removal of pinion with flange assembled

2. T-he drive pinions for "D" Series Tandem Axle units are equipped
)\ wit, a helical gear, which must be removed to gain access to pinion

bedIrrg cage Cap screws; therefore, to remove drive pinion, remove nut
(previously loosened before differential removal)

(NOTE: See Figure 13 on following page for parts references for
removal, disassembly, and assembly, and reinstallation of drive pinion.)

3 Mount_b_aaring_puller on helical gear, gripping 9ear with puller legs and
*placing puller screw against pinion, then pull gear off pinion

4. Remove pinion biaring ,cage cap screws, then remove drive pinion
assembly
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. PINION
PILOT

BEARING

ORIVE
' PINION

PINIOI4
BEARING

CGOE
(INNER)

Exploded View of Drive einion

PINION
BEARING
SPACER

JOB SHEET #8

FIGURE 13

PINION
BEARING

CUP
(INNER)

tirkti I Nt PINION
CAGE BEARING
SHIMS CAGE

FTFIPZIN
BEARING

iONE
(OUTER)

PINIgN
BEARING

CUR
(OUTER)

PI ION
PINION . , NUT

HELICAL
GEAR
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M. Stop at this point and have your instructor check and initial your procedure
and safe,practice

INSTRUCTOR CHECK: ProcedurenSafetynInitials.
N. Assemble and reinstall drive pinion by referring to appropriate service

manual for Single Reduction, 2-Speed, or Planetary Double Reduction
Axles, except for the following variations:

1. The drive pinions or the standard axle units are equipped with com-
panion flanges; the pinion bearing cage cap screws are accessible to
permit installation of pinion with companion flange installed

2. The drive pinions for the "D" Series Tandem Axle units are equipped
with a helical gear (refer to Figure 13), and the bearing cap screws
cannot be reinstalled with helical gear attached to drive pinion

8. install pinion in "WI Senes- Tandem Axle units with helical gear re-,
moved

4. After pinion is installed, then place helical gear on pinion

5. Install and tighten pinion nutlo correct torque, then install cotter pin

0. Assemble and reinstall axle differential by referring to appropriate service
manual for Single Reduction, 2-Speed, or Planetary Double Reduction Axles

(NOTE: If oil distributor is used, be sure to install oil distributors-spring, and
pipe plug before installing differential carrier cover.)

P. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK: Procedure Safet Initials
=1.1.10.

=1116 .111

a Assemble and reinstall output shafrwith the following procedure:

1. If removed, press, front bearing cup in differential carrier and bushing in
bore of output shaft

N

(NOTE: These power divider components should be assembled and
reinstalled only after drive pinion and axle differential are assembled in
the differential carrier arld properly adjusted.)

Press front bearing cone on output s1-6ft side gear

(NOTE: Refer to figure-14 on the following page for parts references
for this procedure.)
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FIGURE 14
e...

,

-`.

SNAP HELICAL THRUST
RING SIDE GEAR WASHER

\
a

WASHER DIFFERENTIAL
CARRIER COVER

INPUT INPUT SHAFT BEARING COVER .
SHAFT TAPERED ROLLER SHIM,

6 . CONE .

SIDE GEAR
BUSHINGS

SLIDING
CLUTCH

.."

Exploded View of Input Shaft (with tapered rollei' bearing)

634
1

TAPERED
ROLLER 'CUR

1

OIL
SEAL

BEARING
_COVER

'
INPUT

COMPANION
FLANGE

COTTER

/

/

FLANGE SPACER

r.

FLAT INPUT
WASHER WASHER SHAFT

NUT

,
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/

3. Install rear snapring (adjacent to "0" rings) On outpiut aft
,

4. Place side geae,assembly on output shaft .

5. Install front snapring
-,

6. Install two "0" rings in grooves of output-shaft

7. Lubricate output shaft 110" rings, front bearing, and bushing,

8. lipall output shaft assembly in differential carrier by placing front
bkj-ig cone on bearing cup in bore of carrier '

/ s

- o

v

A.

,

,

-

,

S
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R. 'Stop at this point and have your instructor Check and initial your procedure-
..and safe practice

,ARUCTOR CHEcK: Procedure
1111

Safety
INII

lnitialsfj

S. Assemble and reinstall inter-axle differential with the following procedure-
(Figure 15):

1. Install bushings, side pinions, and thrust washers on journals of differ-
ential spider

(NOTE: Lubricate interal parts of inter-axle differential during re-
assembly.)

2. Place spider assembly in male differential case

3. Install female differential case, aligning punch marks made during
disassembly, and secure assembly with bolts and nuts

4. Tighten nuts to correct torque

5. Place inter-axle differential on the output shaft side gear which is
mounted on outriut shaft

6. Position differential with nuts away from-output shaft side gear

FIGURE 15 -
SIDE PINION

THRUST WASHER----"-C)1 'SIDE
PINION

SIDE PINION
BUSHING'

SPIDER (SPEINED)

BOLT DIFFERENTIAL
CASE

(MALE HALF)

DIFFERENTIAL
CASE

(FEMALE HALF)

LOCK
NUT

Exploded View of Inter-Axle Differential

6
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T. Stop at this point and have your instructor check and initial your procedure
and safe practice

INSTRUCTOR CHECK:. ProcedurepafetypInitialsEl

U. Install lockOut (air-operated type) with the following procedure (Figure 16):

1. Install push, rod, seal retainer, and felt seal in carrier cover

2. Engage shift fork with groove In input shaft sliding clutcli, then place
this assembly in, carrier cover

(NOTE: Before Installing cylinder body, make certain strainer plate
vent screens and felt are clean.)

3. Place compreSsion spring gasket and shi:ft cylinder body over gasket rod
and on carrier cover, secure body with cap screws and lockwashers, and
tighten screws to correct torque ,

-(NOTE: Prior to assembly, the piston felt oilers should be soaked
in SAE-30 oil for one hour.)

4. Install felt oilers and grommet on piston, then insert piston assembly in
body and on push rod

5. Place grommet on push rod, then install flat washer and nut, and
tighten push rod nut-to 20-26 ft lb torque

6. Install grommet on cylinder bodY cover, then install cover, lockwashers,
and nuts, and tighten cover nbts to 9-11 ft lb torque

FIGURE 16

SLIDING
- CLUTCH

SEAL CAP
RETAINER .SCRtW

LOCK
WASHER

Far

COVER

ci

. Cc4IER SHIFT
GRO MET CYLINDER

STRAINER PLATE COVER

,,pIs TON
GROMMET

FLAT
WASHER

NUT

SHIFT FORK
AND DIFFERENTIAL

PUSH ROD CARRIER

ASSEMBLY COVER

BODY
. GASKET P7STON

SH FT 14STON PUSH PUSH

FECI1 COMPRESSION CYLINDER FELT ROD ROD

SEAL SPRING F,,,^v" OILERS GROMMET 'NUT
1

Exploded View of Air-Operated Lockout Mechanism

6 S

LOCK
WASHER

a
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V. Stop at this pbint and have your instructor check and initial your procedure
and Safe practice

INSTRUCTOR CHECK: Procedure Safety InitialsE
111

1411.1,

W. Assemble and reinstall input shaft with the folloWing procedure (Figure 17):

1. Press tapered roller bearing cone on threaded end of the input shaft,
making certain, the bearing cone is fully seated

2. Place input shaft and bearing assembly in differential cover engaging the -
sliding clutch

3. Place " Do washer on shaft so that it seats properly on the flatted
surface

4. Lubricate and install thrust washer against "D" washer

5. Lubricate and inStall the helical sid'e gear and bushings assembly on
shaft

6. Install snapring) input shaft groove to secure the parts pieviously
assent led

(NOTE: Figure 17 appeT on the following page.)

X. Stop at this point and have your instructor check and initial your procedure
and safe practice,

INSTRUCTOR CHECK: Procedure

6 9

Safety
11wwww.

411. nitialsill
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\fIGURE 17

SNAP* REAR* . AXLE DIFFERENTIAL
HOUSING CARRIER

COVER /RING BEARING

FLAT
WASHER

RETAINER
WASHER

OJ
'OIL 44 BEARING. I I

SEAL SLEEVE
I I

REAR

parts assemb/ed at rear of output shaft'
*parts assembled in axle housing cover

OUTPUT
SHAFT

p

OUTPUT
SHAFT

BUSHING

Exploded View of Output Shaft and Axle Housing Cover Parts

0

REAFi FRONT
SNAP BEARING
RING CUP

Ob

OUTPUT SHAFT
"0" RINGS ,

parts asseinbled
on front tof output shaft

FRONT
BEARING

CONE

FRONT
SNAP
RING

OUTPUT SHAFT
SIDE OEAR ,



, JOB SHEET #8

Y. Reinstall.differentia I carrier cover with the following procedure:

.-
1. Clean gasket surface on differential carner and install new, dry. gasket

2. Prace carrier cover assembly on differential carrier, aligning dowel pins
with holes in cover

3. During assembly of cover to carrier, slowly rotate the input shaft to
allow the shaft splines to align with and engage the splines in the bore
of the inter-axle differentials spider

4. Install two cover cap screws, one on ,each side of cover, end tighten
even ly, watching to.r.gAS,Sible..b.inclioglaetween,cover and carrier

.5. If the cover assembles fo the carrier without binding, install the remain-
ing cap screws and tighten to 115 to 124 lb ft torque

,

(NOTE: Make certain oil drain back holes are clean and aligned when
assembling t e following parts.)

4---4,-4.11bricate anà install bearing cup and. oil seal' in the bear'ing cover

7. elean and lubricate the tapped holes and cap screws to assure correct
tightening torque values during the procedure that follows

8. Lubricatfr the bearing cone and install the bearing cup, seal, and cover
assembly on the.carrier cover

9. Install the bearing cover cap screw without lockwashers and torque
evenly to 45 in lb torque

10. Using the companion flange, rotate the input shaft one quarter turn in
-each direction4ilveral limes to seat the bearing cones into their cups,
and recheck cap screw torques,to 45 in lb torque

(NOTE: From this point on, until the.completion of step 14, do not
rotate .the input shaft.)

. 11.. Using a feeler gauge, measure the clearance between the.bearing cover
and the carrier cover; this clearance plus 0.015 inch should equal the
thickness of shims for the correct bearing clearance

12. Remove the bearing,cover and install the indicated shim pack as deter-
mined in step 11

13. Using a suitable sealer on the cap screw.threads, instalr.the cap screws
, and lock washers, and tighten.cap screws..to 75-85 ft lb torque'

6i.

,PT-717
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JOB SHEET #8

14. Check the end play of the input shaft by fastening a dial indicator
to the carrier cover and mounted against the end of the input shaft so
as to read the axial (in and out) movement of the.input shaft

0

(NOTE: Do not attempt to measure end play" by moving the input
shaft up and clown or side to side, as this will result in an incorrect
read ing.)

15. Using hand pressure, push in and pull 'on the input shaft, noting the
total axial movement reading of the dial indicator; the indicated end
play movement should be between .003" to .007"

16; If the-Teading is not within the above limits, adjust end play by either
adding to or removing the required amount of shims from under the
bearing cover assembly to obtain the specified clearance 'of .003" to
.007"

1 . "Afterldding or 'roving shims, recheck end plaVwith the procedure
previously described

18. Install. fange spacer washer (if. used), comprion flange, hardened
flat Washer, and nut on input shaft, and tighten nut to 500-700 ft lb
torque and install cotter pin

.?"

(NOTE: The proper function of the 'power divider assembly cawbe
checked by holding the output shaft stationary and making certain
the,input shaft can be rotated.)

19. Check -to Make certain a spacer washer is placed between the bearing
cdne and the companion flange, if required

(NOTE: All 50D, D340, D380, and D400 Series model axles utilize
such a spacer washer; other models do got,,)

40,
Z. Stop at this point and have your instructor check and ini ial your procedure

and safe practice

INSTh UCTOR CHECK: Procedure SafetyFl ialsH

AA. Install differential carrier and, power divider assembly into axle housing with
the following procedure:

'1, Place new carriel'.gasket on differential carrier

2. In'stall" differential carriec and power divider assembly in vie housing

3. Install lock washers and tighten stud nuts to correct torque

4tr

S.



JOB SHEET #8

BB. Assemble and install axle housing- cover with the following procedure:

1. Before installing axle housing cover, assemble cover as follows (refer to
Fibre 14),:

Press Qutput shaft rear- bearing. in cover:a)

b) Install snap ring to-secure bearing

. c) Press oil Seal in same openirfg in axle;hbusing cover

2. Place new cover gasket .on axle housing and install axle housing cover
assembly, taking care*not to damage oiiseal

3. Install ,stud nuts and lockWashers, and tighten stud nuts to correct
torque

4. Install rear bearing sleeve on output shaft

5. Install retainer washer, output companion flange, flat washer, and nut
on output shaft

\ 6. Tighten nut to correct torque.and install cotter pin

1,7 CC. Install shafts and controls, and lubricate 'with the following. procedure:

1. Install axle shafts and fill'axle with correct lubricant .

(NOTE: Check Maintenance Manual EA-20 for lubrication specifica-
tion's.)

. Connect propeller shafts to companion flanges

3. If axle is 2-Spee'd, install seal, spring, and 'shift unit on carrier .

4. Make certain shift fork actuating leveg engages slot in shift fork

5. Install. stud nuts and flat washers, and tighten nuts to correct torque

6. COnnect tubing or wiring to shift unit as necessary

DD. Stop at this point and have your instructor,check and initial your procedure
and iafe practice

INSTRUCTOR CHECK: Procedurel Iafqtv I n itia Is,
11=Y

6 "

11111.
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DIFFERENTIALS AND FINAL DRIVES
UNIT VII

JOB.SHEET #9--DISASSEMBL A PLANETARY GEAR ASSEMBLY OUTER ENDS

(NOTE: Procedure and illustrations courtesy Rockwell International.)

I. Tools and equipment

A. Basic hand tools

B. Floor jack
,

C. Jack stands ..::

D. Socket set, 3/4" drive

E.. Socket set, 1/2"' drive

F. Drain pan

G. Shop towels

..... H. Appropriate service manual

I. Safety glasses

II. Procedure

-%.

-

(NOTE: Check service manual for the specific assembly youtlare working with;
procedures vary from manufacturer to manufacturer.)

-

A. Jack up both ends af axle so that tires clear the ground
,,,,

B. Put jack stands under axles

C. Removathe wheel nuts or rimjug nuts where emploYed

, D. Remove the tire and wheel.or tiraor rim where ernpAted

E. Rotate hub assembly so that the drain plug is at the bottom (Figure 1)

Dr ug
FiGURE 1

Level plug

,

se-
e..

I 1 .

.... ;:i

"4

b

I

PT-721
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JOB SHEET #9

F. 'Remove the drain plug and drain lubricant, remoual of level plug will aid in
, draining

G. Disassembly of planetary assembly

1. Remove the planetary wheel coVer cap screWiand wheel cover (Figure
2) -

FIGURE 2 Wheel Cover
Cap ,Screws

a

4.27IN

Wheel Cover

2. Remove the planetary spider 'stud nuts and lock washers (Figure 3)

FIGURE 3

Threaded Puller Holes,

1
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J05 SHEET #9

3. Separate and remove planetary spider assembly from wheel hu-b assem-
bly (Figure 4)

(CAUTION: Assembly is very heavy; handle with care.)

'Planefoears

*. (NOTE: Use puller screws in threaded holes when, provided in the
spider flange [Figure-5].)

