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PREFACE

For many years those responsible for teaching small engine repair have felt a need,
for instructional materials to use in this area. A team of teachers, industry,representatives,
and trade and industrial education staff members accepted this challenge and have produced
manuals which will meet'the needs of many types of courses where students are expected
to become proficient in ,thearea of small engine, repair. The MiNVCC Cpmprehensive Small
Engine Repair publication isSdesigned to include the basic infornlation needed to be able
to repair all two and four stroke cycle engines.

To inure that the .student is able to perform the tkillS of a proficient small engine
mechanic, five supplembnts have or are being' prepared to accompany this publication.
Motorcycle Repair, Snowmobile Repair, Outboard Repair, Chainsaw Repair, and Lawn
and Garden Equipment Repair should assist the learner in acoomplishrng the tasks of thg
small engine mechanic, even -though they do not deal directly with the engine. Use of
Comprehensive Small- Engine Repair and any one of the supplements should lead toward
the total repair of any one of these areas.

Every effort has been made temake this publication 'basic, readable and by all means
usable. Three vital parts of' instruction have been intentionally omitted from this
publication: motivation, personalization, and localization. These areas, are left to the
individual instructors and the instructors should capitalize on them. Only then will this
publication really become a vital part of the teaching-learning process.

Ann Benson
Executive Director
Mid-America Vocational

Curriculum Consortium, Inc.
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FOREWORD

a-.
The Mid-America Vocational Curriculum Consortium (MAVCC) was organized for the

purpose of developing instructional, material, for the twelve member states. Prioritqs for
(lb./eloping MAVCC:materi0 are 'determined annually based on the needs as identified
by all member state. One of*hrfirst priorities identified was comprehensive small engine
repair' This publication is a part of a project designed to provide the needed instructional
material for srnal engine repair' programs.

. . . .

The suctess of this publication is due,
.

in large part, to the capabilities of the personnel
who worked with its development. The technical writers have nunrous years of industry
as well as teaching experience. Assisting them in their efforts were -representatives ,pf each
of ttie" member states Who brought with them technical expertise and the experience related

. to the, classroom and to the trade. To .assure that the materials -would parallel the industry
environment and be accepted as a transportable basic teaching tool, organizations and
industry, represehtives were involved in the, developmental phases of the manual.
Appreciation is extended to them for their valuable contributions he manual.

c,

/...This publication is designed too assist teachers ip improving instruction. As. these.
publications are used, it is hoped that the student performance will improve aid that

...- students will be better able to assume a role in their chosen occupation, small engine
, repair..

Instructional marials in this ublicatifi-n are written in terms of studentterformance
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`tareas including process and

,product as indicated at the end of each instructional unit,

I)

It is the Sincere belief .of the MAVCC personnel and all those members who served
.

on the committees that this publication will allow the students to become better prepartild
and more effective members of the work force.

.

t

o

Don Eshelby, Chairman
Board of Directors
Mid-America,, Vocational

Curriculum Consortium

*
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Instructional Units

The Compr'etiensive.Small Engine Repair curriculum includes four areas. Each area
consists of one or more units of 'instruction. Each instructional unit includes some or
all of the basic components of a unit of instruction: performance objectvA, suggested
activities forieaCtier and stuQents, information Sheets, assignment sheets, job sheets, visuil
aids, tests, and1 answers to the test. Units are planned for more thar one lesson or class
period of instruction. . .

1

s

USE OF THIS PUBLICATION

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

A. The amount of material that can be covered in each, class period. ...

B. The skills which must be domonstr4ed.
1. Supplies nettled

s
2. Equipment needed
3. Amount of practice needed ,

'g4. Amount of class time °needed for demonstrations
C: Supplementary materiels such as pamphlets and filmstrips that must be ordered.
D. Resource people that must be contacted.

0

Objectives

Each unit of instruction is bailed on performance objectives. These objectives state..
the goals of the course thus providing a sense of direction and accomplishment for the
student.

0

Performance objectives are stated two forms: unit objectives, stating the subject
matter to be covered in a unit of irtstr ction and specific objectives, stating the student
performance necessary to reach the nit objective.

Since the objectives of the unit provide direction far the teaching-1earning process,
it is important for the teacher and students to have a common understaidng of the intent
of the objectives. A limited number o,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.

---z
r

following is a fist of performance t erms and their synryms which may have been
used in this material: _

Name
Label

in writing
List orally
Letter
Record
Repeat
Give

e Identify
Select
Mark
Point out
Pick out
Choose
Locale

.0

Describe
Define
Discuss in writing
Discuss. orally
Interpret
Tell hoyv
Tell what
Explain

9 y



Order

Arrange

Sequence

List in order
Classify

Divide
Isolate

Sort

Eierhonstrate
Show our work
Show procedure
Perform an experiment
Perform the Steps
Operate
Remove'
Replace'
Turn off/on
(Dis) assemble
(Dis) connect

*

.
Distinguish

Discritirrrite

Additional Terms Used
Evaluate
Complete
Analyze
Calculate
Estimate
Plan

Observe
'Compare.
Determine .

Perform '

Construct

Draw
Make

Build
Design

. Formulate
Reproduce

Transcribe
Reduce

Increase

Figure

Prepare
Make
Read

Tell
Teaqh
Converse
Lead
State
Write t

4

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

Teachers should feel,free to add objectives which will fit the material to the neects

of the students and community. When teachers add objectives, they should remember,
to sppply the needed information, assignment, arild/or job sheets, and criterion tests.

Suggested Activities

Each unit of instruction has a suggested activities -sheet. outlining steps to follow
in accomplishing specific objectwes. The activities are listed according to whether they
are the responsibility of the instructor or the student

Instructor: Duties of the instructor will vary according to th rticu-lar unit; however,
for beft use of the material they should inolude the. following Of0vide students with
objective sheet; informapob sheet, assignment sheets, and job sheets; preview
'film tri s, make transparencies, and, arrange for resource,materials and people; discuss'
Um d 'spec i f ic 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.

Students. Student activities aralisted which will help the student to achieve' the
objectives for the unit.

1 .
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.., Information Sheets .
.

k , .

1 ..,

, ta
Initrmation sheets provide 'content essential for meeting the cognitive (knobvledge)

objectives of the unit! The teacher will find that information sheets serve as an .excellent
guide for presenting the-background knowledge necessg4 to develop thse skills specified
in the unit objective ,

, ,

, i .

Students should read the information sheets before the information is discussed in
class. Students may take additional notes on the information sheets ,

\* l'
Transparency *Klasters

s ...
..

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

. . .
Transparencies should loV made and placed in the notebook where rhe\i, will be

immediately dvailabl6 for use Transparencies direct the class's attentibn to the topic of
discussion. They should be left on the screen only when topics shoWn are under discussion.

Job Sheets
,

' Job sheets are an 'important segment of each unit. The instruct shouldshould be able:
tb and in most situations should demonstrate the skills outlined irNthe job sheets.
Procedures outlined in the job sheets gyve direction to the skill being taught and allow
both student and teacher to check student progress toward t!e accomplishment of the
skill Job sheets provide a ready outline for students to 'follow -44 they have missed a
demonstration Job sheets also fOnish potential employers with a picture of the skills
being taught and the performanpes'which might 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 develbp the knowledges which are necessary prerequisites toEskiedevelopment '

.
These may be gken td the student for completion in class or used for homework
assignments Answer sheets are prdVided .i,yhich may be used by the student and/or teacher'

. for checking student progress t t.

Test and Evaluation

Paper-pencil and performance tests have been constructed to measure student ) I

achievement of each objective listed in the unit of instructronIndividualtest items may
be pulled out and used as a short test to determine student achievement of a.particular
objective This kind of testing may be usecfas a daily quiz and Will help the teacher
spot difficulties being encountered by students in their efforts to accomplish the unrt

. objective. "test items -for objectiv'es added by the teacher should be constructed and added.
to the test

t. .

\ ' 4

Test .Answers

Test' answers are prcivided for,each unit. Thesemay-be used by the tetiter and/or
student for checkihg student achievement' of the objectives

1.-
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: .1 - 7, .., . - , - .
INgt(i6CTINVAi',.ANALYSIS,

c
JOB TRAINtNG:. What the .`,

,.
Worker Should Be Able to DO'

Psy.chornotor) . -'11-

. tI
o . ' ' f '

' .

,
,', RELATED INFORMATION: What .

't . :. -'. the. Worker Should Know .
( 4'''' .07 --(Qognitiv.e)-%. 4 y -,,,, -1

) SECTION A-zUNIT I: OCCUPATIONAL- INTRODUCTION f.

7
1. , Otcupation al outlook

... t

. .!,. Areas of employment-\ r
L7 r

.. 6 -- .
'1 \ 3. Career opportunities

4. 'Steps involved in shoP work.

UNIT II: SALTY J.

.
'

. Safety .color code.

2. " Steps, for maintaining a.-
404. safe, orderly -shop

.., __.
..

4 .3. Classes of fires. ..--

&L

4. Types of- fire extinguishers

\Nt

't
t-

UNIT III: TOO-LS

5. Shop safety practices

4. Grind a flat screwdriver

5. Grind a chisel or punch head

- Sharpen a chisel

7. Use. thread repair kit

Check totque wrench8.

4 9. . Reelace a' hammer likaridle. i
4 1 ,

/,

41.

1. Basic hand' tools,

2. Overhaul tools

3. Tool maintenance
3
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JOB. TRAINING,: What the
Worker, Should Be' Able to

(PsVchorristor)

oo
A

. .

RELATED INFORMATION,2 What
the Worker Should Know

Cognitive)

NIT IV:. MEASU,ITING

1.. _Measuring instrumerris

7. -Units of nieasure-.
.

3.1s Use a vernier caliper

Use a plain micrometer

5:. Use a dial indicator

,

SECTION B-. -U'NIT4 I: E'NGINE IDENTIFICATION AND INSPECTION

"1.. - Two and four' cycle engines

2. Narneplates ,
,

Operator's instructions
K

Ai!

3.

r A. Crankshaft positions

UNIT II: BASIC ENGINE PRINCIPLES AND DESIGN

1. Energy

2. Motion

Simple machines

4. ' Formulas fdr work,
horsepower, a torque-

5., Heat engines ,

6. "Engine designe
. .

7. Engine cooling

UNIT 111:,PRINCIPLk OF OPERATION."- FOUR-STROKE -CYCLE,

1. Engine components

I

xvi

13

2. , Operation

3. Multi cylinder engine's

4. Camshafts

5. , Valve timiig and overlap

6lb Valve errangments

ibc
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.. JOB TRAINING: What theet Worker Should Be Able to Do
1Psychomotori)

LV; _PRINCIPLES OF OPERATION

$

ft

RELATED INFORMATION: What
the Workei Should Know

(qogniIive),

14(5.-5.Tfi 0 KE CYCLE

Two-stroke cycle engine

2. Engine operation

3. . Valves

4. Tmmg

5: 'Cross and rdop scavenging
.

, 6. Two-sttoke features

7, Exhaust system design ,

SECTION C--UNIT.1: BASIC ELECTRICITY

11,

1.

2.

3. .

Source's

Basin circuits

Conactors

I 4 AC and DC current

5. Units of measure

6. SchematiC symboie

7. Ohm's law

8. Series dircu it rules

9. Parallel circuiit rules

10. Magnetism

1 1 Induced voltage

12. knstruments

13. Problem solving

1 4
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JOB TRAINING: What the
Worker Should Be Able' to Do

tft.9chartio tar) -"6

"UP

' RELATED INFORMATION: What
thplWo cer Sbou Id Know*

UNIT II. IGNITION SYSTEMS

7. Rer'noVe, service and replace
spark plugs

8. ReMove and replace contact
points and condenser

9. Test the coil, condensers
armature and flywheel magnets

10. Test and adjust a solid state
ignition system

11. Check ignition timing.

1. Types

2. Purpose

3. Compohents primary
and secondary circuits

4. Magneto system

5. Solid state system

6. Breakerless system

4

UNIT III. CHARGING S EMS

1.

2.

4.

5.

6.

7.

Kind's

Components

Operating stages

Current flow.

AC-DC conversion

Generator -regulators

Reverse polar'

Remove and re ploe a generator

9. Disassemble, check, and reassemble
a generator

10. Remove, and replace an alternator

11. Disassemble, check, and reassemble-
an alternator

xviii
15

w

4



,

'

,

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

' IPsyEhomotorl . (qvitive) ,

:UNIcr IV: STARTING SYSTEMS ,

Types

2. Components

3, DC wound field starters

4. Starter generators-

5. St)rter drives,
6. Remove, disassemble, test, service,

saPreassemble a starter.,,

70 Replace a starier.rekktpdspring

SECTION D -UN1T 1-0LUBR 'CATION SYSTEMS

11

si

5.) Change engine oil and filter
4 ,

6 Service crankcase breather
*

1 Purposes

Types

Engine oil .
.4. .011 characteristics

f

UNIT' II COOLING SYSTEMS
...

-1. Functions

3. .Remove, clean, and replace air
cooling parts,

4 Pressure test 40e cooling system

5. Remove, check, and replace a
thermostat

6. Remove and -replace 43 water pump
.

7. 'Remove and replace a radiator

R. Remove, inspect and replace V-belts

Test antifreeze solution

S

XIX

2. Components

I.

'r '
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OB TRAINING: What, the RELATED INFORMATION: What
Worker Should Be Able, to Do the Worker Should Know

_..1424chafinaliati ) 4, (Cognitively

UNIT IIF: FUEL SYSTEMS-

6. Service en at- cleaner 4.

\
. W

7. Remove and replace a carburetor
a 4-

& Service a flank type carburetor

9 Remove d'hyi replace fuel pumpr
10 Test andse. rvicea, fuel pump-

1 1) Service sediment bow( fuel strainer

Purpose

2. Tlypes

3. Components

4. Fuel pumps

,5. Air cleaners

UNIT IV: GOVERNOR SYSTEMS

1. 'Purposes

2. Types

3. Components

'4. . Inspect, adjust, and repair an Ili
vanes governor

5. Inspect and adjust external
components of a mechanical
governor with wriernal flyweights.

6. Repair l'Aternal components of a --

mechanical governor with internal
flyweights

7 Inspect, adjust, and. repair a
centrifugal governor with 'external
"governor unit .

xx
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JOB- TRAINING: What the , RELATED INFORMATION:' What
Worker Should Be Able to._ Do the Worker Should Know

_(Psychomotdr) (Cagnitile)

00 '

I

,
UNIT V: EXHAUST SYSTEMS

6 '

5. . Remove, service,. and replace two
cycle exhAstx systerri components

. ,

.a
t. Purposes

2. , Results of defective system_

3. Selection

4. : Dangers

UNIT VI: TROUBLESHOOTING

1. -Engine requirements

2. Procedures

3. Importance

Troubleshoot an engine

-UNIT VIII: *OVERHAUL FOUR- STROKE CYCLE ENGNE
* .

___

s' i 1. it Causes of engine problems
. ts'

2. Pist ,and connecting rods

1.- 3. Crankshaft assembly

5. \ -Disassemble a four stroke cycle
engine *

1
.6." Inspect and service a. cyllnder

.. .
Inspect and service the piston,

trings, alaf1, connecting rod
e

Inspect and sere, crankshaft
assembly e .

9. Service mulii-,piece crankshaft
assembly

a:

...

`' 4; Valve assembly

.-
% 10. 5eassemble a four- stroke cycle engine ..

I

I
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.0 JOB TRAINING What the RELATED INFORMATION: 'What
Worker -Shokhid Be Able to Do the Worker Should Know

(Psychdriator) . ,(Cogilitive)
'

UNIT yin -OVER.HAUL TWO -,STROKE CYCLE ENGINE

1, Causes of engine problerrfs

:2. Connecting rod and piston
.#

4., , Dispssempl'e, Inspect, and service ...J..:
,a two str6ke cycle engine .

5 Service a multi piece crankshft
' 't

6 Reassvrnbl'e. a' two'strolce cVcle. engine

-4.

0

t

3 Crankshafts

I
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TOOLS

.(NOTE... These are the tecommended tools and
ntrtred l.fp tese instrudtibnal Friatei4,1s.)

,

'Hand Tool Assortment:
Ball-peen hammer one pound

Slip joint *pliers-
Screwdrivers

4" standard
1 ,1 '/2" standard
8" standard

". standard
Adjustable wrench
Phillips screwdrivers '

1 1/2"

3/0" drive reversible ratchet.
3/8" 'drive standard sock.e; set
1/4" drive reversible ratchet
1/4" dri,ve standard socket set
3/8" drive extension bar -.3 in.
3/8" drive extension bar -, 7 1/2 in.

, Starter punch
Cold chisel .-
,Combination wrench se4 7/16 o ,7/8 in.
Universal joint .

end wrench .set metric
3/8 drive socket -set metric
Safety, glasses

Other Tools and Equipment:
Combination 'wrench set metric
Vernier caliper
Drain pan
Hex key set
Inside micrometer.
Outside. micrometer
Dial indicator
End wrenches,
mp'act screwdriver set
Snap ring pliers
T-handle box wrench, mm
Arbor press or bench vise
Feeler gauge
Flat :surface plate
Machinist's steel rule
Calipers
su'rface block
ease divider tool
impact driver
Ring compressor

20,

equipment Recewry Xo complete 1.0e jobs,_

3/8" drive phillips
Soft face -hamn-ter
Tape measure
Cleaning pan
Cleaning brush
Grease pag
Hot plate
Thermomelt stick.,
Plastic hammer
Pa'rts washing pail
Pin wrench
Propane torch
Seal driver set.
Meter/kilogram torque
Soft drift
Nile wrench
Bushing -driver set
Brass drift
Pry bar
Priers .

Measuring container
Cylinder gauge-.
Shock absorber compressor
Hydraulic press
DrZft punch
V-blocks
Surface plate
DC voltmeter
DC ammeter
Test lamp
Ohmmeter,

screwdriver socket

wrench. .

a

Spark plug 'wrench
Ignition point gauge
Tachometer
Flywheel pullers
Float level gauge
0 -1 telescoping gaug
Cluttch headscrewdriver set
Battery cleartip puller "
Battdry hydrorheter
Battery post- cleaner
Funnel
Thread repair ,kit
Boring bad
Pisfon ring expander
Piston ring groove cleaner
Drill motor

-ft Chisel set
. Ridge reamer

ti

O
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Ring gr,00ve gauge .

TTNiStsdrill,,set
Valve grinder
Valve' seat cutter,
Valve spring compressor

4

6

4 1

a*

,

4

-ylincrer 4ione

' e:1,C.L.ac54ren.ch 9

9

I
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REFERENCES
( .

...) . .
(NOTE. This is an, alphabetized list of publications used irt completing this manupl.)

.
1. y , ,. _

Chilton's Honda Singles Repair
.

and ToneUp Guide. Philadelphia, Pennsylvania:
Chilton Book Company,' 1973.. ", , ,

Chilton's Motorcycle Repair- Manual, Radnor, Pennsylvania: Chilton Book Company,
1974.

Chilton's New Motorcycle Troubleshooting Guide. Radnor, Pennsylvania: ChiltOn
Book Company, .1973.,

Chilton's Outboard Motc5rs Repair and Tune-Up Guide. Philadelphia, Pennsylvania:
Chilton Book Company, 1973.

.0 .

//...N.
'Chilton's Repair and Tune-Up Guide for the Harley-Davidson. Radnor,, Pennsylr ma:
Ch,Ilton Book Company, '1973.

11.
Fgur-Stroke Cycle Engine Mechanic's- Handbook. Grafton, Wisconsin: Tecumseh
Products. Company..

Fundamentals of Service. Bearings and Sea /s. 2nd ed. Molin4,111inois: Deere and Co.,'
1974

Harley Davidson Service Mantial Milwaukee, Wisconsin: Harley-Davidson Motor Co.,
1971

Hoerner Harry J and Ahrens Donald L., Small G.astiline Engines Operation and
Maintenance 2nd ed. St. Plc!, Minrftsota: Hobar Publications, 1973.

Mechanics Handbook 8
Company.

and Larger. Grafton,. Wisconsin: Tecumseh 'Products

4

Outboard Motor Serace Manual. VOlume L. Sixth ed. Kansas City, .Missouri: Intertec
Publishing Corp , 1973

Fip-e, Ted Small Engines Training Manual. Indianapolis, Indiana', Howard W. Sams
and Co ; Inc 1972

Purvis, Jud ,4// About Small Gas Engines. 2nd ed. Goodheart-Willcox, 1963.

Repair Instructions. Milwaukee, Wisconsin: .Briggs & Stratton Corporation.

tch, Ocec. Chilton's -Motorcycle Txdiibleshooting Guide. Radnor, Pennsylvania:
iltons Book mpany, 1966.

Roth Alfr d.0 Sma ll Gas Engines. Sow uth Holland, Illinois. dheart-Willcox Co.,
1975 , . . .

.

Small Engines Principles of Operation, Troubleshooting, and Tune -Up. Urbana,
Illinois. College of Agriculture/University of Illinois:

Small Engine Repair. Washington, D.C.: U.S. Government printing Office/U.S.
Department of Health EduCation; and Welfare, 1968.

I
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Small Engines Service Manua/. Kansis City, Missouri Technical Publications
Diyision/Intertec- Publishing Cdtp., 1976.

.Small Engii1s; alume /, Care and Operation. Athgns Georgia: American Association
for Vocational Instructional Materials, 1975.

Small Engines, VOlume 2,NitYeilntenance and Repair. Athens, Georgia: American
Association for Vocational Instructional Materials, 1974.
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.00CUPATIONAL INTRODUCtlOk_
UNIT

$

SE 1-A

After completion _ stPcrent-Shaltdbe-Abie to.list\ places of employment
and discuss the occupationat outlook for small gas engine methanics., The student shotild

also be able to list student requirements, name the steps inVolved in small gas,engine----:
shop work, a complete a personal information sheet. This knowledge will be evidenced

through demor4 tration and by scoring eighty -fuze percent, On the unit test.

-,
SPECIFIC OBJECTIVES

Aftercompletion of this unit, the student should be able to

1 Discuss the occupational outlook for small gas. engine mechanics.

2 List three areas of employment Mr *small has engine mechanics.

-3 Select places that employ small gas engine, mechanics.

4 List careers open for students trained in small gas engines

. List seven student requirements for the small gas engine progfani.

6 Name seven steps involved in smell gas engine shop work'

7 Complete personal- information sheet.

" A

21.
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OCCUPATIONAL INTRODUCTIOIN
UNIT I

SUGGESTED ACTIVITIES

Instructor'

. .

SE 3-A

ti

Provide student with objective sheet.
,

'13 Provide stuciertt with infirmation and assignmenat sheets

C. Discuss unit and,-specific qbjectives.

Discuss information an assIgnment sheets.

(NOTE Take up assignment sheet and file for reference purposes )

E Invite alkmall engine shop owner to tafk with the students about career.,
oppPrtunities

F. Take field trip to local small gas engine repair shop

G Give test . 0

H Student

A Read objective sheet

B Study information sheet

C Complete assignment sheet

D Take test

INSTRATIONAL MATERIALS

I Included in this unit

A Objective sheet

B Information sheet

4

A

C AssignmenCSheet 1.--Completersonal Information Sheet
, '44

D Test

E Answers to test

25

J
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OCCUPATIONAL INZRODUCTION
pf,\J IT I -

A`'

' I

INFORMATION SHEET

I.' Occupational outtoak

A *of) 9pportunines result each year from .the need to replace experienced
Mechanics who are promoted, retired, or transferred to related felds'of
work

d ,

B Number of small gas engine applIcations iocreases each- year requiring more
mectlanrcs, to 'service them if

C Demand increases for qualifie'd personnel to service new desvgn and safety
features -

4

ysw

.

(NOTE These febtures include' pollution control and 'noise prevention
devzices

H 'Areas of eli-nployrnent

A Manufacturing

B Sales

C S12.ry

III Places of employment

t

A Independent repair shops for small engines

B Service departments of d merit stores.

C Retail small engine s

D
ru

Hardware stores 'with small...shops

E` Makitenance departments

Example Golf courses, .cities, other government' agencies

F Recreational vehicle, franchises and independent dealerships

IV Care'ers

A Engine mechanic

B Service manager

C Sales manager

26

I
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INFORMAWN SHEET

V Owner/manager

E. Technician

-F 'Service relpreieritativ'eo

.G. Engineer

f4. Executive

V. Student .142quirements.

A Understand and follow safety regulations

B.' Understand :arid operate'shop equipment correctly

C ;Take instructions readily. and follow directions

D. Control temper

E. Be. enthusiastic about job

0

40 ,

5

qb

F Be on time

G Attend, class

VI. Steps involved in shop work

A Diagnosis

B. -Dispssembly

F

C.. Measuring

D. Installation bf parts

E. Reassembly

F. Adjustments

G. Test

of

1111

4
.11

4 4'
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.00CUPATIONAL" INTRODUCTION
,UNIT I

ASSIGNMENT SHEET #1 COMPLETE PERSONAL INFORMATION SHEET

Fill in the appropriate data bn the following persbnal information sheet

Name.

SE 7 A

'7)

Sociaj Security Number

Age

Birth Date. w

Grade

1

Telephone Number .
4

t,

Parent/Guardian 'Names

Telephone Number for ,Emergencies

Occupational Objective

4

78

r ;

if
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OCCUPATIONAL INTRODUCTION

UNIT I

TEST

I .

1. Discuss the occupational outlook for small gas engine mechanics.

fee

,1

w

a

2 List the three areas of employment for -small gas engine mechanics.

a

3, Select thb",places that employ small gas engine mechanices by placing an
in the appropriate blanks.

,
a. Service departments of department stores

b. Air Conditioningshops

c Banks

d Hardware stores with small shops

e Reiai I small engrnesto'reS

SE .- '9-A



10-A

44,

.

4. " List sax careers open for students trainedCir small gas'-engines.

a

b

f w

d.

f

5 List seven student requirements for the small gas engine program.

a

d

f

41,

.1

9
V

Name seven steps involved in small engine shop wok

a

I f

b

C

e

Complete persona.' information sheet.

5'

(NOTE If this activity has not been accomplished prior to the test, ask four
instructor when It should be cempleted.)

-30
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QCCUPATiON01 INTRODUCTION
IT

11(

ANSWE RS 'ITO -UST

SE 11-A

1?

Discussioi should include:

a. Job opportunities result each ,year\ from the need to replace experienced
mechanics Aiho are promoted, retirNd, or transferred tb related fields of
work

b

\
Number of small gas engine applicatiorA increases each year requiring-more
mechanics to servide them

c. Demand increases,for qualified personnel to service new design and safety I
features

a Masnufacturing

b Sales

c Senfice

3. a, d, e

4 Any six of the folloWint

a Engine mechanic

b. Service manager

'c. Sales manager

d Owner/Manager

'e Technician

f. Service representative

.9

h.

Engineer

Executive

a Understand and follow' safety regulations

, Understand and operate shop equipment correctly

c. Take :instructions readily and follow directions

d. Control temper

31
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,

41

.
S

e. Be enthusiastic about job

f. Be on time'
. .

g. Attend"- class'

a. DiLgnosis
(-1

b. Disassembly

C.. Measuring
=

.

d. Installation of parts

e. Reassembly

f Acilustrilents 4 -!

A

.

/

g Test

7 ,Evaluated to the satisfaction of the ostructof
,

04,

-I

32

\
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SAFETY
UNIT II

UNIT OBJECTIVE

After completion of this unit, the student should be able to distinguish between safe

and unsafe shop practices and 'list steps for maintaining a sale and orderly shop. The
student should also be able to select the fire extinguishers for the classes of fires, match
the colors of the safety color code to statements of their use, and complete the student
safety pledge fOrm. This knowledge will be evidenced through demonstration and by scoring
eighty -five dercent on the unit test.

SPECIFIC OBJECTIVES -

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

1. . --Match terms associated with safety to the correct definitions.

2. Match the colors of the safety color code to the correct statements of

their use.

3: List steps for maintaining a safe and ordeik shop.

4. Match the classes of fire to the correct statements defining each class.

5. Select the fire extinguishers best suited to extinguish each class of fire.

6. Distinguish , between safe and unsafe shop practices.

7. List the fOur general' shop safety rules.

8. Complete the student safety pledge form.

9 Complete the individual student shop safety inspection' checklist.

f`

0
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3.
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I L r

SAFETY
. 0 UNIT II

e

L.,

1
O . SUGGESTED ACTIVITIES

I Instructor.

1

arA. Provide student with objective- sheet. .
> . ,

". N B., Provide student with inewmation and assignme9t sheets.
-...

C Make. transparencies.

, D Discuss unit and specific objectives.

E Discuss information and assignment shee4s.
.

F invite representative from fire department to talk about fire extingui.sher
use

iG Give test

II Student

A Read objective sheet. (
B Study information sheet.

..... , l

C Complete assignment sheets.

D Take test

INSTRUCTIONAL MATERIALS'

A

I Included in this unit -/

....-"A Objective sheet N.

. .0

B Information sheet i

C Transparency masters
,

1

2

4.

TM 1 Types of Fire Extinguishers

T-1(:2 Use Care with Gasoline

I

IP

3 TM 3 Proper Use of Equipment Oa
19

C

i

i

1

4 TM 4 Unplug Equipment Before Working t.

.../.
5 TM 5*Proj..)er Handling of Batteries

...

34t -t. .

I

t
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D. Assignment Sheets

1 Assignment Sh4t #1 Complete the Student Safety Wedge Form

2. Assignment Sheet #2 Complete the. Individual Student Shdp
' Safety Inspection tn-i"c"Ylist 5-

y

E Test

F Answers to test

H 'References

A The ABC's of Fire Protection. Belleville, New -Jersey' Kidd Portable
Extinguishers/Walter Kidde and Co , Inc.

B Accident Prevention Prograni for School Shops and Laboratories 011,

Wasriingwn, D C Office of qducation/U.S. Department of Health,
Education, and Welfare

C Federal Register Vol 36 Number W5 Part II Department of Education

D Safety Practices and Procedures in School Shops Division of Voclitional
Education /New Jersey Department of Education.

E. A Look at Service Safety. Tecumseh, Michigan: Tecumseh ProducNCz.....

k

c
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SAFETY,

UNIT II

INFORMATION SHEET

I Terms and definitions

SE 17-A

A Safety-State or condition of being safe; freedom from danger, risk, or injury

B Accident- Any suddenly occurring, unintentional event which causes injury
Or property damage

C First aid-Immediate, Temporary care given the vic
sudden illness until joie services of a iihy$Ician can

of an accident Or
be obtained

D Carbon monoxide- Colorless, odorless,_ very poi'sonous gas formed by
incomplete combustion

E Battery Number of crnplete electrical cells assembled in one housing or
case, used in small engifies to run and/or start the engine

F Service inual Professional book giving exact details, tools, and procedures
for servicing one or more types of engines

G Compressed oxygen--Oxygen processed for purity and compressed in bottles

Example Oxygen bottle for oxyacetylene welding

H Carburetor and/or parts cleaner -Chemical solution for dissolving deposits
such as grease, varnish, gum, and paint from parts without damage to the
metal

I OSHA-Occupational Safety and Health Act

II. Colors and applications of the safety color code

A Green -Designates location of safety and first aid eqtlipmrent

(NOTE This is applied to noncritical parts of equipment, and machined
surfaces, narneptate-s, and bearing surfaces )

B `itelfco, Designates caution

(NOTE This is applied to operating levers, wheels, handlei., and hazardous
areas which may cause stumbling, falling or tripping )"

IL/
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'INFORM TION SHEET

Oratige- Designates dangerous park of equipment whfct may cut, crush,
shock, or otherwise injure

(NOTE This is applied to electrical switches' i.hterior surfaces of doors,
on' fuse and ,elef.:triCai power boXes, movable guards, and pacts )

D Red Identif.es the location of fire fighting equipment

a

;NOTE Emergency fire exits shall be designated inl-ed Gasoline cans should
be painted ;et with additi.onil identification in the form of a yi,lirlr band
around the can Buttons or levers for electrical switches, used for stuppihg
of machinery, should wisp be designate0 in red

E Blue rDesigniates cautioc against starti,ng equipment while it is'being worried
on, or against the use of defective equipment

NOTE. Blue ,tag should he lettered Out of Order ")
4

ivory Reflects light and "shows the way

q\lOTE, This is applied to label edges, vise jaws, and edges of tool rests

114 Steps for maintaining a safe and orderly shop

A Arrange machinery and equipment to permit safe, efficient work practices
and ease in cleaning

B Stack or store materias .and supplies safely in grope' Maces

C Store took and accessories safely, in cabinets, racks, or other suitable devices

D Keep wqrking areas and work benches clear ale free '15f debris and other
hazards

'E Keep floolC, clan and free from obstructions and slippery substarfces

F Keep ass, traffic areas, and exits free of material and other debris

C Protvrly dispose of combustkble materials or store them in approved
containers

H Store oily rags in self closing or Split-1g lid ketaji containers

Know the proper procedures tom, follow 1;1.4g:wog thci work area cle,in and
orderly

3 7
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SE 19A

INFORMATION SI1EE

J ilave suffitnent brooms, brushes, or other housekeeping equipment readily
available

:V Classes of fires

A Class 4 Fires that occur in drdinary comrustible materials such as wood,
*-

rags. rubbish
r.

B Class B Ptres that occur with flammable liquids such as gasoline,,o11, grease,
paint, and thinners

.

C- Class C Fires that occur in or near electrical egyipment such as.motors,
scitchboardl and electrical wiring

r Class D- Flies that occur with combustible metals 'such as magyesium
. t

V Fircf exlinguishers used on the classes of fires (Transparency 1)

A Fre:surird Class A fires

NOTE This is operated by squeezing the handle or trigger

)B Soda drid Class A fires

,r.UTE THIS ;S operated by turn.ing the extinguisher upside do;wn )

C-i/hn9 dioxide 102I Class B and C fires

NOTE his is operated by .squeezing the handle or .tioger

Dr rhern,ca' Clats B, C, and D fires

NOTE This is ,operated by squeezing the handle or tr.igger )

E Foani Clas,, A anti B fires

f

(NOTE This is operated by turning the extinguisher upside down 1

Fie blanket All classes of fires'
.

(NOTE Fire blankets are normally used for outside fires or for those small
onough to be contained by the blanket )

VI Rude of safety

Fire pre/ent.on (Transparency 2),

1 N,-,,er strike sparks in a room or area where flammable liquids
ar Ilseci or stored
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INFORMATIC4N SHEET

2. Lle only approved safety cans for storage of flammable liquids
and label them properly

f, 3. Do not fill a hot or running engine with gasoline

f

11

t

. (NOTE: It may spill and cause a fire.)
( r

4 Use a commercial nonflammable cleaner for cleaning tools and
parts

(NOTE. Do not use gasoline as a cleaner for tools or aafts )

Change am/ oil or gasoline soaked clothes immediately

1NOTE.*A spark, a hot exhaust manifold, Qr an open flame can
easily- ignite such clothing.)

6 Learn the location and use of fire extinguishers for each class
of file

7 D ispose of oil or gasoline soaked rags and other debris in

self clo'sing,- air-tight metal containers provided - for thus purpose

8 Avoid placing live electrical wires near fuel lines, carburelossvgas
tanks, or fuel:.storage containers -

B and' grease
A

.

1 Wipe up at once any spilled oil, grease, or other liquids-

(NOTE Use oil absorbent materials on the oil; thjs will prevent
slipping )

Do not direct oil spray toward other workers

3 Always have the proper container at hand to catch fuel, oil, or
other fluids before attempting to drain them

(N.a4TE Wjaen the fluid has been drtima move it to a safe place
away from fire hazards") .

4 Do not pour old oil on the ground, down a drain, orinto a natural
watershed

(NOTE Consult your instructor regarding local ordinances for
disposal of oil and grease

5 Co not oi! an engine while it is funning or attempt to oil or

4111

wipe moving parts

3y
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INFORMATION SHEET '

,-,

C. Eye protettionAlways use safety goggles while performing the following
operations or as required by state and school laws or policy

1. Grinding, chipping, or drilling

2 Working under equipment

3. Operating abrasive discs

4. Charging batteries or using caustic cleaning compounds

D. Electrical

(NOTE: Wear splash 'proof gaggles when using acids or caustic,
liquids such as carburetor and parts cleaners.)

1. Any and. all dangerous conditions of equipment should- be
repotted to the instrartor

2. Treat all electrical equipment as ;Ilive" until you have carefully
checked

Use third wire cords and plugs to ground all portable lights and
tools

(NOTt: This is not necessary on tools that are double insulited.)

4. Check the condition Q,f cords, plugs, and sockets,

5. Eliminate cords and wires as trip hazards

6. Coil and, hang or store power tools arm corgis properly

7. Be prepared to turn off.any electrical powersVvit'ch and/or main
switch in case of emergency

E. Air p ressure
a

1. Never use compsed air equipment fdr dusting off clothing or
work benphes

(NOTE: Dying particles may be blown into tip eyes or skin of
yourself or others.)

2. . 'Never use compressed oxygen in' place of compressed sir

3. Use tompreised air only for the purpose for which-it is intended
and in a manner approved by OSHA

a

4

.4.

9-

ow* .
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INFORMAT4ON SHEET

if F Equipment (Tran4sparencies 3 and 4)
. .

1.
I

, DO norverate any math-line without hciving been instructed. in
40 its use

a_l
I &

Never
.

start an engine before determining that everybne is in the
clear

. .

3 Neve -tart an engine without knowiong how to snut Ct erh d

being ady to do so if Ihe need calls for its

4 Keep hands and clothing. away from moving parts
*

fi (NOTE A few the Moving parts that concern us are flywheels',
blades, fans, ge , pyllejrs, belts, chains, and power .

1 take off (PTO) shfits.) ' ....

generators,
.0.

, I

, 5 Nota.r. run an engik in ',an inade-quately ventilated place

(NCfTE Remember that carbOri monOxsde` fumes from an engine
can kill.)

. . .

6 , Reed and heed. all notes and' cautions ,

I. ,-.
(NOTE Throughout Arils avot-eriat and in -almost every servico.
manual you will come acrot7 many passages" with these headirds.) ,

, 7 Read instructions thoroughly and, follow them carefully
. .

0.NOTE Do not attempt shortcuts )

lh

. ...
8 If ,YOLT k the proper_tools or have doubts of your libility to

rib the .ot) correctly, consul( your instructor.
, . Ant-...

9 Lighti,,, your- work area adequatel),4 c .
.. . - . ,

, If v .
/ (NOTE .F.-lave fa portaolr' safety light for working under

.
equipment )4

ity

ear reasonably tight mg, appropriate clothing while working.
shod,

'Neve wear e. necktie, necklace, or*therelowie apparel to'work
in 'the .shop-,, -.1r7

(NO-PE Botta
head or up

16

sleeves and secure or/stover long hair behintl your
prevent snagging power equipmeint )

.
1111

'

41.
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INFORMATION SHEET

SE

12 Always disconnect and ground thewire from the sictkkHot4g-before
inspecting or repairing any mower, ,saw, or other power
-equipment

',111111.
(NOTE The engine may accidentally start and cause serious
injury.)

13 After reassembly be sure. all parts, nuts, bolts, and 'screws a're
" securely in place

(NOTE Loose or missing parts can interfere vv+th the operation
II the equipment and damage or injury may result.)"

CI, Batteries ;Transoarency' 5)

a -'1, 41 0 '
Handle battei-ies.' with 'care e a .14,ttery strap or carrier ,- x

:
* 12 Always hold battery upricht an et securely so.there istrio danger

of spilling acid .

, ..

,
Never s'rr.o1<e, use an open flame, or cause a spark on battery
terii,inals especially on a- chargifig battery or charging area

.

0''''r (NOTE:Hydrogen giLs is given ofyiricharginiand it may explode
and spatter acrd V.-' '

,..
, . e

...-.4 .4., -
VVear protective clothingsucht,as cherm.caligoggies, tubberaProns,
qlovr:s, and boots while working in battery charging operations

- .,-- .

--skirImixing battery solutiQns, always pour acid. into' water ,

rNOTE Reversing this mpang procedure to Water tntd) acid "
increases tfle pOssibility of splashhg the 'acid on you )

P, .

6.. , 1f. acid srTrashas on ybu, fjush immediately with plenty of cold.
rater. and notify instriiitor - ,

\,-
,...,

----\ (NOTE, -This is 'especially importAt if acid gets i'n your eyes.)
r /. Jr

, :

7 Do not' shrt circuit the 'battery to test it . '1
...

,. 1 ,' - 2. -

(NOTE A fire or explosron may result )
/ ,

.
t 1, I 4

ePrevent aocidential short circuits by discbricectinp iind insulating
grounded battery cible 4)efore working onequipirien-t

.
e1

ek
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VII. General shop safety rules

'it All injpries should be' treated at once

B. L Safety equipment and shqes should be used and worn as required

C. Running and horsepttly are not permitted in the shop at any time

41.

,..
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lir

INFORMATION SHEET

*

D. Arty and all dangerous conditions or damaged equipment should be reported
to the instructor

A

I

AO

d

.

<AV

-
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TYPES OF FIRE EXTINGUISHERS

SODA-ACID DRY CHEMICAL

-FIFiEBLANKET
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SE 29-A

PROPER USE OF EQUIPMENT

READ YOUR OPERATOR'S MANUAL BEFORE
OPERATING EQUIPMENT

DO NOT WEAR LOOSE FITTING CLOTHING
AROUND EQUIPMENT, AND STAY CLEAR OF THE MOVING

PARTS WHILE THE ENGINE IS RUNNING
I 1

(fi

TM 3
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UNPLUG EQUIPMENT BEFORE WORKING

wrong

right

DISCONNECT THE SPARK PLUG LEAD

TO KEEP THE ENGINE FROM

ACCIDENTLY STARTING 7"

4 8

t

TM 4
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0 fROPE11-0ANDLING-OF BATTERIES./
, J .

DO NOT ARC TERMINALS TO TEST - OR TO CAUSE A SPARK

, PLIERS

. Carelessness--

,,

Result-- *

HYDROGEN GAS

110

I

A SPARK MAY CAUSE AN EXPLOSION
IF ENOUGH HYDROGEN GAS

IS PRESENT

4

I
..i

N

4

TM 5



SAFETY
UNIT II

SE 35-A

ASSIGNMENT SHEET -4'1 COMPLETE STUDENT SAFETY PLEDGE FORM

Read and complete the ,student safety pledge form by filling in the blahks.
1

Ar STUDENT SAFETY PLEDGE,. FORM.

, who is enrolled in Vocational

, as a part of the shop experience, opefate machines, providing that

the parent Or ciudrciian gives written permission ,

It is understood that each student will be given proper instr'uction'; both jn the use of
the e,quipi-)c_-rit and correct safety proctdures con*rning it, before being allowed to operate
the machines The student must assurrk responsibility for following safe/actices, therefore,

ask that the student subscribe .ro the following safety pledge.

I PROM;SE Tc FOLLOW ALL SAF,ET-Y RULES FOR THE SHOP

2 I PROMISE NEVER TO USE A MACHINE WITHOUT FIRST' HAVING
PERMISSION FROM THE INSTRUCTOR

3 I 171.1 LL NOT ASK PERMISSION TO USE A PARTICULAR MACHINE
UNLESS I HAVE BEEN INSTRUCTED IN ITS USE, AND HAVE MADE
100..` ON THE SAFETY TEST, FOR THAT.MACHINE

4 t WILL REPORT ANY ACCIDENT OR INJURY TO THE TEACHER
IMMEDIATELY

./pATE STUDENT'S SIGNATURE

I i,:rony give my consent to allow.my son or daughter to operate all machines and
equ'iwient necessdr / in canving out. the requirements of the course in which he/she 'is
F! 111" 1 eci

DATE ' PARENT'S SIGNATURE.
(If required)

q I r rants an r,(.)rdially invited t4 visit the shop to inspect the machines and to see them
.

in operation

5 O.

4
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SAFETY
UNIT II

ASSIGNMENT SHEET #2 COMPLETE INDIVIDUAL STUDENT SHOP
SAFETY INSPECTION CHECKLIST

Complete the safety° inspectiOn checklist by physically conducting an inspection of the
shop area

444.

CHECKING PROCEDURE

-Draw a circle around the appropriate letter, using the following letter scheme:
N.r

S Satisfactory (needs no attention)
A Acceptable (needs some attention)
U Unsatisfactory (needs immediate attention)

Recommendations should be made in all cases where a "UP is circled Space is provided.
at the end of the form fOr such comments.

, eiThENERAL PHYSICAL CONDITION

1. Machines, benches, and other equipment
are arranged to conform to good safety

c practices S A U

-2 Condition of stairways and ramps S- A U

3 Condition of aisles A U

4 Condition of fl ors S A U

5 Condition of walls, windows, and ceiling S A U

it Illumination is safe, sufficient, and well
placed ft 1 S A U./

7. Ventilation is adequate and proper for
"concliti6ns S A U

8 Tempe ture control S A U

9., Fire extinguishers le of proper type,
adequately supplied, properlyNocated,
and maintained

ti
10 Teacher 2nd students know location of- and

how to use proper type for various fires S A U

S A U

1 1 . Number and location of exits is adeqqte
and properly identified S A ti

r51
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ASSIGNMENT SHEET #2

12. Walls are clear: of objects that might
fall

13. Utility lines are properly identified

14 Air in shop is free from excessive dust
and smoke

15. Evaluation for the total rating of
GENERAL PHYSICAL CONDITION pk`

S

S

S

S

A

A

-A

A

U

U

Al

U

B. HOUSEKEEPING

1: GeneraTalppearante ..1.1 orderliness S A U

2. AdequaN and proper storage space for
tools and materials S A U

3. Benches are kept orderly S A U

4. Ccrners are clean and cleat~ . A U

5 Special tool racks, in orderly condition,
and provided at benches and machines S A U

6. Tool, supply, and/or Material room is orderly S A U.

Sufficient scrap boxes are provided S A U

8. Scrap stock is plit in scrap boxes promptly S A U

9. Materials are stored in an orderly sand safe
condition S A U

10. A spring lid metal container is provided for
waste and oily rags S A U

1 1.. . Dangerous materials are stored- in metal
cabinets A ,U

. -

12 Machines have been color conditioned S A U

s

13. Safety cans are provided for flammable liquids S . A U

4.* Floors ape free of oil, wat e*Qpd -foreign
material S. A U

15. Evaluation for the total rating for
HOUSEKEEPING S A U



C. EQUIPMENT

ASSIGNMENT SHEET #2

1. Machines are' arranged so that workers- are
protected from hazards of other machines
and passing students

Danger zones are pTperly indicated and
guarded '

WI

S A U

A U

3. All gears and moving belts are protected
by permanent enclosure guards S A

4. All eqUipment control switches are easily .

available to operator, ... S A U

5 Nonskid areas are provided around
machines

6 Took are kept sharp, clean, and in safe
\. orir t order

.7 Evaluation for the total rating for
EQUIPMENT

D E LECT1=3 ICA L I-NSTALLATION

1 All switches are enclosed

2 There is a' master control switch for all

7

S A U

S A U

S A U

electrical installations S A U

3 All electrical ,ex tension cords are in
safe condition and are not carryint
excessive loads ,S A U

4 All machine switches are within easy reach.
of the operators S 'A U

5 Individual_ cut of switches are provided
for each machine S u

a

6 No temporary wiring S A U

pailation for the total rating for
ELECTRICAL INSTALLATION S A U

1
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'6

ASSIGNMENT SHEET #2 , --°,

E. PERSONAL PROTECTION (Read only) It
.

1 Goggles or protective shields are prove and required'for all work where
eye hazards exist

.- to
If individual goggles are not provided, hoods and goggles are properly

. .46 disinfected before use

Shields and goggles are provided for welding

ak
t.,3l.

1

4 Rings and other jewelry are removed by students when working.in the shop

II5.
Proper kind of wearing apparel is worn and worn properly for the job being
don;_

ti

,

6 Leggn9s and safety shoes are warn in special classes

7

46.

Respirators are provided for dusty or toxic atmospheric conditions such
as when sprayrg occurs in the finishing room

8. Provisions are made for cleaning and sterilizing respirators /
9. Students are examined for safety knowledge

10. Sleeves are rdiled above elbows when operating machines

11. Clothing (14 students free from loose sleeves, flopping ties, and loosq coats

RECOMMENDATIOW

410
54 ftk
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EY

br

S. I

Alb

\

.

t

, .

the terhis*on the right to4the cTo rect definitions.

.t4 ..40SAFE Y

TEST

NAME

a. .
SE -41 -A_ - .

a. Statendition of beingsafe fre
from dan er, risk, or irkjury

r

o urring, unintentional
injury or property

.4.
.

b. Any sirddr event whi
a dam4ge

Mt; OCcupatjohaJASefellya and Health Act,
c

d. Immediate,, temporary care wren the
-vittim of 4n-accident or ydden illness
until the service.5,.of a phy *an can be
obtained y

-
'se:,

4.

Cherrrical.solution for dissolvirlg deposits
such as grease, varnish,' gum-and paint
from oarts'withOUt darriage tof.thenietal

f 13OfeSsional book giving exact details, ./
tools,' and procedures for servicing one
or more types of ,engines

Oxy gen %. processed. for , purity and
compressed in battles.,

h. Number: of complete' electrical ells
. 'assembled in one housing or case; used

in small engines to run and/or start the
engine f

St%

k

Colprless, odorless, very poisonous gas
forrried by incomplete' combustion

RP-

e

*el

.

r--

1. OSHA

2. Battery

3. Safety

AcCident °
5. First aid

6. Carbon
monoxide

7. Service
manual

.

a. CeMpressed -
oxygen

9. Carburetor and/or
parts-cleaner

-4;
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...

.

4

,

014 . ,,,

2. Matdi the colors of the safety color code on the right to the
A.

cor,rect stater4nts
,x

..
of their use. ,..

. a. Designates caution
IV

.1,
4

4

Green

:3 .: 7 y01 ye:: :in;ie:

11

4 . . \
,6. Blue'.

4 Designates dangerous parts of equipment
which may cutaertir ,shodk, or
otherwise injIkre

b. Identifies that location of fire fighting
equipment -. ,

*Ai t ,

c.` Oesigr,tates location of safety and- first
ecidipment

e. Designates caution against ; starting,
4 equipment while it is being worked On,.

_dr against the use of defective equiprnant ,

40
f. Reflects light

t
and "shows the way'',

6. Re d

, - .
_ * ,,,

3. List five steps for maintaining a safe, an orderly shop*,
e

4. '

b.

C

-

I'

4

. . . . .

4. Match the classes. of fire 6n ;the right to the cprrect statements defining each
tclan.

...., -

,
,_

. .. . ,

' a. Fires that occur.with flammable liquids
---,71- such s-gasolinef oil, grease, praim, and

4 inners

44

b. Fires " that occur in ordinary combustible
Alaterialsosuch.as v.tod, rags, and rubbish

c7.' Fires tlat occur with combustible metals
such as 'magnesium

E-

d. Fires tla occur in or near ejectrical% ,
i , equipm .t such as motors, switcribbards,

and el ctrical wiring

56

Clas A

Class B

3. Claim C

4. Class D .

A

4.

..411
al

I

r



.10

we

rot

SE 43-A
. t

5. Select the tire extinguisher best suited to-,extinguish each class-of-fire by placing
an "X" in the appropriate blanks .under each section.

. .
I. . a. , Class. A . .,i.,

r

S

.16

. p.-

-1) Soda acid

.21 Dry chemical

.-

3) Pressurized gYater

4) Foam

t) .-1-rreblanket

b. Class 8
._

1) Pressurized water

2) Carbon dioxide (CO2))
3) Dry ,chernicat

. 4) Foams

5) Fife blanket-",

c. 'Class C

1) Foam

1 - 2) Dry chemical

AA'3) Soda acid
-

4) Carbon dioxide (CO2)

5)' Fire blanket

d. Class D
Ty.=

1) Foam

21 Dry chemical

3) Soda- acid

vo- Carbon dioxide (CO2)
11 m "

5) Fire blanket

5`.-"

-4*

.

'J

11,
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"fi

6. Distinguish between safe and unsafe shop practices by placing an "S" in-the
appropriate blanks if the practice is saftland a","U" if it is unsafe.

a. Fire Preventipn

b

..... ,.- & -.
1) Never strike sparks in a room or area where flammable liquids

are used or stored - _

. .. .

Use only 443 ttpd, safety cans for storage' of flammable iquids
and laber, th rrt prop '

/ 4 '3tIoCkto line rri be poured into an enginew at any time

4) Wash engin :parts a panof gasoline
. 4

._,
5) Change any or gasoliwe soaked clothes immediately

6) Learn the location arAd use of fire extinguishers for each class
of flee

l7) Dispos& of oily-rageby throwing them in"-'s corner or under a
tame out of the way ,

,

8) Avoid placing live real wires near fuel line§, carburetors, gas
tanks, or fuel stor ge containers

Oil and Grease

1) When a job- is messy nd more oil will be spilled on the floor,
wait until the jab is completed to use oil absorbept materials
to clean the,,,floor ,

t .,
. _ ..

2) Do nordtrea
.
oil spray toward other workers

Always.have the propg container at hand to catch fuel; oil, or
'other fluids before attempting to drair them

,

4) Pair old oil down the drain

5) The best time to do a good oil job is when the machine or engine
is &inning arik,

OP w'

c. Eye Protection-Always use safety goggles while performing the following
operations' or as required by state and school laWs policy:

1) Grinding, chipping, or drillin

2) Workingunder equipment

3) Operating abrasive discs

4) Charging batteries or using caustic Mining compounds

5b

1

1

1
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'd. Electrical'

I.) Any and all dangerous .co'nditions of eqwipirrient s o
report6:1 to the instructor .

2) Trear &l elecpcal equipment as "live" until you hav e. carefully,
checked

3) Use etwo wirecords and plugs to ground for all pOrtable lights
and tools *.

SE 45-A

.

4
4) Check the condition of cords, plugs, and sockets

51, Eliminate cdrdsand wires as t'rlp hazards

6) Leave out -td,ols and pieces of equipment where you finish work:
today so you can quickly resume work tomorrow

,
7-) Be prepared- to turn Off any electr4,cal power switch and'or matd

switch in case of emergency

e Air pressure
e

i A . 4IP

1{ Use compressed-air equipment for dustineoff cloth,ng and work
benches . ii, . - '.,

..,- .,...
..

2) N er use co'mpressed 'oxygen in place of compressed' air
, ..

Jillse comp-I-es-sect-air only for the purp se for which it. is intended
ail in a manger approved -by OS

f Eduipmer4

14) Do riot /perate any mas.hine filthout having been instructed :n
its use

2) Stari an engine when yOU atre ready. and hope mat everyone
in the clear,4

''.ever start ar engine without kno:vin:.; hov., to 6imt it o'f and
being ready to do so if the, needs' ca'Is for it

4) Keep hands and clothing away from moving parts

61 Neve- an,aeng!ne in an inadequately ventilated place

6)- Rear] and heed al:I notes and-cautions
t

. 7) Read instructions thoroughly and follow- them cAfully .

8) if you lack the proper. tools or idt d o u b s of your ,ab il.ity to
do the job correctly, consult your instructor

9) Light your work area "adequately
4

10I) -Wear reasonably tight fitting shorts or cutoffs vviiire'workir-q in
the shop

. .'"

59
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... i.

...-.
it)" Wear a necktie and loose fitting apparel to work in, the shop

-, .
(...., . 12) Alwayi discoonect andground the wire.from the-spark plug before .I , ° 4

. inspecting or repaVring any mower, tiller, saw, or other equipment.

.13) After reassembly be. sire all parts, nuts, bolts, and screws are--, .seiriely in place

. A
g. Batteries

.
1) Handle batteries with care and use a battery strap or carrier

.

2) Always hold battery upright and set securely so there is no'danger
e^ of spilling acid

t.
3) Disconnect the battery charger from the terminals bef tting

-off the machine,. even though it may spark
.

4) Wear protective clothing such as chemical goggles, rubber aprons,.
gloves, and boots while working in battery chaFging operations

5iF

5) If acid !Slashes on you, flush
and .notify instructor

immediately with plenty of Wafgr
4

6) Whe ixing battery ,solutions, alway s pdur water mid* kid
' f

7) Test a battery with a pair of pliers, .between the, terminals,' if
, it is believed to be dead--

8) Prevent accident& hort circuits by disconnecting and nsulatinp
croundeci battery cable before working on equipment

7. List the four general shop safety rules.

8t

a

b. .

C

d.

.*
.47

0 10

.
v .

Complete the student safety pledge form.

9. eornplete the individual student shop safety inspection checklist.

(NOTE If these activities have not beer accomplished .prior to the jest, ask,
_ -your instructor when they should be completed.)

60 .
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SAFETY
UNIT II

,

ANSWERS TO TEST,

7 .

8

h

2 a. 4 d 3

6 e 5

1

a

I

...
.

3 Any #ive of-the following 1

a- Arranlipachinery and equipment to permit safe, efficient work practices
end ease in cleaning

. .

s

.Stack' or store materials and supplies safely_ in proper places

Store, tools and' accessories safely in cabinets, racks, or other suitable devices

d Keep !voric Intl areas and work benches clear and free of debris aid other.
dza.rds'

Keep loorsc cie:an and 'free from obstructions and slippery substarices

f. Erret aisleS, 'raffic arras, and exits fr.?e of, materials and other debris

g Properly of conihustible m?terials or store them in approved
-.cntaine:s

h Stoe --oily rags" in self closifg or spring-lid metal containers

I

Know the Ilroper procedures to follow, in keeping the work area clean and
orderly

. N

Have sufficien.i..bsoi5ms, brushes, or other hotsekeeping equipment readily
available

J

4

"IP

. 4

4
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4.

4. a. 2

b.

c 4
d 3

5. a 1', 3, 4, and

b. 2, 3, 4, and

c 2, 4, and' 5

d 2 apd 5

6. a 1) S

2) S.

. --3) U

4) U

b 11.0

2) S

3) S

4) U

5) U

1) S

2) S.

'4

3) S

5.4

5

4

ick

5) S

6) S

7) U

8) S

4) S

d 1) S

2) S

3) U

4) S

e. U
111.

2) S
I

3) S

5) S

,6) U

7) S

4

et
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SE 49-A

f. 1) S 6) S 10) U

2) U 7) S 11) .0

1.. 3) tS 8) S 12) 6

4) S 9) S 13) S

5) S-

g 1) S 5) S 4

2) S 6) U

3) U 7) U

4) S 8) S

-7 a All injuries shou;c1-156 treated at once

b. Safety equipment and shoes should be used and worn as required

Running and horseplay are not Pertnitted in the shop at any time

d. Any and at dangerOus conditionspr damaged equipment should be reported
to the instructor

Evaluated to the satisfaction of the instructor

9 Evaluated to the satisfaction, of the instructor

4

A
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After completion of this
maintenanCe procedures
demonstration and by

410

(

TOOLS
UNIT III

UNIT OBJECTIVE

I

SE 51-A

t, the student should be able to identify tools and demonstrate
or these tools. This knowledge pill be evidenced through
ring eighty-five percent on the unit test.

SPED IC OBJECTIVES

After completion of this unit, the stu nt should be able to:

Match terms associated with tools -to the correct definitions.
.

2. Identify the b hand tools needed for maintenance and repair ofsmall
engines.

3. Identify the tolls use for overhaul of smalliOngines.,

4. Identify the types of torque Wrenches.

5. Discuss maintenance procedures fOr tools.
411,

6. Demonstrate the ability to:

a. Grind a flat tip screwdriver.
X

b. Gr nd the head of chisel or punch.-

c, Sharpen a chisel.

d, Repair damaged threads using a thread repair kit.

e.. Check torque ;wrench for accuracy.

f. Replace a hammer handle.

so

t

1
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TOOLS
UNIT III

SUGGESTED ACTIVITIES

I. Instructo

A. Provide "student with objective sheet.

B. Provide student with information and jOb sheets.

C. Make transparencies.

D. Discuss unit and specific__Qta.ectives.

E. Discuss information and job sheets.
11.

Fs Demonstrate and discuss the procedures outlined in the job sheets.

(I. Show examples,of tools.

H. Make available the manuals and *other visuals which discuss the use and
care of tools.

SE 53-A

I. Give test.

II. Studen- t.

A. Read objective sheet.

B. Study informeiom sheet.

C Ccmplete job sheets.

