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_ For many years those responsible for teaching small engine repair have felt a need,
» for instructional matenals to use in this area. A team of teachers, industry representatives, .
. . and trade and industrial education staff members dccepted this challenge and, have produced '
. manuals which will meet'the needs of many types of courses where students are expected
to become proficient in the"rea of small engine repair. The M&VCC Comprehensive Small ‘
Engirie Repair publication 1s ‘designed to include the basic infornjation peedéd to be able
to repair all two and four stroke cycle engines. ‘
, . . /
f ‘ . ’ . - . ‘-
To inflire that the .student is able to perform the ®kills of a proficient small engine .
. mechanic, five supplements have or are being: prepared to accempany this publication. ’
Motorcycle Repair, Snowmobile Repair, Outboard Repair, Chainsaw Repair, and Lawn
_and Garden Equipment Repa/r should 4ssist the learner in acoomplishing the tasks of th&
* . 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 repazr of ary one of these areas. . , .
- T / ] Every effort has been made to*make this publication 'baS|c, readablie and by all means .
usable. Three’ vital parts of instruction have been intentionally omitted from this
- - publication: motivation, personalization, and -ocelization. These ateas.are left to the
individual instructors and the instructors should capitalize on them. Only then will this
I publication reaIIy become a vital past of the teachmg learhing process. .
! 4 . * *
- v s . N N ‘ \
., . . , ) Ann Benson' .
- - Executive Director : ®
. Mid-America Vocational -
. ' - Curriculum Consortium, [nc. .
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1 - FOREWORD

a
The Mid-America Vocational Curriculum Consortlum (MAVCC) was organized for the
"purpose of developing mstructnonal material. for the twelve member states. Priorites for -
developing MAVYCC materlgl are 'determined annually based on the needs as |dent|f|ed
by all member stateg. One oflhe‘ﬂrst priorities identified was comprehensive small engine
- repair.* This publication is a part of a project designed to provide the needed ipstructional
_ material fqr Smalb engine repair’ programs - .

. .
B d N t [y

The suctess of thls publlcatnon is due, in large part, to the capabilities of the personnel
who worked with its development. The technical writers have nurggrous years of industry
"as well as teaching experience. Assisting them in their efforts were representatives pf each
of the' member states who brought with them technical expertise and the experience related
to the classroom and to thé trade. To assure that the matgrials would parallel the industry
environment and be acceptel as a transportab'le basic teaching tool, organizations and
indusyy, representnves were involved in the. developmental phases of the manual.
Appreeiation is extended to them for their valuabie contrlbutlo?)oﬂhe manual.

This publlcatnon is designed to assist teachers ip improving instruction. As these,
puacatlons are used, 1t is hoped that the student performance will improve @nd that
students will be better able to assume a role in their chosen occupation, small engine
repair.:

Instructional matdrials in thisfublicétiﬁ are written in terms of studentberformance
using measurable objectives. This is an innovative approach to teaching that accents and
augments the teachmg/learnmg process. Criterion referenced evaluation instruments are
provided for uniform measurement of student progress. In addmon to evaluating recall
information, teachers are encouraged to evaluate the other areas mcludmg process and
.product as indicated at the end of each mstructnonal unit,

It 1s the sincere belief .of the MAVCC personne!l and all those members who served
on the committees that this publication wnII allow the students to become better preparbd
and more effective members of the wdrk force. .

- r . v

A : ' Don Eshelby, Chairman L
' ' Board of Directors ,
4. Mid-America_ Vocational '
@ i Curriculum Consortium

b
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[ . Instructional Units ) . [ ’ .

i

o ¢ - .

. -, . {. . .
‘ The Comprékiensive 'Small Engine Repair curriculum includes four areas. Each area
. . ‘ consists of one or more units of mstructlon Each instructional unit includes some, or
' all of the basic components of a unit- of instruction: performance ObjECtIVé\g, suggested
] ) - activities for-teacher and stugents, information sheets, assignment sheets, jOb sheets, visugl
aids, tests, ahd answers to the test. Units are planned for more thar ene Iesson or class
- . period of |nStruct|on - -

.

.

/ . - . -
-

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

« - . 1

- A. -The amount of material that can be sovered in each class period. C ) P
: . ‘B.  The skills which must be demonstrged .
: 1. Supplies neeged . \
- 2 Equipment needed . oo v ’
' r '3f Amount of practice needed . R
4. Amount of class time needed for demonstrations i

. C: Supplementary materials such as pamphlets and ﬂlmstnps that must be qrdered.
D. Resource people that must be contacted.

.
s

Objectives e ’ .
¢ . - - -
Each umit of instruction 1s baged on performance objectlves These objectives state. '
the goals of the course thus providing a sense of direction and accomplushment for the

student. . , . . ,

i t

@
R

“ . - [ -

Performance objectives are stated in two forms: unit objectives, statung the subject
matter to be covered in a unit of lrts‘/fzjctron and specific ob]ectnves stating the student y
o performance necessary to reach the unit objective. ’
r
: Slnce the objectives of the unit provide direction for-the teaching-learning process, .

it 1s important for the teacher and students to have a common underst#h g of the intent e

of the objectives. A limited number of performance terms have been used in the objectives

for this’ curriculum to assist in promotlng the effectiveness of the commumcatlon among

all individuals using the ntaterials. —

" -~ s
! .

following is a list of performance terms and their synqnyms WhICh may have been

v . . syused in this material: ’ . e
-~ Name . - Identify P Describe . L
' « Label Select L ’ = Define .
Cewhist N wrmng Mark ;. ) Discuss_in writing
List orally ) Point out A " Discuss. orally * -
’ Letter Rick out .. . Interpret
Record ) Choose N Tell how -
+ ~ Repeat . ’ Locate “Tell what
. ~ Give . : ' . . Explain . :
. ) r v ' >
S A \ ~ .
1 .
—— ' ’ 1 A v
O [} Xl | ’

ERIC . . . g . ‘
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. ~ . ) ’{
. . . , t - .
B ) . . * . .
- ‘, ' .
’ s ’ “ .
Order - Distinguish . \ Construct ¢
Arrange . DiscririiT8te Draw . ‘
Sequence o Make ‘
List in order ’ .Build )
Classify o ! Design
Divide : , » Formulate - | ’
Isolate - Reprdduce -,
Sort J . Transcribe -
\ " Co _Reduce . s
. R . Increas‘e
’ Figure
4 . " 4
Bemonstrate L { " Additional Terms Used . .
Show your work Evalyate Prepare »
Show procedure Complete ' ‘ "Make
Perform an experiment . Analyze Read
Perform the steps Calculate L Tell
Operate Estimate ' Teach o
Remove’ - Plan ~ Converse
Replace’ . * + Observe Lead '
Turn off/on ‘Compare i State 4
(Dis) assemble ° Determine . . Write ¢ L.
Perform>" - ) . . |

(Dis) connect . ..
L

'

[N

Reading of the objectives by"the student should be followed by a class di§&|ssion'
to answer any questions concermng performance requ‘irements for each mstructlonal umt
", . .
Teachers shoutd feel. free to add ob;ect:ves which will fit the material to the neecﬁ‘
of the students and community. When teachers add objectives, they should remember .
to supply the needed mformatlon ass:gnment and/or job sheets and criterion -tests.

N .

Suggested Activities . R

. ‘4

! Each unit of mstr‘u’cﬁon has a suggested activities. sheet: outlining steps to follow .
in accomphishing 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 t 'rti'cu-lar unit; however, .
for best use of the material they should inolude the following" provide students with
objective sheet, informagion sheet, assignment sheets, and job sheets; preview
filmstrips, make trarisparencies, and arrange for resource materials and people; discuss’ .
uni d Specmc objectives and"information “sheet; give test Teachers are encouraged
to use anmy additional instructional activities and teaching methods to’ afd students
in accombhshing the objectives. ’ N

-

‘ 2

Students. Student a\ctwmes argd l1sted which will help the student to achleve' the
ob;ectw\es for the unit.
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R ) .
. |nformat|on Sheets ’ . . .
- -l . ‘ v N ’ . . ]
‘. Inﬁrmatron sheets provide content-essentral for meeting the cognitive (knoWIedge)
. objectives of the unit! The tgacher will find that |nforrnat|on sheets serve as an.excellent

. guide for presenting the- background knowledge necessarv to develop the skills specified

. n the unit objective . .
1 3 - . \

. . [} R . -

Students should read the information sheets before the information 1s discussed in

. class. Students may take additional notes on the information sheets . - 1.
. . A A . . -
_ . Transparency "Masters o . .
¢ - ) * 3 " . .

Transparency masters provide information in, a specfal way. The students may see

as well as hear the matenal being, presented, thus reinforcing the learning process.
. Transparencies may present new information or they may reinforce information presented
in the information sheets They are particularly effective when identification 1s necessary.

Ll

immediately availablé for use Transparencies direct the class's attentibn to,the topic of
, b discussiorr They should be left on the screen only when topics shown are under discussion.
‘ . -~ .

) Job Sheets ‘ ,

. -

Procedures outlined in the job sheets geve direction to the skdl beyng taught and allow
both student, ahd teacher to ctheck student progress toward the accomplishment of the
skill Job sheets provide a ready outhne for students to *follow «f they have missed a
demonstration Job sheets also futnish potential employers with a picture of the skrlls
being taught and the performanges’ whrch might reasonably be expected from a person '

' . . who has had this trarnmg : O . > . .
‘ p . \ M R » ot . )

c

~ g rd

- Assignment Sheets T , : . . .

.. *Assignment sheets glve direction to study and furmish practice for paper, and pencil’
_activities to develop the knowledges which are necessary prerequisites to gkill development

These may be g?\/en to» the ‘student for completlon In class or used for homework
.- assignients Answer sheets, are provided which may be used by the student and/or teacher”

*

"ERIC S | \ s

e - , [

> Job sheets are an "important segment of each wnit. The instructg should be able.
to and in most situations should demonstrate the skills outlined inthe job sheets.

A} .
' - for checking student progress o .
] ’ X N
= . . 8
Test and Evaluation v .
« . . . = . - ﬁa
) ) ! Paper-pencil and performance tests have been constructed to measure student
. achievement of each objectrve hsted in the unit of instruction..individual test itéms may
be pulled out and used as a short test to determine student achievement of a.particular
o objective This kind of testing may be used”as a ddily quiz and will help the teacher
- . J ’
N . spot difficuities being encountered by students in their efforts to accomplish the unnt
i . = objective. Test items fot objectlves added by the teacher should be constructed and added
T to the test
o .
' Test «Answers ) . ,
U - T : . B -
i L Test' answers are prquided for each onit. These+-may .be used by the teﬁwer and/or
. ! student for checkrhq student achievement of the objectives .
; - LN
/’ , ' “ - .
. - * o
. . ‘o [\ .
‘ - . - . .
‘ ; s . X111 - 1 .

»i

. Transparencies should be made and placed in the notebook where t'he\‘ will be ",

E 3
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JOB TRAINING What the ,_‘Z Core " \ RELATED INFORMATION What .
+ " Worker Should Be Able to Do ot Q’;X'\ the. Worker Should Know ° - :
. (Psychorgotor) . Y s SO 2 el = T(Qognitive) S
) e ' Y
/ SECTION A-UNIT I: OCCUPATIONAL-INTRODUCTION - ;.
‘ - ) ‘\ ) L‘ ] ‘I
N . . . ) 1. X Oécmipational outlook
) . -~ . - ;{ ™. ' M .
i T ? . ‘Areas of employment” .~ . *
v . - e TN 2 - IR
' \ ' . 3., Career opportunities .
Y] ' ’ B R - ) . .
. . L . 4.  -Steps involved inshop. work™ _ -
' . ‘ . UNIT'll.lS;AiTY . | § .
LT . ' " . e - oA Safety color code.
. . . ) W~ ‘ - - - . L
o . . . 2. ™ Steps for maintaining a -
- : — ) safd, orderly-shop
.- . . - » I8 . \‘ \
. ' . . N . .3. " Classes of fires. >
.U 4 Types of- fire exfipguishers .
’ ™ ' 5. . . Shop saféty piactice‘s
. : . UNIT 1i: TooLs . et ‘
' Lt \.« . : /‘ ‘ . ' ‘ . .
, , -~ -, 1. Basic hand' tools, R
N ~ : ' - . * P A
s B 2. - Overhaul tools , =~ |
’ { a | - ., . -35 To'o|—l maintenance _ ;
. o 4. Grind a flat fip screwdriver “ ~ . <. y * , N "
- . - ) - v / - - N b
- 5. Grind a chisel or punch head ‘. ‘ .
" . \ - N - -
1"1' 4 - t s
Z . " .- "\
’ 6 . Sharpen a ghuﬂsel C s ' b . ~ ,
2 7. Use.thread reparr kit - " " e v
.7 R . - ' PR ° '“} ».. \ L, b e
* 8 Check torgque wrench S & -; -
. R , 9 .Reglacs a'hammg’; Qandte ! ) '
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. JOB. TRAINING: What thk\ S " RELATED-INFORMATION; What . -
- Worker, Should Be-Able to Ro " - . the Worker Should Know

(_Psychomowﬂ‘ ’ \ - ’ . . (Cognitive) - T - —' ' "J ]
L T . NNIT IV. MEASURING o O
. S : oA . .o . ;
¢ r ) ‘l e T O\ ¥ K . 1. AMeasqring'insuumerﬁs .
« o o 4 ' R Z .’ ~Units of nfeasure~. . T . Tre
o 3.7 ‘l‘_Jse a vernier caliper o _ - " ” 4 : IR 3 “ |
/ L4 [ Use a plain micrometer \\\/ IR ‘.“'l,‘ ’ . - ,! . ) ‘
s .0 Bi . Use a dial inpicaic;r S . . . N * . -: N
. SECTION B-UNIT-I: ENGINE IDENTIFICATION-AND INSPECTION  _°.
. C 3 i _. . ] ; L “Two and f.our"cqyi:le e}wgir;es o ko =
N LT ‘2.r N‘ar';\éplat'es' - . ’
- - N ‘ \ E o ' “, . 3. Operator's 'instr\ua‘lc’)‘ns T
:w o f’{?f.&k , : ‘V ) * P s 4. 'Cranlgsha‘ft positi'onsf\ IR .

.
’

. ‘ = = ' - ~ . LN
. + _ UNIT Il: BASIC ENGINE PRINCIPLES AND DESIGN

- . " 1. Enérgy - . .

y , oL ] X .
2 ‘ R . r . ¢ L] N . f
. RO : - 5 . 2. _ Motion . : N .
' A Simple machines _
.o D . . v ) * . - < . .
‘ .. v 4. * Formulas for work, .
- . * . - - -
. .- horsepov.v’er, amd torque- .o

oo . ” " . . 5. Heat engines . C .
R ‘ - ) 6. Engine désigns T,
) .y . . L

‘. ey PR Engine cooling -
UNIT I'II:.PRINCIPLS OF OEERATléﬁl‘: FOUR-STROKE CYCLE, o ) .

1. Engine compenents  -° .

’ . . . v - -

S . Co . 2. . Operation
‘ LT , . _ . 3. Multi-cyliﬁ(%er engines Uy
N " A .

. . .@ ) 4. Camshafts

i -
‘ Lt . 5. Valve timing and overlap
. s ) - ‘. ‘. - .
- ¢ . : ) vl 64  Valve arrangments
. .
' 13 L
L
-, . - N ¢
* . XVI| . N .
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Worker Should Be Able to Do~
_z[’sychomotor)

L. 4

‘. . .

. UNIT Ly: PRINCIPLES OF OPERATION - TKU'STROKE' €YCLE  *» * ™

.

.

o

RELATED INFORMATION: ‘What

v the WorKey Should Know

(Gognitive),

\ >y

-

‘1, Two-stroke cycle engine
2. Engine obera’tion
%

3. - Valves

-

o N * ’ - - — » - -
S S /' 4. Timing’ , ‘.
/ - - o » N ' . » ' " ‘. N . °
s " - ) ./ 5. Cross and [oop scavenging
o 6. Two-stroke fealtures
. ) 7. Exhaust system design -
)_ R T . T .' . . e
. SECTION C--UNIT _1: BASIC ELECTRICITY .
: W, J . b :
. ‘ 1. Sources -
.‘ 2. Basia circuits
. » . M A .
' - 3. . Com;%ctors
o cL- ' .
-~ ¢ o 4. AC and DC current
s ' 5. Uni;s Bf measure
. ) 6. Schemati¢ symbofs™
5 + - . 4
. 7. Ohm's law
8. , Series dircuit rules
. . 9. Parallel circ;:it rules
{ .o . 10. Magnetism
. j ’ . 11 lnduce({ voltage
I S ¢ ’
| 12.  \ lnstruments - x
- A . t_/
s 13. Problem, solving
o ’
' - xvii . -
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JOB TRAINING: What the ) , . ' RELATED INFORMATION: What
- . Worker Should Be Able’ to” Do. , . the. Worker Should Knov- J . o
IR T chhnmotar) e T Sl ~‘f€09m ive)e - - ST e
UN_IT I IGNITION SYSTEMS .
- ] 1. Types R :
v 2. Purpose -
v Y4 .
] . ) T 3.4, Components - primary
3y 0™ ‘ . ’ N ., and secondary circuits ’
‘ h P ' ) . . d - e » .
, T I 4.~ Magneto system . T i
i1 ] v . . s .
[ : ’ - 5 Solid state system ' -
. R . . . 6.  Breakerless system ¢
7.  Refmove, service and replace ‘
- spark plugs : !
- T~ -
8. Remove and repiace contact " . - . :
1 , points and candenser B
9. Test the coil, condenser; o
. armature and flywheel magnets .
’ N ! - e
10 Test and adjust a solid state .
ignition system ~ .
11. Check ignition ta’mmg' » . ) \(' ' .
. UNIT [II© CHARGING SXSTEMS ' ' , .
7‘3\" oL 1. Kinds .
- - 2. Components
3. Operating gtages -
5 4. Current flow.
. e '
' - 5. AC-DC conversion .
* N ' h -
o ¢ : 6. Generator -regulators _
: 7. Reverse po:ajrky‘ ’
) Remove ar.md; replace a generator . ' ”
- ¥,
9. Disassemble, check, and reassemble . . ¢ -
a generator . . : . . .
i : * .
10. Remove,and replate an‘a(te‘rnator T . .
9 /11. Disassemble, check, and reassemblé’ ' ‘ .
* an alterndtor . , .

1
r.

Al
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- i JOB TRAINING: What the , ¢ RELATED INFORMATION: Wha}’
. P Worker Should Be Able to Do . the Worker Should Knaw ° .
+ " (Psythomotor) ' C . (Cognitive) e .
: .1 “ h . v .
L .. L . r . UNIT IV STARTING SYSTEMS | L e . . .
. N N N - r LRI [ j/_}& [ A + Voo R L ‘ . .
‘ " ) ‘ ) - 1. " Types . ' .
. . . ‘ . o -
. ; . . C. 2. Components
1 4 R . ) " 4 “ . ) . . . ' '
. B K ' e 3 DC wound field starters o
. v ' 4 Starter generators’
. L - .
o .q"»* o . R i 5 Stérter quves e
6. Remove, dnsasse’mble, test, service, , . . ’
’ apdreassemble a startér, - R P . .
P ‘{ ’ ’e )‘ hd - -~ xf
. L Replace g stariére,re_v’vmd‘\iprmg ~ '
SECTION D-UNIT I“LUBRICATION SYSTEMS = . . . 1
. ‘ ‘ . 1 Purposes
wim A N R - T }_& .
L ‘ - , i Types
t . S . .
. . . . : 3. Engine ol
. » : - .. T
‘ - . . : J . . 4, .01l characteristics
¥ . / ~ .
5. Change engine ol and filter . ' .
6 Service crankcase{breatber . . ‘ . / .
~ Ve N — N
.- . UNIT"Hl COOLING SYSTEMS . cL
L ’ ’ v IR Functions ’ .
2. Components N
* 3. .Remove, clean, and-replace_ air ) . . iR ‘
" cooling parts . - )
/ Y B . &\ ~ ' "' . \\
L 4.  Pressyre test & cooling system s . _
o ) o .
N ' » y ~
5. ° Remove, check, and replace a ..t e o
ps thermostat . ' - ' v
6. Remove an&~replace 2 water pump ' N f\
) 7. Remove and replace a radiater . - ) )
9 L . . - ’ /V\’
8. Remove, inspect and replace V-belts .
. - &
. 9, Test antifreeze solution . - L : ) . .
' . T . i . ‘ ' l ) . ’ A
A3 .
» . . . . .
I 4 . . . [ | -.
) ‘ ' X1X "
v» -t . £ S
7 . . . J C - " 'T :‘
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‘JOB TRAINING: What, the ' ' RELATED INFORMATION: What
\‘ Worker Should Be Aljle to Do .. - the Worker Should Know
Phemes e APUCBOOREL | A LDk e i e (Cognitivel .
| _ UNIT It FUEL SYSTEMS o
& o T / ’ c 1.~ Purpose
§ o s |
) ' [ Y *
- / ‘ 2. Types
: i T
é | 3. CompJonems
. : 4.  Fuel pumps
* N ;
. 5. Air cleaners
7
6. Sérvice an air ¢leaner -
, B .
7. Remove and replace a carburetor ' '
A | P . . .
. B S_ervnce' a ﬂan& type carburetor
’ ) 9 Remove dhg replace a fuel .pum.p , o . 3
10 Tgst' and- service a fuel pump- (
h Service sediment bowf fuel strainer .
R UNIT IV: GOVERNOR SYSTEMS
4 N R * .
. PRI ' oL Purposes
| 2. Types . .
‘ . ' )
. 3. Components
: * P * bs
‘4. . Inspect, adjust, and repair an g )
, vane* governor ‘ ) -
5. inspect and adjust external
components of a mechanical
governor with imternal flyweights.
. 6. Repair internal components of.a - v
mechanical governor with internal
. flyweughts . - | .
Y A Ihspect, adjust, a‘nd.repanr a . . ) o >

centrifugal governor with external
‘governor ynit .,

XX .
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} JOB. TRAINING: What sthe - o RELATED INFORMATION: What -
’. Worker Should Be Able to. Do , y the Worker Should Know ‘
- _{Psychomotor) ‘ ‘ (Cognitide) ' '
e = - UNIT V: EXHAUST SYSTEMS® -~ -+ .
,
| . . Coe el - ) . A Purposes .
- ‘ . ' : ' ) 2., Results of Hefeqtive systenl.
- ’ o ' = 3.-  Selection :
;o v . ' ot N )
- - ‘ ‘ 4. Dangers
v g ’ ) . 2 - . ’ ‘
5. .Remove, service,-and replace two
'cyclg exhalst, system components !
_— .. .7 . UNIT VI: TROUBLESHOOFING + - ' o
. E . to < ) 1. -Engine requirements
. T Sy o . 2."  Procedures
4 R o ) ' - *' 3.+ Importance
B 4."  Troubleshoot an engine )
’ ! r - 'URIIT Vi“!: *OVERHAUL FOUR-STROKE CYCLE ENGINE . B y
PEERY . ‘ S . . 2 ! —
. ' ’ . 3, 1. $ Causes of ehgine problems
B < . . ‘ / ' o » ¢ 2. Pist(w. and connecting rods
: v v c 0 ) ST L.
g S "J. v ' 3. Crankshaft assembly
. - . i - , _‘ . . - .
. o ‘ "} Valve assembly
: T 5. \ ‘ﬂnsas:s_emble a four stroke cycle . ¢ . ) g
% . ,engine . . ‘
N 2 , R . :
- . 6.'" ,Inspect and service a_cyljnder ’ ,
i . , ' 7. Inspect and service the piston, . -
. , £ " nings, ang connecting rod . X
t . Lt 2 , . L
R - 8 Inspect and seryice. crankshaft - ~
- s assembly ¢ . g
. . . ) ' / Y
: . - 9. Service multi-piece “crankshaft . ] .
.. . . ' assembly . -
* *» N ' N ' LN ‘ ’ . * *

. > . 10 \Beasse,’mble a four-stroke cycle engm,é o

.
.
r
) e . <
. . A . e . . . . ‘e
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N ! .
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", JOB TRAINING What the -~ RELATED INFORMATION: '‘What /' |
‘ Iy 0 ‘
! Worker -Sh Be Able to Do " the WorKer Should Know ‘5‘
(Psychdhotor) : ’ . |Cognitive) - . . . o
- ‘ o N - ’ 3 . N . T N
. ¢ N P
_ . . . - \ ; . .
- UNIT Vil .OVERHAUL TWO-STROKE CYCLE ENGINE & ° - . .
« g S o ’ .
. ; - . 1. Causes of engine problends -
M , _ . ) R ‘2. Connecting rod and piston :
) ’ N | . o T o ' C
K ‘ . TN . Lo ' 3 Crankshafts . ’ -
M . » -y . . .
- N » . w b
A ) . s . ’ . ) . e ..
- - 4.,  Disassemble, inspegt, and service «s... N . - - T T
., ’ . i ‘. .
N two-str8ke cycle engine IR L “ - ,
% ’ L '. " " ] \ VP .
. 5 7 Service a multi piecé crankshaft , . . e s Co
. » N . - | * . * € 1 e ! A .l
‘ o R 2 - ° . ~
v D ol . . . ar -
8 Reassemble. a’ two stroke, cycle. engine v : ‘ ; . ..
‘ . [ b , AT ’ - .
L} - N . 3 v = v ¢ .‘ . . - . ' /'
' ’ I« ( ' . R . . k yooN i ) .
* . . " 4 ‘ . v . ’ ! ' * . R ’ )
’ 3 v 5 L e .
- . " ' tT » ' " .. . ' , . ! . s . 3
y ' - N : -
* L * N “ 5
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. . A c , TOOLS . v - 2
., L ‘ - . - t »
L T ' (NOTE These -are. the *écommended tools and equipment'qécens,s'ary 1o complete the jobs. 4 D
Vegpog b ¥ rqcpvred m these instrugtfonal Matefigls.) - N TS , '
;‘ﬁj% }g* ' M ) ' -
¢ ‘Hand Tool Assortment: o 3/8" dsive phillips screwdriver sockét .
N S « - Ball-peen hammer" - ope pound Soft face -hamnter - - .
i T Shp_ joint pliers. ’ . Tape meagure ' . e .
) - Screwdrivers , ' Cleaning pan o
X 4" standard . " ‘ Cleaning brush «
) . " 1 1/2" standard_ Grease pap . \ .
LI 8" standard Hot plate J —
. . 6" standard ~ : * " Thermomelt stick.
. T, Adjustable wrench . Plastic hammer N ! ’
. o _Phillips screwdrivers ' - Parts washingpan - -
T T, 6" .. . Pin wrench - ' .
¢ “ 6 1 1/2 ' ~ Propane torch : ! o "
o 4 8" - ‘ . Seal driver set. ) d
N 3/8" drive rever5|ble ratchet, " .. Meter/kilogram torque wrench- . =’
3/8" ‘drivé standard. socke} set " Soft drift / :
« 1/4" drive reversile ratchet Nipple wrénch .
.o 1/4" drive standard socket set Bushing -driver set - .
IR 3/8" drive extension bar -3 in. : Brass drift .
. - 3/8" drive extension bar - 7 1/2 In. “  Pry bar C
e ’ . Starter punch ’ Pliers . e
: ’ ’ Cold chisel Measuring containér LT
. ) Combmatuon wrench sgg 7/16 to 7/8 m Cylinder gaugs !
. ) . Uniwversal joint — . Shock absorber compressor :

“ ‘ \Qpén end wrench .set - metnc P Hydraulic press
3/8 drive socket -set - metric . Drift purich o
. . Safety glasses V-blocks . . .
. - s s Surface plate 4 ) :
. - , ‘ . c DC voitmeter S .
Other Tools-and Equnpment DC ammeter .
Combination ‘wrepch set - metrlc Test 1amp , . ‘ .,
Vernier caliper ‘ Ohmmeter. i o /
. “ Drain pan , . ’ Spark plug wrench .
L Hex key set lgnition pomt gauge
K I Inside micrometer. - . Tachometer - S
. . "+ Outside  micrometer X Flywheel pullers <o ST
Biat indicator Float level gauge : .,
. ' End wrenches, - . 1 0-1" telescoping gauge - '
’ Impact screwdriver set ' Clutch head,,scre'wdriver set vt
. Snap ring pliers Battery clamp puller AN '
T-handle box wrench, 16 mm Battery hydrometer . . .
= ,Arbor press or bench vise Battery post™ cleaner -
. Feeler gauge ' Funnel - .
) . Flat surface plate ) Thread repair kit
A Machinist's steel rule Boring bay BN
. L] ! .
Calipers ' Lo Pisfon ring expander ) —
s Surface block Piston ring grodve cleaner .
. Case divider tool , o Drill motor —
- - Impact driver . / & Chisel set L ‘
Ring cqmpressor Ridge reamer . . g
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- , .. Ring groove gauge . . = . Cylinder Fore . .
v 7« Jwist drill et \ ¥ Ry
3 - Valve grinder® T

’ . - Valve' seat cutte ' , )
» ¢ *Valve spring compressor ' : -
' . e
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(NOTE ThlS lS an, alphabetnzed list of publlcatxons used in completlng this manuall ' '
1 el ; \ .
v Chilton's Honda Singles Repa/r and Tune Up Gwde Ph1ladelph|a Pennsylvanla
Chllton Book Company, 1973. . . , i
Chilton's Motorcyc/e Repair- Manual. Radnor, Penhsylvama Chilton Book Company, )
- 1974, . . \ , -
Chilton’s New Motorcyc/e Troubleshooting Gu/de Radnor, Pennsylvania: Chilton
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. . .
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Chilton Book Company, 1973
. C/n/ton S Repair’ and Tune-Up Gwde for the Har/ey Dawdson Radnor,,Pennsleenla:
. Chjlton Book Company, 1973. -
’ Ay
" Four-Stroke Cycle Engine Mechan/Qs Handbook. Grafton, Wlsconsm Tecumseh N
Products. Company,.
> .
Fundamentals of Service. Bear/ngStand Seals. 2nd ed. Molme Thinos: Deere and Co.,” ,
1974 . .
. v &g; '

e Harley-Davidson Service Manual Milwaukee,  Wisconsifi: Harley Davrdson Motor Co., -
1971 .
Hoerner, Harry J, and Ahrens Donald L., Small Gasoline Engines Operation and

L Ma/ntenance 2nd ed. St. Rey!. Minfesota: Hobar Pu'bllcatlons 1973. )
Mechanics Handbook, 8 /-h} and Larger. Grafton,. Wssconsin: Tecumseh Products
Company. ' . o .
Outboard Motor Service Manua/ Volume’l Sixth ed. Kansas C|ty Mlssourl Intertec
Publishing Corp , 1973 . . .

plpP Ted Sma// Eng/nes Training Manual. Indianapols, lndlana “Howard W. Sams - &
and Co: Inc 1972 ’

L)
.