H. Disassemble planetary spiddr assembly

1. Press out the planet gear pins as,shown (Figure 5)

(NOTE: Planetary spur gears rotate on plapet pins. Each gear rotates
between thrust washers.)

FIGURE 5

,

-4.
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JOB SHEET #9

2. Remove the planet gearsnd their respectix,e thrust washers (Figure 6)

FIGURE 6

Thrust Washer

aiLsiteiri>ellr

AJI
Gear Pins -..-.2.-Thrust Washer

anet

Planet Gears

(NOTE: Thrust washers are designed for opposite asides of planet
gears and can only be installed in their .correct locations.)

I. Remove the floating ring gear assembly

1. Remove the lock ring or snap ririg from end of axle shaft, and remove
the axle shaft sun gear and thrust washer (Figure 7)

FIGURE 7



JOB SHEET #9

2: Remove .the wheel bearing lock nut and wheel bearing adjustinrnut
(Figure 7)

(NOTE: Wheel bearing adjusting nuts are all of the single nut construc-
tion and may be locked to the hub spindle in different methods de-
pending on model.)

3. Remove the floating ring gear assembly (Figure 8)

(NOTE: Ose the pull9r screw holes provided in the ring gear hub.)

.Ger Rin5
FIGURE 8

Pu

4. Sepalate the ring gear and -ring-gearhub by removing lock Vvirc, cari-
screws, and plates (Figure 9)

FIGURE 9
Ring Gear Hub

Wheel Bearing

CapScrews

A Ring Gear Plates

PT-725
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JOB SHEET #9

5. Remove outer wheel bearing from ring gear hub (Figure 9)

J. Remove planetary hub spindle

(NOTE: It is not necessary to disassemble -the brake assembly to remove
hub spindle on some models.)

1. Remove bolts, nuts and lock washers from hub spline and brake assem-
bly (Figure 10)

FIGURE 10

Oil Seal and
Retainer

Brake
Assembly

2. Remove hub:spindle retainer and oil seat (Figure 11)

FIGURE 11

6 3
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DiFFERENTIALS AND FINAL.DRIVES
, UNIT VII

JOB SHEET #10-CLERN AND INSPECT PARTS OF A PLANETARY AXLE

I. Tools end equipment

A. Solvent

B. Solvent wash container

C. Drop'light

D. Clean shop towels

E. Safety glasses'

ProCedure

A. Inspecit planetary axles
4

B. Inspect all bearing cups and cones

#.

PT-727

C. Inspect the planetary reduction, planet gears, sun gear, and ring gear assembly
for wear or damage

D. Inspect planetary reduction for:

1. 'Pitted, scored, or worn thrust washers

2. Worn or ridged planet pinion pins

3. Torsional fractures or other signs Of failure in axle shafts

'



DIFFERENTIALS AND FINAL DRIVES
UNIT VI 1

JOB SHEET #1.1--REASSEMBLE A PLANETARY GEAR ASSEMBLY

(NOTE: Procedure and illustrations courtesy Rockwell International.)

I. Tools and equipment

A. Basic hand tools

B, Socket set, 1/2.!' drive

C: Torque wrench

D. Shop towels'

E. Safeiy 4lasses

II. ProCedure

A. Install new seal from outer end with suitable .driver if replacement of the
spindle inner oil seal is necessary (Figure 1)

FIGURE 1

B. Install the inner wheel bearing or cone pn the hub spline

C.. Posjtion the hub spindle and wheel bearing assembly on the brake assembly
(I6uckle flange studs)

D. Place the oil seal and retainer assembly over the studs and in all the flat
washers and stud n 4.ts, and tighten nuts to correct torque

No,

PT-729
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JOB SHEET #11

E. Assemble floating ring gear assembly

1. Install splined ring gear hub into the ring gear splines

2. I nstail the hub to gear connecting plates and capscrews and tighten to
correct torgue

3. Install outer wheel bearing on ring gear hub

F. Assemble hub and drum assembly and install to procedure as outl ned in
previous job sheet

G. Assemble planetary spider (Figure 2)

1., Place the planetary spider cage on a bench

2. Align inner thrust washer hole with planet pin hole so that locating tab
of washer lies in spider indent

3. Slide in planet gear and outer thrust washer and align bores

4. Press in the planet pin', small diameter end first

5. Outer end of pins must be turned so that the machined flat is to the
outside of hub circle

6. Planet pins should be pressed through until the shOulder of pin butts
thrust washer

$

I.
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JOB SHEET #11

H. Install spider and pinion assembly

1. Install spider to hub gaiket

2. Start the spider and pinion assembly, aligning teeth of planet pinions
with sun gear and ring/jear teeth

3. Align hub onto studs and push spider assembly onto studs

4. Install lock washers and nutsand tighten to correct torque

I. Install new cover gasket, and install hub cqver, and tighten to correct torque

J. Check lubricatiOn and refill to manufacturer's specification

uo

(r..3

,b

'was.



DIFFERENTIALS AND FINAL DRIVES
UNIT VII

JaB SHEET #12-ADJUST A PLANETARY GEAR BEARING PRELOAD

(NOTE: Procedure.and illustrations courtesy Rockwell InternationaL)

I. Tools and equipment

A. Torque wrench

B. Roll of soft Kire

C. Basic hand tools .

D. Socket set, 3/4" set

E. Safei glasses

F. Pull scal

Procedure"

PT-733

Tighten the adjusting nut agai t the-ring gear to manufacturer's specifica-
tion while the_wheel is being ro atdd (Figure 1)

. FIGURE 1

/ or .4

B. Back off adjustingput 1/4 turn to relietPrfelead.orr bearing
'1Zt,

,
1.

*

4.

S.

1

I

4,



JOB SHEET #12

C. Check the rotating torque by means of a pull scale and cord and advance
the adjusting nut in plan increments until the proper preload for the panic-
dar axle model (-Figure 2)

FIGURE'2

(

11,
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DIFFERENTIAtS AND FINAL DRIVES
UNIT VII

JOB WET #13-PERFORM PREVE4TIVE MAINTENANCE
ON DIFFERENTIAL AND F.INAL DRIVES

1. Tools an quipment
a

A. jBasIc hand tools
,

B. Drop light

1

C. Creeper

D. Shop fowels

E. Drain pan

1. Salety glasses

II. Procedure

A. Check for proper oil level (Figure 1)

/

FIGURE 1

Oil Level

YES

% st

1
/ t
// 4
1 y1
4. 9
// 9

A /
NO

Cour esy Transmission Division, Eaton Corporation

,

"-1

ara

PT-735
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JOB SHEET 413

Drain .oil if required

1. Drain.while warm

2. Remove drain plug at bpttom of Case

, 3. Clean drain plug before re-installing .

4. Install drain plug

Pt,

C. Refill bil if required .

1 . Clean area arand filler plug and removeS plug from side to side

2. Fill case to the level of the filler opening

D. Add only recommended oil; -do not mix brands or different grades

E. Check with manufacturer's Specification on what ,types of lubricant to
use at different templeratures and load ranges

F. Check o make sure axle'vent is not clogged when chetking.oil level

Vt i
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DIFFERENTIALS AND FINAL DRIVES
'UNIT VI I

.

JOB SHEET #14-ASSEMB LE AIR LINE WITH REUSABLE FITTING (FLARED)

I. Tools and equipment

A. Basic hand tools

,B. Roll of copper tubing
_

C. Tubing.cutter

D. Flaring tool

E. Shop towels

F. Nylon fittings as providely instructor
,

G. Safety glasses

II. Procedure

PT-737

A. Place roll 'cif.tubing on a clean bench in an upright position, holct the free end

with one hand and unroll the tubing with other hand (Figure 1)

110 4

FIGURE 1

-

A

.0

HOLD HERE

t

-

B. Select the length of tubing needed for job and cut with teng cutter (Figure

. 2) _ - 11.
1

oto.

..

FUGURE 2
-

I \

\ /
\ / .,

.,

,

Illustrations courtesy Goodheart-WillCox, copyright 1969; reprinted with permission

1. r.:
,
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JOB SHEET #14

C. After cutting the correct length of tubing the ends will have to 12e fJared
(Figure 3)

IGURE 3

fik's

FLARING CONE FEED SCREW

ADAPTERS

FRAME

0 \GRIPPER 13LOCKS'::.

(CAUTiON: Before flaring tubing select the size and type of connector
nut and slide them on tubing before flaring.)

, D. Align the ttibing With the fitting, and,.shove -the flare against the fitting seat
and run the nut up finger tight (Figure 4)

F.IGURE 4
FITTING NUT
BODY (LONG)

TUBING

NUT (SHORT
ON STANDARD)

BODY

E. Use a flare nut wrench and tighten nut up solidly AO you feel a metal-to-
.' metal contact, at this point give the nut an additional 60° turn

Illustrations courtesy Goodheart-Willcox, copyright 1969; reprinted with permission



DIFFERENTIALS AND FINAL DRIVES
UNIT VII

JOB SHEET #15--ASSEMBLE AIR LINE WITH'COMPRESSJON F ITTINGS

I. Tools and equipment

A. Basic'hand toolt.

B. Roll of tubing (copper, rigd plastic)

C. Tubing cutter

D. Shop towels

E. Safety glasses

Procedure

A. Cut tubing length that is needed to do job

B. Slide the nut, followed by the sleeve, on the tubing (Figure 1)

FIGURE 1 SLEEVE PINCHES TUBING

C. Align the tubing wi'th the fitting, and insert the tubing as far as it will go into
'the fitting

hile holding the tubing in, run up the nut finger tight

I

PT-739
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JOB SHEET #15

Use a flare nut wrench, bring up nut until the sleeve just grasps the tubing,
then turn nut additional one and one-quarter prn

INOT.E: On soft plastic tubing a special insert is placed in the end.so as not
to crush the tube [Figure 2].)

FIGURE 2

4.

Courtesy Goodheart- Willcox, copyright 1969; reprinted with. permission

P

./0
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DIFFER-ENTIALS AND FINAL DRIVES
UNIT VII

NAME

TEST

1 Match terms on right with the correctdefinitiOns.

a. Arrangement of gears cormecting two shafts
or axles in the same line, dividing the driving
'force equally between them, and permitting
one shaft to revolve faster than' the other

b. The lastphase of the power train; it gives the
final reduction in speed and increase in torque
to the drive wheels -

of.

c. Distance that one gear can be moved back
and forth without movil the gear into
which it is meshed

d. Name given to the bevel gear in a differential,
and the gear which surrounds or rings the
sun and planet gears in a planetary system

e. A gear that is similar in appearance to spg-al

bevel gear, but the driving gear is located
below the center of the driven gear

f. A small gear having the teeth formed in
the hub; it drives a larger gear

411

g. Adjusting antifriction bearing so that . it
is _under mild pressure; this prevents bearing
looseness under a driving stress

h.. Distance separatiri two gear teeth that
are meshed together

A method of testing the wiping action be-
tween ring .gear and pinion gear to determine
if they are properly adjusted

A gearing unit consisting of a ring gear with
internal teeth, a. sun or central pinion gear
with external teeth, and a series of/Planet
gears that are meshed with both the ring and
the sun gear .

.k.- Small gears mounted on a shaft pinned to
the differential case; they mesh with, and
drive, the axle end gears -

1. Hypoid gear

2.. Gear tooth
clearance

3. Ring gear

4.. Preload

5. Planetarr
gearset

6. Differential
pihion

7. Backlash

8. Differential

Pinion

10. Tooth contact
pattern test

11. Final dri .

PT-741
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2. Match types of differentials.and final drives with their.definitions.

a.. Rear axle assembly with single redUction 1.
through ring gear and drive pinion

b. Rear -axle assembly" with two reductipris;
one through ring and drive pinion, one
through a set of helical gears

c. Rear axle assembly With two ger ratios
for various road and load conditions

d.

e.

Rear,.axle asseinbly incorporating two single
axle units and pOwer divider inteconnebted
by a propeller shaft

Rear axle assembly with two reductions;
one

0

thrpugh ring 'gear and drive 'pinion,
one through planetary gearing

f. Rear axle assemblies which are more durable
since torque loads are spread more evenly
over several gears

. _

2.

Tandem drive
axle

Planetary dpuble,
reduction axle

3. Double reduction
axle

4. Planetary drive
axle

5. Single reduction
pde

6. 2-sPeed axle

3. Identify the parts of a gear tooth in the following drawing.

a.

b.

d.

e.

4 2

6"r

**

6-



t.

.

4. Match the methods used to evaluate gear tooth contact patterns with the correct

diagrams.
-

a.

DRIVE COAST

COASt

c.

DRIVE COAST

d.

DRIVE COAST

e.

DRIVE. COAST

6 ' (._

-PP

1. Toe contactTo correct move-gear
away from pinion

2. High tooth contact:-To correct
move pinion toward gear

3. Heel contactTo correct irioreo
gear toward pinion.

4. Ideal contict

5. Low tooth contactTo correct
move pinion away from gear

PT-743
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5. Identify parts of a differential by correctly labeling the unnamed parts in the following
illustsation.

biff. Carrier and Roaring Cap

r

C.

^

Diff. Carrier and Bearing Cap

. - Side Gear Thrust Vasher
Side Pinion Thrust Washer

1

Side Gear

Side PinjoSide Gear n

a.

Dili. Searing Adjuster

Diff. Bearing Cup

Diff. Bearing Cone

Pinion Roaring Spacer

Purn Bearing
(Con. & Cup)

Diff. Bearing Adjuster

a.

Side Gear Thrust Washer

Carrier Gaske'tDuff, Bearing Com

Dsff. Btanng Cup

Pinion Bearing Cage

Pinion Bearing (Cons & Cup)

Pinion Seal & Retainir

e.

b. f.

as)

so.

4



,
6.. identify- pags oe-a p!anetary gearset 'and write correct answefs in blanks provided.

g

a.

b.

C.

d.

d..

7. Match planetary gearset comenents with their characteristics.

a. The center gear in mesh with the planet 1.

gears

b. Those gears in a ptanetary gearset that are in
mesh with both the' ring and the sun gear

c. That part of a planetary gearset upon AO
the planet gears are affixed

d. The large gear with internal. teeth in mesh
witt; the teeth of the planet pinions at.all'times - ,

16

2.

3.

/

Ring gear

Planet gear.

Siin gear

'.4. elariet carrier



746 r "
....p , 1 oe... ' * r e , ..

-A,.. ' . Zif.:
,

8. Name three ti/pes.of differential locks.

\

a.
se

b.

? .
9. Select ...from thAkkgowing list the p rposes of a.power divider by placing an

aPpropriete Wanks.

-
a. Equally distributes power from the vehicle transmiision.to bo,i4I forward

and rear rear axles

b. On a tandem drive axle,..when power divider is 'disengaged, the two axles
.

act as one axle

c. When power divider is disengaged, it rrevents axle fjght and permits freer
rolling

d. Provides, maximum traction When road conditions are unfavorable

e. Allows for easier steeeing and better roadability

"".

4'

1"--.

.11

6 "
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10. Identify the basic parts of a poNer divider by matching names to parts and writing

correct answers in blanks praided.

-

_

Power Divider

7
c.

Oy 1) Helical side gear 4) Input shaft 0

2) Drive pinion 5) lnter-axte differential lOck-oUt

Inter-axle differential , 6) Pinion.helical gear

F'T-747.

11. Match types of shifting mechanisms0with their desbriptions.

a. Consists of a manually-operated control
switch and an electric.shift unit; connected by

1. sAhiirft-o_perat=ed

electrical cables and nognally protected by a r ,)

. cuit '"LireakerL the shift unit, includes a0.. 2.. Vaicuum-t)Pe'rated.