D. Take test

INSTRUCTIONAL MATERIALS

.0
I. Included in this unit:

go

A. , Objeciive sheet 4,14

B. Information sheet

C Transparency mastkrs

1. TM 1--Basic Hand Tools

2.: TM 2--Basic Hand Tools (Continued)

3. Q- Basic Hand Tools (Continued)

4. TM 4--Basic Hand Tools (Continued)

4110-,

6

604

rl



54-A

5. TM 5- -Basic Hand Tools (Continued)

6. TM 6 Overhaul Tools

7. TM 7Overhaul Tools (Continued)

8. TM 8Overhaul 'Tools (Continued)

9. TM 9-- Overhaul -Tools (Continued)

10. TM 10 Torque Wrenches

F. Job sheets

Job Sheet #1- -Grind 'a Flat Tip Scre;Ndriyer

2. Job Sheet '#2Grind the Head of Chisel or Punch

3. Job Sheet #3 Sharpen a Chisel

4. Job Sheet #4-- Repair Damaged 'Threads Using a Thread Repair
Kit

Job Sheet 1-05--Check Torque Wrench for Accuracy

6. Job Sheet #6--Replace a Hammer Handle

G Test

H Answers to test

I! References:

A. American Association for Vocational Instructional Materials. Small Engines
Volume 1 and ,2. Athens, GeorgiaAtAVIM, 1974. . .

.

4 ...

.

B. Bear, W. Forrest and Thomas A. HoernerTorque and Torque'Wrenche.:
St. Paul, Minnesota. Hobe Publications, 19'71

SOL
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'TOOLS
'UNIT III \

INFORMATION SHEET

I. Terms and definitions

1

, .

..
SE 55-A

A Hand tool--Tool which is hand held and is not elettrical or specialized
- -

(NOTE: The majority of the repair work done in this tradt done with'-
hand tools.)

6* "iB. Specialized tool--Tool designed ,for a particular use
-

C. Screwdriver--T6ot designed for tightening or loosening a screw or bolt with
1$ a recess opening in the head

D. Wrench- TooVdestgned to tighten or loosen bolts' or nuts
,

dr .
E. Pipe wrench--Tool used for gripping and turning i cylindrical object

F. Pliers- -Tool with adjustable jaws used for gripping

G. Hammer- -Tool designed to drive, pound, flatten, or ape' an object

II. Basic hand tools needed for maintenance and repair (Transparencies 1, 2, 3,
4 and 5)

A. Basic hand tool assortment
.....-

1. Hemmers

.a. Ball peen one pound

b ' Soft face

2 Pliers

a. Slip joint

b. Diagonal cutting

c.. Lock ring

.d. Needle R'Qse
...0-.

e Snap ring
. 4

ff Vise grip,
..- ..-

i

4.

I.

...i

i

...

t
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INFORMATION SHEET

,
3. Screwdrivers

I

a. 'Standard slot type

1 4 inch

2. 1 1//2 inch i
3. 6 inch

.
4. 8 inch

b. Phillips
A

1. 1 1/2 inch

2 6 inch

3 8 inch

c Offset

d_ Ciutch head

o 4. Wrenches

a Adjustable

b. Allen- Set 5/64" to 1/4"

. I

IOW

./-

4

a

a

Open-end set including 3/8", 7/16'', 1/2",65/8" and 9/16"
,..

d. TorquMtInch pound 3/8' drive

e Combination set 716" to 7/8"

f. Open:end set Metric

5 Center punch

6.,..--- old chisel

7. Universal joint

8. Reversible ratchets

a 3/8" drive

b. 1/4" drive

4

qr.

-..

t
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IN/FaRMATION. SHEET

9. SoAkeL-setS
.ti

a. 3/8" driA standard

b. 1/4" drive standard

*I
SE 57-A

4

!Mb

dr..

C .

1c. 3/8' drove meffic ,,
(s. :

... d Spark plug deep--13/1 6" by /8" drive and 3/4`r by 3/8"
..drive , ,*

'.

1-NNET,

'4.

_,-""

1

I.

q
S.1.0 F'eeier-41.0110

a. Flat

b., Wire

.411`. $ .

1./4: Parts scraper

' Other tools 1

1 Battery clamp .puller

'2 Battery hydrometer

3. Battery post cl net'

4. Battery

5 Parts cleaning brush

6 Wire brush'
41

. w4,

7. Parts washing container

. 8. ,, Fufinel,
'it A

9. Flywheel holder A

:JO. wrench- set

11 Thread etpair tnsert
,.." ' 6, 7; 8,- and 91'Standard'-overhaul to.A (Transparlcies

..

et"

A awing bar
... . Or ',,,I

B iston r nrj expander
:

-C Piston rio ,groove cleaner

wr

S

441
,

so
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yolv

4.10-

D. Power dril?''....r,*, ',S.A..' et , "..0,,rTer",Trg--

E. Punch and chisel set

INFORMA SHEET

F. Ridge reamer
Jai

G. Ring compressor

I-1`. 'Ring groove gaLige

I. Steel rule 6"

J : Twistdrill bit

K. Valve grinders

4
Manual

b Pcniaer driver)

OA lapping tools

d .11andld

b. !Crank handle

M. Valve seat _cutters
.

a Manual

Power

N Valve spririg compressor

. a SIPOal I engine

b. Lever type IP

O Telescoping gauge .

P. ,Micometer
,

Valve guide (earlier

R. Pullers

1 Bearing

2. 'lywheel

S. Cylinder hone

I-

fr

kOw

r

4#

a

r

;

a

1-

p

SO:

V
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INFORMATION +SHEET

e

Imvact di iVsr

Clutt.f.,h wrench

T s of 721uie wrenc,hes' tTransparencji 10).

A '81gnaling

4

SE 59-A

This is click type wrench which signals to the operator when
the correct torque is reached )

Ilk

NOTE The torcluctis read directly from a dial incLicator or on a scale
i-Jm rionter ;

jr tic t,r obecit, res

,ers

.4
R-c-c!,',rd worn or damaged flat blade screwdrivers ,

L. . , ..
:: s i a r rl philips screwdrivers with damaged heads

.0 '.. S '' ::
., ,.,,

/ ., ',. E.:el; ' t_; f ,P r s clean and rust free ,

. .

a.., K,-af,:,., 777/.41,1 edaes sharp arid sr-hoot-64 ,:

e 6.
, ..,

ta

'

Keep p Cers worlr,mg.freely

Pe,-,,,,r or reojace .damage'd hand trinsufa-tion

=,,-;(20 Kf,.:0 worm gear's clea'n )indieubricated.

4116! tuois 1.ierIt,1,* 'lois by labe1.4010hem with an electric ipencil or scratch
1.

. ,
V.. , ,. _

1-s.k:J i- r--,- .d.ert.hc,lhora mark-can help you distinguish between your tools

. . t

5

3

11

4

et'

14,



BMIC HAND TOOLS
. Hammers

7.4 "
. ,

0

41,

SE 61-A

t'

SOFT FACE
(RUBBER MALLET),

crewdriv'ers

9

STANDARD. SLOT TYPE

4

PHILLIPS

--OFFSE1'j, . CLUTCH HEAD ,

f
J

-FM 1



..#4

BASIC, HAND TOOLS
(Contintjed).

Pliers

DIA,poN.N. CUTTING

SE -

.7

.%' .

:

#

V"'

'7 11'
dr L.,

TM 2



-BASIC HAND TOOLS
(Continued)'

Wrenches

1.

ADJUSTABLE it

OPEN -END

SE .65-A

COMBINATION.
c

(

ti.

TORQUE

I ENTER PUNCH

\-,REVERSIEiLE RATCHET

.
_ 11l

71

COLD,CHISEL

,UNlyERSAL. JOINT

Mil .3

9



,obScCKET

BASIC:HATO TOOLS

(Continued)

e-

4

PARit'SCRAFiER"
(Putty Knife)

111,

BATTERY HYDROMEITR IV
6r

O.

'4

''BATTERY S'

ie

, .

Fiat

SE 67-A

,_--_-8FEELER GAUGES

\ \
FILE

4

BATTERY CLAMP. PULLER'
t

BATTERY POST CLEANER

. P7r.

S

TM 4



V,

a

4''

BASIC HAND TOOLS
(Continued)

PARTS WASHING CONTAINER
0\,

ti

FLYWHEEL 'HOLDER .

:

f

fl

S

SE '69-A

WIRE BRUSH

FUNNEL

IGNITION WRENCH SET

PARTS CLEANINIG BRUSH

THREAD,REPAIR INSERT

TM 5
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r

\
I

a

OVERHAUL :TOOLS

PISTON RING
EXPANDER

SE -- 71-A ,

IF

POWER DRILL

4.
4IDGE
REAMER

PUNCH AND'CHISEL SET

A

PISTON RING GROOVE CLEANER

lb

i

TM 6
.



ser

'OVERHAUL,TO,OLS

(Continued)

RING COMPRESSOR

n
3

W., I nian I I NI w 61,1`
.s

. . u 70 7411or S, be 711 ! AI 17 i .1 7.
I !d,10

11[11!
3 --- 4 t 5 -

STEEL RULE
I ,1

- Manual

SE 73-A

RING GROOVE,GAUGE

TWIST DRILL BIT

4,
IP

VALVE GRINDER
1

-Power Driven

11,



OVERHAUL TOOLS
(Continued) Crank Wand le

VALVE LAPPING TOOL

Wood Handle

. VALVE SEAT ,UTTER

SE -75-A

Manual

VALVE SPRING COMPRESSOR

.79

I

'!!!:277
Levet' Types

TM: 8
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A

"PIVOT

SE 79-A

TORQUE -HES-
t

ett

4.0

COIL SPRING MEASURING ELEMENT

leal.1.1.1111E1.11111
,30

SQUARE ,DRIVE

HEAD

4

SQUARE
BLOCK

Signaling

J

-i'HANDLE

MICROMETER
TYPE SCALE

INDICAfING-BE_AM ,-.SCALE
PIVOTED

HANDLE.

SQUARE DRIVE
BEAM OR

-ME*SURING ELEMENT

Direct Reading ,&

POINTER

t

TM 10
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TOOLS
UNIT III

7is .
JOB SHEET .#11-GRIND A F,LAT TIP SCREWDRIVER

I. Tools and materials

A Flat tip screwdriver

B Bench grinder

C. 'Water tray

D Safety glasses

I I Procedure
1

SE - 81-A .

A. Put on(safety glisses

-
.. lb

. B Adjust clearanc.pf tool rest
1

. ,

s
(NOTE Proper _clearance, is approxirtiately one-eighth inch from 'T191.rig-...,--

wheel )

C Turn %on .grii-ider

(NOTE' Dress grinding wheel if necessary.)

D Grind tip Of "blade fldt (Figure 1)

A
Ilk BLADE TIP.

r. .

416



82-A

A

I

4.

E. Grind sides (if blade to manufacturer's

A

*414.
4:1?

1

4 I
C

4

riginal specifications (Figure 2)

GROUND RIGHT -110ROUND WRONG

4.6
11.

4

.

. 2

. 1 _....

V

(NOTE- Coal tip in tray Of water often while grinding to.prevent softening,
'of the -Iv.?

.

It

s".

JOB SHEET- #1

0

,

4

4
O

.

a

or



TOOLS
UNIT III

JOB SHEET =2 GRIND THE HEAD OF CHISEL OR BUNCH

I Tools and materials

A (CPpel.andfor punch

B Bench grinder 4

C \Nate, tray

D Safety glasses

.Proced,,re

A Put on safety glasses

B Auit,st clearance of to rest

SE 83-A

Sit OTE Proper clearance is approximately one eighth inch from grinding

70

Tjrh on (mhder I

NOTE press grindiny if'mecessary )

I Gr.r.c.' a bevel on tne, head '(Figure 1)

4a

.t (CAUTION .^Jhe'n ke head of a punch or chisel is mushroomed,
(oL.'ill break off dull,' Use causing in /.to the'tiser 1

4
.

6
HEAD M.USHROONVED b.`

chips

HEAD P PERLY GROUND
4



4

:

A

9 9

A

4
,

TOOLS
UN IT I I I

JeB SHEET -7.-3--SHARPEN A CHISEL

SE

I Tools and , materrals . .4:

,,

,A. Chisel ! , i E (

Bench grinderB.
_ - A..._..

..
C \Niter tray t
D. Safety. glasses

4$

I I Procedure

A Put on safety glasses

(NOTE Proper clearance is a pproximately Oneleighth inch from grinding :i'

Adjust clearance of tool rest

. wheel )

F

f.

C Turn on grinder

D. Hold the chisel's cutting edge against the grinding wheel with very little
pressure

. _ $
(NOTE This will help to prevent overheating Of the ihisells cutting edgilk
Dip the chisel in; the water frequently to cool ) '

E Grind .tie edge on a 'slight curve (Figure 1)

ICAU ION Hold the chisel with a firm grip-during the grinding process.)

0. C.,'
I

A



'rooLs
* UNIT 1u

JAB SHEET #4--REPAIR DAMAGED l'r-IREADS USING
A THREAD REPAIR KIT

I. Tools- and fiefs
-

A. ,SdertY itigsss

B -Thread repair kit

C. motor

II. Procedure

L _

7

r

SE, :*87-A.

A, Dr.111 out old threads using exact size drill (Figure 1)

'(NOTE. Refer to 'instructions provided in thread repair kit.)

B Drill all the way, tough an open Mole or all the way''to bottom of blind
ole

(NOTE Make sure hole'is straight and that centerlihe of hole is not moved
- in drilling process )

r I r
(.

I

S

r \

-



r

88-A

n

4

4

)
?

#

4

JOB SH5ET.

.

'Tap out drilled : holes Agure 24'.. 7A
as. , f,., , ,

(NOTE: Specia) drill taps ace provikied in thread repair kit for thr,e din
drilled hole to .correct size for outside of thread; inert: A standar
cannot be usedi

4.

D. Install thread repair insfrt using appropriate tool (Figure 3)

f

(NOTE Special tools are provided in thread repair kit for installation of
-thread insert

A

4

t.

s

FIGURE 3

!.%

4

ts.

a

I
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4

i0OLS
UN

ANL

SE:- 89-A

JQB SHEET #5- -CHECK TOW:Kit WRENCH ;FOR ACCUBACY
-

I. Tools and materials

nn

AI. Torque -w're

B. Vise
ti

I

C "Known". weight

(NOTE, Weight should be at' least one-third the capacity of the torque
.

wrench )

0, Sp:OngItord

Procedure'
e

(NOTE Torque wrenches come in inch pounds Arid foOr pounds. Ad)ust this
job sheet accordingfy for inch pound tOrque w'renches,),,

A Placetorque wrench On a fixed nut 'or' secure in a vise (Figure 1).

FIGURE 1

2 ft. B.

HORIZONTAL/.
90

. 50 Ihs.;:k.,
- - -

.

A = CE-NTER'LIN'EOf NUT B = POINT OFSUSPENION

B Set the ,indicatoF to "0", necessary

C Hang; a rro, wn weight from tie wrench handle at the center of the hand '
grip ar a (Figure 1)

Multiply the weight times the distance from. A to B (Figure 11
f

1

E Corrfpare the answer to the indtcator e.e adIng
.

(NOTE Using the example, in ,iigu.r,er.1, 50 pounds x feet k 400
younds )

.1 '

4

;

foot
,

to
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; tews-

4.

TOOLS
UNIT III.

JOB SHEET #8--NEPLACE A iiiiMMER" HANDLE,

Tools and materials

A, , Hammer with broken handle
41 #

Hach_saw__ -

C Twist drill

'43 Punch

E Rasp

F. Handsaw

faCed

H Vise

fik - S
11 SE -91 -A

`iHOTE Co'ver the jaws of the vise with sheet metal or'use wood blocks
to prevent damage to the hamMbr and handle.)

I tie handle ,

J Sm3'i 6,ece of :.00d for wedge

Safet-;glasses

A Piave the hirer head in the vise

,

ti f

Say. 1,-le broken handle crbs e hammer hull with a h-acksaw (Figure
I.

1.1

,

. dio

*-

ti



4,

9i- A ,

I

JOB SHEET ;'-'6 4 A.5

-.. 1

C.
. I
Remove the wdod from the eye by first drilling with a twist drill and then
punching out the remainder (Figure 2)

_- s';:i--Y*
FIGURE 2

D Place the new handle in the vis

1.

Work the new handle down to fze with a rasp, trying the handle in the
head frequently (Figure; 3;

,$

Make a 7.ut -across- -ttre -long- cl,start e the top of thehardie to -a -titstanc-e-
. of about 2/3 depth of tiie eve using the handsaw (Figurre -4)

1
.4

6

FIGURE 4
4 .

4

I- DrIM(4 e ha;,die fi mly into .place using a soft faced hammer (FigurQ. 5)

. ,)

I

t'

4

.3

It

O



JOB SHEET #6
AN. ,

H. Make a thin metal wedge and drive it tightly Into the. cutin iihe.end of
the handle

,{ Place the I-M-nmer in; the vise pod -use a hacksaw to cut off the handle
eand wedge exte6dind through the head '(Figure 6)

(NOTE it steel wedges ate used, the end Of, the handle need- not be cut
across 'the diameter because the wedge can be driven into place after the
*idle has been L'etik off even, with the head)

r

.
.

FIGURE 6

1

44

S.1
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1

Match

I.

TOOLS
UNIT ,111

SE 95-A

NA-MEC

TEST

-,1 . ..

-.the terms, on *e right to the correct definitions.
_

a. Tool designed to drive, pou'rid,:flatten,
or shape an object s

.

b. Tool with adjustable jaws used for
.gripping *

c Tool designed to tighten or loosen bolts
or mks `

, d. Toctidesigned for tightening or loosening
a screw or bolt with a recess opening in
th Elead

e Tool designed 'for, a particular use

f. Tool which is hand held and is not
electricgl or specialized

9. Tool used for gripping and turning a
cytincirical object

1. Pliers

2. Wrench

3. Hand tool

4. Hammer

5. -Specialized
tool

6. Pipe wrench

7. SCrewdriver

.1*

2 Id.ntify the basic hand tools needed for maintenance and repair of small;ngines,
IL

a b.,

Q'-
tJ..
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L a
.

-'SE .97-A
.

1, :,

L

4

_ t

N..

i.

N4.

j

,

v.

V.

. ---. .

4

I

w X.

40.
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4010wwwweb.

,

at

a

3 !der d it-,== fools used for overhaul of small engines.

a

LIU

d

1
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SE 101-A

m. * n.
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a
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4

r

q.

e

a
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)

I

4.

s

i

4

e -

i

4. Identify the types of torfiue wrenches.
I

a

1

a. is.

. b.

5. Discuss -maintenance procedures for tools. , .

----7"J

.i

I

.

.

I

I -

7

y
4 r

A

, t
SE 103-A

C.

I

ee

V



A

6" Demonstrate the ability to:
.

a. Grind a flat ,
tip_screwdriver.

C

4

b. Grind the heacj of chisel or punch.,

c. Sharpen a Chisel. 1

d. Repair damaged threads using a thread repair kit. /--

e. Check torque wrench for accuracy.

f. ,Replace a hammer handle.,
b

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

4

101

r-

J



4

I

a.

b.

c.

d.

TOOLS
UNIT III

SE. 105 -A

ANSWERS TO 'TEST

4 e.

1 f. 3

2, g. 6

7

2. a. Vise grip pliers

b Slip joint pliers

c. Diagonal cutting pliers

d. Soft face hammer .

e. Phillips screwdriver

f. Ball peen hammer

g. Nfedle nose pliers

h. Standard dot type screwdriver

.

qr.-- Universal joint

u. 'Battery post cleaner

v. Socket

w. Feeler gauge flat

x. Parts scraper

4V. Battery syringe

z. Feeler gauge wire

aa. Battery clamp puller

i. Offset screwdriver bb. File

J. Lock ring pliers

Snap ring pliers

1. Reversible ratchet

m. Open-end wrench

n. Center punOh

o. x Cold chisel"

144,
. p.

q:

r.

Torque -wrench

Combination wrench

Al fen wrench
.

. Adjustable wrench

cc. Battery hydrometer

dd. 'Thread repair insert

ee. Flywheel holder

ff.+ Ign n wrench set
11

gig. Pa s cleaning brush

hh. Funnel

ii. Wire brush

jj. Parts wash irig container

kk. Clutch° wrench

II. Clutch head screwdriver



3.

4.

5. Discussron should include

a Screwdrivers'

a... Manual valve seat 'cutter I. Telescoping gauge

b. IRidge reamer m. Twist drill bit
.

c. Ring Compressor n. Steel Nile 6"

d. Piston ring groove cleaner o. Bearing puller

d. Power drill p. Punch and chisel set

f. Piston ring expander q. Ring groove gauge

Power driven valve grinder r. Boring bar

h. Lever, type valve spring compressor s. Micrometer

i. Flywheel puller t. Cylinder hone -

j.

k-.

Valve lappipg tool,

Value guide reamer

u. Impact driver

a.

b

4

Direct reading

Signaling

I.

1)- Regrind Worn or damaged flat blade screwdrivers

2) Discard phillips sciewdrivers with damaged heads

b. - Pliers

1) Keep° pliers clean and rust free

2) Keep cutting edges sharp and smooth

3) Keep pliers working freely,

4) Repaii: or replace damaged handle insulation

d. Adjustable wrench -Keep worm gears clean and lubricated .

A

d. All took -Identify to.ols by labeling themrrth an electric pencil or scratch.
, -awl

6. Performance skills evaluated to the satisfaction of the instructor.

0
, 103
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'MEASURING
UNIT IV

UNIT OBJECTIVE

After completion of this unit, the student -should be able to read and Use a plain
micrometer, a vernier caliper, and a di& indicator. This knowledge will be eviderfced through
demonstration air by scoring eighty -five percent on the unit test. .

.

SPECIFIC OBJECTIVES

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

1. Match terms associated with measuring to the Correct de .nition's..'

2. Identify measuring instruments used in small engine repair.

3. List four §teps for reading . measuring instruments.

'4. Name three basic units of measurement found on rules.

vr. 5. Identify the major parts of a vernier caliper.

6. I Identify the Major parts' of an outs* micrometer.

7. Discuss the proper methods for checking the accuracy of outside
micrometers.

Er Identify the major parts of., a dial indicator.
.

9. . Arrange in order the steps for set up and use of a dial indicator.

10. Read plain micrometer settings.

11 Read vernier Micrometer settings;

1 2. Demonstrate the ability to:

.

a Use a vernier carpeh
.

b Use a plain micrometer.

c Use a dial indicator

-1.01

sir
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MEASURING
Uk1 IT' IV

I SUGGESTED ACTIVITIES

1

Instructor

A Provide student wrth objective sFieet.
.

B. Provide student With -info
,

jrmation, assigrrMent and ob sheets.

C Make
.
transparencies

D Discuss -unit and specific objectiv,es,

kg Discuss information,

F Give test

H Student

A. Read obfeCtive sheet

B Study information sheet.

C. CoMplete assignment and job sheets

Ds Take test

.
assignment and tob sheets.

INSTRUCTIONAL MATERIALS

I Included in this unit

A Objective sheer.

B Information sheet

C Transparency masters

1' TM 41 ,Measuring I nstrumerjti

2 . TM 2 Measuring Instruments

3 TM 3 Units of Measurement

4 TM 4 Vernier Caliper Parts

5 TM 5 Micrometer Parts

(Cont nued)

I.

6 TM 6- Checking the Micrometer for Accuracy

" ' TM 7 Dial Indicator Parts

SSE,- 109-A.
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. I
. .". .,

:.\ 110-A 1 \ ' ..
I -t

, .

kr I .

ri; .

°'",, ' ,., :4., . ;. . t 8. .kTM 8-Reading a Micrometer ,
i

. / 0
9' \ TM 9-- Sleeve- Readings l' .

Oaf 1

.... 10. TM 10--Overlay A-:ThirTble Sleeve Readings. ,..-

.. 'IN .
11, TM, 11--Vernier MicrOmetet Readings

? . . ....

.

/ 0,-- , 12.,If . TM 12-t)veilay Ei-!Verni0 Sleeve Readings .

of

/4.

A.

D. Assignment sheets
e I

1 ASsignment Sheet #1--Read the .Plain Micrometer Settings-
.

L

2 Assignment Sheet #2--Read the Verniet Micrometer Settings

_Answers to assignment sheets ,4

*Job sheets .

1 Job Sheet #1-Use a Vernier' Caliper

2. Job Sheet #2-.Use a Plain- Micromgter

3 )Job Sheet #3--Use ,a dial IndiCator

G. Test

H AnsWers to test

II.. Reference -Armstrong,olvan. Auto Mechanics, Book / Stillwater, - Oklahoma' State
Department of Vocational-Technical )Ecttication, 1976.

4

106

4'

a
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4 . SE. 11,1-A`l
. I ,s

1'

os
EASiU R G
UNIT' IV

`INFORMATION SHEET

I Terms and definitions

A.. Steel rule--Low precision measuring instrument graduated in fractional or
decimal parts of an inch

El Graduationjylarking found on rules and,sdalesto dendte unit 'of lerrgth-

C. Error- Mistake ik the reading or total' measurement , ,

D Reliable measure--Accurate oc true measurement
I

E Re"ference pointStarting point of measurement Tor both werkpiece and
rt.i le

A
F

*
Vernier "caliper 'Makes accurate Inside and outside measurements to within
one-thousandth of an inch, 6n-one-hundredth of a millimeter

H Measuring instruments used in small engine repair (Transparoncies 1 and .2

;
A Rule 4-.... ,

*El 'Vernier caliper ir

C Micrometers

1
Inside

2 , Outside

3. Depth

tY_

(NOTE These can be plain or vernier, 'plain
inch, vernier tO ten-thousandths of an inch )

D Dial indicator

E TelescOping gauge.

F Hole gauge

III Steps for reading -reasuringolps.trum' tnts

A S elect scale of the required units

B total the number, of graduations

1 1-)

measures to thousandths of ,an

r



40

4

,

7 j /
#

INFORMATION SHEET .'

c, C Count:ivv pie units f ', .

.`
'Ete,duct sgraduations,to lowest .terms

.

V .587Sitiinlit2Of `measurement 'foUncLon rules (- Transparency 3)

A Fractional ,
. .

Example. 1/8 ,1 /16, 1/32
', -..' r-N. /

1

By Decimal s .
. .

, .00

Example. 0.1, 0.01, 0,001 . . al el
i.

.,
C. Metric
4. ,

'1
Example 1 meter = lm, 1 millimeter = Irrso. NA

V. Major pittf vernier caliper (Transparency 4)
,

A. , FA x e.61 j ipt .

4.

B Movable jaw 3 .

(.. . ,

C Beam .--

0 clamp .,.

. .

-

E Clamp, strews

a

F. Main scale

wG Vernier ,scale

H Adjusting nut

VI Major parts of 8n al., tside m)rometer (Transparency 5)
3

4

A 'Frame

B Anvil'

C, Spindle

D i_ock

E. Sleeve,

F

G. Ratchet 'stop

is

P

4

O

ikk

I

1 0 b
11

7

7
1
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VII

,

INFORIVIATION' SHEET

SE 113 A

Proper methods for checking accuracy- of outside micrometers (Transpare,ncy 6)

'A 0" '1.000"

1. Close spindle and anvil toge ther

'2 Observe zero references on the "sleeve and thimble

-MOre than one. inch ,

, 1 Use a s ear or disc-ter check the mirtmum capacity

2 Obselvc zero. references on the sleeve `and thimble
I

VIII , Major darts of a dial lilaictor (Trartsparency 7)
...

4

n IC

. .,

1 lioA HoLrsing

B 'Dial..

- Pwntet

D .Plunger

E Bezel

F. Bezel clamp.

.IX -Set up and use cif a dia1 ind- icator
.

Secure dialindic,gor to .suitable mounting -fixture

I

4%.

B Position plunger in contact with.'su'rface to be measured

I
dialdial indicator ,

.do

, :111/K

(NOTE. Pre-loading is aCcomplished by positioning dial indicator so that
plAger is depressed equal to two r-evolutions of the Pointer

D Zero dial-

(NO7E To zero dial rotate bezel unt il zero mark is it In with end of
pointer )

Measure work

0 is.1

4.
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1

'INFORMATION SHEET

s

Re9ding theplain, mrrometer (Transpa6ncies '8, '9, and '10 [Overlay A])

EaCh, numbered i graduation on the sleeve represents One-hundred
thousandths of an inch (0 100")

- -

sa)4,1L,.._gratiLAtiCln an sleeve --_- between the numbered graduations
represents twenty-five thousandths of an inch (0.025') t

C. Each graduation found on the thimble Represents one thousandth' of an
inch (0.0014)-

D

,

Total reading is found by adding the three values,

Example. 0 100 Number on the sleeve
0.075 Small graduations on the sleeve

,0.O15 `Graddations 'on the thimble
0 190 Plain micrometer reading .

.
4

Xt 'Reading the vernier microme4er Jransparencies 10 [Overlay A], 11, and 12
L.;

[Overlay'B) )

A Each numbered graduatisp, on the sleeve represerffs one-hundred
thousandths of an inch (0.00)

B Each small graduation on the sleeve between the numbered graduations
represents twenty-five thousandths of an inch (0.025")

p

mar
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VERNIER CALIPER

DIAL INDICATOR

HOLE GAUGE
-I

112

air

4

/TELESCOPING GAUGE

TM 2
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UNITS OF MEASUREMENT

16ths

8ths

11111111H

100ths

Y.

kw

1.1111.111111

10th

I.
I

el

I

Fractional Rule

I
SE ; 119;A ,

111111111111.111111111111

I/

1

, 1

Decimal R
A

centimeter

millimeter--

Metric Rliip

. .T.J11 3.



BEAM

a

VERNIER C L1PER PARTS
LI

CLAMP SCREWS-

v

ro-

MAIN' SCALE

ADJUSTING NUT

ft

VERNIER SCALE

4 7

MOVABLE .JAW
;

STANDARD SCALE

114

SE 121-A

FIXED JAW

METRIC CALE

. 1M4
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MICROMETER' PARTS

"."LOCK,
SLEE/E

9

RATCHET STOP

40 THREADS'PtR INCH .

SP1,ND1E AND SCREW:

C.71

115'
.

4.4
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E MICROMETER FOR ACCURACY',

SLEEVE THIMBLE

e

nch Micromf er

MATCHED.
''ZERO

REFERENCES .

1 INCH, STANiDARD-
TEST GAUGE

JP.

2 Inch Micrometer

MATCHED
'ZERO 'S

REFERENCES
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READING A MICROMETER
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THIMBLE SLEEVE READINGS
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F iii

0.4690
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*

VERNIER MICROMETER,

10
READINGS

Thimble
0

20

Sleeve

e

10*

5"
Thimble

.,
o.41697

TM 11'019.'
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VERNIER SLEEVE READINGS.
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MEASURING
UNIT IV

1

ASSIGNMENT SHEET #1- READ THE PLAIN MICROMETER SETTINGS

SE 139,A

Read the plain microneeter settings below and write the correct answers in the blanks
provided.

1

2

3

wit 4

.1 5

6

7

8

9

10.

11

'(12

13

14

15

16

17

18

19

20

Answers

4

2 4. 5.

'6
ow.

73 1,-171

10

8

12. 13 ".

-1)
1

L:

18 419.

12C

20.
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\
es.

21.

22.

25

"

.
4

ag

I

\
-

dal

ASSIGNMENT SHEET #1 e
.

V

21.

24.

4

.

1

127

23.

25.

r 0-

-ot

II
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MEASURING ,

UNIT IV -

ASSIGNMENT SHEET 42--READ THE VERNIER MICROMETER ,SETTINGS \I

IN
. Read th,le vernier mici-ometer.settings below and ,write the correct answers in the blanks.

provided

/
I

t -

1.

2

3-

6

7.
8.

9

4nswers

/".

Sor

Alb

I

.

...
-.

7

1. 2.

_yr _ _

- _

-o

n
,

33

-- S

_
20

1--

S

0

29

r *

_ _ __

_ _

2

o

Fri 7 il-1-r1
7

4.

1
/----4

3 4

3.

- r -4--

S

t__ 2°

. -- --1----"4,._.-0-- 4
-

7
2

-T-I-f-T7 -1-1--I -T I T , II---
1 , ' 1

,.
g ' 1 II

6.

7 .77 I 4------
3 4

.

5.

1

7.

a 5 6

-o

p

70

-- °-4
s 4=

41

8.

I 'TT FITT'
1 2

o o. 7,--4- .,
--t--

20
- .1---a --

o

I I T

0 2

IS

9.

20

°

20:
t--

-

1 FT 1 -1
l

1--T-Trr-

0' 1 2 il-

F 20

_

S

,T1 T-1
rT

TL_

2 .2 5
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MEASURING
UNIT IV

' ANSWERS TO ASSIGNMENT SHEETS

7
Assignment Sheet #1 .

'1.
. .

0.871

0.226

3. 0.184,

4. .. 0.291
...I.

5. 0.086

6. 0.023

7.
40

0.500 , 1

8. 0.342

9. 0,047

10. 0.125
i

11. 0.613
N

12. 0.250

%.\-- 13. 0:012

r-
14. 0.079 , T

/"-z 15. 0.282

16. 0.100

17. 0.133

18. 0.053

' 19. 0,493 r -,

)

'.20. 0.375

s

4
r

k.

4-

...

r

. 12,1i

-

r

o

lir

..

SE

V P

ii.

a
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21.

22.

2?.v

24.

25.

0.049

0.058

0.483.

,,0.249

0.102

!it

I4

`Assignment. Sheet #2

1.

2.

'0:4678

`.0.8388

I

3.. 0.4715 '

4. 0.9453'

5 0 2928

6. 0 3101.

7. 0.6383

8. 0 3107
`- I

9, 0.3128

10. /0.5270

(

r
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MEASURING
UNIT IV

lor- -7 °

JOB SHEET #1-i SE A VERNIER CALIPER
A

SE 14g-A

;Tools and materials

A Vernier caliper,

B Workpteces

1. .Assoitnyent of fractional drill b7'115

2; Assortment of letter size drill bits

3 Assortment of machined parts

(NOTE All work pieces, shouJd be numbered or lettered for
reference)

II Procedure

A Select workpieces that are smooth and free of burrs, nicks, or dents

B Clean inside faces Of caliper jaws

C Check vernier caliper at zero reference

S.,___,Qpen caliper greater than thickness orrfart to bemeasured
a.

E Hook end jaw over part to be measured

F' Slide movable jaw into contact with part

G Tighten clamp screw on file adjustment nut

H Make fine adjustment with firie adjusjing screw if necessary

I Tighten amping screw above vernier plate

Remptre caliper froTh work carefully , 0,

K Read hoer

L List' reading according to letter or number on workpiece/ ,

M, Rett;rn vernier caliper; to correct storage place

N Hand in the listed readings t4 instructor for evaluation
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MEASURING
UNIT IV

JOB SKEET #2--USE PLAIN MICROMETER

Tools and Materials

A. Micro Ater.s, plain

43

1. 0" 1 odo" size .
_

2 .1.000" 2.000 1 size

r
Lathe or visety.

C Workpieces

1 New fractional drill bits, assortment of 5

411

2 New letter size drill bits, 'assortment of 4,

3 Pieces of metal such as cold rolled stock, machined parts,
hardened dowels, assortment of 5

ft.(

,

II. Procedure

4 '

(NOTE. All workpieces should.be numbered or lettered for
reference )

A Select workpieces that are clean and free of burls, nicks, or dents

B Select the proper size micrometer for the workpiece

C. Ilean the spindle and anvil, of the micrometer (Figure 1)

FIGURE 1

CLEAN SPINDLE AND ANVIL \./



148A,.

a

JOB SHEFJ #2

D. Check the micrometer at zero reference

.
Ec Hold the' micrometer according to the type of vvorkplece,

. , (
1. .Hold the micrometer in `the ranhs hand and, the workpiece ` the

left hand to measure a nonAatIonary object (Figure 2}

FIGURE 2

4

NONSTATIONARY. OBJECT

2 Hold the micrometer in both hands to measure a stationary object
(4--!gure. 3)

.-

. 1,Q U RE:3
s-

STATIONARY OBJE,CT
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,,

.--

- ...
.

FIGURE 4

. A

, SE 149-A

JOB SHEET #2

..--

(NOTE: Roll Diicrometer along palm of hand or forearni for quick
iv

adjustment. See Fi4Ur6 4.)

ROLL FOR QUICK ADJUSTMENT -

FIGURE 5

i

F. Place the micrometer directly over the center of the workpiece to be
measured (Figure 5)

ir

..

t I

I f _

WORK BACK AND FORTH /
TO FIND TRUE DIAMETER

%NI

...

.,

'I

/
,

_:,,,/
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15(1-A'.

4

sc,

JOB SH,FET #2

G. Turn the thimble of the micrometer until the anvil and spitidle contact
the workpiece

H. .. Hold the anvil steady and
locate the true centerline

0

mote the spindle lightly over the workpiece to !

(NOTEL See Figure 5 on the preceding page.) e"`

I. Use ratchet stop or light sense of feel to determine exact measurement

J. Observe micrometer readings'

.(NOTE: Spindle lock can be turned to hold measurement if micrometer
must be removed from workpiece. Spindle must be unlocked before resettirip
to a new measure nt.),

K. List the readings according to thp letter or number on the wotkpiece

Return the mjcromejer to its correct storage ,

(NOTE: Thikspindle and anviof-the micrometer should be left open when
stored.)

M. Hand in the listed readings to the iristruetor for evalu'ation

-
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MEASURING
UNIT IV

JOBSHEET #3--USE A DIAL INDICATOR

I. Tools and materials '

A. Dial indicator

B. Dial indicator

C. Magnetic base

D. V blocks 2

E. Appropriate assortment of machined parts

(NOTE: All workpieces should be numbered OP lettered reference.) /

holder

r.

SE 151-A

4t

H. Procedure

A Select workpieces that are clean and free of burrs nicks, or dents

4

B. Attach dial indicator to holder

C. Secbre holder to work surface

D. 1;iount workpiece according

FIGURE 1

to 'type of
1

measurement to be made (Figure

,

E.

F.

Position holder' so that dial indicator plunger contacts 'notdrkpiece
.

Adjust holder so that plunger is, depressed two revolutions of pointer, and
tighten hliAder

G. Rotate bezel until the zero marking is in line with pointer



152-A

JOB SH-ET #3

d

H. Measure workpiete for taper, concentricity, and run-out I

I. 'List readings accordineto the lett& or number on the workpiec
4

,J. Disassemble dial indicator and. holder and return to the correct storage

K. 'Hand in the*!Med, readings to the instructor for evaluation

4

O

a

*a

°

r,

4.

R
.
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MEASURING
UNIT IV

1

TEST
_ .

, .

1., Matchithe terms on the right to the correct definitions,' . ,

/ 1
.

,

a. Lop precision measuring instrument 1. Graduation- ___

. graduated in fractional of decimal parts
of an inch -. 2. .Reliable measure

".-1
13. Marking found on rules and scales-to 3. Vernier caliper

demote unit of length..
. . 4. Steel rule

e. Mistake in- the reading or total
measurement ; A 5. /Reference point

i ..N *
, d.- .. ate true measurement 0, . 6, Error- --4. .

.., Ct
A.

. e. St g oint of ;measurement for both 1p 4

. tit 1 ',.wor piece and rule e
. . .

.. f: Makes ccutate 'inside, and . outside
measurements to within one-thousandth'
or/tan inch, or, one-hundredth 'of a',

. . tttillimeter

t-

NAME _

SE 153-A.

.,

-I
.

Identify meaitift instruments used in small engine

^

,, ,
1 , I I .

It (1/ tt V I ft tr in IR I tr 0 tt 4 I

,1.5 a
, ..

It / 4 74 1 4 . 4 I It 14 /II ts 4 0 V III I 4 I II tt /414 II

wolf I 01.w ijiliff Iffp
1 4. ;3, - 5 . 411/0iti

-441111111111111 1.111VhrilliTilUPPlaillilt111.111,117',111111111h

111

Ift

4

1' -

A
b.

0

repair.

A os

\:%b
10.

r
V .

I

e*:

138
I.

r

e'
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4

a

.3

SE 155-A

g. . h.

3. List 'four steps .for reading, measuring instruments.

a.

tf,
,

4. a

,a.

a

, 11

C.

00'

11

-

\./
o

0 '0

ree basic units of measurement fOund on rules.

,a-E

ta 0

p 4

It
-on

0

I
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o

ti

cs /

A

it
.'

5. Identify the majo4r pahs of a vernier caliper.
..

f. .

.. .

I

Y

6. Identify the major parts\ of an outside micrometer.

a.

b.

c.

b.

e.

f.

9

.4

,

:.

7. Discuss the proper methoils for che'cking the accuracy of outside micrometers.
. -4 . '

. 0" 1 600

.4 )

I. (

.

a

. 1 ,

.

I

s 4
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.

r--

S

4

4

r--

1010

b. More 'than one inch

4,4

8. Identify the major parts of a dial indicator.

a.

b.

c.

11

-e.

f.

r

C.,

SE 157-A

9. Arrange in order the steps for set up and use of a dial indicator by placing
'the correct sequence number in the appropriate blank.

4,
a. Pre-load dial indicator'

b. Measure work

c. Position plunger in contact with surface to be measured

d. Secure dial indicator to suitable' mounting fixture

e. Zero diai

. .

142
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I .

10. Read the following plain microMeter settings.

0 1 --- 10-

Answer:

e d the following vernier micrometer se ttings.

Answe r

Sleeve

O
0 1 2 3 4

12. Demonstrate the ability to:

a. Use a vernier caliper.

b. Use a plain micrometer.

c. Use a dial indicator .

10

,5 .

0

20

Thimble

I

4

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

14h

a'

:143

I ftr,
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MEASURING
UNIT IV

ANSWERS TO TEST

a. 4 d. 2

b. 1. e. 5

c. 6 f. 3

2. a. Rule

b. Outside micrometer

c. Depth micrometer

Inside micrometer

e. Vernier caliper"

f. Hole gauge

g. Dial indicator

h. Telescoping gauge

3. a. Select scale of the requiFed units

b. Total the number of graduations

c. Count whole units

di Reduce graduations to, lowest- 'terms

4. a. Fractional

b. DecirNI

c. Metric ow"

5. a, Fixed jaw

b. Movable jaw

c. Vernier scale

S

4

1 4

-

I

SE 159-A

'L.



r

e

2 _Jr
160-A

s

.
I

It .1

NI

d. Adjusting' nutI
e. Main scale

. . .

f. Clamp

g. Clamp screws
...,

q. Beam

6. a. Frame ,

b. Anvil

c., Spindle

d. Lock

e. Sleeve

f. Tkinlble.

f

I.

1.

...

A

4

/
.

I ,..... j

r

g. Ratchet stop

7. . 'Discussion should include:

a .- 0" 1.000"

1) Close spindle and anvil together
...

2) Observe zero references on the sleeve ,and thimble

/
\ ,

- t
b. More than one inch

:

.'

1) Use a standard bar or disc to check .the minimum. capacity
. \

2) Observe zero references on the sleeve,...ad thimble

<---
8. a. Housing

1

b. Bezel
-

/
c. Plunger
4k, .

d. Dial *.

e. Pointer

f. Bezel clamp

a. 3'

b. , .5 -:-

c. 2

.i,

41.

t
k

if

Ir.

it
-4
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tl

d. 1

e. 4

10. 0.159

11. 0.4697

12. Performance., skills evaluated to the satisfaction of the instructor.

a

'146

'Or

a

I

0

).
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Olt ENGINE IDENTIFICATION AND INSPECTION
UNIT I

4

UNIT OBJECTIVE

After completion of this unit, the stu'dent should be able to distinguish between
characteristics of a four-cycle and a two-cycle engine and list types of information which
may be found on an engine nameplate. This knowledge will be evidenced through
demonstration andby scoring eighty-five percent on the unit Jest.,

SPECIFIC OBJECTIVES

A
'

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

, 1 . , Match terms associated with engine identification and inspection to the
Correct definitions.

2. Distinguish between "the characterisfics of a four-stroke cycle engine and
a two-stroke cyble engine:

3. List three types of information which may be found on the engine
nameplate.

4. Select engine information which may be determined from the operator's
instructions and/or inspection of the engine.

5: Identify the operating positions of the crankshaft.

6. Cor?Iblete an engine information form.

1147

11,
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' to

,

INGINE,IDENTIFICATION AND INSPECTION
UNIT h

SUGGESTED ACTIVITIES

I. Instructor

A. Provide student with ojective sheet.b .-...,...,

B. Provide student with information and assignment sheets.

C. Make transparencies.

D. Discuss unit and specific- objectives.

E Discuss information and assignment sheets.

F. Discuss decoding of serial numbers.

G. Demonstrate differences and types of engines.

H. Priht out location of informaticip and nameplate.

.1. Show examrples of different .operating positions of the crankshaft.

SE 3-B

J. Have operator's instroction booklets for engines available for use by the

III
class.' e I

#

r

K. Give test.

II. Student .

A. Read objective sheet.

B. Study information sheet.
- *

C Complete assignment sheet
..

D. Examine different types of engines.

E. Locate information on nameplate.

F. Take test.
1

INSTRUCTIONAL MAIITTALS .

I. Included in this unit: .
A -Objective sheet

B. Information sheet

148
A

..



4-B

ti

1

C. Transpalency masters

. ,

- 1. TM 11-Engine Type Identification

2. TM. 2--Nameplate In forn*tion

3. TM 3--Operating Positions of Crankshafts

D. Assignment Sheet #1 :Complete Engine

E. Test

F. Answers to test

II. Refereftes:

Information Form

A. Small Engines. Volume I. Athens 'Qeorgia : ).American Association for
Vocational Instructional Materials, 1971.

4

S

149
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'ENGINE IDENTIFICATION AND INSPECTION
UNIT .101

INFORMATr0. SHEET'

0

I. Terms and definitions

I
SE B-B

_ 1

A. Combustion cherpber- -Area between t ie piston andcylinder Peed when the
piston is at- the top of its stroke 0

(NOTE :It is in /his- area where the compressed fuel mixture, is ignited
and burned.)

110

B Crankcas*-Housing for the crankshaft and, other 'related internal parts

C Cycle-Completion of a series of events to produce a power impulse

D Exhaust port Opening to the ovside of the combustion chamber for the,
release of exhaust gases

E Intake port-Opening into the combustion chamb er for the intake of the
fuel-air charge

1.

. . . t

(NOTE Th41,45 also called the 'transfer port .on some engines.)
A

.

.

F Four-stroke -oyete engine-Engine design which develdipsaPow. er stroke every
.other revolution of- the crAkagnaft...

G Two-stroke cycle engineEngine design permitting a power stroke once fig
A

each- revolutidn of thd crankshaft '

NameplateHrformation plate attached by the man*turer giving theft-
name_the engine make, model, serial number, and other information

II Characteristics of four-stroke cycle and two-stroke cycle engines (Transparincy
1)

A Four stroke cycle engine
41'

1. Has an` oil sump and possible filter r,

'2 Exhaust muffler connects at the had of the engine cylinder
. .

.
Carhuretor will 'alway be onr.o'r near thecylinder head

4 Compression resistance_ is felt ever her revolution
ti



t,
it

r

2.

k INFORMATION SHEET

B. vo-stroli<e 'cycle 'engine:.

4,

1. Does not_have an oil sump and oil
t

filter

2. por.t r7;7AN*%*Tantlirreion the 'cWlincier

C rburetor may be located at the base of the cylinder or on he
bo -n or side of the crankcase

,&
resistance is felt every rekrolution

.ormation which may be fPund on the englne nameplate (Transparency 2)

ti

----";
4.

- v
.,

I
1 llodrii number ..

, ... (.NOTE Iii 1 1 s .. 1 1 s t 1 a I Iv gives' the heffsepovver and
t ".., ctanicki5e, tccessortes,_oi morlifications.)

Make of engine, or narneof the manuficturer

. e

on numbers
r '-

(NOTE Narittf2cturers add iifferent types of
,,troJ.P artd horsej.iowt /

may give the type of

infoir ation includinIpP.

.nfor.ittion -tvh;ch mad be determined frbm the operator'sinstructons

.i-shecii,,n 9.1) the (Tnrline

I
1' 1`,,,r-w: of ,-.(1141(rnerit manufacturer

Af!diiss of .t..ij..iument r-ahufiecturff

B Dovriting ',)cv,.!tiin 'if the crankshaft (TransParnncy 3)

C Enarrle Lyule,

f\10(10 s.nd 0131 numbers

(_; dcki,ssories .rod major units

F Son/IT,: aril Mnintc;r,}any-' SUFclflcati0.1S

Operro.n.; ;;,,,,,non., of the crankshaft (Transparency 3)
4

'A Ver't,cal

B

I

4

.151

41*
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ENGINE TYPE NTIFICATION- L

SE.- 7-B :

4-.MUF,FLER AT ENP
OF. CYLINDER

`..F6tir-Stroke Cyclia*

INTAKE AN13:4XHAUST ISOTAAT TOP'0F.611..INDER-

Cycle ,

INTAKE AND EXHAUST BOTSINVIIDWAY9N CYLINDER

I

A

0".

e.
EXHAUST

MIDWAY ON CYLINDER

fit

4 ri
:111!

,

r4.

$

IP"

CARBURENR ON
..akANKCASE

' . ,TM 1.



MODEL

SIZE RPM

SERIAL
NO

SPEC
NO

OPERATING INSiRUCTIONS

111 t I of tot li oott 6, tot ott tato
1 4 1 - oss 1 A IP, r t 14. tee., t. tt 1 41.1 t.e , A f At a -4w F. , .. ` A I Oto 0 to. o1 ttt go, 4., " 1

IllGtelA1

TO START ENGINE

101 , t ft. to
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.OPERATING POSITIONS
OF CRANKSHAFTS

MULTI- POSITION CRANKSHAFT

111

1

1.

HORIZONTAL
CRANKSHAFT

411.

154-

VERTICAL
CRANKSHAFT

c.n
m

155w
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ENGINE IDENTIFICATION AND INSPECTION
UNIT I

ASSIGNMENT SHEET #1Q0MPLETE ENGINE, INFORMATION FARM

SE -'13-B

a.

Complete the following engine information form by lookingNat an engine and its Operatortse
manual.

GENERAL INIFORMATION:-
tb

.
NAME OF EQUIPMENT. (ON 'WHICH ENGINE IS MOUNT-ECil .

'NAME AND ADDRESS OE EQUIPMENT MANUFACTURER

NAME AND ADDRES$ OF, ENGINE MANUFACTURER'

w . .

OPERAVNG POSITION. OF CRANKSHAFT:
MULTI POSITION . .` °,

ENGINE CYCLE: 2-Cycle

MODEL?, NUMBER: OR NAME

SERIAL NUMBER' `

VERTIGAC, ' , HORIZONTAL ,

SPE'CIF;CATICN NUMBER

TYPE NUMBEP

HORSEPOWER

4'

s

A -

, 41

15C

s

7

6
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ASSIGN IENT SHEET #1 .

af

Types of accessories and major units

..*Carburetor air cleaner oil .bath , .oiled filter 1 , dry filtellir*

Fuel strainer: combination screen and sediment bowl , screen inside the fuel tgnk

Crankcase, breather. treed valve floating disc valve .

Starter: rope wind
electric, DC

, rope-rewind , wind up , electric, 'AC

. % . . 4

cition system. flywheel magneto. , external magnet .-, bat

Fuel pump mechanically driven , differential pressure driven
,

Carouretor float

Governor alr vane

suction lift

, centrifugal

Service and maintenance sbecif.ications:

diaphragm
.

Puel Octane number . Mixture of oil. an6 gasolinel c-yele-kAmdunt of oil per
(1' gallon of gasoline) '1'4 pint , 1/2 pirit , other

Oil SAE grade 5 W , SA1O W , SAE 29 W , SAE 30
SAE 10W-30 , Classification. ML. MM MS

.v.

, SD

plug. '.3an setting .020", .025", other .

ilreo'<er-DoJpt gab.. .)12" .015' , othet

ti

157
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ENGINE IDENTIFICATION AND INSPECTION
UNIT I

N.AM E

TEST

oat
1. Match the terms on the right to the correct definitions.

a. Area between the piston and cylinder 1.
head when the piton is at the top of
its stroke INiti 2..

=OW

r

-- SE -, 15-B

b. Information plate attathed by the
manufacturer, 'iLving their name, %the

engine make, model, serial Amber, and
other information

ti-
c. Opening into the combustion chamber

for the intake of the fuel -air charge

d. Engine design which develops a power
stroke every other revolution of the
crankshaft

e. Completion of a series of events to
produce a power impulse

f. (Ocening to the outside of the
comburio .haFriber forthe celease of
exhaust gases .

g Engine design permitting a power stroke
6nce for each revolljti.on of the
crankshaft

h. Housing for tht crankshaft and other
rolated internal parts

.

2. Distinguish between the characteristics Of a
two-stroke cycle engine by placing an "X"
four-stroke cycle engine.

I

Nameplate.:

Exhaust port

%
`'"3 'Combustion.

chamber

Crankcase

5. fiwb-stroke
cycle engirt

6. Intake Wort

7. Four-stroke
cycle engine.

8. Cycle

four-stroke cycle engine and a
next to the characteristics of a

Carburetor will always be bn or near the cylinder head

b. Has an oil sump and possible oil filter

c. Compression resistance is felt every other revolution

d. Exhaust port is about. m!dpoint on the cylinder

1 08

I

I
el



16-B

40

_t

0"

e. Compression resistance is felt every revolution

f. Does not have an oil sump and oil filter'

g. Carburetor will always lie on or near the cylinder head

3. Lift three types of information which- may be found on the engine nameplate.

.1, a.

b

c.

4

4. Select engine information which may be ,determined from theefata&
i structions and/or inspection of the engine by placing an "X" in the alapropriate
bl s.

0

a. Engine cycle 1111.

b. Model and other numbers

c. Services and maintenance- specifications

d. Paint specificatidns on engine ',block

e. Diameter of wife on high tension leads

f. Operating position of the crankshaft .
----

g. Breaker paint weight

5. Identify the operating positions of the following era kshafts:

a.

159
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4

I

1.

ra

--'17-B

4 .
c.

Complete an erigitie information form.

4

'this activity has-not been accoMplilhed prior to: the Tett, ask. your
instructpr. when it triopld be completed.) .

1

10

d

$

160 .
"
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ENGINE IDE'NTIFrATION AND INSPECTION
UNIT I

ANkVERS TO TEST

a. 3 e. 8

0. 1 f. 2

c. 6 g. 5

d. 7 h. 4

2. a, b, c, g

3.. a. Make 'of engine, or name of the manufacturer

b. Model number

c. Identification numbers

4. a, b, c, f
,

5. a. Horizontal

b. Multi-position
--..---A

c. Vertical's.*

Evaluated to the skisfaction of the instructor

.161 "

SE - 19-8
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BASIC ENGINE .PRINCIPLES'AND DESIGN!'
UNIT II .

UNIT OBJECTIVE

After completion of this unit, the student should be able to list the characteristics, types,
and forms of energy and calculate problems dealing with work, horsepower; torque, and
cubic inch displacement. The student should al?so be able to distinguish between internal,
and external combustion engines and describe the operation of two-stroke and four-stroke
cycle engines. This knowledge will be evidenced by scoring eighty-five percent on the
unit test.

SPECIFIC OBJECTIVES

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

, Match 'terms associated with basic engine principles to the correct

2. Discuss characteristics of energy.

3. - List six types of energy.

4. List two forms of available energy.

5. List three typesof motion.

6. _identify types of simple machines.

147. List three uses of simple machines.

8. Calculate. problems using the formula for work. 411

9 Calculate problems using the formula, for horsepower.

10. Calculate problems usint the formula for torque.

11. State the main theoretical concept of heat engines.

f2: Distinguish between types of heat- engines.

13. Match the parts of a basic internal combustion engine to the correct
descriptions:

14. Describe the process by which an internal combustion engine converts
chemical energy into rotary motion.

162
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22-B

15. Calculate problems using the formula for engine cubic inch disalacement.
, ,

16. Calculate problems using the formula for compression ratio.
.

17. Discuss the purposes of a flywheel.

18. Idedie types of engine design.

19. Identify types of engine cooling.

444

163
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-BASIC ENGINE PRINCIPLES AND DESIGN
UNIT 11

SUGGESTED ACTIVITIES

I. Instructor:

'- I A. PrOvide student" with objeCtive sheet.

A
B. Provide student with information and asstment sheets.

r
C. Make transparencies.

_

D. Check With the 'major small engine 11%ufacturers for visual aids to
demonstrate basic ,engine principles.

E. Discuss unit and specific objectives.

F. Discuss informationand assignment sheets.

G.: Give test.

II. Student

A. Read objective sheet

SE - 2343

B Study information sheet.

C. -,,,rpo_rnplete assignmentoitieets. t 4
7 -

D Take test

I NSTRiJCT.ION AL MATE R IA L*-

I. Included in this unit:

A. Objective sheet

B Infokation sr. et
A

C. Transparency masters

1. TM 1 --Types `q Motion

TM 2-The Principle, of the Lever Ni

3. / TM 3--The Prin'ciple of the Wheel and Axle

164 to

,
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24-B.-

4.

1 5

6.

7.

8.

9:

1

11.

-4

TM 4 -The Prin'ciple of the PVile

TM 5 -The Principle of the Inclinisd-.Plane
',

TM 6 -Th. Principle 'oEihe Screw

TM 7--Ttie Principle of the Wedge
.

TM 8- -Basic Internal Combustion Engine' Part

s

TM 9-- Chemical Eilergy tigirRotary iC ion

1

TM 10--Cubi6 Incii Displacement

TM 11- Compressiop atio-6 to, .1

$ 12.. TM 12 -Engine Designs,.

18. TM 13-,Engine. Desegns (Continued)'
o ,-...., 14 TM 14-- Engine Gooltng lygtems.

<#. , f, D. Assignment sheets lir .. v :

..

*

2 Assignment Sheet #2---Calculate, Horsepower

, A gnment ,Sheet #1-X_Alculate Work
AV

. k -4
"1

3. Assi gnenent Sheet #3--Calculate Torque*
..

-. ...-i'

......, .

, 4.;, Assignment Sheet. 44--CalculakCubic Inch Ilisplace,ment
-,..e

4,

5
Aslty-irrienl Sheet - #5 =- Calculate Compression Ratio. ,,.

sa 1 4a Aft/
11. E. %Anvers to assignment sheets --4

-

A
.0

< . i F.
....

i

c".

,

'wok

4'

.G Answers to test s-

--:Refesences

t
. A., -Bohn; Ralph C , and MacDOshald,, Angus J.-Power: Ililecharrtcs, of Energy,, 6

Control '81occmingtem, Illinois. McKnjght and McKnight,. 1970.
v

.

at

B Stockel, Martin W Auto Mechanics Fundamen-tals South Holland, Illirews

Goodheart Willcbx Co , 1969,

C A Power Primer Detroit, ic1=46 Gene(er)Motors, 1955

6,4

'16 (`''.)
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...:A., -t 'BASIC ENGLNE'PFONCIPLEE AND SIGN 7
sr. 0

,. UNIT H ,..

a

SE 26-B

. , :. , .

0INFORvlATIQN SHEET'
,

, .

. ' i
I Te,'rns and dEfmitions

. ,10,71.
O

A 'Force Any agent that produces or .tends to -produce molll'n

Results of force over-Corning a reslince over de'finite' distance

.
C Enr-irgv Aridity to do tvork ,

D Pdrj,i,i:tai energy Stored energy

K Enei motion

pstp, p 431 ,ini;;I-, clone
,

(2 F s...io -,; ,:r r'ledsurernart of vork accomplished in a given period ,of time

llo. , ,::1)-1, E (3n,ir, norsepcP,.er 1:, a unit 0 noviier equal to 746.J.iatts .), '
!' . ,

.

'--i To r; , , :\1,---oscr,- ,,',t cf tu'ninq effort.

Fr ir,T,c4i , Resist34'c' to restive motion between 4 N6 bodies in contact...0'i
.

. c " J
I-

/ e rr'", PI, ,:(1 no, 5cluare 'nth, most common Liblt for rreasurnr1 pressure.

r-,,, \10 i '--- ' rn einc egihrialk-nt tip ps i is kilogram per scluar; cenflmeter,
,-, i ,4 .1.. ,

,,, i' ,;0' .Pr TranSmission..ar,d contr motion 't ,rough th-e use ofr
.1+'-.;=. N,',,:,-,.., thrifts,' an Fief rnet.,hanipa evices

X.
-

..11 ,,, ,- , -
. P ,--c.;). Jo 1:1;-41 N-lot:on BaC k, Fr,d fgorth rinotit)n h.