. Purvis, Jud Al About Smiall Gas Engines. 2nd ed. Goodhear’t-Wlllcox 1963.

» 4
Repair Instructions, Milwaukee, Wisconsin: Briggs & Stratton Cmporatlon <.

'
L o .

ﬁtch Ocec. Chilton's Motorcyc/e Tﬁoub/eshoot/ng Gurde. Radnor, Pennsylvania: Co
nlton Book mpany, 1966 ‘ P!

Roth* Alfrbd C Sma// Gas Enq/nes Sogth Holland llllnms')dheartAWlllcox Co,, .

1975 .
* . +
Small . Engines--Principles of Operation, Troub/eshootln_q, and Tune-Up. Urbana,
lllmons College of Agrlculture/UmverSlty of ||l‘anlS . _ r
v . * P .
Simall Engine Reparr. Washlngton D.C.. US. Goven‘lmént Prlntlng Office/U. S .
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yo+oo! . ,\ * l ‘ . . : ‘ . -
AR . By . e UNIT QBJECTIVE, | .
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" After compl"etuon of - this unitt the stud"ent shautdbe able to Inst\p4aces of employment o
and discuss the occupatnonai outlook for smalt gas engine mechanics. The stydent shofild

-+ also_be able to list student requirements, name the steps involved in small gas engnn&’—3
shop work, ar\g(complete a personal information sheet This khowledge will be evidenced

through demor¥tration and by scoring gighty- fue percent on the unlt test. .

. ‘ ' o
o SPECIFIC OBJECTIVES™ : .

Sy . 2
After completion of this umt, the student should be able to
[] . . M

1 Discuss the occupational outlook for‘sr'nall gas. engine mechanics.
<, 2 List three areas of employment fer 'sma'll gas engine mechanics. : ~e
. -3 Select places that employ small gas e'nglne'mechanlcs.
. -4 - List caregrs open for students trained in small gas engines | .
-, ’ . 4 R B '. *
*5 List seven student requirements for ‘the small gas engine progiam.
¥

6 Name seven steps involved in small gas engine shop work’

\. .
N \ P
7 Complete personal- information sheet. N

=
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. . ) OCCUPATIONAL IN,T_RODU(}TIgN‘ T * o
; ' . L . UNIT 1 ! . . s R shend s
' “' . . i . A , ., . ' ,;/
R ) ! .‘ — * . ' \’\ ”
&  SUGGESTED ACTIVITIES . . 5 .-
R ‘ . ) R . ., _— .
{ . ., w . - ) ] . b
o « » I~ Instructor- - . : ‘ -
a r A Prowide student with objective sheet. .
4 - Lo ¥ - <
< .
I d . . .
- . - ¥ Provide student with infqrmation and assignment sheets - - -
) ) T C. =Biscuss unit and-specific objectwe's' 4
‘o . + .
M . . . D Discuss information an;i asslgnment, sheets. :
. . (NOTE- Take up assignment sheet and file for reference purposes) v .
. . E Inute agmall eﬁgme shop owner to tatk with the students about careery *.
&> . . gpportunities R . ’ :
. R - e 4 ) “ .
¢ . * F. Take held trip to local small gas engine tepair shop ' . -
- s o .. .
. . ’ G: Ge test . ‘V . ) . A
' M « 11 Student . . - : S
‘ Tt ' ; ’ '
A  Read objective sheet )
" [
B  Study information sheet . . .
' > v - v JC
. .~ C Complete gssignment sheet .
. x4 \
D Take test “s )
. .- \ <
. ‘ ’ 'INSTRU\STIONAL MATERIALS . :
. ; ) i ‘ ‘ 3
. . ‘ - "
*1 Included 1in this unit
A Objective sheet ‘ .
- . - . \
B Information sheet . .
. C- Assignment Sheet #1--Complet /Q;onal Information Sheet *
) D Test
. v E  Answers to test - . . .
® S |
13 . - ! . 4
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S v A Cin e b ool bl it by e
" ’, < . - ‘.\E 'Y . . o t\ , > :» »n‘ 4
) A G i INFORMATION SHEET - e
. ' ) ° ,ove N - R
. sOccupgtxonaI outiook ' .o T
< \ s . .
A ob pppostunities result each year from the nesd to replace experienced
S niechanics who are promoted, retired, or transferred to related ,flek,is'of
' work
— ,A/ _ - m—— . —— . : . - . -
B~ Number of small gas engine applications increases each- year requiring more
< mechanics to *service them ° - . e L
“ . . . > . . ,
' C  Demand increases for quahified personnel to service new design and safety
~ T features . v - ) Do
* . ¥ . - > .
INOTE These features include’ pollution control and noise preventipn
devjces ) 7 . .
] ’ L . .
‘ > . -
. 1" "Aress of dnployment . L K
A Manufacturing { 7 e t’ g . ’
. ‘. .
B Sales ) ; ' v
C  Service ' * ' :
N [t * Places of employment
"/
- - . ° ¢
A Independent repair shops for small engines
‘ . N
“‘ B Service departiments of der@mént stores ‘
' C  Retal small engine stord
) . - . 7 ’ o
. D Hardware stores ‘with smal “shops .
E'  Makntenance departments ;
- Example Golf courses, .cities, other government® agencies
- . » e .
) F Recreational vehicle franchises and ind&pendent dealerships
IV Careers . . : s
A Engne mechanic s ; B
B Service manager . '
C  Sales manager ) .
. .- X .
l,.

W

i e
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Student sgquirements. .

A

B

- & .
Owner/manager
. g -
Technician [ I
"Service rebresentative - )
’ [
ngin T ..
E g\ eer , .
N i ‘1
Executive :

~

Understand and follow safety regulations ) ]

4.

Understand arrd operate ‘shop equipment correctly;

¢

Take nstructions readily. and follow directions

Control temper

Be. enthusiastic about job
a

'

Be on .time . o
- .

G Attend, class

Steps involved in shop work

A

D1agnosis w- AN

B. Disgssembly

C.
D.

_E.

E.

1

. # .
Measuring < 4: ’
Installation f parts
. ., o
Re’aSSerﬁbly
Adjustments ) N
- hal .
Test - -7
. : B -
] « ~
P ) 2
. . ’

»
-
‘ -
Vs
.
r

. s
.
r
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R4
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v
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- . s f ' 'OCCUPATIONAL INTRODUCTION
) 8 J JONIT | - ~
‘. !
] . * ASSIGNMENT SHEET #1- COMPLETE PERSONAL INFORMATION SHEET
v / ° (‘ 4 M . '
/ Fill in the appropné't,e data on the followuﬁg pers’dnal information sheet
'} - ' .
¥ - .
Name. o
/ A a4 ’ EaEY ‘- ) . * N ‘ ‘
S/ Sociaj Security Number e . - T ~
. . Age’ )
. . - - T 7 K
[ Birth Date. * ’
Grade ’ ] ‘ B}
{ N . * C,
Telephone Number . -
4 ) ’ \ f‘ * -
. ) . ’ ' . T , g
‘ Parent/Guardian Names 7 . :
. ‘ A . !
4 Telephone Number forléme‘rgenmes . . K
. . ) ‘ ! , ,
. ;6céupat|onal Objective ) g ’ ’ L
. ' . . 4 .r' L]
L 4 . . 7

.

* 13
‘g' ~ - [y o , ’
o ’
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., : : OCCUPATIONAL INTRODUCTION
¢ - - UNIT | -
' L]
. TEST - * .
’ } . . . . '
L ) L
* . 1. . Discuss _the occupational outlook for small gas engine mechanics. . .
)' .
. . ] Yo .
[
A 4 -~
L 4 — ‘ ~‘
. . .
[ b -’
« . (4
~ ' ’
)/ 7 ’ > .
o ' | 7
h ‘V - . P2 !
. . -~ C . \ ,
[ * 1 ) .
- t » .
. 2 List the three areas of employment for small gas engine mechanics. l ‘
. o 8 a .
. . a . ,
\ ) ‘ . ) R
v T N ’ 7
ki , b‘ ‘
. -
I _ £ s . . *
. ¢ L )
, , 3. Select thk” places that employ small gas engine mechanics by placing an "X"~
- : . m the appropriate blanks. ) - . _ .
A ) { N . e - . :
. . a. Service departments of department stores
N ) . . " Ve . . *
b. Awr donditioning shops .
. - Fy — - ) :
. __c - Banks ) .7 . , .
v s - . ""/ b o ﬁ
: h d Hardware stores with'smatl shops ~ . 5 '
- Ré&ail* small engwneStores - - ) . (\ _ .
. A . ) g - * ’ : ’ R
. . . ' . ’ ™Y \" . *:‘3 .
- ' ' » 4 o ! R '}
' - J

o _,J/ . I “ . 29 - ‘ .
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)

List six careers gpén for students trainedC@# small gas™engines.

4 - . L]
. .
- . - .
s

d . f . i . .

PO

-

.
student requirements for the small gas engine program.

< -

° . . -

List seven

b

q‘ - ' S — ) ’ .

L ‘ v
Name seven s}eps involved 1h small gs engine shop wotk

a - ' .

N v '

Complete personal mformation sheet. .

-
¢

(NOTE If this activity has not been accomplis}wed prior to the test, ask $our

instructor when 1t should be completed.), ‘ .

8
.
4 .
4 .

/3 .

. ¥
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- QCCUPATION L |NTRODUCT|ON . ’
) OQJIT* ‘ _
[ 3w
: ANSWERSYTO TEST . " - T
. N
1 Discussiop shou1~d include: ) ' \‘», i ’ < ] T .

a. Job opportumtnes result each .year\from thé need to reblace experienced
mechanics who are promoted retn‘gd or transferred tb related fields of
work . .t '

. ‘ . \\ . .

b Number of small gas engine apphcatton§ Increases each year requmng maore
meehanics to serwce them

*

c. Demand increases, for qualified personnel to servecé new design and safety

features .
»
2 a  Mapufacturing ‘ . % s : - %
’ b  Sales ’
» Tc Service . . - ,
3. a d e ot . : - ’ .
4 . . Any six of the followirdy 4 .
. Lo 4 Y . \ . . .
.a  Engine mechanic - . ‘
! b. Service manager . } .
‘c.  Sales manager
g . . ‘ R N ,
d  Owner/manager . PR
’ - #

e  Technician . S / ' ) ;

f.  Service representative

2 . -, s .
g Engineer co : * .
R4 'e . . - P
h. Executive -« .
Sl‘ a Understand and follow' safety regulations .
- b, Understand and operate shop «equipment correctly
. “ . * .
c. Takeinstructions readily and follow directions -
' b7l
d. Control temper ’ .
4 ' - N \
e h) » '
0 ’ Ty - *
2o u-l‘ " ’ +




B - 2 s
X g e. Be e}?husiasti’e about ,job : ’ . ’

’ » * . . ) ’ B} , -
N , . f.. ‘ﬂBe on time: v LR ' . .
- R . e ° . . . .
. ] . , . - a ~ ) .
g. - Attend class” . L ,' - .
g * N * - ] ¢ . L -
P - , . * -7, A . ,
) 6. a. Diagnosis ‘ . -~ . 7
. : - 3 . - : 3
« . - . o [} . . . - R .
’ b. Dlsasser?bly * . Lt ] . ;o
- 14 -
. » 4
- Pe v . .
c. -Measuring R ) ‘ <y ) o )
©t - ¢ . b h LY >
. [ s . 3 F) . . »
VR 7 d. Installation of parts . P : -
‘\’\‘: ’ , . R - . ‘
v . e. Reassembly ~ . .
e Y ¢ - . . : . -
L f  Adjustments - RN ' : . . . S ‘ ~
. oL & ' ' ' :
g s g Test ‘ ° C
. _— e . . . ) ) § h
o 7. .Evaluated to the satésf?ac‘tnon of the wnstructoy . . o ,
. . o . ! - ot . f oo < _
. ] - R 4 .
” . . ‘ .
. / s ' N N s . .
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* . . . ‘\ ‘ A 3 A &
. . - -

SAFETY .
' \ o ‘ i -
‘ d : ; . UNIT OBJECTIVE )
. g/ - . i ‘, .
) After complet:on of this unit, the student should be able to distinguish between safe
v , and unsafe shop practices and 1jst steps for maintaining a safe and orderly shop. The
: 1 student should also be able to select the fire €xtinguishars for the classes of fires, match )
the colors of the safety color code to statements of their use, and complete the student ’
safety pfedge form. This knowledge will be evidenced through demonstrat:on and by scoring .
. eighty-five percent on the unit. test. E . . . / :
- : S SPECIFIC OBJECTIVES . 3

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

N P ~~-Match terms associated with safety to the corréct definitions.

.
v

e

-3 Match the colors of the safety color code to the correct statements of
. _ ’ their use. .
' .
—_— ' 3 List steps for maintaining a safe and‘ordesy shop. . -
: . . C . ) . .
. . 4, N Match the classes of - fire to the correct statements defining each class.
5. Seldct the fire extinguishers best suited to extinguish each clz‘njss of “fire.
6. Distinguish -betwgen safe and unsafe shop practices. . .
) . 7. List the four general shop safety rules. 4
. N -
1
) ' s 8. Complete the student safety pledge form.
[ ! . * T
. . _ 9 Complete the*indwidual student shop safety inspéction checklist. '
. - - » - -
.. ' S '“. v ’ ) *
- - ’ —y . .
° ! R -~ PP M
. >
]
i L3 ' ‘ i
’ x. R ‘ ’
' ' s * - .
4
. . . . 6, »
< ) .
) . N ." /’ .' { -

. . [} . . .

\ N ) © 3 J

o . ‘ ’ . 37 - ‘
ERIC . .. - .
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) : . x "SAFETY . C oy
. . . . g ' UNIT 1 T . Ty e
—_ ¢ = ' -
) ' ‘ e - - _ SUGGESTED ACTIVITIES .
7 .
K X ) I Instructor. ~ ‘
" , . ' .
' A.* Pfovide student with 6bject|ve-;'sheet. ] —
-~ B., Provide studemt with inf&rmation and assignment sheets. "
. ' ‘ . .
- C Make transparenciés. - . _ . T
< D Discuss unit and specific objectives. . e 2 .
- E  Discuss information and assignment sheets. :
N . &
F .Inwite representative from fire department to talk about fire gxtmgui,sher
w use . .
- ‘G Give test ' R ’
‘ . . . % ‘
. Il Student ( .o
< ‘ - .
' . ‘ A Read objective sheet. ) ‘(
" - B Study information sheet.
. L - g . <
C = Complete assignment sheets. N .
D Take test ) ‘ . ' .
. , * ® 's . -
) ) INSTRUCTIONAL MATERIALS® * -
1 - ‘ ” ) . *
f Included m this unit 7 T - . ‘ -
A " Objective sheet -~ N\ '
.. ‘ B Information sheet , —
‘ ]
- ) ) C  Transparency masters - ) o ’,
’ v ‘ - . . x .
. 1 TM 1 Types of Fire Extinguishers
. 2 Y T2 Use Care with Gasoline - - )
I3 R ! = . .
+ 3 TM 3 Proper Use of Eguipment o -
L - - — ’
4" ™ 4 Unplug Equipment Bef.o're Working o ) Y
) 5 TM 5°Proper Handhing of Batteries -
A ’ .
\) ] . , * 34é . »




9 e «
- [} . . . B
» N \
! v . . . - , -~
. N . _ » L ] 4
- . ——a . . B ’*' ’.
- : ' ) v ' ’
D. Assignment Sheets . , .
4 . < . .
T 1 Z\smgnment Sheet #1 »Complete the Sludent Safety Pledge Form !
v . 4
2. Assngnment Sheet #2- Complete the, Individual Student Shop ,
* Safety Inspection Cﬁgcklast . . :
E  Test o
' * [ 6" .
 F  Answers to test 7 B )
It “References ' '

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

Yoooe

e8]

An Accident Prevention Prograni for School Shops and Labordtories I
Washington, DC  Office of *Educatlon/US Department of Health
Education, and Welfare

-

. Federal Reglster Vol 36 Number 105 Part /I Department of Education .

!

7~ "D Safety Practices and Proceclures 11 "School Shops Division of Voc.tlonal .
Education‘New Jersey Department of Education. v
E. A Look at Service S‘afé't% Tecumseh, Michigan: Tecumseh Producty_Co. -
g | — @

v
N .
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* SAFETY, ’ )
’ UNIT 11
- “ '
- . \ -
’ ’ \ ’ - °
INFORMATION SHEET .. . . .
) . ) - .
Terms and definimions ' ) .
: e . : . ,
A Safety--State or condition of being safe; freedom from danger, risk, or injury
. o ‘ .
B8 Accident- Any suddenly cccurring, unintentional event which céuses Injury
or property damage ; . ‘ . ) C A -
x v N . . l. L]
C First aid--immedtate, femporary care given the vic of an accident or ~
sudden iiness unul the services of a phydician can be obtained
D  Carbon monox'de»-Coloﬁess, odorless, very porsonous gas formed by
incomplete combuson ) 3
E  Battery-Number of cGmplete electrical celfs assembled in one housing or g
case, used In small engiies to run and/or start the engne
’\/ -
F Service mqnual Professional book giving exact details, tools, and procedures  #
for servicing one or more types of engines .
G Compressed oxygen--Oxygen processed for purity and cormpressed in bottles
\
Example Oxygen bottle for oxyacetylene welding
H  Carburetor and/or parts cleaner -Chemical solution for dissolving deposits
such as grease, varmish, gum, and paint from parts without damage: to the
metal ) )
| OSHA--Occupational Safety and Health Act \ '
\ . . ) 4
Colors and applicatjons of the safety color code , ;
) ¢ L 4
A Green -Designates location of safety and first aid sgquipment ’
. .
(NOTE This 1s apphed to noncritical parts of equipment and machined
« surfaces, nameptates, and bearing surfaces ) .
B #Yellocwn Designates caution ' R ' . .

s

(NQTE This is applied to operating levers, wheels, handle$; and hazardous
areas which may cause stumbling, falling or tripping)”’

]

,
n

o
-~




' INFORMATION SHEET o ' .

¥ i 1

* -, © C Orange- Desagn;tes dangerous parss of equipment wht'l;b may cut, crush,
+ shock, or- otherwise injure . v
) (NOTE  This 1s apphed to electrical switches, iterior surfaces of doors, “
on fuse and elegtrical power boxes, movable guards, and parts ) /
. * - - ot
« W= D Red ldentfes the location of fire fightung equipment -
e -

- (NOTE Emugency frre exits shall be demgnated inred Gasoline cans should
be pamted red with addmongl identification in the form af a y=liow band
around the can Buttons or levers for electrical switches, used for stgppihg

of machinerv, should aisp be desngnated " red ) I YL
, : E Blue - Dcs:gnates caution against starung eqmpn‘ent while it 1s’being worked
on, or agamﬁ the use of defective equipment .
‘ . . ¥ R u « . -~ . : -
(NOTE. Blue tag should be letteted "Out of Order ) - )
i 1" ¢ it )
= ivory Reflects hght .and shows the wayv S 7
~ ' e
* ) INOTE. This 1s apphied to labei edges, vise jaws, and edges of tool rests ) '. .
ild  Stens for mantaining a safe and orderly shop . °
N * A Arrange machirery and equipment to permit safe, efficient work practices '
’ and =ase In gleaning
%
B Stack or store matenals and supplles safely i proper Haces
. R , . ’ P
o C Store toulé and accessories safely, i cabinets, racks, or other suitable devices
Al N N ‘
¢ i/’ “ ~ , - ) ?
- D Keep warking ageas and work benches clear agd free ®f debris and other
hazards . |
o N 2
. 7 ( . ' . -
E Keep floors clean and free from obstructions and slippery substarfces .
( . ) P
- = F Keep aspes, traffic areas, and exits free of material and other debns .
o G Praperly dispose of combustible materals or stere them 0 approved N
) , ) containers ) i 4 .
& ¥ .
- - + H Store only rags in self c!usmg or sp.mqud fetal containers ’ '
. . .
N -

A Krovs the proper orO(P(Jures 1y follow i keeping the work area clean and

. . -+ grderly : ; .

ERIC - | - S

Aruitoxt provided by Eic:
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_INFORMATION SHEET

J Have sutficient brooms, brushes, or other housekeeping equipment readily
davailahie : .

-

[ ]
Classes of fires
o .
. -
A Class A Fires that occur in drdinary conlbustlble materials such as wood,

rags. fud rubbish

B  Class B Fires that occur with flammable liquids such as gasoling, o1l grease,
paint, and thinners !
N L
C- Class C Fires that occur mn or near electrical equipment such as”motors,
seitchboard® and electrical wiring

G Ciass D Fues that occur with combustible metais such as magresium |
. ' .

- -
N

4
Fire exunqguishers used on the classes of fires {Transparency 1)
‘ -

.

A Frossurzed water Class A fires

‘NOTE  Thws s operated by squeezing the handie or trigger )

.
»

B )S-’»cfa acid Class A fires - .
VOTE This s operated by turning the extinguisher upside dvan)
s
C Carbon dioxide 'COop) Class B and C fires - . i 4
“.OTE  This is operated-by squeezing the handle or.tygger )
D Dry rhemica’ Class B, C, and D fires ) -
NOTe  This is operated by squeezing the handle or trgger )
/.
E Foane<Class A and B fires i .
{NOTE This i1s operated by turning the extinguisher upside down )
- hd ' ‘
. Fie blanket Al classes of firess . k ]

, : _ . 3 .
INOTE Fire blankets are normally used for outside fires or for those-small
eriough to be contained by the blanket )

Rules of safaty

A . Fire preventon (Transparency 2) .-ik . )

.
N

1 fover strike sparks 1n @ room or area where flammable liquids
are nsed or stored

’

..
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INFORMATIQN SHEET ~ o . ‘x. ~
o . [ 4 . ‘ ! ';i!{;/"
"y 2. u¥e only approved safety cans for storage of flammable hquids o
v § and label them properly
! . .
v ., , 3. Do not fil! a hot or runming engine with gasoline * '
. ) : ) ’ =
) y (NCTE: {t may spill and cause a fire.) . ,
. A (r Co _
- 4 Use a commercial nonflammable cleaner for cleaning tools and éJ'-
. parts ' N ’ :
- ., . .
o . (NOTE. Do not use gasoline as a cleaner for tdols or pafts )
i )
. . . L P , .
5. < Change any o1l or gasoline soaked clothes immediately ’ oo »(
d INOTE ® A spark, a hot exhaust mamifold, ar an opeh flame can
., .easily 1ignite such clothing.) .
. 6 Learn thé Incation and use of fire extingutshers for each class ]
. of fue )
) / - 1 ‘ . , |
7 Dispose of oil or gasolme{/soaked rags and other debris In"* g
~ se!f closing air-tight metal contairers provided fgr thes purpose )
’ ) 8 Avoid placing live electrical wires near fued lines, carb'ureioks,qgas . . .
. . «tanks, or fuek.storage containers - .
. 4 B &JOH and’ grease : ’ & . - o
. % . 1 Wipe up at onte any spilled oil, grease, or other llghléS» .
A . - N
: INOTE Use o1l absorbent materials on the oil; thjs will prevent |
slipping ) T %
- ] ) ’ . ~
i Do not direct o spray toward other workers
3 Always have the proper container at hand to catch fuel, oil, or .
’ . other fluids before attempting to drain them < Yo |
- T (MOTE When the fluid has been drained, move 1t to a safe place o v
. away from fire hazardd) . . Co ) ’
N - 4 Do not pour old oil on the ground, dowp a drain, or'into a natural ‘__’
watershed : ' -
. L. _ ’ i
’ {NOTE Consult your nstructor regarding local ordinances for
. disposal of oil and grease ) .
. - . BN -
* 5 Do not ol an engme while 1t 1s tunning or attempt to ol or ’
: wipe moving parts ' - .
] g T . - ’ . .

» o
ERIC

Aruitoxt provided by Eic:
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D.