.versible eleptric mOtor,....tutornatic switch,
drive screw, and torsion spring-drive , 4 ...,

, .
1 3.. Electric sh.ift :-, -

b. Consists . of manually operated air shifter '
vaive,'-a quick release valve, and, an axle.' of ,

. shift, unit; air shifter supplies air through 'the A
4

quick release valve to the axle shift unit; iir
pressure in the shift unit shifts axle to high
range; to--slhift axle *to low range,,air pressure
is exhaustd at shffter valve, which erkausts

: air pressuPe at quick release valve
, ' , , , \

c.,-, Consists of a manually operated control a/

lever,- vacuum valve controlledby linkages,
ancl;an axle shift unit; v-acuum can be used

- to shift the unit to low range; sprihgtension-
shi<fts the unit back to high range

4

"./
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Dininguish between flared and compression fittings in the illustrations below by
placing an "X" beside the flared fitting.

a.

7

b.

13. ,Demonstrate the ability to:

c

a. Remove a differehtial assembly.,

b. Disassemble a differential case and gear assembly.

c. Clean and inspect a diffeitzntial case and gear assembty.

d. Adjust drive pinion bearing preload..

e. Reassemble a differential case and gear assembly.

I.

f. Adjust differential bIng preload; check gear backlash and tooth contact pattern.

g. Install differeniial assembly in differential housing.

h. Remove, repair, and reassemble a differential carrier and power* dividerassembly.

I. Disassemble a planetary gear assembly outer end's.

j. Clean and inspeCt parts of a planetary axle.

k. Reassemble a planetary gear bearing preload.

6



,

Adjust a planetary gear' assembly.

m. Perform preventive maintenance on differential and final drives.

n. Assemble air line with reusable fitting (flared).

Aisemble air line with comRresion fittings. \

(NOTE:I If these activities have not been accomplished prior to,the test, asIs your

instructor when they should be completed.)

4.

- .....,....-

unw.,....***

k,

sr

PT-749



DIFFERENTIALS AND FINAL DRIVES
UNIT VII ,

ANS\AT RS TO TEST

,1. a. 8 g. 4

b. 11 h. 2

c. 7 I, 10
a. 3 5

1 k. 6

9_

2.a. 5 d. 1

b. 3 e. 2
c. 6 f. 4

3. a. Heel

b. Toe
C. Face '

. d. Pitch line
e. Flank

4. a: 4 d. 2

' b. 1 e. 5

C. ,3

5. a. Differential case, plain half
b. Spider
c. Differential case, flangacilialf
d. Ring gear
e. Differential carrier
f. Pinion pilot -bearing
g. Companion flange, pi niCn yoke

6. a. Sun gear
b. Planet gear
c. Planet carrier
d. Ring gear

7. a. 3
b. 2
c. 4
d. 1

PT-751

de.

I.

s,

- 8. a. Hydraulic lock
b. Automatic lock
c. Mechanical lock

9. a, c, d, e

6'1.)
4w..
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. 10. 1), d 4) a

2) f 5) b
3) c' 6) e

11. a. 3
b 1

C.

12. a

*

1 3. Performance skills evaluated to the satisfaction of the instructor

e

1'

6-
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POWER TAKE-OFFS
UNIT VIII

UNIT OBJECTIVE
I

After completion of this unit, the student should be able discuss safe operation of power
take-offs, list technical standards for power take-off drives, and trouble-shoot power take-
offs for prdblems related to noise, heat, vibration, and other malfunctions. The student
should also be able to install a transmission-mounted power take-off. This knowledge will be
evidenced by correctly jagforming the procedurek outlined in the job sheet and by scoring

85 percent on the unit test. .

PT-753

SPECIFIC OBJECTIVES

After completion of this unit, the student stiould be able to:

1. Match terms related to power take-offs with their correct definiti6ns.

2. Select true statements concerning safe operation of PTOs.

3: Identify three types of PTO guards and shields.

4. .List three types of PTO systems.

5. List ASAE-SAE"standdrds for tractor PTO.drives. .

6. Match complaints with causes for noise, heat, and vibration in transmission-
.

mounted PTOs.
..

7. Select true statements concerning troubleshooting PTOs for poor vork rate.,

8. Match complaints with c4 ses for external oil leaks in PTbs.

9. Select true statements cot cerning troubleshooting PTOs for hard shifting.

4
10. Complete a list Of Staiements conceilking ,troubleshoding,PTOs for jumping

out of gear.
(

11. Select true statements concernirig troubleshooting power shift PTOs.

12. List subassembly parts of &two-gear, one-speed PTO.
. .

13. Identify components of hydraulic and electric circuits in a power shift PTO.
4

14. List parts of a PTO air shift' system.

a
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4

_

15. Identify shifter covers for transmission-mounted PTOs.

16. Complete a list of procedures for lubricating PTO systems.

17: Complete A list of questions that are relevant when, selecting the proper. PTO.

.18. Pesmonstrate the abilLty to install a transmission-mounted power take-off.

I.

II
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POWER TAKE-OFFS
UNIT'VIII

SUGGESTED ACTIVITIE8
.

I. Proyide student with objective sbeet.

II. Provide student with information and job shgets.

III. Make transparencies.

IV. Discuss unit and specific objectives.

V. 'Discuss information sheet.

VI. I Demonstrate and discuss the procedures outlined in the job sheet.

VII. Show films on operation, inspection, and repair of power take-offs.

VIII. Demonstrate the operation of power takeoffs on live equipment.

IX. Demonstrate safety precautions on liv equipment.

4--
X'. Take field trip to a shop that installs power take-offs and power take-off operated

equipment.
0

XI. Give test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters
p.

1. TM 1--Types of PTO Guards and Shields

2. TM 2--Types of PTO Systems

3. TM 3-Transmission:Mounted PTO

4. 1-P14-Electric and Hydraulic Circuits for Oower- Shift PTO

5. TM 5-;;Parts'for a PTO Air Shift System

6. TM 6-Shift Covers for Transmission7Mounted PT.Os

(-*-

1::;

b
\

r

PT-75g
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I

IMO

D.' job Sheet #1-I nstall a TransMission Mounfed Power Take-Off-

E. Test

F. Answers to test

H. References:

A. Chelsea Power Take-Off Troubleshooting Guide. Toledo, OH 43691: Dana
Corporation, 1979.

B. Chetsea Sfde Mounted Power Take-Off/6 & 8 Bolt Owner's nual. Tpledo,
OH 43691: Dana Corporation, 1979.

C. Fundamentals' of Service: Power Trains. Moline, IL 61265: John Deere
Service Publications, Dept. F, 1972.

6

AO



POWER TAKE-OFFS
UNIT VIII

INFORMATION SHEET

I. Terms and definaions

A. PTO-Power take-off

AA'

PT-757

B. Truck application PTO-A* mechanical device attached to the side of the
main transmission or the side or top of the auxiliary transmission; it trans-
mits engine power to auxiliary equipment

(NOTE: In some cases, the PTO is attached to the front of the engine
crankshaft.) .

Tractor PTO--An attachment .in the power train of a machine to drive

auxiliary equipment

(NOTE: .0n tractors, most PTOs are gear driven from the transmission
-and send power through a built-in shaft to the PTO outlet.)

E. Independent PTO--A PTO-system: having,its,.own alutcb .contr.PL,q01,11Plebf,..
separate from the engine clutch and transmission

E. TransiCission-driven PTO-Operates only when the engine clutch is engaged

(NOTE: This PTO has no separate clutch.)

F. Continuous-running PTO--A PTO system that has two clutches, one foLthe
, transmission and one-for the PTO; both are operated by one control th

G. Solid PTO shaft--Solid shaft with a fixed length and a U-joint at each end

(NOTE: This type of drive is used when powei- is to be transmitted from
one fixbd plane to another fixed plane.)

H. Telescoping shaft--A shaft with a sliding or telescoping element; can have
either two or three U-joints

Tunnel shield--An inverted U-shaped piece of steel which covers the moving
parts of a PTO shaft

J. Spinner shield--A cylinder-shaped piece which surrounds the shaft and
has a bell housing on eadh end to cover the U-joints

II. . Safe Operation of PiOs,

A. Keep PTO guards and shields in place

B. Never engage the PTO while the machine engine is shut off

C. Keep hands, feet, and clothing away.from PTO moving parts

r,t," *^.0 "

6

o). ,
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INFORMATION SHEET

...

D. Always disconnect the PTO when not in use

E. Never wear loose clothing around PTO in operation
. ,

F. Be sure shinner shields rotate freely ,

G. Always- be sure PTO drive shaft is properly secured to the machine PTO
shaft s , -

H. Always disengage the machine PTO and shut off engine before servicing,
lubricating,vr per orming repatrs

I. Always keep nuts and bolts tight on PTO shaft and Pm. driven machine

J. NEVER HOOK 540 PTO EQUIPMENT TO 1000 RPM PTO

K. Always block dump beds when working on unit with bed raised

III. Types of PTO guards and shields (Transparency 1)

A. Spinner shield

B. PTO shaft guaLd

C. PTO master shield (tunnel shield)

IV. Tjtpes of PTO systemsiTra sparency 2)

A. Transmission-driven -

B. Continuous-running

C. Independent

V. ASAE-SAE standards for tractor PTO drives

A. 540 rpm - 6 splines on PTO shaft

B. 1000 rpm - 21 splines on PTO shaft

411,

(NOTE: ASAE, American Society of Agricultural Engineers, and SAE,
Society of AutomotiVe iE_Igineers, set standards for tractor and equipment
manufacturers.)

VI. Complaints and causes for noise, heat, and vibration in transmission-mounted
PTOs (Transparency 3)

A. Rattles or whines

1. Backlash too tighe(whine)

2. BacIclash too loose (rattle)

(NOTE: B9cklasil-.should be set at .006" to .012," between drive gear
in transmission and Oven gear ih PTO.)'



PT-759

INFORMATION SHEET

' Clickin6 sound

1. Worn, nicked, or buered gear'

2. Damaged bearirtg from iMproper installation
../

C. Grinding noise

1. Foreign material in bearing

Z Transmission low on grease

D. Vibration

et

, 1. Drive lipe out of phase

2. Excessive U-joint angle

3. Drive fine bent

4. U-jcihrits worn

5. PTO loose on transmission

6, Driven equipment loose

7. High vibration equipment such as a piston type air compressor

8. Worn splines%n.slip joint

E. PTO running hot

1. PTO installed too tight

2. Low transmission oil' level

3. Prolonged stationarj/ use

4.0 PTO near exhaust or other heat source

5. PTO overloaded

VII. , Troubleshooting PTOs for poor work rate

A. PTO torque rate too low for job being performed

(NOTE: Consult equipment manufacturer's specifications for proper speed,
torque output, and rotation.)

B. PTO output speed too high or ioo jow for job being done
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INFORMATION.SHEEf

VIII. Complaints and causes for external oil leaks in PTOs

A. Shaft seal leaking

Seal w rn from age, heat, or drive line vibration

(NOTE: Dirt entering seal area can cause seal to fail, or operating at a
temperature above 250°F can cause seal to fail.)

2. Seal retainer Pike installed out of alignment

B. Leaking housing or Mating surfaces

1. Porous or cracked hOuing
It

2. Broken or'worn gasket

3. 6-bolt idler shaft poor fit
,

,

4. 8-bolt up" dng not s'ealing on idler shaft-
,

5. Copper washers needed under 6-bolt,PTO mount bolts Or nuts

6. Lock washer not under B;bolt PTO rp6unt bolts

7: "0" ring leaking on shifting post

8. Elongated mounting bolt holes

IX. Troubleshooting PTOs for hard shifting

A. Backlash too tight,

B. Tight bend in shift cable

C. Gear in backwards

D. ' Loose fit on internal spline Of sliding geartausing gear to bind
,

E. Leverlinkage needs redesign--not_enough mechanical advantage

F. Low air pressure Jor air shift
,

X. Troubleshooting PTOs for jumping out Of gear

A. Excessive load for PTO torque rating

B. Gear'teeth worn tapered

C. Shifter poppet spring broken

D. Shifter poppet spring hole elongattd

E. Shift rail poppett notch worn-'
,

6

- 4 /I

,
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INFOFNATION SHEET

F. Sprung or loose shift fork

G. Air shift pressure low for complete shift
I

A(NOTE: Air pressure should be from 60 to 70 PSI.)
/

H. Cable or lever linkage not adjusted for full PTQ engagement

Xl. Troubleshooting power shift PTOs

_ (NOTE: Power shift PTOs are usedon automptic transmissions.)
t

. A. Won't engage i

1. Transmission oil level low

2. Clogged hose orscreen
,

3. Bad electrical conrtection

4. Inoperative electrical switch

r

4

5. Improper installation of electric or hydreulic shift circuit

-ef

...

#

7
6. Inoperative solenoid valve

7. Incorrect solenoid valve

(NOTE: Pressure is not sufficient to shift.r0 due 'to wrong valve.)

78. Obstruction in hydraulic shift cir .c4,
I

9.!, Internal leakage in shifter

10. Clutch plates worn in PTO

B. Will engage but will not operate-systern,under load

1. Low pressure Supplied to PTO#'4.1.-

2. Clutch plates worn in PTO

C. PTO will not disengage

1. Improper installation of circuit

2. Pressure too high

. 3. '-Cflitch plates in PTO welded together

D. 'Noise, heat, vibration, improper 'work rate, and external oil leaks--
Troubleshooting procedures tame as those used with transmission-mounted
PTO's

4

4. r

i

6 (- -)

40,0,
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INFORMATION SHEET

XII. Subassembly parts of a two-gear, one-speed PTO (Transparency 3)

A. Shift cmier assembly

B. PTO case

C. Output shaft and gear assembly

D. Drive gear and.shaft assembly

XIII. Components of hydraulic and electric circuits in a power shi4 PTO (Transparenpy
4)

A. lindamp fuse

B. Indipator light

C. Switch

D. Hose from valve to PTO

E. ,Sreen adapter

F. Solenoid valve
,

G. Durnfp,line back to transmission through PTO
)

H. Screen adapter

I. Line from transmission to valve

. - XIV. -Parts of a PTO air shift system (Transparency 5)'

A. Shift cover assembly

B.; Indicator switch

P.

P.

Indicator light

Control valve

E. Pressure protection valve (pressure regulator)

XV. Shifter covers for transmission-modted PTOs (Transparency 6)

A. Cable control

B. Lever control

C. Air shift 61:t;
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XVI. Procedures for lubricating PTO sYstems

A. Check lubricant in transmission

B. Lubricate U-joints

C. Lubricate slip yoke A

D. Lubricate spinner shield

PT-763 ;

E, Lubricate driven equipment accordiq to manufacturer's recommendatio.ns

XVII. *Ouestions that are releyant When selecting the proper PTO

A. What is make and model of transmission?

B. Which PTO 9pening will be used?

C. What accessory will be driven?

D. How much horsepower is required to drive accessory?

E. What is the required' rotation of PTO?

F. What is required PTO output shift, speed as a percent of engine speed?

G. What is the required method of shifting.PTO (cable, lever, or air)?

AK,

6 (-
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Types of\PTO Guards and Shields

4

,

\

PTO
. Guard

PTO 'haft Guard and Master Shield
)

-i

4.4.