O.

0

. . ,
'S,r,-,-,,.,)f ,:-,,,rt's or or rations t'fiaf hapoeo regularly and' lac.i backq I

,1 1 ' I'M r.1 f7r.:'- f -.. ,.
*. -4,- . .

rig T,,) ?-' i4;rciSP testk;;Iiiing or directing influence or r woi king forces
6 o .

f' 'S'' r, a 4oH,Inq' force
e a t a

r,r)C Ty, ,I J`ci i orit,- . .. /,'......1 ,
.

c., lib
. .1,v . .. ., . . . .

T DC'ia, ,i1,,,, t[i ,,t,irfiri is 41- DC, a.fter itop ileac ] Attitei- or Pot DC4

ii tcli di: ,i'l ,:,nif,:- , . . . ,..

4

1 6 6,

4
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I

rfcrro R MATI ON SHEET

O BDG Bottom dead center - .
r- t. .

i NOTE BDC rr'iabi also be stated aS ABDC$after ffottan -deaq--center, oc :
.BBDC, before bottom dead; center)

- I

R. Stroke Distance the piston moves when traveling from TDC to BDC

S Porr. *meter of the cylinder
f-

-1- Displacement Total vel-ume of air fuel compressed fhe oisto-n in trQ,,,eltn-g
from BDC to TDCq

. -CID Cubic inch displacemenj
-..E

i NOTE Metric measurement for displacement is m cubic centimeters &r
, -liters ) 1., '

Combustion Action or .opegatcon of burning

1 1. ertercw.

A E?icro,, is ev. r uresent

B energy cannot be created or
I

Cdr'. only be changed

1 :1-, c_Cos of enemy

A . Light
; ..-

, , _ g 1 erierv',oromotes growth in planIs and makes our SLITIourldwils
,tb:e ) ....,,,

i
Bf-i, at . $, -

,

L
destroyed

from orfe kind to another

./ .l
,;'-i-OTE Heat- ener4ty\co4 food: develops mechanical ene,rgy to power
itutornobiles, and viareis Tomes )

'40 .'
.

Chemicai . a

a

C.

.(NOTE _Cherr,r.-al 'energy is the energy of life

D Electrical -,
.

P Pec;,1,s2i'01rgy' is the most flexible and is best known for-lIgh ring
Mr111;,),:j: ,.otorc,, and providing communications I

<0'

E Nuclear .
a . - N. , 20

,11 17 ,c) f E. le lil ..,,,r,l, 11?,() kIIIJVrl riS dtrYnlio I.rirr qv '1,-, Qrocilic 'd Off ',
f .reocriioqc -,,r-t of ,forns ) , _ 4 .,

is )i..i..r
I 4 167

0,
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INFORMATION SHEET

SE 27 B

F Mot Hang al ..
ad!

1 N OTE, 11,1Pch,anical energy is contained in every nioyinti oI)ief inn

, tivolyed in motion )4$.
414.

e , i\LV Fn's ayailable uti,ergy.

104

a

, 'ROTE Psotaiijtial enert;,/- st;irwi energy )

4

4

V I

,

Li

.,.
amoic,-; strct/.."6(1 ;Li?:inoct

Kirwl ' 1 .,
. f%

'0 ! q,..

NOi F K ,,f,tie energy' is P-iv(w in rnotiop) ,,

,,,' , I, , .

L .a ioi''', '._:,iS,)11,,r^ tiormtl(g, v.,Irtd, flowing ,..,./at?r .

i

..1r;

-

P.
41/1/i

C
1

e!"

Si JC) Thnt's

a.%

, ;TIE A' )' tr r fir''-ri1,(,,it,(1-..Lu/,chanis-inc used in th17
J ter su ,:ndhie are comilinduous osf,s7lx

lr *s:),tt,'n,,,'
%Tab

3)

,Trri",',I)rir,,'Ly 5)

11.,,,),141, 7)

f.
s)f r ,

)t

C'

. 'lir,
9

r

,1 6 S
J

4

,.: 0..

orlor,ritir).1 n. v1irC
51r1)10 1T-ci'."1,;1'-

4

4
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INFORMATION SHEET

,

VIII ForNuid for vk.ork V,,tork Fon x Distance

' ( NOT L r-o6c, h.. 4.1svd to niedsore work for all IT1OVPFTleflt PXCE'pt I I ftt ng

IS 'ne:r,t,r, d in toot [founds).

. F kdfc,o1,, worl. is .mortiplished if tdkes 80 pounds of force
to now.1_ 300 bound box 50 feet 4

2.

. -r,,,,,:,,,., 0

1

. .1 u

4

-F D

- J
V.' 4000 ' it

+,t I

ii

distdnco
T111 x 550

r

distamcpa

isoci x 550

,fone se(.6rul. Force
11, sotudt,ons filn9

) 7 ip( 11" r1)S d 10 frcot f!,riflt of stairs in 5 seconds

or

D

/ 550. Po ,

2.750
0.--) 5 1)(,) r

,

.

I

'S

t7-0 rr,E x

:Jr C).
fet:t n,, a'>1.(NI as, a force,annhed rib

for,

,

-,,,d'00:1,,c1 to .,rr,r-,(21 2 fret 4hat

2

43:41 'C'f1:11,

." vfj 11110

169-
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INFOkf\IATION SHEET

XII Ts,;,'. of vngines

A

_ .
.

Ext,,r,a1- combustion Fuel iitoduces tleds energy outside the engine ,And rs
trie engine by water or other. means to power the engine

SE 29 El

7.:

,,-Thich converts neat' energy, to motion

!sr.?, trial con-thostion Fuel is hurried inside the engine to produce heat energy'

49 \*J1-s T.() motion

,J...;) (1142SUI

I

ter -al co',Ibu_t's..)n erg ne (Transpd`rencv

V. ,.H(11' (.10Sf;t1 at Pne enr h/ t head

,
B ,? ,wh(ch_slides ih the t fitf,hg Lightly

4

r
_./r 'I r )(1,-S*J-dIgnt r0(1 ,..,/ith one enciconnected to a p,,:os 4 the piston

-, ' ,.:.1, s',. flr_; ''::711 the rotation Of the crap! shaf
,`ti

. I, ..

Z ,-

2.7-- s-,:i4t. 17 jr 1 Pnlyne which, with con,nectine
i., , /,',. jt,-: r'.-:iprnr_a',,,,1 fis)tGn..of pisto into rota- / rhot,on

s' (J-7, t e ,o.-,e'r e.-(1 )t In.,; ci,r1rif,LtIng rod Is cohnecied to offset c4nter
,,,f (,-,.,-. s',aft !..nk u l .;st follo: the same circu ar path as shat /

. .P,- ... ,,,,, t:1 op,'h and close the cyllhder in yrder_ to let in airliiiel
. -,l to r ''' ' }' r 'tier tbUrned- fuel from the cylifider. - .

ti

es :,tted to the upper end of ther ,DIStOri sea

,,-oto to control loss of compression an6
r

sr,.
S

a le tie h-14 the valves which conducts -fuel dnd aitEjhto and exhadSt

c
Jr, cfr,.;>USt1011 enanin curwerts chernical rnrsy Pito

. d 4
.y ii

<- ,

the-4,1(jper end or *he cyl,:nder

,tp,rr"erl producing hiat energy -.

i,



30B.

10.

%.

V.-

INFORmATIONIti--1EE F

Heat enerqv th cylinder gases to kiXf
.

Exp.an-,on o' pw.hf-;s iiistim down the cylinder

rnfit,lor, Trf"CiirotT,irannlits force to the crankshaft through the
ct,nt.ecttn,j 0(1, 1;;-) rotar y mot (in

'NOTE Rotas, motio) is a ril rJl th, turhing (rdi-ti:shaTt

XV r=or,..4..i f.Or C._d)IC I 1/11Sit .,2H r,1'1,:)urf'11(..,' 101.

Cut) h ric;ptacement Bore2 x Stroke x Number of cylinders

?-4
aso

a bon dfljVii 1 2 ',1r,)1,,t' hms"

(4,1416, v. Bor..2 42, Stroke. 13 50) ,( (1

3 1416 42 X 35 ;
4

,CID ' 43 92 , 8

... , ...5.1 85 r,j,b,-; ,,c,. rif:ila,.,,,erltk
.d.P.-

(JTE (J,,,' s : codi t,d Ci; 02 ,..oLi in(*.i.,

4 i- V,X V 7 of.'" .. - -or ccor,J.r. ,st-n '..TKr---Alr ,r,Iwr- , hf (,,,,:,,;(1..; :,,,T,,, Th., wrAriri di' BDC

, ,:4,:.0 r), ' .,,_;r- ;- ..,.-:It'l i,iYor at T DC, 'TrAI.9-1N- rf, y 111%
.

. I'
TY,iirr,,,:.-, (. 01)/tir ,r,.:-"2 rr BDC 6 42 3,5 (..ta ,h Vr,,,J;r1;.!. et TUC Is '1 45

- 1 . , , , .)r,,:,n, rdt..;!. 9 5 to 1 ,12 35 -4 f 1 9 5 1! ,
1 '

,.. .
PUrlidOSt'S r

A ....Srci- r'..1,_-) ,..if thf' :d,,. .', : ,r r ( .d. ,'.
Ai

<

i..-

'I-) Vt.lA I' Lif' '' 4 i f 1 'In ' ' .,"t , P ;)01,em, r StrOkf',
t::: ,...4

..;;;#1...1
-l...
,

.59Vf- :')",, ti

)

1'71

j
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4 a
INFO,RMATION SHEET

116 ,

401 .

.XVIII. Types of engine design (Transparencies 12 and 13)

A. , In-line

B. V-type

C. Opposed
...

b. Radial

E Rotary

XIX ,Types of engine cIolipg systems (Transparency 14)

...

A. 'Liquid

B Air

. 4

.9

If

%,-

o

A.

, i

..

N

*

4

4tE : 31' -B
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THE PRINCIPLE OF THE LEVER

ResistanCe-

500 lbs A
aft Fulcrum

50Q lbs

First Class

125 lbs

Effort

250 lbs..

500 lbs.

Second Class

Third Class

.

_2500 lbs

r,

TM

- 35-8



THE PRINCIPLE OF1HE WHEEL AND AXL

t
, I

. -Resistance Arm

'r .......

I.,

The Mechanical advantage of the Wheel
\- and Axle is the Ratio between-the,.:- ..

Two Lever Arms, 3 tp 1
,



r

I

. -

4

a

THE PROAC.IPLEDF THE PULLEY

A

1:1,- 2:1.

e

b ,. .

2:1 3:1

60 lbs

The Pulley' Operates as .\

a, Second ClaSs. Lever

*

120 Itos

Gaining Mechanical. Advantage 1

-through the Use of. Pulleys'

.

/12011,

16 En
m

O(f)
178 92 if;
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THE PRINCIPLE OF THE INCLINED PLANE

_ a 1-1'

49

Force = 50 lbs1f

ti

4.'

14

'150



,

,

THE PRINCIPLE OF-THE SCREW

v

SE 43-B

SI

" The .Scraw, is Illustrated by an-Inclined Plane

Alb Wrappe,d Around'a Shaft

181
TM 6
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f '.

.

r

THE PRINCIPLE OF THE WEDP I
w

SE .45-B

Ai;

Hatchet

Nail

O

Splitting .Wedge

I

a

it*

;-

.* _ .
_ At 411, 0- ON

V '1

1 8 2



$

.13.ASIC INTERNAL CbMauSTION-EN 614PARTS
.

,

a

. SE '- 47-B

Valves

Simi* Piug
Piston

V

,Valve Spring

Valve.L

Head

Cylinder

Block

Connecting Rod,

Crankshaft
Camshaft

t

YR. , -1

4"ikre Air at

YY

TM
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4
.5

diEMICAL..ERERGY TO ROTARY MOTIoN _

(

Compreksion
ft/

'04.0.

'Reciprocating -

. Motion .

I
Cycles-

. Two-or
Four-Stroke

-

cg

'

.4 way

;MO

I

rr

r "

TM '9
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SE 61-B

BASIC ENGINE PRINCIPLES AltD DESIGN
'UNIT II

-

AgSIG ENT SHEET. #1-- CALCULATE WORK
4

'Calculate the -following, Problem's' using the Jormul'afor work.i ,r.
N

Work = Force x Dis ante

_ \
1. Tw6 men push a '300 .patin weight' a distance ort0 feet along a imarehouse

floor. The force ,necessary to side the weight is 110 pounds. How Much work
is accomplished i , -\,

.
,v

k

2. Abv;., much work. 's accomplished if it takes '92 pounds of force to mov.e a_400
pound 'object 44 feet?

r .

3.It takes 49 ouods of force to Move 92 paindtbox 60 feetacross the floor.
Hdw mach cirJ c, is accompl4shed?

o

-191.

Is

0

1
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BASIC ENGINE PRINCIPLES AND; DESIGN
UNIT, II

ASSIGNMENT SHEET #2-- CALCULATE HORSEPOWER

' CalculatAthe following problems using the ficirmule ...For horsepower. is

.e.
a"J

- , 0
.

!
t : , 4

..-F x D E
a
k_. , jr__

".

Time (sec.)''x 550 -.
'

1. A 200 pound man climb's a 40 foot 'flight -ot stairs in 20 seconds. How mdch
, horsepower, doelshe develop perforrAing the feat?

4

4

4

1

.

SE 63' -B

.

4

;

I

4

,2. -A 1000 pound weight is,moyed a distance o feet across the fidor. The,
force necessary to move° the weight is 200 pounds and:the time required to -_

accomplish th is one rninutio, How' much horsepower- is required to perfot.m

this task?

Asarissr,,,k __

4 nv

`J 1 t

3 A mon pushes a 4 pound vzelqffit a,distatce of 1d feet along tlaNloacling'dock-

- The force require to move the weiht is 500 pounds -1"'he task is completed:,

In 5 seconds \t-low uch horsepower is oduCed?

err

-

,

( 19?
I
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BASIC ENGINE PRINCIPLES AND DEIFIGN,.

UNIT Il

ASSIGNMENT SHEET #3--CALCULATE TORQUE. fa

Calculate the following problems

e

. ,

using the formula
,

for torque..

Tbrque = Force x Radius

SE 65 -B

1. If 'a mechanic uses a wrench 8 inches and applies 10 pound force to
the wrench handle, what is the torque on the bolt?

. oir

. \ill. .
.

.

2. . If 15' pounds ofiforcd is applied t3 a wrench 6 inches long, how much is the
torque?

3: What is the tar-clue if a force of 8 pounds is applied to a wrench 12 inches
long? 4..

rr

1.93

/'
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BASIC ENGINE PRINCIPLES AND DESIGN
UNIT. II

H

ASSIGMENT SHEET #4 CALCULATE CUBIC INCH DISPLACEMENT

4

SE 67-B

.....-rr

410

Calculate the following problems using the formula for cubic inch displacement. Round
answers to nearest whole number.

. .

CID = 1 x Bore2 x Stroke x Number Of cylinders
4' tv 4

1. What is the CID of a cylinder wi,th a 21inch bore and a 3-inch stroke?
1

4

2. CoMpute the CID of a 4-cylincigr engirie with. 2.5 inch bore and a 2.48 inch
stroke.

3. What is the CID of a 6-cylinder engine with a 1.85-inch bore and a 1.969 inch
stroke? . i

,

S

r

,.

/

194 ,

a I

c.

I

4
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BASIC ENGINE PRINCIPLES AND DESIGN

ASSIGNMENT SHE

Calculate the following proble

4,

4

UNIT II

#5-- CALCULATE COMPRESSION RATlit

using the formula fof compression ratio.

CrIpres§ion Re/10 = Volume BDC
Volume TDC/

/-

SE 69-B

1: What is the compression ratioof_i cyti der with a volume of 36 cu. in. _with
the piston at BDC and a TOC volum of 4 cu. in.?

sib

2 Engine A has BDC volume of T6.7 cdbic inches and a TDC volume of 2.3 cubic
inches What is the .compression ratio?

3 A specific 3 cylinder engine ha5 a total BDC volume of 86 Cubic inches and
TDC volume of 3 cub(c inches in each cylinder. What is the.compression ratio
of this engine?'

_---
4 The maximum practical corivresston ratio for a specific one c-ylin r engine is

11 2 to 1./ The ngine has'a BDC volume of 38.77.cubic inches and a TDC
'volume of/3.5 9sibic inches. Is the. compression ratio within the practical limits?

7

1 9

c

*
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BASIC ENGINE PRINCIPLES AN101,DESIGNS
UNIT II

Assignment Sheet 41

ANSWERSTO ASSIGNMENT SHEETS

W=FxD
W= 92 x 44
W= 4048 .foot pounds

3 W=FxD
W = 49 x 60
W = 240 foot pounds

Assignment Sheet #2

1 HP = F x D
Time (sec) x 550

HP = 200 x 40
20 x 560

HP 8000
11000

HP = ,727 or approx. 7/10 horsepower

2 HP = xD
Time (sec) x 550

HP = 200 x 60
60 x 550

HP = 12000
33,Q00

HP = 364 horseppwer

3 HP = F x -D
.-Time (sec) x 550

HP = 500 x 10
5 x 550,

HP = 5000
2750

HP = 1 82 horsepower

Assignment Sheet #3

1. T=FxR
T = 10
T = 80 pound

A

incbeS

1 9C

A'

-A.

SE 71-B
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2. x R
T = 15+-x 6
T -4-- 90 pound. inches

. 3. -T = Fx R
T = 8 x 12

96, pound inches

Assignment Sheet #4I

'1.4 CID = 3.1416 x 22 x 3
4

CID = 3.1416 x 4 x 3
4

CID 37 699/
4 x 1

CID = 9 42 or 9

2. CID = 41416 x 2.52 x 375
4

CID = 3 1416 Xi 6.25 x 2.48
, 4

CID = 48 6948
4 x 4

CID = 12 11374x 4

CID 4a6948 or 49

3 CID = 3116 x°,1-852 x T.969
4

CAD = 3.1416 x 3.4225 x 10969
4

CID = 21 1709,
4

CID 5'2927 x 6

x 6

c,to ,= 31 7564 or 32.

Assignment Sheet 4t5.

1. 9
4' 136 . .9tol

6

x

4

x 4

4

x 6

x 6

Ir

197*

4
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2. 7.26
2.3 r16.700 7.26 to 1.

151

3.

4.

60
-46
140

-138

28 -.6 - 9.53
3 1 f36 .0 3 TOTT .9.53 to 1

6 27.
26 16
24 15

10
9

3.5

r

I

2 1

11.07
38.7700

35
37
35

270
245

7.5

11.07 to 1

0

198

4
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BASIC EN

PJ

INE PRINCIPLES AND DESIGNS
UNIT II

TEST

Name

1.
.

Match the terms on the right to the corr fdOinitions:4Terms and definiticirs
are continued on tie following page.)

1

_

a. Any agent that 'produces or tends to
produce motion

b. Rate at which work is done
I

c. Ability to do work
4

d. Stored energy

e. Measurement of turning .effort

1. Energy

2. Work

3. Force 1-

4. Friction

5. Power

-6. Kinetic energy

Torque

Horsepower

f. Transmission and control of motion 7.
through the use of gears, pulleys, shafts,'
and other mechanical devices - 8.

9. Bottom dead center-

h. To exercise restraining or directing
influence over working forces

I Back and forth motion

Energy in rriOtion --/
k. Relaying of a working force

I. Measurement of work accomplished in a
given period of time

0

m. Pounds per square inch: most common
unit for measuring pressure

, *

n. Series of events or operations that
happen regularly and lead`, back to the
starting point "

o.-' Resiitance to relative motion between
,two bodies in contact .

1-99

9. /. Potebtial energy

PSI

Cycle

TDC

Mechanical power

Transmission

Reciprocating
motion-

16. ,B DC

17. Control



p. Results o force overcoming a resistance 18. Stroke
over a definite distanc '

19. Cornbustion_
q. Top dead center

20. CID.
r. Total volume of air-fuel com ressed by.

the piston in traveling from B C to Ta 21. Displacement

s. Cubic inch displacement - 22. Bore

t. Action or operation of burn

u. Distance the piston moves hen
traveling from TDC to BDC

v. Diameter, of the cylinder

2. Discuss the charadteristics of energy.

J

3. List six types of energy.

a.

c.

d.

4
e.

f:
p

4. List two forrns of available energy.

a.

b.

5. List three types of motion.

a.

b.

' c.

,
200

o.

4
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S

Identify the following 'simple, biachine.

a

25016s

SE ; 77 -13

a

,

No

p

0

e

7 List three uses bf simple machines

a

111.

b

8 Calculate the following problem using the formula for work

W = F x D

A boy pushes a 200-pound box a 'distance of 20 feet eking the floor The force
necessary to slide the box is 55 pounds. How much work is accomplished?

201 I..

0



'78-B .

. .0

'CalCulate the following, prrpblem using the formula for torque.

1

HP =, F x D
Time (sec) x str

1!
.

Using- the problem above, how much. horsepower is produced if it takeis 20'
seconds to slide the box along the floorl

1-0. Calculated following problem using the formula for torqu,e.

T =1= x
I What is the tor/Lie if a force of '40 -pounds is applied to a wrench two feet

long?

11. State the main theoretical concept of heat engines.

.

12. Distinguish benirten types of heat engines by placing an ''X" in front of 'tht
description of an internal combustion engine.

_a Fuel is burned inside the engine to produce heat enet4y which the
engine converts to motion

#

b. Fuel produces heat energy outside the engine and is transmitted to
the engine by water or otheyneans to poser the engine which converts
heat energy to motion .

4

Si

J

202

-r

4

(

- .1

i
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4
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, SE : 79-B

13 Match,the parts of a batic internal tombustiori engine to the correct descriptions.
't ..

a. 'Hollow tube closed one\ endl d at d b the Port
cylinder head. ,

. - Crankshaft
Cylindrical object which slides in the

be,..fitting tightly to seal other end of Bings

ube

. i
c _Straight rod witth one encj c0nnecteil,t9

apivot in thd piston so lower end can
swing with the rotation of the crankshaft

, ,- . 6. Piston ,.--

d. Man shaft 'of an engirie which, in

conjunction, with connecting rods, 7 - Valve
. changes reciprocating motion.of pistons'

into' rotary motion

4. Cylinder

5. Connecting, rod
'.

A

4. a Movable plug to open and dose the
cylinder to corder to let in air-fuel
mixture -and ko remove the burned fuel
from the cylinder - , ,

- .,
-

f Micular devices fitted tQ the upper end
of the piston which seal the pisto'rr to-
the cylinder to control loss of

'ik ic om prr esst cr and lubricating oil

g Passage behind the lives which -. .

------S- conducts fuel and air into and exhaust
.,out of the cylinder

1

14 Describe the'iprocessliby which an internal combustion engine converts, chemical
bnergy into .rotary motion

w ,,

R
IP'

,

4

, 1
e

oh

2030 . ,

. .

i

.

4

, 4

I

i
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,

$ .15. 'Calculate the follovying, problem, using 019,.. formula 'for -engine. cubic inch ...

displacement. ., , ,.k 7
- . , -

7 1 , \. '.
CID = .11 x Bore-2 x Stroke' , -,,'' - ..;

4 ..' %, x 'Number of ',.eylinders - t `.

. '
What is the cubic inch ditplzlement 'of..a .2:,y`linde4.4ngihe th4t-hg a bore,
of 2.3 and a stroke of 3.'''inCtiQ .j/.",:;#-..

. -

, ... , 1.4-

,

4

.

.. -
16' Calculate-the following problem using the finula for compression, ratio

. di .
Compressibp ratio = \blume EIDG 2. a.' , .- , ...:

.0.. Volume TDC v so,

. .

:-......
A specific 2 cylinder engMe has a. CID of 37 inches: Each cylinder has- 4.13DC,
volume of 16'5 cubic Indies and a TDC volume of 3.3cutikic 'riches. What is '
the compte,ssion ratio?

-

Discuss the purposes of a flywheel.

4

204

0.0

. Aft
ti

1

4

40

71



Identify the: follOViihg types of engine deiign.
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4 (BASIC ENGINE, PRINCIPLES AND DESIGNS

4

t 2.

UNIT II

ANSWERS TO TEST

a. 3 g. 16 m. 10 s. 20
---,

b. 5 h. 17 n. 1.1 19

c. i. 15 ' o. ll u. 18

d. -9 % 1. 6 ' P. 2 v 22

e 7 k. 14
*..

q 12,

f 13,.. .1, 8 . r 21
.

Discussion' should indliide
- .

a. Energy is ever present

b. Energy cannot be creatbd or destroyed

c Energy can only be changed from one kind to another

3. a. Light

b. Heat

c. Chemical v.

ti SE 83-B
1

te'
S

d. Electrical

e. Nuclear

Mechanical

4 a. Potentval

b. Kinetic

15 a. Recipocating

b. Rotary

c. Linear

6. , a. Lever

b. Wheel and axle
ff

c.

4

d. Inclined plane

?07 .Y
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7.

SC re w

.Wedge

Increase force

Change direction

c Ch&ige speed

8 F x D
W = 55 lbs x 20 ft
W = 1100 foot pounds

."

J

9' 4611,P = Fx D Itk,
Time (Sec)

SNP 5 . ,
x 20

201x Sal.'
'HP = 1100 '1.

11000
HP 10

.10. T,FxR
T - 40 x 2
T, 80 pound feet

1

11 Converts heat energy into usable power in the form of 'motion

12 a

1.3 a 4 e 7

b 6 f 3

5- A g 1

d 2
C.

14 Description should include

rJ

a- Gasoline and air are introduced into the upper end..of the cylinder'

b Air fuel ,rnixture is ignited :and burned, producing'heat energy

c Heat energy causes the cyline gases to expand

d Expansion of the burn ing.,gases pushes, piston' down the cylinder
)

e Downward motion of piston transmits force Ao the crankshaft through) the
connecting -rod to produce trotary motion 4

.208



26.6 CID

. .5 to 1

,

Discussion should include:

a. Smooth out surges of the power strokes

b. Maintain cranksh-aft motion between power strokes

c. Develop kinetic energy' when spinning

d. provide gear teeth on 'out6t.4ii for starting -motor

'/ SE 85-B

a. V-type

b. Rotary

c. ,Opposed

d..

e. Radial

a. Air .

b. Liquid

, 209

..°
operation
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PRINCIPLES OF OPERATION FOUR-ST9OKE CYCLE
UNIT III .

UNIT OBJECNVE

SE 87-B

a

After completion of this unit, the student *should be able, to identify the /components.,
of a four-stroke .cycle engine, the parts of a camshaft lobe, and the types of valve
arrangements. The student should also be able to discuss the operation of the four stroke
cycle engine, valve 'timing and overlap. This knowledge .will be evidenced by scoring*
etpty-five percent op -the unit test

SPECIFIC OBJECTIVES

After completioo of this unit, the student should be able

1. Match terms associated with
6ycleiengine to the correct
a.

Identify the components of

the principles of operation of a
definitions.

.,-.....,
a foLir-stroke.000 engine..

4 ,

-3. Discuss the operation of a four-stroi(e" cycle, engine.

List 'tvilo'factors that deterrnIne the firing order of a multi-cylinber engine.*

u r- stroke

4

5:

. .

.

.
tdentiko the darts ofa camshaft lobe

Discvss valve ng and overlap
r r /

Idemly types of valve a

'4
/

2i0

4 7

.3 -I
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SE 8g-B

PRINCIPLES OF OPERATION FOW:1-STROKE CYCLE '
UNIT III

SUGGESTED ,ACTIVITIES

I. Ir-tructor

A Provide-student with objective sheet:

B. Provide student with jpf jormation sheet.
.

C 'Make transparbncies
,

'D Discuss unit anct specific olc4ectiVs.
.

E Discuss info'rmation sheet,.
.

'1r Demonstive location of components on a live engine.
.
' G DernohstFate. the Operation of the four strokes' in a cycle.

,- .
H ProvitleeXamples of the .different,types.of talvearrangerpents

[:Massem0e.an engine so that studs car) idvitrfy ,individual components.
/

J , ivetest it
1I gi'iden - 4

A Read objective sheet

B Study in formation sheet . ,
.

.
,., -

C. Observe demonstration of operation of ,the fou, strokes.

b Locate the components bn a ,-live engine,
. ,

. 4

Take test'
;

INSTRUCTIONAL MATUIALS.N,

Or li '

I Included 49, this unit . . ''.

P -;A Objective sheet

Information` sheet

C Transparency' masters
,

1 TM 1 Components of a Four Stroke Cycle,Engine

2 TM. 2 'Four Stroke Cycle

211.
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,

s

4'

r

.

3. TM .3--Valvp 'Action

9 4, TM 4--Valve Action

5. TM 5 --V4v A'ction
p

6 TM 6."../alve 'ACtion

'7. TM 7--Cam

8. TM 8- Valve

9. TM 9--Valye

D. Test

E Answers to test
.

References

(

on Intake Stroke

on Compression Stroke

on Power Stroke

on xhaust Strpke

Lobe Contour Desigo

Timing -and Overlap,

Arringements

.\,
0

1/4

A. Armstrong, Ivan. Auto Mechanics, Voltime ,One_ Stillwater, Oklahoma:
Oklahoma State Departrnerat of Vocational and Technical Education,'1976.

-8 Shiall Engine Sorvice Repair and Maintenance. St Pabl, Minnesota
Departments of Agriculturd0. Education and Agricultural Engineering_

,University of Minnesota, 1968
A .

C Small Gasoline 'Engines University Park, Pennsylvania:
Agriculture, The PennsYlvania State University, 1969.

1

V 21 0

V

College of

1/4
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.
PRINCIPLES OF ORERTION FOUR STROKE C.LE

UNIT .

SE 91 -B. '

INFORMATION sHqEt

i 'Terms 'and. definitions

'Intake stroke bbvvnWard movement of Piston which permits tuel-6,r
ciiixure of enter cylinder JP.

Compression stroke Unward_mcivernent of piston which compresses fuel air
rnLvtr.re

P0,,er strok:- -Do_:nward pis on rnovemerlt caused by, syark ignition of
compressed fuel-ay mixture

f i1

*;

E f3aust stroki Upwa5,1, piston movement which expels btrot gases frcl'm
c

.*"-

E . yaive Device foi alternatqly opening and closing a passage . _---=-

. .. .

* valveF ' Intake dive Engine component *which openslito allow firel-air rnixturel .to
.

enter c".7l1Htiot *dierg- intake stroke
'4 ,z.

G Exhaust -valve Enrpne catiedlhent, which opens dt.i,r+rig exhaust- strokeSand
allcy..s burnt gases to oe. expelled from cylinder =

H. 0Jeciap Bmet ;'period .vhen both' intak and 'exhaust .valves

c'obe 0" center...or eccentric enlargement on, the camshaft which
tc rotary toe recipwating motion for oneratinqr , ,

--,"e ft SI,att ,..nrcq contains lobes or cares to opQrate enginr;

e fr.er tappet Push rod or plunger plated tretvveeri the r_drn ai d
e on an crogete

Val-re -teat Matched tst,,rface upo.n''.,./hich the valve rests

M Valve t,onno Sprin,, attached, to a velve to return it to the stet

,
II. Components of a dour stroke cycle engine (Transprerricy 1)

I

,
A 'Cylinder block

g Cy1locier, held

C PiseO'e,

D C,or.inectIng rod

2:13
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92-13

ti

E Cr

,sll.itt

C. V a \,

1
F

'7,,s,

tNFORMA,T,. SHEET

1.

c

or

1

_

icir (Transparenc,es 2, 3, 4, 5 anci

. or, 1, ',"e 11w* Per of tunes tree pistoOmoves up and

c
,j, r; t! Jt VC1+2 of operation Four-stroke cycle,

[ *to .r Cyr.

C,y piston at uppermost position to cylinder (TbC)
open (in(i e,Flatist valvii closed

,,:t P e c.ylyldEr draws air fuel mixture
t1,0"1 th (-3rbtlrefor ,

1,, r, .1(

.

r

Ilfc- '..-)cn of the cylinder, l[.E3DCI thF

tiql[tly as the piston moves F1
,

)7' ''f hi' Creates lied! which prepares the fuet-for
).

;Tr); roJOi S IL, top of Mei/Cylinder on compression
01. f,,, 7 iclreti()r ',yStett")* ignItes the air fuel

[ vv r[itutil, forre piston down the

214
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INFORMATION SHEET

SE 9-57B

As tile piston reaches the bottom,of the cylinder on power stroke,
the exhaust valve opens

.

2 Pi-s-ton travels up -tile cylinder, forEirig the burned, gases out of-
the cylinder Into the exhaust manifold

NOTE The complete cycle takes two rotations of -the crankshaft
or 720 degrees of rotation.) 1 ,

pS',
).

I a; determlle tne firing order of gi.multi- cylinder engine .

A

tit
IV FJC I-- I'S

Cesi_tn of 'we crkikshaft

1_,cc,,f,,orr of the cams on the camshaft

ch-, iTransparency 7)

B

C
.

VI \i,1 ond overlap (Transparency 8)

A

Val.,e-",-rngles given below are approximated, the actual arigles will vary
upon engine design )

3IVP Opcns approximately 15 degrees before the intake stroke
airc: remains open thrciunh intake stroke and 20 degrees Into

r,,,,?rf:ssion stroke

E Tne intake valve is open appr-oximately 235 degrees of the 720
'e i

-) valve Opens approximately 40 degrees before the exhaust stroke
drd remains open through exhaust stroke and 20 degrees into the

irtdk, stroke

Theixhaust valve is open approximately 235 degrees of the 720
ci,-iree. cycle )

ActWertake and exhaust valves are partially open, the intake
rtorrlp.g to opt while;the exhaust valve is not yet closed

215

:171

a
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' f

V11. ,Types of valve

4

40

IFORMATION SHEET.

, f

arrangements (Transparency 9)

A. L-Head

B. F4-lead

C. T-Head\;.

D.. I-Head

E. Overhead care

J

a

r

4

e

21,6

I

&

.
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COMPONENTS OF A FOUR-STROKE CYCLE
P .

ENGINE

PISTON

SPARK PLUG CYLINDER- HgAD

VALVES

VALVE SPRING

VALVE LIFTER

CAMSHAFT

CAM LOBE.
4

ob&

CYLINDER A
BLOCK

CONNECTING
ROD

CRANKSHAFT

TM L 1 .



k

low

's>

, 9 7 B
4

.

FOUR -STROKE CYCLE
4:11mmoi

FUEL-AND
AIR FROM
CARBURETOR

EXHAUST
VALVE
CLOSED

CAMSHAFT

CRINIKSHAFT

PISTON INTAKE,STROKE

.PISTON POWER. STROKE

. .

I

44.

PISTON COMPRESSION STROKE

INTAKE
IyALVE

1.0SED

EXHAUST
VALVE
OPEN

PISTON EXHAUST STROKE

21S ,
P'

TM- 2



a

C

4

VALVE ACtION ON INTAKE STROKE

INTAKE. VALVE OPENS

4,

T.D.C.
44.

`INTAKE VALVE CLOSES

i B.D. C .

e

I

S
219

.

4

es

SE 99-B

4

TM -3'
.



,VALVE ACTION 0,N COMPRESSION STROKE

INTAKE VALVE CLOSE , ,

4



. T.D

SPARK OCCURS
AT OR

BEFORE t.D.C.
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VALVE ACTION' ON EXHAUST STROKE

.
EXHAUST

,%.

OVERLAP
EXHAUST .VALVE

.

,* COMPRESSION

B.D.C. .

222,

4
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VALVE TIMING AND tVERLAP

TOP DEAD CENTER'

-INTAKE VALVE
OPENS

1,*

, EXHAUST .VALVE
4,c -.CLO,SES

ti

V)

4.

INTAKE VALVE
CLOSES

. EXHAUST VALVE*
.OPENS

. --BOTIOWDEAD CENTER-

.1

4

224

..t

TM 8
1



w
cn .

5

cr,

fr



PRINCIPLES OF OPERATION.- FOUR STROKE CYCLE
UNIT III

NAME
TEST

at

1

SE 113-13

1 Match the terms on the Fight to the correct definitjons.

a. Spring attached to a valve to return it 1.
to the seat

b. Device for '-alteThately opening and
2.

3.closing a passage

c. Off-center or eccentric' enlargement on 4.
the camshaft which- converts rotary.
motion to reciprocating motion for
operating a valve

d. Brief period when both intake and
6.

7.exhaust valves are open

Upward movement of piston whii4 ' 8.
compresses fuel-air mixture

9.
f. Downward movement of piston: which

permits fuel air mixture toenter cylinder

g. Push rod or plunger placed between thie" '-- 11.
cam and the valve on an engine

h Matched surface tfie valve 12.
rests r

1'3.

Shaft which contains lobes or cams to
operate engine valVes.

Engine component which operi .during
exhaust stroke and allows burnt gases to
be expelled from cylinder

J.

k. UpNarcKpiston movement which expels
burnt gases from cylinder

rs

I. Downward iittora movement caused, by
'spark ignition of c d fuef-air
mixture

m. Engine component which owns o allow
fuel-air mixture- to enter cylinder during

.-intake stroke

226

Exhaust valve

Pouv'er stroke

VaiVe seat

CaMshaft

Intake stroke

Cam lobe

Valve

Valve spoWng

,Intake valve,

Overlap

Compression
--stroke ,

Exhaust- stroke.

Valve lifter or
tappet

1
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t

. ,
i

.

. .

. identify the components of a follr-stroke cycle engine. .,
. .

°
jr

t

. .

v
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.

A
Discuss the operation of a four-stroke cycle engine.

/

r
a .

OP 9

,

/

.

I N,

i

. ,

SE 115-B

t
1

4. List two factors that determine the firing order of a multi-cylinder. engine.

a. 1

b.

/

el

t

t
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I

eO.
-

v,-

5.6 Identify the parts of a camshaft' Ibbe.
.

.

yt
(1

-

. .3

d. # ,
.

.,r

6. Discuss valve timing and overlap.
. .

7. Iden-tify the types of valva arrangements.

a.

-

-4!

4

b. c.

229
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PRINCIPLES OF OPERATION FOUR-STROKE CYCLE
. _

UNIT III
.

ANSWERS TO TEST

)a. 8 f. 5 k. 12

b. 7' -g." 13 4'. 2

c. t h. 3 m. 9

d. 10 i 4

e. 11 I. 1

2. a. Piston

b Cylinder head

c. Cylinder block

d. Connecting rod

e Crankshaft

Cam lobe

. Camshaft'

h Valve lifter

I. Valve spring

I Valves

3. Discussion should ircILd

Intake stroke

R

0

0

IP ,

1) Cycle starts with piston at uppermost position in cylinder (TDC.),
with intake valve open and exhaust valve closed

. -

2) As the piston moves down the cylinder, it draws air-fuel mixture
into the cylinder from the carburetpr

+ 3) When the piston reaches the bottom of the cylinder (BDC), the
intake valve closes

231
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COmpression stroke

1) Air fuel ,mixture js compressed
the cylinder,

.
,

tightly as the piston moves Op

2) . Compression" of the fuel creates heat which prepares the fuel for
-instant ignotion

c Power stroke

1) As the piston reaches the top of the cylinder on compression
stroke, a spark from the ignition system ignites the air-fuel
mixture

2) Burning gases expand very rapidly and force the piston down the
cylinder

Exhaust, stroke

11 As the piston. reaches the.bottataa-of the cylinder on power stroke,
the exhaust valve opens

2) Piston' travels up the cylinder, kircing me burned gases out of
- the cylinder into the exhaust manifold

-4 a. Design of th'e crankshaft

b Location of the cams do the camshaft

5. a. Lift

b Base circle

Flank

d Lobe

e Nose

AP

6. Discussion shou-id inclyde
,..

--"- .

. ,

ntake valve pens approximately 15 degrees befote the intake _stroke
begins and re ins open through intake stroke and 20 degrees into

A

MOW

compression strok II

b Exhaustvalve Opens approximately 40 degrees before the exhaust stroke
begins and remains open through .exhaust. stroke and 20 degrees into the .
intake stroke

c Valve overlap Both intake and erhaUst valves are partially open,, the intake
valve- is starting to ripen while the exhaust valve is not yet Closed

232
4

y.
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.
a. Overhead cart

b. L -Head'

c: F-Heed

d. I-Head

I
e. T-Head

9,

4

.
a,

a

0

.

A .

a

,

RV

O

232
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PRINCIPLES OF OPERATION TWO-STROKE CYCLE
UNIT IV

UNIT OBJECTIVE

SE 123-B

'After completion- of this unit, the student sho'uld be able to i,dentilY the 'components
'and discuss the operation of a two-stroke cycle engine.. This knowledge will be evidenced
by scoring eighty-five/persthe unit test.

41?

\.
Aftraffe

41t,
t

t.

.

SPECIFIC OBJECTIVES',,

After completion of thilik unit, the student should be able to: -

1,)-- IC/latch terms associated with two-strokei cycle engirie4 to the correct

I

. definitions. N

JINV2.*
A.

Identify- the components of a roke cycle engine.
. \

II r
3.

.
Discuss the operation of a two-stroke cycle -engine.

V
,4. IfJentify the typekof valves that may be used iri two-Strokecycle engines.,

41*. .
. .

5. Select the ftictors which determine fri'nirig on a two-stroke cycle engine.'

6., Distinguish between cross-xavenged and lo)-6'p-scavenged two-stroke cycle ,
engines.

-*.

.
. e

'_ . ,. .-
.

. .

,7. ' 'List features which make a twcr-stroke cycle aniline preferable tor Many ,
+.

, -.applications. .. 1

41b
. , . Az

Discus's-tk.mcvortance of correct exhaust system design on a stwo-stroke ,

6,

cycle engine. 4- P.
. ..._

4 ..
4

0

p

.234-
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PAI'NCIPLES OF OPERATION TWO-STROKE CYCLE
UNIT IV

SUGGESTED ACTIVITIES

Instructor::-

A Provide stu dent with objective sheet

PrOvide student With information sheet

C. Make transpaxe-ncies.`

D. .Discuss unit and specific objectives

E. Discuss. information sheet

F.

G. Disassemble an engine so that students cart id
.

r1 H. Provide 'examples' of reed and rotary, valve

I Provide ..exar-nploi of cross scavenged and lo

J. Demonstrate the use of correct and incorrect

Demonstrate location comport,9nts on' a five

K. Give tt.'st

hi Student

A Read street.

/ B. Stud"7----i-orformation sheet

`C

D

,
-Lpcate ponents on a live engine

Observe different of valves.

engine.

4*

tify individual components.

-scavenged engines

e3thaust system designs.

Observe cross-scavenged and ,looP-scavengecl engines.

F Take test.

INSTRUCTIONAL MATERIALS

I. Included in this unit

ick" Objective sheet/
B ; InfOrmation:, sheet

E35

,i;

f

,
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C. Transparency masters

1 TM 1 -Two-Stroke Cycle Engine

2. TM 2 -Operation of the Two Stroke Cycle Engine

3. 'TM 3 :Reed Valve0

4 TM 4- Rotary Valves and Piston Port

5. TM 5--Timing Essentials

6. TM 6-Design Variations

7 TM 7--Exhaust System Design

D. Test

E Arwers to test
s

,I I References

A. Roth, Alfred C and Ronald J. Baird. Small gas Engines South 'Holland,
Illinois The Goodheart-WilcoX CompanYInc.,

B. Small .6-twine Service Mancial, llthrEdition. Kai sat City,IVitssburi-Technical
Publica*ons Division, Innrtec Publishing_Corparation, 1976.

k
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PRINCIPLES OF OPERATION TWO- STROKE CYCLE
UNIT IV

0
INFORMATION SHEET

I Terms and definitions

A

,,- 127-B

Ports"--Openings in the cylinder wall which allows the fuel-air mixture to
enter arid the exhaust to escape

Transfer port--Passage which allows movement of the fuel-air mixture from
the crahkcase into the combustion chamber

C Rotary valve -Fiat circular plate section of the plate cut away that
operates between` the carburetor and the crankcase

, .
Reed .valve (leaf valve)One way valve made of spring steel tvhith allows
the fueI-asr mixture to flow in one direction only

Crankcase pressure--Pressure built up in the cranifcase by th.e dowrAvard
movement of the piston

(NOTE This causes the fuel air naixture to move ''nto the combustion
hamber )

Crankcase vacuum Negative crankcase pressure created when piston moves
upward in cylinder

Expansion chamber Exhaust system specially designed to produce
aximum horsepower at a, specific -RPM range

11 Combo nts of a basic two-stroke, cycle engine (Transparency 1)

(NOTE e two stroke ovcle engine may be referred 'to as a two cycle/engine I,

, A CylinAr

B Piston

C Crankshaft

D. Connecting rod
\

E Cylinder head -

F Crankcase

(NOTE They cylinder and cylinder head may be- made as one piece )

ratioh of two-strOki cycle engine iT-tan4parency. 2)

Piston move up in cylinder drawing fuel air,'mixture into crankcar

6

44
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°

INFORMATION SHEET
. I 1*.

. 4

B, Piston m'oves &M r) cylinder, iiressurizing 'mixture in crankcase--_,, 4
C. Piston moves paSt tran'Sterpcirt a4low4rig pressurized mtxturEnto. move into

. combustion chamber . 44- ,

V
D Piston moves up in cylinder again

=

1 Compresses fuel air mixture

2. raws more fuel-air mixture into crankcase

E Spark plug fires Compressed mixture

F Combustion moves piston back ,dower cylind er

1 Piton uncov1s exhaust port as it nears bottom of stroke allowing 6

exhaust to escape

. ,
2 Piston uncovers transfer port as it moves neater bottom of stroke

allowing fresh charge of 4.4el-air to enter combustion chamber

.4 . r
G Piston starts back up' cylinder closing both transfer and exhaust ports

IV. Valves used in two-stroke cycle engines (Transparencies 3 and 4)

A Reed valve

B Rotary valve. A

C Piston port "

4'

V. -F-act-tirs which determi4e timing on two-stroke cycle engihes (Transparency 5)

A , Location of intake port

B Location of 'transfer port

C Location of exhaust port

I Design variations (Transparencyt15)

' A Cross scavenged

1 1 Special p5i2Sn, ;e ac

.

4

2 Deflected" futj* chAige
tt;

3.; ever.egj from going; straight out exhaust port

!I(

,UllWard in cylinder

233
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I
INFORMATION SHEET

B. Loop- scavenged

1. , Transfer ports shaped and located so that incoming fuel -air
mixture swirls

2. Controlled flow of gas helps exhaust out and new charge to enter

VII Features which make e two-stroke cycle engine preferable for many applications

o A Simple design

B. Lrght weight fiat

481
E. Continuous supply of new, clean oil to all moving parts

C. Smaller size. for equivalent hprsepower Nh

D Adequate lubrication in any position

VIII. Correct exhaust system design (Transparency 7)

A Scavenges all exhaust from combustion chamber

ti B AlioWs new fuel charge to move into combustion chamber rapidly

C. Sound ./.aves hold fuel charge momentarily while exhaust port is open

.4

239 N\





OPERATION OF THE TWO-STROKE CYCLEENGINE

Ar

--1

IQ
2'11

INTAKE POWER COMPRESSION
I

Is ,

0,

r

,

EXHAUST

cn .
m



REED 'VALVES

INTAKE MANIFOLD

REED
HAS OPENED

FUEL,MIXTURE

U

--->

ex

cn
Lu
tx
o_

OUTER
CRANKCASE Ltt.A

SE 135-B

FRONTAL VIEW CAF REED VALVE

2/13

a

REED
CLOSED

TM -3



.

ROTARY ALMS AND- PISTON PORT .,--

ROTARY VALVE

1

FLYWHEEL

i

ROTARY
VALVE --
FULLY

".-- OPEN1.--,.
r-4,..

EX)7IAUST PORT

)

FIRING CHARGE IN 'CYLINDER

c

INTAKE PORT

. ,,

.

INTAKE AND COMPRESSION
'STROKE -

TWO- STROKE CYCLE
PISTON PORT ENGINE

AP

i.

- 214

a

1..

Ia.

TM - 4





TRNSFER PORT

4

REED
VALVE \
CLOSED

41r

SE --- 141-B
'Mb

DESIGN VARIATIONS

EXHAUST

DEFLECTOR
PISTON

CARBURETOR

INTAKE

CARBURETOR

TRANSFER

EXHAUST

-DEFLECTOR
PISTON

CARBURETOR AND
ROTARY

(VALVE .

ROTARY VALVE' r- DISC /

CROSS SCAVENGEb

EXHAUST -
EXHAUST

1

IN

INLET
PORT

`. AUXILIARY .

TRANSF OR TRANSFER, PORT

4

LOOP SCAVENGED

216 TM - 6
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I
"Ite

EXHAUST SY EM DESIGN
RECt

HIGHE:R.FiRESSURE
° '. INSIDE' .7. .c

CYLINDER ,

4

a_

4

44104.

LOOP ACTION OF ft/EL CLEANS
OR SCAVENGES BURklEirdKtIS.....-...
ALSO FtAS C °LING EFFECT

LOW PRESSURE.' A

)

SQUNT5 WAVES
CREATED

BY EXHAUST

EXHAUST:OUT
SCAVENGING EFFECT "4

TRANSFER PORT
PULES NEW FUEL
CHART 4N FROM REFLECTED SOU1D WAVES
CRANKCA,SE HOLD htJEL liNt CYLINDER, .

ism

WITHOUT BACK PRESSURE r

,'FUEL CAN GaRIGHT OUT INCORRECT
OPEN It

H A U . IF.PIPE IS TbOIONG,SOUND WAVE ENERGY CAtINOT
.REACH,EXHAUST PORT IN'TPIA,E TO. HOLD FUEL CHARGE IN.

. .. 4

FUEL WASTED,

,4VICSCETAcge EFFECT* Q.

4

« ) ) )

SOUND. WAVE
ENERGY

TOO FAR AWAY

: o . ..

O.VOSCAV EN.G IN6 FROM

.

WRONG N6

a
ENtt

H

OF.

IXHAU T31PE

* ' *4. V * /
,0

P

,
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PRINCIPLES1OF OPERATION TWO-STROKE CYCLIPE *Alt
UNIT

, - 145B

NAME

- .
t , 'TEST . .

- P .
it

..

4.
Match the .terrns oh the right to the carract definitie. ons..

.
i

tia

..
a. Pressugp,J.3 rat wp in the crankcase by the 1. Transfer port 4

downwarchlbvement of the pistizkno .
, ,

. , . -2. 'Reed valve
. b. One way valve npade of spring ,steel (leaf; valve)

3 which allows ;he fuel-air mixture to flow
in one direction only , 3. Ports:

... , , r Irt -
c. Openings in ipp cylinciet wall which 4. Expansion

allows the fuel-air mixture to enter and chamber
the exist to 'escape -. k

* c
; , :iff. Crankcase

d.. Passage which allowVinc ovemeqoNhre' pressure
fuel-air mixture from`the crankcaie into s

,.`the combustion chamber .
v

..,,,*!:14:6" 6. I Crankcase

.vacuum
e ,Flat circular .plate. with a section of the :

.1' .
plate out away that operates between the 1 4. Pt o t ar y valve - 4

#
carburetor and the crankcase .

(
,

f
,

'E xhaust systepi specially designed to 8
A

. produce maximum horsepower at a
N _ ,

specific- RPM range .
I .

.
.t. _ ..

g. Negativa crankcase pressure created
when piston enoves upward.-in' cylinder A

;

I

et.

#

f

248
t .
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4

a,

e

b.

*.

Identity the components of a basic two-stroke Ode engine.
.

no.

f. .

3. Discuss the, operation
. ,

4

°

.

' A

0

r-

of a two-stroke cycle engine.

. , .

it

?19 5

.
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N

Identify the types , varvtsi-=itlet-inaybe used 4n.

b.

SE 147-B

wo-itroke cycle engines.

c.

5 Select the -factors which determine timing on a two-stroke cycle engine

a Location of, transfer port

b Location cif

c Location

lOtie positions

xhau,st valve

d. Location -of intake port
&

e. -Location of- exhaust port
,

6.
. _

Dist nguish betwe'en.cross-scavenged end loop-scavenged two-stroke cycle engines
by writing the nerne of each in the appropriate blank.

to

a

50,
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1*,

%.

7 Nt three featu which make a two- stroke 'cycle engine preferable for 'manyIapplications `, '

b.

-8 Discuss the .impotta,i,ce of poryect exhaust :system design on a two;stroke cycle

'_engine
6

ol

4

. 251
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PRINCIPLES OF OPERATION TWO-STROKE CYCLE
UNIT IV

ANSWERS TO. TEST

f. 4 A

c. 3 g. 6

1

2 "'a. Piston

b. Cranksh fx

c Connecting

d. Cylinder

'e Cylinclir head

f Crartkcase

3. Discuss' should include.
°

a Piston moves 'Up in cylinder drawing fuel-air mixtuie° into. crankcase ,-.

b. Piston moves down cylinder, pressurizing mixtUre...in- crankcase

c Piston moves past transfer port allowing Ores'surized;mqture 'to move into

re.

,
. SE - 149-B

combustion chamber

d. Piston mcoes 1.1p in cylinder-again

1. Compresses fuel-air mixture

2. brows more fuel-air mixture

e Spark ,plug fires comrSressed mixture'

11,.. /4-

into crankcase
6,4

f IP 6,

Combustion moves piston beck down cylinder , .

1 Piston uncovers exhaust port as i44n,ker's bottom ot stroke allowing
exhaust to escape

v6

2 'Piston uncovers transfer port it moves nearer bOttOm of stroke,
allowing fresh charge of fu air to enter combustion chamber

,

Piston starts back up cylinder ',closing both transfer and exhaust porti,

252



15043

4

4. .a. Rotary

b. Reed

c. Piston port

5. . a, d, e

6 a' Cross-scavenged

b. Loop-scavenged

c. Cross-scavetged

d Loon-scavenged '

Any three of the following

a Simple design ,

a

b. Light weight

c Smaller size for e_quivalent horsepower

d Adequate lubrication in any portion

e Ciontin uous sup of new, cle.art oil to all moving parts

8. Discussion 'should include

a Scavenges' all exhaust from coMbultion chamber

b Allows new fuel charge to move Into combustion chamber rapidly

c: Sou id waves hold fue: charge mornenlartly while exhaust port is open

I

1,

1

2

A



BASIC ELECtRICIT'alb
'UNIT I

UNIT OBJECTIVE

SE 1-C

As-

After completion of thLs- -unit, the student should be able to clisCusstypes of current
and the relationship lletweep electriCitY and magnetism 'The- student should also be able
to identify types of electrical circuits hand demonstrate the ability to solve problems usinjg
ohni's law This knowledge will be evidenced through demonstration and 'by scorinig
eighty five per'cent on the unit 'test

SPECIFIC OBJECTIVES

After completion of this unit the student should he able to

4

1%,1atch terms associated with basic electricity to the correct definitions

2 Select sources of eiectr'icity related to small engine repair

Select parts of basic ircut
. '

4 Distinguish bet,../een good conductors and insulators of electricity

Discuss direct aiici alternating torrent

6 Explain copOer ,,yidely used as a,conSiuctof

5

7 ',latch the basic circuit terms to their uryts

8

measure AP..

Mait,-h the basic eiecttical schtcritatic symbols' toixthe correct% na'mes

Match the letter -lesionations 'used In ohm w to the correct (err-4

. ,._ . .
9

,

s la

10 Draw ohm's law formula in triangle. expression
. ,

.--
11 State ohm's law; in letter forrnuia for calculating. vOltage,,currenti and

resistance

12 Identify th.ree types of electrical circuits

13 . List three rules for series circuits

14-* List three rules for parallel circuits

15 I Select factors effecting resistance in a conductor

254
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16. Select the characteristics of magnetism.

17 Explain/twcf ways an.iron bar may be magnetized.

18 Dtcuss the 'relationship between electricity and magnetism

19. Seleci faciors that determine the magnitude of induced voltage.

r

20 Select instrunlents used sic checking electrical circuits.-
_ io

21. Solace problems using ohm's law. formula

4

255
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BASIC ELECTRIt174(
V

J UNIT,I

SUGGESTED ACTIVITIES

I. .Instructor:

A. Provide student with objective sheet!

B. ProvHe' student with nformation and assignment sheets.

C. Make transparencies. 4

D. Dicuss unit and specific objectives.

E. Discuss .1 ormation and assignment sheets.

F. Discuss electran theory to promote a basic understanding of electricity.

. . .
G. Dembnstrate magnetic Imes of force by using -iron filings and a conductor.

H. Demonstrate the construction of a series and a parallel'

Give, test

II Student

A Read objective sheet.

B, Study inforrnatiork, sheet.

C Complete assigrliment sheet.

D 'Participate in discussion of electron- theory.

E. Observe the construction of a series ar cl',a pa'rarlel circuit.

F Take test

\ INSTRUCTIONAL MAI" RIALS

lUdedrn't)0 unit.

;,4 A. Objective shebt

B. InformatiOn sheet

t

2 5-6 .

4



1

C. Transparepcy masters

1., TM .1 -Sources of Electricity

2, TM -2--Ohm's Law in Triangle Expression

3. TM 3 Law -in Lgtter Formula

4 TM 4--Types of Electrical Circuits

5 TM 5--Stries Circuit Rules

0 6 TM 6--Parallel Circuit ,Rules

7 TM 7--Mavttisrq and Field of Force :

8. TM 8-- Electricity and Magnetism Relationship

9. TM 9-- Measuring Instruthents

D. Assignment Sheet #1- -Solve Problems using.O'hm's Law

E Answers to assignment shekt

F. Test-

G Answers to test

41 References.

-f

A Parady, Harold W ,-and Turner, J Howard, Electric Ene76gy. Athens, Georgia:

A-nerican Asseiciation for Vocational Instructional Materials, 1976

B Small_ Enguie5, Volume 2. Athens, Georgia: American Association for
Vocational Instructional Materials, 1971

4
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BASIC ELECTRICITY
UNIT I

-INFORMATION SHEET

I. Terms and definitions

A ArnOere:-Unit of measure for electrical eurrent

SE 5-C

B Ohm--Standard unit for measuring resistance to flow of 4p electrical current

C Resistance Opposition to current flow in a cbnductor

. D. Voltage (emf)--Electromotive force which causes, current
fr

to flovV in an
electrical circuit

E Current- Row of electrons through a conductor, measured in amperes

F. Conduetipitp-Substance or body -through which an .electrical current readily'
flows . :r_ _ - 4-

gra r
Examples. Copper, aluminum, silver

G. Insulator -Material which does not readily permit current flow

E-amples. Vubber, glass, porcelain, air, oil, and plastic

H Sernicondttctor--An element wit(, an atomic configuration which makes it
neither a good conductor nor insulator

,

Citlitit -Continuous, Unbroken path along a conductor through "which
eie--;trical current. can flow from "a source, through various units and back
to the source

J. Capacitor (condenser)--Device -dvhich stores an /electrical charge

K Ammeter-Instrument for measuring the flow of electrical current immipperes

L Magnet -Body which has the property of attracting iron or other magnets
4

M Magnetisin-Povver to at-tract other similar materials

N Magnetic induction Inducing voltage in a conductor that movgs across
n-laretio field

258
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A

INFORMATION; SHEET

H. Source,s of elec icity (Transparency-71)

A. C-hre'r-4nical

Example: k Battery

B. Magnetic

Example: 'Generator

III. Parts of a basic circuit

A Voltage source

Examine. Battery.

B. Resietor ,

ExaMple Light bulb

C. Conductor

(xarriple: Copper wire

IV. Conductors and insulators of erectrico

A. Conductors

.1 Silver

(NOTE: ilver.has the least resistance to current flow.)

2 'Copper.

"'Gold

Aluminum

ngsten

6. ?inc

7 Brass

8 PlatinuM"

.9 Irbn

10. Nickel

4

I-

2 5 9 ,

e

(

4.
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INFORMATION SHEET
`

.Tin

1g. Steel

ts
13;- Lead

, 14. Mercury

15. Nichrome

,41

'(NOTE: Nichrome has the highest resistance to current flow.)