- E.
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INFORMATION SHEET , -

~

13
? -~

-

Eye“protettion--AIWays use safety goggles whi‘le performing the following -

operations or' as required by state and school laws or policy

hd *

1. Grinding, chipping, or drilling , <
2. Working under equipment : - A
e T - } e
3. Operating abrasive discs ‘ - .
4. Charging batteries or using caustic cleaning com'pounds
. (NOTE: Wear splash «proof goggles when using acids or Qaustnc
. * lhquids such” as carburetor and parts cIeaners)
- Electrical ) ‘ . v
» . »> « — * .,
1. Any and. all dangerous ‘conditions of equipment should .be.
reported to y the Instrutlor o
[ \ . -
2. Treat all electrical equipment as /' Iwe unt:l you have carefully
. checked .
3\) " Use third wire cords and plugs to ground all portable hghts and ;
tools ) ~ . ¢
(NOTE: This is not necessary on tools that aré double insulgited.)
. - - ’ - - ‘
4. Check the condition gf. cords, plugs, and so\ckets/ * ,
, 5. Eliminate cords anq wires as trip ha}ards - o N
] . :
6. Coll and. hang or store power tools ak cords properly - ’
) . . | S / - 3’%‘
7. Be prepared to turn off.any electrical power switch and/or main
switch in case of emergency ,
Air pressure " ’ e ".' s
1. Never use com sed air equipment fo‘r dustmg off clothmg or
work benghes .
4 ¢ ; RN
(NOTE: Elying particles may be blown mto tft eyes or skin of
yourself or others.) e
’ - ¢ N
2.. ‘Never use comprassed oxygen in place of cbmpressed air‘
. 3. " Use compre;sed air only for the purpose for whlch its mtended
and in a manner approved by OSHA . o
L 3 el '
7. p ’ R
. 4 ()
] .
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w 7 - . INFORMAT{ON SHEET
/ : - . ’ Lo : . AN
S > - . o . .t
- g F Eguipmert (TranSparequ!es 3 and 4) : B
= - e . E ~ !
v 1}. . Do n()t"eperdte any n*athme wvthout havm& been mstructed in
.t X J ifs use R < e , .
‘ 4 F N g - ‘ . -0
ce g - 2 5 Ne\er start an engine before determining that everyone s 1n the .
- " g . clear . _ oo
» ' !‘ ¢ ‘ : " ; 4
L) 7 3 Ne\/e rart an engire without knowing how te shut (t o ahd -
‘ . ’ being¥ady to do so if ‘the need caMs for it - ’ R
- 4 Keep hands and clothing away frorm maoving parts
. s b R 2 .
s ! P ) (NOTE" A few g the nfoving parts that concern us are flywheels,
T “.blades, fans, ged®, puyileys, belis. chains, gene%ors, and power . ) .
Ly ) 1ake off (PTO) shefts.) ' - - 2 .
R . ‘ i .
R ) o » - o
. I .. . 5 Ne#ar run an eng;@ In ‘an madequately venttlated place a .
L3 " N " P )
" , ’ (NOTE Remembert Ihaf CarbOn monoxsde’ Tumes from an engine e .
! | oL ~can kill) ) . oo : » ’ k-
f 6 . Read and heed, all notes dBd cautiuns e ) . '
. ’ ) v r" R ‘4 s - e J
\ L .. : (NOTE Throughout BT ?"erlaf and n -almost every service .
) . ' . " rhanual you wili come acreSs many passages with these headings.)
[ ‘ ' . ’\ N o " M s . ¢ ‘ l ° ! .
. . : ; v 7 Read nstructions thoroughly and, follow them carefully !
8 e - . "- ’ . “ : ) - A
- i NOTE. Do not attempt shortcuts) a.' - S
'« " ' \ , . . - . R
’ « 8 If you k the proper.tools or have doubt$ of you# wbility to
[ +
.y db thP job qo,rectw consult your nstructor. ]
: s 9 ngh't'u your-work area adequ‘atel\" - < »
) ) (NfOTE .Have fa portaole safety light for working ~under .
L. eqmpment ) ; R
03 . - N > ’ - s .
- - ear reasonably tight fitting, appropriate c'othunq whlle workmq. ' . .
“inN\thg shos, ) . v .
: ‘ . -’ . ‘ . > ) ’ hd
T : 11 Neve wear & necktig, nprP ace orgther‘loose appare! toywork o '
o L. ] ‘ m ‘the shop-. * . - i -
- - < g
. : ] o
. (»NOT!E Buttd slceves and secure ormeover long hair behind your
. - ’ v N 1]
RS K s head or up pr:a»eﬂnt snagginy .a‘n. power eqmpme,nt-) v
g' “ - L A . . ' -

- y . . . '

R A T /\iF
\‘1‘.: . . E ) . . . <
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: d INFORMATION SHEET o "
12 Always dlsconnect and ground the wire from the sd‘rk p uqheforo

|nspect|“ng or repairing any mower, Ullér., saw, or other power
eqmpment

. e v

4 -
. (NOTE The engine »mgy accidentally start and cause serious
mjury) ' .. .
, N : . E
13 After reassembiy be sure. all parts, nuts, polts, and screws are

~

securgly in place

.éf‘ (NOTE Loose or missing parts can interfere with the operation
i the equipment and damage or- Injury may resilt.),

3+ Barteries ((Trz;nsoarency‘ 5. : | b St o
, N e e
Lo Handle batteties”with care()> e a Mgttery strap or carrier
’ &' ' ‘ * — \ :
: 2 Always hdtd battery upright and'set securely so, there 1sg10 danger -
] : of s;_n[hng' acid . e )
.o , . .
. L ' ‘ 3
. -3 chec smqke Gse an open flame, or cause a spark on battery .
* tern »mals especially on a- cha:g1 g battery or chargmg area
. B ., '
' < (NOTE.Hydrogen ggs 1s given off[An'charglng dnri 1t mav explode
’ and spatter actd )(ﬁ o
- : . s y - -
’ n—-—-a Y
- Wpar protewve c!othmg such.as chemcalpgoggles, rubber aprons

gloves, and boots whlie workiag:in batter‘ g:hargmg operauons
- N ~A
2

5 ~iei&"“\'t-a‘_mlxmg battery -solutigns, always pour aC|d mtd’water.

. ‘ » ! . » p“ -
. [NOTE & Reversmg thkm}xmg procedur‘e to water (nto, a\C|d
mcreaSes the DOSSlblHIV O*f splashbg the 'acid ‘on you )

- - -

~ > ‘ . '
S 6. ., Ifraad spfashes on yéu, flush 1mmed|dtely wuth p!enty of cold
Wter and notlfy |nstrlihor . N

i @/ e : : : ’ g

. .

\ ’\!OTE Thxs ts éspecidlly |mportant |f ac»d gels i your: eyes; .

) LY 'f * ' ' ’ * .
7 . Do not sh'ort circuit the battery to test [it. ! e s
“ , ) , IA ’. s\ PR ..‘\ y ‘n <
(NOTE A fire or explosron may result) YL
A [ r- . ' N -
8- Prevent a(.mdpnnai Shr)rt circuits by disc ec,tmq gnd 'nsuiat'nq
grounded battery Cilble pefore: working on~equipment
L\ R ) .: . .
! \ Yo « t o~ s N *
P-4 3 -~ > ’
L] . ’ " \
- ) o . ] !
- - N " ‘." -t . .
. . - y . » o :‘
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VI, “General shop safety rules

: .. *_INFORMATION SHEET * S o .

» %I‘in‘junes should be" treated at omce ’ . . Yoy '

Ay . . _
B. LSaf‘ety equipment and shqes should be ysed and worn as required

»

e C. RumninGg and horsepfay are not permitted_ in the shop at any time

- R

-

A ) - > . . X R
D. Any and all dangerous conditions or damaged equipment should be reporteq T
to the inst\ructor . . .
' ’ * ! 4 - ’
. , . _
Y » . ¢ » .
. . . A
s - o -
. ' .o ’% B . .
' (o

. - @

M} R . * -
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. _TYPES OF FIRE EXTINGUISHERS

ks
¥
.

. 'SODA-ACID " DRY CHEMICAL - -

7
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(I,
s
N
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. !
< s
O B R
.\Q\\\\ “ !ﬂ; C

. N . . ' " P ..I ]» o
. N a ~ > * : R ,
PRESSURIZED, . CARBON DIOXIDE .~ . *
. WATER e T T
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@  PROPER USE OF EQUIPMENT

.. ° ' READ YOUR OPERATOR'S MANUAL BEFORE e
B | OPERATING EQUIPMENT | |

- - DO NOT WEAR LOOSE FITTING CLOTHING  _
AROUND EQUIPMENT, AND STAY CLEAR OF THE MOVING
" PARTS WHILE THE ENGINE IS RUNNING

ol 4 . -,

A\l
. -
~ ——
. , L)
" .
. . .
‘ v
* .
. * , '




m L B * ' . SE - 31-A

-7 ’\ o | //:\” | . .‘ - (
’ . UNPLUG EQUIPMENT BEFORE WORKING

P

e ' DISCONNECT THE SPARK PLUG LEAD - -
| ~ TO KEEP THE ENGINE FROM
e, ACCIDENTLY STARTING —~ ’ d
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PROPERJ:IANDLING OF BATTERIES

g

DO NOT ARC IERMINALS TO TEST - OR TO ) CAUSE A SPARK
PLIERS n e

L

~

Carelessness-- 8

A SPARK MAY CAUSE AN EXPLOSION
IF ENOUGH HYDROGEN GAS
IS PRESENT

T™M 5




“"’-\H .o SAFETY
; T : .. UNIT I

f

ASSIGNMENT SHEET #1 COMPLETE STUDENT SAFETY PLEDGE FORM

N
. . -

Read and complete the student safety pledge form by filling in the blanks.

) ' ao
' . STUDENT SAFETY PLEDGE FORM
, . \ Co -
b ‘
: — . . who 1s enrolled 1n Vocational
o : : - i
e L , will as a part of the shop experienge, opefate machines, providing that
[ . the parent or gquardian gfves written permission s
It 1s understond that each student will be given proper Instr'uctlon',’~ both;n the use of
~ the equipment and correct safety procedures conderning it, before being allowed to operate
o the machines The student must assunF responsibility for following safe gractices, thgrefore,
" 've ask that the student subscribe .to the following safety pledge.
8 ‘ .. ' * i .
‘ v | PROMISE TQ FOLLOW ALL SAFETY RULES FOR THE SHOP )
" 2 | PROMISE NEVER TO USE A MACHINE WITHOUT FIRST HAVING
. PERMISSION FROM THE I\ISTRUCTOR
~ — .
. ) . 3 I WHLL NOT ASK PERMISSION TO USE A PARTICULAR IVI.ACHINE
, UNLESS | HAVE BEEN INSTRUCTED IN ITS USE, AND HAVE MADE
) 1007 ON THE SAFETY TEST:FOR TH\/—\T.MACHINE
» . e
4 b WILL REPORT ANY ACCIDENT OR INJURY TO THE TEACHER
. * IMMEDIATELY
HATE -__ STUDENT'S SIGNATURE '
- [ mereny gve my consent to allow ,my son or daughter to operate all machines and

equipment necessar/ 10 canving ouw the requirements of the course in which he/shes .
enrolted

»
- L}

»

‘DATE

_ PARENT'S SIGNATURE.

.

(f required)
P . .

- oo
g . )
*mmq are cordially ipvited t@ visit the shop to tnspect the machines and to see them

N operdtion - - )
. ‘ /
’

.

.

=
“en
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g o SAFETY ’ ‘\,/)

. : - UNIT 1 : :

-

KSS1GNMENT SHEET #2--COMPLETE INDIVIDUAL STUDENT SHOP
. : SAFETY INSPECTION CHECKLIST |

¥

Complete the safety’ inspection checklist by physically conducting an inspection of the
shop area . <, . . . .

v

CHECKING PROCEDURE | —_—
. s .

«Draw a circle around the appropriate letter, using the following letter scheme:
-4

- ‘

a .

S -- Satisfactory {needs no attention) R

. A -- Acceptable (needs some attention) } ,

U -- Unsatisfactory (needs immediate -attention) ' _

. .- ” K 4 ) ‘
Recommeéndations should be made in all cases where a "U! s circled Space is provided. :
at the end of the form for such comments.

., A~ GENERAL PHYSICAL CONDITION * i
1. Machines, benches, and other equipment
are arranged to conform to good safety
¢ practices - S A U
-2 Condition of stairways and ramps S- A U
”
‘ 3 Cond‘mon of aisles =~ C ) S A U
£ 4
- / . .
- 4 Condition of fibors . ’ < S A U
5 - Condition of walls, windows, and ceiling s A U
b lllumination s safe, sufficient, and well -
, placed =~ ¥ . . S A U
Ve
7. Ventilation s adequate and proper for g
“conditidns . S A U

’ . [ 3
. 8 Tempeéture control . S A U

9..  Fire extinguishers e of praper type, . ’
adequately supplied, properly Nocated, o " -~
and magintained : - S A U

- ~

10 Teacher and students know location of and . - ’

how to use proper type for various fires S A U
' ‘ - €

11. Number and location of exits 1s adequate T 4

and properly identified . s A U RS
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. - » ASSIGNMENT SHEET #2 - ' .
‘ . / -
. 12. Walls are clear of objects that might T .
fall S A U
13..  Utility lines are properly iflentified : S A U
.y 14 Air n shop 1s free from excessive dust . 1
and smoke ~ . S A «U N
15. Evaluation for the total rating of
.. GENERAL PHYSICAL CONDITION e ) S A U
. W
B. HOUSEKEEPING' " -
1 Ge‘nera—l—_é]ppearanCe ~of orderliness L S A U
. 2. Adequate and proper storage space for )
. tools and matenals . ‘ S A U
. 3. Benches are kept orderfy . . S A U ’ oo
. . 4. Ccrners are clean and cleat . - , ~ S A U " -
5 Special tool racks, in orderly condition, . ’
and provided at benches and machines ", S A U ¢ .
6. Too!, supply, and/or rmaterial room is orderly i S A~ U A
o - } .
7 Sufficient scrap boxes are provided ) S A U
8. Scrap stock™s put in scrap bolxes promptly S A U
9. Materials are stored in an orderly yand safe T - .
e condition - '\, S A U R
( ' T e
10. A spring hd metal container I1s provided for =,
- waste and olly rags - s AU
11.. . Dangerous matenals are stored- in metal
> c cabinets : . S~ AU
12~ Machines have been color conditioned s A U,
5 ' ' -
13. Safety cans_are provided for flammable hquids s. A U
14, " Floors ae free of oil, watéy, 3nd -foreign o
material . \ g , S A U
3 -1 R . ~ - i *
‘ \ 15. Evaluation for the total rating for .

) > HOUSEKEEPING ) S A U - .

.
) -
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. ' M / ASSIGNMENT SHEET #2 T
/ . ¢ - = . .
s ‘ . ST '
C. EQUIPMENT . . - \»\ ,
. 4 ’ N N . * .
: -1 Maehtnes are’ arranged so that workers: are .
. . protected from hazards of other machines -
o . and passing students . .S A U
) 2 .7 Danger zones are properly indicated and
’ guarded s A U
. ‘ ,_ s ) : »
3. All gears and moving belts are protected , ,
by permanent enclosure guards S YA U
. . L 4’ All eqtipment control switches are easily
. available to operator, - S A U
5 Nonskid areas are provtded around 7 ¢
machines S A U -
- - - l
K ' . 6 Tools are kept sharp, clean, and in safe -
wor’ order S A U
‘ ’ ) Evaluation for the total ratm"g for '
. EQUIPMENT ) 5 A U
D ELECTRICAL INSTALLATION B . ,
_ . 1 All switches are enclosed S A U
2 - There 1s a" master control.switch for all v ’
slectrical instatlations S A U
. . LT 3 Ali electrical extension cords are in “
safe condition and are not carryindes . ’ ,
excessive foags ] ] . , S A U .
. .4 All ‘nachine switches are within easy reach. . :
. of the operators ) S A. U .
5 indicdual_cut d¥ switches are provided - N T ’
for each maching o . . S :f\ u .
A
6 NG temporary wiring S A U
7 Fvaluation for the total rating for . v

. — ELECTRICAL INSTALLATION - S A ‘U

A
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) : : - ASSIGNMENT SHEET #2 , - . " .
s . . ° - N B ] a [ L
“ €. PERSONAL PROTECTION (Read only} . .
[1 - y . R o

- Goggles or protecttve shields are prOVIQLnd required” for all work where N

1
Qg eye hazards exist . _

. If individual goggles are not pr'o;/ided, hoods and gog'gles are properly -
. _adisinfected before use

.

Shields and goggles are provided for welding vo. - )

3
€ ngs and other jewelry are removed by students when working‘ih the shop ~ '

Proper kind of wearing apparel is worn and worn groperly for the job being

dong . N .
* . - L [N
6 - Leggngs and safety shoes are warn in special c)asses
> : »
i . 7 Respirators aré provided for dusty or toxic atmospheric conditions such “ e
\ . . as when spraymg occurs in the finishing room E .
. 8. Provisions are made for cleaning and sterilizing respirators
. . ) . , 7 /
9. Students are examined for safety knowledge . ) . ) ’
. . - \‘/r’-’_}
, . 10. Sleeves are rOHed above elbows when operating michines -~
11.- Clothing ot students JIs free from Ioose sleeves, floppmg ties, and loosa coats
. . ' . o ,f; - «v ‘ ’
4 : ¥ RECOMMENDATIONS = - . I
9 . s -
/‘, - 'L o -
L - .
v ‘ 4
) W *

. N
- .t -
- -
.’
> .
- LV 4
. . . '
’ A
- . .
. " 1
N . o
. ¥
- * 4 -
’ ) .
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L ! U M'gto?\ the terms®on thp right to*’the.c?) rect definitions. ) ,;
L » e Tt @ ’Sta'tf;m—r@ndttlon of being'safe, fre 1. OSHA . .
: . Y from danéer, risk, or wuury - R N
= e - .0 2. Battery
. s @ . Any “suddegly‘ 0 durring, unintentional * = - . ' o F
L g ’ o N ¢+~ event whi injury or property . 3. Safety '
’ R +4_damage : ot ' ‘
L e, L 499/ Accident * - .
: ' ) o AN ‘Q Occuanona}\Safe*y and Health Act i -
i N ) 5. * Firstraid
.l . d. lmmedmte tempqrary care gwen the " =
) . _owe= 0 -victim, @f dn“accident or 3udden illness - 6. Carbon "
: . untit ‘the serviceg.of a phygigian can be monoXide
| C e - vt obtameci % . L ) .
e ¥ N . . B e © 7, Servmekv P
» . * " Chemicalssolution for dtssolvnrm deposits *- " manual S
& .. ) ‘such as greade, varnish, gym’and paint , . ' .t
- . ] ’ L9 * from parts witheut damage to«fhe metal 3. Cempressed - -
” ~ ‘ - '. . s e 3, oxygen
T, f Préfe'ssionai book giving exact details Yoo .
ot ‘ v tools, and procedures for sérvicing one 9. Carburetor and/or !
ol . ' - ™ or more types of - -engines ' , parts cieaner ¢~
S . ‘ L ¢ * : "
e aa ' g , Oxygen s, processed for -, purity « and .
“ . 7 r:ompressed In bertles. * T ' -}
Y Y ’ ‘ . . o ’ ' ) ...
L » ., ..h Numberr'of complete” electrical ¢lls C e
e L e ‘ ye ".-assembled in one housing or case; used . - ’
' . “in small engines to run and/or start the ' o ] .-
- ' engne o e " . T B
. .t ) . . L ..
- . i Colprless odortess, very poisonous gas o o LY
, 3 - . form‘ed by mcomplete combustion .o




‘, l . i - a ! . i’
2. Match the colors of f{1e safety, color code on the rlght to the correct statemJnts 4
o . of their use. " o . r

° . ? . s -

: ' . e '
- s + LY - P ° .
°  a Designates caution - - 1 Green w

" ) " b. Identnf;es the/ Iocatwn «OKMre fighting ‘2.--,"~ Ivor;/
. equipment © -, . -
> 3 . ;J ‘ . - . 3. Orange/
- ST o ,"' e Dgslgnates location of safety and- first
T . ‘d eqdlpment . i 4 YeHow
. e : ' Vg
cf Desngnates dangerous parts of equipment o

which may cut LU%’L .shock, or . ¢ Red

N N *" otherwise njure- s . N
Iy ‘A L] ' . 1Y . * « . i
- e, Designates caution against , starting.
. . . *, equipment while it is befng worked on,, .
- c, or against the use of defective equipmant . .
* : . : ;' ' ‘ - -
‘ . 'f. Reflects light and "shows the way" . o
’ . r - » P \“ -
D o .. L4 LI
3. List five steps for mamzaum!g a safe, and orderly shop.g,
, N : .-
B 4 , \ .. .'
- a. ' .. - . . [N . .
. e . .
b ‘ o 4 s » .

’ "mners . ) ,

Blue'.

4. _ Match the classes of fire dn ,fhe‘rigﬁt to the ép([ect st'ateme'nts'defining each:
A Feclass, : © s
! } i 1 C

. ’ . "a. Fires that occur.with flammable liquids Jhee 4
. : such was..gasoline; oil, grease, ﬁamt and &: "

Fires’ that occur in ordinary combustibie - 3. Clas i
Fhaternalsspch, as wBod, rags, and rubbish c "
d ' ' R 4. Class D . mese
¢ Fites tot occur with combustible metals
. such as ‘magnesium .
’ 1 g - - R P
. . ) d. Fires that-6ccur in or near lectrical.
- A : equipmext such as motors, switc boards
- v and el ctrlcal wiring .
- /., , - i
! « »
B » PS o " * .
. 0 L . 56 * .
- . . ! '1.(
. e . X _
Q- : S I
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.
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- .
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R .
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Select the ftire extinguisher best suited tosextinguish each class-of fire by placing
an "X" in the apprepriate blanks under each section. -

- . - N [}

) v . .
. . 1) Soda acid - ' . v
- ) . . -\ .’ s
+ " 2] Dry chemical S L .
o - | £ E
: 3) Pressurized Water -
4) Foam .
.. 5 Freblanket ‘ *
b. Class B . ! .
- JU b
h * 1) Pressurized water ] - . § 0, ' .
, 3 . 4
) __»__2) Carbon djoxide (CO2) , ‘ .
\)' - L4 . 3 J R . . . N
' " 3) Dry ghemicat ’ ‘ SN
. s P * ‘{ ) . b' 3
o . 4) Foame ‘ J R
* 5) Fire blanket#& R .

-y - © ' ‘
c. Class C ‘ 1 . ‘ L
. ‘ r. ** - R
.o 1) Foam ‘, i

-~ —_

~ 2) Dry' chemical
»«3) Soda acud - ..

4) Carbon dioxide (COé) ' k

- '
5) Fire blanket * - .
‘. b [ , .
: » N r - ~J

N L ’
Foam  ° ( ' o X ; '

. . . 2! Dry chemical ‘. Tt ’ ! »
~ o ST . ‘
- 3) Soda acid : ,
. _.___ ™) Carbon dioxide (CO2)" L o y

) 5) Fire blanket . B B

£ ~ . ) ’ A
.y 1 ) '4!’ N » A
.‘ . 5 .( ,
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6.

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

i -
. . -

a. Fire Prevention™ =~ | : ’ ‘ .

s ‘\' _
1) Never strike Spaﬁ(s in a room or area whete flammable hqunds
are used or stored - . -~

v

Use only app vpd safety cans for storage of ﬂammable-hqwds
. and labef, thef: prop -

t
- ; ; ¢ N . e . ,
* Zﬁyfisghne' m:zfipoured into an engine at any time .

’ 4) Wash &nginé parts i

¥

a pangpf gasoline ~
‘ .
"L\o .‘ . i . .‘
5) Change any or gasolme soaked clothes immediately
’ -
6) Learn the logation amd use of fire extmgunshers for each class
b . . Of f”;e . : . .t ] :
r : i/
7) Dtspose of oily“rag#by throwing them m\a’ r‘orner or under a
tabte out of the way . . -
— AT \ - ‘
_8) Aveid placing Irve rical wires near fuel lmeg carburétors, gas
tanks, or fuel stor, Ige containers J

b Ol and Grease S ' . .

1) When a job 1s messy and more oIl will be spilled on the floor,
wait until the jab is completed to use 0|l absorbept materials
. to clean the, floor S
Ny i o .
2) Do not direct oil spray toward other workers

3} Alwayshave the prone’r contalner at hand to ca‘ch fuel, on or
Y )
‘other fluids before attempting to drair them

4) Pou’r old oni down tt.e drain -

L]

——

!

v

5) The bPS.I irme to de a yood ot job 1s when the machine or engine,
o' anmg -, ) .

c. Eye Protection-Always use safety goggles while performing the followmg

operations’ or as requ&red by state and school laws or policy: -

.

‘1) grindnng, chipping, or drl”lni L
" 2) Work;r;g'u;;lder equipment .

’

3) Operating abrasive discs

4) Charging batteries or using caustic &Wning compounds

r
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. ‘ R ) d. E.Iectrical’ . . . ) -
. o ’ 1) Any and all’ dangerous . conditions of equupment sho be .
\ . reported to the instructor: v
g -~ . T *x
) . 2) Treat all e!ec;rscal equipment as “live" until you have carefully,
: v .. 7 checked - . o . ) "
. ' — . ' . .
* 3) Usestwo wnre’cords and plugs to ground for all portable Ilghts _ T,
) . and too!s *o N . .o
.- : L . . . & . '
e . 4) Check the condition of cords, plugs, and sockets ¢ . . “\ .
N ) 5k Eliminate cords-and wires as trip hazards . Ll —
. ) > P 6} Leave out tdgls and pieces of ejuipment where you flnish work .
; . \ R 4 today SO you" can qguickly resume work tomorrow
‘ : ~ . -
' : M Be prepared to turp off any elecm'cal power switch and’or maift
. _Switch in case of emergency
4 :' . . .~ . * -
oo : ‘e Air Pressure . - -

: L4 —— - N . ’
: \ ’A . ‘ -

1) Use comoressed Bir equupment for dusnn,off clo'hng and work

benches ) - i
' AT *2) er use co‘m'pre'séed‘oxygen .n place of comoressed"aur e 3
o . ) 37" Use comp’resse#‘awr only fecg the purppse for which 1t.ss m*pnded ’
) . . and: in a manper approved by OSH i e
- v ‘\\/4 " ’ ' ’ .
f E'qmpmerﬂ 3’ . '
L8 ~ ¢ . o ﬁ /\ s )
11 Do notp’perate any maghine #ithout havmg been nstucmd in ‘
Py t1s use a
- L4 M
1 . ! . 2) Start an engine when YOu are ready- and hope that everyone IS
- . in the clear\-‘ . . -
\____3) “ever startan engine without knowing hoaw to shit 1t ¢ and
) being ready to do so* if the needs™ ca'ls for 1t
¢ . - . .
i RV ) 4) Keep hands and -clothing away from moving parts
. ’ - 5) Never rin an,engine in an iradequately ventitated place
- ) ’ 6} Reau and heed all notes and cautions ,
-\ , e . P
. . - -7) Read mstruct:ons thoroughly and follow- then} cdPtully I
- _ “
8) If you Iack the proper: tools or Me/doubts of .yaur abmw 10 ' .
do the job correctly, consult your instryctor '
- - N - ",. ‘ .
" ’ ; - 9) Light your work area 'adequately N ' ,
L - . o= l . A

4
1Q) -Wear reasonably tjght flttmg sherts or cuto‘f‘s winle’ "Workitg n s

- the shop L W o e 4
. ’ - . t 7 ) - . N )
. - Lt . %

. “ N

Q “ . ] : 5Y . » ‘
ERIC ~. . | O s
. :

- hd R . 0 LY




il " Wear a necktie and laose fitting apparel to work in- the shop

= - . . .

i2.) Alway$ disconnect and<ground the wire.from thespark plug before ..
inSpecting/er repairing any mower, tiIIer, saw, or other equipment

3

-13) After reassembly be sure all parts, nits, bolts, and screws are
se?rely in place : !

Batteries . . -

« -

I3

1) Handle battefies with care and use a battery strap or carrier _I

i}
.

2) Always hold battery uprlght and set securely SO there is No 'danger
4 of spilling acid .o e .
. AC - a - .o
3) Disconnect ‘the battery charger from the terminals befgfe shutting  * .
‘off the machipe,. even though it may spark o : :

.
-

. . . L N
4) Wear protective clothing such as chemical gbggles, rubher aprons, -,
gloves, and boots while working in battery charging operayons
5)«If amd #lashes on you, flush tmmedlately wath plenty of wa;er
and Jotify instructor " .

y . . N 5
6) Whe’mxmg'battery rsolutions, always po’ur| water_ md acid

7) Test a battery with a pair of phers between the ternuna!s if
LIS beheved to be dead-

e
w
.