,

Spinner
Shield Bell

Housing

Spinner Shield for PTO.Dalke Shaft

- CourtesyDEERE & CO., MOLINE, IL

'



Types of PTO S

Cladh

issian

A

Transmission-Driven PTO

PTO
Clutch

I Trans-

.;;.AEine

Trans.
Clutch

-

Wheels
-

PTO

Continuous-flunninp PTO

fit-, 1
mission

Engine Clutch

.Whe'els
-

PTO

Wh'eeis

PTOPTO Clutch

independent PTO

Couriesy DEERE & CO., MOLINE, IL

6

,
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Transmission uiMoun d PTO

Input Gear Shaft A;sernbly

"Th 4/A

0 Case

Shift Cover Assembly

Drive Gear.and Shaft Assembly
Output Shaft and GearAssemb

aelsea PTO courtesy:Drivetrain Service Division, Dana Corpo tion

ta.)



Electric and Hydraulic Circuits for Power Shift PTO

Dump Line Back
to TransmisSion
thru P.T.O.

,

Screen Adapter

e

NOTE
Carefully Check Valve for
Correct No. ,Ground Battery

From Trans
to,-Valve

Pressure Switch

9 AMP Fuse
T Ground

Solenoid Valve

.11101111

SW I TC H

A

From Valve
to P.T.O.

Indicator Ugtt

. SCreeli Adapter"

Chelsea PTO component courtesy Drivetrain Service Division, Dana.Corporation

g 699
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Parts for a PTO Air Shift System
Pressure Requirement

70-140 P.S.I.
Pressure Protection Valve

\Valve Opens at 70 P.S.I. ± 5 P.S..I. See Warning *

Note Direction
of
Arrows

"V4

C

Control Valve

Indicator Switch
Indicator Light,

AMp
Fuse

Holder

9
1 Shift Cover
1/ Assembly

6 ©
. Important: When this installations used

,

(3.---, BatteN
. , on .vehicles with automatic transThis-Origniton- .t.sions, the P.T.0: drive gear must be

10 s---°---- Ci
gopped before shifting.

,
. ,

*Warning: connect directly to air supply. Do,not use tubing between air supply and
pressure protection valve. . .

Chelsea PTO componentcourtesy Drivetrain Service Division, Dana Corporation TM 5

0 j, .4
.

Contröl
Plateb

Fr11773

11

Caution: When installing nylon tubing
avoid sharp angles, exhaust and.

-manifold systems.
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Shift Covers for TransTission-
Mounted PTOs

4:

o tf71)

=0

Cale Centel

'Lever Centel

$
Chelsea shift covers.courtesy Drivetrain Service Division, Dana Corporation

pp

PT-775
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POWE R TAKE-OF FS
UNIT VIII

JOB SHEET #1--INSTALL A TRANSMISSION-MOUNTED PTO

I. Toots and equipment

A. Safety glasses

B. General shop tools

C. Creeper

D. "Dial indicator .

E Shop towels

F. Stud driver

G. Torque wrench

H. Drain pan

II. Procedure

A: Drain oil from transmission

I.

e .

B. Remove PTO cover plate 'from transmission

Remove gasket from PTO opening in transmission

(2*

(NOTE: Stuff a 'rag in the opening to prevent dirt from entering transmis-
sion.)

FrOck drive dear in transmission and driven gear in. the PTO

1. To show amount of backlash designed in both units

2. To.establish proper backlash when mOunting PTO
,

E. Install studs in PTO mount pad orwrsmission

(NOTE: Where holes are tapped through tne'transmission/caie, use Permatex
to prevent teaks:Avoid contact of ,Permatex with autoMatic transmission
fluid in automatic transmissidns.)

1. _Use stud driver ...,
, ...

2. Torque six bolt studs to 30 - 35 ft. lbs.

3. Torque eight bolt studs'to 45 - 5p ft. lbs.

6"
Tn.

PT-777
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JOB SHEET #1

F. Install gaskets on.studs

1.' Place correct amount of gaskets on studs

(NOTE: Never use gasket sealer between gaskets or on PTO mounting
surfaces.)

2. Use gaskets between all mounting surfaces

3. Do not stack more than foür.gaskets

. (NOTE: Usualty one thick gasket .020" will be required.)

G. Install PTO to transmission

1. Install copper gasket's on studs

2. Install nuts on studs

(NOTE: Copper .gaskets are used to prevent oil leaks around studs.)

Torque nuts to 30 35 ft. lbs. for siX bolt PTOs, and 45 50 ft. lbs. for
eight bolt PTOs

4. Check and adjust backlash

a) Remove PTO shift housing or inspection plate

b) Mount dial indicator so it measures input gear (driven gear)
movement (Figure 1)

FIGURE 1

)

C

BALK
ASI1 ".

TNb
DIRIVOE

fri arqs GE AR
AMS7ION

rt
PO/N't

,FPE klf y1
A, 't kYA
INDfL A* %EN

006, PL unik fi
PF
,INTF fl

ye)IL A, F
1.1 PTH

laAsKE PAO, r ,
flE D

(Procedure and illustratiQns for backlash adjustment for Cheliea PTO Courtesy 410

Drivetrain Service Division, Dana Corporation)
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JOB SHEET #.1 .

5. Hold PTO driver gear in transmission with bar or screwdriver

6. Rock PTO inbüt gear.with hand

7. Read amount of backlash on ialicator

8. Backlash has to be.from .006" to .012".

9. Set backlash by adding orremovinTmount gaskets

(NOTE: A general rale for adding or removing gaskets is that a .010"
gasket will change backlash approximately .012". Repeat steps F - G to
correct backlash.)

PT-779



POWER TAK.E.OF FS'
UNIT VIII

NAME

TEST

1. Match the terms on the right with their correct definitions.

a. Power take-off 1.

b. A mechanical device attached to tIte side
of the main transmission or the side, or 2.
top of the auxiliary transmission; it transmits
enginepower to auxiliary equipment

c. An attachment in the pow% train of a 4.
machine to drive auxiliary equipment

d. MPTO system having its own clutch control
completely separate from the engine clutch
and transmission 6.

Transmission-
driven PTO

PTO 4

3. Independent PTO

e. Operates only when the engine clutch is

engaged

f. A PTO system that his tWo clutches, one
for the transmission and one for the PTO;
both are operated by one control

Solid shaft With a fixed length and a U-joint
at each end

9.

h. A shaft with a' sliding or telescoping element;
can have either two or three U-joints

I. An inverted U-shdped piece of steel which
covers the moving parts of a PTO shaft

A cylinder-shaped piece which. surrounds
-the shaft and has a bell housing on each
end to cover the U-joints

5.

7.

8.

9.

10.

Tunnel shield

Truck applica-
tion PTO

Contkuous-
\running PTO

Telescoping
shaft

Spinner shield

Tractor PTO

Solid PTO
shaft

PT-781

2. Select true statements concerning safe operation of PTOs by placing an "X" in the
appropriate blanks.

a. Keep PTO guards and shields in place

b. Never engage the PTO while the machine engine is shut off

c. Keep hands, feet, and clothing dway from PTO moving parts

. d. Always connect the ?To when pot in use

.
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e. Never wear loose clothing around PTO in operation .

f. Be sure spinner shields rotate 4ely

g. Never attach the PTO drive shaft to the machine PTO sha.ft

h. Always disengage the machine PTO and shut off engine before servich,
lubricating, or performing repairs

i. AlWays keep nuts and bolts tight on PTO shaft and PTP driven machine

j. Hook 540 PTO equipment to 1000 rpm PTO equipment with great care

k. Always block dump. beds when working on unit with bed raised

3. Identify three types of PTO guards and shields.

' a.
Bell
Housing

a.

b.

4



4. List three tyPes.of PTO systems.

a.

b.

C.

' 5. List ASAE-SAE standards for tractor PTO drives.

a.

b.

6. Match complaints on the right with causes for noise, heat, an
sion-mounted PTOs.

a. Backlash too tight or too loose

b. Worn, nicked, or burred gear; damaged
bearing from improper installation

c. Feign material in bearKg7 transmission
low on grease

d. Drive line out of phase; excessive U-joint
angle; drive line bent; U-joints worn; PTO
loose on transmission; driven equipment
loose; worn splines on slip joint

e. PTO installed too tight; low transmission
oil level; prolonged stationary use; PTO
near exhaust or other heat source; PTO
overloaded

d vibration in transmis-

1 Clicking sound

2. Vibration

3. Rattles Or
whines

4. Grinding noise.

5. PTO running hot

7. Select true statements concerning troubleshooting PTOS for poor work rate by placing
an "X!' in the appropriate blanks.

a. PTO torque rate too high for job being performed

b. PTO output speed too high or too low for job being done

8. Match complainti on the right with causes for external oil leaks in P-F0s.

a. Seal worn from age, heat, or drive line vibra-
tion; seal retainer plate installed out of
alignment

b. Porous or cracked housing; broken or worn
gasket; 6-bolt idler shaft poor fit; 8-bolt "0"
ring not sealing on idler shaft; copper washers
needed under 6-bolt PTO mount bolts or
nuts; lock washer not under 8-bolt PTO
mount bolts; "0" ring leaking on shifting
post; elongated mounting bolt holes

1. Leaking housing
or mating
surfaces

,2. Shaft'seal
leaking

P1-783
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9. Select true statements concerning troubleshooting PTOs'for hard shifting by placing an
"X" in the appropriate blanks.

a. Backlash too loose
yn

b. Tight bend irtshifit cable

c. Gear ir backwards

d. Tight fit on internal spline of sliding gear causing gear to bind

e. Lever linkage needs redesign--not enough mechanical,advantage

f. Low air pressure for air shift

10. Complete the folloiting list of statements concerning troubleshooting PTOs for jump-
ing out of gear.

a. Excessive.load for PTO torque rating

b.

c. Shifter poppet spring broken

d. Shifter Poppet spring hole elongated

e. Shift rail poppet hotch worn

f. Sprung or loose shift fork

9-

h. Cable or lev-er linkage not adjusted for full PTO engagement

11. Select.true statements concerning troubleshooting power shift PTOs by placing an
in the appropriate blanks.

(NOTE: A stateinent is true only if 'all parts of a statement are true.)
. 31.

a. Won't engage

1. Improperinstallation of electric or hydraulic shift circuit

2. Incorrect solenoid valve'

3. Transmissiorioil level low

4, Obstruction in hydraulicastiift circuit

5. Clogged hose or icreen

6. Inoperative solenoid

7.. Inoperative electrical switch

8. -Bad electrical connection

9. Internal leekage in shifter

16. Clutch plates worn in PTO

e

6o,



b. Will engage but will not operate-system under load

4 1. Low pressure supplied to PTO

2. Clutch plates Worn in PTO .

c. PTO Will not disengage

1. improper installation of circuit .

2. Pressure too low

3. Clutch plates in PTO worn

d. Noise, heat, improper work rate, and external oil leaks--Trouble-shooting
procedures same as those used with transmission-mountedyTOs

12. List subassembly parts of a two-gear, one-speed PTO.

a.

PT-7.85

b.

d.

13. Identify components of hydraulic atd electric circuits in a power shift PTO.

f.
Ground gattery

a,
=
T Ground

d.

Pressure Switch

0
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,

,..

,

e.

f.

g.

h.

14. List parts of a PTO air shift system.

a.

13,

C.

d.

15. Identify shifter coyers for transmission-mounted PTOs.f-

' a.

4,

b. c.

16. Complete the following list of procedures for lubricating PTO systems.

a. CheCk lubricant in transmission

b.

c. Lubricate sliP yoke
7

d.

e. yubricate driven equipmept according to manufacturer's recommendations

-

,
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17. Complete th following list of questions that are relevant when selecting the proper,
PT.O.

a. What is make and model of transmission?

b. Which PTO opening will be ttied?

c. What accessory Will be driven?

d. How much horsepower is required to drive accessory?

e. What is the required rotation of PTO?

f.

g.

18. Demonstrate the ability to install a transmission-mounted PTO.

(NOTE: If this activitY has not been accomplished prior'to the test, ask your instructor
when it should be completed.)

1

.

\



POWE ft TAKE-OF FS
UNIT VIII-

ANSWERS TO TEST

1. a.' 2 e. 1 I. 4
b. 5 f. 6 j. 8
c. 9 g. 10
d. 3 h. 7

2. a, b, c, e, f, h, I, k

3. a. Spinner shield
b. PTO master shield
c; PTO shaft guard

4. a. .Transmission-driGen
br Continuous-running'
c. I ndependent

5. a. 540 rpm--6 splines'on PTO shaft
b. 1000 rpm--21 splines on PTO shaft

6. a. 3
b. 1

4111

c. 4
d. 2
e.

7. b

8. a. 2
b. 1

9. b, c, e, f

10. b. pear teeth worn tapered
g. Air thift pressure low for complete shift

^

.11. a, b,

12. a. Shift cover assert:0y
. b. PTO'case

c. Output shaft and gear assembly
d. Drive gear and shaft assembly

13. a. -' Nine amp fuse
b. Indicator light
c. Switch
d. Hose from valve to PTO
e. Screen adapter
f. Solenoid valve,
g. Dump line back to transmission through PTO

h. Screen adapter
i. Line from transmission to valve

7 t3

PT-789
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-
14. a. Shift cbnpr assembly

, b. Indicator switch
c. Indicator li"ght

AIN. d. Control valve
e. Pressure protection valve

15. a. Cable control
b. Lever control
c. Air shift

16. b. Lubricate U-joints
d. Lubricate spinner shield

I

I

4 7\
17. f. What is required PTO output shiftspeed as a percent of engine speed?

g. 'What is the required method of shifting PTO?,,

18, Performance skill evaluated to.the satisfaction of the instructor

,
I'

,
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.\\ SPE?IAL DRIVES
UNIT IX

UNIT OBJECTIVE

After completion of this unit, the student shduld be able tO list types of chains used in
special drives, figure their ratios, and discuss chain adjustment, repair, and cleaning. Th
student should Also be ablt tctrlist types of belts used in special drives, and discuss sheav

alignment, gear drives, gear backlash, and 'troubleshooting technidues for special, drives. Thi
4 kriowledge will be evidenced by correctly performing the procedures outlined in the job

sheets and by scoring 85 percent on the unit test. n

P

'SPECIFIC OBJECTIVES

After completion of this unit;the student should be able to:

1. Match terms i.elatedto special drives with their correctOefinitions.

2. List three types of chain drives.

3. Complete Statements -Concern'ng detachable-link chains.

4. Select true statementsconcer11g roller chains. .

5. Select true statemehts Concerning silent chains.

6. Complete statement's concerning charactdistics of detactiable-link chains.

7. Select true statements concerning characte6stics of standard pitch roller chains.

8. Select true stateinents concerning characteiistics of double pitch roller chains.

9. Complete statements corkerning characteristics of silent chains.

10. Complete statements concerning principles of chain drives.

11. Select true statements concerning the alignment of sprocket shafts and sprockets.

- 12. Select true staternents concerning adjysitnent of dhain tension.

13. Complete a list of methods of adjusting chain tension.

14. Identify parts of a chain sprocket.

15. Select true statemehts concerning stretched chain.
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k

. .

.,

,
16. Complete statements concerning lubrication of chains.,

. .
17.. List methods of lubricating chains. .-.

. I ,
18. Select true statements concerning repair of-chain driv9s:

19. Complete statements concerning cleaning chai-:ns.
. ,

-20. Name three types of belts.

21. Name four factors governing the ability of belts to transmit power.

22. List three forms of belt drive arrangements. .

23: ,Complete measurements of belt sections used on combines.

24. Lt elect true statements concerning adjustable pulleys.

25. etermine The length of a feat belt.

etermine the length of a V-belt.