B. Insulators

1. Glass

2. Rubber

3 Plastic

4 Wood

5. Ceramic

_6. Mica
Q

V Direct and aaterrnating" current

A. Direct current

1 Supplied by

a Generator .

b. ,.Battery

1) Dry cell

2) Wet cetl

2. Flows in one direction only

Abbreviated as DC \ -
B. Alternating current

1. Supplied by an alternating current generator (alternator)

2. Flows in one direction then reverses and flows in the opposite
direction

c

t

3. Abbreviated as AC-
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Mos

4

V

.

sot.

INFORMATION SHEET

.09

. - ,... conductorvr. COpper as,a cOndkietor--Copper is amodd conductor because it has only es

Allelectron in outer ring and is comparitiyely cheaper than otret-rnatels Whir& may
have similar properties 3.

VII, Circuit thrds and units bf measure, .1,

Current mperes

B: Voltage-VQIts

C. Resistance-Ohms

V111.. Basic .electrical schematic 'symbols

Resistance or load --NAL

B. Ohnii bf resistance

10, C. Coil

D. Solenoid

E. around

4
F. ,Batte4y

G. ;pnnec-tion

H. Terminal ,

0

Switch (open)

A

A

.

J. Circuit breaker

K.; Crossov

L. Directiorr of

'

curIS rent

261
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1*
M. Diode (one-vva

N. Zener dio

0. Capacitor

ONMATION *SHECT.,

P Fuse'

Rheostat

Silicon controlled rectifier- (SCR)

**Letters aid' terms.,
Kt

. A. 1--Pectrornotae force in volts
'.. a

11§E,3, I-Intensity (currertt) in amps

i C. R Resistance in o him sib, ., v

X Ohm's formula in triangle expression (Transpkency 2).
.

,.)

lif ' .\.. .

(NOTE . E I R formula reminder IS the phrase "Even I Refraei-riber "}

X{ Ohm's (av,,, in letttr formula (Transparency 3) .
A. ,

I 1. r A -

a E= I x R or Volts --" Amps x Ohms

B I. = E/R or Amps = "Volts -- Ohms '
.

41 I C R = EI or Ohms = Volts "7 Amps ..

, .

vow

X I I Tynes of electrical cicuits (Transparency 4)
4

S

4 ,

A

A ,Series

B Parallel

C Series parallel

.10

1,

P

0,
R

I

SE
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t)

-ea

.

XIII Rules for series circiiits (Trar

INFORMATION SHEET

A. Current 'thre

Isparepcy' 5)

each resistor 4S

B. Voit Odrops across e h resistor will be di
are differerrt

he same

ffererit if the resistance Values

C. Sum of -the voltagk drops equals the source voltage

XIV Rules for parallelcircuit (licansparency, 6)
t

A Voltage across each resistor Is the same

B Current through each resistor wil.1 be different if the ressislaricif values are
different

C' Sorn the separate currents' equals the total circuit current

X\./ Factors dtfectirg resystancein a 'conductor

A Lengtn,

"B brame'ter

C :Thmooratare

b Currib(j,,,;aori

4,

XVI.. har.
. .

:icteris-tics of t4orle'6'n'sm (Trap'sparency

----- -
Evc_4v magnet has a north and 'south pole

*Of -. , , ,
B, Unlike poles attac.t and like poles repel .

" '-? : .
, .

- \ 4
.-C . bet , .r-rl-aiino .has a field of force .surrou-riding it, 0"

1 .. -9 '. ,
D gri,_tfc a,terials are .acted upon when ocated in a, field of 'force

I' .- /-e. .... r
E -. An onroa0ietizeki piece of iron ,can become magnet by surrounding it

with a curr4nt:ocarrying coil '.
..

Magnet,zrii an iron,bar!

J.

, it
Stroqi ,_-in . 'W o n bar. with another kar which .htis been magnetized

, , -'

dace an iron ba'r Ii a strong magnetic field . ..... .. .
. s .

t. Jo I r sort .:,,,tills .,,i, ,,,,.,- rfitdai mtla; magnoism w4len withdrawn from, . 4
fare 'flii,dgn,2 fie ld }

4.

26
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FORfILIATION SHEET

0
. 0 lb I ea VIII., Relationship between electricity andi'magnetisrn -(Transparency 8)
'.7a 0 I

3
. .' ,''

;1 Current passed ,i,hroug'h a wire (cionductor) creates a magnetic field around
, the wire .* .,,

, , 9., -...,

. - ,

:.. Magnetic O
,

tes have direction and change direction when the current flow-
changes from one` direction to another

4
.

INCTE. The Right Hand Rule for a straight conductor can bg used to
,. ,

fir.' thedirection of the lines of force.around the wire. To apply. tkerridle,
r sp ttie wire with the thumb extended In the drrection of conventional

current flow (positive, to negativ,V, the fingers wirll theri,,poitIt in the
. direction in which the lines of fdrce furroundille Conductor The lines

of -force are always at right angles to the cesIductor.) , t
...

, . . .r , ? . . ..

Conductor t'nov mg__ across a magnetic field will haye a voltage induced in
, I

it

,SE 11-C

41

C

D VolOge polar

. .
,and the current floW direetion are' determined .bf the.

di4ction 'of ire movement, and ,direction of the lines of 'force
:1' -- '''' iiit . `,,

_
.

(NOTE The ciinductorcan move 'or the magnetic field .can rnov'e
, N

.41 .

.
E Watts to ,nduce.volragq by magnetic induction

.,. .

/enerated voltage by relative motion

ft , .
Examples Generators and ,altern'ators .

. 1 .. "'sib
._ 2 Self induction voltage created by a change of current in the*

conductor

,Example Priiparly of ignition coils .

3 Mutual- induction which occur,Wi'len changing current in bne coil
induc& voltage in a second coil

Example Two windings of ignition coils

s
*F M. conductors on, an armature, car-eying' cuvent in opposite directions,

. . . 4
create a strong and weak field on opposite sidesTausing conductors to move

'apart or armature to rotate '''' ".
.S.0.6"--) ' . , i

NOTE 4The downward movement or rotation 4S Caused bje.ur'rent flowing
in the concitictor Thisis thv'principle.by whi64; a cranking Motor operates.)

-.

J
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4

'V

INFORMATION SHEET

.04

.

XIX. Factors that determine the magnitude of induced voltage

.A. Strength of the magnetic held

E. Speed at which lines of force are. cutting across the conductor t

C. Number of conductors that are cutting across the lines of force
0 7-

C.

41 e
XX.. Instruments Used in checking -electrical circuits (Trnsparency 9) ,s.. ,.

A. Ammeter

B. 'Voltmeter

c. Ohmmeter

(NOTE .Modern testers often combine fhe
.

in one test unit, such as 'a-battery-starter
,

/

ti

a

voltmeter, ammeter; and ohmmeter
tester.)*

"i

O

4 41
fr

.





t --
SE 15-C'

0,HM'S LAW.IN TRIANGLE ExpRtssicN

= VOLTS I = AMPS R = RESISTANCE

:*. NOTES SOLVEIFOR 'VOLTS, AMPS, OR RESISTANCE.
BY COVERING TME UNKNOWN41

*

V

EXAMPLE: -CdVER E, TH611,1=-- I x R
p.

COVER I, THEN 1'4 ÷aR
,

COVER. R; THEN R =-

S

,257
,
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4
1

O. ' OHM'S LAW IN LETTER FORMULA

i

4

>

Ul,

%

...

i

SE' 17-C

dor,"

q's
C ELECTROMOTIVE FORCE :--- CURRENT x RESISTANCE

E =IR VOLTS = AMPERES x OHMS_

4

a

RP

55

. 1=

CURREf\IT= ELECTROMOTIVE FORCE.

RESISTANCE

E
AMPERES=

VOLTS

R OHMS
k

ii

.

ELECTROMOTIVE FORCE
RESISTANCE.= ,

CURRENT

. , ,..-.'-
VOLTS

OHMS=
4 AMPERES

fl

1

'e

5.

*

268
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4

TYPES OF ELECTRICAL CIRCUITS.

I
I

r
, t.

1

8 ohms

6 ohms

e
3Ohmi

6v

-SE 19-C

SERIES-CIRCUIT PARALLEL CIRCUIT SERIES PARALLEL

t

I.

CIRCUIT

8,1

t

269
4

i

. . . . TM 4

.



E=IR
E= 2 x 2 =4 volts
E= 2 x 4 =8 volts



PARALLEL CIRCUIT RULES

.6 amps-

1

4

2V. 2 amps
4

4 amps

6 amps

. A. Battery voltage across
each resistor 12 volts

B. = E/R 12/6 = 2 ampere

I= E/R 12/3 =4 ampere

C. I =6 amps
R= E/I 12/6 =2 ohms

271

SE 23-C
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-3 --sr ."jk

/

tir -!2r
I Jl

a

.

SE- 25-

MAGNETISM AND FIELD OF FORCE-.

UNMAGMETIZED IRON FILINGS

)1

7,7T\ MAGNETIC LINES OF *FORCE

LIVALISSLISS
N

ereasteasell

LEADS FROM dATTERY
9

2 72 TM 7)



A

t-
ELECTRICITY AND MAGNETISM

RELATIONSHIP

1.11.111111.2",

4./

RIGHT HAND RULE
FOR

TRAIGHT CONDUCTOR

SE 271-C

I

ARROWS SHOW
DIRECTION Ofd

FlElp:OF FQRCEI"

I

STRONG FIELBETWEEN CONDUCTORS

CONDUCTORS TEND TO
MOVE APART

a 1

CONDUCTORS TEND TO
. MOVE TOGETHER

'A

MOTbR.PAINCIIDLE,

277:

V TM '8
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4

4W

MEASURING INSTRUMENTS
-4

=A

ELECTRIC CURRENT
4S MEASURED IN
.AMPERES

WITH AN AMMETER

a.

n

/AMPS

VOLTS

I

r

ELECTRIC "PRESSURE"

IS MEASURED-
WITH A VOLTMETER'

)OHMS

RESISTANCE IS
MEASURED IN OHMS
WITH AN OHMMETER

.274

'
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"or

BASIC ELECTRICITY
U IT I ",I .

V 4

ASSIGNMIT SHEET #1- -SOLVE PROBLEMS USING OHM'S LAW
4 .

klead the,kroblemsaad use the triangle expre's"sion,of ohmIlaw to solve tor the unknown
-value ire -each ,problem.. ,

',,

eExample Cover tfe unknoWn in the triangle- and- solve

(NOTE. E = Voltage; = Ampdres;,. R = Resistance.) ,.

Show your work on each. Turn in to instructor after oompletion.

1. 'A current of 4 Ampek-es is needed to operate a certain light' bulb- having a
"tisislanCe of 3 ohms. What vcritage is requir'ed?

. f ,

2. Through how many ohrn ofresiktanc--does*12 volts force
amperes?' .. . V

4, , 0
\ . r

a curre.nt of 12-

0

t,`"..

.

t

, 4

a

t .

Clt .."'?;, 4".

tiktealicrtenthlriS. Wat cu roent does
, -

(NOTE; The. electrical energ consumed in arty resistance appears as heat There
is a de-fin te relation betWe the power,,,corisurned,and the heat pioduced. Thls:

dInciky!th the prin4le tt-lat elergy cannot be destroyed )

, 0

. r -r-

275
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4.

.8;

,; What. is the resistance of the horn?

ASSIGNMENT SHEET #1.

light bulb having a resistance of 6 ohms uses 2 amperes of dirrent. while
operation. What is the 'voltage applied to .the circuit?

)

I 1 1 1 I ' )
,) 1 1, ) )

A hprn connected to a 12 volt battery uses 2 amperes of current for its operation.

4
:^11

It

4

4

\

I

ti S s

t

4.

1

I ;

,

.

b`

4
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- "
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'BASIC ELECTRECITY
.UNIT I

ANSWERS TO ASSIGNMENT SHEET

se

1. Covering up the E shows the formula for this problem to be I 'X 'R. Theiefore,
E_ = 4 x 3= 12 volts.-.
COTeiingAp thd R' hoGvsf that R =f Ell which fequalrg '12/12 4 1 ohM..
Covering up the I shows that -I = E/R. Therefore. 12/20 = .6 amperes.3.

4 E= I X 1:14. Therefore, 6 x 2= 12 volts.

5 R-= Ell. Therefore, 12/2 = 6 ohms

6

F

1

6

9

4

II

-44 1
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BASIC ELECTRICITY
UNIT I

. 0

TESi.

NAME

SE 35-C

.-

1 -Match: the terms on the right to the correct definitions. (Definitibns are continued
.9n the sowing page.)

a 'Instrument fo,r measuring the flow of 1. Voltage (emf)
electric-al current in amperes

2. Magnetic
inductionb apit of measUre for elPctrical current

c. De. ice which stores an electrical charge 3 Ohm

4. Magnet
d Continuous, unbroken path along a

ccnductorathrough which electrical
curren',car7flow from a source, through
various units and back to the source

Substa"ce or body through which an
electrical current readily flows

F;o.v of electroRs throu
measured amperes

# 4. klateri344 vThich. does not
current flow

11

Body

conduQtpr,.

5. Conductbr

6, Capacitor
(condenser)

7. Ammeter°

,r 8. Ampere

9 Circuit

readily permit

-A, 1,

which has the ^ property . of ,

attracts -ng iron or otner magnets

Pov,e, to attract other similar mateAals

10 Current

11. Insulator

12. Magnetisril

'13. , Resigance(-
.ir ,.

Starldard unit for measuring resistan to 14. Semiconductor
. flow of an eleCtrical current

_k 0OpositIon to current flovy a

conductor
r

Indociug volt-age rri a Conductor 'that
'atoves across magnetic' field

rn An element with an atomic
con,flouration, which makes At neither a
good conductor nor insulator

YJ
I

1 4



116

I.

4

l o. . Electromotive force .41:ihich causes

current to flow- in an electrical circuit
. .

of
4 .... . , . . .7

,

Select the sources uT electricity related to small engi,ne repair by p an

"X" in the applipriate blanks. ,
., . .

a, Pressure

4

r

b Magnetic

c. Chemical
I

3. Select the parts of a basic circuit by placing ;an' "Xi' in the apprOprike blanks.

a Conductor .

f

b Insulgtor

c Magnet

4111P

d Voltage source

e. Resistor
3.,

. .

Distinguish between good conductors and 'insulatOrs by placing a "C" in front
of the items that are good conductors and an "I" in front ,pf the- Items that
are insulators.

. Mercury

raSs

- al
c Rubber

r

d. Glass

-e1/4 Wood

f Nickel

g. PlastiO

h. Nichrome

t. Silver

j. Gold

(k. Ceramic

Akirninum

77.

a

41

4479

15,

At

.
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0

5. , DAcuSs direit and -alternating. current.

-a. Direct

b. Alternating

I

6 Explain tv4hy copper is_vvi.dely usd as a conductor

r;

aft

v

SE 37-C

.1
4.

"fi

7 Match 4e basic circuit terms On the 'right to. therrunits of measure.,/
v

Ohms Current
.

b. Volts -_ .2. Resistance

6 Amperes v

8. Match the basic electrical schematic symbols on the' right to ttie coect names.

f3,' Voltage

lenoid

ttery

c Term.inaj

Circuit breaker-

e. Resistance or load ,



38-C

A

v

f, Coil

g Ohms of yesistance

h. Ground

r

41

). Connection

j., Switch ('open)

Crosso.ver

1 Fuse

m Diode (one-way)

n. Zener diode

o Capacitor

V

1 I.

1',2.

9. r L

10.

p Direction of current,

Silicon controlled rectifier

r Iheostat
,

9. Match the letter designations us,ed in'ohrn's law on the right to the,cofrect
termc

a. Electromotive force in volts

,b. inttnsity in.amps 2.'
A

c Resislarce 10 oh, . a. E
. %,

.. 10. t'D raw orim's law formula ini triangle expre sic) .
.,.......

...

- - . ,

p
ho

9_ WI

1 1. State ohm's law in letter formula for calculating voltage, current, and resistance

t E_
rf

. 2 1'

,

I

a



C

12. Identify the 'following types of electriCal rcuits..,.

a.

6v

SE 39.-t"

b. c.-

13. List three rules for series circuits.

b

C.

14 List three rules for parallel circuits

15

, )

s

.P
\.,........; 4

Select 14-41 factors effect rig resistance in a ccfnauctor Ly.'placeiej an :X in the
app'ropriate blanks

2. , , .
, a, Lengthi

bAltitude .r

c Viscosity
St

d Diameter

e 'Composition

4 Temperature

A ,

fp.
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L._

Select the 'charactertics of magnetism by placing an "X" in the appropriate
blanks.

a. Every magnet has a north and west pole

b. Magnetic materials are acted upon when located in a field of;resistance: . , . .

c - Every magnet has a field of force surrounding it

d. Unitike poles attract and like poles repel 4

.
Explain 'two ways an Iron bar may be magnetized.-

a.

b.

18. Discuis the relationship bet en electricity and magnetism.

4

it;

19. Select factors that determine the magnitude of it Nted voltage by placing an
X in the appropriate blanks.

1r,i
a. Number of coiductors that are cutting across le tines of force

19. Strength of the magnetic field

c. Atmospheric pressure
\ - ,

.
. .

';,\
. ,,i,, 4.

w d. Speed at which lines of forcfrare quttfng_across the-conductor..

283



F

20. Select, instruments used in %flecking electrical circuits by placing an in the

21.

IK

appropriate blanks. Ifo

a.' Extension cord

b. Fuse

c: Ammeter.

d. OhmmetOhmmeter-1
L

e. VOItMeter

Solve the following problems usiriT,ohm's, law formula.
A

a. A current of 1.5 -amperes is neededsto operate a certain light bulb having
a resistance of 8 ()hills. What voltagi is required?

-

b. A horn connected to a 12 volt batte'ry uses 4 amperes of current for its
operation. What is the resistance of the horP

o

284
ti
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ft

ti.

alp

tt,

d 9

e 5

2. b, -c

3, a, d, e

4 a

b C

c I

d.

BASIC ELECTRICITY
UNIT I

ANSWERS TO TEST

f. 10 k 13

g 11 i: 2

h., . 4 m. 14

i. 12 n.

I. 3

e I

f C

g. I

h. C

.

5 Discussion should incrude

'a Direct current

1) Sup by

a) Generator

h) Battery ' '.7 ,
(11 1 Dri tell , A_,..-

.... .:, ..c...,
./, ir

E2) Wet .cell .- -,-- .. s...
. _,

2) FlOws in ode directicin

3)
A.

AbbreviatedAbbreviated -as DC

4.

1

t , b. Alternating cbrrent ,

1) Supplied by an aliern trng' current generator (alterpator.)

tos

-SE 43--t

2) Flovts' in one direction then reverses and flows, id the opposite
direction

3) Abbreviated as AC

C



44-C

7..

11

t11410 (

Copper. is-a good conduCtor because tit hailer ly one electron in outer ring-and
is comparitively cheaper than other metal hich may have simirat' properties

a. 2 1

b. 3

8. [. a. ( 11
_

b. 13

c' 15

d. 2

e. 8

9. a. 3

b 1

'
. 0

10'

"F.

,r

f. to p. 4

g. 9 q.. 17

h. 12 m. 5 t. 18

i. 14 n. '6

16 0. '7'1*

a E = Ix R or Volts = Amps x Ohms

b. I = E/R or Amps = Volt's 0 1ms.

R Ell or Ohms - Volts Amps'
12. a. Parallel

b. Series-parallel

c. Seiles

13. Current thrugh each resistor is the` same'

k

r

b. 'Voltage drops across each resistor will- be different if the resistance valves
are different

c. Sum of the voltage drops equals the fource voltage

40.
4116 2 6

.P

fit Illk 4 4 414-i $ '" i 111



41.

' 14. a. Voltaige across' each 'resistor' is the same.,

h

.

b Current rough each 'resistor will be different
different

SE -' 45-c"

if the resistance valbes are ...art

0

C . , Sum of the separate cut rents-,equals t total circuit current
'.$:.

.

15 a, d, 0,,f
}, " . I, 0- r

16 c, d

17. a. Stroke an iron bar with another bar which- has been\magnetized

b Place an iron bar in a strong magnetic field

a
,18 Discussion should include

Current passed through a wire (corkluctor) Creates a magnetic
the wire

b. Magnetic lines have direction and change direction' when the
changes from one direction to anoV,,

If

field around

current floW

c Conductor moving across a magnetic fiel will have ,a voltage induced in
it

d. Voltage polarity and the .eurreni flow,:direction .are determined by the
direction of wire rnoyement,ana direction of the lines of forge

e Ways to induce voltage' by magnetic ,induction

Generated voltage by relte motion

1

4 ' , " )2 ' ,., T. , i 1

2 Self-induction vd0Ntw- created by, a change o-f current inthg'-. ,
conductor l s

.

r _ 4
P . 1

r ,1--- 1 i '4 %'
..! ,

3 Mutual-inductiOn $wwhich occurs yyhEn tha'ngsns currVittn in one:eoil
induces voitagt in a ,second coil 0

(. t, : './

.

f Two conduttors on an armature, current i9 opposite directions,
create a strong and weak field on opposite sides causing conductors to move
apart or armature to rotate

1

r
19% a,. b, d

20. d, e

21: a x.12 volts

- 3 otiijzis

/

\40;
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IGNITION SYSTEMS
UNIT II

1 6

UNIT OBJECTIVE

rt

After completion of. this_ unit, the .stutlitnt should be able to identify lthe'9omPOrtents_
and state. the purPose"of-the-, igniuon. system. The studertt shoult-efge- be able' to'''tet
the coil, condenser, armature, and flywheel magnets and remove and replace contact pointy
'and condenser, The student shOuld also be able to test and. adjust a solid state ignition
system and remove, service, and replace spark vlugs.'This knowledge 41 be eAkiented .
through demonstration and by scoring eighty -five percent on the undriest.

fop
SPECIFIC "OBJECTIVES

After completion of this, At, the student should be able' to.

- 1 State the pur4ose of the ignition system

, . .
2 1\11atch the types of. ignition systemt to the correct descriptions.

3 Distinguish' between tbe components.of a primary and secondery battery
, ignition Circuit - ' c- .."

4 Identify the compOn sofa magneto ignition system.

5. Identify the components of a solid state ignition system.

6- Identify the components of a breakerless ignition system.

7. Match the components of the ignition gyslem to, the correct purposeso

the ignition syste s.
to

Asto-ciate the teratiorial step

Demonstrate the ability t

a Remove, seryic , and replace spark plugs.

lot 'Remove and replace contact points and condenser

Test the cod, condenser, armature; and flywheel magnets,.

ci

e

Test and adjust a solid state ignition ,system.

, Check igriitirn liming.

2Q`

f.
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IGNITION,SYSTEM
UNIT' IX :04

e I.

SSE 49-C

SUGGESTED ACTIVITIES ,it
St

4

I. Instructor:
)

-A. Provide ,student with objective sheet.;

B:: Provide student with' inforrfriatioh and job sheets.

C.' Make ;transparencies.

I

D. Discuss unit and specific objectives.
s,

E. Distuss information sheet. j

F.' DemOnstrate and discuss the procedures outlined in the job sheets. F

G. Show exalriple's of the different types of ignition systems.

H. _Give test.

II. Student. .7,

A. Read objective sheet.

B. Study information sheet.
. .

C.'. Complete job sheets.

D. Study examples' Of the- different types of ignition systems;

E. Take test

4

INSTRUCTIONAL MATERIALS ,*

l'ricludecl- in this unit:

A Objective sheet

B. Information sheet

C. Transparency masters

1 TM -1 Primary Circuit

2 TM 2-- Secondary Circuit

239



.

t

50.C.

r

3.

4.

/
5.

6

7,

8.

x

,... -

., .

TM 3-- Magneto Ignition System
,,. .

TM 4- -Solid Staten gnitiOn System

TM 5--Breakerless Ignition ..System .
. _

TM 6-- Prinoiples of a Magneto [

.

TM 7-PrincipCes of a Magneto "(Continued)

TM 8-yinciples of a Magneto (ContintJedrir

-

e

1

0 .11,6 sheets f ti .

1 Job Sheet .#1-Re'move, Service, and Replace Spark Plugs

2. Job Sheet #2-Remove and Replace Contact Points and Condenser.

,

3. Job Sheet #3--Test the Coil, Condenser, Armature, and FlyvVheel
'Magnets

4. Job Sheet' sfa-Tes't 'and -.Adjust' a Solid State Ignition System
e_..., 1.-

5. Job Sheet #5--Check ignition Timing ,1

E. Test .0;

- F. Answers to fest
)

I l', Reference -Roth, Alfred c. Small Gas Engines. South Holland, Illinois:
Goodheart-Willcox \Co 1975: t.

`..

3

0%

2i0
. ,

..

,,

. r.,
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IGNITION SYSTEM
UNIT IX

INFORMATION? SHEET'

ISE - 51 -C

(
.,r

I Purpose of the ignition systemProduces high voltage current to ignite the fuel-air
mixture in the engine cylinder

II ;Types of ignition systems

A Battery ignition systemUses battery to supply source of current for the
primary ignition circuit

-----. . '
B',/ Magneto ignition system--Produces current by magnetic induction for the

primary ignition circuit without any outside source of electricity

C Solid state ignition system - -Uses semiconductors in place of one or more
standard ignition coMponentt

D Breakerless ignition system--Uses electronic parts in place of mechanrcally
operated ignition points c .

4
,..-

Hi- Batter/ systems circuit components (Transparencies 1 and 2)

4

Primary circuit (low voltage)

Ba'ttery

2 Ignition switch

. .
3 -Resistance unit (resistor)

t

1.

4, Primary winding

5 Contact points g .

.

6 ondener

7 Low voltage wire

B. Secondary circuit (Iiigh ,voltage)

1' Secondary winding

,
2 Distributcr cap

3 No./or ft

sr

..

.
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4

INFORMATION SHEET

4 --Spfirk plug

' 5 High voltage wire

IV Components of a magneto ignition system (Transparency 3)

.A Primary system (low voltage)

1 Flywheel with magriets'

t.2 Armature '
4

a...3 Switc-l* stop
.. )

4 Coil

5 Contact points

6 Condenser.

..

B 'Secondary 'systeno (high voltage)
' d

1 Spark plug

2 , High voltage wire

Components of a solid State ignition system (Transparency 1.1)

A Flywheel with magnets ,
s

B Trigger coil ,

o.
C Resistor

: D Transistorized rectifier (solid state switch)

E i Diode rectifier

F. Ignition coil,

G. Lovv voltage wire. A,
, 1 ,

(NOTE The same sewn flory- circuit components-8re used on the solid state
.jgnitioh system that are used on'.the magneto ignition <system 1

J

e

292 ,

A
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A

e

,

,

MrFORMATION-SHEET

/

i-

VI. Components of a, breakerless ignition system (Transparency 5)

A. Battery

B. FlywheelerTrigger module;

D. ,Ignition switch

E. Alterhator stator

F. ' Irmo() coil assembly

G Rectifier-regulator

H . Low voltage wire

.te

ft

SE 53-C

e

(NOTE The "same secondAy circuit components are used on the breakerless
ignition system that are used oil the magneto ignition system.)

VII , Purpose of the ignition system components

A Battery--Source of electrical power

4

B Ignition switch- Opens and closes the primary circuit ffom the battery or
coil tothe contact points

Coil Transforms low voltage into high voltage necessary to ju'mp the spark
plug gap

D. Copitact points- -Make and break the primary circuit to ...9 flow the coil to
produce high voltage at the spark plug

. .

E Condenser -Stores extra current as tile-contact points open to prevent arcing
and burning

F Breaker' cam--Opens the contact points ,
..

.
G Diode rectifier Changes alternating .(AC) current to direct (DC) current,

.. .

H Capacitor- Used in solid state ignition systems and operates like the

coqdenser

I Trigger coil-- Generates a small amount of current thdt is used to activate
the current from the capacitor

s -- ,.

J Resistof -Reduces voltage in the primary circuit tci protect the contact points
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INFORMATION SHEET

A, . .
K. Spark plug--Provides a spark gap inside therengine cylinder to ignite the

fuel-air mixture
,

1

L. Low voltage wire--Carries low voltage from the battery br armature to the
primary side of the ignition coil

iNOTE: This is aWire with thin insulation.)

M. 1-ligh-voltage'wira--Carries high voltage from the seconderV side of the-coil
to the spark plug

- - -1110,
.(NOTE: This 11. a heal? insulated -Wire.)

VIII. Operation of the ignition systems (Transparencies 1: 2, 4, 6, 7, and 8)

A. f8attery

1.. Wrth the ignition switch on and the contact points closedlow 4
.voltage curre9t flows from the battery....-tfirough the primary
Windings of the coil and through the contact points to ground

The flow of low voltage current through the primary windings
of the coil ,causes a magnetic field buildup

4
As the contact points open, current attempts to continueto flow
across thempoint surfaces, the -condenser attached *-o the points
+sorbs this flow of current

Stopping the flow of current causes the magnetic fiehd of the
coil- to collapse across the secondary coil windings, leausing a high
voltage surge ,

5. The-.high voltage surge is directed from the 'Secondary wiodings
of the coil through the distributor cap and rotor and on to the

S

spark, plug to ground
4 I,

0

B.; Magneto

a
11,

, ,-- . , ,

1. With the ignition swktch pn or'the contact points closed, low N
., .. voltage current, is. induced by magnets through.'the .primary j

windings of the- coil $hd through the contact pointg to ground
.. . .

. , . .
2 The flout of low voikge current through the primary windings

,
i*

. of the coil causes a magnetic field .buildup
.,4

3. As the contaq points open, current attempts to continue to 'flow
across thd pdint surfaces; the condenser attached to the poillts'.
absorbs this flow of .current

294

ft
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INFORMATION SHEET
a

p

' r
SE 55-C

4.

4 Stopping the flow of current causes the magnetic field, of the"
coil to ccrilap'Se across the secondary coil windings, causing a high

'voltage In rge

The high voltage surge is directed from the secondary windings
of .the throdgh the secondary wire on to the. spark plug to'
ground

C Solid state

1 ignition switch on, low voltme'current -from the flywheel
magnet ficiuces alternating current (AC) in charge coil

2 t The AC current passes through' a rectifier and changes to direct
current (DC), which travels to the e'apacitor (condenser) where.
it is stored

I
The "Hyviheel magnets pass the trigger coil and induce a small
electrical charge,. which turns on the silicon controlled rectifier
(SCR) * . I
(NOTE This completes the circuit from the charged side of the
high tension coil to the negative side of the capacitor.),

4 The nstantaneous discharge of energy induces a very Kigh density
magnetic field around the primary winging of the coil, which cuts
the secondary winding and thus creates sufficient energy to fire
the spark plug

2-r;

-14

'
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CONTACT POINTS

Nammagra,
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RESISTANCE UNIT
.

PRIMARY WINDINq.
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IRCUIT

IGNITION SWIT

LOW VOLTAGE
WIRE

\COIL
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A

. MAGNTO .1G
.

_

SWITCH STOP
s.

CONTACT
POINT

"/

I

4

,

LTION sy, sTEM
o 7

:t
*

epriApic PLUG
j,

HIGH VOLTAGE WIRE

SE 71,

;

.,

4

PLUNGER

p

,,,AgAnAiugE

COIL

.41

MAGNET

FLYWHEEL
(ROTOR)

'WITH MAGNETS

FLAT ON '
CRANKSHAFT

3

CONDENSER

S )
'TM 3

. .

+NV



MAGNET

FLYWHEEL

a

.SOLID STATE IMTION SYSTEM

ALTERNATING
CURRENT DIRECT C

T FLOW-- FLOW

.1

ENT
'IGNITION COIL

HEGH VcYLTA1.GE,'.
WIRE

÷:"

TRIGGER COIL

RESISTOR

LOW VOLTAGE
WIRr

46

'SECCADkRY
WINDING

PRIMARY
WINDING ,

TRANSISTORIZED.RECTIFIER

s(SOLJD'STXTE SWITCH)

Alb
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BREAKERLESS IGNITION SYSTEM
r 4£4

/ / t
)!

t

IGNITION.COIL
ASSEMBLY /

HI61-61TENION LEAD
(To spark plug)

7

GNITION SWITCH
= (standard,:

engine
mounted)

ALTERNATOR-
STATOR

.42 4 BATTERY
.7 -!, ,

TRIGRER
'MODULE

TM 5



SECONDARY
CIRCUIT

. **
PRINCIPLES OF t3k MAGNETO_

PRIMARY COUTACT,
CIRCUIT t POINTS.

CLOSED

ROTATING
.PERMANENT

MAGNET,

304

ao.

111

PERMANENT
MAGNET

MAGNETIC S

OF FORCE -

IGNITION
SWITCH ,

OPEN

CONTACT s'
POINTS
CLOSED'

. .

4

le
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PRINCIPLES OF A MAGNETO
(Continued)

MAGNETIC LINES
OF FORCE ATI

GREATEST STRENGTH

306

0

4

CONTACT. CONTACT
POINTS POINTS
OPEN

-1 OPEN

307

`t
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CURRENT
FLOW

0

- 4

-----m",:-ORINciPLEs or A MAGNETO
, (Continued)

SPARK
PLUG
FIRES

-

SPARK
PLUG
FIRES

. 3 0 d

4
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\
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IGNITION SYSTEM
UNIT

SE 73-C

:.
JOB SHEET 1 REMOVE; SERVICE,,AND REPLACE SPARK PLUGS. -

I. Tools and materials

A. Hand tool assortment

B Wire feeler gauge

,C Ignition file

D ,Wire Pr Lifi

E Spark tester

F Safely glasses

II Procedure

A Clean around spark plug by blowing 'out dirt with compressed air

B. Dtsconnect spark plug wire by grasping terminal and pulling upward (Figure
k

METAL CONNECTOR FIGURE 1

Loosen the spark plug and remove (Figure 2)

FIGURE 2'



- -it

JOB SHEET #1

D. 4,Fieccorir) spark plug wire
Ils

E. Groun spark plug to engine (Figure 3)

G.

C rank engine one or two turns

Obser e spark at the electrode

FIGURE 3

(NO E If there is-no spark or the spark is weak, proceed to next s .)

H. Disconnect the spark plug wire from the spark plug,
I. Hol end of the spark plug wire approximately 1/4 inch from the cylinder

Ilea or. use a spark tester (Figure 4)

ADJUSTABLE GAP
SPARK TESTER

J. Crank the engine

K. Observe the spark

one or two turns

,sFIGURE 4

(NOTE if spar* jumps gap on tester, the lgrption system is okay, the trouble
is in thet'spark plug

L. Smice the wark plug

Clean threads with is wire brush

(NOTE. Using a spark plug cleaning machine is not recommended
because void most, small engine warranties.).

311

I
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JOB SHEET #1

4`.. , \ $ '

2. Ben d the ground, electrode slightly to open gap (Figure 5)`

a

V

FIGURE 5

3 File the electrodes to flatten the. surface and square .jhe edges

4. . Gap plugs to manufacturer's ispecifications

(NOTE- Use a wire gauge and bend only the.ground electrode.
See Figure 6.)

FIGURE 6

M. Install spar4k plug and tighten

RIGHT .

, WRONG

(NOTE: Use caution when starting the Spark plug to avoid cross threaking.)

N: Torque the spark plug to manufacturer's recommendations

0. Replace the sprark plug wire

P. -' Have instructor evaluate work

Q. Clean work area and retarf\ tools to proper location

010.
I

75-C
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IGNITION SYSTEM ..
.UNIT IX

,1

. JOB SHE:tT #2)REMOVE AND REPLACE CONTACT POINTS AND CONDENSER

SE 77-C

,

1. Tools, and materials

A. Flywheel removal took

B. Ignition tools and wrenches

C Fe'ler gauge set .010 025

D Sor.e.wtk+v e rs

E. Cam lubricant

F. Shop towels .

G. Electrical cleaner

H. Hand tool assortment

Safety glasses`

H. Procedure

4,

A Find location of points and condenser

s

(NOTE: Qn most engines this will be kinder the flywheel. Some will 0
located externally -on the side of the block )

B. Remove engine shroud and an'y parts necesKry tc get at the flywheel

C Remove flywheel
.

(NOTE Check 'for left-'hand threads on crankshaft; use special flywheel
removal tools as required See Figures 1 and 2.) .

..,
-

SOCKET WRENCH'

FLYWHEEL

FLYWHEEL

HOLDING TOOL

fIGURE 1



;712- C

JOB SHEET #2

or

$

-t SPECIAL FLYWHEEL FULLER

e

FIGURE 2

-4

D' Remove points and condenser cover:I . - - .

(NOTE Some covers have q sealer at the. pointwhei'e the wires enter. Save
this for reuse ) ...,

4

E. Determine location and condviontof all Wires, screws, and breaker cam,
V ,

Disconnect contact point primary 'lead wi and condenser wire.

G Remove screw(s) holding contact points in place

H. Remove contacrpoint set

Remove screw holding ,condenser in place

a

31 4

7

0'

4
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a

14'

:

Remove condenser

7.10B SHEET #2'

4

SE 79-0 :

(NOTE Some engmes-use a pushrod to open'and close the points. Remove-
and replace if nut 4Nithin manufpoturer's specificaticIns See Figure 4.)

I (1

CONDENSER

REAKER POINTS OPEN

qh

PUSH ROD

CRANKSHAFT

la
FIGURE 4

CLOSING SPRING

K Clean the point and condenser area with an approved electrical cleaner

(NOTE 'Check the oil seal- located in the `point area to be sure it is not
.,leaking oil. on-to the points.)

L Lutfricate the breaker cam with a light coating ,of. cam lubhcant

M Replace the points 'and condenser leaving the mounting screws loose until
. .

points are adjusted

N 411Rep.l.sce the primary lead and- condenser wires ., - .
..,f. . -

(NO ositio\n..the wires in such a
,
manner to avoid binclingti)r.groundifig.

Some models may require a spring cornpres that comes with the point
set) t.; ,

J

111
.4. --

0 Tighten primary : d and -condenser 'vUires securely
P . r

)1e''.

3 1 5

4V
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1

. < JOB SHEET #2

P, Check point alignment and adjust as needed (Figure 5)

BREAKER POINTS SHOULD FIT TOGETHER SQUARELY,
TO KEEP. DOWN WEAR

EnTeD lam.. j m FIGURE 5

PARTIA6 CONTACT CAUSES
ARCING AND UNEVEN WEAR

Q. Adjust the contact point opening

(NOTE Turn the crank'to position the rubbing block of the contact points
on the peak of thp cam lobe. See Figure 6.)

,RUBBING BLOCK CAM LOBE

BREAKER POINTS OPEN

CRAiKSHAFT

PIVOT POST .%

BReAKEif POINT SPRING

I

e.

I

FIGORE76

316

0
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JOB SHEET #t2

.

SE .81-C

R. Adjust contact points to manufacturer's re'co cndations (Figure 7)

SCREWDRIVER HERE TO MOVE
CONDENSER BACKWARD

1

KEYWAY IN CRANKSHAFT

kRaDRIVER HERE TO' --
MOVE CONDENSER FORWARD

CONDENSER

CONDENSER
'CLAMP'SCREW

L.
CONTACT POINT BRACKET

CONTACT BRACKET ASSEMBLY

CONTACT BRACKET
ADJUSTING LOCK SCREW

',FEELER
GAUGE

r

FIGURE 7

0,

S. Tighten all et ntact and point screws securely, recheck contact pout opening,

Install dust cover; be sure gasket, or sealing compound_ is in place

3
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ter

JOB SHEET #2

U. Replace flywheel using correct flywheel key (Figure 8)

HOULD:FIRE .

WHEN MAGNET?'
IS HERE 4

COIL _ FIRES WHEN

11.

CENTER OF 'MAGNET LATE

6 MAGNET IS HERE

NORMAL
POSITION ACTUAL

OF PQSITION
MAGNETS OF, MAGNETS

FLYWHEEL MAGNET SHQULD
BEH RE

CRANkSHAFT WHEN POINTS OPEN

p

or

V Have

FIGURE 8

instructor evaluate work

PARTIALLY SHEARED KEY

W. Clean up work area and return toots to proper location

318
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IGNITION SYSTEM
UNIT IX it

JOB SHEET #3 TEST THE COIL, COND'ENSER, ARMATURE,
AND FLYWHEEL MAGNETS

I Tools and materials

A Hand tool assortment

B. Ignition analyzer

C Small thin 'cardboarcl (post card)

D ElectriCal system cleaner

E Shop .towels

F. Safety glasses

Procedure.,

A Remove all parts necessary 'to get at coil and armature

13 Determine correct fooation of coil and armature

SE 83-C

(NOTE If there are notltcat.ing 'marks (ar4rows, dots, etc.) to accurately
locate Coil or armature, marelit and the engine block before removing.
Use a small center punch or chisel to mark with )

C . Remove coil and armature

(NOTE It is possible to test the coil and armature without removing it
from the engine I

319
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JOB SHEET

D. Tett coil arid' armature

-1 Test 'primary resisjoarice

1,0

1

of

,a Folloysiing instruCtions., for testeir, connect leads (Figure 1)

FIGURE 1
a

lr R e'ac! ohmmeter

f NOTE, 4.1' iT? 1 ,r,f1 Must tie of valiiii, shown on engine
.stiecifirot.on so4:t

2 rest t:Tyl t

for t;!rger; connect leads (Figure 2)

4

p

.
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1

v

,

t d

I.
JOB SHEET #3.

b Read ohmnieter

SE .85 C

(NOTE Shorted .windings are' indicated by a lower than
specified value. A broken winding is indicated by readings

,higher than the specified value.) t

3. Test coil ground ' : Y.

a. Following instructions for tester, conpect leads (Figure 3)

FIGURE 3

b. Read ohmmeter

(NOTE Coils not permanently grounded should not indicate
any''pointer movement when tested. Coils permanently
grounded must show a full deflection of the meter needle) to the right of the scale I

CONDENSFR

CONDENSER

4. Test ,power tt
a. Following instructions for tester, pro5erly connect test leads

..e=

e

C

J

4

.,

I
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JOB SHEET #3
S

b Advance current control knob until_ specified opefatirig
amperage is reached on scale

(NOTE If there is no spark or it is faint or intermittent,
thir coil is bad .

5 - if the coil fails anyof the tests, replace it with a new coil

E - Replace all defective parts

F Test flywheel magnets

(NOTE Hold a screwdriver one inch from the magnet. It should be strongly
attracted to the magnet Most magnets are damaged by dropping the
flywheel or storing flywheels nested in one another )

G Replace bad magnets

(NOTE Usually, the whole flywheel must be replaced )

H Install coil and armature in correct, position

(NOTE 0291t overtighten mounting screws because these threads are easy
to strip )

I ' Follow manufacturer's specifications for clearances, adrustments, and-torque
setting (Figure 5)

4

'MAGNETIC CON_
ARMATURE

POSTAL CARD OR 14C)NMETALIC GAUGE

J Install all other Harts on erAthe

K Start engine and adjust to recommended specificatiqns ,

L Have instr tor evaluate work

4IP

M Clean up work arty() and return tools to proper location

q
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SE 87-C
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JOB SHEET, r.4- TEST AND'ADJUS.T A SOLID STATE IGNITION SYSTEM

1 Took and materials p

IN A Hand tool assortment

I

I

T

4

c,1

B Set flat feeler gauge .005 .010 .

. .
C. Ohmmeter

D i Safety glasses
. .. ,

I I Procedure
t

A Reriove ,shroud covering flywheel
-

.

B Check air gap at trigger assembly and projection on the flywteet; set about

010 i-i- 005) (Figyre 1) ._

FIGURE 1

(NOTE 010 will give the fastest starting. Be sure flat surfaces on trigger
and protect on are parallel to each other.)

CHECKING AIR GAP .005" TO .010" CARD

SOLID STATE
IGNITION UNIT .

)

C R h te n cap screws after gap is readjusted.._

1111 .

oh D Remove high tension lead from termirial on coil

.g.

.,
p t .

...
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JOB SHEET #4

Insert one,ohmmeter lea-d in cod terminal and the other to the coil mounting
bracket (Figure 2) .;

(NOTE- Consult appropriate service manual for exact resistance.)

r

FIGURE 2

TESTING THE COIL

F. Connect one tester lead to the coil mounting bracket and the other to
the ignition switch wire

(NOTE Continuity shouldlnot be indicated here.)

G - Replace igniticrsi coil assembly if wrong or widely varying results art
'obtained from either of these tests ,

H Test the `tr,igyer module

1 Connect one tester lead t9 the AC inletlead on trigger module
and other to lead. on trigger side of ignition switch

Th,s should show continuity in one direction but no
ti;, other, r,verse -leads to check this.)

324

4

44.
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JOB SHET:#4

SE 89-C

.- Connect one tester. lead to the trigger Module mounting bracket
and the other to the AC inlet lead to the module

(NODE Continuity should be indicated in one direction but not
the opposite, reverse leads to check this.)

Disconnect leads and remove trigger from the engine

1

4. Test- with a flashlight type tester

*°a. Connect one lead to the I terminal and the other to the
tc-igger mounting bracket

.

b. Lightly tap magnet with a metal object

(NOTE: Light should come on and stay on until magnet
IS tapped again; this indicates that the SCR is operating
properly.)

5 Reinstall trigger

6 Reset the air gap

4.

(NOTE Replace the trigger module if wrong results are obtained
from any of these tests.)

I. If ignition trouble persists after, the system checks out in each of the
precedinp tests, the AC leads or ignition windings are probably faulty;
replace stator assembly in this event

Have instructor evaluate work

K Ceti up work area and return tools to_ proper location

325
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IGNITION, SYSTEM.
UNIT IX

JOB SHEET #5--CHECK IGNITION TIMING

I. Tools and materials

A. Hand tool/ assortment

B Timing I/ght

C. Timing tool

D Continuity- tester

E Safety glasses_

I I Procedure

A Check ignition timing, while engine Is static

1 Remove engine shroud and exterior part

2 Remove flywheel

3 Adjust piston height
specifications

at TDC"

SE -91 -C

using the manufacturer's

NOTE . If correct timing tool is not available, a straight edge
land depth micrometer can be used. See Figures 1, 2, 3, 4, 5,
'and 6.)

FIGURE 1
2 CYCLE
TIMING
TOOL

/ VOID
VALVES

USING RULE

USE GASKET

INSTALL TIMING TOOL
OR RULE *s

FIGURE 4

THUMBSCREW
REMNS TIGHT,--..1
HOLDING PLUNGER
AT TDC
POSiT1ON

OPPOSTE NORMAL ROTTION(AGANST
CM FIROwlBOuT H A A Y DOWN

BACK OFF ROTATION
, (Opposite Normal,

Runr)ng Rotation)

FIGURE- 2

THuoRRISCREw
LOOSE UNTIL 4 TIGHTEN
TOG THUMBSCREW/
FOUND. THEN ! I

TO uHNOGLEDR

f-ri-
TI

rP11.

NORMAL ROTATION (ARROW ON CAM)

FIND TDC
(Top Dead Center)

FIGURE 5
EACH MARK IS 1/3E INCH BOUT 030
EXAMPLE If DIMENSION CALLED OUT
Is SLID SLIGMTLY'L (SS THAN TWO

060 MARKS LENGTH IS REOUIREO
TIGHTEN SCREW WHEN BTOC IS

5._PILE2

at

TAT 43X11"
DIMENSION [S APPLIED
CAREFULLYCORRECTLY

FIGURE 3

FIND BTDC TIMING
DIMENSION (Specs )

FIGURE 6k

BE SURE SCREw
TIGHTENED
TWIT PISTON WON'T
DISTURB ST DC
POSITION

NORMAL ROTATION
(ARROW ON CAM,

APPLY DIMENSION BRING UP ON STROKE
(Normal Running Rotation)TO TOOL
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JOB SHEET #5
I

4. Loosen the two stator adjustment bolts so the stator Can be turned
or rotated .

5. Disconnect the coil 'ead to the points and connect one end of
,the ,continuity tester to the breaker point- terminal (Figure 7)

FIGURE 7

INSTALL TIMING LIG)-IT

4

6. Touch.the other end of continuity tester to stationary bre4ker
point

.7. Rotate stator plate until test light goes out (Figure 5)-

FIGURE' 8

ROTATE STATOR UNTIL
POINTS JUST -OPEN

'8 Carefully tighten stator adjustment bolts._

9. Replace all' coil -wires, covers,, and flywheel shrouds,,

Check ignition timing -while engine is running

1. Connect timing light tov high tension lead between ruagneto and
. -

spark plug

2. Start engirie and set engitie RPM at manufacturer's specifications

(NOTE This is usually between 1200-1800 RPM )

327



'JOB SHEET #5

4- 93 -C

3 Point flashing light at timing reference. marks (Figure 91'

FIGURE 9

4. Che6k timing marks ort case and flywheel for alignment

5If timing marks need alignment, sKift breaker point "plate!by
loosening adjusting screw and shifting plate until marks are in

,alignment
-

6. Tighten all loose connections.

C. Have instructor inspect work

.1

Clean up w.9rk area and return tqols to propel locatilAS

328

a



O

4

A

-IGNITION SYSTEM
"UNIT IX

TEST

NAME

1

SE 695-C

wie

1. State the pu rpose 9f the ignition system. &

Match the types of_ ignition' systems on the right to the -correct descriptions.
V r'

,

a. Produ current by magnetic inductiO0 1.
...1

Battery ignition
for' tb primary ignition circuit without system ,
any outside source ,of electricity

.
2. Magneto ignition

b. Uses semiconduc in place of one or * system. *more standard tion .Components

.c. Uses electronic p s in pl'ace of
, mechanically operat d ignitio 442n

d. Uses battery to supply source of current 4.- Solid state a,

for the primary ignition circuit4 - ignition system

Breakerless
"'ignition system -

Distinguish between the components ,of, the primary and secondary battery
'ignition circuits by p.lacing a '113" in front of the components in'the primary

. ignition circuit and. an "S' in front Of those in 'the iecotittai-y-

a. Resistance unit (i-esistorl

b.' Condenser

Distributor, cap

;* dtion 'switch_

e. Rotor.

f. Secondary winding

g. High voltage wire

h. Ltsw voltage/ wire

tact points

.j. Bane . 4.
,

k. Pn .mary g

-

I. Spark plug

Jae-

11.

'

f

\

A

329 $
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4. . , Identify the com ponents of a magneto ignition system.

'a.

C.

f.

.

4.

h.

t.

s I;
ti

X

A

\J

. -

( er

330
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5. Identify the .components Of a solid statejgriition mterri.

a. , e. .

b.

c.

. ,

f.

g.

A

4

AO

la

1

.97f C
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. 7 (

4

7

.

7. tch the components of the ignition system 9n the right to the correct purposes.

I:

a. Source 8f electrical power 1.. Trigger coil
0

2. Spark plug

3. Coil

4. Resistor

5. , High voltage

...

. wire
d Make and breg. the primary circuit'to

1: allow the coil to produce high -voltage 6. Breaker cam
at the spark plug

11W 7. Battery * -

e Store's extra current as the contact

b Opens and closes the primary circuit
from the battery or coil to the contact
points

c Transforms low voltage into high voltage
necessary to jump the spark plug gap

,.

1#

points -open to prevent arcing and 8. Diode

burning ,y rectifier
ti i .

."'. f. Opens the contact points contact

fe points
r .

g. Changes alternating (AC) carrent' to
10. Low voltage

direct (DC) current Wire

l
h Used in solid state ignition systems and

operates like the conderiser

Generates a Small amount of current that
s used to activate the current from the

capacitor

11 Ignition
switch

12: Capa citor

-13. °Condenser

Reduces voltage in the primary circuit
to protgct the contact points

k Provides a spark gap inside the engine .

cylinder to ignite the fuel-air mixture
.

I. Carries low voltage from the battery
.
or\armature to the primary side of the

r

ignitiqrs coil

m Carries high voltagerom the secondary
side of the coil to the spark plugspark

al 1

...
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8'. Associate the operatiorial steps with the ignition. systems by placing an
in 'he' appropriate blank(s).

,

-a.

Battery ,Magneto Solid State

b.

C.

d.

e.

t '

f.

h.

.
r.

'1

-

4

With the ignition switch on and the'i,ontact
-> points closed, low voltage current flows

from' the 'battery, through the primary
windings of the coil and through_the
contact points to ground

With the ignition switch on or the contact
points closed, low voltage current is

'induced by magnets through the primary
windings of the coil and through the
contact points to grpund

I- '".
With the ignition switch on, 10 voltage
current, from the flywheel magnet induces
alternating current (AC) in charge coil

4

The flow of low voltage current through
the primary.windings of the coil causes a
magnetic field buildup

The AC current passes through a rectiiier
and changes to direct cLitir.r4Tail,-wbich____:
travels to the capacitor (condenser) where
it is stored

As the contact points open, current
attempts to continue to flow across the
point' surfaces, the condenser attached to
the points absorbs this flow of current

The flywheel magnets pass the trigger coil
and induce a small electrical charge,cwhith
turns on the silico6 controlled rectifier
(SCR)

Stopping the flow pf current causes the
magnetic livid of the coil to collapse acr-.)ss
the secondary coil windings, causing a high

.The

surge ".
The high goltage surge is directed from tile
secondary windings of the coil through the
distributor cap and rotor and on to the.
spark plug to ground

3 34.
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Battery Magneto 50110.State

sE 101-c

The high voltage surge is directed from the
secondary windings' of the coil through the

ti secondary wire on to the spark 'plug to
ground

?"he instantaneous discharge of energy
induces a very high densitymagnetic field
around the primartr winding of the coil,
which cuts the secondary winding and thus
creates sufficient energy to fire the spark
plug

'bemonstrate the ability to:

a'. Remove,' service, and replace spark plugs.

.
b. Remove and replace conitact points and condenser.

Test the toil, condenser, armature, and flywheel magnets.

d Test and adjust a- solid state ignition 'system.

Check ignition timing.

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

A
4
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IGNITION SYSTEM'
UNIT IX

\ ,
ANSWERS TO TEST

.

'SE 103-C

7').-.
1. Produces high voltage current to ignite the fuel-air mixture in the engine cylinder

2. a. 2 .:

b. 4

c. 3

d. 1

3. a. P .. g. S

b. P h. P`

c. S i. . P .

to
d. P j. P

e. S . k. P

f. S I. S

4. a. Flywheel with magnets

b. Armature

c. Switch stop

d.* Coil

el: Contact points

f. Condenser,

g. Spark plug

h. High voltage wire

5. a. Flywheel with magnets
li . . .

b. i-rigger coil

c. Resistor .0.

d. Transistorized' rectifier (solid state switch)
. ..

e. Diode- rectifier

...

336
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104-C

Ignition-Legit,

Low, voltage- wire

6. a.

b.

Battery

Flywheel

C.

d.

e.

f.

g.

h

Trigger module

Ignition 'switch

Altemator-stator

Ignition coil assembly

Rectifier-regulator

Low voltage' wire

7. a. 7 f.

b 11 g.

c.

d

e

3

9

13

h.

8. a

b

c

Battery

Magneto

Solid -State

e

Battery, Magneto

Solid State

g

h

:Battery, Magneto

Solid State

Battery, Magneto

I. Battery

k

Magneto

Solid State

6 H. 4

8 k. 2

12 1. 10

1 m. 5

9. Performance skills evaluatikd to the, satisfaction of ;t:re instructor

.
1 337
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CHARGING SYSTEM
UNl III

UNIT OBJECTIVE

After completion of this unit, the student should be able to remove and replace,
disassemble, check, and reassemble a generator and an alternator. This knowledge will
be evidenced, through demostration anti by scoring eighty-five percent on the unit test.

k

SPECIFIC OBJECTIVES

Afte'r completion of this unit, the student* should be able to; at

0.4

1.

3

4

Match terms associated with the charging system to the correct definite his.

List two kinds of charging-systems.

Match charging system components to the correct functions
.

Identify the parts of a generator

Match operating stages of the charging system to the correcrfunctions.

6 Discuss the current flow in a basic generator

7 Discuss how a generator converts AC to DC.

8. Match the external generator regulators to the correct functions.4
9 Match the types of generators to the correct uses.

10 Identify the parts of the alternator system.

11 List two advantages of an alternator over a generator.

12 Discuss reverse polarity.

13 Demonstrate the ability to.

a , Remove and replace a generator.

b Disassemble, check, and reassemble a generator..

c Remove and replace an alternator.

d Disassemble, cheek, and reassemble an alternator.
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. SE 107-C

CHARGING SYSTEM
UNIT Ill

. SUGGESTED .ACTIVITIES

I. Instructor:

A. Provide' student with objective sheet.

." \
B. Provide student with information and job sheets.

C. Make 'transparencies.

D. Discuss unit and specific objectives. 4

E Discuss information sheet. 4

F. Demonstrate and discuss the procedures outlined in the job sheets.

'4""m""G. Provide examples of alternators and generators.

H. Give test.

II. Student

A. Read obyective sheet:
.4 \

B. Study information sheet."

C. Complete rob

D. Take test.

)

_.....-.................--"-

INSTRUCTIONAL MATER)ALS.

r
I. Included in thit unit:

A. Objective

B. Informatiof, sheet.

C.. Transparency masters

1. M. System Components

'S.

t

i

2. 2--Parts of thb Generator /

3. TM 3--Current Floytj in Basic Generator

339
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108-C

4. TM 4.-AC Converts to DC

6.. TM 5 External Generator Regu'ator

6. TM 6--Types of Generators

7. TM 7--Parts of the Alternator Charging System

D. Job sheets

1 . Job Sheet #1--Remove and Replace a Generator
t>

2. Job Sheet #2--Disassemble, Check, and Reassemble a Generator

3. Job Sheet #3--Remove and Replace an Alternator

4. Job Sheet #4--Disassemble, Check, and Reassemble an Alternator

E Test

F. Answers to test

II. Refererices.

A. Small Engines, Volume 1 and 2. Athens, Georgia: American Association
for Vocational Instructional Materials, 1974.

B Armstrong, Ivan Auto Mechanics, Volume I. Stillwater, Oklahoma
Oklahoma State Department of Vocational and Technical Education, 1976.

'vs
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I Terms and definitions

CHARGING SYSTEM
UNIT Ill

INFORMATION t HE ET'

SE 109-C 111

A Charging system--Recharges the battery and maintains a supply of electrical
current to meet the operating -needs of the engine and auxiliarr'circuits

B Amp -Unit of *measurement for electrical current

C Volt-Un,it of electrical pressure or force that will move a current of one
ampere through a resistance of one ohm -

D Ohm--Standard unit for measuring' resistance to flow of electrical current

E. - Diode (rectifier) -- Device that will aliow current through itself in one
direction and will block 'current in /he opposite direction

4
F. Sho.rt circtillire touching another wire and providing a shorter path for

current to flow0

open circuit-Circuit in which a wire is broken or disconnected

H GroundeQcctrcuit-Circti it in which a wire touches grolnd causing Vie current
to flow to gpound instead of through the circuit

I Armature wire conductots in the form of a loop rotating in a
stationary magnetic ft ld

J Commutator--Bars or* end of armature drive shaft and connected to the
ends of each wire Conductor wound on igmature

K. Pole shoes-Permane.nt magnets that are flexed to the inside of the g'enerator
housing and set opposite each other to create a weak magnefit- field

L Field circuit- -One wire conductor wound around both poles many times
and attachvd to the brush

M Regulator Assembly which houses the cut-out relay, voltage regulator, and
current regulator

. -
N Arcing Current attempting to cross between the commutator sections and

the brush .

311
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INFORMATION SHEET
gm.
`11.' .... 0

; .t
1110. .6 Polarity-Direction of durrent pow through the generator

P.

(NO
E: Generator circuits need to be p.olarized after serviding.)
..-- 0

P. A circuit- Regulator circuit- with supply voltage to the generator field,p,
then -*rough the wgultitor to gr.

Q. 18." Circuit-Regulator is between the

Kin of charging .systems

ttery and generator field windings

.

(NOTE Both circuits generate an alternating current, 11ut differ in how they
rectify the alternating current to direct current )

A. Direct current

(NOTE Direct current charging systems_are associated with generator type'
systems ) t

B. Alternating current
%

.

(NOT4-AFternating current charging systems are associated with'alternatOr
type$ystems.)