.8 Prevent accidental Shont cireurts by d.sconnect;ng and inguiating
arounded battery cable before working on equrpment "-

v

+ List the four ‘general shop safety rules.

-

Complete the student safety pledge form. .

'-éornpiéte the indwvidual student shop safety inspection checkhst.

(NOTE If these activities have not beem accomplished ,prior "to the test ask

your mstructor when they should be completed.)
o

’
[

Aruitoxt provided by Eic:
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.— L * SAFETY ©s L
- e : UNIT 11 - .
- A ] : . e

- » - .
: , . S
L : S,\J : * :
" = - ANSWERS TO TEST - . -7
. ‘ . R ]
, -
' 1 a 3, f 7 .
. v ' b 4 ’ g 8 . . .
1
, : c 1 h 2
. /. o
h (_j 5 : L ' | ' ) <
€9 . . Lo .
’ _"/, . ) R -
2 T a. 4 d 3
g A ’ - . ———
h 6 e 5 ° . '
L} - . .
s ) ! '
c 1 f 2
. “ » ) L 3 ) ’ - ’ L]
- 3 Any five of~the foltowing | 2 s RS
- - 3 . .
. . s @ " Arrang‘wachfnery and equipment to permit safe, efficient work practices
. . ' , #nd ease n cleaning ' : :
.. , CoT S
7 . bY¥ .Stack’ or store maternals and supplies safélun\eroper places -~ ’ .
1 o . Coa ’ _
* : ¢, Store tools and’ accessortes safely in cabinets, racks, or other suitable devices
d Kieep %orking arees and work henches clear und free of debris a\d other -
. . b acards Y . \ P
* . [ =
. . s
¢ Keep tloorse ciean and *free from obsgructions and shippery substarices
- ) Y < . . > ‘ . .
f,  Veep aisles, ‘raffic areas, and exits froe of materials and other debris
-~ . . .
. %) Prqperly diose of comhustible materials or store them in approved
) — Tcntaine:s - . o
. h Store ~oily rags in self closg or spring-hd metal containers -
T ' : , /
. i Know the proper procedures to follow In keeping the work area clean ‘and
arderly
- . LS ) - N -
N v ‘(- ’rw“ . .

O Have mfﬁc'er\&.bxo’ér‘-n's, t;ru.shes, or other hoﬁsekeeping equipment readily

available . . : . ] -
. - . B ’ ‘ . | ‘

» (= . _ ,
| \ . ‘ o ’ ) ) \ .
\ o ' ’ L > : U_;,_ ', . )
o : . ) ’ » ) . .
E lC 8. - e L. ] PR "”“’q{'ﬂi' D

. LS

5
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1,3, 4, and 5 .~
X

2, 3,4, and 5

2,4, and 5

N

s
2)

4)
1A)
?)
3)
4)
5}
1)
2)

3)

w

4) S
1S
2] S

3 U

ais
. 1y’
a -

2) S -

L
3) S

apd 5

w Cc Cc v o »w cCc cCc Cc w

K2}

"

5) S
,6) U
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.4 - f.ons 6) S 100 U
' ‘ 21 U A 1) U .
v 3s .8 1208
. _ " 4) S 9) S T 13) S > ‘
“ 5) S e
" . - g 1S ©5)s SR ]
» s _ 68U , '
. N . ) .
5 3l U _7—) U .
‘ . " 4)S < 8) S
. , -7 a All mjdnes shouid "be treated at ;)nce A N b
’ b. Safety equxpr:ent and shoes should be used.and worn as required
' C . Running and horseplay are not’ ber?mtted in the shop at any time
" : ’ d. Any and all danger.o'us conditions'or damaged equrﬁent shoudd be reported‘
- to the instructor ' .
. .- 8 Evaluated to the satisfaction of the ms.t_r’uctor ' 4
: o 9 i Evaluated to the satisfaction. of the instructor @ - ‘ L
, »
~ ' )
: . .
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-

| UNIT OBJECTIVE . - ) -
¢ ~ -
— “ A
- After comp|eti6n of this gA t, the student should be able to identify tools and demonmstrate -
. . maintenancte procedures;{: r these tools. This knowledge will be evidenced through
; demonstration and by ring eighty-five percent on the unit test. .
4 5 / - . ) v — 7
, J ’ ' . .
.. f > \ SPEC\FIC OBJECTIVES N _ .
F Y : . T .
. ) ) 4 . . ) . LT
After completion of thn.s unit, the student should be able to:
T .. . Match terms associated with tools to the correct definitions. 1
- T . 2. i identify fhe'wtools needed for maintenance and repaiy of-small T .
S engines. ' . . ) '
* ) * . ‘ ‘“ - * g
¢ - ) : /
- . 3 Identify the to8ls used for overhaul of smallg@ngines. .
. ‘ ’ L S
4.  Identfy the types of torque wrenches. x .
‘ 5. Biscuss maintenance procedures for tools. » - ’
- - - ‘ ‘ ’ - R -
6. Demonstrate the ability to: .
. ‘ , .
a. Grnnd a flat vp screwdriver. '
\ .
b. Grnd the head of chisel or punch. o
’ ¢c. Sharpen ¢ chisel. . .
" : < . - *
d. Repar damaged threads using a thread repair kit. .. .
- ’ '
V. ] ] e.. Check torque wrench for accuracy.

- f. Replace a hammer handle.
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oot ' 7 T00LS _
'S L UNIT 111 -
S S SUGGESTED ACTIVITIES
i |nstructo\f_\ P ; | - s
: {
/ " A. Provide _student with objective sheet. ’
.l‘ s . ¢« 7 S:
- B. Provide student with information and job sheets.
C. Mane transparencies. ' - 44 -
? : )
D. . Discuss unit and specific_gbjectives. )
1 E. Discuss, informdtion and job sheets. B o
’ F. Demonstrate and discuss the procedures ocutlined n the job sheets. ,
. - . : 3. Show examples.of tools.
o — . H. Make avalable the manuals and “other visuals which discuss the use and
- e ’ care of tools. " ‘ ‘ .
’ B T 1. "Give test. _— .
. . 1l. Student - : o
. ) A. Read objective sheet. . - % ) - ‘
i B. Study informgtion sheet. - v ‘
- & ‘ ~ !
C Ccmplete job sheets. - . ’
. D. Take test i . .
- ~
L ; - ) INSTRUCFIONAL MATERIALS i
) ’ N l. . ~
L . I.* Included n this urut? e |
‘ . . A. . Objecgve sheet .0 K . {
; _ . . » - _ _
B." Information sheet .'1
C  Transparency masgbrs , : |
, 1. TM 1--Basic Hand Tools |
A 2 TM 2--Basic Hand Tools {Continued) . ) f P
. . h . ) T, . \ ) .
- . 3. 'TM' §~-Basuc Hand Tools (Continued) { f [
) . . 4. TM 4--Basic Hand Tools (Continued) R . ’
L — _ . ) . ;
Q ’ o 63 ’ : - L
. v S I S
} A




R -
54-A " . '
5. i TM 5--Basic Hang Tools (Continued)
, 6. . T™ 6.-Overhaul Tools
} ’ J - 7. TM 7--Overhaud Tools (Continued) ‘ '_ -
= / 8. TM 8--Overhaul «Tools (ContinL;ed) | < \
‘< o 9. _TM 9--Overhaul “Tools (Continued) ' .
| " | 10. ™ 10--To}¢q-ue Wrenches . .
F. . Job sheets ’
; - 1.~ Job Sheet #1--Grind 'a Flat 1Tup Screwdriver .
2. Job Sheet” #2--Grind the Head of Chisel or Punch
‘ ( 3. Job Sheet #3--Sharpen a Chisel i L
. ¢4, .}l(ob Sheet #4--Repair Damaged “Threads Using a Threqd Repair
It PO
5. Job Sheet'L#SA-Check. Torque Wrench for A(gcuracy -
6. Job Sheet #6-Replace a Hammer Handle -
- \, v G Test ) Co | - B ‘
H  Answers to test . ’ N J

! References: : “ .
) 3
A.  American Associtation for Vocational Instructional Materlals Smali Eng/nes
Volume 1 and 2. Athens, Georgia:gffAVIM, 1974. ' /»
. - B. Bear W. Forrest and Thomas A. Hoerner..Torque algd Torc;ue‘Wrenche#i
" . St. Paul, Minnesota. Hobatl Publications, 1971 o, ‘

) : : . - |




¢ L L3 ° - /—
. ' ‘ ’ * SE - 55-A
- ’ - ' . L
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. R : : /TOOLS o p ’ '
[ ’ ‘ SUNIT 1\
INFORMATION SHEET 1 :
- . |. Terms and definitions

/ A ' Hand tool-Too! which 1s hand held and is not elet:trica! or speciahzed
- . ot

(NOTE: The majority of, the repair work done in this trade s done with*
hand tools.) s

) - % B, Specnajized tool--TooI desng_nedlfor a particular use

- .
-

C. Scrpwdnver “Tool designed for tightening or loosening a screw or bolt with
% a recess opening In the head . v
D. Wrencfj- Tool"designed to tighten or loosen bolts or Huts
E. P{pe wrench'--Tbol used for g'ripplng and turn-mg a cy.Lind:tcaI or)ject
! . F PI|ers~-To'oI with adjustable jaws used for gripping

. - ( G. Hammer--TooI designed te drive, pound, flatten, or\stkge an obyect

fl. Basic hand tools needed for maintenance and repa-r (TranSparencnes 1 2, 3, x
4, and 5)

A. Basic hand too! assortment _

— “ - - <

1. Hammers )
- < -a. Ball peen - one p.ound
b *Soft face
. . \
.2 Pliers . .
/‘_\ a.  Slip joint o
/ 1 \ »*
4 . o : -
- b. Diagonal cutting .
c.. Lock ring . P
.d. Needle g
d eed—;@se

é Snap ring

. ) fo  Vise grip. - ’
n . ., . . o i : S .

Yo



@

3.

5

6. .—Told chisel \ )
7.
8.

INFORMATION SHEET

Center punch

Universal joint s - ! S
* ’ v
Reversible ratchets . . 7
»
7 b ¢
a  3/8" drive .
. -~
b, 1/4" drive
65 ‘
R

f
4 . ‘
Screwdrivers .
N . -.
a. “Standqrd slot type -
1 4 inch - l
2. 1 1h2inch, . g |
4 -4 . * .
3. 6 inch
B L
4. 8 inch e . N ’ L\
. . ”
b. Phillips "’ : '
P \ - .
1. 1 1/2 inch o \
2 6 inch ’
3 8 inch
. 1 4
C Offset ’ : ]
: ] “
d. Ciutch head .
Wrenches / i )
. '
a  Adjustabie s
b.  Allen-Sat 5/64" to 1/4" ; "
c.  Openend set including 3/8", 7/16", 1/2",6/8" and 9/16"
d. Torqy&fﬁch pound 3/8' drive " . »
e  Combinaudn set 7/16" to 7/8" . ) - .
’
f. Open:end set--Metric
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y ~ . " - R S - T ¢
e - . b = ) . . - A - - SE - 57-A
-~ » AY ‘
. . . - . - . \\. LT . ° - b
p : .".',:“} LT Aiw L pe s dp A 1 i salosas sgsa’ wan
;?-. .o . B , . . .. - . - . . - . .’ ) pu
} . - - INFORMATION SHEET @, / "
\g ) . - - * B , ‘ ;:‘ ~~ '
' 4 N o . - o Ce )
- s 9. Socket.sets : . o I -
. . . T4 “ - - - },,: R
' N . L § . - . - v ) o Za T
Ce s OO ) - a.  3/8" drivé standard CL L T ot T
— » ‘ ' . o . . . .
! ' ' . .b.  1/4" drive standard - (-’ ’ . l
1 . ’ " e X . .
. . ~ ¢ ~c. 3/8" drve meific,, 6 DD e
e, ‘ . . R d  Spark plug deep--13/16" by 3/8" drve and 3/4" by 3/8"
. " A P - ,drwe \ ?ﬁ‘ , . s ’
. > . ) ot _ .t ) ’ ‘ . . R
, 10 F'eeier‘g% . . . T 0 s
- - M - . - ¢ L)
) s ’ e
a. Flat ’ “ o 7 : .-
- . A ‘ e L4
i : b.» Wire _ \/ .
- » & N R . , LY - I3
. » e . : ' ) -
. . 11* File ¢ . . - 4
- '," e 9. - Parts\fcraper R . . . " e ,
I ' - - B * Other tools < < %
; e . e - .
. [ 4 : P
LY . 1 Battery &lamp puller . C -
I e gL
. T 2 Battery ydrometer - 4 4 .
. o ‘ . ! ) lé ,
e - /\J, ‘ 3. Battery post tlduner i v - . / :
T e .
' . 4 Battery syringe'\ ‘
[ 1 4 ” N ‘. E 4 e { ’ \\.
7 577 " Parts clearfing brush - ’ R ‘
\ p— . . . ¢ «
6. 6 Wire brush® | a T A -4 ,
- » - " . " 5 " 7-7 o C
. 7. Parts washing container & L. R .
, . v 8. o Funel L 4 - -
. v / . . ‘ ‘ . ~ ‘47 ‘
- : ... 9 Flywhedl holder M * ' : T '
. - . ST - . ‘ . h -
W . 40, ignition ’v’rench"set- s - - ...,
S £ ' Coe - . ' ‘o »
) . 11 Thread fepair nsert i )
N ey ] - -
« ‘ ol .. t ; . ‘g 4
) i, Standardt” overhaul roobs (Tra‘nspara,cses 6, 7, 8-and 9) « ] Y
N - = ’ . . .
D , ‘A Baring bar A ST, v ' .
' - P - oo : : g
: - B 1Iston ring éxpander . : ’
. Y ' ‘, . = L . : . - N
! ' C Piston ri ve cle - ' e . : / !
. . .. vfton ripg groove cleaner ) e M
| , ‘ L. .' - .
. . \ . . |
O - -

'
. ""

.
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1 A .
© D. Power drfl
S e
L s E. Punch and chisel set
,\ y . ‘
R é? F.  Ridge reamer .
. o .
. G. Ring compressor
- H. 'Ring groove galige
. -
- * . '
o - I. Steel rule - 6",
i , Jo Tavist-deill it
‘ "K. Valve grinders ’
. ® !
e .
. a Manual
. © b Power driven »
- 4 -
. . L Vﬁé lapping tools
. : d b
B . j‘,?;_’) - . a Wood handid
/- 2! . ' " 'b. ICrank handle
i . -
2N . Y .
M. Valve seat cutters
El - . 5.
. - a  Manual = ’
-
-~ \ ° e ’
. B Power -
. -
-, . 5 7 - N Vabve spring compressor
. ca Mail engine
)
. I Y b. Lever type s °
“,' ' * O Telescoping gauge
’ . - -
. P.  Micgometer
) y @ ,Valve guide reamer
R.  Pullers
% [
. 1 Bearing ..
. - . 2. Flywheel
. " S.  Cylinder hone
. * .‘ ¢
O . ) " e

.

A |
oy
7 3.
oy
- -
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.
L)
._ v v
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4
L ¢
<
.
v
« .
LY
.
~
.
.
N
-

i Impact diwer

Wieng I8

' !
\/. ‘i(ge’ of Qque wrenches {Transparency 10)

A Signahing

o j\!c ctr

..

- ‘a '
' SE
oo 4
INFORMATION 6HEET
. .
- g
« ¢

‘ A
’ - . .

This is o cick type wrench wucl’* signals to the operator when

-
eacitry

.

frect torque 1S reached ) !

“— ‘
) INOTE Tre taroudis reari o;rectly from a dial indicator or on a scale
. Lo g pomnter \ ACS ,
v G Te 3T CE rotedures . - y
JA Sue e ddr e . .-
\ 1)
[ 4 P ‘ , -
. .
; < Reasing vorn or damaged flat blade screwdrivers »
CL L, ) . . L
. 2 7 Dsard phillips screwdrvers with damaged heads
. a Lo . LA . ,
. ) . » *
2 2L Kesp'phers clean and rust free, "
P . - ' :
e Ko ¢TNG edaes sharp and smoot#. ‘
” - “." 3. > .v‘ , \
. ',J ¢ Keep pabrs working freely  ~ ' o
Al -
. \ .
A 2 Revmr ar replac e.da"naqed hdndi%/stu?atlor* L

CL Anmustulle Crench Kevp worm gears cledn \ém‘ubrlcated

.\f‘

D Aetuos Toent j»*fms by Iabevhem W|th an electrlr mencil or scrateh -

L
S

-
e

. . . o '
- ) -
~ < th SN "iw thcat on marl/ Can help You dtstmgmsh between your tools
. y" 36W B0 z‘Sr’n i = . . . .
L . * . “ f * e, -
. ! . ’ . .
. n e . s IS
~ ) . /:’ . .
S ) ) N o
T - ‘ ) . : i ™~ — “. ! *
, ) ) .
‘ N . - . . . * ” . '
- . oy
’ ; s ' oot ’ : Py
. 3 : I r‘ - ’
- * - r . )
- - . [l LI
' L} " "‘ .
o v e /
* N ¢ 2 . .
AN : . S, /
A< :
- . s
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ST . ' ) )
¢ .. . BASIC HAND TOOLS
: . Ay s ~ .

. . & .l . Hammers

- SOFT FACE S
) (RUBBER MALLET),
IRRVAR

{ L I

:
1
5
L R O
‘ ' 0 Ry A <4
. » L . . .'FM 1
- * - - N
. " . -
. 4 4 . Y R
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‘@ . " "BASIC HAND TOOLS

- ..* . . [Continued) - Qa
N “Wrenches ~ ~7 ALENT]

L
- - . R

| ADJUSTABLE # S |
l.‘ - ) ’.

.
. -~
- v - . -,
’ .
) ‘ * ! .
. ) -
& ~ oy L) - _ L 7'& . X ‘
.Y : - — ‘ |
) N A —— e . .
| .
~ * . r ‘
. ' » .
.
. . Lt ] . -
) 4 + . ,
. - o
.

OPEN-END >

) R C N .
» : = ' !‘ ~

(N

COMBINATION

' \C = | be [B)" UNIVERSAL JOINT - -
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5 TQ"OLS e

- oy (Conhnued)

-

¢ R PARTS SCRAPER
~ ‘ (Putty Kpife)

. *BATTERY SYRINGE~

- TN ...t BATTERY POST CLEANER
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* PISTON RING
A EXPANDER » =~ !
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L, REAMER |
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@  OVERHAUL.TOOLS
(Continyed) -

N‘J

" RING COMPRESSOR

p’

pr—— p—— , . — -
'h._r;;::.]{{w-:3"".".". [“”.""".5"”."--5.9
32 } ~osot ] . e . .
' },’ ‘.?'-'.";,k »‘n;:-‘..u-u}:;.’,f.l}..u:;-u l[Yt‘<I}'[,‘i',l,'].;.r,“:'.
4 . Ll
: (AARERREARE AL |TTI Iur[lﬂllup,
/ v Lo !
.o -1“ 3: 4 5
LJ;;"' 1' Yelw il Jllllj:"bl””i_%'l"i nm

STEEL RULE | <

i

|
L)

.

l ‘

" Manudl

- . ® . ,
\- VALVE GRINDER Power Driven

. . ¢ —

. -"\I
(04
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@®  OVERHAUL TOOLS
- (Continued) o
- : . VALVE LAPPING TOOL

"Wood Handle

. - N . ’ : o - ,.-A:;‘(:S . > r ’
| L : = Lever Type,
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‘ . UNIT I -

. . . ' 2‘ M N . . [ Y, ¢ ”
. ' JOB SHEET .#1-GRIND A FLAT TiP SCREWDRIVER . S
- . i M . -
_ e 1. Tools and materials . ) I
" . 3
v . - A Flat up screwdriver
. v : -
. ’ " B Bench grinder s
. , p
C. Water tray :
. ’ ) D Safety glasses : .
Il Procedure A : ﬁ!
) . A. " Put onIsafety glasses . '
. . . e B Adjust clearanc‘)f tool rest R
) .(NO‘TE Proper clearance-is app%OXImately‘one-elghtﬁ inch from ‘grinding-
' T . wheel ) p VO ) . . TN
. ‘. C S RN R »
. 4 - ©"* C  Turn "on gripder . , -
W b N . * ) l' 3 . )
_ G (NOTE' Dress grinding wheel 1f necessary.) .
D Grnd*tip of blade fldt {Figure 1) kS _ C
¢ . ~ BLADE TIP.—, !
t - . \ ’ . 4 ¥
S . ‘
k! .
B [ Y
# . H v
* \  FIGURE1
1) \. . - . . -
] BENCH GRINDER WATER TRAY ‘ ¥
- - - ’ o
4 .ot - . ",
N ) \\“ - » *
. ~ ® d
. ' .
.. e
9. | \ 4
oL e - . O N . -
- N L L 2 .
. ! a




o &, y v . :
- - ) '._ ©
- . . )
A3 N A} ' * 4
B . ~ . / ) , N .
. ' JOB 'SHEET- #1 ' - '

.

E. Grind sides oF blade to manufacturer's tgriginal' specifications (Figure 2)

. R .
Q& L . :
f, ;f ¢ - N
‘GROUND‘R‘lGHT ! ¢+ $5ROUND WR .
* ‘ .« - . ¢
¢ A
“ "g ». s
,
4 ' " , ] )

‘ (NdTE‘ Cool tip
" of the-'g.p,’) .

. FIGURE2 ¥ T
Tr; tray of wa'terlofien while grinding to. prevent softening,
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‘ N , ' : S TOOLS ) .
‘ . - . UNIT 11l
. 3 JOB SHEET =2 -GRIND THE HEAD OF CHISEL OR PUYNCH :

Tools and maternials ) ) .

he

, - A Chsel and‘or punch Fooe ooy S .

b o e e Y . i

F — a— e -

. . i} B " Bench grinder 4 . A

(@]

Water tray

O

Safety glasses

LProcedure s

. I
» . ' - J‘ *
- - A Put on safety glasses - , .
" ) .. B Adgjust clearance of tool rest o e

. A ‘
N e i o .
B T ® NOTE Proper clearance s approx;métely ong-etghth inch from grinding
. sheeh -~ : . ,

- » . . : . :
- - . R . C T.urn on aninrder '
’ . . . ’ . 0
- ‘ ‘ <~ INOTE  Dress grmdm? wwhee! f ‘necessary )
lc‘l A—r . + "
. D Grnd a bevel on the, head '(Figure 1)
. N ' .
x- (CAUTION When ghe head of 3 punch or chisel ns mushroomed chips
. ) codlgh break off durMly Use cawsing m‘y.to the‘user )
\ ; ' ) : A’ ; °
, . . . . X .
. . . : v
. o . ,HEAD MUSHROOMED .
v’ - ! @
~x wr\ . . N

. L
[rsereisten BRI - b - . e - ’ -,
B N . . ’ A
i o . . 7
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. TOOLS
UNIT I
.o J®8 SHEET #3-SHARPEN A CHISEL 3
“ ,d. » -
H v’ . - i .
' I Tdols and, materials . . 3
6 \ ] e ¢ - o
. , . A Chisel . ; ) o o
PR A ~ - - - - K ae \_N_. Py — PR - — - . ——;._A_ [
' ’ B. Bench grinder
oy 1
X C Wgter tray = , ‘ -
i . D. Safety- glasses -
+ . ” L3
Il Procedure - - ;
" A Put on safety glasses :
B Adjust clearance of tool rest - v 3
" . ANOTE Proper clearance s approxi;atety one-eighth inch from grinding #
* wheel ) ] . -
. I * .
f - C  Turn on grinder R
" . o " D. Hold the cmﬁyls;l's"cutzmg _-edge‘ ag'aTr{sE the vgrnn(’i-ngwwk;eeI‘ with vﬁeryh I(ttle -\'
. . pressure s -
c , (NOTE This will help to prevent overheating of the ghxsel's cutting edgin
Lo % Dip the chisel i the water frequently to cool) * ° 4 "
! "B Grind .the edge on a shght curve (Figure 1) )
; - (CA%“ION Hold the chisel with a firm wrip-during the‘gnndmgh brocess.) .
A . ' ‘,, > u
fo. . ‘ ‘ * ' \ *
B W S N \
b y . ‘,; . o . /-L’/L/ '. \‘ . \ l%’i}aj“: \ 5 &" o E
TN NN ) S B | SR Saeen el .
" HEA . , .
. o g FIGURE 1
.y vt ) N . b ) . .
L § STOCK,\T" _— : ,
9-' L] ’ :" o - B * »
» , * ' -~ ».
’ . ! 1] . ‘.‘.9 . . . P d_éy * ) ) N
' . . . , -CUTTING EDGE ‘
* ; : . . 4
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, e TooLs N
Ve ® N\ - UNIT I 5 . r
- * . - o
' .Jdg SHEET #4-REPAIR DAMAGED THREADS USING . R .
-+ A THREAD REPAIR KIT . .
g I Tools and rlals -0 ; o “ . Ce T
! 3 { ¢ { i o e — - i % . !
kY . 4 H ' k ¢ R : ' ' 4
o RTINS
. : . /7 )
. -Thread repair kit . : ..
; o™ . . » i X y
. -~ Drill- motor - a ‘ .
g} . ) I.l. ‘Procedure & . . .
i A, Dr}'ll out old threads using exact size drill {Figure 1) N ) '
“(NOTE. Refer to mstructions provided in thread reparr kit.) . .
. - ’ ’ .
= ‘ B- Dnil all the way, tfffough an open hole or all the way' to bottom ofrblmd' :
@olé _ . E
« " {NOTE Make sure holé"is stranght and that centerline of hole Is not moved
. - 1in drilling process ) i )

- L feog 1
s . 4 "1 -
)
* x4 / .
. + L
, - b
‘ “ - ]
B ’ ’ . P
L. .
A 4 ’ . ' o N N
Te .
. - N .
, ‘\Ai N s ! . /
A « ¢ .
§ } fove 1":-‘ 4 i ‘L’ ) i‘y ‘ N ’ » ) )
) ’ @' \\"»\J ’y\ . k ' - Al S - :
VR - . Y ., o # ’ - ~
o o . 5o AR P N e, S . -
>
- 5 1 ".‘ * ( < .y
- ‘e
.
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) Y - /- ¢
. v "
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v ¥ M L§ ot v \ ‘
i - R ' . . d s 1
ot . _— JOB SHEET. #4 . 3
- § [ N . . , & . B
L S ' . . ’
o ; ilied - holes ure 29 .. . CT . )
X C. Ta'p out driljed “9 . ‘:). S o
B >, . . R . N -
e e (NOTE: Specia) dnil taps are proviged in thread repaig kit for thregdin
B [ dritled hole to %orrect size for outside of. thread. ingert.' A standaro\rép
' _ cannot be used.] - - T v - .
T * ' v f .
~ - ' b
A - ' ; )
4 - . ! ‘( - 'f » ,, ! x‘ R ’+ .. .
- P " L [ * P D - s ri;
. N '
. N
. i ) ¥ )
’ N - o -
] -
. . ‘ ,
. - FIGURE 2 °
0 -
-

D. Install thread repair in¢&rt Qsmg appropriate -tool {Figure 3)

. . INOTE Special tools are provided it thread repair kit for instaliation of
L . ¥ C . - 4
o thread insert ) s e .

Y

¢ : ; ‘
. ¢ \
. f . .,
- . —— nean L
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A= CENTER LINE OF NUT B PO T OF SUSPEN§ION

Set the mdlcato? to "0,

f necessary

-

”

.

s

Hang

grip

arda (Figure 1)

-

”"

Corﬁpare the answer to the indrcator f,eadmg

(NOTE Usmg the example, in Flgufe' 1 50 pdunds x 2 feet {*T‘OO foot -

pou nds K

}
»

B

PR

!