27. Determine pulley sizes and speeds.

28. Select true Otatements concerning belt tension.- -

29. \6lect true statements concerning belt care and maintenance.
4,

30. complete statements concern'ng maintenance of pulleys or sheaves.
/

IP

31. Match types of gear drives with their 'uses.

32. Complete statements coverning methods of lubricating gears.

33. Sele ct true statements concerning jjear backlash.

34. Match types of reciprocating drives with their characteristics.

35. Select true statements concerning maintenance pf reciprocating drives.

36. Match hydrostatic drives with their characteristics..

. 37. Seltridix.staternents concerning reversing hydrostatic drives.

38. Complete statementt concerning maintenance of hydrOstatic,drives.

391. Select trurtatements cOncerning testing hydrostatic drives.
'

40. List the functions of a safety release mechanism.

41. Match types of safety release mechanisms with their descriptions.
,.

42. Complete statements concerning maintehance of safety mechanisms:

It
4. 7"G
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s

Computejihe length of a flat belt.

'4-44Compute the length of a V-belt.

45. Compute pulley size and speed.

46. Demonsieate the ability to:

,Troubleshoot chain drives.

_11Troubleshoot belt drives.
7,

c. TroUbleshoot gear drives.

,-- Troubleshbot hydrostatic drives.
,

e. Troubleshoot safety mechanisms.

I.
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t
SPECIAL DRIVES

UNIT IX ,

SU STED ACTIVITIES
s

I. provide student with objective sheet.

II. Provide student With information and job sheets.

I II. Make transparencies.
!,- P

N. Discuss unit and specific objectives.

V. Discuss inforniation sheet.

-V

%

--

VI. Demonstrate and discuss the procedures outlined in the job sheets.

VII. Show films'coyering special drives, especially a safety film.

VIII. Take stOdents on fkeld trip to a shop that works on gOecial drives.. ,

I X: Have a person from a manufactver of special drives present a program to the
class,

1
X. Give test.

?

v,y4111 , .

INSTRUbTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1-:Detachable-Link Chain
\

2. TM 2--Roller Chains

3. T.M. 3--Silent Chain

4. TM 4--Determining Pitch on Roller C.halbs

5. TM 5--Alignment and Misalignment of Sheaves
",

8 - TM 6--Rebiprocating Drives
.. . / .

7. TM 7--Reciprocating Drives (Continued)

1

r

-0

8. _TM 8--Standard Cross-Sectional Dimensions ot V-Belts i

9. TM 9--Belt Creep -2-

7 1J 8
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10. -TM 10Pint le Chain

11. TM 11Parts of a Chain Sprocket

12. TM 12Belt Drive.Arrangements

13. TM 13Typical Belt Seetions Used on combine-

' 14. TM 14--Adjustable Pulleys
t.

15. TM 15--Determining the Length of a FI4 Bejt

16. TM 16Determining the Length of a V-Belt
0

17.
.

TM 17Deterinining Pulley Sizes and Speeds

18. TM 18Hydrostatic.Drive
,

19. . TM 191-Hydrostatic @rives

201 T1vi,20--Safety Release Mechanisms

21. TM 21--Safety Release Mechanisms (COntinued)
1

D. Assignment sheets
,41

t. Assignrnent Sheet #1--Compute the Length of a Flat aelt

2. Assignment Sheet #2--Compute the Length of a,V-Belt

3. Assignment\ Sheet #3Compute Pulley Size and Speed

El Answers to assignment sheets

F. Job sheets

1. Job Sheet #1--Troubleshoot Chain Drives

2. Job Sheet #2-.-Trou6leshoot Belt Drives

3. Job Sheet #3TroUbleshoot Gear Drives

4. Job Sheet #4--Troubleshoot Hydrostatic Drives

. 5. Job Sheet #5--Troubleshoot Safety Mechanisms

G. Test

H. Answers to test

-/

I I. References:
-

A. Fundamentals of Se
. .,. .

rvice: -Power Trains. Moline, .IL 61265: JANDeere
Service Publications, Dept. F, 1,972. .' .

"'B. Notgrass, Troy. The Adtotnagive Power TraM Mechanic. Austin, TX: In-
structional Materii rjItyision of Exteniion, The University of Texas
at Austin, 1973.



I. Terms and definitions,

A:

SPECIAL DRIVES,
UNIT IX

INFORMATION SHEET, .

Detachable-link chain--A series of formed links, 'either open or closed,
which can be detached and are either malleable cast iron or pressed steel
(Transparency 1) :

(NOTE:betachable-link chains are also called plain chains.).,

B. Roller chain--Made up of alternate roller links and pin links with ping and
free rolling bushinds (Transparency 2),r

C. Silent chainA series Of flat metal., linkS, with a tocith shape at eath end,
connected by pins to form a flexible-continuous chain (TraQsparency 3)

D. Chain pitchDistanCe .from.the center of One pin to the center of the next
.

E. Sprocket pitch--Distance between one point on a sprocket todth and the
corresponding point on the next topth

AlignmentAdjusting or positioning parts to bring into line (Transparency 5)

G. , Misalignment--When bearings are not,on the same
functional or working limits (Transparency 5)

H. I D--Inside diameter

I. DDOutside diamete(

J. FPM.Feet per minute

center line with good

K. Reciprocating drives--Drives that change a rotary motion to a linear motion
(mowing cutter bars) (Transparencies § and 7)

L. TensionEffort which elongates or stretches a material

M. Flat beltA .belt of flat construction used where pulleys are far aOrt and
, high power is needed for a separate machine (old threshers or sawmills)

N. V-belt--A belt of V construction used for driving light loads between short-
range pulleys; the load is carried on ;the sides of the belt

b. Arc--ContaCt (or wrap) between belt and pulley (Transparency 9)

P. Belt slip--Slight loss of speed between the drive and driven pulleys

71
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INFORMATION SHEET'

Q. Belt creep--The slight stretching of the belt as it runs over the pulley (Trans:
parency

(NOTE: The words "sh`eave" and "pulley" mean The same thing.)

R. Hydrostatic drive--A drive using fluid under pressure to transmit engine
power to .the driven unit (Transparency 18) .

S. Gear drive--Type of drive in which a system of gear arrangement is used
to kansrnit powec

(NOTE: When two gears are in mesh, all slippage is gone; for this reason,
gears are widely used for high power applications.)

T. Displacement--The quantity of fluid a pump can move during each, revolu-.
tion

II. Typs of chain drives
. #

A, Detachable-link chain

B. Roller chain

C. Silent chain

JII. Detachable-link chains (Plain chain) (TransParency 1)

A. Series of formed links (closed or open) .

0

B. Detachable links

C. Larger plaithains are_of pintle constVuction (Transparency 10)

D. Low Speed use (conveyors or drags)

E. Open plain chains used in light-loads

F. Closed pintle chains used in heavier loads

IV. Roller chains (Transparency 2)

.May be installed id multiple strands forlieavier leads

B. Have less vibration than plain ains

C. Good for loiv to mediUm sped heavy loads with sprockets far apart

.

D. Made up of pin bUshing and.roller for less Wear

E. Two types of roller chains, single pitch and double pitch



,

*ft
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V. Silent chains (Transparency' 3)

A. Sprockets are similar to gears in appearance

B. Quieter c4-5'.-titrre rand less vibration.

C. Can operate at higher speeds

D. Some have links with teeth on botqsides so that over-and-under drives
can be used (serpentine drives)

E. Used as timing chains

VI. ,Characteristics of detachable-link chains

A. .Uskt at speeds up to 500 RPM

.B: .1_0w in cost

C. Ideal for conveyor or elevator work

D. Provide better wear under dirty conditions

E. Malleable cast iron chain more resistaot to corrosion than steel. (pintle)

F. Pressed steel has lower initial cost

VII. Characteristics of standard pitch roller chains

A. Satisfactory at speeds of 100 FPM to 450GFPM depending on pitch

B. As speed increases the pitch must be decreased

C. May be 98 to 99 percent efficient under ideal conditions

D. pH bath lubrication desired for high speed drives

E. Sprockets may be driven from either side of roller &lain

VIII. Characteristics of double pitch roller chains

A. Satisfactory for small sprocket speeds of up to 600.RPM

B. Similar to standard pitch roller chains except 's twice the pitch of standard
chain

l).(. Characteristics Of silent chains

A. More satisfactory at higher speeiLls than roller chains

B. Have practically no sliding action

C. Most commonly..used in final' drives of tractors and transfer casesIfor four
wheel drive vehicles

a

PT,799
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. INFORMAT ON SHEET

4
X. Principles of chain drives

A. Chain drives consist of o-ne or More sprockets and_an endless chain

B. TV links ,of the chain mesh with the teeth of the sprocket and rrintain
a constant speed ratio betWeen drive and driven sprockets

C. Sprockets on the same sidetf a chain turn in the same direction

D. Sprockets on the opposite side of the chain turn in opposite direction

E. Sprockets 'should always be no smaller than ten teeth to prevent excessive
wear"

F. If the''chain has even riUmber of pitches the sprockets have to h
odd nu'rnber of teeth or vice verSa

(NOTE: It., p itches and teeth are both odd or even, it will cause uneven
wear apd vibration.) ,

G. The smaller the sprocket, the more wear on chain and sprocket

(NOTE: On sm I s rockets the chain bends More causing more wear on
chain and the I sprocket turns more R.P.M. than the larger sprocket
causing more wear on smaller sprocket.)

X I. Alignment of sprocket shafts and s6rockets .(Transriarency 5)

A. Level each,shaft with MachiniSt's level or protractor

B. Align all shafts parallel to each other by making surp the distance between
- 'the shafts is equal on both sides of the sprockets

C. Align sprockets with_ straight edge on 'tbe finished su'rfaces on the sides
of the sprockets

XII. Adjustinentof chain tension

A. Horizontal and inclined 'drives

1 . The chain sag- should be about 1/4" per foot between shaft centers

2. All slack should be on one side
... . ..

B-. Verticil drives, and shock loading or reversible rotatiOn drives ch&ns should
be almost taut

XIII. Methods of adjusting chain tension

A. Movealile.sprocket shafts

B. Adjustable idler s'prockets

C. Adjustable shoe

S.
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\

XIV. Parts of a chain sprocket (Transparency 11)

A. Tooth height

B. Tooth thickness

C. , Toot width

D. Point width

Ee Tooth face

F. Base circle

G. Pitch circle

H. Outside circle .,
. ,

-

"MOTE: Baa circle, pitch circle, and outside circle are imaginary terms'used
to define movement and are not physically parts of a chain sprockea

.i.

k r 11
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XV. Stretched chain

A. Adjuster has reached end of travel

B. Chain begins to ride ori the tipi of the sprocket teeth ,

(NOTE: If adjustei: .has reached the end of its travel, and chain stilOits
sprocket, remove cliain links and readjust to proper tension.)-

XVI., Reasons for lubrication of chains

A. Reduces wear ,

B. Protects against corrosion

C. Prevents galling

D. Prevents seizing of pins and báshings

XVII. MethOds of lubricating chairl

A. Manual lubrication
I

/
k

..

(CAWTION: Never manually lubricate a chain.that istmoving.)

1. Applied with brush on chain

2. Applied with spout can

(NOTE: Lubricate every eight hours or when oil starts to discolor
between joints;' manufacturer's specifications for lubrication should be
followed carefully.)

..

5 -
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B. Drip lubrication

INFORMATION SHEET

1. Oil drops are directed between the link plates

2. Oiling should be sufficient to prevent discoloration of oil between
joints

C. Oil bath lubrication

1. Lower strandchain runs through a sump of oil

2. Oil leVel Should reach pitch' line of chain at its lowest operating level

D. Disc lubrication
7.

1. Chain runs above oil level in sump

2. Disc rotates and picks up oil anddeposits it onto the chain by means of
a trough or collector plate

E. OirstreaM lubrication

1. Lubrication is supplied by a pump onto chain through a nozzle

2. Excess returns back to pump

3. Properly lubricated chains will not show a brownish color at joirieS
and connecting link pins will be brightly polished

XVII I. Repair of chain drives

A. Grind ,off heads of link pins or remove keys

B. Drive out the two pins of the link evenly

(NOTA:, A chain-breaking tool is an efficient method of removinglinks.)

C. Reverse' sprockets, if design permits

(NOT4: Rev,ersing'sprockets can increase sprocket life.)

D. Do not install new chaLn on worn sprockets

E. Do not add new chain 'links to worn chain

XI X. Cleaning chains

A. Wash chain in cleaning solvent a

B. Drain and dry chain

6: Soak 'chain in oir "

D. Hang chain to let excess oil drain off
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.INFORMATION SHEET

Types of belts

A. Flat belt

B. V-belt

C. Round belt

D. Polygrooved orribbe'd beilt

XXI. Factors governing the ability of belts to transmit power

A. Tension of belt

B. Friction of belt to pulley

PT-803

(NOTE: Ty Pe of material belt and pulley, are made of help determirie the
amount of friction.)

C. Speed of belt

(NOTE: The higher the, speed, the less cOntact and friction between belt
and pulley.)

D. Belt wrap on pulley

(NOTE: The more wrap on a pully, the more area for friction contact.)

XXII. Belt drive arrangements (Transparency 12)

A. Open

B. Turned

C. Crossed

D. Serpentine

E. Mule .

XXIII. Belt sections used on combines (Transparency 13)

A. 1/2 X 5/16

B. 21132 X 13/32

C. 718 X 17/32

D. 1 1/4 X 3/4

1 3/4 X 25/32

F. 2 1/4 flat 12 ribs
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XXIV. Adjustable pulleys (Transparency 14)

A. Used to adjust belt tension

B. Used to change belt speed

1. Moving belt in on drive °pulley and out on driven pulley decreases
speed of driven pulley

, .

2. Movin,g belt out on drive pulley or in on driven 'pulley increases drtven
pulleY speed

XXV. Determining the length of a flat belt (Transparency 15

'A. Add togethet the diameters of the tWo pulleys

B. Dividethesum by twolend mUltiply the quotient by three

C. To this product, add twice the distance between the cenlers of the two
pulley shafts

Examble: 1. 8." + 4" = 12" 1 *
2. 12"-;- = 6" and 6" X 3 = 18"
3. 18" + 18" + 18" = 54" length-of belt

XXVI. Determining thelength of aV-belt (Transparency 16)

A. Symbols

1. L = Length of belt'

2. C = Distance between centers of sheaves

3. D = Outside diameter of large sheaves

4. d = Outside diameter bf small sheaves

B. FormUla--t = 26 + 1.75(D + d) + 4C

Example': C = 18" D=8" d =

8.- 4
L = 2(18") + 1.75(8 + 4) +.4(18)

4
L = 36 + 1.75(12)

L = 36 + 21 + .055

L = 57.055

kl
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XXVII. Determining pulley sizes and speeds Transparency 17)

A. Symbols

1. D = Diameter of Iriver pulley

2. S = Speed of driver pulley

3. d = Diameter of driven pulley

4. s,= Speed of driven pulley

B, Forrnula--D X S -='cl X s

Example: D = 2" 8 = 1000 RPM

s(6) = 2(1000).

s
2000

6

s 7 333.33 RPM

XXVIIL Belt tension

\A. Results.of two little tension

1. Broken belt

2. Burned spots

3. Excessive cover wear

4. Overheating of belt arid pulley

B. Results of too mUch tension

1. Belt 'heating

2. Excessive stretch

3. Damage to bearings in drive and driven units

4. Damage to pulleys

C. Correct tension on V-belt

1. Belt should showspringiness when hit with the hand

2: Belts should not vibrate like a rubber band

l

V,
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INFORMATION SHEEc

3. Properly adjusted, a belt should deflect about one thickness of the
belt at a point midway between sheaves

(NOTE: Be(t tension should always be set according to manufacturer's
specifications.)