Ill. Charging system .components and functions (Transparency 1)- ..
...----

erwm

A. Battery

1 Starts the circuit by supplying spa-rk ,to, start engine

2. Helps out during peak operation when electrteal loads are too,.
much for genefator or alternator

B. Generator or alternator

1. Supplies electrical power to accessory "circuits

2. Recharges battery r -

C .Regulatdr
k

,Opens and closes the charging circuit ( ut-out relay).
61-,r

2 Prevents overcharging of .batiery-1(voltage gulator)
.. ---;\

3. Limits the genetator's output to safe i-ates (Current regulator)
,--- .

D. eter-Measures the rite of current flow

31`'
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_
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t , . ....--

VI. Current fk)-6 in basic :
genei-atoF (Transparency' 3)r ,

-*NOTE: Armature rotates through the magnetic field of the poles generating ----
voltage.)

.1 . , .

,A./ Al Voltage4let from armature loop ,Yo the commutator ring ..1i.

Itt -
. -

, (NOTE: T-he left end of the armature loop is positive while the right '''')

it,,,negato/e.)
.-)-0- -. .,., av

.

4,I !
a, ,,,,,--- -1,,,, V

If.JEORMATI SHEET

,

-IV.- Part% of a geperatar- (Transparency 2)

.° Brash- 4Ider

Brushes ,*

C{. Brush coyer strap

Commutatz. end

let shy hOlder late

F; Cpnimutator
[_, .

G.. twrie

H. Armature

Pole thoes

cover,

J. Field coils

K. -Thfu bOlts

chY4 Driye end plate

M. Drive gear

1P.

(NOTE: The drive may -be a blt and pully instead of a ge&:)
T

N. 1 BQar lugs ,

(NOTE-. These'may Ile% anti-friction OP plain bearings.)

V. /6 leratin'g. stages of charging system

A

A. Starting Batted skipOies all load turrent.
s

B. Peak operation Battery helps generator supply current
.

, -
- . ,,,

. 1p C. Normal operation Generator supplies all current and rech?rges batterty
_

-.

r ,

"

It:

P P.

401)"
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INFORMAION SHEET

B. Voltage flows. from the commutator
connected to a %load j

C. Current flaws when circuit is complete

it
ring through brushes to a wire

VII. How a gene

A. 4 8CommiOtator is split in two parts creating a gap as the comniutaior passes

the brushes

r conwts AC to DC (Transparency 4) 9
,41

`*
.

(NOTE. This is called the neutral point where rto, voltage is created.)

8.4 Past, this point- the other half of th'comr-nut.itor contacts the brushes
reversing the current flow

..... .

, C. At the same time the Rotating ai-mere reverses its polarity converting A-C-
.._,

to DC
. ( ' ' ' f

V I I I. Functions of 'the external generator regulators 1Transparency If'. -

,
, :

A. b-out relay-IAUtbmatic switch which closes wherLgenpaLatilds running and
opens when generator swot to prevent battery distbarge .

. '..
' B.. Voltage/egulator-Controls the amount of vOltagethe regu6tdr ucet '-: 4.

through la shunt coil arid cbntaci points controlling the strengt the'

,0111
magnetic field;. prevents overheating

., ....,/ -. , A

-Tr Current regulator Controls the current flow similarf.toithe voltage regyator
..e ...

. I

(NOTE: Both the voltage' regu1 r' and the curreg fegulator are used- but
while

.

one is working, the Other is not.) 4-

. * , ....,
,_

IX. JI,pes and uses of generators (Transparency 6) ,

--
,.. .

A. Shunt ..a. a standard generator for most normaYoptations
.

-

B. Third brush-Eliminates the use of a current.'regulitdr, is relatively easy ..

to change third bish position and control the output, and is used in systems
with flow speed and fow load requirements

10

A

,

c

D.

E.

Inferpole-Provites a better commutation point and extends'brush

Bucking field- -Uses sere there is a wide variation of load and
, requirements I ,

speed

Split field-Used ,in systems witt4 low speed, but high load requirements

. P

31.4
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SE 113-C

INFORMATION SHEET

' X. Parls-ts : fhe a4ernatorl,sy'stem (Transparency 7)

Alternator- coil (stator) ,
.

f ryvveeI.

, C., `Ceramic ring

D. Rectifier

E.' Battery_

XI, Advantages o'f an alternator over a genera

A Produces htijher output at (ow, -and-sid eb engine speeelst

B.
.

rbvides simplicity in construction which requires less maintenance

,

Rev:ersep olarity A

A Generator, polSr4ty is ceposite that of the battery.

. in series with the genarato-r 11.

,C Generator builds up, vibltage and closes the cut-out relay points

0 High voltageca:n create enough current anti heat to weld the pointsfogether

iCA,UTiON After 3 y service pc-41,,rize the QC generator ) '

(NOTE, Pale s1-,pe polarity is 'determined by the magnetism of the f.eld
coils the last time currer4t passed through the coils a slight- current through
the f'reld coils servicing can accidentally change pole clarity )

o

I

I

'I

r



GROUND.

CHAR01116 SYSTEM COMPONENTS
1.0

VOLTAGE REGULATOR

START
SWITCH

BATTERY - 12 VOLT

34c

STARTEk.GENEkATOR

r.
BREAKER POINTS

tri



v
4.

4

a

. .

PARTS'OF A GENERATOR

BRUSH HOLDER oa
% .

4
s.ca

% s
. v?

BRUSHES
dig.

4

'COMMUTATOR
'END COVER

.A.RMATPRE

a

31

k--:BRUS11-
FJOLDER
MOUNTING. ,'°' i

-PLATE

FRAME
1

BRUSH
COVER
STRAP

POLE SHOES

i FIELD-..

, i COILS
I.

. I

14I ,- 1 ,
I

4,
IP

--
1 ,;" .1

i . 1

1.--

1.6

.DRIVE GEAR

BEARINGS!!

ra ---

DRIVE END
PLATE

.THRU., BOLT

4,

C1)
m

3 '1 9 .0

-



SE 119-C

CURRENT FLOW IN BASIC etNERATOR
Direction

of RotationMagnetic Poles
. '

10 14,
Direction of .rieid

we
Magnetic

O Current Flow
Armature

(Rotating wire loop) t.

BASIC GENERATED VOLTAGE.
'THE BASIC PARTS
OF A GENERATOR P\

S.

Circuit.Wites

. Load,

. BASIC GURRENiT FLOW
IN GENERATOR

Field
Circuit

Field

COMPLETE PARTS
OF BASIC GENERATORS

J.

'TM 3
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AC CONVERTS TO DC

SE - 121-C

At static "neutral point",
no voltage

is generated
4

. Gaps between
commutator halves

HOW GENERATOR CONVERTS AC TO DC CURRENT
a,

:First Half of Revolution

1

Second Half of Revolution

HOW. THE POLARITY OF THE,ARMATURE,CHANGES

4 DURING EACH REVOLUTION

351
1110"
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.EXTERNAL GENERATOR REGULATOR

GENERATOR REGULATORS - THREE TYPES

CURRENT -VOLTAGE
REGULATOR

CURRENT
REGULATOR

VOLTAGE
REGULATOR

CUTOUT
RELAY

4 .

CUTOUT REVer a CUTOUT RELAY,

CUYOUT'RELAY CURRENT REGULATOR.

CUTOUT RELAY CURRENT -YOLTAGE AN VOLTAGE REGULATOR
.... ...k REGULATOR , .

. CUTOVI CURRENT VOLTAGE,,
BATTERY - RELAY REGULATOR REGULATOff.\

WIt

"II 354,41,2

SHUNT
WINDING

AMMETER

SERIES
WINDING

SHUNT
WIND1N

BA T. GEN

RESISTANCES

. GENERATORr

OPERATION OF Alt THREE GENERATOR REGULATOR UNITS

\

I

CI)
m
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,44

TYPES OF GENERATORS

SHUNT GENERATOR

Higher Output

At
INTERPOLE GENERATOR

A-2
A . A-1

11111('';1 ct

)

1,4

THIRD BRUSH
GENERATOR

a

...

A

SE 125-C
9,

Lower. Output

SPLIT FIELD GENERATOR
G A F

1
Aqf

BUCKING FIELD NORMAL FIELD.

BUCKING FIELD GENERATOR
. /
3 5 I , TM 6

,.
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.e.

t
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J

.0'

PAWS OF THE ALTERNATOR CHARGING SYSTEM
.

.

STARTING MOTOR

ALTE RNATOR COIL
(STATOR)

SPARK
: PLUG

355

a

AC

AC

RECTIPIER

DENSER ..

...,A SOLENOID

,BATTERY IGNITIQN COIL

BREAKER' POINTS'

,

CERAMIC RING
(PART OF FLYWHEEL)

#1"
T 12 -VOLT BATTERY

c

t

/ II

mu'

1

-a
rZ;

356 g



(di
. w

9

0.

I

A

S

.al At

,

I..
.CHARGING SYStEM .

UNIT 111.

r 1P

JOETIS1-1EET #1--REMOVE AND REPLACE GENERATOR

4

I. Toots and materials

ljand- tool 'asscirtment

B. Suitable pry bar,

C. Belt tension gause

Generator test stand

(NOTE: Use
operatjoo.)

Safety glasses

I I Procedure

4

00

SE 129-C0

"

,
any *stable equipment for spinning generttor to check

*

:

A.. Remove generator '',

161
...

1
. .

. ,. .

.. 1. RemoVe the lea s from the generator terminels (igt..rrel 1) .

0 , .

* (NOTE YouVa want to tag the leads to ensure that yOu put
.1-them back. in the same positionj

,--- ,

I FIGURE 1 ,

Remove the generator belt adjusting bolt from the generatort
'

3. "Move the generator toward the engine- (Figure "

4*.

%



4

S

JOB S.HEE #1

Ir

FIGURE 2

4

'a

4. j Iliemove the generator belt rom rator pulley

5, Flirnove the bolts holding the generator, to the engirSe mounting
brec1kets,(Figure ,3)

mk

Et. Lift the generator out of the brackyiec

7. Service the generator as' required

A
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JOB SHEET #1

ti. 'Reprace -generator

1. ifi'osition the generator the engine mounting bracket

2. 'Start generator retaining bolts and tighten securely

3: Position generator belt-on pulley and move generator
,engind to tighten belt

f

SE 131-C

away fromt

4. Install generator adjusting bolt

. Pry the geneFator away from engine to adjust generator belt and
tighten adjustmeot bolt

6. Check generator belt tension with a bet'PlenSion gauge and adjust
to manufacturer's specifications (Figure 4)

(NOTE The generator belt must be adjusted properly)

.

or

A

1M-

'

FIGURE. 4

`Install wire leads that were removed from generator. . .

.w .

Before starting engine,.. polarize 41e genera16r8. -

L

. (4)TE. Polarize 1A
A .

circuirtsgeherators by, holding one end of,i

a jumper wire agatnst the pequ(ator BAT 'terminal; scratch the
. , other end of the jumper wire on the regulator ARryl or GEN

4 ,
.X. . tecrnirials. Polarize "B'' circuit generators by °Temanng the lead

fr'o'm the F I E LD terminal of the Fecjitlatbr,.`Strike (or morrientarilr
. - touch) the #,F;leadj to the BAT.. terminal of The regulator:" See

. Figures 5 and 6.) ',, -4

A /A
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HARGING SYSTEMS
UNIT .111

JOB SHEET '4:2 DISASSEM LE, CHECK, AND REASSEVBLE A GENERATOR

I Tools and materials

A. Basic. hand ,tool set

B Growler

C Te.st lamp or -.olt-ohmmeter

D. Generator pulley puller

E Ball bearing grease

F.. blade-
4,6

G. Spring tension gauge

H 'Shop towels ,

Safety glasses

*
II. Procedure.

A Disassemble generator /
(NOTE Scribe generator case before separqt,ing.),

- .

.1- R6titibvEi ge

A

ator-4J-u-u_.bct
.

figure 1)

FIGURE 1 .

4

2 Lightlty tap the generator commutator end frame and remove from
housing

1 °

4



:JOB StIEE r #2

, r

3. Remove the driVe erid frame and .arm:ature aeml?ly from the
generator housitg (Figuf,e 2)'.- e.

4. Remove the generafor:brushes (Figure 3)

ii

.

Y
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JOB SHEET #2

SE 135-C

5. Place the armature and drive end frame.assembly in a vise LEigure
4Y

(CAUTION: Use brass jaws on vise.)

4

4

6. Remove, the pulley nut
Mb. ,

7 Remove the Pulley from the armature using a pulley puller as
required (Figure 5)*

1/4

J

t-%

4

t .

4
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h.

4 J9P4 SHET #2

4

a

40

8. Slidetfie drive, aid frame and spacer columns Off armature shaft,

RemOve armature from vise

10: Remove bearing retarn-er and gasket from drive end frame

- 11 Remove drive end bearing from drive end frame

B. Service and check ,generator

1 Clean all generator components

(NOTE Do not wash the fields or armature with a degreasing
sol/ent

It
2 Inspect generator drive end frame bearings for roughness or scored

races

3.t, Inspect generator brush holders to see if they are bent or
deformed, check generator brush springs for proper spring tension

Check fit of armature -shaft in bushing in commutator end frame

(NOTE If bushing is excessive.ly worn, the end fraTe sKould be
replaced.)

Inspect. armature commutator ,,fo roughness or out-of-round

(NOTE- If armature commutator \s rough 9r out-of-round, it
should be turned or Serviced ol an armature turning lathe.)

I

34t.; ,
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4

_ N (

a

JOB 'SHEET :=2

SE 137 -C

Test armature for shorts (Figure 6)

a. Place the armature on a growler and turn on

b. Rotate the armature while holding a hacksaw blade over the
armature core

(NOTE If the blade vibrates, the*armature is shorted and
will require replacement

FiGURE 6

7 Test armature for ground (Figure, 7)

readPlace one ad 'of a test lamp on the armature core or shaft

b Touch second lea'd to the ,commutator segments on the
commutator

c Rotate the lead around the commutator, being certain to
touch all segments

-(NOTE If the lamp lights, the armature is grounded and will
require replacement 1

vs,

r
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,.....--

1.

.&.
4 .

JOB, SHE4T 4'2

8. Test armature for open if

a Pigep oh elead on a commutator segm. ent
r

f

H
h Place the other lead on the segment common with it

(NOTE On a two brush generator they will be 180° apart.
Light should burn between these common segm.ents.)---..

c Proceed around commutator until all segments have been-
checks

9 Test field coil for open circuit (Figure 8)

a Place one lead of a test an on field termigal
A'

b Place the otl)er lead on the end of the field coil lead through
the armature terminal

(NOTE If lamp does not light, the fields are open and must
be replaced I ,

10 Test field

a_

4

FIGURE 8

coil for ground ("-AR circuit only) (Figure 9)

Place one lead of a test lamp on generator housing

b . Place the other lead on field terminal
. , .

(NOTE If lamp lights, the field coils are grounded and-must
he' reraired or replaced.)

.FIGURE. 9

3 cit,

*

t,

T.

.. ,

1
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JOB SHEET #2

11. Check insulated Crush holder for ground (Figure 10)

a. Place one lead of a test lamp on brush holder

b. Place the other lead on the generator housing'

(NOTE': If lamp lights, insulate() brush is grounded and must
be repaired.)

FIGURE 10

1.2. Inspect' all parts for wear or damage

13. Replace all damaged or worn parts

C Reassemble gerierator

.

1. Pack the generator ball bearings with high melting point ball
--bearing grease

2. Install the ball bearing in the drive end frame

(NOTE. Make sure gasket is in place and retainer screws tightened. .

securely.)

3. Install the drive end frame and bearing assembly onto armature
shaft

iNOTE. Make sure ball bearing spacers are in place if used.)
. .

3S

A
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JOB SHEET #2

4, instal) ball bearing spacers, fan, pulley, and retaining nut

5 Tighten retaining nut securely

6. nev7i brushes in brush holders'and push brushes baCk against
spring .tension (Figure 11)

ei

FIGURE 11 ,

I
_

7 Install 'armature and drive end frame assembly \It 0 generator. ,r
housing

-______,:

Release byshes so they will contact commutator

9 Assemble commutator end frame over end of armature
,

shaft-

10 Ro6te both end frames until dowels engage, start thrujoolts

(NOTE Check match marks to make sure they line up.)

11 'Tighten thru bolts securely

12. Check generator operation before replacing on vehicle

a Perform output test of ,d'A" circuit

(NOTE Con ect generator for spinning and output test

1) Remove 'field vvire,,from terminal arad ground to
frame

U3

.1

'I

t
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JOB 'SHEET #2

'SE 141-C

%- -

2) Connect voltmeter from armature terminal to
frame

3) Spin generator in correct diredtion

4) Check reading on voltmeter

$

(riTE Compare to manufacturer's specification:)
.

Perfqrm output lest of HB". circuit

1) Connect jumper wire from field terminal to
,

,, ..armature terminal
:.,

.. , 4 Connect 11+11 ammeter lead to armature Terminal

.... ,,, 3) Connect 11.-1' 'ammeter lead t6 pgsitive side of
battery ,

4) Rotate generator
, ..

I

Take reading

(NOTE: Compare,. toe manufacturer's
speciiitatiops.)' _

(CAUTION: Distonnect .battery leads as soon as
test is over to prevent otterheating.),\

,

a

I ..



CHARGING SYSTEM
UNIT III*

a
JOB SHEET #3-- REMOVE AND REPLACE AN ALTERNATOR

I. Tools and materials

A Hand tool assortment

B. Flywheel removal tools

C. Shop towels

D. Safety glasses

II. Procedure

A. Remove engine shroud or blow °using

B. Remove flywheel 6

7.

SE 143-C

1

I

(NOTE. Check mag'nets orE flywtieel for small metal chips and remove them.),.

.. C. Check correct location of stator wires

- D. Remove stator -bolts and spacers
e

Ey 'Remove ,rectifier bblt

. Remove stator and rectifier as a unit

6. Replice rectifier

H. Replace stator

(NOTE: Hold stator toward screws to take up clearance in mounting
bush! .)

Install flywheel

-(NOTE -Check stator wire location so they do not rub the flywheel.)/
J. Replale blower housing

K. .Start engine and check alternator output
t
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- CHARGING SYSTEMS

4
UNIT lil

. .%.*

V' - -

JOBOHEET #4--DISASSEM.BLE, CHECK AND
REASSEMBLE AN ALTERNATOR

_ _

Tools and materials

A. Hand tool assortment

B. Ammeter

C ,Tess lamp
. _

D. "lyvitheel removal

v,.

b

tOgi S

E. s afety glasSo,

II Procedure

*OP
(Zit A. Run 'tests

j,.

I
, .

FIGURE 1

f

Tet output '(,Figureia:1)r

e

*it

V

.

a t DAnect charging lead from charging terminal

6

SE 145-C

.

(NO Do Snot alloW terminal ofi charging lead to tot_a
,

engine oriequlpfrrent )

Clip 12' colt load lamp between *chatgi.ng terminal and ground

Start-engine

(NOTE Ifla "lights, alternator is functioning, if lamp does _

norlight, alternator is .defectle.)

ti

1
a ti

/St
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JOB SHEET

Test stator (Figure 2)

FIGURE 2'

'
- C

'4 7V

a Disconnect charging lead frqm battery and rectifier

b Remove rectifier boix mounting screw

r.

c. Rotate box to expOse eyelets to which red.and black stator
leads are solderer

(NOTE: Charging lead terminal must not touch engine )

-d Start engine.

e.-

o-

Touch load, lamp reads to eyelets with engine running

(NOTE: If Iaad lamp lights,*thf stator is satisfactory; if load
lamp does not light, stator or flywheel is defective.)

3. Check flywheel and ta tor

a. Remove blower housing and.1 ywheel and check to be sure
magnet ring is in place a magnetism,

. . ,
. ,

,... , ... Ifki0T.E. 'Replace flywheel if needed. .

.
I, 0 r. 1 '. . .

., ' - ; . ..

theCk charging lepd to be sure There is a good connection
i to the positive (+) battery terminal

. '

c. If flywheel or charging lead are not defettive, replace stator-

ti

.3 72
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JOB SHEET #4 .

4. lae place defective stator (Figure 3),

3

s.

ti 3

fuse
stator ass'em

a

rectifier assembly

a. Remove 'flywheel

FIGURE 3

SE 147.a

(NOTE Be sure to note correct location ofstator wires.)

b. Remove two stator_mounting screws and bushings

c. RerncrVe rectifier box from stator .assembly

cf.- Int-tall -stator
_2

e. Torque screws to correct specification

- ,11f. Install rectifier bbx connecting leads 6orrectly
.4

g Replace' flywheel and, blower housing and run engine- to
check output

00 -
B. Te5t system

Test half wave rectifier '(Figure 4)

black

red

continuity

I -.1*continuity Y H charg.ing lead
.

, ,

FIGURE 4

0

a.'
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ft

4

SHEE.T #4

o not _run engine

,

. b lUse a multimeter to test resistance from charging terminal
..Lto g di 4

fiev.erse ktegt.ileads an recheck

(NOT One way there should be a meter reading and the
other way there should hot be 'meter reading. The actual
meter 'readings are not important. If -the met& shows a'
reading both ways or neither way, -then the rectifigr is

defective.)
# -
Bench test 101-wave rectifier with o immeter

(NOTE. The bridge or full-wave rectifier consists of 4 diodes,
and each one must be tested individually See Figure 5.)

.0"

ew - t

74.1

C

.
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a

a
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1,0

,

"

r

,1"08. SHEET ;4;4 a

7ConneWthe positive (+1 lead of the ohmmet r t he grOtind
stud and the negative (-):le'ad of the ohmm ter o the brown
(ccirnmpn).terminal on diode #1 ,

resistance,(NOTE: The meter sould show a'low resistance, mea'sning

the curren't will flowL("GO"),),9 that cljrection.)

b. Reverse 'the ohrrimetertleads, negative Hieed,to the ground
. stud arid positive (+) lead to the brown (cornipon)-terrrpnal
on diode

SSE .149-C

-
(NOTE " There should be a very high resistance ,reading,

- meaninglicurreret will not flow cNO GOThin thit 'direc*n,
a low or high resistance reading in both .directions indicates
a faulty rectifier.)

c Repeat the procedure for each of the remaining diodes
lit

(NOTE Since Color coding vs -yes with dilrent makes and
models, the appropriate service manual should be consulted,
to identify the rettfier- terminals.).

3. Tests.full-why edradtifier with -voltieter (Figure 6)

fom the harness

( 4

a

.4;

a)

.o
'E

bdttery leqd

rectifier

a Disconnect
terminal

the recd

FIGURE 6

ier to 'battery lead at the rectifier

b. Connect th oltmeter from the rectifier terminal to a good
ground

c Start the
3,000 RPM

ne and in,crease the speed to a:pproxitinately

'(NOTE The vo meter should read akout 7 volts for a 6
4 volts for 12 volt systeII a low readingvolt system an

'Indicates a fay ectifier.)

375
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A

4

4

4

6
. JOB SHEET ;7-4

, lilt
.1 4 Replace defective half-wave rectifier ((Figure 7)

,

.

a Remove rectifier from- engine or starter, motor
<

b Pry, off fiber board:exposing' soldered-cOnnections betkeen
-rectifier and ,stator l'eads (Figure 7) ,

c Cut Stator le close to eyelets (Figure 8)

cut wiles here-

3.

FIGURE:7

FIGURE 1,3

d. 'Strip insulation hack: 3'8" on stator leads

e Discard defeCtive reetifier boil(
.- .. ,

N. O.

Swider- on new rectifier leads to stator, leads
7

gift Viral:, solder and 9plices carefully with 'tape (Figure 9)
,

. leads spliced and taped

lk.

. lb.

FIGURE 9
41. -

. .
\

h Fold ,Iqcis Into- rectifier' box and mount on starter or engine
.Figures, 1,0 and:114,

Wires Should 'not on on ,f1,,,/wheel-.)
.

'flywheel:.
. leads fa ed in _4----,c-,=,..,,,

.

leads 'I

FIGURE 10 , ..
,FIGEIRE 11

rg

. :1

I
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.1.0B SHEET #4t
i. Install 'W/o/heel and blower housing

.

/.. SE - 151-C
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CHARGING SYSTEM "-v
., v

UNIT 11i

TEST
NAME

SE ,

Match the terms on the right to the correct definitictns.
_

p f

a . ..Unit of- measureenters telectrrit _t_al 1., tiben circuit
current

b. Unit of,electrtal press re tr. force that
will move a current of one ampere
through a resistance f one ohm

c Standard'un.l. for measuring resistance to
flow of electrical cuikent

d Device that will allow current through
itself in one' direction and will block
current in the opposite direction

Wire -touching another wire and

-providing.- a shorter path for current to
flovfr

2. Arcing

3., 'Ohm

4. "A" Circuit

5. Charging system

6 Armature
a` , 0

7. Goanded, circuit

8. Commutator

9. Short circuit
Oo

f. Circuit in which a wire is broken or 10. Pole shoes
l',....

disconnected . ..
.t. . 31. , Diode (reCtifier).., ,

g. Circuit in which a wire touches ground
..causing the current to flow to ground 12. Field 'circuit -, .
instead of through the 'circuit . , .

. 13* 'Volt i .
h . Rdtharges the attery arid maintains a . '

'suriply of el.tri drier td meet 'the-, 14 -.,

operating needs of the '''engine and -

15. Amp -

a

auxiliary circuits

it

.... .

i. Clrrent attempting-to' cross between the .16. "464. Circuit ., . t
commutator sections and the baish , ..

.
- . 17. ' RegulatorI

j. Series of wire conductors in the form of
a loop rotating in a stationary Magnetic
field

k. Regulator is between the battery and ,

_9enerator windin4s _

7

I.
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,

I. Permanent magnets that are fixed to the
hinside, of the generator housing and set

opposite each other to create a weak
magnetic field

m. Assiembly Which houses the -cut-out
relay, voltage regulator, and, current
regulator

,

n. Dicection -bf current flow through the
.

generator

t
o. One wire conductor\vound around both

poles many times and attached to the
brush

p. Bars on end of armature drive shaft and
connected td"- -the ends of each wire
conductor wound, in armature

q. Regulator circuit with supply voltage to
the generator field then, throLigh the
regulator to groun_d___";

2. twq; kinds of charging' systems.

a.

b.
.

. 1

-3. Match the charging 'system components on -the right to the correct functions.
1.-- , ,.. .

a.
a: Supplies elettncal poWerto accesory,

circuits nci -recharges battery
-2,)

Measures th,e rate of current flow

,

1. Regulator

2. -tAfrimeter

3. Battery
c. Opens and closes the charging circuit

1 (cut-ou rel'ay), prevents overchargi'ng' of 4. ;Generator or
battery (voltage regulator), and limits alternator
the generator's output to safe rates . 4 ,

(current regulator)
i-I .

d. Stirts the circuit, by supplying spark -tcr
start engine and helps qut during 'peaky
Werafion when electrical loads aFeiabo

!I. .. rribcflf for 'rieTatdr or afTernatoT gr

3 iJ

4

4

4b,
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4. Identify the parts of a -generator.

m. - '
,

k
1

r'

g

f .

5. klatch the operating stages of
functions.

.a. Battery helps genera

b. 'Generator supplies
recharges battery,

c. .Batter supplied load current

.
re a6. t_Piscuss thecurrent flow in basic generator.

.

a.

the charging system` on teright to the cotrect

for supply current 1.

all current gncf 2.

Starting

Peak opergtion

, 3., Normal operatioR

A

3cs0

r
1

sr
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,d

.7. Diguss how a generator converts AC to DC.

v.*

8. Match the external generator regulators -on the right

a. Controls the current flow similar to the
voltage regulator

. Controls the _amount of voltage theb
regulator prodtices through the shunt
,coil and contact points controlling the
strength of the magnetic fielcl; prevents,
overheating

. Autdmatic switch which closes- when
generator running and. opens- when
geherator stops to prevent battery-
discharge

9. Match the types of generators on the right to the

to the correct functib-ns.

1. dut-out ,relay

2. rrent regulator

3. ` Voltage regulator

correct uses.

')3'a, Used as a standard generator for mosr. 1,1,1, ticking
.0 normal operations - . lik .:.....

i . ,. 2. I ..-Oliiunt -,..

b. Eliminates the use of a current regulator,. /,-,: ; .. o.
is relatively easy 'to change 'third brush .2 .,

position and control the outclut,. and is 3,. Sc4t-4ield
r r used in systems with low speedhnd low, .

1" load requirements . . -:, 4.' Interpole
, ..

14
Al

5. Third brushc Provides a better commutation point and ,
,'extends brush life

field

4

tl. Used where there isa wide-v'ariation of .

load and speed requirements

e. Used in ststenis with,low speed, bit high
load requirements

.4

1
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7

*11100 ( I
10. Ideptify the parts of the alternator system;

101

lb.
e

1 Litt two- advanta)ges of an .alternator over a generator.

b

12. - Discuss 'reverse polaryty.

.4

382

c-

SE 157-C
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(

-4.

'ft.....,

o.

,
.. __.

13. , Demonstrate the ability fo:,

á 1 Remove and replace a SneratOr , #

b. Disassemble, check, and reassemble a generator.
.

_c. Remove and replace an. alternatdr. . .

d. Disassemble, check, and reassemble can alter-6,31pr, c" ,-, .

(NOTE. lf these activities have not been gcomplistied prior to the test,
`( ask, your instructor when they shquld beNcompleteck) , ; , .

1/4

I 1

4
p `a

,

r

e.."
..- -4

I

4i

/
210

.1

1 .

.

k

1
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CHARGING SYSTEM

UNI-T II1 -

r

ANSWERS TO TEST

'a. 15 . e. 9 1; i. 2 - - . m:'.17/it q. 4

b._ IT L.? 1 J j. 6
Ail

n. .14
,,,

c: 3 -g. 7 k. 16 o. t 12
, . .

.
,

d. 11 h. 5 I. 0 4 p. '8 11
. -

;..-611e current' for

-b. Alternating current .
a. ,4

b. 2

- C. 1

d 3

Bearings

b . Drive gear

c. Drive end plate

, d. Thru bolts

e. Pole shoes

f. Field coifs

g. Armature

h. Commutator

i. frame

Brilsh holder mounting
.

k. Gommutator end cover

I. Brushes

. .
Brush holder

,n". -Brush cover strap

plate

.4

r

L

v.

0'
.i"

1.4.

-
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$ 5. a. 2

b. .

c. 1 .0
r

6. Discussion shoUld include:

1

0
V

) .
a Voltage flows from armature loop to the commutator ring A

, ..

b. Voltage 'flows from the. commutItor ring through brushes (to a wire
connected' to a load

c current flbws Whe'n want is complete

T Discussion should.4ficlude.

,.a. Commutator is split ih two parts creating a clap as the commutator passes
the brUshes

b past- this point the other half of the commutator contacts the brushes
reversing the curi-efit 'flow

a

c. At the same time the rotating armature reverses its polarity converting AC
to DC

a. 2

b. 3

c 1

9. a. 2

b. 5

c. 4

d. 1

e. 3

-7

4

10. a Alternator coil' (stator)

,b. Flywheel ,

c. Ceramic ring

d.- Rectifier

e. Battery
0

I

J.
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7.

I

4

Vet SE 161-C

:

a. Produces higher output at low and idle engine spe-eds

b Provides simplicity in- coh truction which requires less maintenance

Discussion should include

a. Generator polarity is opposite that of the battery

b. Battery is in series with the generator

'Generator builds up voltage and clpsesoh cut-out relay points
-41111110

d High voltage can create enough current and hea to vtield the points together

13 . Performance skitls evaluated to the satisfaction the instructor

I

386

1*

.
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STARTING .SYSTEMS
UNIT. IV

0

UNIT OBJECTIVE.

163-C

After completion of this unit, the student should be able to remove and replace a starter
and disassemble, check, andlreasserrible a starter..This knowledge will, be evidenced through
demonstration and by scoriqg eighty-five percent on the unit test

'f

SPECIFIC,, OBJECTIVES

After completion of this unit, the student s ulCi be able to:

Match terms associated with starting systems to the correct definitions.

2. Identify . the types of srna)4 gas engine starters.

3. Match components of the .mechanical starting system to the correct

4. 'Match components of the DC starting system to the correct functions.
/.- '

c-
4

5 Identify the Main parts of a DC wound field starter:

6. Identify the main parts of a DC starter generator.

7. Identify the types of starter drives.

Demonstiate the ability to:

a. emove, disassemble, test, service, .aod reassemble a- starter.

b. / Replace starter rewind spring.

3 5 7
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SE 165-C

0

I. Instructor:

STARTING SYSTEMS
UNtT III

SUGGESTED ACTIVITIES

1

.
A.

1

Provide student with objective sheet.

B. Provide student with information and job sheets.

C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss, information sheet.

F. Delnonstrate and discugs the procedures outlined in th'e job sheets.

G Provide ex'amples.of different types, of starters, and starter drives.

H. Identify parts of a twelve volt starter.

I Give test.

II Student

A. Read objective shee't.

B Study information sheet.

C. Complete' job sheets.

D Takci'test. ,

r

/
) .

INSTRUCTIONAL MATERIALS
( ,

I., Includeti in this unit-Included

A Objective sheet

B. Information sheet

C Transparency masters

1 TM x1- -Types of Starters

41

,--

. .-

0

2 TM 2--Tylies of Starters (Ccintinued)
,

3S

,

a
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t

1

- 3. TM 3--Parts of trilr DC Wound Field Starter

4. TM 4--Parts of a DC Starter Generator'

5. TM 5-- Types of Starter DriYes-

F. ,Job sheets "s

1 Job Sheet 4:0-Remove, Disassemble, Test, Service, Reassemble
antf Replace a Starter.

2. Job Sheet #2--Replace Starter Rewind Spring

G. Test

H %Answers to test

References

A Armstrong, Ivan Auto Mechanics, Volume I. Stillwater, ,Oklahoma:
Oklahoma State Department of Vocationl and Technical Education', 1976.

B Small Engines, Volume II, 3rd ed. Athens, Georgia: American Association
for Vocational Instructional Materials, 1974. -

4 fr
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STARTING SYSTEMS
UNIT IV

INFORMATION SHEET-

Terms and definitions

,416"

SE :167-0

A Starter -- Device which converts mechanical or electrical power into rotating.motion' for cranking engine

B" `Starter frame -Housing which connects and coins starter componentparts

C ArThatureMain shaft in starter, composed' Of commutator segments,
windings, and bushing or bearing Journals

D Brushes Sliding contacts which transfer electrical energy to commutator

E Starter drive pinion- Gear that meshes with flywheel to crank engine

F. Pole shoes Encl. of magnets in the field frame of a starting motor

G. Field coifs Wire wrapped around pole pieces to increase the strength of
the magnei tic field when current is applied

H Safe interlock (neutral interlock) Safety device .which allows enTgirTeft be
started irwieutral only

I Solenoid Electromagnetic device which produces a reciprocating motion for
remote control of starting circuit

Types of small gas, engine starters (Transparencies 1 .00 .2)

A Rope-wind

Rope-revv. ind

C Wind up

D ElectriA(C and
A

111, Components of. mechanical starting system
,

Starter,housing-tov% for the starter mechanism

B. Recoil spring- -Used to 'automatically rewind the starter rope after each
starting at.terript

C. Purley Housing for pawls that lock to crankshaft adapter to crank engine
I

A
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INFORMATION SHEET

0. Engaging pawl -Locks pulley to,cranlOiatt adapter on starting pull, of rope

. E. Pawl- spring--Re4irns paw tat neutral position during rewind cycle

IV. Compon ents ofDC starting -system

A. Battery SoUrce of electrical power

B. Key switch-Device'which activates the starter motor switch .
C !Starter motor switch'--Switch which closes.the high amperage circuit from

'battery to starter

D. Starter, motor--Drives the flywheel to crank the engine

E &Al tch wire Conductor that carries a low,amOunt of current to energize
the starter motor switch

4

F Battery cables -Conductors which carry large emounts of current to
complete the starter circuit

V Parts of the DC wound field starter (Tiansparency 3)

A. Thru bolt

B Corinnutator end cap assembly

C Drive end frame

D Starter frame

E Armature

F Post trtie brushes

G Starter drive pinion

H Wound field coifs

1, Commutator

VI ,Parts of a DC starter 'generator (Transparency 4)

Thru bolt

B Brush holders

C Commutator frame end

D Frame

E Field *coil

191
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INFORMATION SHEET

c
F. Pole shoe

G. Insulator
1

H. Armature
,/"

1. Drive end frame

Types of starter drives (Tjansparency

A. Cone drive

B. 'Split pulley drive

C. Bendix _drive

J

39,?
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F

S

Y(PES,OF.STARTERS

ROPE WIN

Pulley Flange

Crankshaft

ENGAGING PAWL

ROPE REWIND

CRANKSHAFT -

PAWL SPRING

CRANKSHAFT
4DAPTER

PULLEY

q
41,

1

\
RECOIL
SPRING

Slot

Kno,t

TM 1
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TYPES OF STARTERS
,Continued)

WINDUP' STARTER BEING1k0UND

CRANK,
HANDLE

HOUSING
1., ------

RATCHET
SPRING

RATCHET
GEAR,

STARTER
CONTROI
LEVER

(LOCKED)

RECOIL,

SPRING
--""" (BEING

WOUND)

HOLDING-
MECHANISM-

STARTER-
DRIVE

FLYWHEEL
CUP

/.
STARTER

SWITCH

ENGINE
'FLYWHEEL

,

.,)

0

SE 17-C

WINDUP STARTER OPERATING

CONO0i LEVIR
1DISENGAGED)

KAILHET
(HOLDING)

SPRING
(UNWINDING)

'FLYWHEEL
TURNING

WIND: UP

ELECTRIC

t

r-

1 20-Volt Receptacle

ELECTRIC
StARTER-

GEIRATOR

0

TM 2
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PARTS. OF A DCWOUNID MELD STARTER

I , 1

COMMUTATOR END r-;

CAP' ASSEMBLY . STARTER FRAME,
(Includes neg. brush) WOUND FIELD COILS ,

e #.

tO COMMUTATOR
Ix ARMATURE

6 / ,

THRUST WASHER'

POSITIVE.
.0) BRUSH

THRU BOLT

DRIVE END FRAME

g
--i e .

( .., 39r:

.STARTER DRIVE
'RINION.\"

I

4 .

END PLAY SPACER

SiOl? UT

4

4

4
c.n

3.56

411
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14U BOLT

4

PARTS 0

1

A DC STARTER GENERATOR
BRUSH

HOLDER

a;

c

FFELD COIL.

FRAME

COMMUTATOR
FRAME END

IN.SULATOK

/SHOE

.../iALL BEARING
(priye end)

* "FRAME -
...

s

BALL BEARING -ge
(Commutator end)

.

`.4 6 -,.°P.OLE SHOE

ARMATURE*CO

f7
-,BRUSH HOLDER

FIELD'COIL

'

." PULLEY NUT

111SULATOk' 4

4,
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TYPES OF STARTER DRIVES

1

t

MOTOL
$WITC

MOTOR

ELECTRICAL OUTLET ,

SWITCH CONTROL
BUTTON.

1

CONE SHAPED
DRIVE CLUTCH

STARTER

tHOUSING

GEARS,

rilio0 STARTER --
SHAFT

_4,41

GUIDE. PAST

ENGINE
HOUSING

4b.

RELEASE

SPRING

FLYWHEEL

CoNE,DRIVE

LLEY
ti,TCH

1

0

SPLIT PULLEY DRIVE

T ESTRICTOF, DRIVE
PuLLEY

EN

F L'f,VVHE

PINION GEAR .
DISENGAGED

STARTER SHAFT

DA IT( H

EXTENSION
1 ((;PD

PINION GEAR
ENGAGED

PINION GEAR
DISENGAGED

FLYWIlEEI
GEAR

-I
A BENDIX DRIVE

399
TM.
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Sl*FTING SYSTEMS
UNIT IV

1_1T

-
JOB SHEET #1--REMOVE, DISASSEMBLE;' TEST, SRVICE,

REASSEMB-LE_- AND' REPLACE A .DC STARTER

kr
1.....--10414 and materials

A. Hand tool Jssortrnent

B Armature grounder 11-11 test light

C Solvent and partS, brush or rag

B. Ignition wrench spt

E. Awl

F. Safety glasses

11. Procedure

'A. Remove starter
1

1
.

Disconnect battery r4und ca 'le

2 Remove cables and 'electrical wires from starter

(CAUTION,t Use' tw wrenches on terminals when remotsg top
nu4 to pieeventOtwits ing terminal.)

r
(NOTE Carefully liInt[fy location of wires pith masking tape.)

Sf 181-C

3 'Remove starter mounting ..bolts ase'required

4 Remove tarter brackets and shields as required

5. 46emove.starter from engine

B Disassemble starter ,..

a

le

,
Clean outside case 'With solvent and -brush OF rag 111

1

(NOTE Do not use' excessive, amounts or submerge starter
solvent, Solvent should not be allowed to enter the starter.)

2. Scribe maung surfaces for reassembly

.3 Remove thru bolts
, .

4 , Rernove end cap

5. Lift spring. and release brusti awn end cap
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0

. JOB SF4EET #1

6. Remove front ,plate' with armature

(NOTE: Some models may have starter mounting attached to
front plate. See Figure 1-) .

FIGURE 1

/ 7: Place armatures in vise

(NOTE. Be sure to use wooden blOcks or jaw protectors on the
vise to keeps from damaging armature.)

8. Disassemble drive assembly (Figure 2)

1

OD

FIGURE 2'

a. Remove stop nut

b. Separate. spring, washers, and drive. pinion

(NOTE: Be sure to note location of thrust washers en,
armature shaft if used.)

C. Test and service

1. CPe'an all starter cernponents

. (NOTE: Clean all parts by wiping with clean cloths. The al-mature,
field coils,' and starter drive assembly must not be washed in

s solvent.)

'2. 'Arrange ail starter components for insppotiori.

3. Inspect starter bushings for looseness and replace as required ,

4. Inspect starter brushes for. wear

(NOTE: Brushes worn to half their original length or lets should
be replaced.)

401
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JOB SHEET

5. Inspect the starter drive
*

(NOTE: The starter drive pinion, gear should turn freely in one
' direction and lock when turned slowly ifs the other direction.)

6. Inspect armature commutatoi .

(NOTE. If the armature commut-atdr is' rough or out -of -round
' it should be turned down using suitable equipment.)

7. Test the armatute for short circuits (Frgure 3)

I (NOTE. Place the armature on a growier.and rotate the armature
while holding a hacksaw blade Q./.ekthe'arrriature core. If the blade
vibrates, the, armature is shorted ands yvill require replacement.)

8

r;*

Check armature for ground (Figure 4)
4

(NOTE Place one 'lead of a test larnp on the armature core or
shaft and the other on-The commutator. If the lamp lights, the
armature grounded and.will require replacement.) .

I

I

Q.
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)08 SHEET #1

Check field coil for open circuit (Figure 5)

(NOTE: Place qhe lead of the test lamp on the insulated brush
and the other on the field connection tab. If the lamp does not
light, the field coil is open and will require replacement.)

FIGURE5
. . _ .

As, I .4., .

. , .. 10. Krplace wornor damaged parts 1 ' I..
D. Reassemble starter ' --,

1,,, : ..,'

1.

2.

I -

/ ..
.

3.
.

4.-

6.

' Place front .plate bact on armature

(NC1TE: Be sure and' replacethrustswasher's,if used.)
% .

Replace drive assembly

(NOTE: Torque stop nut to manufacturer's 'specificatiohs.)

Lift spring and reinstall" brush in, enri cap

Place end cap on starter

Line up scribe marks '

Ingtall thru bolts-

,- r ,

I (NOTE: Torque `to manu'facturer's .specifications.

E. Replace starter,

1. Cleenstarter'mounting surfaces.
41'

, .

2 Position starter in,mounting position and start bolts

3: 'Tighten mounting bolts securely

4: Place all wire and cables on correct termihals

5. Tighten nuts securely

Aro,

.1r

(NOTE'- Double .wrench as in removal, sold terminals,:secprely,
ad.do not overtighten top outs.)

403

A

1

-11

e



JOB SHEET` *I,

6. °: Replace all brackets and shields
.

7. ,) T.ightenit§ and nuts securely

8. Replace battery ground -cable

9. Start engine sev.eral times to check starter

4

40,1
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STARTING SYSTEMS
l ONIVT

,

JOB SHEET #.2-REPLACE STARTER'REAMT SPRING,
. <-

I Tools, and materials

1, A Hand tool .assortment

B. R4 ope4
inserter

C. 3/4'' square piece of square stock

D New recoil sprint

'E 'New starter rope

F. Small. amount of grease

G. Cleaning solvent.--

H. Safety ,glasses

II. Procedure

A. Remove shroud from engine.

E.

SE 187 -C

I

Cut knot at starter pulley to -remove rope P

(NOTE Apply pressure to' the ptilley so t e.spring will unwind slowly.
Use a c t or -a gloved' hand.) .

p outer end of starter spring with pliers and pull spring out of housing
as r as possible' (Figure-1)

FIGURE 1

end of spring

.$ end One of the bumper tangs up and lift out starter pulley, disconnecting
spring

(CAUTION Do not allow sp.ringto fly out of housing as injury could
result')'

Clean Starter prang in solvent and 'wipe dry
r`.

Or
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JOB SHUT v#2

° I

F. , Straighten spring and instill spring into blomer houting slot and hook into
pulley (Figure 2)

(NOTE. Replace spring if it is damaged.)

.hole in pulley

.4
G. Replace nylin bumpers if worn. (Figure 3)

hub,
grease

FIGURE 3
I

URE 2

r

H. Set pulley into housing and bend bump& tdng own

I. Place 3/4" square *stock into center of pulley b and'wind pulley until
spring is tight

J k off one tyrn until- hole in -pulley for rope, knot and eyelet In ;blower
housing are in ahgnmerit / , /

(NOTE Be sure spring is IpCked securely/in smaller portion of tapered
hole ) /

K. Replace start:r_t-),pe with a new rope r it it frayed I

(NOTE Burn each end of new ro ith a Rlatch and wipe with a rag ,
toareverlt swelling and unraveling)

. W Ii
(CAUTION Use, the c`ocrect didmeter and length of rape.) )111p

r''

40C
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JOB SHEET #2

,
'1- Secure wrench' holding ,strirrir tgctsiQq.-
/--

4

wrench/

SE 189-C

3/4's q -1.1a r e

woo_ stick

hole in housing

FIGURE 4

M. Thread rope through Lope eyelet in housing and out _pulley hole '(Figure
5) r hole.in pulley

eyelet

FIGURE 5
guidedug

N Tie a knot in the rope and pull it tight

0 Inspect and clean starter clutch assembly as needed (Figure 6)

check for wear

c

FIGURE 6. ,

starter' and- shroud' on Agine

Q Start 'engine several times to be sure recoil swing and clutch operate
.correctly

4 97
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I
Match the, rms on the right to the correct definitions.

a , evice which converts mechanical or
electrical power into rotating motion for
cranking engine

STARTING SYSTEMS'
. UNIT IV

TEST ,

, NAME

Housing whici) connects and cpntains,
star ter component puts

c Main shaft in starters, composed cif.,
commutator segments, windings.), and
bushing or bearing journal

d Sliding contacts which transfer electrial
energy to commutator

e Gear that rMeshes with flywheel to cram.
engine

f, Ends of magnets in the field frame of
a starting motor -

g Wire wrappoill around pole pieces to
increase the strength of the magnetic
field when current is applied

h. Safety device which allows engine to be
started in neutral only

Electromagnetic device which provides a
reciprocating motion f remote control
of starting circuit

Identify the types of small gas engine' starters

a.

e
IP

All

Solenoid_

Brushel

Pole shoes

0

4. Starter frarile
.

5 Safe interlock
(neutral interlock)

6 Starter

7. Armatdre

8. Field coils

9 Starter drive.
pinion

h
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3. Match the components of the' mechanical starting systerri on the right to the
correctfunctions.

*a. Returns pawl to neutral position. during 1. Starter housing
rewind cycle

2. Roil spring
b. Locks pulley to crankshaft adapter on

starting pull of roped 3. Pawl spring

c Housing for pawls that lock to 4. Engaging pawl
crankshaft adapter

5.

d Used to automatically rewind the starter
rope after each starting attempt '

,

e Cover for the star,3 I mechanism

4. Match the components o the DC starting system on the right to the correct
functions

I

'

a Soui.ce of electrical power 1. Starter motor

b. Device which activates the strterrnotor 2. Key switch
switch

c. Switch whiA closes the high amperage
circuit from battery to starter 4. Battery'

Avg
3. Battery cables

d Drives the flywheel to crank the engin 5. Switch wire

- 6.

409

Starter motor
switch
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*o.

4,,

A

J

4
e. Conductor that carries a lcmi' amount of .,'

J..

current to energize the starter motor
switch . .

, ..
.

. f. COnduciors which carry ,large amounts..kir___.
of current to complete the starter circuit

\,,,-
. -,, .

, 5., Identify the main parts of a DC wound field starter., .
4 ,

4 4

, 0

r

4

rf

4.10
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Identify the !pain -Parts of a. DC starter generator.

7. -Wen Ify' the types of starter drives., ,44,

(.1 0

a.

DemonS'tiA the ability#40:

a. 'Remove, dysassembie, test, servie)e,

b. Replace starte wind spring.

b. c'.

reassemble, and replace a starter. .

(NOTE: If these actiiitie have riot been accomplisheWprior too thethe test; a ,

your instructor when they should be completed.), l . ..
,

.. .

4111

1
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o
. 1. a. 6

b. 4

c. , 7

d. 2

e. 9

STARTING SYSTEMS
UNIT!, IV

ANSWERS, TO TEST

f. 8

g. 8

h. 5

2. a. Rope-rewind

b. Electric (AC arid DC)

c. Wind up

d. Rope-wind

3. a. 3

b. 44

c. 5 %

d. . .2

e. 1 ,

.a. 4
5at.

b. 2

c: 6

d. 1

ti

e. 5

f. 3

5. a. Wound field coils

b. I.Commuta4

c. Starter drive pinion

d. Positive brush

e. Armature.

41 ry

sirosi SE -, 195-C
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,

6.

.f. Starter _frame

Drive end fraffie9.

Commutator end cap assembly.

Thru bolt

Insulator

b. .Thru bolt

ICC. Commutator frame end

d. Frame

e. Drive end frame

f. P/4 shoe

*g Armature

Field col),

Briish'° holder

Split pulley drive
..;

.b. Bend ti drive

c. Cone drive

4

rir

7

8. Performance skills evaluated to the satisfaction of the instructor

r
S

f. '
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LUBRICATION 'SYSTEMS
,UNIT I-

UNIT OBJECTIVE

r
After completion of this unit, the stalent should be able to list function$,of engine oils
and match oil additives to their functions. The student should also be able to dame oil
contaminants and discuss was to avoid oil contamination. This knowledge will be
evidenced through ciernormtration andr by scoring eighty-five percent on the unit test

L.
SE 1- DI.

P

'r

SPECIFIC OBJECTIVES

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

1 . Mritc#1 terms as ociated with lutirication systems to the correct definitions.

Li,st five purposes of the lubrication system.

3 Lisf the two main types of lubrication 'systems.

_ 4 List four purposes of the crankcase- breather

5 Match the components of the crankcase breather to the correct purposes.
-1

6 List- five functions of engine oil

7 Select the characteristict of a good engine oil

8 Discuss oil ratings and classifications.

9 Explain the SAE viscosity number ,

10 ?(plairi the API classification system

1 Name six oil contaminants

1-2 Match oil additives to their functions
qi

13 Select factual statements..about oil0

1 9

14 List general rules for selection and use of- oils for best engine performance.

15 Discuss two cycle oil Selection And use

414
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16. List ways to *told oil contamination.

f7. Dernous,frate the ability to

a Change engine oil and filter.
't

b. Service crankCase breather.

.,

1

et,

le e

4.... ...... . .

a

4

.

it
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LUBRICATION SYSTEMS.
UNIT

SUGGESTED ACTIVITIES

I. Instructor:

A. Provide student with objective sheet.

B. Provide student with information sheet.

C. Make ,transparencies.

D. Discuss unit and specific objectives.

E,. Discuss, information sheet.

'F. Invite beakers fro'm industry to talk or lubricants.

G. Give test. 41.

II. .Studlent:

A, Read pbjectiveisheet.

B. Study information sheet.

C. Complete 'job sheets.

id-. Take test.

INSTRUCTIONAL MATERIALS

lIncluded in this unit:

4 A. Objeifte sheet

B. Information sheet,,
6 Transparency masters:

1. TM 1--Dippeg LubricationSystem

2. TM 2--Slinger Lubricatiori System,

3. TM 3Dipper and Pump Lubrication SyStem

4. TM 4--Dipper,,. Pump, and Consta-nt-Levei Sump
.

'5. TM 5--Two Types of CyttIkcase Breathers

6. TM 6 Crankcase/Breather Vented to Carburetor

41E
4

a

IV

SE 3-D
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7. TM 7--Crankcase Breather Principles (4 Oycle Engine)

8. TM ,8"--A. Typical Crankcase Breather

9. TM 9-Comparison of Crase Oils (Viscosity-Grades)

,10. TM 10--SAE Viscosity

14 TM 11--SAE Viscosity (Continued)

D. Test

E. Answers to test

CI. References.

A. Fundamentals of. Service: Fuels, Lubricants, and Coolants Moline,
Illinois. Deere and Company, 1970.

B . fuels and Lubricants. Athens, Georgia:American Association forVocational
Instructional Materials, 1973.

IP
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LUBRICATION SYSTEMS
UNIT I

INFORMATION_ SHEET

I. Term, aitei definitions

I

SE 5-D

A Additives Certain chemicals added to oil to prove cte extra performance ,

B Multi grade oil- pals compounded to behave as light oils at cold temperatures
and heavy oils at warm temperatures

C SAE-Society of Automotive Engineers

D APi American Petroleum Institute

E MIL Oil specifications prepared by the Ordnance Department Of the
' Military Forces

ASTM American Society for Testing -Materials

G Viscus.ty A measure of the fluidity of anrOil at a given, temperature

i-L2C/iscorneter Instrument used to measure the-length of time in seconds
required for a specified volume of oil to flow through a small orifice when
the oi' is brought to a specified temperature

Friction Resistance to movement between Iwo objects- placed in contact
pith one another

oils- Types of oils that are suitable for winter service

NOTE Type "W" viscKsities are determined at 0°F or -18°CJ

K. Sludge-Heavy, thick residue fou the bottom of an oil pan caused by
on deterioration, or oil contamination

L Gases under pressure leaking by the piston rings during combustion
and the power stroke

M Dipper- Device fastened to connecting rod as a means of splashing oil

N Siinger-Device lotateci by the camshafts for splashing oil

O Oil clan (passage)Passageways in the engine used to carry oil frorndone
area to another

Pressure relief valve Valve in the lubric'ation system designed to liThit
maximum oil pressure

0
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INFORMATION SHEET

O. Oil picktp- Device allowing the oil pump to piCk` up. oil which is free from
sediment ,in the oil pan ,

R Oil pan (Sump) Cover on the bottom of the engine block providing 'a
_reservoir for the engine oil

S. Oil filter- Device used to remove abrasive particles from the ,oil

II.- Purposes of lubrication system

A, Reduces friction

B C s engine parts

C. Absorbs shock and reduces engine noise

D Forms seal between piston rings and cylindei- walls

E Acts as a clansing agent

),11 Types of lubric5tion' systems. (Transparencies 1, 2, 3, and

(NOTE Some -engines use both systems.)

A Splash system

1 Dipper type

2 Slinger types-

B Pump system

1. Barrel and plunger tape

2. Gear and rotor tylDe

4)

IV Purposes of crankcase breather (Transparencies 5, 6, and .7)

A Allows blow-by to escape

B. Limits corrosion -of engine parts

O

C Prevents oil leakst seals and gaskets by reliekng rankcase pressure

D Alldws. entrance ofl fresh air

V Components f the c ankcase breather and their purposes (Transparency 8)

A. Cover (va vO, -Prevents entrance of excessive amounts of 'dirt

B Filter Prevents dirt and abrasivess,Mom entering 'air

419'
c
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C
INFORMATION SHEET

C Baffle- Keel excessive oil from splashing onto lifter

D. Reed- Limits amouNof fresh air entering crerakpasq and ,allows blow-by
to leave, engine

VI Functions engine oil

A Reduces 'friction and wear.

B. Cools moving parts

C Helps seal cylinders

D. Keeps parts clean

E Cushions. moving parts i

VII Chacteristics of good engineoil

A Keeps a protective film on moving parts

B. Resists breakdowh tigh temperatureS

C Resists corrosion anitrusting

D Prevents Kbon build-up

E Prevents sludge formation

F Flows easily at low termperatures

G Resists. foaming

o H Resists breakdown after long use

r

VIII Oil 'ratings and classification

A SAE- Viscosity established by Society of Automotive Engineers

B APIService classificatiog established by American Petroleum Institute

C MI C-Specificatidns prepared by Ordnance Department of the U.S. Army,
_Navy, and Air Force

ASTM Engine. sequence tests whose procedures are adopted by' the
American Society for Testing Materials

I X SAE' viscosity number (Transparencies 9, 10, and /11)

A Oils vary in viscosity 'as' temperatures change

(NOT Oil becomes more fluid as temperatures increase and leSs fluid as
temperatures decrease,)

. 1h
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INFORMATION SHEET

co4 .
B Lighter oils for winter use are specified at 0°F and carry a 5w, lOw br

20w symbol

(NOTE SpecificatiOn's are determined by tIrTle. of flow through
instrument, such as a-Saybolt viscometer, in seconds

an

C Heavier oils- are specified 'at X10 °F and carry a 20, 30, 40, or 50 viscosity
number

(NOTE *Compounded oils called multi-grade behave as light oils in cold
-temperatures aria heavier oils at high temperatures, for example 10w-40
can replace four single grade oils.P

API classification system

A Joint effort (If API, ASTM, and SAE/organizations

B 41,Atternots to clar,Lfy oil specifications and oil qualities between the engine
manufacturer, the petroleum industry, and the customer '

Xi Oil contaminants

-A Foreign particles

B Water.

C Antifreeze

D Fuel

jE Oxidation

F

XII Oil additives and theirfunctiOns

'(NOT.E Most oils already have these. additives ) I

A Anti corrosion -Helps prevent failure of alloy bearings from corrosive acids-
caused by *ombustion

B Oxidation inhibitor -Pivents acid, varnish, and sludge formations

(NOTE Oxidation causes oil to thicken.)
)

C Anti rust -.Prevents rusting of metal, parts during storage or downtime

D Viscosity index improver Helps oil give towtubricating protection at bosh
high and low temperatures

421
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INFORMATION SHEET.

E Pour point depressant Prevents wax crystals from congealing in cold weather
dnd forming clumps

F Extreme-. pressure Assures lubrication where extreme pressures .between
.41close tol?rances are encountered

at.

G Deterge4t dispersant Helps keep metal surfaces clean and prevants, deposit
formation

H Foam inhibitor Htlps prevent air bubbles which would restrict lubrication

(NC5TE Fast circulation causes oil to foam.)

Factual statements about oil t

A OH la,,corhes unfit for further use as it absorbs contaminants and as additives
.4 re depleted

B Multi viscosity oils are not always preferred

C Back oil does not min time for an oil change

D Buy.quity oil fillers as recommended by machine operator's manual

E Oil ox*dation results in thicker oil

usti,1 light col until consumption increases, and then switching to a heavier
ow is not a good practice'

F;_iilo.ing operator's manual recommendations is critical to insure good
berform,:incp

V Seloction and use of oils for best engine performance

UsP brands ?,hich meet engine manufacturer's specifications

. B Drcilfi and change at -recommended interds

C Select oils vsi-hich have been performance tested

ao,

D Never mix' oils of various MIL or API specifications

t.

E Bing engine up to normal operating temperature each time it is used

F Keep uil containers covered, sealed, and protected to prevent contamination

4 7 0

4
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INFORMATION SHEET

XV, 'Two cycle oil selection and use

pg

A. Selection

1. Select 'on17-3manufacturer's recommended SAE rating
.

Pumps on oil injectfon' systems are designed for the
weight oil recommended by the manufacturer. Using 'wrong SAE
rating can affect lubrication.)

2-...' Select only oil recommended for use in eithOr air cooled or water

B -Use

cooled two' cycle engines

-(NOTE Tlie use of standard detergent oils can cause carbon build
'up in cylinder head and around moving parts.)