S

Multxply the we|ght times the dtstance from ‘A 'to-B (Figure TT

.
¢

a} ‘ mown weight front the wrencﬁ handle at the center of the hand '

I

L4

1

¢

. , x . . . ) ' -‘ , o . 3 ] > } . [
) ) l. « Tools and materials ' AN
[ . . y S ! \ ' : { ¢ S
o K / ' ) 7 - B
- = - AvT Forque wrench Nt 00 T - 2 - - “’i‘r
. [ /
\' : < ) * . R | - v » ~ o8 “
) . /‘y . - B- V‘se * T . T hd ] ’ [ 4 : -
o T C "Known”. weight N , C , -,
' e s (NOTE Weight should be at’ Ieast ene thurd th capacny/ of the torque
" wrench ) 6\ )
. o b e ) * ) ‘ > . |
D. Syrongycord o ’ . . T,
' 11 $Procedure’ . - N
A F 4 F \
* (NOTE Torque wrenches come n inch pounds afd foot pounds Adjust this
~ Lob sheet accordmgiy for inch pound torque wrenches), -
'. R LA che'gorque wrench on a fixéd nut ‘or secure in a vise (Figure 1] :
. . . - ¥ . .o
' . . i Ale—— 2t — B
_ T, HORIZONTAL
~ )z Jgﬂ
: ‘o D <.
' . ! _ s .
: : co o ! N ‘ -t N )
.. 4 ) r . ) e /\ ’ Y \
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, TOOLS - , . - - o
. . e CUNIT 1) o o e 0

‘ ‘ - [ . . P “ /2 3
(4 . v ) 0 . , \c‘ ‘
g : : JOB SHEET #6-REPLACE A %MMER’ HANDLE, - .
; [ , . 3 . . , - ] ﬂ, "'.""”;7 . l
) - Co # . ! .
: ‘ N s .
h ) e .Toels‘- and matertals ! » e ‘ H
‘ - ' . o ' u. { v e s /

. . o+ A, . Hammer with & braken handle ’ ‘. '
P N i R Y .o ﬁ/ v T ( . ok . !
< ¢ - . B, q(‘saw v , - o ) ) ¢ N 12

ST VO fu— - S S _ A“£_¥' < o, — - - —_— " ‘-
< - : . ‘ , . .
, N C Twist dnili : , .
. » - - . . . .
- . ’ .
a . © Punch . L . i
. ‘ . ’ L . '
‘ @ E R o -
. . ) . F. Handsaw - ) . , T L -

. . ! B .

. o et /\\ < \ .
. SG*t faced hammeg AN . . o \
% ) a ' - ‘\./ ' ’ * ¢
) Vise .. . ) , ; .

- [ R . - & ] \ .

0]

1

. OTE Cover the jaws of the vise with sheet metal or use wagd blocks -
10 or~v°n* damage tq the hammer and handle.) . ~

- ' - o =~ Néw randle , - T, ) T - , - o
. , . . . ". . .
< J__ Smzt pece of wood for wedge . | ] Y ‘ o

f

A Pta(;e the ua,me. head in the vise * t

A LI ‘ . .

| o R ) n B: ?,Ja\-_ .'ne broken handle chge,ﬁhe hamr?er head w1.th a fracksaw (F"sure

4

; N
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e © e s .
Qi-A . : - . . N \j \
* . ”A J A e RN N v { - .
. “ ’ . - N N . , ¢ . N *
~ . . - hd e 1&.. . N . Al -
e . . JOB SHEET =6 .l e , .
! . ) ‘.. .
. . - . 3 N N 2 .
- r] *

C. Remove the vvdod frem the eye by first drullmg with a twist drill and Lhen
s . punching out the remainder (Figure 2) ~

’ -
— 4 -
. I ¢ v’
. et ‘ o * ~ - 2
. - s v X oo
L . .
rs
! " 7 v ¢ LS - * hY -
S . 1-‘ 7 f
: a ) e ) ‘ f s
. D Place the new handle in the vis N . .
. o§ N ~ s
! N . ) ' @ ‘
T ‘£ . Work the nevws handle down to ¢ze vith a rasp, trying the handle in the _
. ‘ head fraquently (Figure 3 5. . N
' . - . . . ) - PN . ‘ ;
. . » . . 1
i ..
s ¢’ .
. ¢
> A
. s ¢ S
S o , i © | FIGURE3 s
-, - = === JPake a Tut across {h@ fong d staf*ce‘oft e ton of the handte to -a trstance . -~ — —-'
LT " . of about 2/3 the dépth of twe eve using the handsaw (Flgure 4) W
~ .
\ ) , . .
e , .
s . ‘ ) .
- ' N . .’ s
. ¢ . RN
¢ -~ ‘ L]
. )
N 1] .~ - Y -
= . . hd . . Al " e \ ) .
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T .. oo 4 ' M *
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- gl . . - . - . ",
G Drwd he hardie famly 1nto .place using a sqgft taced hammer (Figurg 5) .
. . . .
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Make a thin metal wedge and drive it tnghtly ur)to the cutsin the.end of
the handle

Place the hammer m/the vise and use a hacksaw to cut off the handle
and wedge extendmgf through the head {Figure 6) ‘ )
. (NOTE f steel wedges ate used, the end of, the handle nesd not be cut
across ‘the diameter because the wedge can be driven into place after the
handle’ has been . out off even with the head.)
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. . : TooLs
. : . UNIT I -
— . . N f‘ r)
. NAME
’ - TEST . .
, foove o -
. i Match the terms on e right to the correct definitions. - - -
bo- a. Tool designed to drive, pound,’flatten, 1. Phiers e
or shape an object. o » :
_ . o - 2. Wrench -
. . Too! with adjustable jaws (used for Lo
. gripping _— . . 3. Hand tool
* Tool designed to tighten or loosen bolts 4. Hammer
N ] or nuts y . ' o
. 5. - Specialized
. . Tocg!desrgned for tightening or loosening tool
a screw or bolt with a recess opening in ) .
\t‘h,evﬁead : 6. Pipe wrench
. <
Tool designed “for,a particular use 7. Sérewdriver
’ ! ) . ‘ d ‘
Tool which 1s hand held and is not
' electrical or spectahized » .
' Tool used for gripping and turning a
cydindrical object :
2 Idin;nfy the basic hand tools needed for maintenan

ce and repair of small gngines.
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no!fs used for overhaul of small engines.
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.
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Identify the t\/pes1 of torbue wrenches,

Discuss -maintenance procedures for'tools. .-
-
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T el ) o,
o= Demonstrate the ability to: . . .
Y a Grmd a flat’ tip..screwdriver. c )
- : v . .
b. Grind the head, of chisel or punch.* * | -
c. Sharpen a chisel. « . o / . . . e
d. Repalr damaged threads usmg a thread repair klt / N : - )
, e. Check torque wrench for accuracy. ' . N Lt .
f. Replace a hammer handle., i ' y

Y
1f these actnvmes have .not been accomplished prior to the test .

(NOTE:
- ask your instructor when they 'should be completed.)
- 1]
»~
+
N\ : i
N 4
,‘ L]
.
'Y !
e
. a
- ¢ , ‘
4 .
td
: . - . .
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‘ ' . ) s o - N e N .
. ' ‘ © .» TOOLS
’ * UNIT 11l
5 . -
/ L _ - ANSWERS TO'TEST . - o
1 a 4 e (é
' b. 1 f. 3 .
s - il -
l : c. 2. .~ g ©6
. ' d.Y 7 S " .
- ! ‘ , .
: 2. a. Visé grip pliers “f Universal joint '
y : o »
b ' Slip joint pliers . u. *Battery post.cleaner '
. M c. Diagonal cutting pliers v. Socket ) —
h ' d . Soft face hammer . w. Feeler gauge - flat . *
A / s & Phiilips SCrgderiver x. Parts écraper '
. "f.  Ball peen hammer " ' 'y. Battery syringe
. . g. ‘N’e'edle nose pliers : z.  Feeler gauge - wire : T ‘
, . ' ' : :
- - h. Standard sl)ot type screwdriver _aa. Battery clamb puller
R . . L. e
-, .  Offset screwdriver bb. File .
! ). Lock ring pliers cc. Battery hydrometer -
. \c: ' . ‘ A [y -
. k. Snap nng pliers dd. “Thread repair insert . ' ;"
1. Reversibie ratchet ' ee. Flywheel holder
K : ) RO G ‘ 3”\) .
s m. Qpen-end wrench« o - ffo Ignigibn wrench set L
: - ’ ... « n. Center punch" \ , gg'.. Pa!s cleaning brush . l
) R . 0. n Cold chusel" o hh. Funnel
NUERE . p. :Torque swrench . - il. » Wire brush -
. « .\r“b . . ' .
. . . g Combination wrench ) ii.- , Parts washing container
‘ Lo r. _ Allen wrench - \ kk. Clutch*wrench : .
. ' - s.  Adjustable wrench ’ il Clutch head screwdriver :
[ N L0 - ’ . R . . > -




. A . . . 7 . .
- o 3 a.* Manual valve seat-cutter ) . Telescoping gauge o K '
S T b. Ridge reamer : ‘ m. Twist drill bit .
. ! c. Rir{g compressor ) " n. Steel rile - 6" o -
v , - - ] ‘ _ .
- * d. Piston rifg groove cleaner o. Bearing puller .
: $ o ;\:’fé. _ Power drill "p.  Punch and chisel set / d
- , f.  Piston ring expander ) . q. Ring groove gauge ’
C . - / .
A . -
O Dy g. Power driven valve grinder r. Boring bar ° .
' . ‘ _ . ' . N .
h.  Lever. type valve spring compressor s.  Micrometer \ ‘ Y
. i. Flywheel puller ' t.  Cylinder hone -
u‘ N .
). Valve lappipg tool v u. Impact driver .
- . k.  Valge guide reamer ) . .
‘ . L ' . b
- 4. a. Direct reading

% . .
— b  Signaling T _ .

5. Discusston should include
a  Screwdrivers’ ] :
. ) .
1F Regrind worn or damaged flat blade screwdrivers

. 2) Discard phillips screwdrivers with damaged heads

* ’ - b. -Pliers

R 1) Keep’ pliers clean and rust free )
2) Keep cutting edges sharp and smooth . i ‘
3). Keep phers working freely. N . T .
[ , -
. L, 4) Repair or\replace damaged handle insulation , AL
. <. ‘ i o : ) ’ N .
i 4 , . e L ’ -
¢.  Adjustable wregnch -Keep worm gears clean and lubricated . . - .
« ~\ A : - ' hd ! " 4
N ° - d. Al tools-lIdentify tools by labeling them%h an electric pencil or scratch
D ‘ * <awl ) ¢ ’ \ s ) .
- 6. Performance san‘s evaltjafed to the satisfaction the instrucior. ' )

.- . , g ‘ . ¢ !
J . M , .
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UNIT OBJEETIVE: . -

- *

J »

After completlon of this unit, the student should be able_ to read and use a plaln
micrometer, a vernier caliper, and a dial indicator. This knowledge will be ewderfced through
demonstratlon ar}d by scoring eighty- -five percent on the unit test. .- .

C " SPECIFIC OBJECTIVES

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

1. Match terms associated with measuring to the orrect der\nitiOn‘s..‘ L Cs

2. ldgntify measuring instruments used in small engdine repair. ) oo

List four steps for reading fneasuring instruments.
Name three basic units of measurement found on fules.

.Identify the major parts of a vernier caliper.

Ildentufy ‘the major parts of -an outside micrometer.
N .

Discuss the proper ‘methods  for cheékmg the accuracy of 0utsude
micrometers. T ‘

-

ldentify the major parts of, a dial indicator.

’
. L4 . ,

4

Arrange 1n order the steps for set up and use of a dial mdicatoAr.
Read plain mucr’é)meter settings.

Read vernier r’méromet& settings;

Demonstrate the ability to:

. LJse a vernier cahpe*

‘Use a plain micrometer.

Use a dial indicator
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. . © 4+ T"SUGGESTED ACTVITIES ) \
‘ . g; ‘ _ . . .( } 1] ‘ . . - - ”
‘ *. 1 Instructor © \ o " e o
\ T . ' A . *Provide student wrth 6bjeétfvé shees. Coe - Lo -
’ . C . . e Lo
» ' B.  Provide student th\h"Trrformanon, assigmient and job sheets. ‘) Lot
i~ € v . . s . . A .
. C  .Make “transparencies- ) . o . <, -
v * o . ) . b .
: D  Discuss=unit and specific objectives. e ’ .
» ) - ,
- Dls_cuss information, assignment and job Sheets. - oy
a ' .
. ~ F Give test ’ . N 5 . /
R ' \ . - . " _ e “ . ,
A ‘ Il Student o~ o R - .
, ' . A, Read objective sheet : ] ' . o
- ] B Study information sheet. ' ' 2 :
' . N ’ .
. . C. Complete assignment and job shéets . . . E
. [ , . ..
. . .' ~ Ds Take test ) . ) o, .
’ . . - ) ‘ , } . N - \ v 7 - .. . ) ~ ' “ i
.7 S e INSTRUCTIONAL MATERIALS .
i - )
s . . . - .
a / I Included in this unit ) ' .
" oL ’ T '
_ A Objective sheey™ | ; v
. - ‘. XY o .
- C B Information sheet f e .o
- _C Transparency masters
¢
' . 1! T™ %1 -Measuring Instrumentg to
’ q .
< ’ .27 . TM 2 Measuring Instruments (Cantinued) :
) ' ¢ 3 “TM 3 -Units of Measurement
- , 4 TM 4 Vernmer Caliper Parts B ,
"« . « 5 " TM § Micrometer Parts :
. . ' .
e ! . .6 . TM 6" Checking the Micrometer for Accuracy - {

.\/. N : : . 7 "+ TM 7 Dial Indicator Parts . .
. g ) ' | . -
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. .7 D. ~Assigninent sheets 1 - - .
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y 1 Assignment Sheet #1-Read the Plain Micrometer Settings
. ® v
. -2 Assignment Sheet #2--Read the Vernie{ Micrometer Settings
. ' * : ) ) ' ) ' '
: L . .
‘ s - E -Answers to,assignment sheets \e
) F “ Job sheets ! L
<, BN , .
-, - _ 1 Job Sheet #1--Use a Vernier  Cgliper -, \\
2. Job Sheet #2'Use a Plain Micromgter . @ )
- ' 3 /Job Sheet #3--Use ‘.5 @l Indicator . - .
. - ‘ ‘
. * G, Test . v : ‘
K H, Answers to test Y ] . - '
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. , N 7 "INFORMATION SHEET 3 : <
EEY “ : L]
. . \ . " v
4 ’ N t\ ' 4 R Y .
I Terms and definitions, - : Y .
: i A. Steel rule--Low precision measuring instrument graduated 1n fractional or
i . decimal parts of an inch - L .
B " B  Graduation-Marking found on rules and.scales to denq/te unit of lerrgth =
. L] . . . s . . ‘ . s
P ~ C. Error- Mistake ¥, the reading or total* measurement . ,- 4
] . - . . .
IS ' * Y /
D |, -Reliable measure--Accurate ot true measurement .
: - E Re'ference pomt--S'garrtmg point of m'easgrem'ent for both.werkpiece and
~.. reile . * Ny . -
) .. ‘ e o -
v F Vernier cther—»Makes accurate inside and outside measurements to within
c. ‘ one-thousardth of an inch,. 6r -one-hundredth of a millimeter
E 'l Measuring instruments ysed in small engine repair (Transpg‘rgncies 1 and 2).
. A Rue ' e ‘
Al . R » . .
. . B. Vermer caliper ™
’ C  Micrometers * ) * . X
3 » o ) - '
: . 1 .Inside * C 7
. . A )
. R . q
- 2, Outside )
. » . - . s ,
‘1 3. Depth ~
‘ * . ’ *
- . M. ;
. . (NOTE These can be plain or,vernier, ‘plain measuresto thousandths of an
. . : inch, vernier t6 ten-thousandths of an inch ) '
. - s ' ) ‘ i ' ) !
) ' D Dial indicator R
o t ! . ‘ -
' * E_ Teleseoping gauge i
* ? 'n . -) . -
. F Hole gauge
o : 1l Steps for reading rfieasuringyglhstruments
-’ . - . ", 4 ) » -
‘""_ A Select scale of thesrequired units P )
. . - B Total the number. of graduations ' '
- o - . >
’ - ¢ ) : ?"' L * ?
: o0 10 y
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x - . . v M ' y v
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s \ " "y . ef' —~— s
' ~Bas@jm&& of “measurerient f0unq‘on rules (Tv'ansparency 3)
S A Fractional - Lo o
- - . ot
. L .
) ! Example. 1/8,,1/16, 1/32 ’ g
e -. .. . d ~ ! - v
) B: Decimat --- ‘4 ° . e
. o0 ) - ) o
' Example. 0.1, 0.01, b,001 Lo R
v . T * - P
. . - €. Metric . . .
> s . - ! ! ) ¢ ¢ . p.
. ‘ anmple ,J meter =.1m, 1 rullimeter = Tmm .
o - \7 Major pi f vernier calnper (Transparency 4) '
: A, . Fixed j - . - P
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— B Movable jaw . 3 .
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R g e Vil Proper methods for ¢hecking accuracy- of outside micrometers (Transparency 6) .
. e . - . . } . . ) " s . " . 3 )
o T kA 0" 71000 SR Lo
. , . - . L t . .. T . o
‘ . ) L 1. Close spindle and anvil together - e s ’
"'l“ - : \ ! . . - ) . , v, . _ .
L h . . - - 72  Observe zero references on the “sleeve and thimble
\ £'8. More than one  inch R ‘ .
. . s R
IS M . - ¢ : p AN * .
IR a1 Use a s Bar or disc.te’ check the mirfmum capacity . o
' A : . . . .‘ ‘ R ' !- ) ‘
oo . 2 ‘Observe zero.references on the Sleeve ‘and thimble .
- v . . ' . a - . M
. . P .. A . e g ' ‘ P ol .
: ; . ! Vitl»  Major darts of a dial @dicator (Tradsparency 7) . T
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; N . T . T
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-, . N . . T, . Coe
N ) . i ; .
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. - £ Poinw o ' g ’ ) L S
| ) ’ D .Rlunger . , ' _— ) o .
e i . A 1S AR
- . E Bezel , PR . ,
. - H \ ) . , . A - .
t n- M »
v " F. Bezl clamp. . ® -1 7
A . ‘ , v s - - -t _ A X L3S . N ¢
- . IX  -Set up and use &f a dial indicator .. i -
. . * - \ . R . 1 M
N N A Becure dial=indicator to suitable mounting fixture
. . 7 B Position plunger 1n contact with.'surface to be measured
x ’ N ’ . —: . ’ " )
. 1 . . . D .
» é Presload dial indicator | ‘ - IS N
. X .. & < .:' . . .
- ' ® . . .
. . .INOTE. Preloading 1s accomplished by positioning dial indicator so that |
. Pl . - . : .
. nlufger 1s depressed equal to two revolutions of the pointer )
. . , 4 . . : . T . » .
. a : o - : - :
Lot ‘ . D Zero dal~ N . . . . “j .
£ ' . . B ! .
‘ (NOTE To zero dial rotate Bezel until zero mark is 1ri line with end of
. T ! pointér ) g ’ ) ' ) .
o . S E® Meéasure work ! ‘ . o ’ o
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X Re dmg the plam m nometen {Transparencies ‘8, ‘9, and "10 [Overlay A]}  * \
MR ', ’ - -
4 ) T
. ]
- Af Each, numbered / graduatnorl on the sleeve represents one-hundred '
{ thousandths of an inch (0 100") - .
Q{ ﬁath SWW on.xﬁg_sleeve_between the numbered graduatlons ’ ) . .
: represents twenty-five thousandths of an inch (Q. 025") Y, ) :
o m B — -
. - C. Eaeh graduatlon found on the th1mble tepresents ‘one thousandthr of an
inch-{0.001") '; . ' v
D Total reading 1s found by adding the tfiree values ) -
Example. 0100 Number on the sleeve . *
¥ ’ 0.075  Small graduations on the sleeve
,0015  “Gradiations on the thimble
g 0190 Plain micrometer reading e
Xl ‘Reading the vernier micrometer (Transparencies 10 (Qverlay A], 11, and 12 . '
¢ [Overlay 'B]) ’ ' - ' T
. @
A Each numbered graduati ‘on  the sleeve represerits one-hundred ’ &
. * thousandths of an inch (0.100") . . .
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represents twenty-five thousandths of an mch (0. 025")
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MEASURING .
UNIT IV

’

» ]

ASSIGNMENT SHEET #1- REA‘D THE PLAIN MICROMETE—R SE;I'TINGS

4

s - [y N )
" Read the plain micrometer settings below and wrnte the correct answers in the blanks

provided. - ‘ . s

A

1]
{
Answers
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MEASURING,
UNIT IV .

ASSI_GNME?\IT SHEET ¥#2-READ THE VERNIER MICROMETER,SEFTING% »(\j

- : : 4 - - LY

» v s N . Vi
- Read tHe vernier micrometer settings helow and write the correct answers in the bTanks‘

provided S .

Answers

< J

>

v

. w—rrf«r-rr Efammt
N

o
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TITETE
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MEASURING
UNIT IV

-+ ANSWERS TO ASSIGNMENT SHEETS

L]
? . r -

Assiénm;ent Sheet #1 ..
0.871
0.226
0.184,
0.291
0.086
0.023
0.500
0.342
0,047
0.125
,0.613"\
0.25D
0:012
0079 . 1
0.2&;2- .
0.100
0.133
. 0.053
0493 _~

0375
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3

0.049

0.0s8 - .-

123 0483

.0.249

0.102

04678 -
2. 08388
T

04715 .

0.9453"

02928
03101
0.6383
03107
0.3128

/0.5270

)
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;Assi‘énme})t Sheet #2
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Aruitoxt provided by Eic:

| ’ ;o
JOB SHEET #1-WSE A" VERNIER CALIPER = -

Jools and méterlals ] T . - ’ . ( .
A | Vernier caltper . . ’ ) ) ) -
B Workpne;:es ‘ )

1.7 -Assohme_n;t o'f' fractional drill bi‘

2, Assé)rtme.nt (;f letter size drill bits ‘ -

) Y

Ei Assortment of machined parts - .
‘ . (NOTE- All work pineces‘,shouid be numbesed or lettered for
<, - reference ) - : . .

Procedure .

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

- -

B  Clean inside faces of caliper jaws - -

- 4 -
C * Check vernier cahiper at zero reference

.

*D. .. Open caliper greater than thjckness of part to be-measured

.,

E  "Hook end jaw over part to be measured . "
F* Slide m(;vable ;av; into contact with part . .
G Tighten 'damp screw Bn fl}fe adjustment'nut
H 'Make .fme adjustmeﬁt with fine adjusging screw if necessary
| . Tighten glamping screw ab(;ve vern_:;rplate , »
) Remove fcaliper frofn work carefully ‘ ‘ -
K Read é&hliper ' ‘ - .
, L List reading according to Iett'er or number on workpiece
M. Retyrn vernier calnper; to corréct storage pl?ce )
N  Hand in the listed ree;dmgs to instructor for evaluation .

A =

s \ - ) 1) , M r
‘. . ] L ) < . .\ ’ ) - / 7

' : A ‘ - SE - 148-A

AN : y . . e s -
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) ’ S UNIT 1V C ] ,
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MEASURING
. UNIT v

’

- A t. .‘ D- ,
“ - JOB SYEET #2.USE A, PLAIN MICROMETER

K ~
| Tools and matenals
Y
A. Microgfeters, plain
, i ’ .

.
.

1. sy 0" '-._1 :OGO" snz’e ;

2 ' 71.000" - 2.000 ¢ize
Lathe or vrlse_’ﬁ- ) ‘

Wo rkp'eces' -

L}

-

1 New fractionai drill bits, assortrment of 5
New letter size drill bits, assortmerit of i

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

. e ° .
"(NOTE" AIll workpieces should .be numbered or lettered for
reference ) .

J If.  Procedure - o A |

A 4 ‘
A Select workpieces that are clean and free of burts, nicks, or dents

B  Select the proper size micrometer for the workpiece . N

C. QIean the spindle and anvil- of the micrometer (Figure 1)

T

FIGURE 1

CLEAN SPINDLE AND ANVIL

’

.
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Aruitoxt provided by Eic:

-

= S JOB SHEET #2

. | , &

2 Hold the micrometer in both hands to measure a stationary object .+
{+igure.3) - * . ,
M iﬁ' L] _ .
- 4 -~ - -
. : £ ! \ .
R AITS e « .
J » FIGURE"3 7
ot Y A
\ ! - ’ >
' STATIONARY OBJECT
1 4 )
. <)
/
I - Tt
. 3 “ . -
. 1270
- o .
. . . . .

-
Y

D. Check the miecrometer at zero reference

v, . ¢ N
. Efe Hold the' micrometer according to the type of workpiece
- 4 -
~ . | 4
. . . . 4
- L JHold the micrometer in the ?{gh_t hand and,the workpiece Ja”the
teft hang to feasure a non ationary object (Figure 2} ’

— FIGURE 2

-
\
L]
-
.
» \,:;}y
N 3
~
AN
O
t
\
~n
e



(NOTE: Roll micrometer along palm of hand or forearm for quick
. sdjustment. See Fidure 4.)
. . o ~ ) -
FIGURE 4

-

R
F. Place the micrometer directly over the center -of the workpiece to
measured {Figure 5) )

FIGURE 5

-




" JOB SHEET #2

.

N ?
G. Turn the thimble of the micrometer unt|| the anvil and sp?hdle contact
A the workplece % ) S .

' N . N ' ﬁ P
H. tHold the anwil steady and moye the Spmdle lightly over the workplece toz

L focate the true centerline ° P e
- * —
. . . . ' % 8 f
- E (J.
. (NOTER: See anure 5 on the precedmg page) v, ¢ 3
. . ‘ ¢
- ) I Use ratchet stop or light sense of feel to determine exact measurement ‘
. - - ] ) : )
. - J. Observe micrometer readings” . d ) & .
. * ' ANOTE: Spindle lock can be tt;rned to hold measurement if micrometer

must be removed from workpiece. Spindle must be unlocked before resetting -

to a new measuremgnt. .
y . W me\)‘,, ¥ . '

K. L1st the readings according to thF letter or number on the wotkpiece hd
- ' 7 —~ ie
. . L Returh uhe m.;crome}er to its correct storage
+ {NOTE: ThQSpdee and anvul of the mlcrometer should be left open when, '
7 L
. stored.) .
. t ] .
M. Hand in the\hsted readings to . the instruetor for evaluation - i ,
. 3 . 7 ]
' . /\/ . - - .
. ‘ ) . '
, ‘ ; /
A -t ’ . Yo ‘, ) ) A
~ I ’ N . .
) o |
. ' ‘ I N
L] A ¥§ '. <
. M . 4 - -~

LRIS
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MEASURING
; UNIT IV ) \ .
JOB-SHEET #3--USE A DIAL INDICATOR \ .
.
Tools and materials *
A. Dial indicator . o
B.. Dial indicator holder v : ’
C. Magnetic base \ - ’ ' -
"D.V blocks - 2 ‘ .
E Appropnate assortment of machined parts = '
"(NOTE: All workpneces should be numbered ow Iettered f?reference) /
Procedure e s ‘ . Y ‘

Y . . N - LI
B. Attach dial indieator to holder ) o =
. c, : &
.C. Secure holder to work surface ;o . 4 p
. . . - .