4. Belt shouid be readjusted after 1 hour of operation and checked period-
ically

(NOTE: Initial belt seating ,and 4retch occurs during first 24 hours
-of operation.)

XXIX. Belt care and maintenance

A. Problems caused by oil and grease and their solutiont

1. Causes belts tO b,ecome Soft

2. Causes belts.to slip

3. Clean with- soft cloth soaked in solvent

B. Problems caused by heat over 120° F

1. Belts may harden

. 2. Belts may Crack

3. Belts may itretch

(NOTE: Be sure to keep belts 'ventilated properly .by keeping shields
and screens clean.)

C. Matching of belts

1. If one belt in a set needs replaced, replace all belts in that set

2. Never use, belts manufactured by different companies in the same set

.0. A belt should seat 1/16" above, or below Outer edge of sheave

XXX.' Maintenance of pulleys orsheaves

A. Wom sheave grooves can be caused by:

1.. Dust

2. Corrosiori 'from moisture and chemicals in.the air

(NOTE: When sheaves grooves are worn 1/32" or more, thesheave
should be repaired, regrooved, or replaced.)

.1

./
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B. .Shiny sheave groove bottom can be caused by:

1. Worn belt

2. Worn sheave

3. Wrong sheave'

4. Wrong belt

(NOTE: Shiny sheave bottom caused by belt bottoming in
sheave groove.)

C. Wobbling sheaves can be caused by:

1. Bent shaft

2. Bent sheave

4
3Morn or damaged shaft bearings

(NOTE: A wobblinrsheave should .be corrected at once to prevent
belt or unit damage:r

4. Worn bore in,sheave

XXXI. Types of gear,drives

A. Screw gears

1. Used in screWjacks

2. Used in machine feed

B. Bevel gears

1. Used to change direction (hand crank controls)

2. Used in ring gear and pinion (rear axle, right angle drives)
).

-C.. Worm gears (scre*)

1 Used in steering gears

sed in winch drK/es

A

3: Used in applications with high speed input and low sPeed output

;
Avo

-7!*
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XXXII. Methods of lubricating gears

(NOTE: Gear drives require many types of lubrication from simple oils tO com-
plex formulas. For type of lubricants to use, consult manufacturer's operator's
manual.)

A. Splash pan, which the gears run through
0

B. Hand lubrication by brushing or squirting lubricant on gears

C. Automatic lubrication by drip oiler

D. Forced lubrication by means Of a piimp

XXX III. Gear backlash

A. Too much gear backlash, the, clearance or play between two gears, can be
caused bit 'any of the following:

1. Worn gears

2. Improper meshing of teeth

j. Worn bearings

4. Improper bearing adjustment

B. Too much backlash results in severe gear teeth impact causing damage to

gear teeth

C. Gear backlash is adjusted either by shims or by bearing preload

D. Gear backlash in some cases is preset at manufacture by gear and bearing

arrangement

(NOTE: Always set gear backlash according to manufacturer's service
manual.)

XXXI V. Types ot reciprocating drives and their characteristics

(NOTE: A recipçocating mechanism is not actually a drive but is a supplement or
helper for the dri .)

k A. Crankwheel and ver (Transparency 6)

1. Crankwheel has lever mounted off center

2. As wheel turns one revolution, lever makes two strokes

(NOTE: A mower cutting bar is an example of a machine using this.
principle.)

!Moo.
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. Crankbrm and lever drive (Transparency 7)

1. Operates like a crankshaTj and rod assembly in an engine

2. Has a flywheel or counterbalance to offset the inertia of the sudden
changes in directkm

`104

3. The ion of the counterbalance is always the opposite of the
pitman r lever,

(NOTE: The plunger head in a hay bailer is driven by a crankarm and
lever assembly.)

C. Cam drives (Transparency 6)

1: Change rotary motion to reciprocating motion by use ota cam.and cam
follower

2. Cam.follower always. returh to the same starting point

3. Action may be simple direct'inotion, complicated motion, or delayed
motion

4. Car'n drives may use a sprind load, gravity, or a track tO retUrn them
to.their starting position

XXXV. Maintenance of reciprocating drives

A. Lubrication is the key to good operation of all mechanical drives; any
moving part that contacts another part should be lubricated .

B. Points of maintenance

1. Bearings should be kept lubricated and checked for wear or damage
periodica Ily .

2. Cam 'tracks or cam surfaces require greasing for smooth operation
and minimum wear

3. Hinged'areas need lubrication

4. EnclOsed drives should have oil level checked periodically

5. Refer 'to machine operator's manual for proper lubrication pqiods
and type of lubricants

XXXVI. Hydrostatic drives (Transparency 18)

A. Fixed displacement pump with fixed displacement inotor (Transparency 19)

1'. Constant input 'speeCi gives constant horsepower and torque -at the
output

o
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2. Input speed varies; output horsepower and speed will vary, but torque
will remain the same

3. When both pump and mothr are fixed displacement they act as.a gear
drive .

EV. Variable displacement ,pump with fixed displacement motor (Transparency -
19)

1. Pump output is variable, motor output speed is'variable and torque ,

output is constant for any given pressure

2. This type drive gives variable speed and constant torque

C. Fixed displacement pump with variable displacement motor (Transparency
19)

./.2,4.

1. Output speed controlled by changing ihe motor d ispticement

2. Motor lisplacement decreases, output speed- increases, and tortiue
decreases

3. When balanced, constant -horsepower output is obtained

D. Variable displadement pump with variable displacement motor (Trans-
,. parency 19)

1. Output of both constant torque and conStant horsepower_ (torque X
speed = horsepower)

2. Most flexible drive but afso is the most difficult to control

XXXVI I. Reversing hydrostaic drives

A. Reversing output shift of motor can be done by shifting either the pump
or motor swashplates

B. In neUtral, the swashplate is vertical-and no oil is pumped

C. In forward, the plate is tilted and is pumped in one direction

I/ In reverse, the swashplate .15 'tilted the opposite way and oil is pumped
the opposite direction reversing the motor output

(NOTE: The pump drive shaft always rotates clockwise, but the 'motor
drive shaft can rotate in either direction, depending on the\direction of the
oil flow from the pump.) .

ft
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XXXVI II. Maintenance of hydrostatic drives

A. Clean unit before removing coMponents

4. Steam clean coMplete acea around component to be worked on

2. If steam cleaning is unavailable, use. a cleaning solvrt

- (NOTE: Never use paint thinner, gas, or acetone to clean the area
to 'be worked on; they are- fire hazards ana could damage hoses.)

PT-81,1

3. Prevent waterfrontentering system when steam cleaning

B. Precautions to^take before repairing pump or motor

1. Seal all lines and fittings with plastic bags or plugs as lines are remoVed

2. Have a container of clean solvent to wash parts in

3. Have clean, dust free work area

4. Have a container of clean transmission fluid to lubricate parts as they
are assembled

6. Hakim a container of clean petroleum jelly to lubricate surfaces where
needed

(NOTE: Internal service on either the pump or motor must be done
under extremely clean conditions. The folerances in these units are
similar to those in diesel injection pumps and equal, care must be
taken.)

6. Have new o-rings and gaskets

7. Have new or clean oil for system

XXXI Testing hydrostatic drives

A. Tesi charging and operating oil pressures

B. Test for oil flow rate and Oil temperature

C. Use the proper test equipment and procedures as given in the machine
technical manual

XL.' Functions of a safety release mechanism

(NOTE: In a machine where one power source drives sevdral work functions,and
each function has a different IA/ark load, a torque limiting factor or safety release
mechanism is placed in the power line to prevent damage in case ari obstruction
enters the machine.)

A. Relieves shock on the power source

B. Protects machine doing the work
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INFORMATION SHEET
Atr,

X LI. Types of safety, releae rnechanisrnsand their descriptions

A. Slip clutches (Transparency 20)

1. Installed in drive line

2. Works by means of friction discs and springs

3. Obstructilon in machthe overcomes friction clutch facings, preventing
damage to machine

4. Tension can be adjusted at the springs

Jurbp clutches (Transparency 21)

1. Installed in drive line

2. Have ratchet teeth and spring tension

3. In case of overload, the spring tension is overcorne and ratchet slips,
disengaging the power train

4. Tension should bp adjusted at spring

C. Shear pin (Transparency 21.)

1. Works on stress principle

2. The harder the pinihe more force it lakes to shear

3. When an obstructiorrenters the machine, the pin will shear, protecting
the machine "loot*

4. Shear pins are inexpensive

w.t*,
. 5. When pin shears, the machineAsinoperative until pin is replaced

X LII. Maintenance of safety mechanisms

A.' Lubricati of safety mechanisms

- -1. ight coat of oil on faces of clUtches to prevent sticking

2. Too much oil causes slipping

3. Lubricate springs

4. Lubricate shafts where they cOme together

B. Follow machine specifications for adjustment of safety mechanisms and
'proper shear pins

71'"v. LI



Detachable-Link Chain

Malleable Cast Iron

726

Pressed Steel



Roller Chains

OutsideJIae

Inside Plate

Standard Pitch

Double Pitch

PT-815

, - ,
'. TM 2



MM.

PT-8 1 7

TN1



Determining Pitch on Roller Chains
k!

toI



PT-821

Alignment and Misalignment of Sheaves

Tie Cord
to Shaft

Belt pulleys are in alignment when cord
touches sheaves at points indicated by arrows.

Pulleys misaligned can damage V-belt.

Courtesy DEERE & CO., MOLINE, it

733
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a

Pitman
Lever

Reciprocating Drives

Knife

Crankwheel
, ..'"--111.

4*---

4

Crankwheel and Piirnan Lever Driving

Mower Blade

-I
g 7:3,1

\Twin Wheels

I

\
Short Pitman ,,

/
o.

..

Twin Wheeibrive Operating Mowing
Cutter Bei

h

Courtesy DEERE & CO., MOLINIE, IL

\

I
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1 PT-826

Reciprocating DriVes

. (Continued)
,

On Return
Stroke Pitman (Lever)
Pitman Moves
Back To Left

1
.

Work Element (Plungerhead)

e

fl.

,

Crank Armt+

. Bevel
Gears Flywheel or Counterbalance

Drive Shaft

o;

Crankarm and Lever Drive For Hay Baler Plungerhead
t

'73 6%

Courtesy DEERE & CO., MOLINE, IL
N.

/

TM 7



Standard Cniss-Sectional Dimensions of V-Belti

A



p

Slack Si 'de

Bek Cree

A/Creep Ends Here

Drive
Pulley Belt Arc

Creep Begins Here

COurtesji DEER E & CO., MOLINE, I L
1.

1
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S.

Parts of a Chain Sprocket
,

T ooth Thickness

Tooth Height

/

Tooth Width

Point Width
4

Pitch Circle

Outside Cir.cle

_

Base Circle

Cross Section

of Sprocket



Belt Drive Arrangements

Open Crossed

Serpentine

7 15

Courtesy DEERE & CO., MOLINE, IL

-PT-835

,

TM 12 .
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Typical Belt Sections Used on Combine

1'

%.

7 16

1

It
r.

% 32



Adjustlible Pulleys

Posifion 1

Min. Dia.,
'Oosition 2

Max. Dia.



\

-,

Qetermining the Length of a Flat Beft

1. Add -together the'diamet:eri of the pulleys.

2. DMde this SltrT1 by 2 and multiply the quotie)nt by 3.

3. To this- prodlt, add twice the distance between
the Centers of the two pulley shafts.

7 0

Example:
.1. 8" t: 4" 12"

2.,12"-÷2=6" and 6"x 3=18"

t

3. 18" + 18" + 18" = 54"
e-.
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Determining the Length of a V-Belt

L.= Length of Belt

C = Distance Between Centers of Sheaves

D = Outside Diameter of Large §heaves

d = Outside DiaMeter of Small Sheaves

1.=-: 2C +1.57 (D
4C

41,

753

(



Determining Pulleys Sizes and Speeds

-Driver Pulley Driven Pulley.

D = Diameter of 'DriVer Pulley

e.

.S = Speed of Driver Pulley ..

d = Diameter of Driven.Pulley

s = Speed of Driven PulleY

D x S = X S



1

Hydrostatic Drive
t.

Connecting Oil Lines
Pump *

Engine

Control

Motor

Courtesy DEERE & CO MOLINE, iL

Drive
Wheel

Alec:

Co
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V

g

o

Pump

L ?
,

.

Hydrostatic Drives

Motor Pump

,

:

Motilr

Output

Swashplate
Angle

Always the Same

Swashplate Swashplate
Angle Angle Can

Always be Changed
the

Fixed Displacement Pump. Same

Rxed Displacement Motor
. ,

,

Swashplate.
Angle

Always the Same

Variable Displacement Pump

Fjxed Di placementiMotor
a

Motor

/or&
i
1.

Output

Swashplate
Angle Always

the Same

Swashplate
Angle Can
be Changed_

, Fixed Displacement; Pump-

'? "., i, Variable Displacement Motor,

\

4-
Swashplate
Angle Can.
be Changed Flow Can be.Reversed

1v-4
Swashplate Anglb .,

.Can be
Changed

r

,

,
-

'Variable Displacemeht ,Pump

Variable Displwment Motor
Courtesy DEERE & CO., MOLINE, IL
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Safety Release 1111fchanisms

Slip Clutches

Adjusting ,

Spring.0_

4

. .

Clutch Facing -

Revolving Plate

Two-Piece
Drive Shaft

Slip Clutch
(Engaged-)

u

Courtesy DEER.E & CO., MOLINE, IL

PT-851

TM 20
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. PT-855

SPECIAL DRIVES
UNIT IX

ASSIGNMENT SHEET #1--COMPUTE THE LENGTH OF A FLAT ELT

Direcnons. Use the sizes and dimensions .given to compute the length, of the flat befts
in each of the following illustrations; show your complete calcillatioris beside'each illustra-
tion.

4,

a.

,

A

NaP



-856

S

ASSIGNMENT SHEET#1

c.

7lx

411.

'



SPECIAL DR.IVES
UNIT IX

ASSIGNMENT SHEET #2--COMPUTE THE LENGTH OF A V-BELT

Directions: Use the sizes and dimensions given to compute the length of the V-belts in each

of the following- illustrations; show your complete calculations beside each illustration.

a.

PT-857
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41 .

o

,
1

. . .

ASSIGNMENT SHEET #2

<,

%

6

C.

/
1

1

!

r

o

d.

14"

7

4

0

-

...

,

/

6

o
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SPECIAL DRIVES
UNIT IX

ASSIGNMENT SHEET #3--COMPUTE PULLEY SIZE AND SPEED

PT-859

Directions. Use the technical information given to Compute pulley sizes and speeds in
,the following illustratiqns; show your complete caldulations beside each illustration.

7"

a. s =

b. s =



,

6

..

a 4

v 0

ASSIGNMENT SHEET #3

750413PM

k .

V

C. S =

I.

0

t -

,

1

,
. 7:2 '.,

..

,

o.

0 .

,

1
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4

Assignment Sheet #1

a. -41" ,

b. 46.5" ,
C. 45"
cl. -47"

_Asstg,nment Sheet #2

a. 37.6"
b. 30.125"
C. 32.05"
cl: 4/.767"

AsSignment Sheet #3
,

a. 600 RPM
b. 555.56 RPM
c. 2000 RPM
ci. 533.33 RPM

...

4

r

,

a,

0 1

S

SPEC4AL DRIVES
UNIT IX

A/

-N,
ANSWERS TO ASSIGNMENT SIOEETS,

.0

r
t

t.