1 --Gse oil fuel mixture recommended. by manufacturer

(NOTE Just because an oil is -rated for a 50-1- mixture doesn't
mean your engine is.)

..
.1' ..
2 Use, oils that meet 'or exceed mtnufacturer's recommendations

II

(NOTE. A good quality oil may seemex> 4ve when compared
to a more economical brand, but it is inexpensive when comparecl.-
to an overhaul.) ... ''''

. .

. XVI Ways to avoid oil contamination . 1

A. ()rain oil at recommended intervals

B. Use clean oil containers and work habits

C. Replace or clean filers before they become plugged,

423
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TWO TYPES Of-CRANKCASE BREATHEITS7 /
iii)

VALVE STEM

VALVE SPRING/
GASKET

VALV f COVER

110

BREATHER VENT
ANDi

BITER ELEMENT

THREADED
OPENING v)

m

CRANKCASE
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r

CRANKCASE' BREATHER VENTED TO CARBURETOR

I

1.

BREATHER TUBE

CARBURETOR
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COMPARISON OF CRANKCASE OILS
(VISCOSITY-GRADES)

SINGLE-VISCOSITY OILS

SAE
1 OW

MULTIVISCOSITY
OILS

438 6
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. .. .4 ,1
\

1*

..Z."

MN.

I II
I -

AE. Viscos' r

,.. SAE:CRA2NKCAI E OIL CLASSIFICATIONr: ....0.
PI

',SAE 1,..

Viscosity_
Number

\ .

. .' Tirrie of Flow Through Sa Viscometer in Seconds

. 0°F. at 210°F; .,

. 'Min Min -.' ., Max *e.

. . .

5W ',

_,-,1 OW
,

20W ;,.

20
_ . ..

30 ..
.

, 1

.40 . .-

50 .

..

---;

6,00o
(Note, A)
12',000 .-- *

(Nate 13).

6,000 ai_

IC
- le- than .

''' 12,000
48,000

. ...

/ --IT
-

,
,

.

-- r-

/

.

less t an 58

lees then 70,-'

less than 85

1-10

.

45

58

7.0 ,.

.

85
.

. . . . _ .
.,,- . gib

.' 6. .07,.
. .

-' -'

.

-

.
-, .k

.&.
i,

. . .
..4

_ ... . . ,

afoTE'A:>-taliistlAkum VISCOSITY AT 0°F. MAY 8E wX,Ivs,0 PROVIDED VISCOSITY Ai 2.40°F. IS NOT
BELOW40 SECONDS, SAYBOLT UNIVERSAL.' , ../

", .4 4

, . . ,
., NOTE Pt: minimum VISCOSITY At-'0°F. MAY BE WAIVED PROVIDED VISCOSITY,'A:t '210°F. IS

BEkeW 45 SECONDS, SAYBOLT UNIVERSAL
411P
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Siki Viscosity

. i

IC

J

II

(Continued)

4g.

4

SINGLE- VISCOSITY OILS

- 5

SAE
40

AMULTI-VISCOSITY OIL CAN RERACE*SEVER-AL
SINGLE- VISCOSITY OILS (When Recommended)

SAYBOLt 'KINEMATIC
VISCOMETER VISCOMETER

TAE

SAE
20 w -40

MULTI-VISCOSITY
OILS

'

J

41;`'

CFI
m



4

O ,

,

LUBRICATION SYSTEMS
- UNIT I

JOB SHEET =1 CHANGE ENGINE OIL AND FILTER -

I. Tools and materialsa,

A Drain pan ,

B Wrench to fit drain plug

C Oil calr sPout

. -D Shop towels

E Safety glasses

II Procedure.

A Disconnect spark plug"- wirt and ground
el

B ',Fos drain pan under- drk4n plug

C Remove darn plug Lkigure 1) .
. 6

NOTE-. ail should be drained when hot )

oil filler plug

fi4

FIGURE,1

oil drain plug , oil sump i
Observe *color and condition of oil

.(NOTE
areas )

Water and other contaminants
"IP

At

SE -,33-p -

o

rrHght indicate prot;lems in other

E Oil plPrlty Of time to drain complet4ly

F ciarlge (-4 tilt,r if requtred.

1

r

4
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.

'IC

JQB SHUT #.1

G 1 Replate Aram plug.

(NOTE ,Start with fingers and tighten adequately with vvrencti.)

Refill crankcase o recommended level with the proper engine oil (Figure
2)

(1\1 E Be sure filler can and spout are cleail

Clean and replace o:1 filler cap

FIGURE 2

oil filler plug ,11111

t

J Start engine and boerate for a few, minute s

K Cneck for pi; leaks

L S'n,_,t off engine

Clock ci e.ve

NOTE Add oil if heeded,. Do not overfill.)

P' instructor cried; work
4

ot.

ca

Clean up work area and replace tools in proper area
.41

4--=r -4oarreiirs. -

t,

,
1

.
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LUBRICATION SYSTEMS
UNIT I .

0.

it

JOB-SHEET #2--SE R VICE CRANKCASE BREATHER

,- l' Tools and matenals

I

A., Hand tool assortment

B Clean towels

C Solven.t.

.
D' Copta Hier for cleaning. parts

N.'
E New gasket

Feeler gaugv
.-...'

G Safezv grasses
. - . .

.........-.._.

.
Procedure

'A Dsconnect spark plug wire and ground

B Check breather for propel operation
.

. .
C Remove crankcase breather cover' if installed (Figure 1)

valve cover and
breather assembly

FIGURE 1

AI

D Remove the Crankcase breather, if is not a part of the cover

a

a

0

SE - 35-D

e

a b.

1.

A 4

I

. .

.......-
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JOB SHEET #2

E. Check breather valve for clear-ince (Figure 2)

-1. Check re_pd valves with a feeler gAuge

2. Check manual for clearance specifications
reed valve

valve cover

S.

010

feeler, gauge

FIGURE 2

F Disassemble crankcase breather (Figure 3)

gasket
platei reed

baffle
filter

gasket
cover

stud

washer
t1/4

. nut lock

7. 4

\
FIGURE 3

G Clean parts in 'solvent

H. Dry breather with corn air

Replace breather and Install new gas ets if needed

(NOTE To prevent oil leaks Install parts in correct location )

4 6 r

),

S.

4

I
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JOB SHEET #2

J. Run engine for a few minutes
4

K. Check' for oil leaks

L. Shutoff engine

M. Have instructor check .work

4

N. Clean up work area and return tools to correct location

S

,r

111

a

9
a.

4

, '
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o LUBRICATION SYSTEMS (_ \
UNIT I

NAME
TEST

i. MatCh the terms onwthe right to the correct definitions.

a. Certain chemicals added tool' to provide 1. SAE
extra performance

2. ViScoSity
b. Oils compounded to behave as light oils

at cold temperas s and heavy oilt at 3. ,,API
warm temperatures .. MIL

c. Society Of AutomotilVe Engineers

d. American" Petroleum Institute,

e. Oil 'specifications prepared by the
Ordnance meta of the.)Military
Forces

f American- Society for Testing Materials

g. A measure of the fluidity of an oil at
a given temperature

h Instrument used to measure the.length
of. time in seconds required -for a

specified volurrie of' oil to flow through
a *small orifice when the oil is brought
to a specified temperature

1. Device rotated °by the camshafts Mr
splashing oil%

Cover on the bottom of the engine, block
providing a reservoir for the engine oil

k. Passageways in the engine'used to carry
oil from one area to another .

I Device lowing the oil pump to pick up
oil which is free from sedimerit in the
oil pan

m: Devicelltised to reneove abrasive particles
from the oil

n Device fastened to connecting rod as a
means of splashing oil

418

5. Viscometer

6. ASTM

7., grade
oil

Additives

9. Oil pan -(sump)

10. filter

11. Slinger

12. Pressure.
- relief valve

13. O,il gaily
4passage) .

14: Dipper

15. Oil pickup



41,

46-0

oe

o. Valve in the lubrication system detigned
to limit maximum tail pressure

p. Gases under pressure leaking by the
piston rings during combustion and the
power stro

0

q., Types of oils tha are suitable forwinter
se-mu

r. Heavy, thick residue found in the.
bottom of an NJ pan caused by oil
deterioration or oil contamination

s. Resistance to movement betweentwn
objeets placed in contoct with one
another

2. List five purposes of the lubrication system.

a.

b.

c.

et.

e.

16. "W" oils

17. Friction

18. Blow-by

19. Sludge

.di

3. List the two main tykes of, lubrication systems.

a.

b.

4. List four purposes of the crankcase breather.

I a.

411

.

/

4 Th
4411,



r

SE 41-D

5.- Match the components of the crankcase breather on the right to the correct
purposes.

a. Keeps excessive oil from splashing onto 1. Cover (valve)
filterter

2. Filter
b. Prevent entrance of excessive arr?ounts

of dirt 3. Baffle

c,. Limits amount of fresh air entering 4. Reed
crankcase and- allows blow-by to leave.
engine -

d. Prevents dirt and abrasives from entering
air

6. List, five functions of engine oil.

a.

b.
F

A

d

7 / Select the characteristics of a good engine oil by placirlg an in the
appropriate blanks.

a Keeps a protective film on "moving parts

b' Resists breakdown high temperattres

c Resists corrosion and rusting

d Prevents carbon build-up

e 1:1fivents sludge fOrmatig

f. Flows, easily at low ternperatOres

g. Flows easily at high temperature

li Resists foaming

1. Resists breakdown after long use

8 Discuss oil ratings and classifications.

a SAE-:

b. API

6
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+:1

c. MIL--

.

d. AS,TM--

9. Explain the SAE viscosity number.

10. Explain the API classification systems

11. Name six oil contaminants.

a.

b.

c.

dr

e.

f,

!..4

h ,

A-

451.

00

I

41*
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12. Match the oil, additives on the right to their functions..'

a. Helps prevent failure of alFoy bearings 1. Anti; rust'
from Corrosive -acids caused by
combustion 2. Oxidation.

inhibitor
b. Prevents acid, varnish, and sludge

formations

c. Prevents rusting of metal parts during
storage or doweitime

$
d. Helps oil give top lubricating protection

at both high and TOW, temperatures

e. Prevents wax crystals from congealing irto
cold weather and ,forming clumps

f. Assures lubrication where extreme
pressures between close tolerances, are
encountered

g. Helps keep meter surfaces clean and
prevents deposit formation

I

,13

h. Helps prevent air bubbles which would
restrict lubrication

SE 43-D

3., Anti-corrosion
Aro

4. Viscosity index
-improver

.

5. Pour point
depressant

6. Extreme
pressure

7. Foam
inhibitor

8. Detergent-
dispersant

Select the factual statements 'about oil by placing ar "X" in the appropriate
blanks

a. Oil becomes unfit for further use as it absorbs contaminants and as
additives are deoleted

b. Multi-viscosity oils are not always preferred

c. Black oil does not mean time for an oil change

d. Buy quality.oil filters as recommended' by machine operator's manual

e, Oil oxidation results in thicker oil

f Using a light oil until consumption increases, and then switching to
a heavier oil, is. not a good practice

g. Following operator's manual recommendaticrs is critical to insure good
performance. I

14. List five general rules for selection and use of oils for best engine perforniance:

a.

b.

4 5 0 L



d.

e.

t- 11.'
16. Discuis the Nto cycle oil .selection and use.

16r.
.

List two

V

e

I.

ways to avoid. oil convmioation.

17. Demonlr'ate the ability. to:

Change enlline oil and filter.a.

N.

4

e6.S rvioe' crankcase bayeathA.
a

1NOTE:- If /heseactivities have not been -Aompli*prior to the test, ask
your instri.ictor'wlien ,thew should tp_corneletecW

0'

.)

-

..

O I

V

4

I

C

.

3.

. ;

r

1

al
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1

A ,CATION

.....''.r SYISTEM8
UNIT I

ANS!NERS TO TEST

1, a. 8 k. 13

b. 7m, 'L I. 15
,

c. 1 , m. 10

d. n. 14

'e.`' 4 o. 12

i." 6 p. 18

'g 2 q 16

h 5 19

(of s' 17

2. 1 a Reduces friction\ b Cools engine parts
,

c . Allosbrbs -shock and reduces' en ine noise t-

-

d -Fprms seal between piston rings and cylindef walls

e Acts as 5 cleansing' agent

3.
.$

.4 Splash system

b Pump system
p

,4. a. Allows blow-13\7 to escaper
b Limits corrosion of engihe parts

..

. ,

let
b. Prvents oil leaks at seals and gaskets by reneying crankcase yessure

.Allows elitraoce of fresh air

5 a 3

b.

d 2

415 4
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-
a. Reduces friction and wear

b: Cools moving parts
.

c, 'Helps seal cyl,inde-rs

d. keeps pparty clean

e. Cushions moving parts
.

° 7. 6, b, c, d, e, h,

8. lscussion should include .
,

a. SAE-Viscosity established by Sotety of Automotive Engineers

1). API" Service classification established by American Petrolew;n. frititute
. .

.c WI) L-- Specifications -Prepared by Ordrince Department of U..S. Army, Navy,
and Air Force

' 0 AST.1- Engine seqienue tests whOge procedures are_' adopted .by the
American Society for Testing Materials .:

. ! 9 Explanation should inclu de

111,
r

a Oils vary in yiscosity as teVperatures change

b Lighter oils for winter use are specified at 0°F and carry a 5w, 10w, or.
' 4)w 'symbol;

. -,,-.1;'.-
.

. F
,c. Heavier oils are WeciNd ati710:F and carry a 20, 30`';. 40, or 50 viscosity

riurn be r IF* ..
.....

10 Explannon' should include *Of
, . . .. -

'a -)..loirt effort of API, ASTM, and SAE organizations--

b Attempts' totlarify oil specaic,StiOns and ot aTities between the epijine
m fact,Ver the petrolkurn, industry, anct, e customer

c
- _, . .

A

11 ' a Foreigrt arti.114
I

-

b Water

Antifreeze

d Puet

e. Ox;'cdtion

f Acid,

3

/-

4 5 5

L
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1

12. , a. 3

r

e.

b. 2. 114

c. 1

d.1 4

. 8
.

13. y b, c, d, er f, '

1.
Any five of trieefotiowinv "

r

a. Use brands' which meet engine manbfachrrer s, specifications

b. Drain and change et recommended intervals' ,

-:

-
,c.. Select oils which have been performa-ncii tested A'

.

"14:1. ; Never mix, oils of various MI L or API specifications
, (

- ,. . ; .Keep oilcontalnecs _covered, sealed., and protated,to pr.event contamination ,
, JP'

ok V,

,,15. . Discussion thapld in d: , ..
- 2 1 '''' lilt

SE, 47-D

. 4`..

Bring engine up to h-ormal operating. temperature each time 'It is used

.a.- Selection

1) Select only rhenyfacturer s recommended SAE rating

a) .Select only oil recommended for use in either ,fir coot or water
:cooledo cycle engines

b. Use
, -

Use oil-fuel mixture recommended by manufacturer

2) Use oils that meet or exceed manufacturer's recommendations

16. Any tsko of the following.

a. Drain bil at recommended int4rvals
4

b. Use .clean oil containers and work habits

c. - Replacer clean fil s before they become plugged )
P i

/
17. 't, Performance skills ev uated to the sapsfaction of the instructor

. , .,
a,-*----.) ' 4

, . ,,

456

..
4

1,
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COOLING SYSTEMS
UNIT II

UNIT CIEUECTIVE

. 6 nM, ,49 , - . ' ,,

After completion of this 'unit, the ,student should be able to list the funCtions .0. f the .

cOoling system and identify the components of the 'cooling system. The student should
also. be able to remove, clean, and replace all cooling parts, and pressure test' the coolirig
system. This knowledge will-be evidenced through demonstration and by scoring eighty-five
percent on the unitstek.

,

al

SPECIFIC OBACTIVESv , w.,111,,..
.. i.

).
"After completion of this i..rntt, the to:'.be'student should able

--, . I
, .

, 1. Match the tefrris associated with cooling systems to the cprrett definitions.
c.

2.. List three furictions of the cooling system.

3., Identify the components .of :the cooling system.

4. - Matc th'e componep ts of that. cooling. system to, their
.

5. Derripastrate the ability to:.
4.

a. Remove, Clean.and replace air cooling. parts.

la., PreS ittcfe--tesf- -thecooling syste,

c.. Remove, check, 'and repillge a, thermostat.

d. Remove and .repladV a water pump.

.e. Remove -r-61,. replace a radiator.),
.I

Remove, insogt, and replace- V-belts.

g. Test antifreeze solutron.
:



A

I

oft

I. insttuctor$

r -,

,COOLING SYSTEMS
'GMT II

4

' 'SUGGESTED.ACTIVITIES .

I
A. Provide. student. with objective sheet.

B Provide student with inform non and job sheets.

C. Make transparencies.

D. Discuss unit and specific objectives. A

E Discuss inform a and job sheets.1

'F. Demonstrate both types' oT coolin% systems on engine.

Asist stude,ntso, ir5 identification of c2rrSponents, on. live engines.

H Clemonstrate and Lilsicuss th4procesdure outlined' 'in..the job sheets..

'Give test

I I Student

A . Readtbjective sheet

B Study information jpeet

4

.

C Complete lob sheets
or

b Compare cooling systems on different types of engines

'E 'Take test

1

INSTRUCTItNAL MATERIALS

cluded in this unit

ctive sheet

B kiformation sheet

C Transparency masters

1' TM' 1 arts of an Air Cooled ,System

2 TM, 2 Parts of a Liquid Cooling ~System/t. . t. .
-..

a

"'

,

1



D. Job sheets

. 'Job Sheet #1--Remove, Clean, and Replace Air Cooling Paris
. _

2, Job Sheet. #2rPregUre Test the Cooling System,
.

3. Job Sheet #3-- Remove,. Check, and Replace a Thermostat

,4. Job Sheej #4-- Rem' ove and Replace a Water Pump

5. Job Sheet, #5 Remove and Replace a Radiator
;

6. Job Sheet. #6- -Remove, Inspect, and Replace V-Beltellalk

7.- Job SIQeet #7--Test Antifreeze Solution.

E, Test

F. Answers. to test '
4

ll Enpres;, Volume' 'l. Athens, .Gegicia: American Association -for 4
ocatIonol Instructional 1Vlaterials, 1971.

..,..,

B. Roth, AlfreCI C. Small Gas Engines. South Holland, Illinois:
Gclodp4art-Willcox Co., Inc., 1975.

4

4

p.

4.
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'COOLING SYSTEMS

UNIT II

INFORMATION SHEET

4Rs
I Terms and definitions

4

SE -

'53-Dor%

transfer through a solid materialA A onduction-Heat
c .

transfer throtigh movement of a gasB Convection-Heat

(NOTE In cooling systems, transfer is through air.)

C Radiation Process of emitting radiant energy iris the form at...waves or
()articles

Shroud Cover over blos.yer (flywheel) that directs air to the engine fins

E , Baffle- Cov,er over the 'finned area of the engine to hold the air around

11. the fins

F Fin -Protrusions cast on the head ond 'cylinder to provide increased surfac.g,
for adrilvtal cooling area

..G \,'.1ater jacket Passage through he block and cylinder head that 'allOvvS- the
coolant to circulate around the cylinder' valves, and combustion chamber

N Piad1-3TOr*DeviCe for holding coolant in close contact with a large amount
. i,of a,- so thfit peat 4may be transferred from the coolant to the air

Th..rnostdt Heat contr(911ed' valve use ce in the cooling system to regulate
the- f;o-,, of cpoiant between the cylinder block and rkitator

J (°-
. __. .

"Dater purr, mounted at the 'front of the cylinder block to irculate
vie coolan't throughout the cooling system

.I i .4. .

K Cooling system Components 4.de.-Silneci to keep the engine at its most
' ,_>fficient oDerErting temperature during_ engine ration

.11 Funcnors (if the cooling syster'n

A i Removesesurpius or un,.vanted heat A

'
B fOr;it- tarns efficierit oPerating te.mikrature under all operating conditions

.,n(11,1t-f"
r

Stdrted, Up

OSS

to operating temperature as soon
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INFORMATION SHEET
-

Components of the cooling systems

A. Air cooled (Transparency 1)
41%

1 Flywheel

2 Filter screen
r 1

3 BloWer shroud

. 4. Cylinder head baffle

5 Cylinder baffle

6 Air deflector

io

B Liquid cooled (Transparency 2)

1

2

Radiator

Watkr pump \ r k

'
3 Water jacket

4 Fan

5 Thermostat

6 Pressur'e cap

7 Radiator hose

8 Fan belt
P

1\( Components and functions orthe cooling system

A Air cooled

1 Flywheel Device used:to mpve a large volume of air to the engine

2 Filter-screen Covering. on outside of flywheel to filter out large
materials in the air stream

(NOTE These are such materials as leaves and grass
4

4

3 Shroud_andtaffles:-Covers flywheel and directs ftr over the engine
fins to promote cooling

\ to
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B. Liquid coolvd *N4...

) ...

1 ' Radiator Removes heat from the coolant, by conduction,
radiation, and convection.

.,-

.2 Water bump-Pushes water heated by the engine through the
radiator

3 Water jacket- Allows circulation of coolant around cylinder, where
iv 'absorb§,, comlostion heat

4. Fan--Forces cooling air through the radiator fins
.

5 Thermostat-Regulates the flow of coolant,
6 Prest'Sure cap events coolant .from escaping and allows

atmospheric ressure to enter cooling system

(NOTE The p essare ratin,g 'of the cap affects the boiling point
of the coolant. Each pound of rating raises the boiling point of
\vater about 3 degrees F) 40

. \ i k i

7 Radiator hose--Trafers coolant from the thermostat housing to
radiator and from radiator to water pup

8 Fah belt-Drives fan/and water pump from pulley on engine
crankshaft

,,

..,

it
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AIR DEFLECTOR

PARTS OF AN AIR COOLED SYSTEM

CYLINDER BAFFLE

CYLINDER HEAD BAFFLE .

.0/ BLOWER SHROUD

FLYWHEEL

FILTER SCREEN'
V)
m

464 Q.
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;..P.ARTS OF A
LIQJJID COOLING SYSTEM

*

RAC IATOR HOSE

SECTION
THROUGH NUMBER

FOUR CYLINDER

1-

-13RtSI1RE CAP

"ft

SECTION-
BETWUN-FIRST AND
SECOND CYLINDERS

THROUGH ENGINE
END VIEW

'465.
ea 410

Iii

-FAN BELT
WATER :PUMP-

DRAIN

4,.

A6 .

S:
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JOB 'FlEL,T' ----1 REMOVE, CLEAN,

rools And ruatufials

. s

COOLING SYSTEMS
LJN T II

AN [3

o

REPLACE AIR COOLING PARTS

A 4anti took assortinvint ,
11-

B Wife brush

C Parts scraper

D - Wooden scr,aperl

E Cle.aning solvent

F Parts cleart,g

. 0

.G. Sira'l n'aVI sprayer
ites.

H Safety gIas.ses

I V.1ater hose

J Compres*seder

I I Proced u're
. I

A Remove 1.)10.7.'ver S111-01Jci

Remove baffle-4
,

C 'Pour' solvent, inta'sprayer
°

6 1 D

.

*IM Spray solvent ovdt dirty fins And lock area's (Figure 1)

`11cieaniN solvent'.

r

..

(NOTE Let sol'vvnt soak long en'ough to loosen caked or dried dirt-of-',")
ease ) *

ti
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,

11,

JOB SHEET z-t1

E.$ Ads!) orifitne with clear, water (Figure 2)

4,

-

`c.r as that ''iave
arid 41

hard to remove accumulations

kr
scraper

of dirt or grease

(Si() 'Si' 0;) alu.frupurn
.triti f.tih

SPI

---r
areas like newer' engine. blocks

It
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A

JOB SHEET

e R {$,

46s.:

_ --.7---- 1,

---...,_ -TA-, _,4,-/

G . Clean flyw heel fins

wooden scraper

FIGURE

I

.H` Clean air intake screen with Parts cleaning brush (Figure 5)- ,

FIGURE 5

air intake screen

Dcy erIty-ffe with compressed air
.

J Inspect all baffts, /riropd, and, screen' for damage

K Reasserbt le ,:tboimnp system

L Have instruc for evaluate your work

-mv



COOLING SYSTEMS
UNIT I I

106. SHEET i2--PRESSURE TE ST THE COOLING .SYSTEM

1. Tools an terials
.

,t7 A Radiator [Assure Tester

Sefia.t glasses

I I ..lProcerlu re
4

SE. 65-D.

A. Remove radiator cap
.

.

(CAUTION Never remove the radiator cap quickly when' the engine is hot
If f cap must be removed when hot, loosen, cap to first stop and leave' in.

'This position until all pressure is released 'Cap can then be removed safely.)

B ,Wipe th, radial filler cap seat clean

Attach the radiator pressure tester

D Apply pressure (Figure 1)

a

r y -

(NOTE Pressure applied shbuld not exceed recommegded cooling,system
.

pressure by more P4 an 1 psi )

. 0\
Watch pressure indicator

ga

(N.CITE The 'cooling system is not lelg lff pressure remains steady.)

4
,
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;

'

JOB SHEET 42
4

.

, .
Inspect system if pre4e. dropl.. -,

' .7
.

A. .
.

1 Ghcr;$ for external leaks ion, hose Connection, expanstorl
,vateli pump, and radia,tpr .

Check for internal leaks

d. Reaaove

,`P Start and Jun' engine 'operating temperature is ,reachred

(NOTE Look inside cap ",bpaning Bubbles Indicate
compression escapitig 'into cool,ng system I

,
Reattach pressure tester

0 Annly cooling system pressure*.

cress prigine speed to half throttle

If "r-essure gauge needle' fluctuates, this priciv],dt :s
combustion leak.

iNOTi If csofersiron leaks.are evident, the engine
have 'to he dIsassernOleci far repairs I

If nressure gauge needle does not fluctuate,: sharpl,,,
accelerate enginq several times and check for a disch,,r9.-It
of water from the :ail pipe

NO'TE If .an4abnormal amo t of water is, dischargtql
at .tlie tail ove, this co ate a cracked block or.
bead or a defective heat )

t rit,/puve tester' and b-lake1/4 approoriate rPetla- t
r

H, i es -he presre cap (Figure

V

(NOTE rip r/idimor p-ressure tester adapter If the cap cloeit,not
hold ,f,mssure, it should be rer5 Med.)

.

* °
-'471'

T, -774.

a
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,

JO SHEET #2

,

I Refill system with' coolaltit r.

J Reinstall cap

e

V

$

4.

4

st

7

,,

ea.

st.

sF 67-D

-.7

4.
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'COOLING SYSTEMS
UNIT 11

JOB SHEET =3 REMOVE, CHECK, AN[345REPLAGE A- THERMOSTAT
I *

I , TOoJs and materials

A Drain pan

B 'Hose clamp pliers.,
4' ver.

C Hand tool assortment

D High temperature thermometer

E Gasket scrai3er

F Gaskat sealer.

G Torque

H Ti Radiator fall can

I Safety glasses

I I Procedure

V

AO
'SE 69-D

A Drain coolant to a level below thermottai\

B Remove radiatOr hose connected to thermostat outlet 'if requrved

C Rembve theI thermostat housing`it'
Remove the thermostatghousin

of*

E. , Remove tpermost4---\,-...

F betermine condition of thermostat ,...,

. k . y

(1\1()Tt , Discard thermostat if it is excessiveI' ,rusied, bent, or stuck in
. . .

,ii-s. open poition ) .. .
G Check thermostat opening

a

h.1 J

I

,

*
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1
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JOB SHEET #3 41 , o

9

c

,
Suspend thermostat in a container o water with a h.tgh
temperature ther'mometer (Figure 1)

t
....;

ti.
4

URE 1

1".

2 Heat the container
I _Al

3 Obser.ve the temperatuw at which the thermostat begins to open
and the temperature at full open position

a Discard thermostat if it fails 'to respond at speci.fiedj.0

temperatures

(NOTE Check manufacturer's specifi,ations for
'terht.eratures at which the thermostat should start to open.)

Re?,:nStall thermostat if it checkscrkay'
.

C'ean thermcistat seat and thermostat housing

17.0TE' RehiAo,,e traces of gasket and rust )

Ptace thermostat iinto thermostat abening . IF igure 2)

t

FIGURE 2

I

.
(NOTE Make sure bellows II! spring on thermostat is placed toward the
c\41inder block ) ,

J Install he,* gasket with gasket sealei as required,

-6K Nista!! therrhostat housing, start retaining bolts

. .

A

AIT) 1`A.

.

Al
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JOB SHEET #3

Tighten bolts unifOrmly and to specified torque `.

M.' Install hose and tighten clamps securaly

. SE 71-D

N Fill cooing system

(NOTE:Bleed the system according to manufacturer's specifications.)

O Start engine

P Check for leaks

Q Recheck the coolant level after the engine is warm

.4

1.

e
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COOLING SYSTEMS
. UNTIT II

JOB SHEET -;?-4 REMOVE AND REPLACE A WATER PUMP

ITools and material

A. brain pan.

B H.and tool assortment

c: Hose clamp pliers'

D Parts scraper

E Gaskiv sealer,

F TorqbA wrench

G Screwdriver
?"-

Radiator fill can

I Safety glasses

I I Pwcegurk

16A Rernu:e -.ater pump

1 Drain c'ooling systerf'

2 Remove- dig-ye belts
.

3 Remove fan

SE, 73 D

'NOTE Usually the fan must he removed before the fan shroud

4 Remove fan shroud

5 Determine type, of water ppmp

(NOT Some ,.riater pumps, are small and Ore attdched to the
ffopt engine housing Other pumps are attached to the block and
require 1,2,,,ver Bose removal

.6 Remove lower hose if reouired

7 Remove water pump retainer bolts

4
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s

JOB SHEET #4

Remove water pump

9 Clean gasket 'material' and rust from, gasket :surfaces

-Replace' voater puMp

I

41/4

1 Apply gasket sealer to g4<et surfaces

2 Plate gasket on water pump

5r NOTE Sometimes it will be netessary 'to place the gasket on
the block for convenience of installation.)

3 Replace water pump

Start -ret-4,44er bolts

5' Tighten water primp- retainer bolts unif6rmly, torque to

specif ications

'6 Replace lower hose if removed

7 Replace fan shroud if used

4

. _.

3. - Reylace fan. assembly ,, , .

(NOTE Make' sine fan is, placed correctly ,to draw air through
the radiator )

9 Aeplace drive belts
2 k ''or

10

. '.

Adiust belts to manufacturer's S p et i fl ; .ASI
4

,.

:. .,.

11 Close radiator drain f

V.,
12 Fill radiator with coolant

(NOTE: Bleed system acvarding to manufacturer's specifications )-'

.

.13.'1' Start. engine and -allow Arm-up tims

14 Check for. leaks .

'16
(MOTE ,foltowmanufacturer's recommendedproceddre" for water
*Limp break in

461

1.
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COOLING SYSTEMS
UNIT

AV SHEET #-5-- REMOyE AND f rEPLACE A RADIATOR

Tools and materials

A Hose_ clamp pliers ,

B. Hand tool assortment

C. Safety glas4s

D Drain 'pan

Procedure

4

A. Drain raclialor liquid into pail! I
. . Ei Disconnect upper radiator hose from radiator

C Disconnect lower radiator hose fron- radiator`;
. i 1

D Remove fan shroud attaching ,screws 13.

,E Move fan shroud toward the engine back over /he fan -assembly
...

F Remove radiator attaching bolts
V k

G Remove radiator

31e,an 'air passages using compressed air

I Check the radiator. mounting shellf6r breaks or cracks

J Replace the radiator

(NOTE' Make sure -fan shroud is :in place before radiator is replaced.)

K Position radiator, start attaching bolts

L Tighten radiator -attaching bolts

M Move. fan shroud into place, install attaching screws, and tighten securely

N Inspect hoses to determine if replacement is necessary
. .

Reface lower hose and tighten clamps securely

P Replace upper hose and tighten clamps i,securely

Q Close radiator drain cock

' .4

44-
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JOB SHE.ET

.

R. Refill radiator with recommended coolant

(NOTE: Bleed system according to Manufacturer's sp fications.)

S.' Start engine and allow to warm-up t

T. Check for coolant leaks

U.' Check coolant' level

,

4

A

,1"1I .

ql

1

a

'

V
II

4 ,
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a
COOLING SYSTEMS

UNIT

6

4110E3 SHEET :-;;E, R.EMO'VE,.INSPECT AND REPLACE' V-BELTS

I Tools and. materials

A-s-' -Hand to9I assortrtlen't

B Pry .bar ,
V belt terilsCo'n gauge

(ND/ Safety glasses 4'
I. Proceigt .

A Locate slotted holes 'On brace or cOmponent to be adjusted 4

*1,

B Loosen necesOry bolts to allow component movemen t

C Move. component toward 'block to allow V-belt removal
Ir

D. Inspect V-belt

-

.SE 77-D ;

. -

(NOTE Inspect for cracks, /lazing, f4ing, organy conditionthat will mak
the belt-"uorqliable or inefficient to use I

.E Replace V belt' , . .4
'

F' , Adjust belt. terilon' tiirManufactureris- specification's (Figure 1)

I

It

- ,
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4 4 r JOB SHEET 06

I

1

I '
p '.

(NOTE: Tension can also be checked by measuring the amount of belt
defection, check manufacturer's specifications for priofter -defection.. If
specifications arid. tension, gauge are, not available the short and lond" run
slack eamples below may be Jsed. See F.igUr,e 2.) o

.

generator belt ' A

I

,

1

1

,
arlo.A; 3/4 to t -inch slack here

(

G Hold tension on

H RechPck tension
) T .

I

4

. .
belt and tighten

../

FIGURE 2

all brackets and braces securely

. ..

. .(NOTE It will be necessary to readjust new belts after a -few hours of
operation due to stretching.)

I

--1

4

4

se

r
. ..

ic 1..t. _I

li

I.

1. I

44
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COQLING/SYSTEMS
UNIT]

JOB SHEET #7 TEST ANTIFREEZE SOLUT9N

I. Materials-Antifreeze hydrometer tester

SE 79-D

11 ProCedure:
.41P

A Start, engine and allow time for coola to warm up to operating temperatUre
_

B Remove radiator cap .
4

4

(CAUTION Never move the radiator cap quickly when the engine is hot
, Loosen cap slowl to first stop and leave in this position until all pressure
is released/Sap an then be removed safely )

', .
C Draw coolant int tester' ,pnci empty several times- to equalize the

temperature of all \parts

D Draw coolant into teste r"

E read the first number or letter on the floa ove the li,quid srface

F Note temperature of coolaNt

,G Measure antifreeze content ,of the water by comparing the reading with
the chart on the tester

(NOTE The antifreeze content should be such that the cooling system
would be protected to lcYF [5°C] lower than the coldest tem erature
expected )

H Add antifreeze if necessary

(NOTE Allow roOm for expansion )

v

4 4

cs.
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* SE 81-D

1

1
COALING SYSTEMS

UNIT II

TEST

1. Match. the terms on the right to ,the ,correct definitions.

4,

a. Heft transfer through "a solid material 1.

2.

,
Fins'

Water jacket
1

A'

b.. Cover over the finned area of the engine
to hold the air around the fins

c. Devrce- for holding ,,coolant in close

3. Baffle
a

contact with a large arn- ount of air so
that heat may be transferred from the

4. Water pump

coolant to the air 5. Thermo5dt

-
d' Protrusrons cast on'. the htad and 61?. Radiator

jcylinder to ptovide increased surface for
additional cooling area Conduction

4

e Cover over blower (flywheelY7that directs 8. Convection
air to the engine fins

9. Cooling system
f. Heat transfer through movement of a gas .

g. Passage through the block and cylinder

10. Shroud

heatiP that alloM the coolant to circulate 11. Radiation

-4.

around the cylinder, valves, and
combustion chzibez 4,

h Device Mounted at the front oT the
cylinder plock to circulate the coolant
throughout the coolin system

Heat controlled valve used in the cooling
system to regulatethe flow of cdolant
between the cylinder block and radiator

"k
Process of emitting radiant energy in the
forri of waves or particles

k Components designed to keep the engine
at its most efficient operating
temperature during sengine operation

a
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A
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..`

a

List three functions of the cooling +tem

b.
o

3. Identify the components of the cooling system.
s

i c

1 ,t

.

.

.
S
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SE 83-P

..

4 4 Match the ,components of the cooling system
functions

a. Pushes water heated by the engine
through the radiator

. ,
b. Device used .to move a large volume of

dir to the engine ,

_c Drives fan and water pump from pulley
oh engine crankshaft

____
(

../

485.

on the right to their correct

.

1 Radiator

2. Flywheel

3. 'l Water jacket

4. Thermostat

5. Fan belt

i

-4

,
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1

SP

.
I d. Prevents coolant from escaping- and 6. . Radiator, h6se

allows ajmospheriC\ pressure to erier
cooling system 7. Filter screen

e. Covering on caitsid of flywheel,to filter 8._ ShrOud and baffle;
out large material in the rr stream .

f. Covers flywheel and directs air 'over the
engine fins to promote cooling

9. - Water pump
1.-

10:4

g. Transfers cool-ant from the thermostat 11.. Pressure cap
housing to radiator and from radiatOr to
,water pump

h. Regulates the flow of. coolant

.1 Forces cooling an through the radiator
fins ,

j. Allows corculation of .coolant arpund
_cylinder, where it absorbs combustion

r '4at

-k. Removes .heat from the coolant by
conduction, radiatiOn, and convection

5. Demonstrate the 'ability to.
.

a Remove, clean, and rep ace air cooling parts:

Aft.
b. Pressure test the cooling system.

c. Remove, check, and replace a thermostat.

d RemoVe and replace a water pump.
,

k _Remove and replace a radiator.

g

Remove, inspect, and replace' V-be

Test antifreeze solution.

e

(NOTE If these Activities have nat, been accorrrplished prior to the testi) ask
your .instructor' v hen they stAuld be completed.)

.

- 4

.
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I

COOLING SYSTEM'
UNIT. 1.1

ANSWERS TO TEST
f /. . dk .. , ..

o

1. a. 7 -I.
r.8 ,

. ..

b, 3 g. 2 )% .

c. 6 h. 4 r
et

. , .

PS
5

. 4 . t' ° '
d 1 1. -,

. ! I . : .

40' t

Sc

.
e. 10 I. 1-1

.

..-

0 k. 9

2. . a Removes surplus or unwanted heat

4

&

b. Maintains efficient operating, temperature under all operating conditions

c. Brings an engine, what-, started, up to operating temperature is soon as
possible

3. a Cylinder baffle- h: Pressure cap.

b Cylinder head baffle i. Fan,

c. Blower shroud I Fan Belt

d Filter screen k. Water pump

Flywheel I, Water jacket

f. Air deflector

g.' Ralaiator hose

;' 4. a 9

b .2

11,
c 5

m Thermostat

n Radiator
.

g . 6

h. 4

10 .

"
d 11 I 3

ty , .
e 7 k. 1

k

f 8

I

Kr-

5. Perforance skills evaluated to the satisfaction of the instructor,
Q.

1 c.)

-
10

,
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FUEL SYSTEMS
( UNIT III : /

N'...
4

UNIT OBJECTIVE/
, ...

After cOmpletio this unit, the student should be able, -to list the purpose of each
of the components of the fuel, system and describe the fuel pump Action. The student
4fickuld also be able to ,remove, replace, and service A carburetor and a .fuel puMb and
:service an air. cleaner. This knowledge will be evidenced through demonstration and by
scoring eighty -five percent on the' unit test.

.

SPECI FIC.08JECTI VES '.

. .

After completion.
.

of this unit, the student shbuld be able to
....

Match terms associated with the fuel system to the correct definitions.

2. State the purpose of the fuel system.

3. List the three basic types- of small engine feel supply systems.

., 4 List the . purpose 'of, each of the components of the fuel system

5. Identify three types of fuel fillers.
... .

6. Describe the fuel pump actiorr during the inlet and outlet strokes.

7. Identify three types of air cleaners.

. - 8. Identify pa rts of the carburetor.

9 Match the carburetor systems to the correct statements of their use.

10. Demonstrate the ebility to .
(

a Service an air cleaner. ,

, .b Remove and replace a, carburetor.

c Service float type c arburetor.

d Remove and replace a fuel pump.,

. . e Test and service a fuel pump

.f , \Service sediment bowl fiiel strainer.

' -..

(1 c' s) -,

I

.

,

4.
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- FfUNITtSYSTEMS

-

,UGGSTED ACTIVITIES
1'

I. Instructor:
. ' i. , ' .

A. Provide student with objectlGe Sheet, ...,

. 7 ' r ..
B. Provide student with information and jbb shAti.

. . "-"
J. Make transpartncies. ' k

I

6. Discuss unit arld specific objectives. s'
v. ... ,. .

E. Discuss information sheet. ' ..-'.. ..
.

F Demontr4 ate and discu,ss.the procei dures ou'tlined in Ihe job sheets!.
'Ca

t
G. Show worn.- br damaged carburetor parts.

.
H give test. ,

..., I I. .Siircten't ,

A. Read objective sheet. t

ri
. B. Study

.
information shee... *.

s*

C. Complete job sheets.

D. Take test. r

tib *
1

-

INSTRUCTIONAL MATERiALSt t

.-

6'.

h. Included in

A. Objve sheet

B.e Information sheet

C. Transparency masters

1. TM 1--Fuel Supply Systems

TM 2-:Fuer Filter Filter AttaChed to End of Flexible Fuel Hose.

4

4

I.

3. ,TM 3--Fuel Filter Sediment Bowl

4 TM 4--Fuel filter '- Screen in Fuel Tank

I A

,K,

4



.

6.

TM 5--Fuel= Pump

TM 6--Fuel POT (Continued

7. TM 7--Air Cleaners,

8: TM 8--Parts of a Float Carburetor

, 9. - TM 9--The Float System'

IL .10. Tp 10--Float Type darburetor.'
.\.

11. -T (4 11--Carburetort Choke+ Valve

12. ,TM 12--The Choke System

13, 'TM, 13--The High Speed System

.14. . TM 14-:-'rhe Idle SNistem

15., TM 15--Bulb Ty0,./Primer

Job sheets

1: Job Sheet #4%--Service an Air Cleane
46

2: Job-Sheet . #2-- Remdve andQeplace a Carburetor

3.' Job Sheet #3--Service Float ;Type Carburetor
, .

;4. Job Sheet #4--Remove and Replace a Fuel Pump
,

5. Job Sheet #5--Test and Service a Fid Rump

6. Job. Sheet #6-- Service Sediment Bowl Fuel Strainer

E. Test 7
.

. F. Answers to test 4

.
p H. References: .'N. so

. .

},. .. . .. --s- -
A. Roth, Alfred C. 4 Small Gas Engines, South -'*:Y=toitand, Illinois:

0 ' Goodheatt-Willcox Cm., Inc., 1975.
.....

. ,

B. Andrix, 'LabOrn. Cement Masonry Sti4lwater, Oklahoma': Curriculum and
Instructional. MIterials Center/State D-epartmerit of Vocati,onal and
Technic7 Education and Associated General Contactors, 1974.

4.

1

.7

4

.
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FUEL SYStEMS
LJKIT I I I

INFORMATION SHEET
.

t.

tr.

s':-.,._ ' .0 - a
I. Terms'and definitions -

N. . . A
.

A Venturiestriction in the carburetor'which makes the air speed up, causinti.
i a high vacuum

I.
'

. . ,

B. Airfoil-Tube in a Stream of air inside the ventuN which creates an air pattern,
vvkfh low pressure on one side

C Atomization Biking of a liquid into tiny particles or glob9les to aid vapor
forMation

D. Metering Correct proportior;, of fuel arrd air needed for, good cornbilstion

E Vaporizati'son-Tripsferring a substance into a gaseous` -state
A .

II. Purpose of the fuel sy,stern-The .fuel'system, supplies a_ combustible mixture of
air and fugl vapor to the eniiine .cylinder(s)

III. Basic types of small engine fuel supply systems (Transparency )

'Gravity feed
. r

Suction feed\

C Pump feed

I V CoMponents of. the fief system.
111.6

.A. -Fuel tank -Acts as reservoir to store fuel for en-gine use

B. 4.1 el filter Prevents dirt or foreign matter from entering the carburetor

.11

C Carburetor-Automatically mixes fuel and air in the proper.prpportion for
a combustible mixture

D. Fuel pump- Pumpit fuel from the fuel tank to the carburetor
-

E. Fuel line-Carries kiwi from the fuel tank to the carburetor

F. Arr cleaner Filters grit and dust from the air ,entering the carburetor

a

4

0
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92-D.

N FORMATION/ SHEET...
,

V. 'Tynbs of fuel filters (Trinspareneies! 2, 3. 'Zed

-I A, Sediment howl

B Screen in tile! ,tank
- ,%. - .

C Filter attached to 'the end, of flexible fuel hdse (in tanjc)
.

,\./t FuEI pump action (Transparencies 5 and 6)

A Inlet stro.kt
,,

1. Diaphragm flexes downward, forming' a vacuum

.
2 Inlet check valve opens

3 Fuel is drawn into pump

pL,t1,t stroke

1 . Diaphragm pushed upward by return spring

4
2 Inlet ',false forced shut

4

3 ()titter val/ forced open

4' Fuel is forced out of pump

.VI I Tynes of rill- cleaners (Transparency 7)

A Oil bath

B etement

C Polyurethane

VI H Parts of Ow carburetor (Transparency 8)

4,

. A Fuel inlet

4 1

. ....

Fioat.4.weed le seat

C Floe 'needle

D Float

E. r`,:o;i1r;

S'F, Packing nut ,

A.

..6

1

so:0

ti

'44

3

1

ft/
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'

10

INF,ORIVIATION,SHE'ET
4

6

\G. Needle 'valve

H. Throttle valve CIA

J. , Venturi

%-f<. Choke valve P 2

I

(NOTE. The'se parts are for a float type carburetor.)

SE -c93D

IX.. Carburetor systems (Transparencies, 9,10; 11, 12; 13, 14, and 15

A. FloatMaintains a 'wven depth o'f fijel in the float cliftber

V

B. Choke--Provides a richer mixture.fOr cOld.sengine st'artinfand. operation

C. speed -Used when the engine is called upon, to supplct/ power for full,
partioal, or po-load_ at various operating speeds

D

'
Idle speedPrOvides fuel delivery during cic4ed or rearly closed throttle"-operation .

Throttle --L s5ki to control the speed or power of ark engine according tdirwsiimAt
the requirements of the joo'it is to }perform 4 It4

e

7

Taw
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SliCTION4Ifflitt4MMOI4OR
STOP

RUN

STARTCHOKE

CONTROL
DMVE

to

POSITIONING
SPRING

HIGH SPEED 1RUNI
NOTCH ALIGNED
WITH POSITPNING
SPRING

-

CONTROL
VALVE
CLOSED

ENGINE CHOKED
FOR STARTING

-A

SE 95-D

FUEL SUPPLY
(STEMS

CONTROL

OPEN

ENGINE RUNNING

CONTROL
VALVE
CLOSED

ENGINE STOPPED

-

PUMPSYSTEM

GRAVITY-FEED FUEL SYSTEM

491
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4

FUEL FILTER

A

.

Filter attached' to end of flexible fuel. hose
a

.
. A

o -

4

--1
g
N'.)

'

%/' -....,
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J
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FILTER

IN TANK)
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Outlet Valve. Closed
Outlet

6

Vap'o'rReturn

S

"FUEL PUMP,
..;4

Pump Body

Rocker Arai
Return Spririg

Oil SeCil

.Retoiner

Rocker Arm ,

s' 4

4 role

mp Bodji.
Rocker Arm
Return!,Spfing

, Oil Skil

Retainer-,

Outlet Valv4.9pen

Outlet-

Vapor Return

ti

,

SE 103-D

ccerltric

,Rocker,Arrli Pivot Pin
iaphragm- Spririg

Dkapphrogrn-:
FuJI"Pum'p Cover ,

trJ, .
-.inlet Valve Open

Rocker Aim
Eccentric 7

Fifocker-.Ar.m
-:, PiyofPip

. Diophraghl pring
piapukcgm'

4

Fuel PuTp Cover'
Inlet V&VG Closed

47,

.0

N

TM 5
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*dirt.',,

. 4 r

e
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SE,,- 105-0

:

OPERATION OP FUEL PUMP

FUel Outlet
t

r

Outlet Valve
. 1.

.
,

Diaphrlagm

a

Hand ?rimer
. . ,

/4 ist Rocker
Arm

. never

'PO Fuel Inlet'

Inlet
Valve

.

e

V

.'.

Engine Cam

Spring

Fu[l Rod

I

$

.*
CUTAWAY VIEW OF

ELECTRIC FUEL PUMP

I

t

Rocker Arm

'Filter Element

'Ilt

.6

' 4

t

Inlet Valve
Bellows

Electromagnet

tiReturn Spring

. ;if j11

t

;

4

1

e

--Filter
Bowl

Valve
Outlet
Fuel t
'Out

TM 6$
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S.

oas
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\IL-BATH gLEANER

AIR CONTAINING
(8413T PARTICLES -fir

..,

14

1

4

COVES. -

.

FILTER
ELEMtNT

alLTER
BODY

. 6

II

0

CLEAN AIR ,

CARBURETOR

,N*
MAN'

111
A CARBURETOR .

5 1 DRY-FILTER AIR CLEANER'

COVER

4,

'
1r4

(

AIR CLEANERS

.METAC MESH
FILTER .PAD

* - .
! . r
CLEAN AIR . -. AIR CONTAINING
TO CARBURETOR'. tin PAIRXICLES,

. .
.

4 . N fi

1

GASKET
41

PAPER
FILTERING
ELEMENT

,AIR' %-

CONTAINING
DIRT

'PARTIMES

. .

POLYURETHAN ,
FILTER PAD

,
(-

DIRTY AIR IN
astAN AIR .b . THROUGH VENTS '4
T6 CARBURETOR Po-

- 4

' OLYURETHANE TYPE 6
- 502( 4 141.
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THROME VALVE

30*

Rio INLET:

T NEEDLE SEAT

FLOAT NEEDLE
44,,

NOZZLE.

,50r.
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PACKING NUT

NEEDLE VALVE,
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THE FLOAT SYSTEM.
a

FUEL INLET

FLOAT VALVE AgSEMB

I

--I

cc) 50' I

. FI4NGE PIN.,

)

0

.

.0

4

41
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CARBURETOR CHOKE VALVE

-CHOKE VALVE
CLOtED.

J

MORE FUEL
LESS AIR

C

Po'

, . .

"Th: ' ., -

."-"/

509
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1

CHQKE SYSTEM ' 1

VERY LOW PRESSURE WHEN-CHOKE IS CLOSED

.FUEL INLET

FLOAT-VALVE
-AND SEAT

.i-,

e

..

1/4

AITMOSPHERIC PRESSURE

'...

. HIGHSPEED NOZZLE

-I
K ^

5 1 )

CHOKE. CLOSED

e,

-- -

.ATMOSHPERIC PRESSURE
. r
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V
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ME HIGH SPEED SYSTEM

TO ENGINE

ATMOSPHERIC PRESSURE

LOW PISSURE AREA
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THE IDLE SYSTEM

,t
SHOULD BE SLIGHTCY,OPEN LOW PRESSURE

_. `--,.
,

i

........--

a

. .

4

$

IDLE MIXTURE SCREW

is AIR BLEED HOLES

.

, NEEDLE VALVE

AI

r

ATMOSPHERIC PRESSURE

..

ir

a.
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BULB TYPE PRIMER

VENT HOLE .,'
4

Air

. . .

I

r-

THROTTLE
VALVE

, AIR '_
..

PRESSURE

c ,

FLOAT
6.1

5 1,-7,
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FUEL SYS MS
UNIT

JOB SHEET #1--SERVICE AN AIR CLEANER

Tools and materials

Compressed air

%nth-Prier of solvent and cleanidg brush

C. Shop towels

D. ..Screwdriver

E. Clean engine oil

F. "-Safety glasses

II. Procedure ,

A. Disconnect and ground spark plug wire

B. Rer6/ove air cleaner fastener's

C. Remove air cleaner and air cleaner cover

D. Determine the type of air cleaner- element

E- Service air cleaner according to typek

1.' Service paper air cleaner element

r

paper filter
element

SE'- 125-D

(NOTE: Paper air cleaner elements should be replaced at specified
intervals.)

a. Clean by tapping lightly on a flat surface or by directing
a controlled stream of compressed air through the element
opposite normal air flow (Figure 1)

, .
I

J , .

FIGURE 1

51 9

I
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4

..

"--

JOB' SHEET

0

1:P: Before reinstalling, check the element against the light to
make sure there are not holes or ruptures present

C .

(NOTE: Light should be visible. If not, discard element.)

Check bettom and top gasket surfaces of the paper element
for damage

d.. Install--right side up when inured

2. Service polyurethane element

a. Remove the polyurethane element from the support screen

b. Wash it thikoughly (Figure 2)

.

(NOTE The elen-Wit can be washed In solvent or soap and
water.)

soap and water

1
I

FIGURE 2,

c. Squeeze out the solv.entor soap and water

(NOTE':.Do not wring,..ii the element might tear.).

d. Reoil the filter element with clearvrengine oil

520

A

4

11

I

44
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10 ,

c

., 'JOB SHEET #1

SE t27-D

e. Squeeze the excess oil frOm the 'her element (Figure 3)

polyurethane filter elbm.nt

1

6 46 6,-

FIGURE 3' G 6.0.

f. Replpe 'dement on support screen
a

(NOTE Make su're' the element is placed on the support
screen to form a sound seal for boTh top and bottom contact
e'd'ges.)

Service oil b6th alcleaner

a. Remove trying nut and separate partsfor cleaning (Figure 4)

(NOTE: Dispose of ord bil prop, rlt
gas.ket

adppter-

,

',.1cr .

j

gasket

cover

;

filter element

to
,carburetor

0
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be.

%O.

ill'

a

t.

JOB SHEET #1

body

- gasket

* 4locking,wingnut

a.Rinse air strainer and -pas in clean

,.

.FIGURE 4

oil

(Fill) e 5),

FIGURE IV
'solvent,cleaning

.

c: Shake exce iv,e solvent out of- strainer
S.

. -.(CAUT Wear-eye protection, as, the soltht jip harmfyl
to' the eyes.)

d. S'aiuraxe the 'air strainer gauze With light oil and allow excess
,' to4 d rip 'Off
V 111P .

irk -

elk Or art and grit out of-Sower cup with Cjean sotvent
\--

- ,1

f. 'FLU tow Cup to correct levet with fresh engine 611 of
type for, engine ."

r"Place units together and install wing nut

Orrecti

( TE: Make sure gasket is in plabe between their s ainef
an ower cup.)

h. Tighten wing nut securely

5 9 2
_ .

a c

a
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4

SE 129-D

JOB SHEET #1

F. Clean the filter body and cover before replacing

G. Make certair) the air clearler.to carburetor,gasket ig In good condition and(in place, replace if necessary

, J I. Replace the air body

(NOTE: Make sloe the air cleaner:faces in the correct direction. If a locating
,tang or lug is present, make sure it engages properly.)

I. Tighten the' air ,cleaner wing nut or bolt securely

(NOTE: Avoid overtightening as this can cause carburetor warpage or
improlier operation of the choke.)

.

. -J. Install any hoses to air cleaner asreguired

-

-

I

AP

4

523
r

6
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FUEL SYSTEMS
UNIT III

0-JOB SHEET #2-- REMOVE AND REPLACE A CARBURETOR

I. Tools and materials

A. Hand tool assortment

B. Tubing wrenches

d*. Torque wrench

'D. Safety glasses

II. Procedure

A Disconnect and ground spakk plug wire
4

B. Remove the air cleaner

C. Disconnect the fuel liner

0

or"

SE - 131L5

(NOTE: Use a ba up wrench to ovotti twisting the:fuelljne. Qse a container
to catch gas dr. pings.)

D: Disconnect t --ttle linkaget

E. Disconnect the 'chbke contret ca if one i

F. Remove the ignition ground wire if one ,is, u$0411,

G. Remove the nuts ,or bOtts that ald thd carburetor

H. Remove the carburetor
, :

, .

(NOTE: Some throttle linkages can only be removed at this time; be careful
' not to bend them *tid identify' their correct mounting location.) ,

I. Remove the old carburetor to--n nanifold gasket
-.r,

J. blean the gasket mounting surface . ..-
4 / .1 Abt .

(NOTE: Plug the manifold opening to prevent foreign material from entering
0engirre.) ,

K. Install the new manifold' to. carburetor gasket

)0 410

521 4

30.
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t

.

. ,

e

1

JOB SHEET #2

Place the carburet8r in the correct position and start fasteners

(NOTE: Some carburetors need to have the throttle linkage connected at
this time; mount the linkage $n correct -locations.)

M. Tighten and torque carburetor fasirers

" N. Repface githrottle linkage ,if not connected before

0. Connect the choke linkage .

P. ConneCt the ignition ground wire in the correct position
_

O. Connect the fuel line to the carlerretor

(NOTE Use caution' to avoid cross threading.)
7<=7 A

. ,
R. Tighten the el line securely

(.NOTE Use backup wrench to avoid fuel linb twisting.)

S. Check to ake sure all connections and accessories are secure

a

T. Start engine and check for leaks,
y- It

(CAUTION: A loose Connection or unsecured fuel line can come loose,
break, or leak. If this happens, fuel will leak and if ignited this fuel will

,cause a dangerous fire. Be correct in your work.)
. ..

. . \ .
U. Mbke idle air mixture and idle speed adjustnients as required by engine

rtianual

... t

7"

****
.. 1

`-or0, j
dr

4

A

C

tr

6

1
A 4

4 .

(
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gip ,
FUEL SYSTEM

GJ

SHEiT'!#3--SERVICE FLOAT TYPE CARBURETORr ,

I. Tools and materials

A. Hand tool ent

'table carburet r cleaning fluid

Parts cleaning basket

D. Safety glasses

No.

Procedure

A. DisWntlect anofiground spark plug wire

,B. Close fuel shut-off ..v'alve

C. Disconnect ftel line

D., Disconnect throttle and choke cab

E. Disconnect governor linkage

(NOTE: It is vcOmmended that you maki( a sketch of the link.gges and
their positions to aid reassembly. See Figure 1.)

SE 133-D

1.3

FIGURE 1

governor sever
governor crank

!.

.4

52 6



134-0

JOB SHEET .#3
o

F. Remove the carburetor

(NOTE: Some Models haVe7breather return hose to disknnect. See Figure.
2.)

cr case breather line

4.

FIGURE 2

. Remove the intake valve plate from the carburetor on some two-cycle
engines (Figure 3)

rib

carburetor

4"

A FIGURE 3
4

59'

:



JOB SHEET #3

H. Check throttle shaft bushing for wear (Figure 4)

(NOTE: Check engine manufacturer's specifications.)

FIGURff 4(

SE f35-D

feeler gauge k

I. Remove and check the condition of the high speed and idle speed need,le
valves (Figure 5)

lit
4

damage and wear
occur here

idle mixture needle, valve

high speed needle valve

4 FIGURE 5
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JOB SHEET #3

J: Remove the float bowl

(NOTE: On two, piece carburetors remove the main fuel nozzle before
removing float bowl. See Figure 6.)

FIGURE 6

main fuel nozzle

K. Remove float hinge pin

L. Remove float valve and
the tapered point of the

./ -FIGURE
7

and remove float

a

%Et

inspect for wear; replace if a groove is worn in
valve Figure 7)

replace when groove is evident

float valve



4

JOB SHEET #3

M. Inspect the floats for

Worn hinges

137-D

2. Fuel in metal floats; replace if you feel a liquid inside the float

3. Good varnish coating on cork. floats; replace the Ileiat if the
varnish is pealing or has been pynched (Figure 8)

\
float valve

hinges

metal float

FIGURE 8

ealipaTtlikadjusting tgb

:POOPS
41111WM

IIMINI411171Wr

cork Ioat

N. Remove all gaskets and/or rubber parts on s,the:,carburetor

0. Place all the carburetor parts except the gaskets, float, and rubber parts
4'1 a cleaner bast

P. Mice the basket in the carburetor cleaner and gently move It up and down
to circulate the.cleaner through the parts; then let it set for no more than
thirty minutes

Remove the basket from the cleaner

to

R. Rinse the parts and basket thoroughly with water \

Dry the parts, one at a time, with compressed air

(NOTE: Be sure t9 glow out .all pas n the carburetor body.)