.
~—— - - -

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

D. !\gounx workplece according to ‘type of measurement to be made {Figure
1 - i ‘

E. Posmon holder’ so that dial mdlcator plumger contacts w0rkprece

N

F. Ad;ust holdgr so that plunger is. depl’essed two revolutlons of pointer and \J

tighten holder ) .
G. Rotate bezel unt) the zero markiﬁg is'in Ii.rie with painter B,
L — r X ;‘ ) ..
' 3 : ‘ . :
S EI
AN - - . T é
L T . - ¢ e \‘ ‘ . |
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152A © . . )
< - .
. g . F : - )
- 2 . . - * -
. . . . .
>~ .
. . P . JOB SHEET #3 X e, .
Lo ' . .
, .

' . H. ' Measure workpiete for taper, concentricity, and run-out =~ b ) . b .
- - ‘\ . ‘ o k¢ -~
T .

. . . . > .
I.. . tist readings accordind®to the letter or number on the workpiegs:-
LI Y

..
v .

. . 9 . "
J. Disassemble dial indicator and. holder and return to the correct storage /

bu‘
> . L .. . ! L ’ ! * : - - ’
K., “Hand in the listed readings to the instryctor for evaluation

. ( IR
: C e N

N '
< e
4 -
- .
] - » ¢ ' B v
3 * . - -
.
k. s ,® - ' N . e
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. . .grdduated in fractional ot decimal parts

% . wor pléce and tule v
. . « . .
" f. Makes = gcyrate *inside, and - outside

LI - A »
- LAY
Y . Yoo v o .
. . ..
R . ) o , ) SE - 153-A
. . » ) 4
. J/ . ‘\? 5 ‘ F’
. . MEASURING - - ) PO
. _ 7 UNIT IV -- . 7 ‘ »
L. \ = NAME ‘ '
i " TEST o a
Métqﬁ;the terms on the right to the correct definitions. - -, ‘
a. Loy brecision measuring .i:nstcument 1. Graduation

of an inch - Reliable measure .
- b Markmg found on rutes and scales - to

Vernier taliper - -
den.ote unit of lerigth_ .-

-

2
3
. . . 4, Steel rule
____ ¢ Mistake in. the reading or total - . : °
_measurement. . » : ‘ 5

’ - ~

ate %true measurement  #\ . 6, Error s

A MReference point

MR

? e St g pojnt of measurement for bot?'

-~

measurements to within one- thousandth’
© " ofwan inch, or one-hundredth of a’
. ahillimeter ce L -

Identify. meaéy&gg instruments used in small enging r@ai‘r.
- v ' . - ‘ . - “ , ..

i
wwwe l unannu‘

a3 o

¢ 012 wee

YTFT f_[I]IHHI I[TIH“
" .3:- - J . 1 ,

. . y
. O ’ Y Nt . »
] - . »
! « - .
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b.“ B

List "fo,qu steps -for reading measuring instruments.

L 4
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&
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K
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3

4

Discuss the proper'?netths for checking the accuracy of outside micrometers.

-

[} - . -

2 0" - 1000" :

Aruitoxt provided by Eic:
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~

Arrange in order the steps for set up ang, use of a dial indicator by placing
‘the corfrect sequence numbef in the appropriate blark. ‘

- »

a. Pre-load dial indicator’
~—a

b. Measure work ~

.

L Y
c. Position plunger tin contact with surface to be measured -

’ L - - .
d. Secure dial indicator fo suitable’ mounting fixture

e. Zero dial .

Aruitoxt provided by Eric:




~ . y +* -
168-A '
s ) . 1
* . " ! - , l’
y L . -
10. Read the following plain micrometer settings. ‘
& ’ !
- ’ — — - ‘
Lo L 0. L
‘ﬁr"ﬁ'r» ' :
‘ - ) s
SR ) “
oL Answer: .o
-JV/ * . P . R ’ . Y
) 1. ead the following vernier micromeger seftings. . .
\ N - ¢, . '  — \
1y L__’_: )
1 4 | ]0
—— 7
. o — !
o —.5 .
® S —
' Sleeve ‘;’__——___ Thimble ’
) w———_ 0'
~N —1
S ———— //
' 34—
01 ‘2 A 90 .
- S
- : \
Answer- - .
«12 Demonstrate_the ability to: - P
a. Use a vernier caliper. - ' ‘
b. Use a plain micrometer. ,
‘ c. -~ Use a dial indicator. — . ‘ .

« (NOTE: If these activities have not'been accomplished phor to the

. your instructor when they should be completed.) )
-
’ . ., . ‘\
A - [
Y - . .
r
. - \ 143
X3 . . ) !
. ' .‘\ . C o
Q . € . ‘

.
v
- .
1
a ¥
D )
N
. ' ’N
[ 1
. —
- @
..

/.
. ﬂ‘ N
r.
test, ask Pl Lot el
,\I(,<
$ .
» a
) .
. - - -
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E
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- Ty, s
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Aruitoxt provided by Eic:

-

¢

N
‘1. a.
b.
' e
2. a
b.
g .
c.

1

&

ANSWERS TO' TEST

4 d 2
h e b
6 f. 3.
Rule .

Qutside micrometer

Depth micrometer

€« d. Inside micrometer
LS

»

MEASURING

-

UNIT IV °

»

-

L

4

e. Vernier caliper
f\\r
B ~f. Hole gauge
; g. Dial indicator
h. Telescoping gauge
3. a. Select scale of the required- units
b. Total the pumber of graduations
. c. Count whole units
d. Reduce graduations to, lowest ‘terms
4, ~ a  Fractional
b. "' Decintal ’
c. Metric -
"B, a. Fixed jaw \
N .
b. .Movable jaw -
c.  Vernier scale

EAS TN

-
SE - 159-A
/\ ‘\
[}

e



7.

LY R * ’
. “J
d. Adyuitmg‘ nut ¢ .
e. Main scale -
! ‘\ ” ) ¢ L4 \ 1%
f. , Clamp
g. Clamp screws N
h, Beam — g :
a. Frame. :
£ - 2 ' -
- b, sAnvil . . ~ . .
c, Spindle
d. Lock ' .
e. Sleeve s o .
f.  Thimble \-//
g-  Ratchet stop )
. *Discussion should include: . .
a - 0" -1.000" ‘ ) /
. ’ \ ‘
o) Close spindle and anvil together .
2) Observe zéro ceferences on the sleeve .ané thimbie
b. More than one inch . ¢ o
1) Use a standard bar or disc to check .the minimu_rﬁ- capacity
. A ! \
2) Observe zero references on the sleeve apd thimble
; - .
a. Housing ~ :
b. Bezel ) b / ‘ , e
c. Plunger T . ' — .
a . . - . .
d. Daal .
e. Pointer - o Li
£, Bezel glamp - ' ‘ g ~
a. 3 , " -
b.'q 5, . . ,.\_\'
c. 2 *

-

3l
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i ENGINE IDENTIFICATION AND INSPECTION
. UNIT | .
- ' ’ o ’ ~

- UNIT OBJECTIVE .

After completion of this unit, the student 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 and-by scoring eighty-five percent on the unit test., . - g
‘ . 3y

SPECIFIC OBJECTIVES .

~ .
» . g
} Lo

After completion of this unit, thé student should be able to:
. 4

1 .Match terms associated with engine identification and inspection to the
. Correct definitions. -
. g -
2. Distinguish between 'the characterigtics of a four-stroke cycle engine and
a two-stroke cycle engne! o .
. - .
3. List three types of information which may be found on the engine
nameplate.

4, Select engine information whlch may be determined from the operator's
mstructlons and/or inspection of the engme

5: Identify t/he operating positions of the crankshaft.

6. ComMplete an engine information form.

2
§
P




0 -

.
-

. . v
“ ) ENGINE IDENTIFICATION AND INSPECTION p
. . UNIT b .
. ’ SUGGESTED ACTIVITIES S, 1
’ . Instructor
A_\. Provide student with obj/'ective ‘sheet. e ’
* B. Provide student with information and assignment sheets, ) .
. C. Make transparencies. . ~ d ‘
D D]scuss unit and/ specific- objectives.
’ E  Discuss information and assign;nent sheets.
‘ F. Discuss decoding of serial numbers. .
G. -Demonstrate differences and types of engines. ) -
H. Print out location of informatigp and né'mepl"ate S

Show examles of different operating positians of the crankshaft.  J

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

. class.' - ¢
. . * ¢

K. Give test. .

1. Student- : - B .
A, Read objective sheet. ) <
- B. Study information sheet. _— . ’/_/. .
i t C Complete assignment sheet ’
D. Exqrr;r}e different types of engines. s ] . .
* 7 E. Locate information on nameplate. -
F. Take test. e ! . .
' ! : NSTRUCTIONAL MAT\ERTTL_S , ’
’ * I Include'd in this unit: T .. . o e
A  .Dbjective sheet - ’ .
. B. Information sheet “‘ 1’
. ) / 1
: S 148 . '




Aruitoxt provided by Eic:

- . )
> r N ".. « "’ -
»“ N - -
" \ :
C. Transparency masters ) L —
NEN P TM 1:-Engine Type Identification t - '
. )
2. TM. 2--Nameplate Infornation . ‘-
3. TM 3--Operating Positions of Crankshafts
. .
. - ‘ . . . . v
D. Assignment Shéet #1--Complete *Engine Information Form .
* @
N\ .
E: Test - X'“
. - .
F. Answers to test . [
' 5 s ‘ s t
. . . . < [
il Referefices: = CN N
A. Small Engines. Volume 1. Athens ‘Georgia:yAmerican Association for -
. Vocational Instructional Materiats, 1971.
. -
. v . N\
) ‘ v
» - _ ) * L I
‘. ’ — ' .
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*

name, .the engine make, model, sersal number, and other information

b *
. . -

Characteristics -of four-stroke cycle and two stroke cycle engines (Transpar‘ncy

1

A

. - : .
: L . . . . - ‘
Four stroke cycle engine - ¢
. K ¥ ] . -
‘" N - - % . *
1. Has an‘oll sump and possible & filter, = ° ~ . N
2 Exhaust muffler conmects at the ‘head of the engine cylinder
’ .3 Carburetor will "alwayg be on.or near the ‘cylinder head . .
4 Compression resistance 15 felt ever her revolution .
= N ~
» o * -

) 1.50 . ) ] ‘ - Tt \

- - . N -
- . .
v ' . SE.- 5B
A 3 . . . e
' ’ -
ENGINE. IDENTIFICATION AND INSPECTION i
UNIT '@l ¢
R h .
i P . )
INFORMATTION . SHEET ) Co T
’ - ' AR

Terms and definitions . . . .

. . . .
> : - ‘ - . - ' —_

A. _Combustion chamber--Area between the piston and cyhnder head when the ~
piston s at the top of its stroke - ,
(NOTE*“ It 1s in this. area where }he compressed fuel mrxture I1s ignited

© and burned.) _ ) . -

) : . : - :

B Crankcasg-Housing for the crankshaft and, other ‘related internat parts

‘ . . - T~

C Cvcle-~Completron of a series of events to produce a power impulse

D Exhaust port- Openmg to the oytside of the combust'on chamber for the. .
releas? of exhaust gases _ ’ . . ~

) - \‘/;*: ;

* Intake 'Jort -Opening 1nto the combustlon chamher for the intake of the
fuel-air charge ‘ . - .
(NOTE Thispg, also called the transfer port .on some .eng';lnes.) -

. — ’ j ) 4 & - ! ) 3

F Four-stroke eye!e enging--En m'e design which develéps a power stroke every -

. ther revolutron of- the crahkshaft . .

G Two-stroke cycle engine--Engine design permitting a power stroke ence fe
each revolutidn of the crankshaft \ e . !

“3 o f o . R ‘
H., Nameplate‘--lnformatron plate attached by the mandeturer giving therr <
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" . - . INFORMATION SHEET . . s

ERLY " o

S - . . » ( .

: ] . [y . ‘- ’ - N » -

l N N ) s vo-stroke ‘cycle engine.. s BERR » .

. . ] o't ) . o

’, ‘. — * ’ .
} . \S . . Does not_have an oil sump and oll filter N
. EA . 2. " Bxhaust pori w about mitipor n the ‘cylinder
R \‘QI ‘;’v A N ’ M : . .+
;o 3¢ Cyrburetor may be located at the base of the cylinder or on\he
L ] n_ or side of the crahkcase .
i . .U B - * .
. . ) &, resistance s felt every ra/olutuon 4
' AT ¢ — v R v . 3 °
P . lormation which may be found 'on the engine nameplaté (Transparency 2)
1 - * ‘.
. ’ ‘l - ' L
’ e Make of engine, or name of jthe manufa.cturer
kS /\’ . * *
@ * y AY BU Modei number _ Lo - . -
3 > . * ® ’ .
NN INOTE Rm *Usuaily (,tvw'thp heTsepower and may give the type of
- . 1 o «nl-e\mp acrosgorws,.or modifications.) ", ) d
. I,z‘;} N . ! .
. e !dwm*%m numbers ’ .
- . ; y 7 . '’ N
- ' (INOTE Manwfacturers add dxfferem types of qu‘watlon includin N
. . L . B . N
s = stroke and “orao povger) .
. AV anmnw mionrgtion vt‘,.ch ma he dmermmed from the operator'sinstructns
- re - rd o arspectidn of the enrgine - g
* Te ! . -3 \ R -
L A Gooegler formation . ' .
- ow tr . . . - , [ 2 :
. b f.ome of cqguadment manufacturer
. . N L= ol
s Sooes 2 0 Addeess of wgapment manufacturer i
. Ly -
: - B Y‘g‘!’u(nu’] pnositon of the crankshaft (Transparncy 3) - ;
. o . S .
. . C o Ename wydle ; ‘ Lot
5 . - . . b} v
o . g e . . N .
» e ‘D Model anit otier numbers I
' . . . - ] ' K
. . T . . \
. = Tvoes o Aceeossories wmd major units .
L S . . - ) ) T N
* F o Service and maimntenangs soecitfications 4 :
" '3 L o Ve . . .
’ 4‘\é vawmw, positions of the crankshaft (Transparency 3) O
’ a4 [
K A Verbeal h « ) - ~ !
. - -
, B Hoton tal . , .
‘ Y . . . ) Coen - -y
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Four Stroke Cyc|e , -
INTAKE AND EXHAU.ST som AT TOP OF CYENDER

- . Tw@(S'rroke CyCIe S
' INTAKE AND EXHAUST BOT'MIDWAY ON C,YLINDER

L. CARBURETQR N
. CRANKCASE " °
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STOR LR C AT

SERIAL ‘d
v I
SPEC.
NO.

OPERATING INSTRUCTIONS

TO STOP ENGINE -~

herd Somn ann amp oo 1o I
CARE IMPROVES SER 'ICE, REDUC™® REPAIRS -
vary 30 he -t Be 0O

targy e

; JACOBSE|

« FUEL MIXTURE
| 4 PINT JACOBSEN OR 10 | GALON REGULAR GASOLINE Mix
+THOROU !
10 START ENGINE
' DISENGAGE CIUYCN ON POWER PROPELLED MOO!IS
.2, CHECK FUEL SUPRLY & OPERTRUEL TANK SHUTOFF VAL“E
J OP!N THROTTILE AND MOVE Cng..ll LEVER 1O CHOKE

l" G'AS' S'Al'!l NM. — PULL SLOWLY AND FifMLY

5 CWHEN ENGIN GYE CHOXE 10 RUN POSITION
SEE MANUAL ! IN! MAINTENANCE & ADIISTMENTS

T
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. R
. 0 'Y "l ‘SE
. : .ENGINE IDENTIFICATION AND INSPECTION
v JOUNIT | L ,
. ASSIGNMENT SHEET #1-‘GOMPLETE_ENGiNE INFORMATION FORM

-
v

.

Complete the fo||ow1ng engme mformatlon form by Iookmg\at an epgme and its operator S

manual, e

GENERAL INFORMATlON s .

NAME OF EOUfPMENT (ON WHICH ENGl“E IS MOUNT-ED)

,INAME’ AND ADDRESS OF EQUIPMENT MANUFACTURER . )

v . , . . -
. . i . . .
- . N [ . . .
< <
«

NAME AND ADDRESS OF ENGINE MANUFACTURER' ] -
- v . T e .

-,

OPERATING POSITION- oF CRANK“H.AFT VERTICALL___, HORIZONTAL
MULTI-POSITION _=__. .. -

ENG!NE CYCLE: 2Cy‘c|e___, 4-¢\fde

- .. . S - .
MODE, NUMBER, OR ‘NAME ;4 e _
SERIAL NUMBER S : C e o
[N ‘ v ¢ e .
SOECIF! cmmw NUMBER -~ ~* =" - ' PRSI
TYPE NUMBEP -+ ¢ o Lo R e
C HORSEPOWER e e T
“’\ﬂ"ﬁ PN R e ,.’ ;!
* a o ." Y4 N -
. v - *
' < A ’ 1
. N * B Q Y o .
LY 5 - N - I3 “
- L L
” ‘ ‘. © o= AL S -




e ‘ -
. _
14-B .
, . ASSIGNMENT SHEET #1.
- s . ; .. ‘ -
J v . ~ 4
Types of accessories and major units' v :
“Carburetor air cleaner ol .béth

v

v - -
Fue! strainer: combination screen and sediment bowl

~
-

~ >

N .oiled‘ fijter ! ©, dry filter? . . :

_screen inside the fuel tank

[

Crankcase, breather. reed valve , floating disc valve .~
?/ '§tarter: rope-wind . , rope-rewind , wind up , electric, AC C,
electric, DC ' . : T
L~ \ . . X L% Ct
ition cystem’ flywheel rnal m = . .
‘\\Lga.xtxo ystem ywhee magnetp,. , externa agnet = bat;gy

Fuel pump mechanically drnven
\N—

[ .

, differential pressure driven

’ Carouretor float .. suction lift . dlaphra'gm , :
Qovernor air vane , centnfdga‘. 3 . N M
= -+ _. Servige and manienance specifications: . .
. IR * ’ T . .
‘ Fusi* Octane number . Mixture of oil and gasoling (2 cvele}-{Amount of ol per
. galior of gasoline) 14 pint . 12 piit . other . -
, O SAE grade 5 W  sAf®10 w , SAE 20 W .., SAE 30 ,
. SAE 10-%30 -, Ciassification. ML - MM , MS ,¥w T ,SD
. Tynz - soarl piug. San setting .020", .025", other =
fgranor hreovernopt gaps 312" . 015" -~ othet
. — —
- 1 N
. : v .
¢ v .
‘ R ‘ .
. - . .
- 3
] ) I
- M "
- , . , ,
x , ~ ~
" ‘ " |
v ‘ i - |
- . . { L)
' ¢k
. ¥ . - . ’ 157 ,
. L : , .
, . . . .
\)‘ . ) ' ‘ M ' . A
[MC ) ‘: . L > . .
' - . . {

.
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. ~ ENGINE IDENT!FICATION AND [INSPECTION y : -
: ~  UNIT! : . ~ i
- & . s M .
oo~ e . NAME D ‘
\ el . ? : .
KI . TEST ~ .- . —
— . ‘ ’/ ‘.s ‘ I - \-
1. Match the terms on the right to the correct definitioms. ' » g
' K -
. ' ’ 4
- a. Area between the piston and cylinder 1. ~ Nameplate. - .
head when the puston is at the top of,? - 3
1ts stroke ’ 2 Exhaust port ‘e
._b. Information plate " attathed by the ["3.v° * Combustion .
manufacturer, giving their name, «the . chamber i . 1
-~ engine make, model, serial nhmber and X . ' )
other information - “ Crankcase
' c. .Opening into the combustron chamber - 5. Two-stroke
\ for the intake of the fuei-air charge ' cycle engin®f .
d. Engine design which develops a bower' 6.  Intake p’o}t -
- stroke every other revolution of. the . ¢ . .
crankshaft - o 7. Four-stroke . e
N . : . ' cycle engine-
e. Completion of a seres of evemts to ) .
produce a power impulse ' . 8. Cycle
W f.¢Qoening ‘to the outside of . the
combustiofffchamber for%the release -of .
exhaust gasm . . , - ,
: . . , '
g Engine design permitting @ power stroke  *
3 bnce « for each revolytion *of the .
crankshaft ’ .
N
' h. Housxng for the crankshaft and other .
related internal parts - ,
2. . Distinguish between the characteristics of a four-stroke cycle engine and a
two-stroke cycle engine by placing an "X" next.to the characteristics of a
four-stroke cycle engine. B
. . - \
. ') . .
! “._a. Carburetor will always be :on or near the cylinder Hepd ,
; . -b. Has an oil sump and possible oil fitter ‘ \~ (
—_— . - ‘ [ ]
- ‘c. Compresston resistanice is felt every other revolution f ™ )
, d. Exhaust port s about. m!dpou:wt’ on the cylinder ]
. . - . ' k_) J
. L 1:)8 - .




.
-

e. Compression resistance is felt every revolution

L4
f. Does not have an oil sump and oil filter’

M

g. Carburetor will always Be on or near the cyIinder head

List three types of information which- may be found on'the engine nanieplate.

' \

5,

Select engine information which may be “determined from the\bpemm:-'&/\
\structions and/or inspection of the engine by placing an "X" in the dbpropriate
blagks. ) : :

a. Engine cycle : N

Mode! and other numbers

Service and maintenance spectfications

Paint specifications on engine "block

i

Diameter of wire on high tension leads
. 4
1
f. Operating position of the crankshaft .
- . < i !

- ——

P

g Breaker point weight ARG

‘. ¢
Identify the operating positions of the fallowing cr&kshaft&.’ .

A .
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> T Complete ,an engthe nformation form. .
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v . (NOTE:. 1 thIS actwnty has-not been accorhplished prtor 1o’ the teSt, ask. your
¢ o . instructor when it éhould be completed) .
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ENGINE IDENTIFICATION AND INSPECTION
’ UNIT |

.

ANSWERS TO TEST

0

7 h. 4

a, br c, g ¢ ) 5

LY
.

Make -of engine, or name of the manufacturer

Model number

’ ; c. Identification numbers . )
4, a, b,c f - . : . .
- - b, a. Horizontal a
®. -
o ‘ ' b. * Multposition . .
. o o —— '
e p >, ¢ Vertical o ~ra -
. - ) [—ﬁ’- X
y T~ 6. Evaluated to the satisfaction of the instructor
— L - ‘ -
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. .. BASIC ENGINE PRINCIPLESAND DESIGN "+ ...

‘ UNIT I . B
, ’ UNIT OBJECTIVE ’ L R
- , . . _\ e . , - .
.  { _ .\. o . i .

After compleuon of this unit, the student should be able to list the characteristics, #pes, -
and forms of‘ energy and calculate problems dealing with work, horsepower; torque, and  * ¢
cubic inch. displacement. The student should aI{so be able to distinguish between internal-

and external combustion engines afid describe the operation of two-stroke and four-stroke .
cycle engmes This knowledge will bge evidenced by scorirg eighty-five percenl on the i

umt test.. ) y Lo .
A} _,’ g ! -
- . . SPECIFIC OBJECTIVES 7
i . } ' '
-After completion of this unit, the student should be able to: -y ’
: L. . -Match “terms associated with baS|c engme pririciples to the * correct
4, defnmons ) .
4 [ 4 PR :\" ~ tv /
2. Discuss characteristics of energy. . :
. Cos 3. - List six types of energy. - : ’
d 4, List two forms of available energy. ‘ -
\ . ’ '} »” .
5. List three types+of motion. ) . ' S i
6. .identify types of simple machines. f - .
. L ¢ - »
‘\ ‘ - .7 * List three uses of simple 'nachir)_es. ' ‘ - ‘
: . " 8. Calculate” problems using the formula for work. . . .
*
9- Calculate problems using the formula, for horsepower.
10, Catéglate problems'usmg the formu,la for torque. »
- [} * » N ",
11. State the main theoretlcal concept of heat engines.
) R T2. D:stmgmsh between types of heat- engines.
. ., . } )
. . 13. Match the parts of a basic \nternal combustnon engme to the correct
. N descnptlons - . ] ,
¢ .\ = N 4 L Y A
e o , - 14, Describe the process by which an internal combustjon engme converts

. ’ v, chemical energy mto rotary motion. , ..




15.
AR, )
' o
) 18. -
- 19.
- “.
, '
n

” . ' .
Calculate problems using the formula for compression ratio.

N

Vs

-

Calculate problems using the formula for engine'cubic inch disglacement. .

Discuss the- purposes of a flywheel.

Idem ,typés of engine design. _

f’dentify types of engir'\ex cooling.

.

’,

8
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- SE - 23-B
I ’ . . . .
.BASIC ENGINE PRINCIPLES AND DESIGN R
. * UNIT N . * '
. SUGGESTED ACTIVITIES .- o -~
. - . ¢ * ' ‘.
{. Instructor: - - ‘ . .= '
. . . i . ) . N . - . *’
-4 A Pa{)vide student” with objective sheetq ' N - @
o ’ . ' )
B. Provide student with information and assig:ment sheets.
ad? . o Iy ' ' 4
;m Make transparencies. . » . .
- o . ; R v .
'\, D. Check With the ‘major small engine hﬂufacturers for visuadl aids to’ ~
oy démonstrate basic .engine principles. \ o
" " E. Discuss unit and specific objectives. - ’
. ; L ) ‘ -
F. Discuss information and assignment sheets. . S
. . )
G. ¢ Give test. ¢ R o
. Student: ' -
I3 < N .
/ ¢ 09
A. Read objective sheet }', N
. B  Study information sheet. o ]
' 2 g : '
C. Samplete assignment»gheets. Y ¥ '
h D Take test © - - '
. . . . A
. T4 »
, INSTRQCT_IONAL MATERIAL®S. )
v ¥ ' ) s ' . N
I, Included in this udit: .
A. Objective sheét
B tnfor’%paﬁon s}bet ) . _ .
P ., L) e ¢
08 Trampargpncy masters . .
1., TM 1-Types of Motion ” e )
. '2.°'_ T™ 2-The Pr"mcm!é’of the Lever " . . ﬂs'
3. /’TM 3-The Principle of the Wheel and Axla: =« .

164 S e



[} e . v . . - ? ' . -
. ~ s ) r € Py 0
: R - 4 TM 4 The PrmC|pIe of the P'uy . DL e
) - 5;\ TM 5- The Prmcnp1e “of the Inclmed Plane o '
o —¢ E - . -
g Lg - ’ e ‘ .
N ‘ R L .
) . 6. TM 6- TI" Principle of" the Screw - . . : . 7
. : . 1 ) : ei. N )
¢ A . C 7., ™ 7- The Principle of the Wedge - ‘ . Qﬁg
.7 , 2, 6 . ' ot . Q{ ‘
com L i 8. TM 8- Basnc lnternal Combust|on Eingme ‘Part . ¢ A
.’ . ~ i . 9? -
." . 9: ™ 9 -Chemical Eﬁergy I%Rotary Nb,uon Kol \ .
L. s T W
) 1@ T™ 10- Cublé inch Dlsplacement ‘ Z ' .
- A . ‘ - ’ - ) . '
' . 11. TM 11- Compressiog/Ratio-6 to_J o L/ '
b . v ¢ o e | <
. 8. 12 . TM 12-Engine Designs, - .t : ’
fe o ‘. 18. - TM 13-Engine. Dessgns (Continued) - , . a ) .
v . & .. ' -~ .. ’ - . °
. e ~— 14  TM 14-Engine Oedlg Systems g ‘
. . ) ) .
. L . . R . .. . . . \ . ey
e ., D. Asstignment sheets ( . LD I . __k

S : , f L4 - - o :
. - L Adrgnment ,Sheet #1-:Calculate Work | . : T
. o D / ¥ o

\‘ -2 ‘Asmgnment Sheet #2-Calculate Horsepower

” . » N . ‘l‘ .
: 3.‘ Assngnrhent She(gt #3-- Calculate Torque‘ N "‘,z S :
ce T T i ’ v .o .
- o -4, » ,Assngnment Sheet #A Calculaf‘e Cubic Inch Dysplacement - . N .
N - N o y C - - . ) ,
Y .5 'As*nment Sheet,#5f-CaIcuIate Compression Ratio .t
O I ' Q& a, _ . .
., . E. MAngwers to assignment sheets ™~ - “ ) ~ * -
. - y L - .
ot N 'y F » Tes[ * ) i ‘ ' ! 4 -0 ; / ! . . : ' 3
'; o.‘ ‘ . - . X . . - // J\ * ) P X . _
SRR - G Answers to test. <N P . = )
. - i ’ .
" dl, \'Refeaences C ' : T ) ]
.‘ -: .| - LA . d ’ . o . . ”
i . e A Bohn Raﬁph C, and MacDonaId Angus J.Power: Mechanrcs-,of Energy. ’
e ... Control - oommgton liinois. McKnjght and McKmight,, 1970. * ’
.’ - C e
LT B Stockel, Martin W Auwto MecHanics Fundamenrtals South Holland, lllmms : )
‘\ e Goodheart Witicox C% 1969. + -

R ¢ ‘e o, s .
: . * C A Power Primer DE?FOI%T\IF Gen/Motors 1955 e a .