-

.
41,

*

7 t 9

,

,

0,

,

'-.....

s

4 .

t

...

PT-861'
4,

It

\
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SPECIAL DRIVES
. UNIT IX

JOB SHEET #1--TROUBLESHOOTCHAIN DRIVES

I. Tools and rnatehals,

A. \-Creeper

B. Light'

C. .Tape measure

II. Procedure

,A. Identify problems

B. List possible cau s

C. Troubleshoo possible causes

41,

41.

D. Complete troubleshooting checklists

(CAUTION: .When troubleshooting, keep hands and Clothing away from
moving chain's.)

III. Troubleshooting checklists

A. troblem: ExcessiVe noise

t

Possible caUses

1. Sprocket misalignment

2. Wrong c6ain tension

3. Improper, chilli'
tion

4. Loose castings or bear-
ings,

5. Worn sprockets

6. Wrong chain pitch

OK Corrected
Other

' Observations

,
*.

,

. -

,

.
,-

.
.

e

,

.

(NOT.E: The column "Other Observations" should be used when a
condition requires a major repair, a replacement part, or technical
attention that requires special expertiSe; other columns should be
checked and dated as appropriate.)

7- 4 i

a'

'
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"P. .3

1\f

JOB SHEET.#1

B. Problem: Chain climbing silrockets

-

-Possii;le causes

1. Wrong chain

. 2. 'Worn chain,

3. Lack of chain wrap on'
sprockets

4. Too mach chain slack

5. Material build:up in
sprocket tooth pockets

6. Worn sprockets

'OK
.-

Corrected
Other

Observations

,

.

.

.

.

.

C. Problern:arbkeri or rol ers

Possible ca6ses
,

1. Chain running too fast

2: Slack or sudden loads

3: Material build-up 'in
sprocket tooth pockets

)4 Improper lubrication

5. Chain or sprocket corro-
sion,

6. Wrong chain .

7. 'WOrn sprockets

OK Corrected '
Other

Observations
4,

.

,

.

.

. '

4^........

ao.
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JOB SHEET #1
1Ir

D. Problem: chain clinging to sprockets

/Possible causes

1. Wrong chain

2. Worn sprockets

3. Heavy or tacky lubricant

4. Excessive slack

5. Material build-up in
sprocket tooth ockets

E. Problem: Chain whipping

Possible causes

1. Too much slack in chain

2. High pulsating load

3. Stiff chain joints

4. Uneven wear on, chain

5. New link in chain

F. Problem: Chains getting.stiff

possible causes

1. Lack of lubricant

2. Oorrasion

3: Excessive load

4. iVlaterial build2up in chain.
joists

5.. Peeling of side plate .

.edges'

6. Misalignment

OK Corrected
0

Ob
er

rvations

,

_

,

OK Corrected
Other

Observations

.

.
> ,

.

,

L
.

,

OK

.

Corrected
Other

Obseriwtions

.

.

. -

,

7" '6

PT-865

1.
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JOB SHEET #1

G. PrOblem: Broken sprocket teeth-
.

Possible causes

1. Obstruction or foreign
material

2. Excessive shock loads

3. Chain, climbing sprocket
teeth

H. Problem: Failure of chain fasteners

Possible ciuses

1. Vibration

2. Obstructions striking fas-
teners I

3: Improperly installed fas-
teners

I. Problem: Drives running too hot

Possible causes

b 1. Chain running too . fast

2. Lack of lubrication

3. Immersed too deep in oil
bath

4. Chain shafts rubbing
against obstruction

r.

A

OK Corrected .

-
Other

Observations

, z
.

.

.

OK Corrected
Other'

Observations

)

,

_

OK Corrected
Other

Observations

...

_

; /



SPECIAL DRIVES
UNIT IX

pT-ivz..,

JOB.SHEET #2--TROUBLESHOOT BELT DRIVES

I. Tools and materials

A. Belt tension gauge

B. Light

C. Straight edge

Procedure

A. Identify problems

B.. List possible causes

C. Troubleshoot possible causes

D. Complete troubleshooting checklis.6

,

a

(CAUTION: When troubleshooting, keep hands and Clothing away from,,

moving belts.)

Troubsleslooting ch eck I ists

A. Problem: Belts turning over in sheaves

Possible'causes .

1. Misalignment of sheaves
and shafts,.

2. Worn sheave grooves

3. Misalignment of idler
sheaves

Belt damage from wrong
installation

,

(NOTE: Use straighi edge to check .sheave alignment; check ,and date
appropriate columns, and use "Other Observations" colu(nn to note
special problems.)

OK Corrected
'Other -

Observations

-

\

1.1 1.1

IC

"r-*
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:JOB SHEET #2

Problem:,Belt sCiveaks

Possible causes

1. Too high starting load'..

2. Improper belt tension

3. Overload

4. Worn belt

C. Problem: Belt stretch

Possible causei

1. Drive operated under too
much tension

2. Wrong belt

3. Poor storage in damp
place

_

Ok' Corrected
Other

e Observtions

-

,,

.

,

OK Corrected
Other

Observations
,

.
,

,

,

D. Problem: Belts breakjng prematurely

Possible causes

.1 1. Foreign material in
sheaves

, 2. Extretne overload

3. Belt damaged during in-
stallation

E. prbblem: I:felt life too short

PoSsible causes

1. Worn sheaves

2, Oil or grease on .belt

3. High temperature `at
sheaves

4. Belt rubbing a guard or
belt 'guide

5. Belt sliPping

OK
,

Corrected
Other-

Observations

N

,..
,

OK Corrected
Other

Obseryations

4. .
b

_ ,

(-Th . .

.
.

.,
.

., ..e'

r 4

4,



SPECIAL DR IVES_
UNIT IX

JOB SHEET#3--TROUBLESHOOT GEAR DR-IVES
1

1. Tools and. materials'

A. Dial indicatOr

B. Light

C. Hand tachometer/

II. Procedure

A. Identify problems

B. List possible causes

C. Troubleshoot possible causes

D. Complete troubleshooting.checklistsz

III. Troubleshooting checklists

A. Problem: Gears with fins around edge of teeth

Possible causes

1. Too mUch backlash

2.- Continues overloading

3. Intermittent overloading

4. Defective hardening of
gears

OK Corrected
Ot er

Obs ations-

.

..

A

(NOTE: Cheak and date appropriate cOlumns, and use "Ofher Observa-
tions",column to note special problems.)

S. Problem: Gears with teetli burned from overheating

Possible Causes

1. Too little backlash

2. Overspeeding

3. Overloading

Lack of lubrication

OK Corrected
Other

" Observations

,
,

7

PT,869

001
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JOB SHEET #3

Problem: Gears with scored teeth

Possible causes

1. .Lack of lubrication

k. Excessive speed

.3. Overloading

4. Tod little clearance

OK

,
,

Corrected

.

Other
,observations

,

\
,

,

.

'

.

.

D. Problem: Gears with abriiions or fine scratches on teeth

Possible causes

1. Dirt or ,grease in gears

Metal particles in gears

,

OK Corrected
. Other
Observations

.

...

. Problem:. Gears with pitted or broken teeth

...Possible causes

1. Overloading

2. .Too much backlash

3. Shock loading.

^

J
- .

OK Corrected
Other

Observations

_

.

-
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V.

SPECIAL DRIVES
UNIT IX'

JOB SHEE't 40--TR-OUBLESHOOT-HYDROSTATIC DRIVES

I. Toois and rhaterialsA.
A. Basic hand tools

B. Pressure gauges

C. Hydraulic flow meter

D. .ShOp towels

E. Cleaning solvent

I I. _ Procedure

A. identify-problems

B. List possible causes

C. Troubleshoot possible causes

rr

D. Complete trotbleshuoting checklists

Troubleshooting checklists alt

A. Problem: Drive not moving in forward or reverie drive

Th

Possible causes

1. Improper fluid level

2. Fluid leaks

3. Clogged oil filtei and
screen

4. Binding control linkage

v 5. Slipping coupling from
engine to pump

lit 6. Slip-ping coupling from
motor to gear train

OK Corrected
Other

Observations

k,

.
. .

.
\

. .
..

.

_.

7 (..
74
,

PT-871'
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JOB SHEET #4

Possible causes

7. Low br no charge pres-
sure (Use gauge to check
charge pressure control
valve, check for binding
pump drive, and for oil
line restrictions)

8. Low or fluctuating charge.
pressure (Bleed air fr6m
system, chRsk for dam-
aged preitire control
valve, check for faulty
cheCk valves)

OK Correved
Other .

Observations

,

,

.

.

,

.
. ..

,

B. Problem: Hydrostatic drive rnovkin only one direction

POssible causes '

1. Faulty control linkage

2. Htgh pressure relief valve
stuck open

3. Faulty check valves.

4. Faulty directional con-
trol valve

CiK

.

Corrected
Other ,

Observations '

. ,

C.' Problem: Hydrostatic dri4 operating hot ,

Possible causes

1. l mproper. oil .level

2. Clogged air passage 'insOil
cooler

3. Fan belt to oil cooler fan
worn or 'improperly 'ad-
justed

OK\Correcid
Other

Observations

, .

,

.
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411

.JOB SHEET #4

D. Problem: Loss of acceleration and-pdwer

Possible causes

1.. Internal leaks

2. 1tgh pressure relief valve
stuck

.3. Internal damage in pump,
or motor

es.

OK Corrected
Other s

Observations

L

\
.

.

ii'

E. PjobIerh: Sluggish acceleration or deceleration

Possible causes

1.. Hydraulic system (may
need bleeding)

2. Control orifice partially
blocked

3. Internal damage in pump
or motor

OK

.

Corrected
Other

Observations

.

-

'

#

. .,

.

.

.

6

F'T-873



SPECIAL DRIVES
UNIT IX

JOB SHEET #5--TROUBLESHOOT SAFETY MECHANISMS

Tools and materials

A. Basic hand tools

B. Cleaning solvent

C. Compressed air

I I . Proced u re

A. Identify probletns

B. List possible causes

C. Troubleshoot-possible causes

D. Complete troubleshooting che,lists

III. Troubleshooting checklists

A. Problem: Slip clutch continually slipping

Possible caUses.

1. Weak spring tension

2. Worn belleville Washer

3. Oiled or. glazed clutch
linings

4. Improper assembly

5. Failure in working ele-
ment

OK Corrected
Other

Observations

,

,

,

B. .Problem: Slip clutch not slipping under excessive load

Possible causes

1. Stuck facings

2. Improper spring tension

3. Improper assembly

OK Corrected
\ Other
Observations .

t

v

Pi-875
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J

JOES'SHEET #5

C. Problek Jump clutch slipping

Possible causes

1. Improper spring tension

2. 'Worn ratchet teeth

3. Excessive lubricant on
ratchet teeth

4. Dirt build-up in ratchet
teeth.

5. Overload in working ele-.
cnent.

6. Stuck- working element

,,

OK Corrected
,, Other
Observations

,

, .

,

.

.

,

,
,

..

t

..

.

D. Problem: Jump clutch not slipping under o'verload

Possible causes

1. Improper spring tenkion

2. Frozen ratchet due to
rust or corrosion

3. Dirt preventing -operation
of spring release or rat-
chet

4.. Internal shaft frozen Jo
external shaft

E. Pt4lern: Shear pin continually

Possi6le causes

. Wrong shear pirror bolt

2. Overload in working ele-
ment

I

,
OK Corrected

_.

'Oth
Obiervat

. .

. ...

.

.

. ..

,

".':

..
'

,,

.

,1

"

.;
A,

,
. .

,

'

.

.
.

'

OK

.

,CoFrected
Other

Observations

,
,

.,

.

. '

F. Problem: Shear pihnot sheing,When overloaded
.

-

.. Possible causes

1. Wrong .shear pjli or: bOlt

2. Internal sha fr6zen to
external she

/-

OK Corrected-
. Other

Obsen/ations

.

.

. .

,

, .

, '-s .` . . /,' -
- % '., '," ,/,,.' ;

..v,,/,

,

.

/
, /'7 / ' ./.

, ., / . . . .
. "

/'



es

1.

SPECIAL DRIVES
UNIT IX

NAME

TEST

Match the terms on the right with their correct definitions.

a. A series of formed links, either open or
closed; which can be detachedand are either
malleabletast iron or pressed steel

b. Made up *of alternate roller links and pin
links with pins and free rolling bushings

c. A series of flat metal links, with a tooth
shape at ehch end, connected by pins to form
a flexible Continuous chain

d. Distance from 'the center of one pin to
the center of the next pin

e. Distance between one point on a spiocket
tooth and the corresponding, pOint on the

t tooth

f. Adjusting or positioning parts to bring into
line i
.When bearings are not on the same center
line with good functional or working limits

g.

h. Inside diameter

1. Outside diameter

j. .- Drives that change a. rotary motion to a
linear motion

k. Effort which elongates or "stretches a material

4-- I. -A belt of flat construction used where pulleys
a4 far apart and high poweris needed for a

arate. machine

m. A belt of-V construction used for driving light
loads between short-range pulleys; the load is
carried on the sides of the belt

Contact between belt apd pulley

o. :Slight loss of speed lietween -the drive and
driven pulleys

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

ID

Roller chain

Sprocket pitch

Detachable-link
chain

Silent chain

Chain pitch

Alignment

V-belt

'OD

Reciprocatihg
drives

Flat belt

Misalignment

Tension

Gear drive

15. , Belt creep

PT-877
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p. The slight stretching of the belt as it runs over
the pulley

q. A drive using fluid under pressure to transmit
engine power to the driven unit

r. TYpe of drive in which a system of gear.
arrangements is used to transmit power

s. .The quantity of fluid a pump can mSve
during each revOlulion

t. Feet per minute

2. List three types of chain drives.

a.

b.

C.

16. Hydr.ostatic
drive)7, Belt slip

8. Arc

19. Displacement
%

20. FPM

3. ,Cornplete the following statements concerning detachable-link charns.

a. Series of formed links

b.
.

c., Larger plain chains are of construction

d.

0

Low speed use

e. Open plain chains used in

f. CloSed pintle chains used in

4. Select true statements concerning rolle.i chains by placing an Hkf' in the appropriate
blanks.

a. May be installed in multiple strands for heavier loads

b. Have less vibration than plain chains

c. Good for low speed heavy loads with sprockets close together

d. Made up of pin bushing and roller for less wear

e. Tiyo types of roller chains, single pitch and double pitch'.

5, Select true statements concerning ilent chains by placing an "X" in the appropriate
blanks.

..
a. Sprockets.are similar to gears in appearance

b. Quieter operation but more-vibration



A

_
PT-879

c. Can operate at higher speeds

el.. Some have links with teeth on both sides so that over-and-under drives
can be tised

e. Not usedoas timing chains
_r

6, Complete the following 'statements concerning characteristic's of detachable-link
chains.

a. Used at speeds up to 500. RPM

b. Low in cost

c. Ideal for

d. Provide better wear under dirty conditions

work

-e. MalleaVie cast crop cjiain more resistant to corrosion than

f. Pressed steel has lower initial-Cost .

4o.