T. Replace float valve and float in the carbu'retor body

'''ter

°
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alB

JOB SHEET #3

U. Adjust the float leveI-Jayianding the tab and measuring correct height with

a steel ruler (Figure 9)

4 FIGURE 9

same distance
#011"

V Check distance from carburetor to float top for proper height and equal
distance on horizontal float (Figure 10)

inlef"needle
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SE 139 -D

A

JOB SHEET #3 ..-0 .

W. Check distance on a vertical float from -carburetor top to top of float

(NOTE: Float should be true vertical to the carburetor top to prevent
interference with float bowl walls. See Figure 11.)

.

I

e

X. Check bottom of float for proper cleirance in 'relation to float bowl

Y. Install new float bowl gasket and attach bowl to carburetor top

Z. Install idle mixtKe valve anch screw it down until it is lightly seated; then
back it out approximately two turns

-
(NOTE: Install the main fuel nozzle on Ore two iece carburetor.)

AA. Install the high speed valve and screw it down until it is lightly seatedy'r-
then back it out approximately two turns .

.

(NOTE: Steps Y and Z are preliminary adjustments only -"anq will be
completed with the engine running.) - ._

BB. Check for free operation of throttle _and choke valve_

CC. Install the carburetor on the engine
Ilb-

DD, Reconnect the governor linkage according to the diagram sketched eatlie

532 -1
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r

a

JOB SHEET #3
...-- -

,

EE. Reconnect throttle and choke linkage

FF. Reconnect fuel line ..
(-'

GG. Open fuel shut-off valve and watch float bowl area 'of the carburetor for
fuel leaks

(NOTE: Occasionallythe float valve will get contamination in it that will
keep it from shutting off. In this case, a few light taps on the valve area
may release the contamination and solve the problem.)

1-111..Start the engine and operate until it is at normal operatki3g temperature .'

II. Adjust idle speed

JJ. Adjust the idle mixture valve to the highest' and smoothest rpm at idle .
speed

1 .

4 (NOTE: It may be necessary to reset the idle _speed again.)
It

KK. Accdlerate the engine governor controlled rpm and adjust high speed
valve to hiphest and smoothest rpm

I "I

t

4.-

,-

1

it

/

t

533
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FUEL SYSTEMS ,

SE 141-D

UNIT III
"1/4

JOB SHEET #4 REMOVE AND REPLACE- A FUEL PUMP a

wools and materials

Hand tool assortment

B. Torque wrench

C. Shop towels

D. Gasket sealer

E. Safety glasses

I Y. Procedure

A. Disconnect and gi-cnd spark plug wire

B. Shut-off fuel at tank

C.. -Disconnect fuel lines from fuel pump

1

(NOTE.,Use a backup wrench and a tubing wrench if available to avoid
twisting the line. See Figure 1.)

(CAUTION: Do not allow fuel to drop as this wrIl cause a danger of fire.)

, e

backup wrench

40

4
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.,

4

.

-

a

me'
, .

. JOB SHEET #4

D. ; *Remove fuel pimp
- 4

I . .7 . .11 .

(NOTE.:. Check ation of,fuel pump arm so it can' be
,K

rety me

Jocition..) , s- . .
.

I, *

tfr ' 'E. Clean
fu4el pumpmounting surface on engine

4

At

,

F. :Coat the mounting surfaces of the fuel pump and engine ith gasket sealer
. . ..

-*. I
. . 4 4
G. ilnstalti a intpi mounting g f o the pump

Install pump with arch, in sa ton as whentpump wastremoved (Figure
....--(

2)

lb

FI URE

--
TYPES 9'F PAD ,AQ CAM ARRANGEMENTS

.ae

....X" .,:
4,4

535
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40.

O

4

.

-,SE = 1.431D

4
J. , 4

! ,i' ati JOB SHEET #4 'J.,. ,
..1 . ..

t,

I! Push pump invatd until the mounting flange is against the g
OP

(FigUre 3)

J , i ''' . .
y

r .

* - - ,

i s' .

4 11r .. / , 4 . I
0 /

gasket .
.

Install .fastenels anciitorquq' to specificatimas

(NOTE Do not, force punip 'by using, foree, of fasteners.

. ,< Attach the^fuel. lines

, ti

st.(NOTE Be ,ce threads are in 'alignmeilt and jintgest rt to preyenpt cross

to pult in.)

i threading )-.
. t

.
k

L Tighten fuel lines secur el/
's

P. .

(NOTE Use t-vvo wrenches toeprey1 damage 'to ful iIfres*nd fittin90

M. Turn on fuAl agt---tank r : c

d

Eh
a ... I

C. Start engine and Ctseck -for leaks, rf a leak ,appearg, stop engine immediately

. . 1and repatr 1 '
glean up work area anti return all tools

( w ,

A

Have instructor` inspect your work

r.

536
a.
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' FUEL SYSTEMS
UNIT I

,

JOB SHEET #5--TEST AND SERVI

I. Tools -arid materials
.

A. - Hand tool assoitment .

". B. Container to atch

Ky

C. 'Shop 'towels
.

D. Safety glisses

II, Procedure .-

.
A. Dtseonnect and ground spark plug. wire

4
_

B. 'Disconnect fuel tio9 at carburetor

I %IL

145-D

(NOTE: 1.4e tvlio, tubing. wrenches to prevent damaging fitting's' and fuel
lines)

I
.

C.-. Hold a small containeri4wder the fuelne, to Catch fuel

D. Crank the engine.
E. Fuel should flow oat/strongly ,igd' in 'regular squirts

r

I

'(NOTE: If fuel flow is weak Or erratic, check the fuel lines or fuel filter.
- If r.';lear,,the fuel pump should'be replaced.)

F. Remove pump friorn" engle

1-(NOTE Most' fuel pumps are-serviced by complete replacem

T/
5 3 r

I

110

J

ite

tab



146-D,

"N.

JOB' SHEET #5
4

G. Usi99g the correct rep.air kit. aritii following manufacturer's repair iriformajion
reXuild the fuel pump (Figure assembly screw

pump c6ver

valve gasket
FIGURE

Dissassembled \blew
of a small

engine futl pump.

m'otch mark

valve sprino PuniP v91ve.g
. . ,? d

(;)-
valve sppin

pump valve. ._

valve- rgiainer/vvalve plat sV4w
diaphragm

mounting gasket

diaphr'agm sprint

pump bo
match m

H. Mark the pump cover and body with a file; this,pretients reyersing'the cover

as it Goes on the body

I. Replace pump

J. Clean up work area and 're,plaCe tools in popper place

K. Have instructor check work
.

5 3

,

1.0

I
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FUEL SYSTEMS

-UNIT III

7

JOB SHEET #6-- SERVICE SEDIMENT BOWL 'FUEL: STRAINER

I. ,Tools and aterials

4

A. Hapd tool assortment

o

B. Solvents

C: Pan for cleaning. part-S----
.

D. Cleaning_ rags

E. New gasket for glass- bow

r. S'a few, glasses

. I t. Procedure

is .

A Discon nect a d ground spark plug wire *

B.' Closeduel shut-off valVe

C. Loosen jai. nut and swing the wire bail to one side ( Figure 1)

SE 1.47-D

V'

I
16.

4
D Remove bowl with a twisting motion (Figure 1)

fuel valve

Mir

r

4

AP

,

/4
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A

de.

JOB SHEET #6

4 4,
E. Remove gasket IFigure 1)

, F. Fiergove strainer (filter{ screen. (Figure 1),

G. Wash the screen or filter element

H; Clean and then dry sediment howl

I. Open, fuel. vaR7 'and drain out approkmately, a 'clip of fueJ, (Figure 2)

v

(N Collect fuel in can to avdid a fore hazard)
. -

drain gasoline
...00

4

EIGOiREI

J Install gasket, strainer, and sediment howl. (FigureJr 3)

101k,
(41W

strainer

gasket

K. Fill the sediment bow' before tightening the jam nut

L. Tighten bowl aglinst gasket with lam nut

M Check for leaks before operat,n1 engine

N Reconnect spark plug <; jr.k plug

' ra'

114

0 Operate eogne for a fe,P, minJtes and rec.heck for leakS,

.. f
. 7.,
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4.

FUEL SYSTEM
UNIT III

TEST

1. Match the terms on the right to the correct definitions.
,_

a. Correct proportion of 'fuel and air
needed for good combustion .

4

b. Restriction in the
makes the air speed

/vacuum

c. Breaking' of a liquid
...,-

. , d. Tube in a stream of air inside the venturi
which creates an air pattern with low

. ...____
pressure oh one side

carburetor which
up, causing' a high

into tiny partiple;
or glObutes to aid vapor formation

e. Transferring a substance into a gaseous
state 1

.
2. State the purpose of the fuel system.

. I ,. ,

v

A

1. Venturi

2. Airfoil

3. Atomization

4. .Vaporization

5. Metering

3. List the three' basic types of small engine fuel supply systems...:
i a.

b.

4. List the purpose of each , ' the .components of the fuei system.
.._

a. Fuel tank-

b. Fuel filter-

c. Carburetor-

d. Fuel pump--

Re

,..

1

. 511

I

SE .- 14943-
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I
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4
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4.

C.'

a.

b. Fuel line-- j:

f. Air cleaner--
A

5. Identify three types of fuel filters. S.

f*.

b

547or

I

. r

ir



0

C

6' Describe the fuel pump action during' the inlet and outlet strokes.

4

a. inlet stroke

b. Outlet stroke

513

a

4

SE 151-D
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.7wc.

1p

Ifb

7. Identify three types of air cleaners.

a.



-1 v

.8. Identify the parts of ,,the cartauretor4

.^ 1r
a.

b.

c.

,d.

C

e.

g.

h.

i.

I.

k.

_f-

1

AromememmzmolommliX,Aalc

J

51
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154-0

t
9. Match the carburetor, systems on the right to the correct statements of their.

,use.

a. Used wheQ the engine is calledupon to
supply power for full, partial, or no-load

various operating speeds

b. Used to control the speed or polder of
an engine according to the requirements
of the job it is to perforrii

c. Maintains a given depth of fuel in the
float chamber

d. Provides a richer mixture for cold engine .
starting and operation

e. Provides fUel .delivery during closed or
nearly closed throttle operation

10. .Demonstrate the ability to:

a. Service an air cleaner.

b. Remove and replace a ceburetor.

c. Service float type carburetor.

d. Remove and replace a fuel pump.

e. Test and service' a fuel pump.

f. Service sediment bow.1 fuel strainer.

1. Float

Choke

3. High speed

4. Idle speed

5. Throttle

(NOTE: If these activities have not been accomplished prior to the test, ask

your instructor when they should be complead,)

C

6



I

1. a. 5
IRO

b. 1

- c. 3

d, 2

e. 4

FUEL YSTEMS*

ANSWERS TO TEST

, SE -(155-D

A.

2. it he =fuel system supplies a combustible mixture oLair and fuel vapor to the
engine cylinder(s)

.3. a. Grir ity feed

b. Suction feed a

c. Pump feed

4. a. Fuel tank -Acts as reserupir to store fuel for engine. use

b. 'Fuel filter--Prevents dirt or foreign matter Wrno enterin the carburetor
. av

e. Carbtitetor--Automaticall7 mixes fuel and air in the proper proportion for
a combustible mixture

d. Fuel pump--Pumps fuel from the fuel .tank to the carburetog

e. Fuel line--Carries fuel from the- fuel tank to the carburetor'

f. Air cleanerFilters grit and dust from the air entering the carburetor

5. a. Sedi Men' t 'bowl

b. FilterIttached to the end of flexible fuel hose (in tank)

c. in fuel tank

6. Description should includdlt.

a. Inlet stroke

1) Diaphragm flexes downward, forming a vacuum

2) Inlet ,check valve opens

3) Fuel is drawn into pump

'. 7

4.
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-- I .b. Outlet stroke

1) Diaphragm puihed upward
.

2) Inlet valve forced shut

3) 00tlet valve forced open
.11

4) Fuel is forced out of pump

7. a. Oil bath

13'. Paper element

c. Polyurethane 1
8. a. Fuel inlet

b. Float needle seat

c. Float needle

d. Float

e. Nozzle

f. l'acking nut

g. Needle valve

h. Throttle valve

i. Idle valve

j. Venturi

k. Choke valve
.

9. v a. 3

b. 5

c.

d. 2

e. 4

return spring

MM.

10. Performance skills evaluated to the satisfaction of the instructor

t.

lJ 1J

I
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GOVERNOR SYSTEMS. UNIT IV ,

UNIT.RDBACTIVE

ftercompretion this unit, the student should be able to4list purposes of thegovernor
system, and 10/t ntify the/components of the'goyernor system, The student should also
demonstrate the ability to adjust and repair the governor sygtem. This knovtilec* will '-
be tandenced through kernorrstfation and bl_scoring eighty- five,percent on the unttest:

0 .

IC OBJECTIVrS.

After completion of this upit, the student should be able to

.

1 Match! terms associatti with the governor system" to the correct definitions.

2 List- three purposes of the gvv'ernor, system.

3 List two types cif governor sytTerns.
. .

.

4,

.o
C-00

Identify the components 75f the governor systr:
, .

/
5. Match the components of--thie govern systems to their purposes.

k ' .. ., .4.000.,4

6 Demonstrate the ability t

a Inspect, adjust, -aniA r

0

r on air vane.gpvernor.

b. 'Inspect and adjust external components of a mechanical governowith
internal flyweights_ . -. . ....es' . , : - Cc RepaiP internal components of a iichaniEal governor with internal

-
flyweights

,-..
.

il. .1118/
sk A .

_.,.- . ... ,
d Inspect, adjust, and reliair a centrifugal governor with extern -al governor go

unit . A

.1 ----"'...°:i

I

awl

I

YO

4ID

4;
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4
AVERNOR ,SYSTEMS.

f
"UNIT IV

.
.

GGEgTED ACTIVITIES

I. Instructor:

A. Provide student with objectIve sheet.

B. Provide spent with information and job sheets.

C. Maq transparencies.

D Discuss unit and specific objectives

E. Discu;s .information and job. sheets.

-

SE '159 -D

F Demonstrate and -discuss the procedures oillined in the job sheets.
_ . r" --

_,;,--;
yo p G. Provide examples of both types of governors.'

-
H. 4.ocats components of governor systems olfirve engines.

lki Give test ) .. .

i .

II. Student

A. Reiti objective sheet.

B. Study information sheet.
_ .

C. Complete job sheets.

Identify components of governor syst's on live engines.

INSTRUCTIONAL MATERIALS ,

r
3 Includeciar this untr.

A. Objecjive sheet
.7 cl

.
.

B. Information' sheet , vt*

.

C. Transparency masters

1

s.

4.

.

1 TM 1-Components of an Air Vane GoVernor System'
..01 .

2 TM 2-- Components of a Mechanical GoVernor Sy's'temp
.

q

S

81

.1
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ow

D.'1 Job sheets

1 Job Sheet #1.--Inspect, djust, and Repair an Air Vane Governor

Job Sheet' #VInspect atid Adjust External- Components of -a
Mechanical Governor with Internal _Flyweights

Sheet #3-- Repair- Internal Components of a Mechanical
oyernor "with Internal Flyweights

.
Jab Sheet #4-- Inspect, Adjust, and Repaira Centrifugal Governor

with External 'Governor Unit
.

E. Test -

F. Answers to test

II. References.

'Oh

A. Small Engines, Volume 2. Athens Georgia: American Assotiation for
Vocational Instructional Materials, 1971. *.

B. Small Engines Service Mantial, 11th Edition Kansas City,-Missouri lntertec
Publishing Corp., 1976.

A

.

1

I

p

Y _.

ti

4

55_t.
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N.,

o ),c

A. Pneumatto-Movvd or worked by air.. ..

1
_

Centrifugal fceifc!-Actitirr that tends to- impel a, thing or parts, of a thing
outward f-roM a center of rotation,

-.
,,

C. ThrottlZ "-Lever concroVng the throttle valye' by linkage aid stNinci

adjustment .. . . ,

. d

i
tNOTE The-throttle controls the voluFpe of vaporized fuel-chargiapelitered-

- to the cylinder)" t
, t ,

"e4, Vane ghin .flat object that pivots about an axis"by a flottv of air '
.: :

_.. E. Linkage Series of rods, yokes, and levers use,c4 to transmit' motion fr?m
. .

4ona unit to4nother
': .

.

H. Purposes of tfie govern system .
,

A ,MaIntaiFit :a seed selected by operator l'it

.7
8 Prevents, overspeeding that may cause engine ,damage

, .
C. Limits both high and lOw speeds

SE*- 161 -D

at-

,i1411r.- , . 4110

GOVE R NOR SYSTEMS
-UNIT IV

INFO-RMATION SfIEET

N

I. Terms 4* definitions

49

III Types of governor (Transparencieff 1 grid.21

A'. Air vane
- I 1151*

MOTE The air vane system operates by directing the air from the flywheel
against the aiti vane.)

B Mechanical (dentrtfugal)

.(NOTE Trle'rnechanical system operates by tfts Use of centrifugal weights
working against a spring )

; .

IV Components ipf the governor system (Transparencies 1 and 21

A. Air vane governor

Throttle control

-2 y.....-Uonirol sonny

3 Air vane

I

'
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t

4

-

INFORMATION SHEET

4 ,Thr ottre linkage

5 Flywkeel",

B, Mechanical (centrIft4a: governor)

1 Tt5r-ottre control

2 Thrcertle- rod

3 Throtiti,let linkage

VN.. 4 Centro' spring

Gontro! arri

1:3

/ Throttle shaft

P07,oses` o eFA Component or the

<
-p

.4.
5..

J . A

4 F I ',/ VP 42 PI Pr4icles pneumatic pr'essure n relatioFtshilo to 'engine

. 4 rpm , ,, ,

. - I
. :.1----/../4

:./ler:tr,t1cd: :Joverrtor
- 41

TheotICe control Regulates engine seed

i . ;
1 2 .. Throft% rod Transfers control adrusqrient90't contrOf soilingi ,,

A Air .ene
,

A 4

fi

governbr system' ..
-(

s

.

tle

Tk'

Thirettle. control -- Regulates. engine speed

2 C:inroi spring -Connection betweert throttle.conlrol and throttle
,sh ft.`

'I

.%'

te,ir',..anN,:Sensps air movement'atkiloses thrort:lc'i

4 LItkairie Connects air vane,tb the thr ttle valve shaft

1

I 3 Throttle linkage conects, Co_ntrol. aFm to .throttl shaft
,i ,

4. Cortrd! spring r6i.tiries tension to: control arm
tei .

se , A 4 a
, Control ,jrz-t "Tcansfers flyweight aetion to throttle link

t . I

0 Flyweights Senses engine romrdcontrols gbverrior control arm
.,

4 r )
k./

Vi

I'

4



`. COMPONENTS OF AN
AIR .VANE GOVERNOR SYSTEM. k

.SE -- 163-D

*,

THROTTLE LINKAGE

116.
THROTTLE CONtRO,U-1

al;

/AIR VANE-
)/ .

CONTROL

. 7

VANE
HINGE POINT

t 5.4

lb

. .

FLYWHEEL
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COMPONENT'S OF 'A

MECHANICAL; GOVERNOR SYSTEM

. THROTTLE CONTROL

45)

a

,

R

1.r
41.

.JHROT4 ROD

I

FLYWEIGHTS

4.

SE 1

'THROTTLE
SHAFT.,

\°'...
;-,.... h, .,

-... -1.
':',..-

-.A.te. .$ ...,

.,"

TM 2

t) J

Irk

THROTTLE
LINKAGE

CONTROL SPRING.

CONTRoL4ARM

4

. 1

A
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GOVERNOR
UNIT IV

4/11

:JOB SHEET #1--INSPECT, ADJUST, AND REPAIR AN AIR VANE GOVERNOR

I. Tools and materials

A. Hand tool assortment

B. Tachometer

(NOTE A vibration tach or impulse tach may be used.) ",
C. Safety glasses

D. Appropriate service manual 't
H. Procedure

YIP

Reynove breather or air cleaner

(NOTE This may not be necessary in all cases, yet it usually will give
a better view of linkage.)

B. Remove blower shroud

C. Check thebonclititit of the" inkage and controllers (Figure 1)..

(NOTE: Look for bent contro rods, stretched springs, and pivot points
where binding may occur. St ighten,. lubricate and replace parts as

necessary.)

FIGURE 1

D. Check air .vane for freedom of movement and positigning

(NOTE: Vane should be parallel tote crankshaft. Replace damgged parts
as peeped.),

E: Replace blowier, shroud



.11% SHEET #1

N

Ik

F. Check to see if throttle valve is open hile engine is not running

(NOTE: If valve is not open check for binding. If no binds exist adjust
spring ferfsion until valve.,,ts open. "See Figure 2)

./4 G Replace breather

I.

FIGURE 2
4

H Find envie recommended speeds in maku-factuter's service manual
I

I Start engine

t

,
J Che( k engine low idle speed with tachometer while throttle cbntrol in

closed position (Figure 3)

J
-)

(.1 t)

4

E.



JQB SHEET #1

SE 169-D

NOTE Check against manufacturer's specifications. Adjust idle stop screw
at carburetor if your, reading is nqt consistent with manufacturer's
specifiCations See Figure 4)

FIGURE 4

S

eck engine high idle no load speed with tachometer while throttle control
is ,fully open

, (NOTE Check agaThst manufacturer's specifications If engine overspeeds
or surges the spring is too tight If engine will not come up to speed, spring
is too loose Acljtist to manufacturer's specifications )

L Shut off engine

M Have' instructor evaluate work

55

4k
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GOVERNOR SYSTEMS
UNIT IV

JOB SHEET #2 INSPECT AND ADJUST EXTERNAL COMPONENTS
OF A MECHANICAL GOVERNOR WITH INTERNAL FLYWEIGHTS

I. Tools and materials 6

A. Hand tool assortment

B.) Tachometer

C. Appropriate service manual
.4

D Safety glassed

I I Procedure

(NOTE Before dissassembling envies to repair internal flyweights be sure that
the fuel s,ystem and externalgbvertior components have thoroughly been
iRspected

At Remove breather

(NOTE This may/ not be necessary in all cases, hoWever it usually wiW-

give a better view of linkage )

B Check condition of linkage and controllerel.

(NOTE rook for bent control rods, stretched springs, and Avot points
where binding may occur Straighten( lubricate and replace parts as

necessary )

Check to see if throttle valve is open while engine is at rest

D Adjust throttle to open position if necessary (Figure 1)

1 Loosen screw clamping control arm to governor rod

2 Turn control arm until carburetor throttle is in wide open position
---

(NOTE Check appropriate service manual for direction, of..
rotation )

3 Turn crank on governor rod counterclockwise as far' as posgible

4 tighten screw cOnnectmg control arm to governor rod

A
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110

r`

JOB SHEET 42

5' check linkage ,for freedorn

governor adjusting lever /governor spring

throttle

FIGURE 1

link

control leveri

cam gea
or rod

governors-gear-

E Find recommended engine speeds

F. Replace breather or air cleaner
.

G. Start engine

in service manuals

H Check engine low idle speed with tachometer while engine tol'ottle rontrtA
is in clos'ed position

,. .

iNOTE Adjust idle stop screw A carhuretor if idle seed does not
oc orreSpond with manufacturer's specification )

--\ r
I 'Check engine high idle no-load with tachometer while engine control level

is in full throttle position
1, ..,

(NOTE engine overspeeds or surges, spring is too tight" If engine,,,, I

not come up to speed the spring is too loosv Adjustto manufacturer's
specifications Be sure carburetor is properly adjusteik) A .0

J. Shut 'off engine .1'

K Have instructor evaluate pork

1

500 0

11,
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GOVERNOR SYSTEMS
UNIT IV

..)

,JOB SHEET 4q-;REPAIR INTERNAL COMPONENTS OF A MECHANICAL
. GOVERNOR WITH INTERNAL FLYWEIGHTS

I. Tools and materials

A. Hand, tool assortment

B Oil drain pan

C. StSop towels

D. Fresh oil
,

E Solvent

Parts cleaning brush,

G. 'Water' supply and hose

H Safety glasses

4

11: Procedure

A Remove engind from equipment

B place engine oil feservog plu.g over ,drain pan-

C. Rem-ove plug and drain

, (NOT,c.--Qispose 'of used oil properly.)

D Replalce plug ,

E Clean engine' exterior with soivent and- bru sh

(NOTE Allow solvent to penetrate harditeposits.)

SE - 173-D

-F Hose off 'sdivent, and 'dirt

G Loosen securing bait antodisconnect control leverefrispovernor rod (Figure
1)

, .

;

0

FIGURE 1

S

WE
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V

I
JOB SHEET *3

H. Remove side housing bolts 46

I. Remove governor unit

ti

(NOTE frfiernal governor ueits come in a variety of styles, however basic
components are quite similar See Figures 2_ and 3.)

r r,
FIGURE 2.

J. Check .gbverhor .unit

lever

shaft

_

lam- ----
==== (

FIG RE 3
for wear alp damage (Figure 4)

thrust washer

`-.1 roll pin
\:\0

K. -Replae dgrna.gecl` or wqrn parts

. .

FtGURE 4

housing

gear41/4

(Nark' Check -thrustwashers for wear or damage.)

E Reinstall governdr unit on the housing
.

M. Place housing back on the engine block

4'

(NOTE ,Replace gasket if tornor damaged, and refer to appropriate service
manual fOr bolt torque specificetion5.)

N. Install the riOusing 'butts
r ,

0. Put control lever on govarncir rod

P Put o,l in engine

Q Adjust .external components

. rp.,
tJ re. 4

"v.

'I
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GOVERNOR SYSTEMS
UNIT IV

4

JOB SHEET #4:-INSPECT, ADJUST, AND REPAIR A CENTRIFICAL
GOVIIRNOR WITH EXTERNAL GOVERNOR UNIT

4

1.: Tools and materialt

A. Hand tool assortment

B. ,FlyWheel puller .

C. NyWheel hOlifer

D.4 Flywheel wrench

E, Solvent 01441

F Parts cleanih,g brush.

*or G. Water supply' and' hose
IQ?

H Tachometer 16

.I 4ppropriate service ritanijal

- S,afety glasses

K on-;pressed air
o

14.

I I. Pltcedure '1 *
..

.,= ; ,. . ,

{NOTE Thit,is a, general job sheet for engitr with governor unit located undei-
. ; , 9 .

.... ( offyWheel.) - t .., . , .
ift i' -7,, ---a-:.- .----tot , ,

,
\

ilk Clean engi9e we solvent and brush' .)s .

,-

175-D

it *

v

(NOTE. Allow solvent to soak 'twig enough tt loosen caked

4

. Hose, off solvent -and dirt

C Dry
I

cpMpressed air
. .;

D. RernoVd spark pltig wire and ground it to block
.

Remove blowerrShtoud

,c13,1

-

*



JOB SHEET 4-4

F. 4/Loosen flywheel nut

.

(NOTE Tapping a breakover wrench with a mallet will often break:it loose.)

G Remove fly\iciheel nut ."
67. ,

11(NOTE. Use a fi9wheel holder t# nu-t is hard td- rerrinve.)
-0

°Remove flywheel

Tapered shaft (Figure 1)

(NOTE' Start flywheel' nut on shaft and gentltap it while 1iftiny
on flywheel Use a lead or plastic hammer If the flywheel does
rot break looSe after two or three tries, use a,

FIGURE I

1 A

-6010:-.0 - -

'

5.5 4

46'; It.i-"I'r-'"*41F-4' fri#Pr
NP. .ate `440r
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tv

,J013-SHEET #4

2 ajJ t a p ered shaft (Figures 2 and 3)

(NOTE

SE = 177i)

This may require gspecial putter, refer to service manual.)

4 4:

FIGURE 3

A

Insbect 1inkages and control lever4rclear-ances'

Refer to /appropriate

J insp4ct unitparts'._

''.0TE rook for point's of wear. Replace damaged or worn parts Consult
lo;)rn;_riate service manual for exact specifications,)

SPECIAL

ELYWHEEL
'PULLER.

service manual for exact specifications.)

Jo,
K insoecs `Ivviriel 'recess

.:%[3-1--1 Roughness or burrs can effect operation of some models.)

L. Check thsottle position'* 0104
b(0-11,_. While engine is at rest (hrot4le should be in\full open positibn.)

Acfius-t throttle position if necessarC/

NOT V. defer to apiproprtaite service rnabual ,ftiact proteilaeS.i

N Lutiricate all movi5g parts

*
O Replace flywheel"' .4

P Replace fl wheel not

(NOTE Refer to appropriate service manual for torquing specifications.)
41111*

Q Replace 'blower stIroud
. .

. R Connect spark plug wire

4



4.

... ...., JOB .SHEET #4. 11 \ - . ,
, ,...

.
. ..

S Find recomm nded speed in service manual.
,

:.
a

T Start engine ,
,

.

U. Check" engine low speed with -tachometer while' throtile Control i5 in
closed positron, :

0

tNOTE: "check; agallp-man cture-r's recommendations.?{ the readingis
n'ot consistent adjOsT idle no screw' at eareiretor.)

10.

V. Check erMine high idle no-load speed with tachometer.while throttle .control
is in kill open Position

(NOTE. Adjust goveriltr spring until manufacturer's specItications are met.)

W. Turf) off- engiv

X. Have instructor evaluate work

,1

I-

o

9 _

5S t)

. .

I -to

tr'

z
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. .GOVFRNOR SYSTEMS'
. UNIT IV .

4

NAME
°. TESTt., 7

6 C

4"
SEP- 179-D

'el -. ,

1. - Match the terms on the -Fight to the correct `definitions.
ii - ,

r 0
a/

, ' Z " i I .f 1'

. Moved or "worded by air
I

.
1r` ... 1 Linkage, _ ,._..... .

.

b' Thin flat object that pivotsaboutian axis 2. Pneprnric
by a flout of air i ,

, . 3. Vanes
.

. .

c. Series of rods, yokes, and,le.v8fs used to . . ii

transmit motion 't frOm one unit to 4. Centrifugal force
another = .,

,

5. Throttle
d. Action that tehds to impel athing or -

parts of a ;thing outward from-a center'.
of rotation .

11\ )
e. Lever it ntr011ing the throttle vafve by

.linkage and spring adjustment. -

-2. List three purposes -,of thelio'vernor system.

,
a.

b.

4 a.

st two types of governor systems

a ^0,

1

- a

V

4

V .

1».
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101,,

4. tdentify the. comtfone.nts o the governor sotems:

lea

.01

a

: I

d.

f.

.

V

41.

/".

*Jr= .41 t
_ ,

A

.
4' '

'I



ev

Match the. components -o.1 'the 92_,Vnor .systems on the, right to then- cor
purposes .t

a

"

00131-D

Air vgne

Connection between throttle
control 'and throttl ve' shaft

.. e

vane- to "the, t....)LOttyl2) Connects air
valve shaft

3) Provrdes pneumatic pressure in

relatiohship to engine rpm

4) $enses airs movement and opens or
closes throttle

5) Regulates engine

b Mechanical

1) Transfers control adjustments to
control spring

- 2) Providestension T9 control arm

3) Senses engine rpm and controls
governor control arm

4t Regulates engine soeed

54 Concts ,control arm to throttle
shaft

6) Transfers flyweight7oion to
throttle link'

Demonstrate the ability tb

Con,trol s tg

Flyyvhpel

c) Linkage

d) Air vane

e) -.Throttle control

4

a) Flyvyeughts

COiltrol arm

c) C nirol spring

d)

I .

Throttle linkage

e) Throttle r4d.
1

'f) Throttle control

. . .
a Inspect, adjust, and ,rQpair ah air vane .governbr.

....,
. . ,

InspeCt and adjust external co'rnponents of mechanical governor with
internal flyweights. .

c'. ea .ir internal, components of a rriechanic.al governor with internal'
fly, eights ..

47 ..,.
P. t . I

. a. 'Inspect, adjust, and repair a centriftgal -novernor with- external goternor
. :

. unit . . 1. . . , , ,

(1;40TE If these activities have not been aceomplished prior to thie testi ,
askyour ili,sfructor when they should be completed ), . al

t56L

j

II

yr
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, GOVERNOR 'Si'STWAS
UNIT III

ANSWERS TO TEST
- a*

1. a d 4

b 3

c 1

2 a 1`.1aintairls a speed sel cted by operator

SE 183-.D

Ft

4 .

b Prevents overspeedin that may cause engine .damage

both h qe a4d speeds

3 Air vane

4

'

'h "''macnanrcal (certtrifugali

Throttle control
.

b 14ott!ei linkage

c Arr var,

d .

e Control spring
,

. .4 Throttle control

5 a

,
. 1)

2)

ir3)

,

a

'4) d

5) e

S

4

7

_

g Throttle shaft

h Throttle linkage

,

Control spring
r -

Conrrol 401

k Flpiieights

I

fir
Throttle rod'

t

A

.
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3) a

4) f

5)

6) b _

'6. .PerformanCe skillS to be evaluated to the satisfaction of the, instructor.

's

as 0

4

e
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EXHAUST SYSTEM
UNIT -; V

UNIT OBJECTIVE

SE 185-D

After.-corr*Pletion of this unit, the student should be able to list purposes of the exhaust
sys-terns, select -typeF of exhauv systems-, and perform maintenance procedures on-the

ust system :T40 knoMed9e2vvi_11 'be_evidenced_Ahrou_gla _dernonctrabbn and by scoring
-five percent on the unit lest

A

_ .

SPECIFIC OBJECTIVES

*
Aftetr coMpletion of this unit, the student should be able to.

1 Match terms associated with the exhaust system to the correct definitions

2 List _four purposes of the exhaust system

List two results that can occur from running a worn or.,daraged exhaust
system.

4 Select the types of exhauSt systems.

.
State thee danger of operating an engine in 6 closed, shop t A

6 Demonstrate the ability to remove, service, and replace two cycle exhaust
systei-n&- compongapic

IL

5 7 "

*
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EXHAUST SYSTEM
UNIT V

' SUGGESTED:ACTIVITIES

'1Instrucfor!

r

A, _Provide student with pbte,C_tive sheet. _

B. Provides student with information and job sheets.

C. Discuss unit anck_specific objectives.

D. Discuss information sheet.

E. Demonstrate and discuss the procedure outlined in the, job sheet.
I

F. Discuss variations in exhaust systems.

G. Give test.

I Student:

A. Read objective sheet.

B Study information 'sheet.

0. Co fete job sheet,
o

D. Take to

INSTRUCTIONAL MA E Rt./ki_S

7i

I: Included in .this unit. '../,._..
..,---:-,...,....,A. ..

41 A

Objective sheet

B. information sheet

L
C. Job Sheet #1--Remove, Servide, and Rrplace Two Cycle Exhaust ''Systerci

Components

Test '111
/

.

to test.

II. Reference--Small Engines, Volume I. Athens, Georgia: Amorican:AssotTation for'
Vocational ihstr`octional Materials: 1971..

e

SE - 187-0
77

,

E.' Answers

r

ett

.7 4
val

5
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E-XHAUST SYLITIENI ,

UNIT vV°

INk:IRNIATION SHEET

Tern and 4fmitio4 ,P It} : i ; ' 1 -
,.

I

A-, Exhaust valve Valv-e 1,Thich seals 66ff/inn nasest--w4thin y-Tinder until --its-`--.
.

,
energy 'Ilas been expended, then Tens so the cylintle-r can clear

0
,

,,

Exhaust manifold-Receives and carries away burned gases

C Exhaust' nape- -Pipe connecting exhaust manifold to muffler
, .t Muffler Carnes ,a,Arav exhaust gases and hea,.gind muffles engine noise
# I

awayE Tail pine- Pine from muffler that carries 'exhaust fumes away from
equipment

189 D

4111

I

F Exhaust or -Hole in Cylinder wall th4t allows exhaust gasq to escape

1 I Pueooses bf exhaust syste'm

A 'Removes teat

8, luffles engine, sounds

C Carnes av,,ay 012urned, and unburned gases

D -Acts' as scavenger

, I i I - Results Irbm runn,mg, a worn or damaged exhaust system
) A ,

; A Loss of power

B ' POssiVe engir dan'lane

IV Types of exhaust s.\istems

A StraighIs thrQugh

B Reverse flow

C Expansion chamber

r
?

OperatOg engine in a closed shop -Exhaust gases contain carbon monoxide,
a deadly poison

IF

(NOTE , Engines should not be ope"rated in a-closed 410, proper ventilation
shou1:1 Po used' for rune ing enconPs )

p
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Q(HAUST SYSTEM
UNIT V

JOB SHEET -t4.1--FIEMOVE, SERVICE, AND REPLACE TWO CYCLE
EXHAUST- SYSTEM COMPONENT

I Tools and materials

A. Hand -toot assortment

B. Hardwood scraper

C. Carbon solvent

D Compressed air

E Safety glasses

II, Procedure
.1

A Remove muffler and any mounting gaskets (Figure 1).

muffler
I I

SE 1t1-D

0. FIGURE 1

R'emovol of muffler t
to inspect exhaust ports of.
a two-stroke cycle engine

exhaust ports,

B. Rotate crankshaft until pistOn covers exhaust ports
) .. .

2 .
'

-._

ti -

V

r

'7.

tis

I. -
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JOB SHEET #1 111

a

C. Using the wood scraper remove ctirton from ports (Figure 2)
AIN.

(NOT/E bo not 'use a scraper as this will scratch the piston or damage, the exhaust port edges ).,

ma

FlakRE 2
L.

Use a hardwood scraper
to remotfe cdrbon from
the exhaust pots

1.

Holthengine with port down so carbon will fall mit

E. Blow out the ports with compress air

F. Soak muffler in solvent' to remove carbon deports

(NOTE A screwdriver or` scraper may be used on large deposits. See Figue"`

(.\

u a.)

. FIGURE 3

4.

(I°

r.

411

#4,

1.

,1."
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SE 1931)

JOB SHEET #1 I '

-Gr. Wash muffler with warm water

H. Reinstall muffler using new gaskets -where' needed

(NOTE: When installing mufflers on four cycle engines, use zilocknut to
prevent seizing of the muffler in the block. Discard damaged or worn out
system components,, Use anti-seize compound on "bolts.).

\

Have instructor evaluate work

a

0 .

I

4

A
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EXHAUST SYSTEM
UNIT V

TEST
NAME

'SE ,- 195 -D.'
o.

*

i
1. Match the terms on the right to the correct definit'ons.

2

a. "Valve which seals burning gases within
cylinde'r until its energy has been
expended then wens. so the cylinder

,(
can clear

.

1. Exhaust
manifold

2. :Muffler.
,

lb b. Receives and carries away bred gases ...

3. ,, Tail pipe
c. Pipe, connecting ',exhaust manifold to.

muffler 4. Exhaust pipe
-...-

d. Carries away exhaust gases and,heat, and- 5. Exhaust port
muffles engine noise .

e Pipe from muffler that carries exhaust
fumes away from equipment

.

f. Hole in cOnder wall that allows exhaust
gases to estkpe

List four purposes of the exhaust system.
--.....4 1

a.
-.

b.

1

6. Exhaust
valve

j
.

3. List two results that can occur from running a worn or damaged exhaust system.

a.

I

b.,

4. Select the types of exhaust systems by placing an "X" in the appropriate blanks.
(

a. Diagonal flow.

b. Straight through

c. Looped flow

d. Expan on chamber

e. Revers flow

I

i

0

P.
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4

?,
1

e,, State the danger of operating an engine in a dosed shop.

1 -

t

II

,

4

4, .04,

6. bembnstrate the ability to remove, service, and replace two cycle exhaust system . ,
.- i..

components.. .

(NOTE: If this activity has not been accomplished prior to the test, ask your ..I

instructor Mien it should be completed.)

1

r.

)

4

,-

.

.1

*a.

a

R

.

l
1

r I
. .

. ...t-7,..,
t.) J

, /

ii

,`

,-,

4
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EXHAUST SYSTEM
UNIT V

ANSWEIAS TO TEST

OP

1 a 6 d. 2

b. 1 e 3

c 4

2. a Removes heat

f. 5

b. Muffles engine sounds

c Carries away burned and unburned gases

d Acts as scavenger

3 a Loss of power

b Possible engine damage-

d, e

5 Exhaust gases contain carbon monoxide, a deadly poison ..
6 4rformance _skills evaluated -to, the satisfaction of the instructor

SE 197-D

1

A

J

4
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TROUB LESHOOTING
. UNIT VI

UNIT OBJECTIVE
t

SE 199-D

After completion of this unit, ttie student should be able to trouble400fer;gine problems.
This knowledge will be evidenced through demorigration and by scoring eighty -five percent,
on the unit test. '

SPECIFIC OBJECTIVES

yr After: completion of this Unit, the student should be able to

1 De (tie troubleshooting.

2. Select requirements 'for an engine to run.

3 List seven basic troubleshoo ng procedures.

4 Discuss the imporiance of understandi,ng troubleshooting procedures".

5 Demonstrate the ability to troubleshoot an engine problem

4

4

0

(

qb
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SE -201-D

TROUBLESHOOTING
UNIT VI

SUGGESTED ACTIVITIES

444..4

ti
f.

I Instructor., . 1.
_.

A. Provide student with objective sheet

B. Provide student with infoimation and job \sheets.e ..
_C Discuss unit and' specific objeftives. , ..

c.c.
D DiScuss information and job sheets.

a ,
E Show students examples of troubleshooting charts frbm service manuals. 4

. F Discuss troubleshooting charts

4

G Invite a.pOtential employer to discuss importance of sound troubleshooting
teChniqUes

H Take students on field trip to visit shop and observe troubleshooting
techniques

I Give test

I I Studdnt

A Read objective sheet

B Study formation sheet .

C 'Complete 'job shee

D take test

INSTRUCTIONAL MATERIALS

Included in, this unit.

A Objective sheet

B Inf9rmation sheet

4..

.
C Jot Sheet #1 Trouble1hoot an Engine r blem

..

.; N
E Answers to test , .

0 . 4

.
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. -

(

11. Refeences
.;

A Hydlulocs Mciltne, Deere -and- Company, 1972 -

$.
B C4711ton's Motorcycle Trouble'shoatilig Guide. facinor,'Pehnsylvanla .dhliton

82ok dompany,`19i3 /.

.

S

0

4/

4
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TROUBLESHOOTING
c_JNIT VI

INFORMATtON SHEET

'*SE 203-0
. .

I TroubleshVoting--Troubleshooting is. the systematic 'clragrt/Ssis of engine
malfunctions

I I Requirements for an engine to run

401/4. Cornpression

B

C Carburetion
f

(NOTE Troubleshooting involves checking floc the presence of these things
plus thew- timing as they enter the cylinder I

III Basic troubleshooting procedures

A Know the engine

(NOTE. This.may i nvolve the study of an eng,ine's s'ervice manual if you
are not already familiar with its design features A good service person keeps

'up with' the Latest service bulletins I

..8 Ask the °Orator ,

(NOTE Ask the operator how, when and where.theiprcrblem occurs or -
first started. Usually there will be some symptoms that lead to the
troubleshootirig problem.)

C Inspect the engine

(NOTE' CheCk*oil level, fuel level, and coolant' level if equipped. Look
for clogged breathers and. fuel systerri'vento cabs, loose hoses, manifolc4 and
wire connections while inspecting.)"

F,

Operate the engine if posSiWe

(NOTE. Listen- to the "sounds it makes while running
for erratic behavior, oil leaks, or 'unusual emissions )

fist po§sible causes 4

as well as looking

(`OTE 'Riff down all the) symptoms and visible possibilities.)

ulate. a Conclusion

(NO E Remember when looking at the list of possible c ses that one
failu often leads to or indicates another problem.)

r-,
4
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204 1)
.1

A .

INFORMATION SHEET

ti

'N.

4111

.Test conclusion .1. f . '1:
.

.

(NOTE" Be.fu.re, you start repavrcig the engine, analyze° the infortnaton you w
film and test your conclusion 'ifpossible Be a troubleshooter, not a hit
and miss person ) i I

.-....

IV. Importance of uncierstandinfi troubleshooting procedures

A _Saves customer s money

NOTE The a-Iterciative to troubleshooting is parts exchanging. If you don't
solve ifte pfrjblern un firs,t or second excharige.it gets aperisive )

Insurt 5, a better repair lob

1 rut vstevri, ,or engine is observed
, ,

INbTE This. provides more 'opportunity to,
;
find weak or failing

2 -Better operating debendability

JThoroughtroublesho-ottng provides Tor thciicienliftcatic.)n
f problems vvh;Ch may pinder proper engine operations in the

future r

C %lakes employees more voluable

1 Good, service means cOntinud business itt-4 present customers
plus the drawing of new 'cAtorners

t
2. Less work is returhexJ

.

o

II

Itk

I
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*114OUBt.ESHOOTING.

UNIT VIi . r 4.

' SOB SHEET 41-1-iiiliBLESHOOT AN ENGINE PROBLEM

20515,

r

(NOTE: This is a general job sheet desigfied .to peoviae practice in using sound
. troubleshooting procedures.)

I. ToolS and materials

A. asic hend tool assortnienx

'''' B. Appropriate service manual
1

C. Safety glasses.

' Procedure

A. Famiari2e your-Self with the engine
.

1. Secure, appropriate' service manuals

2. ,)Review current service bulletins.:

B Ask thee operator about the engine's (performance

1. Ask about performance prior to the' problem

2 Ail< about problem symptoms

3 Inquire about' maintenance procedur8s

4. Ifiquire about* how engirre is used

C. Inspect the engine
, .

1. Check A' levels

\l 2. Look for inta,ke-restricf nsI
3. Check' for fa.i.ilty fuel' system.

4.. Check all hoset to be sure, they re secure

D
E Operate. tAe engine & possible

. 1. Listen for unusual sounds

2. Look for abnormal esasskpik

, 3 Lo ok for leaks

- (.1
r,

II 1

p

4

4
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I

JOB SHEET #1

List possible problem causes , r'
.1

(NOTE.: Use your knowledge of the engine Oils information received from
the t- oubleshooting -techniques used to this point.)

Formulate a conclusion.

1. Review list of probable causes

2. Select cause

G. Test conclusion

(VOTE: 'tesithe conclusion' you have, reached -before repairing engine if
possible) ., .

a .

4
1f

r

4
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TROUE-ESHOPTING

h
i UNIT VI. . .,

:.
,

-- t : , - :"'. ... , - ..,

.4
, , ..., . . t.

TEST," :I '.
i '

a
4:

1. Define trd(ibleshooting: 1,1
. ,4 , '4,;,

,

'

2. s Selett requirements
blanks.

a. ignition

b. Speed

"'"

V

SE 297-D

a..

1

for an engine to run by placing an "X" in the appropriate

.4

c. Compression

d. ,,,Crburetion.
e. Centrifugal' force

f. Pulley
4,4..

3:4 _tilt seven basic troubleshooting procedures.

a.

b.

d.

f.

g.

V4< 4

0,
.

a

V

.4

s

s,

f

. g

'41/4

eI

0
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(
4.

4
1 .

0

.4

Discuss1the importance of understanding troubleshooting. procedures.

0

.. ,

Demonstrate the ability to froubleshoot an engine prOblen.
...

(NOTE: if this activity has .not been accomplished p rior to the test, ask you,'
instructor iivhenit fould be conipleted.1

I It'
4.

a/.

5S9
,

4
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'TROUB LESHOPTI NG
, UNIT VI

7

ANSWERS TO TEST

.' .

1.
. i

Trqubleshooting is the systematic diagnosis of engine malfunctions

2. a, c, el,
, .

3. Know the engine -

Ask 'the' oper for

c Inspect the engine

d Operate the engine if poss?ble

e List possible causes

Formulate a conclusion

g Test conclusion

4 Discussion -should include.

.

customers
,

a Saves customer s money

Insures a better reiair* job

1) Total system^ or engine is observed

Better operating dependability

c Makes employees more valuable

.;;

SE 209-D

1) Good service means continued business with present, customers
plus the drawing of new customers

2) Less wort is returned

5 Performance skill evaluated to the satisfaction, of the instructor

51i0

a

4
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OVEEiHAUL FOUR- STROKE CYCLE ENGINE
UNIT VII

UNIT OBJECTIVE

SE 211-D

'After completion of this Unit, the student should be. able to disassemble and reassemble
a fcristroke cycle engine and inspect and service the cylinder, piston, rings, connecting.,
rod, crankshaft assembly, and valve train. This, knowledge will be evidenced through
demonstration and by scoring eighty-five percent oh the unit test.

-sPEciftc ORJECTIVE4

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

1 Match terms associated with 'overhaul of a four-stoke cycle engine to the
correct definitions -

.

2 List five causes of engine:'problems.
?s, A44,

3 Identify the parts of the piston and connecting rod assembly

4 Identify the -parts of the crankshaft assembly.

5. Identify the parts of a multi-piece crankshaft/assembly.

.6 Identify the parts of the valve thin
tel

7. Demonstrate the ability to

efe-
a Disassemble a four-stroke cycle engine.

01110 Inspect and service a cylinder.

c Inspect and service the piston, rings, and connecting rod

d Inspect and service a crankshaft asembly.

e Service 'a multi-piece crankshaft assembly. .
f. Inspect and service a valve assembly.

g Reassemble a four- stroke cycle engine

01,

59.4_



Instructor.

O
*

OVERHAUL FOUR-STROKE CYCLE EN9INE
,1 UNIT VII

SUGGtSTEDACTIVITPES

.-
A Provide Student with objective sheet.

7,

withB. Provide student sith Infocrnation and job sheets.
_ .....______ _ .., ,,,

C Make transparencies . .
.

D. Discuss unit and specific pbjectives.
-

E Discuss information sheet.
o

r.

F Demonstrate and discuss the procedures outlined. the rob sheets

G Provide examples, of pistons and ,,connecting rod assemblies, crankshaft
assemblies, and valve traies.,6

H Compare overhauls of four-stroke cycle and two-stroke cycle engines.

I Give test

H Student ,

A Read objective "sheet

1

B 'study information sheet

C Complete job sheets

D Take test

INSTRIJC114101\tAL MATERIALS

I Included in this unit

A Objective sheet

B Information sheet .;

C Tic)nsparency masters ,

. 1 TM 1 Pistol, and Rod Assembly

2 TM 2 Connecting Rod Assemlply

4
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214-0'

3 TM 3- Crankshaft Assembly

TM 4 -Multi piece Crankshaft Assembly

-Job sh6ets

1 Job Sheet #1--Disassembie four-stroke Cycle Engine

2. Job Sheet #2 Inspect and Service a Cylinder
4 ,

3 Job Sheet #3--Inspect and Service the Piston, Rtngs, and

'Connecting Rod

Job Sheet #4-Insp.ect and Service a Crankshaft Assembly,

5 Job ',Sheet #5 -Service a Miflti piece Cr'ankshaft Assembly
i

8 fob Sheet #6 -Inriect and' Service a Valve Assembly

"1/4. . .
.',

7 Job Sheet #7 Reassemble a Four Stroke Cycle Engine
v

E Test'

F Answers toy test

II References .(
-

'A Harley Davu-10,9 Seeive Manual S_portster XL/XLH/XLCX, 1970 -7973
Harley Davidson Motor Co Inc , 1972

B Small .Engines, Volume 2 Athtns, Georgia American Association of
,

Vocational ,Instructional Materials,. .1974

5 9
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OVERHAUL FOUR-STROKE .CYCLE ENGINE
e e

UNIT vit.

INFORMATION SHEET,

I. terms and definitions
.

i A. Overhaul-To restore to manufacturer's specifications

B. Abrasion -- Wearing or rabbi g away

C. Anti-friction ,bearing-,Bearing constructed with 'balls or rollers between,
journal and bearing surface to provide rolling instead of sliding friction

SE \- .2151)

o

b, Babet-Aljoy of tin, copper; lead, silver, and antimony having good
anti-friction properties, 'used as a facing for bearings

E. Backlash-Cieakancie or play 'between two parts
4414

example Meshed, gears
C'e

F. Blow -by Leakage or loss of presstire

1

f (NOTE. This is often used with reference to leakage of compression past
piston-ripg. beyvyeen piston and cylinder I

G ',Break in-Procels of wearing into desirable fit new or reconditioned parts
.

`Hi Bushing- Removable sleeve used as a bearing

Camshaft- -Shaft containing lobes or cams ,which operate engine valves

J. Carbon Common nonmetallic element which forms in combustion chamber
of. an engine during.'Purning of fuel and tth.ic ting oil

,K. Clearance-Spar allowed between two, parts
. .

.-
Example' Space between

4

a journ.al and a bearin

L. CrankAgft counterbalance Series of 'weights attache to or forged integrally
with the 'crankshaft, placed so as to offset the reciprocating weight of each
piston an51 roof assembly ..

M. Floating piston pin Piston pin which is not loriked in the connecting rod
. or the pitorti, but is free to-turn o-r osciliate in both, the connecting rod

and thir pistctn

Gasket Substance placed between two ,ieial. surfaces to at as a se'al'

I
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r

INFORMATiON SHEET

'O.- Vane-Abrasive tool for correcting irregblarities or differenCes in diameter
in cylinder

.

Exacole

P. fnterference
and a valve

Engine cylinder

angle -Difference in angle ,between mating surfaces of a: valve
seat

t

Q. Journal- Part, otf a shaft' or crank_:whicc_i-otates inside' a \t/eari
' , ,

,,-
_

R Oil pumping- -Term used to cflescribe an engine which is using'an excessive .
wrnoLint,, of "lubricating moil . . .1 i ,

,

S Piston slap' -Rockio-g of loose fitting pi for cylinder,. making a llollovv
bell like sound

Press fit Known, as a -.force dit- or drive fit
,. . - i .. . .

(:)TE This fi,t is accomplished by forcing a shaft info 'a hole. slightly
smaller 'than the "shaft-) .

l'' '. . , ,. ..
Runring fit Sufficient clearance '1'1A been allotRied,between the shaft and
journal' to allow .free running witl-ioUt, pverileatin2 .

Si Seize- One surface adhering to another because of -tieati and peessure .

6 , , ,.. .

ExarApre A pistbn wrIl size in a cylinder because of rack of lubricanon
or overexpansion due to excessive heat -

\r":\t

. , , . y
. '

*Shrin-k fit ixceptionally tight fit achieved by heating and/or .ccioling of
.arts . * . r

WO,

-

, (NOTE T'he outer part is heated, alw.ve' as cibrmal 6peratvig temperature
, .

or the inneN part chilled' belDw its Hamel operating 'tempier4ture and .

assembled in this condition ) .
I : . '

S
t I . .

X Valve lapping- Process of mating the valve seat -and valve facey
-....

valve .,
I

NOTCThis' is performed ,wiTh the 'aid of an abrasive.)

Y Valve gnrdng--Process of refaerng the valve' and seat to manufacturers
specificatrons

. .

Z 'Valve face Angle -surface of valve which mates with the seat to seal the
chamber..

AA.,.Valve, head Top of the large dtarnetered valve end

BB Valve, margin Space between valt/e face and, head

.595
UM

4

h.

- t

.
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IVCTRMATION .S4EY ti

SE '217 -D

.

k ' -

CC. Valve stem--,I:ong ,portion of valve whJdb reciprocates in valve guide'

,
DD Valve .seat-An6le surface in engine block or head whiCli provides,mating

surface for valve face
-

EE Valve clearance-- bistance between Artie ,stem and tappet at lowest tappet
position' -

II Causes of engine probfems [
1

A Allowing dirt to get into the engine

B? Failure to check crankcase oit revel' often dnough and le
low on oil

Overloading the engine so that it works- too hard

Running the engine, toofast

E Failure to properly 'store the engine during the off season,

I

-
-r--

engine run

I IL,Pa`rIxs,of piston and connecting rod assembly (Transparencies 1 and 2)

A: Land

B Piston head

Piston pini(wrist pin)

D. Skirt

E Pin hole

Oil ring grooVe

G CompressiPn 'and' scraper ring groove

H Ring side clearance -

Skirt clearance

J Retaining ring

K Connecting rod

L Connecting. rod bearing ,cap

M Connecting rod bolts, washers, and nuts,



I

4

.A.J.

.,- t.'.' INFORMATION SHEET . ',
I , .

- ,, - ...,

"l V.l , Parts of cranksha'ft assembly, (Transparency 3)
. t

I.'
B Crankpin

. , _ . .:, ' -. .... ,
(NOTE This the connecting rod bearing jourria1.1

f
.A Ma.in bearing to rnals

C c4Interweights

V. Parts of a multoSiece, crankshaft assembly (Transparel'icy 4)

A connecting, rods

B Cranktin

C Crankpin A

D ,R,iriion shaft

E- l_pc I., plate
, !

I
r 8.4aring rolters and retainers .

...
I '

, G .Apr9cket shaft

-*F-f" Crank wheels
...- 1

A

411

14.
k to, 4

/

. .

Ve Parts /of, the valve train '(Transparency 5)

A. Mariun
. ,

8 Seat
, "

C -Stern

E 6 R ral

,'F Adjusting nuf

G Tappet guide

H Cam

I 'Head

J Valve guide

1(........Valve spring

Ir

a. 5

r

mo

.11

N.

4





PISTON AND ROD ASSEMBLY

GROOVE ROOT DIAMETER

LAND
DIAMETER

4

1.

SE 221-D

RING SIDE
..CLEARANCE

4,

COMPRESSION
AND 'SCRAPER
RIND GROOVE

OIL RING. _

GIPOVE
COMPRESSION
DISTANCE.

PISTON PIN

PINHOLE

ISTON
,

BUSHING

-(SKIRT'
CLEARANCE

OMNI,
1111111.

-

TM 1:
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ib

)

r

I

t

ft

i

e

A.

;

1 ... s_ _
. s I

CONNECTING \ROD ASSEMBLY

1

../

*

s

CONNECTING ROD

. BEARING CAP

CONNECTtNG -ROD,
BOLT .

WASHER

SELF- LOCKING NUT

..,

C o

RETAINING
RING ,

o

601



COUNTERWEIGHTS

s

Ie

#

p

4

CRANKPIN

VI

.44

OF

MAIN BEARING .JOURNAL

CRANKSHAFT ASSEMBLY r

1'

0

6403

YON



. , \

MULTI-PIECECRANI,HAFT ASSEMBLY

. r
CONNECTiNGRODS
,.

CRANKPIN.
. . NUTS

CRANKPIN
I

\ PINON SHAFT
.

.. .` LOCK PLATE

691

..,
, I .

SPROCKET SHAFT
It -

/

BEADING ROLLERS
AND

RETAINERS.

,

'CRANK WHEELS
,.

Crankshaft

6

t

.0.

2

N

695
a



4110 VALVE
t

4

:46

SE 229-D

ADJUSTING NUT

TAPPET GUIDE

,r/ CLEARANCE

LO5..K RUT

TM 5



1

4

r

'4

'

A

lew

OVERHAUL FOUR-STROKE CYCLE ERNE
UNIZ VII ,.

A ..

1

1,

JOB SHEL1,#1-1DISASSbV1BLE A FOUR-STRQKE, CYCLE ENGINE
,

1. Tools and m4erials

A Hand tool assortment

B flywheel wrench,

C _ Flywheel holder

D. Flywheel puller

E Valve spring cdmpre5so(

F Engine star!

I

Shop towels

Cleaning solvent _.

Safety glares

.11 Procedu're

A Disconnet sp,irk plug cable and remove spark plug

SE 231'D
ti

4

B *Disconnect all belts, chains, remote throttle control linkage, and exhaust
system if attached to implement or vehicle.

C Remove engine from implement or vehicle

(NOTE If remote fuel tank is used disconnect fuel lines from engine.)

4. D Mount ebjihe on suitable stand

(NOTE Some smaller engines are easier to disasSemble on a work bench.)
4,

E Drain oil, from crankcase

F Remove starter unit

G: Remove air Aaner and its mounting 'bracket ,

H. Remove exhaust pipe and muffler

I. Remove carburetor and intake manifold
.

(NOTE: Be sure to note throttle and choke connections, it might help to
. sketch the linkage.)