Aruitoxt provided by Eic:

-
1

"BASIC ENGINEPRINCIPLES AND
S ONIT 1

>
L

©
-

PR IS
I{\:‘FOR.;[\AAT!QL\I SHEET'

A

Terms
e

.

‘Poice Any agent that produces or .tends to -produce mo®¥n s
R \"1 . ’ o 7 N :

Work Results of force overcoming a res:§'&mce over & definite’ distance
L] . .

Enrrgy Ahility to do work

T

Potermal energy Storsd energy
.
—
-« .
e -
e fneoy, Energy e omotion

y
.

wiizh vark s done

-

wor Dlessurerrent of work accomplished in a . given period of times

.
. B . N
- a

Cre morsepover v a unit of power equal to 746 watts @
v ¥ ) "
€ '

z M ¢ P .
ct turning effort &

. . ' . v /‘, =

’ ’
Frongn Resistange to relative motion between 10 bodies in cuntact~"
LI ' R g "7 . .

s :

« 1

3 )
are_nth, most comrron upit fors measuring nressure

' - as v

©ometnic eq’ﬂvai&ng-ifj St s kilogram wper squarg centimeter,
~ ’
! T - . . -

.

‘a ‘- . B ‘ LA
aost ooeer Transmission and contr motign #rough the use of

I rd Y . .
P srafts) Jn‘,f‘w metharical Hevices
> . - L]
. 3

. » ‘ ~ -
oty Moton” Bagk, end ferth motibn | A
ot . . ’ . .

L . _ - o
S et ovnrts or ofygrations riat happeo requiarty andlead back -

- - N )
aoLlhng et \ <

. ~ I
. . » . Py

s s ' ®

a » » , ‘ N
Contrai T tgercise aostganng or direeting influence’ over working forces
. LY T P

Torse wadn Reaymg of o wofling' force
N . ) ~ . ¢
DO T e s center e .
| , ' w‘, » , + © . ) ] -~ ‘
. - k3 . . L4 . .
St T DGy ahan B stated as ATDC, adver top sdedd centior BTDC

+ - .
votes b el cSfer

- * .

.

.

« .




TNEORMATION SHEET

)

BDC Botrom dead oonter
S
4 M . .

(NOTE* BDC sty also be stated as ABDC. after Hottom deaq Center, og .
-BBDC before bottam dead. wnte }

. ¢

[

'—~—Riﬁ3ugke Distance the piston moves when traveling from TDC to BDC )
[ . -

. . - ‘

S Bor., &;'weuar of the Lyhndér ‘ ‘

4 * hd
T« Displacement Total vekrme el compressed by the piston in trgveling
fromm BDC to TDC . .

a
.

LU " CID Cubic inch displacement

~ N M

.

'NOTE  Metric measurement for displacement 15 fn cubic centimeters QF
ftters ) kadtl . -t '

V.  Combustion Action or operation of burning

_Charactansucs of ermraye

)
.

A Eheray 15 ever present
B Brergy cannot be created or destroyed
Ehergy car.only be changed from orfe kind to another

Tyifes of energy

Light

;

Aruitoxt provided by Eic:

STROTE T rgm "')z qf\uro'ﬂovs growth n plan s and makes our surrouhdm.w
‘wfb XS] ) .

{

lal)

He at

SEOTE Hé\o Enc»r&}‘y\ﬁo fOO(J: de\/ejops meChamcal energy to power
qutomobues and warms Nomes )

2 |
Chem.cait

‘ a C
ANOTE .Cherrieal energy’ 1s the energy of life)

. . . ‘
Elwcmca.‘ ! :

. > -
(NOTE® Elor gt z'\ rqy 15 the miost ‘lexable and is best known for.fighting
lrm_r\L rid rm.nd W otors, and providing communi¢ations j

.

- -
Nu{?h:dr .

.
. .

. N .
. . : ) .
SOTE Thade s enctgy aldo Fnown as atomie energy s prodaced throe gb

7. o
Creacrange et of croms ) o
- 4




Aruitoxt provided by Eic:
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- INFORMATLON SHEET

Mechan sl L Y . ,

P st B o el e

JNOTE Mechanical energy 1s contamed in every moving ohjec!
®orergy nsvolved in moton ) .

.

v e W
Fafwes of avalable crergy

- L4
[

- ’
A TPote il
-’ N \
"NOTe P‘otur’gt'u! eneryy s stored energy )
. '. - . N -

H - . . .

Eaamples Faet, stretched sphmg
. HTITY

-~ . - !

“ {
Kimgr o ) N
. R . \
f I‘f

VO Koaend ecnergyis focgy in motior )
.o . LN .
. ",‘ v
Lo pies © Casonne barong, vand, flowing water -
>

, . .
"

-
L T aespare ey 1)

» . . - '
Recirogating ¢ . '
. .’ °

LN
.

By, -

’
~ B
.

. . ol -

o corplioatedechanising ysed in the operation montta tune,
-

forostron enag are comtunatiogs o, Sixo srapte qpgnngnes T

TeheSnarenny 20

N
-

cd g Trantparency 33

-

Tennarency 4

ot e Transnan rey 5)
N s
o "r +
T Trarsp e, B
- : L] -
. - L2
Vil T".ﬂ-x;mr‘”w,", 7)
.
..

.,‘.u' Y 40 Ve
\,'Y‘U' T [RTANY
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.28B . . : ’ -
- u . . - LR ‘ ¢ T e
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. g . .‘ ~ I
. ’ s ) . . .
h »
- l‘ t Y “-
INFORMATION SHEET N ,
* . . . IS ’
N ’ ’ - . -
. .
. . -8
- - . - = LG s ! . e o m , - . -
g - . + - .
VI Forguia for work Work Force x Distance ° . .
. N . L]
© ~ * [
. ™ , _ - ™~
. (MOTEL Fowe mint be gsed to mieasure werk for all movement except hfting .
. Weork s mmeasured m oot gounds) . .
. - b - L) ..
. ‘ 8 v ) ‘
e Eyarfinle, Ho vy rwqrﬁv work 1S Juurlesshed it at takes 80 potinds of forca
M - |
. ‘ 1o movesa 300 pound hox 50 foets ™ .
. .
N . .
.. . ‘ ' i ’_
. VWoe £ D) . v Lot ’
. ( ’ . <- g . . .
¢ N W, 80 - 30 ) :
< - . - b 3 -
. - . V- A000 oot pauedy . . i
'1 . ’ N . % - .
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- ; ' ASSIG}J(/!ENT 'SHEE'I" #1--CALC.l"JLATE WORK ) > -
. . | . Y - - ] R
/Calculate the followmg ﬁrob!ems usmg the formula for work R ' . :
- i - ( - > 4b ’ S ! ‘ -1;,
- Work - = Force’ x° \Dis’gsrfce ~ s o
1. Twod men puéh a 300 -pounchweight' a distance of"50 feet alorig a Warehouse 1
floor. The force necessary to siide the weight is 110 pounds. How much work
is gccomplished w . o
- * ' > TR
4 - L
. ¢ i ?
\ , . . ¥ .
. . CT " ‘ ’ . -
2. Yo much work s accomplished if it takes 92 pounds of force to move a 400
.. pound object 44 feet? ) , . ‘
. & - ) . )
IR - ’
. ’ . 2 S A [ \
3 it takes 49 g unds of force to move a 92 po’und’box 60 feet-across the’ ffoor
3 How much r}g 18 accompl;shed7 : e : o
N 1 - .
. . . .
, . . ‘ . o
- R . l, - [
P ‘\‘ 13 ; :' °
- ) L - '
, ‘ { - - 4 ) .
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' BASIC ENGINE PRINCIPLES AND: DESIGN .
" o > UNITolE '

' A

.

hd ’ . * - 2 - R
- . N . -

. * K ASSIGNMENT SHEET #2-CALCULATE HORSEPOWER vt ‘ i
¢ ( A , . , . . . .,~ : ! . “ -‘ * : . ‘
. < e - ) "', ’ . ) : A; ’
o~ Pl ‘ Calculate®®he following problems using the fdrmula‘.for horse‘power. . , ) )
O I O N A S
RPN & .. HP = Fx DY . ¢ oot~ L, h T el e e
S o ., Time tsec)’x 550 - . T oo
1 . : ° . a i Py . : - . . ,‘J
L ok 1. A 200 pound man chmbs a 40 foot flight of starrs in 20 seconds. How mdch .
»“ ' . _ horsepower, does’ he devetop perforrﬁmg the feat7 T

. . , . .
. F ? R .
- 2. A 1000 pound weight is moved a distance 0 feet across the floor. The, . co
‘ . ‘ force necessary to move' the weught is 200 pounds and-the time required to -.~ ‘
. ) ~ accomplish, the is one minuige How much horsepowe, is re’quued to’perform
~ ‘ thiS task? ] . R

. T T . . ’ ) “,
x"'-"/"j e N 'M . l‘}'" ,),‘s). ‘ ,o
L U RO A S
E N A man pushes a 4

pound we«gﬂ a, dlsta?\ce of fO feet dong the/loadintfdeck” .. . °

6. © o, . » The force rec\u*:re to move me welght is 500 pounds fhe task 15 completed oL T
Lo o ‘ in 5 seconds \How uch horsepower 1S woduced7l . S e !

Aruitoxt provided by Eic:
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2. . 115 pounds oféforcé 1s applied t§ a wrench 6 inches long, how much s the
2’ s ' :
» torque .
, .
To- , } .
~ .. “

3

_ Térque T=

-
. ’ '
- - v, S ~ ~
» 1’

- ‘ . / . .
.
’ +

. | )
e /BASJC ENGINE PRINCIPLES AND D$|GN‘.

0 Al - UNlT [I ¥ 4
. ~ o .

L4

‘
-

. » N
the following/pr9blems using the formula’ for torque.

v ’

Force - X Radius ’

-

13

7

If 'a mechanic uses a wrench 8 inches and-applie
the wrench handle, what is the torque on the bolt?

¥

a -

ASSIGNMENT SHEET #3-CALCULATE TORQue. / *

<

s‘ 10 pour'xd force to

N

¢

1

What is the tarque if a force of 8 pounds 15 ’applied to a wrench 12 inches

iong? ‘. i
. .
L% - ~
=~
0 e » »
.
. \ . ¢
Ll -
3 L] '
> ~—
. - *
« "
- ‘\
- . A
» . -
[
. /
Y - 8 . -
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BASIC ENGINE PRINCIPLES AND DESIGN -
~ - ’ UNIT. 11 \ o R
. 7 4 / i e

ASSIGMENT SHEET #4--CALCULATE CUBIC INCH DISPLACEMENT

Calculate the following problems using the .formula for cubic inch displacement. Round

answers to nearest whole number. ‘
- - ) -, . . \ . . . e )
. CID = 7 x BoreZ x Stroke x Number of cylinders
. L 4 ©a .
P . . ‘
. | e . . -
1. What is the CID of a cylinder with a 2-inch bore and a 3-inch stroke?
C 0N . j
- a \ ] < . |
AR . .
+ . 01 L4
A
. - ’ ’ ’ ) ' ) ' ' ‘ “
R 2. Compute the CID of a 4-cy|ind€r engine with. 2.5 inch bore and a 2.48 inch
. _ , stroke. \
[ 7 ’
* , - .
, . . 7
-8 What is the CID of a 6-cylinder engine with a 1.85-inch bore and a 1.969 inch .
stroke? o ) :
- ¢
'
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. - BASIC ENGINE PRINCIPLES AND DESI@N

I~

ASSIGNMENT SHE

Cpmpreséion Ratio

’

UNIT 1

-

Volume BDC °

#
1

.
\

i

\

i

\

. ; ) ‘
Calculate the following problefns using the formula for compression ratid!
. .t A

#5 -CALCULATE COMPRESSION RATHY

»

I

‘ . ' Vorume TDC/ \
f ‘ ‘ — o ‘,

What 1s the compression ratio ota CVT?V’der w4th a volume of 36 cu. in. with

X the plston at BDC and a TDC volumg’ of 4 cu. in.?
‘
2 Engme A has BDC vo!ume of 16.7 cubac inches and a TDC vofume of 2.3 cubic
inches What s the .compression rét|o7 -
Ve : . // 4 ’
/s P ﬂ'\

Y
. PR
i \ |4

3 A specific 3 cylinder engme hag a total BDC volume of 86 cubic inches and ’

TDC volume of 3 cubic inches n each cylinder. What 1s the.compression ratio
of this engine? ,
) ‘ D .

Jo

The maxumﬂm practical compresstbn ratio for a specn‘lc one Cyhnd{engme IS

4
112 to 1./ The éngine has‘a BDC volume of 38.77-cubic inches and a TDC
'volume of 35 cyﬁblc tg:hes Is the. compression ratlo within the practical limrts?
oef Y ’ \ .
/ - \
/,/ ~ . . . N
. . " )
. // . 195 .
/- | »
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BASIC ENGINE PRINCIPLES AND DESIGNS
) - UNIT 11 ks

ANSWERS* TO ASSIGNMENT SHEETS

N
Assignment Sheet #1
1 W=FxD _ )
W = 110 x 50
N7 “W = 5500 foot peynds
"2 W=F«xD
. W =92 x 44
W = 4048 .foot pounds ”
3 W=FxD
W = 49 x 60
. W = 2840 foot pounds
Assignment Sheet #2 .
" HP = F x D
Time (sec) x 550
HP = 200 x 40 )
", . 20x 560 . A
HP = 8000 »
11000 i ‘
HP = 727 or approx. 7/10 horsepower ¢
2 HP = £ x D " .
" Time (sec) x 550 - .
’ HP = . 200 x 40 !
60 x 550 *
HP = 12000 ‘ .
: 33.Q00 '
! T HP = 364 horseppwer -
3. HP = FxD : S
«  Time (Séc)_x 550 . o« ®
‘s HP = 500 x 10 .
.5 x 550. )
HP = 5000
2750 . J
HP = 182 horsepower ~ ., :
Assignment ‘Sheer. #3 ) o
L T-fFxg .
T =10 x & .
T = 80 pound inches .
Il »
- 19¢€

SE - 71-B
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“72:8 - ' . /
/ R _' b 3 ‘ -
[ . . ~ . . ‘
2 F%=FxR _ : o :
: T = 157% 6 : o ' - ’
T = 90 pound_inches ~ :
' . .t ‘ - ~ . “ .
3. -T=FxR . _ '
T=8x 12: . LI S
’ T = 96 pound inches ° . N C e ;.
A§sigpmgnt Sﬂhee;t #4, \ ' ‘ o o
« . 'le CID= 31416 x22x3 / S , .
4 . / x 1 . N :
. N -« ; * ,, “5 i . - '
- " < CID="31418x4 x 3 ?
r ) P 4 X 1 2
/ CID= ¥ 6992) ' 5 - '
. . 7 x 1 . "y
CID=.942 0r 9 - oL
2. tID= 31416 x 252 x 375. .
) . * /' e . Y |
CID = 31416 ¥ 6.25 x 248 . N - ¢
> 4 x 4 .
, CD = 486948 o ' ) .
’.f - 4 x 4 . : ;
)
\ ¢ - , ]
] R : C'D = 12 }737\)( 4 - -
‘ . CID'=- 4816948 or 49 , ,
3 CID = * 31416 x*.7852 x 1.969 L L
: . I 4 x 6 - v
) .o / . .
S CID = 3.1416 x 3.4225 x 1969 .
* 4 »x 6 o N
: " CD = 211709, L -
. =7 x5 , '
A 1 ¥ ’ . N - N
_ CID =- 62927 x 6 " .
- ¢ID = 317564 or 32 . : )
’ Assagnm_en't Sheét #5 " - ' .
L9 ' | ¢
Y4103 . 9t . .
3 - H
e N' , - 197' . Y
. ! -« '
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161
60
46
=140
138

é

. 286 \

3 860
hal

'2—6.
24

11.07
35 [387700
3_5_O

37

35_

270

, © 245
25

. 7.26
23" [76.700 7.26 to 1.

3 2876

953

~

‘9863 to 1
27, -
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11.07 to 1
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BASIC ENGINE PR[NCIPLES AND DESIGNS
. .o ] K UNIT |
’ Y , .' N ¢ .
- 4"7} . '. .
, RN Name
¢ . o ‘ ] '
. . TEST :
» N I ‘ N -
.- - A PR
1. Match the terms on the right to the corr t-definitions’ (Terms and definitions
are contmued on the following page) T * R
\
' a. Any adent that produces or tends to 1. Energy ‘
\ produce motion H St . E
. ’ \ . o 2. Work .
b. Rate at which work is done s G
- ) ' 3 Force "\
' c. il k e '.
Ability to do \_qu _ 4, Friction
| L4 - . 4
____d. Stored energy e 5 Power
. e. Measurement of 'tur'ning effort 6. Kinetic ena:ergy
' b 4
‘ f. Transmission and control of motion 7. Forque
through the use of gears, pulleys, shafts,’ .
and other mechanical devices Horsepower
’ .
g. Bottom dead center ~ . 'fote‘hu'al energy
. h. To exercise restraining or directing PSI .
influence over working forces - '
. _ . Cycle i .
t Back and forth motion o
. 12. JDC
- . j.  Energy in motion P . .
4 : ) . 13. Mechanical power
' k. Relaying of a working force , '
‘ ' ) . 14. Transmission
\ * 1. Measurement of work accomplished in a . ' _
. given period of time . . 15. Reciprocating  -°
. ’ . * motiop-
- m. Pounds per square inch; most common v :
unit for measuring Pressure { 16. BDE
I3 . . M hﬂ
. Y ¢
. N Series 1of events or operations that 17. Control \:
happen regularly and lead”.back to the . ’
starting point * .- ' Y
-t o--Resistance to relative motign between ' '
.two bodies in contact
»*
-~ . - : . J ‘ - )
) ’ ' 1 9'9 L 4 s T




.ERIC *

Aruitoxt provided by Eic:

.
»

2.

-

N\__P. Resultso force overcoming a resnstance 18.

over a definite dtstancg\

. NERYSSRT:)
v q. Top dead center g
R . 20.
r. Total volume of air-fuel compressed b ?
the piston in tcaveling from BPE to TH

s.- Cubic .inch disalacement 22.
t. Action or operation of burnlg !

. : ’ ’

u. Distance the piston moves
traveling from TDC to BDC L

. 1
v.- Diameter of the cylmder

Discuss the charadteristics of energy.

’

. .,

\ . v

List two forms of available energy. -

¢ [y

b. oD J

+List three types of motion. .

+ Stroke
\ Combustion.

CID

Displacement -

Bore




. Y
] , ’ "
3 ‘ \ .
s ‘ /c‘ ’ h \"{\ .
R . y . 8 .
. c s
’ N .
. )
"6 Identify the following ‘simple_machines.

. o - .ot N .
A 20ms
T

/
a
; . \
» . ,
b - , ) )
- c .
8 Calcutate the following problem using the formuld for work ;-
© W=FxD '
. ’ - . - ) s
. A boy pushes a 200-pound box a distancé of 20 feet atong the’ floor The force :
necessary to slide the box 15 55 pounds. How much work s accomplished? - .
& - -

’ R
.
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Aruntoxt provided by Eic:
L

1

9.

10,

11.

12.

- - R . r ’ )
- ' . T
v - [ 3 & * ?
P . LI . -
- se s ! - .
“Calculate the foIIowmg pfpblem usmg the formula for torque. .
. [ LT . . .
HP =, FxD " : L - 8
Time (sec] x 500 * o e S
Usmg— the problem above, how much. horsepower s produced if it take;s 200
. .seconds to slide the box along the floor? .
* ’ ‘ e < '
Calculate following problem using the formula for torque.
T=FxR ]
What is the ton‘ue if a force of ‘40 -pounds 1§’ applied‘ to a wrench two feet
"long? i - .
[ . \ H N B hd
- ' ‘.
. >
State the main theoretical concept of- heat engines. ’ )
! ' ¥
L - 1t ’ - - e -
) 4
* .
Distinguish between types of heat engines by placing an "X" in front of the
, description of an |nterna| combustion engine. — P
-a Fuel s burned instde the qurne to produce heat enetgy whigh the .
engme converts to motfon . . . N
‘ . -

b. Fuel produces heat energy outside the engine and 1s transmitted to
the engine by water or othe/means to powyer the engme wh:ch converts
heat energy to motion .

- .
- +

LY

|
*i
.
IN
)
2
n\ '
/-
(3
. s
- ‘9
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Match- the parts of a basic internal tombustlbn engme to the correct descriptions.

L | . .
. "a. "Hollow _tube closed at one\end by the 1. Port -
c‘ylmder head, . . . ’ . .
. ‘ R * 2. Crankshaft
Cylindrical object which siides in the! . R
) be. fitting tightly to seal other end of . Rings |
b o o | N
. 4, Cylinder .
o Stralght rod with one eng connected. to X -
a.pivot in the ptston so lower end can 5., €onnecting, rod,
) swmg with tbe rotatlon of the crankshaft . o
: C- - , 6. Piston ~
~d Mam shaft ’of an engine whicH, - in .- e
A conjuncion, with+ connecting rods, 7 . Valve .
' changes reciprocating motion of plstons' ‘
- Into’ rotary motion Q .
, . ‘ . ., =
< e Movable plug to open and close the : ;
cylinder n ,order to let in arfuel ’
" mixture and %o remove the hurned fuel , K
from the cylinder -~ . . T o
. I SR N . L L 3
? f Brcular devnces fltted tq the upper end . .
- of the piston which seal the plstorr to-
.- the cylinder to control loss of . .
oA &ompressign and lubricating oil -~ ‘
\ ’ . ‘ R
g. Passage behind  the o V@ives ®* which -« e
, conducts fuel and air into”and exhaust N )
out of the cylinder " ' o -g‘ . b
L .
’ I . b |
Describe the“process%y which an internal combustion engine converts chemical
. nergy into rotary motion A , . ‘
?' ‘ - - . .
P
=), N . ¢
1
. . . . B ‘ -
. I3 [ . ' - '
Lot . . /
, . - . “\ \
’ 9 \,
. TR03 e
X ‘ RO .
o \ A
v 4 .



o ) ) A 7\- Ca o - ' o,
i 4 - ¢ \.' . - , 3 s ’ . A - " - »
M 80‘3, - ‘ . N R . .Y v " 2 .
« g » . . , " v L « ) - . ‘ - .
. .‘ . . - t - -
L 3 .l' R . t lo ‘ . . » .
.. . .
. § 5 “Ca|cu|ate the fo||oW1ng problem usmg !ha, formu|a for ~eng|ne. cubic m.ch
' dlsp|acement S ' AR .,
. e . , . ,‘ . N , . . il
) © + CID= -.TIx Bore? x S-troke“ S NE . ‘
. \ : T 'Number of eyhnders ~
. ° * . S e T , oy , - U

\ e - What is the cubic inch dfs‘p}agement ‘ofia };yhlmdez,gnglhe that has a bore. .
‘ 'vb ¢

. . of 2.3 and a stroke of 3.2°Inchesy . R Ik T R
. . -, o .M
. L ) , -, ' ' . :
. ‘ ) ° M -~ . / - . N ~.’ ‘.()‘\ !
/ ‘ , . ~ - I 1 . o )
) ’ e . o - . IR . y -
£ ' i y ‘L. )
. . . s ' . . . . x. . . .
% & . - *
. 7/ , , )
* . R "y o N
( \ 16" Calculate.the following problem using the f’;nula for pompression‘ ratio
Pl Compression ratio = \blume BDG ~ . | LT y -
%. - " _ Volume TBC-> ¥ Ao '. ‘
' o, A specmc 2 cylinder engine ne has a. CID of 37 inches. Each cylnnder has' a.BDC~
. ' . volume of 16 cubic inches and a TDC volume of 3.3.culic inthes. What s T
- T the comptession raho7 C . ‘
‘ ', . , - » h .
» o . ) ~ ) : ’ . ; :
. N .
R -~ J ! .
¢ - ' ° -
. [ ! 4 - - R ’ > (\
» j - ! » ! N (‘ . “\ ’
- ’ ’ . v - | q S h
- . R . . . P 3
/ 17! Discuss the purposes of'a flywheel. - . <« . .
! | - s ’ -

~ '
Pl d v N ,
.
-t 4 . ° N
] . . . .
- T . B M -
. v \ v '
N
’ . . ‘ “~ - ‘
- —
Y : ! - 3 ¢
rd : . - *
» . ~ ) . ! . .\ -
’ - / -

9 s b 1] s . d‘
= . L )
/ : .

Q -t . - 7 ' ’ R )
ERIC’ - T ATy L
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4y 1BV Identify thet folloWing types of engine dégign. : , o

.
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‘ ¢ . (BASIC ENGINE, PRINCIPLES AND DESIGNS
\ ’ . ©  UNIT N
N (L.
3 f’& H ! ]
" ANSWERS TO TEST
\ , e
- | a 3 - g 16 ‘_ m. 10 .
b. 5 h' 17 .o
" c. 1 .15 o. 4
- d.-9v-: 5. 6 p. 2 - -
* LU i
]
e 7 k. 14 _q 12
: 13 1L 8 . ¢ 2
t 2 Discussion’ should indlide
B . a. ’fEHergy 1S .ever present
b. Energy cannot be creattd or ;j,estroyed.
* ¢ Energy can only be changed from one kind to
\ ‘3* a. Light * T -
. b. Heat
. \
N c. Chemical w ,
d.  Electrical ° '
/’ e. Nuclear
W i Mechanical .
4 .
4 a. Potental ‘ N
‘b. . Kinetic
R ~ ; !
5 a. - _ Reciprocating
, - . b. Rotary
P c. = Linear’ ,
6. "+ a. Lever
b. Wheel and é)\(le . , -
. e - putiey |
) d.’ Jnclined plane [ )
' ("
¢ . '

. SE . 83B )
§ ' y
L
- 3
4
' .




)‘e. S’c:rew

t

. Lf. . Wedge
. [y \\‘;

s \
‘ Increase fofce

»”

b  Change direction:
¢ Change speed

=FxD7
55 Ibs x 20 ft
1100 foot-pounds :
S .
FxD _"k .
Time (sec) x 550 . b )
5 x 20
20,x 550 -
1100
11000
10

~e,

F x R .
40 x 2
T. - 80 pound feet

T «

Al
T -
]

-

Converts heat energy into usable power :n the form of 'mqtlbn
- . i B 4
- -

a

d 2
1 . e,

Description should include
Y ]

. .