7. .Select true statements concerning characteristics of 4.andard -pitch roller-chains by
placing an "X" in th6 appropriate blanks.

a. Satisfactory at speeds of 100 FPM to 4500 FPM depending on pitCh

b. As speed increases the pifch also increases
4 r

c. May be 98 to 99 percenst efficient under ideal Conditions

'cl, Oil bath lubrication desired for high,speed drives

e. Sprockets are driyen from only one side of roller chain
2

8. Select true statemepts. coggerning characteristics "'Of double pitch roller, chains by
placing an "X" in the appropriate blanks. _

a. - Satisfactory for sop!! sprocket si5ee s of p to'600 RPM

b. Similar to standard pitch roller chairn except is half thd pitch of stpdard

9. Complete the follOwing staternents concerning characteristics of silent chains.

a. More satisfactor_y at than roller chains .

b. Have-practically 1100

Most commonly usedjn :final drives of tractors and transfer cases for four wheel
drivetyehicles' .

7 5 5
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10. Complete the following staternentoncerning principles of chain drives.

a. Chain 'drives consist of one or more sprockets and an endless chain

b. The links of the chain mesh with the teeth of the sprocket and Maintain a con-
stant speed ratio between

c. Sprockets on the same side of a chain turn in the same direction ,

d. Sprockets on the oppdsite side of the ch;in turn in opposite direction

e.. Sprockets should always be no smaller than tb
prevent excessive wea.r

f. If the chain has even number of pitches, the, sprockets have to have an odd
number of teeth or vice versa

,

g, The smaller,the sprocket, the wear on chain and sprocket

11. Select true statements concerning the alignment of sprocket shafts and sprockets by
, placing an "X" in the appropriate blanks.

a. Level each shaft with rrchinist's level or-protractor

b. Align all shafts perpendicular to eac other by making sure the distanCe
. between the shafts iiiqual on both sides o the sproc'kets

%
e. Alignsprockets with .straight edge on the finished surfaces on the sides

of the sprockets "-

i

/-

k 12. Select true statements concerning adjustment of chain tension tiV placing-an "X" in
ithe approprate blanks. .

1

a. Horizontal and inclined drives should have slack on both sides

b. Vertical drives, and shock loading or reversible rotatio6 drives' chains should
, be almost taut

t 13. Complete the following list of methods of -adjusting chain-tension.

a. MOveable sprocketshaft

b.
,

c. Adjustable shoe _

I

,

der. 0

/

..

M

..

.1

...



14. Identify parts of a chain sprocket..

a. e.

b. f.

C.

d.

g.

h.

Cross Section
of Sprocket

15. $elect true statements concerning stretched chain by placing an "Xit in the appropriate
,

blanks.

a. Adjusthr has reached end of travel

13% Chain begins to ride_Rkthe tips of the sprocket teeth

16. Complete the following statements boncerning reasons for lubrication of chains.

a.. Reduces

. Protects againvorrosion

c. P events

d. P events seizing of "pins andpushings

7

PT-881,
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C.

17. List three methods of lubricatincj chains.

a.

b.

C.

18.. Select true statements concerning repair of chain drives by placing an "X" in the
appropriate blanks:

a. Grind off heads of link pins or remove keys

b.. Drive out the two pins of the link evenly

c. Reverse sprockets, if design permits

d. Do not install new chain on worn sprockets

e. NQN chain links may be added to worn chain

19. Complete the following statements concerning cleaning chains.,

.a. Wash chain in cleaping solvent

#4, b.

c. Soak chain in

d. Hang chain to let ekcess oil drain off

20. Name three t'ypes Of belts.

a. -

b.

C.

21. Na e four factors governing the ability of belts to transmit power:

a.

-.

b.

d.

22. List three 1dhis of belt drive arrangements.

a.

b.

C.



1

23. :Complete

a.

the following meajurements of belt sections used on combines.

1/2 X

b. 21/2

c. 7/8 X

d. 1 1/4 X

- e. 1 3/4 X
,I.

24. Select true statementt concerning adjustable pulleys by placing an "X" in the appropri-
ate blanks.. ,

,
1

...

(NOTE: A statement is true only if all parts of the statement are true.)

PT-883

,J

a. Used to adjust belt tensiop VI

b. Used to change belt speed ,

1) . Moving belt in on drive" pulley and out on driven pulley increases
speed of driven pulley

)

2) Moving belt out on drive pulley or in on driven pulley.clecreeses driven

pulley speed
,

25.
,

Determine the length of the flat belt_in_the following illusttation.

Answer:

:1

26. Determine the length of the V-belt in, the following illustration.

7.

Answer:

8"

241 .

7 Li

V

, , s
r

a"

=:-

400
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27. Determine pulley sizes and speeds in the following illuIkation.

Answer:.

7"

28. Select true statements concernirig belt tension by placing an "X" in the appropriate
blanks.

(NOTE': A statement is.true only if all Parts of the statement are true.)
4

a. Results of too much terision

1) Broken belt

2) Burned spots

'3) Excessive cover wear

'4) Overheating of belt and pulley

b. Results of too little tension

1) Belt heating

2) Excessive stretch

3) Damage to bearings in drive and driven units

4) Damage to pulleys

c. , Correct tension on V-belt

1) Belt should show springiness w6en hit with the hand

2) Belts should not vibrate like a rubber band

3) Properly adjusted, a belt should deflect about one thickness of the
beli at a point.midway between sheaves

4) Belt should be readipsted after 1 hour of operation and checked period-
ically

73,)

0
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29. Select true statements concerning belt care and maintenance by placing an "X" in
the appropriate blanks.

(NOTE: A statement-is true only if all parts of the statement are true.)

a. Problems caused by oil and their solutions

1) Causes belts to become soft

2) Causes belts,to slip

3) Clean with soft cloth soaked in solvent

b: Problems caused by heat over 120° F

1 ) Belts may harden

2) Belts may crack

3) Belts may aretch

c. Matching of belts

1) If one belt in a set needs replaced, replace only that belt

2) Never use belts manufactured by different companies in the same set

d. A belt should seat 1" above or below outer edge of sheave

30. Complete the following statements concerning maintenance of pulleys or sheaves.

PT-885

a. Worn sheave grooves can be caused by:

1) Dugt

2) Corrosion from

b. ,Shiny sheave groove bottom can be caused by:

1) Wdrn belt

2)

3) Wrong sheave

4) Wrong belt

c. Wobbling sheaves can be caused by:

1)

2) Bent sheave

3) Worn or'damaged shaft bearihgs

4) Worn bore in sheave

91.
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31. Match types of gear driVes on the -right with theiruses.

a. 1) Used in screw jacks 1. Worm gears
-

2) Used in nichine feed 2. Bevel gears

5/-
-b. 1) Used-to change direction

3. Screw gears

2) Used in ring gear and pinion

c. 1) Used in steering gears

2) Used in.winch drives

3) Used in applications with hugh)"
ipeed input and low speed output

32. Complete the following statements concerning methodsof lubricating gears.

a. Splash pan, which the gears run through

b. by brushing or squirting lubricant on gears

c. Automatic lubricatiori by .

d. Forced lubrication by means of a pump

-
33. Select true statements concerr(ing geaE backlash by placing an "X" in .the appropriate

blanks.

(NOTE: A statement is true only if all parts ofthe statement are true.) -

a. Too much gear backlash can be caused by any of the following:

1) Worn gear;

2) Improper meshing of teeth

3) Worn bearings

4) Impropef bearing adjustment

b. Too much backlash results in severe gear teeth impact causing damage to
gear teeth

.

c. Gear backlash is adjusted either by shims or by bearing preload

d. Gear backlesh in some dases is preset at manufacture 'by gear and bearitig
arrangement
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34. Match types pf reciprocating drives on the right with thejr characteristics.

a. 1.) Crankwheel has lever tnount6d off
center

2) As ^wheel turns one revolutionp, lever
makes two strokes

b: 1) Operates like a crankshaft and rod
assembly in an engine

2). Has a flywheel or counterbalance .to
offset the inertia of the sudden changes-
in direction

3) The direction ot the cOunterbalance
is always the opposite of the prtriTan
or lever

c. -1) Change rotary motion to reciprocating
motion by use of a cam and cam follow-
er

2) Cam follower always returns to same
starting point

3) Action may be simple ,direct motion,
complicated motion, or delayed motion

4) Cam drives may use a spring load,
gravity, or a track to return them to
their starting position

1. Crankarm and
lever drive

2. Cam drives

3. Crankwheel and
lever

,

35.. Select true statements concerning maintenance Of reciprocating drives by placing
4r1 IiX" in the appropriate blanks.

---,`: (NOTE A siatement is true only if all parti of the statement are true.),

. Lubrication is ,the key to good operation of all mechanical-drives; any
Moving part that contacts another part should be lub-ricated

b. lpoints of maintenance

1) Bearings should be kept laricated and checked for wear or damage

periodically

2) Cam treacks.; or 'Om surfaces require greasing for smooth operation
and minimum.wear

3) Hinged areas need lubrication

, 4) EnolOsed drives should have oil level checked periodically

'5) Refer to machine operator'S manual
.andtype of lubricants

S

7 '4

for proper lubrication peribds

asOf



288 .

;,
36. match hydrostatic drives on the right with their charadteristics.

a. 1) Constant input speed gives constant
horsepower and ;torque at thetoutput

2) Input speed varies; output horsepowe?
and speed will vary, but torque will
remain the same

3) When both pump and motor are in. this
arrangement they act as a gear drive

1) .Fump output is variable', motor output
speed is variable and torque output
is constant for any given.pressure

2) This type drive ,gives variable speed
and constant torque

Output sPe ed ,controlled by changihg
the motor displacement

C. 1)

2) Motor displacement decreases; output
speed increases, and torque decreases

3) When balanced, constant horsepower
output is,obtained

d. 1) Output of both constant torque
constant horsepower

and

2) Most flexible drive but also is the mpst
difficult to control

1. Fixed displace-
ment pump with
fixed displace-
ment motor

2. Variabledisplace-
ment pump with,
fixed displace-
ment motor

3. Variable displace-
ment pump with
variable displace-
ment motor

4. Fixed displace-
ment pump with
variable diSplace-
ment motor

37. Select true statements concerning reversing hydrostatic drives by placing an
in the appropriate blanks.

a. Reversing output shaft of motor can be done by shifting either the pump
or motor swashplates

b. In forward tI ivesliplate is vertical and no oil is pumped

. c. In neutral, the swashplate is tilted ancl- oil is pumped in one direction

d, In .reverse, the:swashplate, is tilted th e opposite way and oil:is pumped
the opposite direction reversing the motor output

38. Complete statements concerning, maihtenance of hydrostatic drives.

. a. Clean unit before removing components

1) Steam clean complete arpa around component to be worked on

2) J f steam cleaning is unavailable use a cleaning'solvent

3) Prevent - from entering sYstern when steam cleaning
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\

b. Precautions to take before repairing pump or motor
. _

1) Seal all lines and fittings with plastic bags or plugs as. lines are removed
I

2) Have a container of clean solvent to wash parts in

3) Have clean, dust free vtiork area

4)

,

5) Have a container of clean petroleum jelly to lubrkcate surfaces whefe needed

, 6) Have new o-rings and gaskets
V,

7)

.39. SeleCt trtie statements concerning testing hydrostatic drives by placing an "X" in
the appropriate blanks.

r-'

a. Test charging and operating oil pressures

b. Test for oil flow rate and oil temperature

c. Use the proper test equipment and procedures as given in the machine
technical manual

40. 'List the:functions of a safety release mechanism.

a.

b..

y

41. Match types of safety release.mechanisms on the right with their descriptions.

,

a. 1) Installed in drive lin'e 1. Shear pin

2) Works by means of friction discs and 2. Slip clutches
springs

3. Junip clutches
3) Obstruction in machine overcomes fric-

tion clutch facings, preventing damage to
machine

4) Tension can be adjusted at the springs
\

b. 1) Installed in drive line

2) Have ratchet teeth and spring tension 1

/ 3) In 6ase of overload, the spring tension is
overcome and ratchet slips, disengaging
the power train.' .

4) Tension should be adjusted at spring

. 4

7 1,i5
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c. 1) Wcrks on stress principle

2) The Harder the 'pin the more force it
takes to shear

3) When an obstruction enters the machine,
the pin will shear, protecting the ma-
chine

4) Shear pins are inexpensive

5) When pin shears, the machine is inopera-
tive until pin is replaced

42. Complete the following statements concerning maintenance of safety mechanisrns.

a. Lubrication of safety mechanisms

1) Light coat of oil on faces of clutches to prevent sticking

2) Too much oil causes slipping

3)

4) Lubricate shafts where they come ogether

b. Follow machine specifications for adjustment of safety mechanisms and proper

43. Compute tbe length of a flat belt.

44. Compute the length Of a V-belt.

45 Compute pulley size and speed.

45. Demonstrate the ability to:

a. Troubleshoot chain drives.

b. Troubleshoot belt drives.

c.' Troubleshoot gear drives. .

d. Troubleshoot hydrostaticklrives.

e. Troubleshoot Safety mechanisms.

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be comPleted.)

t.)



4 e. 3.
2 f. 7

5 g. 12
6 h. 1

2. a. Detachable-link chain
b. Roller chain
c. Silent chains

.1.1

3. b. Dtachable links
c. Phtle
é. Light loads
f. Heavier loads

4. a, b, d, e'

PT-891

SPECIAL D.OI.VES
MILT I-X -

ANSWE RS TO .1JEST

I. 9 m. 8 q. 16

i. 10 n. 18 r. 14
k. 13 o. 17 S. (19
I. 11 p. 15 t. 20

5. a, c, d

6. c. Conveyor or elevator
e.-/-Steel

7. a, c, d

'-!* a

9. a. Higher speeds
b. Sliding action

10. b. Drive and driven sprockets
e. Ten teeth
g. More

11. a,c

-12. b

13. b. Adjustable idler sprockets

14. a. Tooti; height
b. Tooth thickness
c. Tooth width
d. Point width
è. TOoth face
f. Base circle
g. Pitch circle
h. Outside ciréle

a

1"--

es
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1S11 a, b

16. a. Wear
b. Galling

17. Any three of the following:

a7--- Manual lubrication ..
b, Drip lubrication
c. Oil bath Jubrication

...
d. Disc lubrication
e. Oil stream lubrication

18. a, b, c, d

19. , b. Drain and dry chain
c. Oil

20. Any three of the following:

a. Flat belt .....,_

b. V-belt
c. Round belt
d. Polygrooved or ribbed belt
'

21. a. Tension of belt .

b. Friction of belt to pulley
c. Speedtof belt
d. Belt wrap on pUlley

_

SO .... .... a ... . .

u

4

e

..

i

,

22. Any three of the following: ..,

a. Open
b._ Turned
c. Crossed
d. Serpentine
e. Mule

23. a. 5/16
b. 13/32
c. 17/32
d. 3/4
e. 25/32

24. a
,

!.

, ?

,

25. 41" , ,
1

.
26. 30.125" ,

-

27. 600 RPM

28. c

,

7( Q.
...., L.,

' 7s.

, 0
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29. a, b

30. a. Moisture and chemicals in the air
b. Worn sheave
c. Bent shaft

32. b. Hand lubrication
c. Drip oiler

33. a, b, c, d

34. a.
b. 1

C. 2

35. a, b

36. a. 1

b. 2
C. 4

d. 3

?°1137. a, d

38. a. 3), Water

b. 4) Have a container of clean transmission fluid to lubricate parts as they are

. assembled .

7) Have new or clean oil for-system

39. a, b, c

40. a. Reliseves shock on the power source

b. Protects machine doing the work

- 41. a. 2

b. 3

c. 1

42. a. Lubricate, springs
b. Shear pins

7 I \
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41,

43. Evaluated to the satisfactioril of the instructor

44. Evaluated to the satisfaction of the instructor

45. Evaluated to the satisfaction of the instructor

46. Performance skills evaluated to the satisfaction of the instructor

8
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