6" 1
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oft

JOB SHEET =-.1

J Remove air shroud, blower housing hatfies, and fuel tank

(CAUTION Position tank sw fuel \Atli not leak out I

K Remove the flywheel

(NOTE. Always use the right puller I

L. Remove all magneto comp° \ ents
.

-M Clean all owls de surfaces of the eiviine using an approved Solvent

N

(CAUTION Never use solvents that burn easily nor those which mty ire
harmful to humans I

;NOTE As parts ate cleaned and dried lay.them out in an organized patteri
on the-clean ,ziorkbenc

Remove tea

(NOTE On ..,1;' as with overhead camshafts refer to appropriate ser. ,_e
manual for e di.; procedures

0 Mark bolts 4o different length bolts will be returned to the prgper location
(Fiqdre 1%.

11-

FIGURE 1

608
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a
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i
,^....___,..... _

JOB SHEET #1

P. Remove valve cover

Q install valve spring compressor (Figure 2)

I

R Compress valve spring

S Remove spring keepers and collars

T Remove tension on valve sprl9g ;

U Remove spring compressor

V Remove valve

.1

4e

SE ,- 233-D

_. - - - I

r_-_-_---

/

1

(NOTE: Be tuni--ind check for roughness at valve lock groove to prevent
guide damage during removal.)

W Remove spring

I
1

tv

i

4
s,

.- do ,
,

(NOTE Mark springs as exhatist or intake for reassembly.)
r

X Repeat steps "Q" through "W" for other valve(s)
,.,..

. ..

0:.

1 I
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4

,

JOB SHEET 1371

Y. Remove pistbn/assembiy

a

.

(NOTE. Refer /o appropriate service m'anuals for exact procedures on
engines with removable cylinc-rs ) * A

1.' Rotate crankshaft uhtil pil'ton is at. bottom of cylinder

2 Remove oil sump
,

(CAUTION: Be sure crankshaft is clean before sump isremoved.)
-,

(rloTE Some engines have removable side plates instead of
removable oil sumps )

3 Remoye oii stinger or pump, camshaft, and tappets

(NOTE yark tappets for replacement.)

4 reel upper cylinder with finger to check for a ridge
I

5 Remove ridge with ridge cutter (Figure 3)

(NOTE. Refer to ridge cutter installation and cutting prOcedures.)

FIGURE a-

P

S
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JOB -SHEET

r
6. Bend _tang away from connecting riz4c1 bolts (Figurg 4)

tang on screw lock

FIGURE 4

7 Remove connectinwod bolts (Figure 5)

(NOTE Notice location of marks.on bearing cap and rod so they
can be returned to correct location

SE 235-D

--N

match marks

I

611

FIGURE 5

0

, s
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JOB SHEET #1

8 Remove pts4cip and rod (Figure 6)

(NOTE Scribe across piston and block so prston can be returned
in its original direction.)

-

GURE 6,'

Z. Remove rinds from piston ,using the correct ring expander (Figure 7)

6
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:. 7 "" 7. " f." 2.^ _

JOB SHEET #i

AA. Remove piston pin locks (Figdre 8)

SE 237-D

BB Remove piton pin (figure 9)

0110[--

6

t
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238-D A

s

-41.

N .

CC. Remove crankshaft

A
1 Rev.move crankshaft retainers if any are used

i

JOB SHEET #1 "

.2 Remove cranks15.aft from block and bearing plate (Figures 10 and
r

if
. ,

\.
. -

(NOT. ,A gentle' pull on engines With tapered r011erbearings
-will usually work. On engines with sleeve inserts' or cast in ,

,bearings, gentle taps %With a soft mallet are often required.),

DD. Clean- all parts and dry for nspection and measurement

ik

614

..r

es.

.1
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OVERHAUL FOUR- STROKE CYCLE ENGINE
UNIT 'VII,

JOB SHEET #2--INSPECT AND SERVICE ,A CYLINDER

I. Tools' and materials

A. Measuring instruments

B. Deglazing tool

C. Portable drill

a Cylinder vise support

E. Light oil' 5 10 weight

F Shop towels

G Hand tool assortment

H. Hone

I Boring bar

J. Safety glasses

II Procedure

A. Inspect

.4

.41

a.

239-D

1, Examinii for c stripped threads, broken flu, and scot (Id
damaged cylinder w Is I

e

(NOTE Any of these may require replacement of the cylinder.)

411W
Repair, any stripped threads using a Heli-=I .
a . Drill out worn thread

b Tap hole with Heli-coil tap

c Install Hell coij Insert to bring hole back to original thread
(Figyre 1)

standard screw fits .in .

lay litiOn?»0
heli-coil insert' in .'. .

GI

(dB nit

II
,FIGURE 1

heli-coil tapped hole

lk

'

, I
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a

rp

0

4

,

Measure ring-travels

JOB SHEET 4d

1. 4Tdke measurements at top, 'center, and .bOttom ofo-ring travels
both parallel and at right angles to the ctankill4aft (Figure 2)

FIGURE 2

MEASURE AT
SIX POINTS

2. Check to see if
specificatiohs

measurements are within. manufacturer's l
, jos ,

C. Deglaze cylinder if it falls within manufacturer's 'specified tolerances
.

'. ;

.2. Dry cylirrctgi .
I a t - .

(..
. D. Bore cylinders .

.

(NOTE:
...

anufacturer's specifications fir:kr equiptnpnt 'needed. If
engine

, does not e t manufacturer's specifications for Standard ring

4 replacement, it shb be bored or honect;)

* 4, .

1. 'Deternine cylinder wall type
-

ll lir ..,
. - ,.

(NOTe: Refer to appropriate service manual for exact deglazing procedures.)
eh. if.

1. Cta%
IIP

nder with hot soapy water ,
_

(NOTE: -rDo. nb use gasoline; kerosene, or solvents for
cleaning lob :)

1*

V

(NOTE: Some cyli ders cannot be reboWd. Chtf'ome plated
aluminum cylinders, or )nstance, -must be,discar if worn or I

.
damaged.) .

rik
8

AN.

611,

*

.41

.4,
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f

a

lt

q.

2.

4 V

SE .- 241-D,

JOB SHEET #2

Hone boring to oversize

(NOTE. Boring is done in D10 increments. If first .010 leaves
'nicks or gtrapes unrepaired, go to .020 over ilkidard.)

a

a. Insta ll -cxlincier in vise'or cylinder support

b. Insert hone into cylinder

(NOTE.. Be sure and use correct stone.)

c. tart drill or drill press . ,

d. Raise and louver hone in cylinder. ihhile it /plates (Figu're

- ,

44

4s

- A

11

e. Stop periodically to measure progress

f ,, Siop boring when yckare within .002 ino of desired diEeeteK
. .

.- i . ..)

/ .:Change to finishing "stones and I i ni e honing to crosshatch
pftern . 1

I
3 . s

'. .

h Clean cylinders Ai, .

....--

3.---\Bore to oversize wrth a boring bar

c

a. Secure block to boring.' bar base .
.

. ..
b SgtIcu(ter depth (Figure 4) /

(N TE: Refer to boring ba\r instruetio ,manualt for' ekact.
pr ceNre. YoU should leave approxima`ty .002E4 for finish

ho ing,)

e .

r
r. ,

', ... ..

.

.
. a 4

.

c .
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t

c.

d. Bore complete cylinder length

e-. Retract boring arm .

.7f. Remove cylinder

(NOTE Chick. to Ake sure correct bore was
same. technique as in original check.)

g Finish hone cylinder

SOB SHEET #2'

CLIER
CYLINDER

Start boring bar

h. Cletn cylinder

I

Ab.

61

4

- e

At'



OVERHALL47FOUTROKE CYCLE ENGINE
UNIT VII

JOB SHEET ,t'--3--INSPEC AND SERVICE-THE PISTON, 'RINGS,
AND CONNECTING ROD

I. Tools and materia's

A. Outside micrometer

B. Telescoping gauge

C Ring. groove cleaner

D. Feeler gauges

E. Ring expander

F. Manufacturer's engine:'-manual

G. Hand tool assortment

H. Safety glasses

II. Procedu4

A. Check piston

4

SE - 243-D

-' It
visually for scoring wear spas -artd defprmtties
----i .. ,

-1- ,

(NOTE Discard the piston and replace with a new one if you feel it has
damage that will effect engine peaoF apt ). .

B. Secure piston in vise.

C Remove rings using ring;expancier(-FiTre 1)
"

1.

44

FIGURE 1 .

4

4

0 1.
(

p

..
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1

JOB SHEET #3

D- Clean carbon from
0 ring grooves- with special cleaner (FigUre 2)

(NOTE. Be sure and do not alter the groove size.)

41.

FIGURE 2--

E Take piston measurement atthe head and 'skirt (Figures 3 and 41
o

*(NOTE Take foil r measurements, two at right angle to pin opening and
two parallel )

F Compare measurements to manufacturer's specifications

fUOTE: Discard piston if -it does, not- fall within manufacturer's
specifications.) 4

G. Check for groove wear A )

1. Ins all new sing- using ring expander

C

62!

41.

4

A

4



__J

J

1

IOB SHEET

2`' Insert feeler gai,ge

4 -

T-O-P*LAN D

OP

SE 245 -D

iettVeen ring and groove (Figure 5)

RING,

FIGURE 5

3 Compare with The manufacturer's specifications

(NO.TE Discard piston if measurements do not fall within'
manufacturer's toierailcas )

Repeat for re,niaid,nq frooi.ies

TE iiOn multi cylinder engines the maciufacturrs
rec Minend Lic,ton baionC.nq Refer to app prate service
manual ) 1

H Service and inspect pin and con'necting rod

1 Remove pin retainers ("Pigure 6)

screwdriver]

FIGURE 6

r

snap ring

'7
1



246-0
t

.

2.

3.

4 Measure piston boss with small hole gauge

*5. Measure hole gauge with micrometer

.,

JOB SHEET #3 *

r

Drive out piston pin with soft hammer and dowel (Figure 7)
1

Measure pin diameter using micrometer

6. Subtract pin measurement from boss measurement

17. Compare, to manufacturer's specifications

. .
(NOTE. Some manufacturers recommend replacement if
tolerances are not within specifications, others recommend boring
piston bosses to oversize and using a larger pin Some
rodse replaceable bearings. Refer to appropriate service manual

0 for exact procedures.)
..

8 Check rod for straightness

4

Ni

i

..

(NOTE. Big and small bearing holes must be parallel. Straighten
, or replace as necessary. Some multi-cylinder engines require rod .

balancing Refer to appropriate service manual.)

9. Connect rod cap to connecting rod

(NOT; Be sure alignment marks on cap and rod are mated before
tightening cap scred1vs Refer to appropriate service manual for
torque )

AI

62

k

t

t

...
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l

ft.

1

,

JOB SHEET #3

/ r SE .- 247-D

10. Measure-inside diarrietes of crankpin opening in two plates 180°
apart (Figure 8)

11.

4 . t

(NOTE: On rods with bearing inserts use same procedure with
insert' installed.)

,,

FIGURE e

Compare reading to manUfacturer's specification

(NOTE: ;f out-of-roundness is found in your readings, discard
rod and get a new one to replace it On models with bearing
inserts put in new bearings if manufacturer's specifica.tions are
not met or out-of-roundness is found)

...

R

.)60'1

.

.

/
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. OVERHAUL FOUR- STROKE CYCLE ENGINE
UNIT VII

......1.

JOB SHEET #4--INSPECT AND
'

SERVICE A CRANKSHAFT- ASSEMBLY

I. Tools and materials

A. Telescoping gauge

B. Outside micrometer

C. Seal removal tools

D. Seal installation tools -

.
.E. Bearing pullers

,E. Bearing installati'on tools

G. Hand tool assortment

Fr. Safety glasses

II. Procedure .

0

/

s

r

SE 249-D

..4'

A. Inspect crankshaft for scoring, straightness, damaged keyway, damaged
breaker flat, batte'red threads or worn timing gear teeth

B. Discard if beyond repair -.

(NOTE: Some crankshafts can be straightened and battered threads can
be repaired with a thread file or thread chaser )

C. Using an outside micrometer check main bearing journals and crankpin
journal for out-of-roundness and taper (F igure 1)

..- (NOTE: Check two or three places up and down the journal as well as
two places around it.) /

04 ..
.... 1

'ye

I

3
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olo

JOB SHEET #4

D. Compare measurements to manufacturer's specifications

(NOTE: On some engines the crankshaft is separable and-journals can be.
replaced. ,Sdme expensive crankshafts can be regrOund to a standard

4 undersize. Most crankshafts should be replaced if they do not fall within
specifications.)

E. - Check and service main bearings and seals

1. Check seas

a. Visually check for lip deterioration or wear

I-

b. Remove damaged seals (Figure 2).

2. Inspect anti- fricftion bearings

a. Clean bearings with solvent

b. *sually check for pitted or damaged rollers

c. Spin bearings and look and listen for deformities

(CAUTION- Do not span bearings with compressed air.)

625

a.
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JOB SHEET #4
MIL

d. Remove worn or damaged bearings (Figure 3)

FIGURE 3
t)

r

e. Replace with new bearings if needed

3. Inspect and repair bushings

:SE 251-D

a. Measure inside bearing diameter with telescoping gauge
(Figure 4)

FIGURE 4

1

b. MeasureMeasure gauge with micrometer

Compare to manufacturer's specifications

6 ()C
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JOB SHEET #4

d. Repair damaged bearing

(NOTE Some engines have cast in sleeves for bearings and
are not repairable. Replacing the housing is the only repair.)

FIGURE 5

e.

1) Drive out worn bearing (Figure 5)

SEARING DRIVER

2) Replace with new bearing

Put in with new seals (Figure 6)

seal seat tool
ti -

111111ik'
mounting flange t oil seal

4:44. 1;

etiwri 4..4111A

'Vow

L

1.

FIGUkE 6

if

(NOTE This may require special toctls. Consult appropriate
service manual)

2 r:
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OVERHAUL FOUR-STROKE CYCLE ENGINE
UNIT VII,

JOB SHEET #5--SERVICE A MULTI -PIECE CRANKSHAFT ASSEMBLY

I. Tools and materials

A. Hand tool assortment °

B. Dial indicators

C. Inside micrometer

-D.' Outside micrometer

E. Bearing puller

F. Lathe or other suitable centering device

G. Vise

H. Solient and brush or rags

I. Sfit ham

J. Thickness gauge

K. 'Safety glasses

II. ProCedure

A. DisasseMble engine to expose crankshaft

OTE: Use appropriate job sheets and service manuals.)

crankshaft assembly from engine

C. Disassemble kshaft assembly i.
1. Place crankshaft vertically in a vise

(NOTE: Use wood blocks or jaw protectors to keep from
damaging the crankshaft.)

C

SE 253-D

1
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JOB SHEET #5'

Remove all bearings from. the shaft (Figure 1)

'3. Separate crank throws or wheel

r

FIGURE 1

4b

a. Remove locking screws, plates,, and nuts
r-

b. Tap outer rim of wheel to loosen with soft hammer

c. Remove jpper crank wheel (Figure 2)

Hold.bearings while pulling connecting rods off (Figure 3)

, _ *its

imI' 17'

CQi

N

FIGURE 3

1 .10
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t4

4

.

4JOB MEET
-4V .

,

,11emove .bearings ( igure11)
.

.. .NOTE: Keep the bearings assemb'ed
I.

....*c

If.

*.
VURE 4

SE 255-D

--,,

. Remove remaining lock Mote screw, lock plate, and crankpin nut.

7. , Tap crank wheel with so ammer,

*8." Press our crankpin
fa3

D..143rnspeot
parts

Jt,
1. Cleap afl parts in solvent

2 Dry parts

3' Check ci-arikPin'fo'r wear with Micrometer-
.

(NOTE; Replace if ndt within Inabufacturer's specified limits.)X ,

4:, Gheck flywheel Washers for wear
*0. ^ ' ..

(NOTE: Replace if any wear is evident.)
;,,) .

Inspect connecting, rod big end bearing surfaces with inside
. micrometer . A

.
e

_.., " . .
e

.'1NOTE:Af they do 'not fall within manufacturer's specifications,
replace with .new rods, bearings, and crankpin.)

,.. .11
1 '

'E. "Fit rod bearings '4
.. -. IA* . 1-.-' Fit liters- into races

=.7,0

,

(NOTE: Arw sip could be used, all parts must be free of oil;)
., ...

. a. .

P .4

..
*'

2*! .44
.

, .
.. i ,

,

alr ,

4,
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. ,

JOB SHEET #5.

2. osition assembled bearings into rods

3. Drop crankpin/ through hct,in rod'

. .

(NOTE: Plug fit is achieved when pin drops through bole of its
own weight. Try ,different size eollers until this fit is ollained.)i

eck overall; width of roller retainer assembly

a.

4

,4

(NOTE: It must biXiessilthari feri-iale rod big end width.)
, .

Reassemble crankshaft assembly

4(NOTE:4 Reverse. disassembly proceelurei.)

1. Check sideshal(re (Figure VIP

I

A

r

r

, 2. Compai-e _manufacturer's specifications

1

FIGURE 5

1'

(NOTE. Recheck bearing fit if specificatioas are not met.)

C.

-
AO

I'

°

1

-
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G.

4

JOB SHEET #5

Align crankshaft asset:14415n
ti

0

SE -6257-13-

*
.1. Install. Crankshaft assembly in a lathetor othertsuitable/entering

device', (Figure 6)

-)4

M

--.4

ti

FIGURE 6

r-

I.
,.

2.' Mount dial indicators on bearing journals (Figure 7)

,14

.....

tit

FIGURE 7

3. Rotate crankshaft and note indicator readings
.

4.-- Align shaft sb maximum needle readings are the same,
. ,

o. Rotate the crank until sprocket side dial indicator) reads its
maximum

1%'

.

s. r
'

V
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F

_

a
)013 'SHEET #,5

4 '

b. Mark crank -wheel in .line with dial -indicator plunger

c. Remove crank frqm-lathe

d.. Tap crank wheel lightly with soft face hammer at mare
(Figure 8)

FIGURE 8

e. ReinstaN in lathe Fmk recheck readout

f. Rehear until- rea silts are the same

5. Adjust for pinch or spr

(NOTE: After the foregoirig:\adjustment, the crank may' still be
pinched Or spread. Jf the indicator show a maximum travel when
crankpin is in toward the diaiindieMors, it is pinched; if maximum
is shown when crankpin is away from indicators, the wheels are
spread.)

a. Correct "pinched wheels

1) lb Remove aisePtibly from lathe

I

. 2) Drive wedge between wheels away from cm-
.

(Figure 9)

6 3 r;



JOB SHEET #5

-r

4

3) Replace in lathe and recheck runout

SE 259-D

t

Repeat until manufacturer's specifications, are met

b. Correct spread wheels",

IS .. *, .
.

1) Remove crankshaft from lathe . (.4
.

. ,
. .

... 2) Tap wheels Opposite crankpin toward each other
. (Figur ip) . .

Replace in lath and the k runout .

4 '

4) Repeat until rnanufncturer' speciffeations are met

H Check side rclearance

1 Place crankshaft, ill a vise .

ti
2. Torque to-rnane4Acturer's specifications 11

Insert thickness- gauge (Figure 11)

FRONT CYLINDER
CONNECTING ROD

Or

THICKNESS,GAGE

FIGURE

FORKED REAR CYLINDER
CONIECTING RdD

tr.t.t.

4
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a

...

.

JOB 'SHEET #5
, .

, .., ...
. ; Compare to rinanufacturer's specifications

s . .
. (NOTE: If too much clearance exists, tighten crankpin nuts uht41

specifications are met.) ' )
. , t

.I. Have instruzig evarate work

.

,

a,

C

.

-a*

r
;

4

...

i

k

...... a

'1

4 A
. .

tr

a.

.r

s

ii

9

.

635

A.

441

,N

.,
' .. ' /* stl,4 :.

, , , ' . '

.

11111! 1/41

cII 4.
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A
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OVERHAUL 'FOUR-STROKE CYCLE ENGINE
UNIT VII

c--JOB SHEET INSPECT AND SERVICE,'A VALVE 'ASSEMBLY

I. Too ;is aiid mkertals

A Valve seat grinding equipment

B . Valve face grinding equipment

C Outsicl micrometer,

D Telescoping gay

E Vo'\.;;:: spring tension tester

F Corrbinatin spJare

G Valve seat r.-noval tools

Va:;.e seat:cfrTver-

ft.;
Va'.e guideNgrnova: tools

..

reac,-;ers

K Ha- -nert

S,1,,d-r;-; or a e

r"-; t)tnrrid' ce manual

111 Prncedur.;

l-so:Jcz ;dives

I

a.

As.

SE 261-D

_mitt? creek, value for unusual or uneven wear, burned spots,
:-ts, cracks, bent or burnt sterns, and other darilage

OTE Discard the valve if pits o'r Cracks re too deep to dress
(.,; ;11;,;:i r grinding or if stem is bent )

wo.

6 °

a1

4
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4.

S

JOB 'SHEET #6

NIL

2. 'Measure the valve stem With a micrometer {Figure 1)

(NOTE: Discard the valve if it does not:fall within manuifacturer's
-specifications-) 44- I

check diameter of stem
at three points atteatt

micrometer FIGURE 1

3. Measure valve margin (Figure 2)

(NOTE: Generally if margin is less 'than 1/64", valve is discarded;
consult appropriate service manual for exact measurements.)

FIGURE

B Repair valves

1. Determine correct angle and face width from appropriate service
manual

2. Chuck valve in grinder

ale

(NOTE: Refer to grinder directions for proper procedure. tress
grinding wheel if necessary.)

4-
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SE 263-D

I,

0
3. Set grinder angle (Figure 3)

JOB SHEET #6

(NOTE Consult grinder set up manual.)

FIGURE 3

4 Grtnd valve

5. Measure margin and seating surface

(NOTE Dist..are-valve if suitable margin does not exist )

Inspect valve guides

1 Measure inside diameter with dial indicator or4 telescoping gauge
and micrometer or valve guide reject gaugc (Figure 4)

a

FIGURE 4

2 Ccyrpare to manufacturer's srecifacations

(NOTE If measurern',,ent .does not fali vvithin manufacturer's'

4 specifications, repair 46c...replace )

Repair valve guides

(NOTE There are two basic types of guides, those bored directly into the
didck and those ,f);(2ris ),,

A

lb
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JOB SHEET #6

1. Replace insert type valve guides

a. Remove worn guide (Figure 5)

(NOTE. This may require a special tool, consult appropriate
service, manual.)

FIGURE 5

th

.1!

b Install new guide

c Ream to fit va.koe stem

(NOTE. Be stare .clearances between stem andAuide fall
within manufacturer's. recommended tolerances.)

2. Repair guide without. bushing inserts

(NOTE:----Many alurninwm block engines have drilled guides with
no inserts.)

a Ream to standard Oversize,

1) Select appropriate reamer

.t

(NOTE Reamer sfikould oversize guide to
appropriate size for oversized stems with
manufacturer's recommended clearances.)

'2) Install reamer (Figure 6)

.

6.vaQ(

FIGURE 6



0

I.

JOB SHEET #6

3) Rotate ream while applying light 'downward
pressure

4)- Ream entire lengih of guide

51 Measure reamed guide with telescoping gauge and
micrometer or dial indicator

IT. Ream for guide insert

1) Select appropriate reamer

(NOTE: Your reamer needs to be lergd enough to
allow for an insert to be pressed into the bore.
The bore should be approximately .001 in. smaller
than the Insert.) '

2) Aearn guide
eV

3) Install guideInsert)

41 Ream to standard size (Figure 7)-
.

(NOTE: Reamer used here shO Lild put new insert
to standard size with rec..prnred clearances;

4'

41.

'E. Inspect valve seats

FIGURE 7

(NOTE' Check to see if valve is machined,into the head or if it is
an insert.)

1. isually check valve seats for cracking and ipttjng

6 4 ill
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JOB SFO#6

2. Check seat width4and angle (Figure 8)'

(NOTE: Depth
the number of

of valve seat and its ,width can tell you about
times it has been refaced.)

seat angle

VALVE SEAT DIMENSIONS

F. Reps': #5r replace valve seats

1. Reface valve seats
6.%

_ a. Select appropriate refacing

(NOTE: Drill 'motors and
cutters of the appropriate

.FIGURE 8

tools (Figures 9 and 10)

carborandum wheels or special
size will work.)

ELECTRIC
POWER

ORINDER

CARBORUNDUNI
GRINDING

WHEEL

641
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41.

SE'- 267-D

JOB SHEET #6

b. Install pilot in guide

(NOTE- Guides should have been inspected or reconditioned
to gua6riti,e straightness.)

c. Install refacing tool

. Start4too.1 rotating 1

e. Cut all oxidation away

f. Check seat 'uidth

1NOTE: If width is over 1/16", narrow it down with a 15°
to 30° wheel at the 'top and a 60° to 75° wheel at the
bo.ttom.)

2 Replace valve seats

a. -Remove worn seat (FigUres 31 and 12)

removing seat insert with pUller

r.

73,long punch

FIGURE 12

..1Pace new seat in opening

(N(flit It' is often recommended that the neiry sedt be chilled
for at least one hour in a freezer.) "-

64"

a-
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,

4,

..-

e

JOB SHEET #6

c: Install seat driving tool- (Figure 13)

d., Tap tool to set new seat,d
e. Reface seat to recommended specifications

G. Inspect valve springs,

I

4

1

0

. _
1. Determine spring height using surface plate and scale .or square t

(Figure 14) k

2. Compare to manufaCturer's specifications

.... . (NOTE. Discard if sproici does not fall wiThin tolerances.)

613

r

4
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AID

0

0

a 4-

Oa

O

ci2

s

4

.

4

-0

0

JOB SHEET #6

Check valve spring tension Figure 15) =

4

4

.FIGURE 1'511

4. Compare to manuf cturer's spetiicatioN ,

0

, "
SE 269-D

(NOTE; Discard f anufackurer's specific4tions are not me-t')

5. 'Cheek spring -for straightness ( Figure 16)

i

NOTE: Discard if spring more than 3/16" out of square.)-
.

aN.

4

-41!hy'i

maximum
space difference 3/16"

6 4 AA

I

$
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Ik

. Check camshit

1.Measure bearing Is '(Figure 17)

A

e

JOB Si-1

f2. Measure inside bearing diarrietdrs.

r

3. Subtract bearing diameter 'from journals and" compare to
rrfinufacturvrs specifications

Replace bearings if needed

Measiire cart lobe and compare to manufa tu s specifications

NTE Discard if tappet or push' r,od adjustment will not

. 14
compensate for deteriorationlh

1.

4

c.
6. Check, gear teeth

*.
(NOTE' fIscard if teeth

'Check push rods (if applicable) ,

1 Check for straightness

are d"ama

a
,

'MOTE: Rolling them, on a surface platea fairly. accurate
, method.)

2. Check for rfIcked oc, damaged ends

1. Check rocker arm assembly (if applicable)
11.

Jlikt, Check cam contact area
s

ffleasureshft bore with telescoping gauge and micrometer o dial
indicator (Figure .18) wity

.

shcift
49-

W

41=91p11110 FIGURE,t 8

IL 'contact area

4'

4
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JOB. SHEET #S

3. Inspect rocker arm shaft (Figure 19)

(1101-E: Look* ftr pitted Or rough areas.)

ke
Measure rocker arm shaft with micrometer

FIGURE 19

5 Subtractrocker arm shaft reading from shaft bore reading

6. Compare tc manufacturer's specifications

7 Repair if manufacturer's specifications a..,g,,not 'met

(NOTE _Repair usually involves driving out worn bushing and
installing new 'Consult appropriate service manual for exact,
procedure.)

.

....

**1911@mr-
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PCIVERHAUL'FO.UR-STFICME CYCLE ENGIN'.
'UNIT VII

IP* 1
JOB SHEET '-#.; 14EASSEIV1BLE A FOUR-STROKE CYCLE ENGINE-

.ea,.
I Tools, and rnaterials,

,

A Hand,tool assortment

asket set for enVnes
e .

C Valve spring compressor

D Ring compressor

1.6

°

E Light engine oil (5.10' weight)

F. 'Ring expander (feeler gauge)*

towels
.-

, -14 Man.,a1 for- enaine
.

I Plastigage,

4 Safer glasses

H Procclurt:

A

Inst,,i; crankshaft in block

,k

SE 273-D

r

,

r

-7.

e

Cri.17 al' vr:,11a! to metal surfaces with light b 10 weight oil assembly

VDTE Vraii ,keyury to prevent

C f-ksscvnb;e rodto piston with wrist

-
cutting of se-al with sharp edges

piii(Figviirrts 1' and 2)

,'Grli'Lltion. Be sure new lock, ririgs are in their groove I

piston pin

flat
side

FIGURE.AP.

recess in
.opposite end of pin

piston pin lock

FIGURE 2

needle nose
pliers

4



JOB SHEET

D 44., in c\,,i,Incier

.44

P(.sh 'ring into too of 'cylinder

2 **, 1,-1,-1 in cylinder i.5.1th piston I Ftgure 3J

feeler gauge
piston ring,

c.'
verted.piston ..

.
to positiOn chick "ring end gap

4 `squarely in cyhnder

ring cepte'red.
in' ring,travel Bred

_ .

. . .
. ,.

M,,,,asure c viiao .th feeler gauge= a s
c .

r.

.\
, s

FIGURE 4.

_. / 4 / ,.. / 5, c P ST O N . '-

fl

5

"V"
iirianufacturer s soEs,cification

'YT E1 shoLild be correct if cyiinder \vas reconditioned
2'anai the cbrrec rings are being Lised

-,- `correct ofositori;-*,7ing-4.-....,54.ing expander.,
illtr"id 5;

4

FIGURE. ring gaps i

S

expande-r,

64'.ti;)"

wrist pin
. and retainer
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' 411
F

FIGURE 6

SE ,275 D

JOB SHEET

press :, IF.gUfe .6)

vVrench'

G st.

Ca
(

H L

`ATE

.
Tor, of pisTQr, and thng'cempressor flush

2

' ,
J

f a har-lc-ner

rr3/ rest.ht

vsr,:eft

re irista',Qr- of itaps as a
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JOB SHEET #7 41.

Install rod cap, oil slinger and lock tabs (Figure 7)
N.-

(Caution These must be in correct position a damte will result; check
all alignment marks )

11C4JRE
,11

bend do locking tabs

r

J Tarq e rod- baits to correct

K Install taopeys

specifications
tit

,t
;(..)TE Tt-vey shouid he returned to 'the same location as when removed )

L 1pstall carrshaft aad cam gear (Figure 8)

(NOTE Align cam gear anc3...,crankshafi timing gear marks.)

a

.

4



At.

4

4),

h

0

40

g.JOB
SHEET' #7

M. . Install oil sltnger or oil pump if engine is so equipped (Fi'gure 9)

CYLINDER CYLOVER

SE 277 -D

4e7S

FIGURE 9

(NOTE Some engines will have a-spring washer on the end of the camshaft.
Be sure this is in pace

P

N Install gasket on block assembly
,

1NOTE' Gaskets are different thicknesses to establish correct crankshaft
end play on some engines -)

O. Install SUMP k

:Caution Cover key,.Ara/ with take to prevent cutting oil seal

P Torque sur,-,r) bolts

of crankshaft Figure 101

It might be necessary, to chaRge,.giskets or install' shims to get
r t ,q---p-13.4 Consult 'appropriate sef/ice manual )

t N. DIAL
HDICATOR,

^I
FEELER GAUGE'

valves In c,orrect position 40L

otE Do nut 1:141,_111, ,;ging5 or ker=p

o

6

65 1 1

FIGURE 10

I.
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.e4

10B SHEET -4-7

is

S Check valves fOr correct clearance using a feeler gauge (Figure 11)

(NOTE Grind the end of the valve stem off square for correct tappet to
valve stern clearance., if there are no adjusting nuts )

4

FIGURE 11

vL vE SEATED
NO LEAKAGE

T Ista1 val CAMSHAFTe sprinos on correct valves (Figure 12)

11

!NOTE Exhaust surirg's are usua0 stronger than lAtake springs Be sure
,arie curing washer and keeper ar' positioned correctly I

large hole in retainer
-

U Insta,i valve cover and valve .cover gatket

V deflector shields

VI; Instal! ,:am plunger, ,gnition points, and condenser
s

X. Can pr)IntS t') correct setting when points are fully open
. _

iNOTE ,rinition switch wires should he correctly attaihe.1:1 to

push spring down
over valve stem,
release compcessOr

C 0 n ' poSt

N
652



'JOB SHEET #7

Y Install point dust cover

SE 279-D

(NOTE ,Sealer ,Should be in place where ignition and coil wire enter.)

Z. Install flywheel arid flywheel key, washer and starter recoil mechanism

(NOTE Torque flywheel nut to correct specifications.) t.

(CAUTION Be sure to install washer correctly )
1110 44#

AA Install co,l assembly setting correct air gap to flywheel clearance

(NOTE Time coil assembly to ;flywheel if it is aNjustable.)

"t
BB Install air vane governor assembly

(NOTE This might have to be installed along with coil assembly )

CC- Chuck cylinder head for viarpage

DD I cylinder beadgasket, cylinder head, and air deflector

(NOTE Place hots in correct position, tighten in correct sequence and
to correct torque i

EE Iristali shroud and flv+Nheel cover and fuel tank

FF insta carburetor gasket carburetor and governor linkage, and springs

GG Connect fuel arid valve cover breather tube

HH Instal! muctif-...1 and 'ocknut

II Inst;iil originv on e4,,q)ment or implement

JJ Connect remot'- throttle, belts, and other equipment

KK Fill crankcase witn n.v oil

LL Install serviced f0. filter on carburetor

MM l li furid tank pith fresh fuel

NN Instal' spark plug
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JOB SHEET -'#7

00 Turn on fuel to carburetor

PP Make final adjustments

QQ Have instructor evaluate work

(NOTE Start engine only after getting instructors perrn,ission.)

654

1

El
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OVERHAUL FOUR-STROKE CYCLE ENGINE
UNIT VII

TEST

1. Match the terms on the right to the correct definitions.

a. To restore_

specifications
to m'anufacturer's

b. Wearing or rubbing away

c. Bearing constructed with balls, or rollers
between journal and bearing surface to
provide rolling instead of sliding friction

d. Alloy of tin, copper, lead, silver; and
antimony having good anti-friction
properties, used as a facing for bearings

e.. Clearance. or "play" between two parts

'9

Leakage or floss of pressure

Process of wearing into a desirable fit
new or reconditioned parts

h. Removable sl'eeve used as a bearing

i Shaft containing lobes or cams which'
operate engine valves

Common nonmetallic element which
fokis in combustion chamber of an
engine during burning of "f6e1 and
lubricating oil

k Space 'allowed between two parts
- .

I Series- of weights attached to -or forged
Integrally with the crankshaft, placed so
as to offset the reciprocatirig.we?ght-of
each -piston and v-od assembler .

1. Bushing

2. . Babbit
e

3. Camshaft

4. - Valve seat

5. Valve grinding

6. Press fit

7. Ga'skJt°

8 ' Valve stem

9.* Journal

10 Abr\*sion

11. Valve lappigg

12. Carbori

13.

;14.

15.

16

Piston yin which is not locked in the.*
connecting rod or the piston, but ts.free
to turn Apr oscillate in both the
connecting rod and ,the piston

655

20.7
. ,

21, Valve head

Crankshaft
counterbalance

clearance

Shrink fit

Valve margin

Running fit

Hone

Valv'e face

Backlash

42- Blow-by
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A

-

sta d between two metal 23.
'surfaces to act as a seal

Overhaul

Seize
o. Abrasive tool..for correcting irreplariges,

or differences- in diameter in cylinder 25.

o Difference in angle between mating
surfaces of 'a valve and a valve seat

q. Part. of a shaft or crank which rotates
inside -a bearing "-

r Term used to describe an engine'which
is using an excessive- -Jmount of

. lubricating oil

s Rocking of loose fitting piston in it

cylincier,I'Ddking a hollow bell like sound

t Known as a -forCe fit o.rdrive fit

v

Suffocient clearance- has been allowed
between the shaft anti' journal to allow
free running without overheating

One surface,adhering to anoth-er because> .
of heat and p'ressure. .

N Exceptionally tight fit achieved by
heatirig and/or ooh of Orts

x Process of mating the valve seat and
valve face

-v Process -of refacing the valve and seat to
manufacturer's specifications

z.... Angle - surface of valve which mates with
the seat to se& the chamber

as Top of, the large- diameterefcl valve end

bh Space between valve face,-and head

cc . Long porticwi-ofgalve which,reciprocates
in valyq guide

_dd Angle surface in engine block or head
which provides mating'surface forv&ve
face

. PP DIStaneft: between valve stem and tappet
,at lowest tappet, position

.
. : 6 5 C,,

10

26.
a

Piston slap

Oil pumping $`
6 .

27. Interference
angle

I

28.

?9. 4

30. -

31

Anti-friction
!rearing

Break, in

Floating
piston pin

Clearance

$.

I,

410.1.



List five causes of engine ptoblems.
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3 Identify the parts th7 ,pistop and connecting 'rod assembly.
,

b.

4



.A.

.E % -4'

)

I

r
'io

SE 285;D. .

''

.. .

0 % 4'

V

*-

f,

6

4. -- Identify the paits of the crankshaft assembly. 1

b. .

r
I

- - ,

r

5. -Identify the parts of -the rrlulti -piece crankshaft assembly.

h r-. g p.

v

It

654

I ,'
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6. Identify the parts of the valve train.

t .

74,

e

s

Demonstrate the abli71,/ to:
4 tt,

a. DisassemPle a four-stroke cycle engine
4111'

.

tnrspect and service a dyiinder

c inspect and service the piston, rings, and connecting rod,.

4

a

;

doo-

.13 tit)



r

V

-Inspect and service a crankshaft assembly.

e. Serakice a trielti-piece crankshaft assembly.

f. insect and service a valve assembly.

g. Reassem e a four-stroke cycle engine.

SE 281-0

(NOTE: Fete activities ,`have not been accotnplished prior tole test,'
`'aMc- your irittilictor --wheh they -should-`be comPtetectl

I

u

VI

0

4r

pJ

g

3,

. ';
.40

a

V
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OVERHAUL ;FOUR STOOKE CYCLE' ENGINE

UNIT VII a
a

4
ANt05.RS' TO TEST

. .

'a 23 m D 5

b 10 ' n 7 z lg

c 28, o 18 as 21

d 2 p 1,27 bb 16

e q 9 Cc' 8

f 22 26 dd 4

y 29 .s 25 ee 14

e

' -
a Alloyiing dirt to get into the engine

u _ 17

24

15

.

I

289 D

b Failure to che'ck crankcase oil level often enoUgs and Jetting engine ten
10-0,/ u i i o

Overloadrnq the engine so that it works too hard

.
(J Runk-ling the engine too. fast if

Failure to properly store the engine during the off season

t
'a Land .

ta.

. b( 4Piston -head I -

c Ring side clearance

't.

ti
.

V .

,s+
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.

d CompressiOn and scraper ring groove

e. O il ring groove

P iston pin (wrist pin)

4

Pm hole

h Skirt.clearance

Skirt
.

Retaining ring

k Connecting trod
4

Cons hog rod, beartg cap

Cornectiy rod bOlts, washers, and nuts'

a Hain hearing Journals.

. ,. 4,......

- Crankpin

Counten.eights

a Crank

h Sprocket shact .
ES'e.ar;.n" rollers anci retainers

. es... . r
,..._' d Loki plai) 6

7.

e v
I.

,.., '

inion shaft. .

I
. .

Crankpin nuts

-Crarlkpin

Con9ecli rig' rods

a Head

Face-

c Valve guide

d valve Spr1ng

.1 .

4

p

ti

,

4

ant

,

I

*

S
a
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. ,

e Clearance

f. Locknut

g Tappet

h. Shaft

Cam

. "'Tappet

kdi Adjusting nut

4

P'
,

4

I

45

S

sk.!4s to tie evaluated to the satisfactIon. of the instructor

r 4

ap

.t t t

. r
4.1I

e

Ci
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OVERHAUL TWO-STROKE CYCLE EfloGINE
.UNIT VIII

UNIT OBJECTIVE
.....,

t .
-,

,.... .
.

After completion of this unit, the student should be able to match terms associated with e
two-stroke cycle engine overhaul to the defin' ions. The student should also be able to
list causes of engine problems, disassemble, inspec service, and reassefnble a two-stroke
cycle engine. This knowledge will be evi ce th 4 demonstration and by storing

°.

eighty-five percent on the unit test. .
.

SPECIFIC OBJECTIVESOBJECTIVES

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

1 Match terms associated with the overhaul of two-stroke cycle engines to
the correct definitions

0

2 -List causes of two-stroke cycle engine problems

= 1-dentify -ate _parts ..of the tao-_stroke cycle piston and_ connecting. rod
assembly

4 Identify the parts of a trio stroke cycle crankshaft 'assembly

5 -Demnstrate -the .ability to
3

, s

t

a. Disassemble, inspect, ,enci, service a two stroke cycle engine.

-b. Service a multi-piece crankshaft

c Reassemble a
.

c

o-troke cycle engine,

r
- a-d

r F



OVERHAUL TWO-STROKE CYCLE ENGINE
'UNIT VIII

SE 295-D

SUGGESTED ACTIVITIES

Instructor

A.° Provide Student with objective sheet

B Pfibvidejstuden't v,ith information and job shee'is
.- . .

Make transparencies

D Discuss unit and specific objectives

E Discuss information sheet

F Demonstrate and discuss the orocecluT outlined in the lob Sheets.

G Prothde e examnles of i»stons, connecting rod assemblies, and`crankshaft
assemb es

H Compare tne t',o stroKe cycle engine with the overhaul of the
four sreroke engine

Sho., Integra; ty,b biece craTikshaft

G 0.1 t test

II Stud.ent

A Read objectiv? sheet

B Study In'ormat.or. sheet

C Complete job sheets

D Take tests

Ir37TRUCIPIONIAL MATERIALS

A Obe\ctive shier

B Infr)runat,ron sheet

C Transparency masters

*TM 1 Parts, of Pist4;fri rind Connecting. RDd Assembly
Nit

T:"Ti' 2 Parts of '61-3.sha*-ft Assembly
. .

adi

NO.
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Nw

1-

D. Job sheets .
.

1. Job Sheet 1--Digasserable, Insket, and Service 'a
Cycle Engine

2. Job Sheet 7:2- Service a Multi-piece Crankshaft

3

E. Test ii

. ..
.Job Sheet -7:3-Reassemble a Two-Stroke Cycle Engine4 .

TwO7'Stroke

.. ,.

'F : ers to test

II. References

4,

Jo

t_

, d -

A Chilton 's-Motorcycle 'Repair Manual R6dnor, P nsylania.
Co , 1975

1 B Chilton 's ,Yamaha Repair and Tune-03 Guide :Radn'or
Chilton's Motor Co 1973

C Harley-Davidson Service Manual Sportster XL/XLH/XLCH
Harley Davidson Motkir Co , Inc , 1972

s

'Chilton's Motor

Pennsylvania

1970 to 1973

s

I/

.

.

it

k

t

40

It

4

r

,

, r

' r

.

- - P
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41'
OVERHAUL T111/0 STROKE CYCLE ENGINE .

UNIT VIII

,INFORMATION SHEET

Irms and clefinitiOns

Abrasion ANea.cing gr rubbing away

Anti friction bearing- Bearrng constructed with balls or rollers between
journal and hearing surface to provide rolling instead _of 'sliding friction.

C Blow by Leakage or loss of pressure

D Carbon Common nonmetallic element which forms in combustion chambers
of an engine during burning of fuel and oil mixture

E
r

Hon.-2 .,Al;7+ve.tool for correcting Irregularities or differences diameter
9 1,) cylinder, such as an engine cylinder

F T. o cycle oil Oil s;)ectficalky formulated to be added to gasoline, and used
I ,ri t,.',0 SIXoke cycle engine

41 4

II Causes o' t,, ,o stroke cycle' engine problerris

\%ith fae,1

ir

Inforrect ratio of cycle oil 'mixed
i

B* Incorrect with fuel

C dirt 'to into engine'

..\.' A:*
D RunnInti t-e erlq.ne, too fast 'X

. ,

A. '_E FaobP to oroperk,'. store the PAllne ( 1,,Ihe off season
. ,. i

G C,(Pi(1417nu (,,,,Just

str)r, rri conr,,,q,1,ng rod .asseni,bly (Tran;sparency 1)
s.

.

)114

A Lan,I
A

,

R,ri

r ,;move ;n-

D

d.

.

'

I
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r
INFORMATION SHEET.

'1

E Needle bearings

F Rod cap \

G tap screws
ah,

* i H Match .marks'f;
- _

!V Parts of he two cycle crankshaft assembly (Transparency 2)

A
*Maim bearing journ als

p

B Crankpin (connecting rod bearing journal)

C Counterweights

1

ff

6 n



P

PARTS OF PISTON
AND CONNICTING ROD ASq/ABLY

RING GROOVE: PIN

.1 PISTON

LAND

RING

AV

AM.

SE 299-D

4

*

\R I NG
GROOVE

4 I

V

CONNECTING ROD -

NEEDLE BEARING

41k

CAPSCREWS



V

PARTS OF CRANKSHAFT ASSEMBLY

SE .301 -D

CONNECTING ROD.
BEAkIlIG JOURNAL
OR CRANKPIN

MAIN' BEARING
JOURNAL

a

BEARING
JOURNAL (

COUNTERWEIGHT

.Multi-piece crankshafts have various parts
pressedlogether under heavy- pressure..

r. j

co.

TM 2.
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OVERH AUL TWO-STROKE CYCLE ENGINE'
4 UNIT VIII

4..

t.

111

,

JOB SHEET .DISASSEI ALENNSPECT, AND SERVICE A
;FWD STROKE CYCLE ENGINE -

I.. Tools arcs' materials

A Hand tool assortn4ent

B Piston stop

C Soft beaded hummer

I.

.D Special tes s ,,s Lie.eued for er.,gine

E Engin..f.stabu

,tovJels

G Cleacing sol er"

H Enitinc, mitanaLture, s shop manual

su.dis

J Deg lazing tool

K Saiet, Vass

Procedure

A DI:,.._(;;1;10( ti_nsion leacifst

B Pr.:move enum, snruct or cover

C .Disconnect buttery teacts to starter

D Disconneit-ett_rni-al fuel lines . 44,

E 0 scon.nec.t e't'ernal t'icottle, shift and clutch control cables attached to
cniiint: assen,biNx .

a
4

RePldVe t. nq ne from assemb ly

A

'NOTE On ILLIge oli7bodrds the lower unit can remain attached to the boat;
bn outbourds it is often. easiest to remove the outboard from the
hc,at and frC)4f; the engine on a work bench ).

C. ',loon on. suftable stand

(NO.TE Some ermines are quite heavy and should be lifted with a winch
1 of 4,thur mechanics

s.
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4

4

0

JOB SHEET #1

<
H. Remove spark Mug(s)

I. Remove flywheel

(NOTE. Refer to approOnate service manual for specific s and
procedures )

J

r .

Check, flywheel for broken cooling fins, damaged ear tee h, magnet
, strength, and damag0 keyways

1, a. I

(NOTE As a general rule it- you place a 1/2" socket on the mag /et an
caNshake the flywheel without it fallinfoff, the magnets nava stafficle
strength )

K Remdve air baffles

'L Remove armature plate

M Remove flywheel key

(NOTE Roll the key, cwt of the groove )

N Remove governor assembly from crankshaft

(NOTE Sketch the linkage for reassembly )

0 Remc5ve dust cover

P Remove spark advarice mechanism

Remove magneto plate assembly

(NOTE pn some engines crankshaft main needle bearings must be. held
in place to prevent them from fallirig out.)

R Remove oil seal from' armature plate (Figure 1)

cs,

e



S

re.

JOB SHEET' #1

, S, 'Remove armature plate beving (Figures 2 and 3)

t NIDT )1= I often helps to heat casing before removing bearings.)

steel or
. asbestos.

FIGURE 2

hot plate

neP o,l Seal (Figirre 4)

FIGURE 3

A

sy 3Q5-D

A

t,) appropriate f>er-vice" r-na)ual for specific_ took and

seal installer

FIGURE 4

6

k
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4

J08 SHEET #1

1. Replace .worn bearings in armature plate (Figure 51

(NOTE. Refer I to appropriate service manual.)

bearing installer

V Remove

W Remove

X Rei-iove' rod caps

Y. ; Remove piston assembly

carburetor and reed plate assembly

cylinder or cylinder head

FIGURE

4

(NOME Use care when removing connecting rods using loose needle
bearings Don't lose them and -fie -sure they are all in good condition.rBeplace
as necessary )

7

(CAUTION Avoid. lifting -with 'magnets.)

Z Remove' wrist pin retaining rings and drive °cif pin

(NOTE 'Count needle bearings and be careful not to lose-any of them.)

AA Remove crankshaft from crankcase oil seal

(31 Remove crankcase oil seal
41

CC. Remove, inspect, and replace crankcase bearicigs as' needed

DD Measure crankshaft jbuinals and pin

(NOTE Comprire to iltanufacturer's specifications, repair or replace as
necessary.)

C

1



JOB, -SHEET #1

EE. Measure cylinder at top, center, and bottom (Figure 6)

A

SE 307-D.

(NOTE' Compare to manufacturer's specifications, repair or replace as
necessary-)

yI

MEASURE AT
- SIX POINTS

-FF. Inspect piston

FIGURE 6

b

4

4 I.
1 Measure pin bosses

4

2. Measure skirt

3 Check and ;scrape pin grOove'
-

(NOTE Compare these readings to manufacturer's specifications.
Replace as required.)

. 4. Check ring end gap at bottom of ring travel' (Figure 7)

1 I

V

7f,
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OVERHAUL TWO- STROKE .CYCLE ENG1Nt
ii UNIT VIII

JOB SHEET =2 SERVICE A MULTI PIECE CRANKSHAFT

Tools and materrals

A Hand tool assortment
-

B Dial ,hdicatb-r-

C Feeler gauie

D V block

E. Shur rpaQua4s

F Hydraulic press

G Shop towels

H Safety glasses

II Procedure

A . Disassemhle o .expose crankshaft

\.('NOTE Use appropriate Jo. sheet and service manual )

Remove crankshaft assembly from engine

SE .309:6

r

4

A
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4'

#.

1.-

..

. . .
...

, . . \r
JOB.SHEET =2

ofh

C Check connecting -rod sidepray (Figure 1)

(NOTE Value in excess of manufacturer s specifications, will necessit- e
cksassembly of the 'crankshaft.1,41

p.

t

FIGURE 1 .

0 Disassembje crankshaft assembly

1 Clean crankshaft assembly
1 e

2 Place crankshaft in hy!draulic press

I

3 Press apart crankshaft assembly

(NOTE Same crankshafts have expansion plug in the crankpin
end anti have to tie removed before crankshaft disassembly )

'..
E. Reassemble the crankshaft halves

..
V

.

1 Press the
4crankpin into one of the crankshaft halves until the

pin is flush with the outer surface of the crankwheel
( ..

, 2 Install one of the, thrtist lk,a,shers on the crankpiry
-

6 7 b
4

4

re.

'

t.

t

40.
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SE 311-D

t

. JOB SHE #2

/
3. , -Pack the being cage withitglatgrease And placea roller in each

vvrni,Ao,v of th -cage

4 . Place the cage bearing once crankpin
.

5. Install connecting rgd over cage bering and put The other thrust
%/basher on the crankpin

Using a straightedge as a guide, press the other crankshaft half
in urrAl the outer surface. of tIlle crankwheel is flushwiTh the
end of the Grankoin (Figure 2)

ft.

7 Insert. tlie proper feeler ga ge between a thrust washer and
crank heer

8 Pre.ss tne crankshaft assvrithly together until the feeler edge is
'a tight fit .,

Align crankshaft assembly

1- r (wall crankshaft assembly in a V-Wock.or other suitable centering
(Jevice'(Figure 3)

6 T3

FIGURE 3
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.0

4
t

1 JOB SHEET #2 .

t

Mount (1101 indicators on .bearing ib-uirtals (Figure EY)
. {

ii

r

t

0

0.

r

1.

r

it.

.

JQURE 4

V

t.

Rotate crankshaft and 'note inaicator readings

4 'Align shaft so maximum needle readings are the same

I

-a Fotve the crank until' sprocket side diarindicator reads its
mummax. . .

b Mark crank Wheel in Line with dial plunger
...

c Remove crank from V.-bloc-k .
i

. .

d Tap- cranwh'eel lightlyiwith soft face hamm.er at ,rnatk
(Figure 5)

... .

e Reinstall in V-block and recheck readings

f Repeat until readings are the same

..

.

sdo

\

1

so
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.
. --.

vs . ..
1

( . J013 SVIE11- #2
., .

,.- .

i i .
a

.
5 Adjust for pinch or spread , .

'SE 31a:'D .

saw
(NOTE: .fter. the foregoing adjustment the crarilk may still be
pinched orn-pread. If the indicators show a maximu-rn travel when
crankpin in ;toward tfig dial indicator, it is pinched, if maximum

, is showq when crankpin is away from indicators; the wheels are
spread.)

Si

a. Correct pinChed wheels

, Remove assembly from V-block

2) ' Drive wedge
(Figure 6)

between, wheels away from 'pill

.*

r,

FIGURE 6
e

Replace in V-block ,and recheck' runour

4) Repeat until manufactu-rer's specificationsaare met

.b Correct spread wheels

;

.,
Remove crankshaft from V-block 4

Tap who.,ci's opposite crankpin toward each other
(Figure 7)

-
,,FIGURE 7

F

ot.

6Q1

I



314-D

\

JOB SHEET Ak?

1 .. . --No,

3) . Replace in V-block sand' chedCrunout
.

4). Repeat until manufacturer's specifications are met

I
6. .Replace 'expansion plugs' if used

G. Have 'instructor evaluate work

A

4

4
f
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OVgRHAUL TWO STROKE.CYCLE ENGINE
UNIT Via

`c, , .
. .

SE 315 -D 111.

`
,JOB SHEET #3'- itEAISENIBLJ.Tvv0-STROKE CYCLE' ENGINE

SI; . ..
' .s ., .,.1.,;e17.7t1. 44 7

t I. ToolS and materials .- ,,i, .)".4' ' .
, c

4,, ,
i . .

# 14 t
lb ' .
A. Hand tool 'assortment ,

_ .,.
4 .

.

B. Piston Stop rts.
t

. , i..

, s ...
- C. Special tool for engine reassembly -^ 1 4.. ,, -..i.

.
4

.

s

4 .4

t

)

b..

D. Piston 'ring c.ompressor
.,

E. Light oil, 5-10 weight

F News vjasket setvi

G Shop towels

H Engine stand

I Safety gases

aI Procedure

A. Install crankshaft in crankcase

(NOTE 'All\no-tal to metal surfaces should be coated with 2acycle

4, :

(CAUTION Do not damage oir whenlien crankshaft

B. Drive v,4(ist pin through piston arid c nnciting rod '-'A'
,

. )`
(NOTE. Install connecting ,rod on piston so a§.not to damage needle

.
bearing.) t

A
t , , ....

_, ...

C. Ilistall virist pin retainer rings , .t ' I ...- ..

(NOTE. They must. be installed correctry or ithey. will pop out during'
, operation ) r , ,,.

; 4,
'

,. '
D. Place sti-i)of needle bearings o n crankshaft (Figure' 1) 't

(NOTE If old.needles are tpbe'reinstalleg coat them in petroleum jelly'
4.or ei suitable llOPICant so they will. adhere to rod and cap.)
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I.

*

'ti

JDE SHEE t #3.

,-. . , ,

(C,AiUTION: Correct number 3of nee c.beafin4 must iristaljed:Qd

V

and cap; check this carefully..)

k

0OURE 1

E. Install
.
rod on crankshaft journal and install' rod cap - S.

.
(NOTE: Tighten bpd cap

s
bolt,s finger tight, ie., just enough to hold needle -

bearingsbearings in place.) .:,

(CAUTION:- Piston will have a mark to identifj$ the top location; this must
be. installed up.) ,

%s: ,
.,...10 : ,

F. lastall cylinder to crankcase gasket,in corect location

G Install ring compressor over, head piston :A'd compresgor I.irigs-
. ,., , ., 3

fi\oilOTE: Rings 'should be toated, with light oil. See Figure 2.) ...

"'

rfr

4

r



JOB SHEET #3
.

Maintain pressure .on, rings and slide
, .

rings into c.,ylin'der IFigure 3)
. ,

_.

SE 317-D

/

I Center rod on waist in

Torque rod capscrews to correct torque (Figure 41--

.

.

4

* *,

0..

.

--r

41.

A.

k

.16
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JOB SHEET #3

K. Bend lock tabs to retain rod capscrews (Figure, 51'

INUTE:` Use 'new tabs as necessary.)
(

I-

L. Torque cylinder to crankcase bqlts
?

<NOTEheck to be sure washers are located in correct position as some
'bolts dot have washers.)

.Ni. Install reed plate and carburetor on engine

(NOTE: Locate gasket correctly on crankcase.)

N Install armature plate on crankcase using correct gasket to ,have 'correct
. crankshaft end play

.
(NOTE Properly protect seal and main bearings when installing armature
plate.)

0. Tighteh 'armature to crankcase screws
.

P. 'Check ignition point gap

0. Install flyweight on coet nkshaft

(NOTE: Install in correct-location with crankshaft keyway.)

686 -
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%EP

1,

JOB SHEET #3

R. Install dust cover

S.. Install 'governor assembly

I
r

T. Install flywheel and torque flywheel put to correct torque

(NOTE. Fly Wheelkey must be installed correctly. See Figure 6.)

I

Right Wrong

make sure key is installed correctly .

PIOURE 6
-

40

SP- 31.9-D

. -
O. Install air baffles, governor ,linkage, starter connections, and shroud, and.

make fuel conneVions

.V. Install spark plug

W. Install spark Plug high tension wire

Place correct fuel altid.tiw cycle oft mixture In. fuel tankA
Y. Mount engine to implement

Z Make final adjustment%

AA. Check with instruefor and start engine

1

607
1

f
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SE - 321-D

OVERHAUL TWO-STROKE CYCLE ENGINE
UNIT VIII

TEST

NAME

.
1. :Match the terms on the right to the correct definitions.

a. Oil specifically formulated to be added 1. Blow-by
to gasoline and used in two-stroke cycle
engines 2. Hone

b. Wearing or rubbing away . 3. Two cycle air

c. Abrasive toot- for correcting irregul ties 4. Abrasion
or -.differences in diameter in a cVli '?0.

_ .

such as an engine cylinder. 5. 'Anti-friction
4t.4,. -lb bearing. 0;,. .

d. Bearing(mestrueMd with.balls of miters
betweenriournal and' bearing surface to 6. Carbon
provide, tlfwg instead of sliding firiction

e. Leaftage or loss 5f pressure

f. Common nonMetalfic element which
forms In combustion chamIrrs of an
engine during burning of fuel and oil

-mixture

2. List five causes'of two-stroke cycle engine problems.,

a

a. -41

b.

c.

d.

e.

6 °;.1



. 322-D

. 3. Identify the parts of the two-stroke cycle piston and connecting rod assembly.

Q °F

1

4. Identify the Parts of a two stroke 'cycle crankshaft. asserhbly

44.

a

W110111;111111

I 7

O



5.' Demonstrate the ability to:

V.

t

olP

SE 323-D

Disestemble; i arid-service a 44*o-stroke cycle engirp.

b. Service .a multi-piece %crankshaft. .

.c' Reassemble a two-stroke cycle engine.

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

Y

ri

"."

;,

4'

I

N

4.1

. -

a

I

,

'

,4

F. A

. .
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SE 325-D

OVERHAUL TWQ-STROKE CYCLE ENGINE .

, - UNIT VIII.s. .
st '4 \, k ,

ANSWERS TO TEST ..
,.. .

'

I

1. a.

b.

c.'

'3

4

2

d.

e.

f.

5

1

6

2----'Any five of the following.

4

a., Incorrect ratio of two'cycle oil ,mixed with f.el

b. Incorrect type of oil. mixed with fuel
- .

c. Allowing dirt to get into engine

d. Running the engine too fast r.

e. Failure to -properly store the engine during. the off season ".)

f Overhehting, of engine

g Clogging of exhaust
4.44

a. fling grOov..pin

,b Ring groove

c. Land

d Connecting rod

Main bearing journals

e Match marks

'fir Cap screws

g.. Rod cap

h: Needle bearings

b 'Crankpin (conntcting rbd bearing journal)

c Counterweights

O

4

.5 Performance skills eValuated to the satisfaction of the instructor

a'

6vi

A

1/4

Ar