Gasoline ‘eimd air are introduced (hto the upper end.of the cylinder’

b Awfuei,rmxtué 1s i1ghited .and burned, producing”heat energy

Heat energy causes tHe cy!mc’gra gases to expand

.,

Expansion of the burningsgases pushes. piston’ dpwn the cylinder

*

Downward motion of pisten transmits force .io the crankshaft through, the
conneeting «od to produce srotary motion -

208 .
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3, R ’ S A S . K
.~ Discussion should nclude: ) ,
n he » e

- - A\\

. &
ot
\ +

b. Maintain crankshaft mdtion between power strokes
i i J -

c. , Develop kinetic energy’ when' spinning -

d. Provide gear teeth . on "outét rim for staftihg ’Fnjgtg;r «opératibn
T — T T T

a. V-type . !

b. . Rotary . *
3 R

) .
c. © Opposed - V -
. N » . . oo
d Ilnline o~ : .
* T
- e. Radal ) I

a. Ar . - ’ . '

a. Smooth out. surges 'hof the power Strokeg b v Lo

-
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PRINCIPLES OF OPERATION - FOUR- STROKE .CYCLE ;s Ce
UNIT (i . K e,
‘ R e e et

, UNIT OBJECNVE ' .

T/

After completion of thlS unit, thé student should be able  to Jdentlfy the/ combonentS\ -
of a four-stroke .cycle engine, the parts of a camshaft lobe, and the types of valve i
;arrangements. The student should also be able to, discuss *the operatlon of the four-stegke
cycle engine, valve ‘timing and overlap. ThlS knowledge will* be evidenced by scoring
erghty»fnve percent on *t’mi umt test o

¢

. v SPECIFIC OBJETCTIVES . .
I._! - ’
" After completiop of this unit, the student should be able o .o
1. Match terras associated with the ‘prmcuples of operation of & ur-stroke *
. ' Cyclejengine to the correct defimitions. Rl DR 3
~ - ,.,':"" Q “ .
2 lderitify the components of a f'odr-stroke,ugeke engine. -
v <, |l ! ! . vl - +
. 3. Discuss the operation of a fours/tpa!{é cycle engine. ‘ .
o , 4- List “two" factors that determine the firing order of a multi-cylinder engine. »
. ’ £ i - : ‘ ’
. b tdentu"y" the parts of a camshaft lobe( T . ’
. B Discyss valve g0y
v ’ T / LA : N i
7 Jdenerfy types of valve a C e
J'. . * . ‘ b
N - T T O
: .. K ‘/ |
! P - s |
o . . X % }
4 ‘" -
el
. : .
- P | .
4
[N - / .

-
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PRINCIPLES € OF QPERATION - FOUR-STROKE CYCLE *~
UNIT 11l " |
+ - /“ " . -

‘ -- L
K . Yoo . .
. R . R \
SUGGESTED -ACTIVITIES . , LA . :
" . - - ' s . T .
. N : v c e
Instructor - I B S
» £
. ' M ¢ ! .
A Provide student with objective sheet: . . : ‘
. \ ’ : . ' . )
B. \Prowde,student with yaf,ormatlon sheet. _ / \ ,
’ e ) P A . f . , . .
SN o . e L . . . .
C ’Make transparkncies . 5 - ; ‘
' - s ' \ ' . c e .
‘D Discuss umit anq specrflc ob19ctr\/es o o,
" , . ' X " -~ 3 . Teve ‘ .
- E DLSCUSS m‘ormatnon sheet, - ) — L .
A e U
, F Demonstrlte location of. compon@nts om a I|ve engine. L i
‘G Demohstratﬁ the 0peratnon of the four strokes 7% a cycle . , i
H . Provrde'exampies -of the drfferent types of valve arrangements . .
. [
» ~ ’
I Dléassembre an engihe SO that stude its car) |dent|‘fy mdrwdual components
* e . g . . 9 . . s’ .
S J, Givettest e ot b ) » po -
S " N
1l Sftident o S e . . . ' .
‘ S St e San o, P ’ / \
i + . A Read objecyve sheet ' 7 A . o ‘
-° B Study mforn{@tion sheet . ‘. . .
- : Vo T
C. © Observe demonstration ,of _operation of .the four sttokes. R .
R o N , . ,
7 D Locate the components dn a‘live engine . ° ~. ., , ot
! - " ., N [y . R i
- " .  , Lt . . -
B Take test’ L Co o s . s
* . o A L
y ’ . . i
INSTRUCTIONAL MATERIALS., = - )
’ ° . ~ . . T o A . LI
P ot d 1) . ’
- ' “ ! (Y . ' - . ‘:
| Included i, this umit. . OF L. 7 ’ / ~ N
. . 3 [ . \f
- A  Objective sheet’ ‘ : . )
. ) ,. 7 " ‘ .- ‘ " ' :
U <1 lgformatlon‘ sheet - St ,
, C  Transparency” masters ' . K -1
. . 1T - TM 1 (fomponenns of a Four Stroke Cycle  Engme .
. . N < ', s .
r 2 TM, 2 Four Stroke Cycle 7 Lt .
] . , . ) :
. e oo : ’ o > )
- ! . 21 1_ , . i
> ) -
.« 4



aa

1
+ 908
]
v, .
- ‘,
i
. .
'
)
’
AN
.
.)
el
Py
. ’

LRIS

0 -

£
A

TM 3 Valvg; ‘Action on !ntak Stroke

Aa .

TM 53/@*\/9 Action on Power Stroke |
, ! T

™ GgNalve‘Al:tlon on fxhaust Strpke

@

TM 7--Cam Lobe Contour Design

A

“TM 4 Valve Action on Compressnon Stroke

A

Y

. . _
8. TM~8- Valve Timmg-and Overlap )
9. ™M 9--Valye Arra‘ngemen‘t's' Fa .
. D -
» D. Test . \ I
E " Answers to test ) Tt Y. ) T
R : . 4
N C v I
References ) : . Y ‘
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Comporents of a four stroke cycle engine (Transpa'remcy 1)

: . 1 . -

-

Al ’ . ,
Cytinder block . S ]
* N
C\,hnder'hpa'd . .
Pisthon / .- )
. } ) 5
a Lor/}r\‘em'ng rod . <. ' .
. 5 , -
- hd - .
’ - a
. ‘ . ) . '
213
' -
- . . -
’ e ® ~ v
[ 3 ) < R .(

v

v . - . .o . ’\ ‘
e to . o SE
- ‘:). ' t -
. i - 4 N bl ’ X b
‘e - : N B - * ¢ > [ *
»
PR!NCIPLES OF OPERATION - FOUR: STROKE CYCLE -
. . UNIT - . . .,
- ' 3 - ’ P ' L .
<, INFORMATION SHEET ° , v '\> L
\ . . ~ . . . N
Terms and,deflmtlons - ¢
‘vitake stroké Downward “movement of piston Whlch berm:ts tiet-car
m.x;ure tf enter cylmder S 2
‘ [
o - a ‘; . ,
"B Comupression stroke Upwggd_rqovemenf or piston which compresses fue' an
Y ture . \
N ’
G+ Povver strok~-Dov r‘ward pis on m memem cadused by,syark ignition "of
T compressed fuel-air maxture o
. a ' ¢ w o
L - Exhaust stroke Upwa(} piston moverrent which expels-blrnt cases from .
Cyhndpv‘ . - ;‘ p .
B, Vaiva Dewcp fo‘r nernately oper‘\mg and c'osmg 3 passade .
. ~ N - B ‘e ’
F Vintake walve - Enqme conv;)onem Yhich opens™o allow tuel-air rmxfue 10
enter cylinder durlr* mTake stroke ¢ ‘.
. . =, ,‘,: ‘
G Exhaust valve Er*qme cozﬁndwent which opens ddring exhaust. s*'oke\and
allovss burnt gases to be-expelled from cyhinder © . -
i 4 ! L)
H. Qveriap Buet beriod when both” intake and “exhaust valves are open
e N ’ N =
l Can obe Off center or eccentric eniargement on  the camshaft which
LOcLtts fotary PYOLOR T recipr@eating motion for omerating a vab.
o . . p .
J. Gamanaft Shart ek contains lobes or carus 1o operate engine valves
. LN . K . o ) :—‘ . \n .
K Viae o fer o otapg wqt Push rod o1 plunger plated between the carm ard
' Ve ver @ oon R mgnm: o ' ]
% 4 ,
- . v .
L Vaive seat Matched 'surface upop®which the valve rests
. a . ’ .
<M Vaive sonngr Spring eptacked 1o a velve to return it to the seot
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._the cylinder into the exhaust manifold

NOTE The complete cycle takes two rotations of-the.crankshaft

*or 720 degrees of rotatidn.) ‘¢
.. ' "”:_s -~
Factors thay deterrmide the finng order of & 'multi-cyiinder engine .
Cesizn of ine cré\ksha‘ft ' ! ~
Location of the cams on the camshaft . .
% .— * - ’ ) ’ : el !
Coms ®t obe (Transparency 7) 6 ‘ e -
RALY -
)
vO35¢ *
Flanw * !
rd
Base crcle ) ¢ ‘
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Vv tmung ondd pverlap {Transparency 8) *
ARG {E Valserangles given below are approximated, the actual ar}gles will vary
chey seperding upon enging design ) ’ )
. -
O tr

take .atve DOpens a;)proxmately 15 deyrees before the intake stroke
3 remains open through intake stroke and 20 degrees mto
. crnression stroke

arre!

i intake valve 1s open approximately 235 degrees of the 7?0 /
o) . L e

i

L0 ?: The
:(} e a [l
T

»acet vatve Opens approximately 40 degrees before the exhaust stroke

IN*gre

stroke r o :

IDTE, The. éxhwa'ct Valve s open approximately 236 degrees of the 720

L deare cycle ) . .t .
. . : S
¢ S tvevn-tan Bothtmtake and exhaust valves are partiatly open, the intake
c1Le i alarting to opAte while the exhaust valve 1s not yet closed ’
~ N ) » -
I -

)

Gut s and remains open through exhaust stroke and 20 degrees into the -




94-8 L. ' . .
< ' ) . . . /

, - =
& 3

S - .“QFORMA'TION SHEET, = SRR .

. , :
‘3}?’"‘ R, = LE > T e ‘ ‘ ' ‘ . T, =t £

5 S , ' - <L ‘ x .
4 Vil. Types of valve arrafigements ,(Trar)sparency 9) . L .

-
A

A.  L-Head : ‘ '
~B. FHead . | . :
A o 'T-Héad\} - ‘ a , : .
. ’ D.. |-Head e \ - .

. E. Overhead cam ' . o

l , e

L 4
. - -
: 4 - -
- s .
.
e‘.
w i M *
- . .
© . . . . —_
+ .
' A
*
. . -
v . . .
- I '
- L )
. : ./ . |
- - <
. . i y < : .
q / -
L]
< R
. - P
' L]
o a )
. T .
S .
. —
? " 4 . - .
’ Ly . ;
. -

s .
. . - » . ’




, . . 'SE-95B

"O,'
. R A - ¢ g 5 .

4

o - COMPONENTS OF AFOUR. STROKE CYCLE
o w0 ENGINE - .,
N ' r.PIS.TON' A

D1 .. SPARKPWUG CYLINDER HRAD

-/ SVALVES,

< CYLINDER
BLOCK

!
‘ . ) - T " ] t:l 17 . R
I VAtVE spmNc;---_,\».h/_> | ‘1// )

T~ CONNECTING

- ROD
CR'AI;JK/SHAFT
| ~.
™~ ’_ , \
\ e ~
- 7 - ‘
® ~. —

TM -1




, / hl ; . :
* v .~ SE 4, 97-B
nz v - ” . - L .
. . - | " - * ' | -" -‘ .
@ .. > _FOURSTROKE CYCLE |
N FUEL AND || OPEN. | E\)I(:&téﬂl( ‘ e v L
RS AIR FROM
CARBURETOR o ) ctosep '~ | INTAKE ' EXHAUST ‘
~ k4 ——— | VALVE VALVE
- ~ == CLOSED CLOSED | ¥
| ; | [doNNECTING]
' - , .ROD
T : 4 . CAMSHAFT -
‘ CAM = ‘ ” e .
) - [CRANKSHAFT ERTEE ERE R
& ' — - . =
PISTON INTAKEsSTROKE - PISTON COMPRESSION: STROKE
, ( { : . , ' .
. . \ ' . ‘-;’*
L e
. ' /"‘\\ ' .
. : e > ~, IS .
- L - . ) A _
. INTAKE — EXHAUST| | INTAKE . EXHAUST
VALVE VALVE ALVE VALVE
CLOSED - fLos;D SED -l OPEN
P ’ . CAM
r 'n = '
Tl - . T
4 - i i t ‘ \
-PISTON POWER STROKE PISTON EXHAUST STROKE
o . ) N
/ ~ 01 g »?
- //~ . - i
} T™ - 2
- [ ] .
“




-

-
[

A : . t - d
L INTAKE VALVE OPENS “.T.D.C.

¢ ) . . ,’ * SE'

-
L) ' \
b !
’
]
7
-
¢
.
A
L
- 1 4
A
- L.
..

» VALVE ACTION ON INTAKE STROKE -

99-8

g



—

L

4

INTAKE VALVE CLOSES
. . |

E

T.D.C.

[N

) -
-

INTAKE

ey

-

@ “VALVE ACTION ON COMPRESSION STROKE

SE - 101-B




o e SE - 1038~
o | o | o . |
"'VALVE ACTION ON POWER STROKE

o T.D.(/‘

Y |

' _.SPARK OCCURS
AT OR
BEFORE 1.D.C.

—

INTAKE

P

. EXHAUST -
VALVE
OPENS




@  VALVE ACTION ON EXHAUST STROKE

]

-

.~ . . T1DC

-

‘ o 'S
‘ - ‘OVERLAP

COMPRESSION

'« & BDC.. - -

N C CTM -6



¢ . - o
. - ¥ E /\? ~ SE - 107B

~

@ °  CAM LOBE COMNTOURDESIGN °

" P

-«

BASE CIRCLE

. %
~ . A

-

(34 -
s
\’_ i
’ 4
ot - Y
% l. -
- -
/ © . f /
- ' - ‘, ! B
. I . A
/ ‘_-A——j .; .
-, [ .
. S vy
.. ;
’ : I ’
Qr v ’ l'
v Py * ,
® \
‘ , ’
( - - T

. /; /_z' . 22r

ERIC

Full Tt Provided by ERIC.




‘\‘ ' ) ”
4 .
‘ *

N

SE - 109-B

A 4

: . - \" . ) ' v S | .
'@ . VALVE TIMING AND BVERLAP
T ) . . " - . " . ( ., . . 1 . (// R
~ TOP DEAD 'CEN'TER"—_X S
INTAKE VALVE | ., . EXHAUST VALVE
- OPENS L\ |+ &———.CLOSES

. EXHAUST VALVE ~
\<e———— OPENS




111-B

SE -

—

VALVE ARRA

'3 o P : Z ) :
MA\\ _I‘I it : mﬂﬂ Do 1T A

-Y; amm -
R o

NGEMENTS

i F-HEAD

4

225

. L-HEAD

___

| I-HEAD -

I

T-HEAD

._.mmg_‘_nrllaﬂl

>




23 , b
L ,
F .

7
.

.

-

¢

1

PRI

¢ v

I 4

NCIPLES OF OPERATION .- FOUR-STROKE CYCLE ~

UNIT i

TEST » -
4

NAME

Match the terms om the right to the correct definitjons.

L. . . L
a. Spring attached to a valve to return it

m.

.

to the seat

Device for -altefnately opening and °

closing a passage

Off-center or eccentric” enlargement on

the camshaft which~ converts rotary.

motion to reciprocating motion for
operating a valve

-

»

1.

2.

3.
4.

oy}
—_—

6.

Brief period whén both intake and |
— exhaust valves are open r

7.

Upward "movement of  piston whnéb

compresses fuel-air mnxfure .

Downward movement of piston’ which

permits fuel air mixture to enter cylinder |

Push rod or pIunger placed between the’

cam and the valve on an engine

Matched surface #on whigh' the valve
rests S

Shaft which contaiQs lobes or cams to
operate engine val\ves' ‘
Engine component which opens during
exhaust stroke and allows burnt gases to
be expelled from cylinder .

Upward piston movement which expels
burnt gases frorp cylinder

Downward gfstom movement caused, by
‘spark 1gnition of ¢ d fuef-air
mixture , ‘

Engine component which opens to allow
fuel-air mixture-to enter cylinder dur{ng
«intake stroke

- 226

fs'

“ 11

3

12.
13.

Exh:;ust valve
Power stroke
Vaive seat
Camshaft

Intake stroke

Cam lobe .
Valve

Vélve sp'né’.
Intake ‘valve, .
Overlap' a

Compression

‘stroke . .

Exhaust- stroke. -

Valve lifter or
tappet
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PRINCIPLES OF OPERATION - FOUR-STROKE CYCLE -
‘ UNIT (1l : ’
3 - s '

ANSWERS TO TEST

a. Piston
’ 9
b  Cylinder head
P
Cylinder block
Connecting rod
' Crankshaft” =
Cam lobe
Camshaft’
’ Val've hifter

Valve spring

i Valves

Discussion should in¢lud

7~

&  Intake stroke

’ 4 -

1) _Cycle-starts with piston at uppermost position in cyhinder (TDCL,
‘with ntake valve open and exhaust valve closed

\. ) . / -~

2) As the piston moves down the cylinder, 1t draws air-fuel mixture

into the cylinder from the carburetpr

When the piston reaches -the bottom of the cylinder (BDC), the
ihtake valve closes . s 3
- s 4 e

.




»

Compression stroke

' . . :
1) Air fuel smixture 1s compressed tightly as the piston moves up
the cylinder - ° .
o S

2) . Compressnon of the fuel creates heat which prppares the fuel for
'mstant \gmuon > .. .

Power stroke

v

1 As the piston reaches the top of the‘cylmder on compression

'stroke, a\spank from the ignition system ignites the air-fuel
mixture . :
2} ‘Burmng gases expand very rapidly and force the piston down the
cyhinder
- . ~d Exhaust,ctroke _ - . — ,
. ) . s |
. 13 As the piston reaches the'bottows of the cylmder on power stroke, - ' .
- the exhaust valve opens . . . " ) |
ie o v ) o .
/ 2) Prston‘ travels up the cylinder, ?o?cmg tne burned gases out of b |
- . T - the cylinder into the exhaust manifold ’ /

- ) . . Gy . ! / ' s //«‘
4 a. Design of the crankshaft . . ! . .‘ ’

. b Location of the cdms on the camshaft . P . T -
. ' - . » .-
. . . - , N ’ -
5. a. Lt _— ' - (
B N \5' g
& - . . .
- ¢ b  Base circle. . - . .
- ’ L : -
¢  Flank ‘ . . - . ' # °
. . . Yy - - o B
’ d Lobe . . - . -
e Nose . ' ] Lo
‘ ’ - N . . P
6., Discussion shoudd include . “*a . ) ,

pens approximately 15 degrees befofe the intake stéoke

begms and remmains open through intake stroke and 20 degrees into

o compression strokey ~ ¥ .
. . . g - -~
. . Exhaustsvalve Opens approximately 40 degrees betore the exhaust stroke ‘- |
./ < begins and remains open through .exhaust stroke and ?0 degrees into the « - |
. intake stroke ) . . |
’ . |
) C Valve OV8!|dD Bcth intake and exhaust valves are partially open, the intake . "7
- . valve- 1s starting to open while the exhaust valve is not yet tlosed ' .
'y ’r/ - ? Y * ,l i
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. oS PR|NC|PLES OF OPERATION - TWO STROKE CYCLE .
: . . . UNIT AV . .
. .’ . Yo N
. . o T . UNIT OBJECTIVE . Do
- . ) - - . " ; * K "
) " ! 'After comp|etuon of th|s unit, the student shquld be able to |dent|fy the ‘components
- . “and discuss the operatson of a two-stroke cycle engine.. Th|s knowledge will be evndenced ’
b, . . by scormg _eighty fnve,perce the untt test )
! ‘ LN . ' L
‘ . - ., . 3 . > . e e o 4 ~ —
- . . §PECIF|C OB‘J‘E(:.TWES'.” ] o . :
. %‘ v ! . \.‘ * . '. A e
- ) - ‘ ' -
~~3 After completuon of th‘tumt the student should be abIe to . .
- : ‘ ’ T
\.7 / v 171 Match terms assomated with two strokel cycle éngmes to the correct -
‘ tL defrmtnons 3 ~ e . v )
¢ s » Lo, . - g ) . - . . ° [
Y. :’ ) Pr 2.& Identify~the components of a, basué’} roke cycle xngine. '
.- * ' N r S
. -3 *Discuss the operarnon of a two stroke cycle engme =
. -o r . } . R e
- 4. Iﬂentnfy the types\gf va1ves that may be used 11t two- stroke‘cycle engmes 7
N - .. |
. ' 5. Select the faqtors which determane trmm‘g on a two- stroke cycle engme - _/
- e - 7 <. e U 4 . . .
v ) 6., Dnstnngucsh betw’éen crossjg:aVenged and r{)op -scavenged two-stroke cycle = . R
S engines. L . )
» a4 ) ' 3 ) ] ' . LAV
., - , A “List features whrch make a two-stroke cyc|e engme preferablg for rhany . Y
o , T aep‘hcatnons- Cae e . - ., - | ‘
‘ o . "% 8. DlscussMportance of correct exhaust system deéngn on a-rwo stroke .
A / RO cycle engme. s ‘K o ' CoL - . o \
I . " > = E ' | g 1, T " ) A , \ v
L o VA o .
d . 4 \ % ' . ) - . ) ; ‘- \/t ' !’.
. » R LRSS ,' ‘e n 4 >t L o ® : - .
. D . . t . \ P N
c" ﬁv _ ~ .\'~ ﬁ- . ,.' \ v * . / N .
i ’ i . - L . . Vo yy ' £
. \ . . - .
fl \ ) > . R X [y " . .‘ l © ‘
—. "t “ . . _— , ; ' SN JRNIPE
' .. . , ~ { . B PARE + 1 a N } ‘“, L '
“ ) ' \ b a DT ‘
’ ' ‘ ’ ) e : ‘ PR , +° -t i
3 ;“v- ‘ ' ! ;r » : ’ ' ) ) = -' &
1N . } - . + \« . N _ -
L - [} - > . . T -
.y * . - % v ‘ ) - .
Vant R . -~ ~ . . .
~ / S ae 5 R . -
14 . . ‘ ~
v ’ / : . 234 - . oy | .- )
N O e . ' v .
EMC . ) 1] ' [y ~ \ - ' .
. R ) . Y.t . , " .
: C - . . ' . 4




LRI

ae

i

- “a UNIT IV .
T . . . P -
X, .
SUGGESTED ACTIVITIES ! -
s - -
- { * ’ . ) . - A’)
f‘-}‘ Instructor: - . ) . LS
‘., /‘-{‘—5_\\\ N - .
A. /Provide st}deqt with objective sheet
| e
“B , _Prowde student with information sheet - ‘
<« . S t N ) ) °
C. Make transparehcies.’ , T
NN [} . - . ,
D. -Discuss unit and specific objectives . -
- . T . ' t S\
E.  Discuss. information sheet ’ .
‘. e - ! . »
, +~ F. Demonstrate »!ocatlon'olf‘compongnts on" a hve engine. )
G. Disassemble an englpe so that students can 1deftify individual componen'ts.
-4 H. Provide 'examples' of reed and rotary, valves. \ . . ’
o ‘ - ,
n | Provide .exar'npl; of cross scavenged and lodg-scavenged engines
. D_embnstrate the use of correct and incorrect eXhaust system destgns.
K. Give test g . ‘ ’
. . et ' ’ .
M Student . . . N
1] —w hd . . . ’
o .
- + ¢ pes .
A Read ;ﬁétwe,,sbeet, o o
] B Study—imformation sheet , )
. 0 ’
< *C -Lpcate ‘components on a live engine \ .
- D  Observe different types of valves. \.
Vo Lt ) o ' :
E  Observe cross-scavenged and,lqop-scavenged engines.
F Take test, ., ‘ : . .
‘ ‘ : . ) . '
- —ﬁ‘ - . R ’ ‘, . (”/
s \ . INSIQUCTIONA!; MATERIALS v .
'4-..,..--' i : : 8§ . N P . t
. 1. Included in this unit s s ) . T
. e . \ ) . oy A ' RN . g
K Objective sheet - - >
‘/‘ ‘, 13 " M -
B , Information: sheet o o ’
. R . , ; e ' I A
! - € . ‘—0
. . . R -
.. . v 4 . . LT )
e
. - 235
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- 'ﬁ 1 L
» - . . - rv * . ¢
C. Transparency masters i
v 1 ' TM 1 -Two-Stroke Cycle Engne -
. . 2., TM 2 -Operation of the Two-Stroke Cycle Engin’e
# . : .
-~ 3. 'TM 3-.Ree® Valvest . "
. ' 4 TM 4--Rotary Valves and Pnéton Port -
B I N
* 5. TM 5--Timing Essentials
~. 6.  TM 6--Design Variations , ' _
! 7 ., TM 7--Exhaust System Design .
‘ D. Test ) )
’ E  Arfwers to test . ‘ T
» . ' ., ) e
Il References P ‘ Q
. ey ‘ * .
A. Roth, Atfred C and Ronald J. Batrd Sma/# Gas Engmeg South 'Holland
o IIImous The, Goodheart W||COX Companyf {nc 4975, .
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. ,B. Small -Eng/ne Service /Vlanua/ 11th Edition. Ka.:;sais City, Mlss‘burn oTechnlcaI
. Pyblicagons Dwision, Intertec Publishing Corgoratlon 1976 .
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‘ . PRINCIPLES OF OPERATION - TWO-STROKE CYCLE -
"

. UNIT IV
G‘ . B g
- v O ) . ‘
o ‘ . INFORMATION SHEET
1 Terms and definitions ' ) T

i . - " A Portss-Openings in the cyhinder wall which allows the fuel-air mixture 10

) ) enter aftd the exhaust to escape _

P * .
- "+ B Transfer port--Passage which allows movement qf the fuel-air mixture from
{ the crankcase into the compustion ¢champer
. ) NN t

—

: C  Rotary valve-Fiat circular plate Wwith p/section of the plate cut away that_
operates between the carburetor and the crankcase ,
z ‘ . -
D Raed .valve (ieaf valve)--One way valve made of spring steel whf!h allows .
the fuelair mixture to flow in one direction only

, . . - E " Crankcase pressure--Pressure bunlt up N the cranbcase by the dowrﬂvard
movement of the piston

.
v

(NOTE This causes the fuel air mixture to move ‘nto the combustion

: ) B hamber ) . ~ s
- ’ ° , - . 0
. = C'a”kcaa, vacuum Negative crankcase pressuge created when piston moves e .
) ‘ ) upward in cylinder . ’ |
Rt v el “eo
! |

Expansion chamber--Exhaust system specially designed to Drodute
naximum horsepower at a.specific RPM range ’

o4

K

, (NOTE e two stroke ovcle engine may be referred to as a two cyclegngine )
1 b . . :
: A C\,/hnd;Er . BN
. B Piston ' ’ £ -
G Crankshaft .
Lo . , . . .7 .
! o D. Connecting rod . : [ o -
.. Nt ‘ : .
) E Cyhnder head - .
o - ) . .
- F  Crankcase - y ! . _—
¢ ' ) (NOTE The, cylinder and cylinder head may be- made as one- piece ) |
. Hi ratioh of two-strékg, cycle engine ‘T4an§parency' 2) . — ‘
- — . - ‘, ;
' “' ® A~ Piston moves up 1n cyhinder drawing fuel air,'mixture nto crankca?’e . ';, <
- . ~ . ; .
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T - "INFORMATION SHEET - ‘ -
' " ) S e A o - Tl

-

B, Piston._moves dg)/vn cylinder, p?e55ur|2|ng mixture in crankcase . = .

~. ) o ‘

. N * N ‘< . *' . N . . . .. ‘
.. C. Piston moves past transfer .pdrt allowing pressurized mixtur®to move Into i |

' . combustion chamber : . P ’ \\ |

.

\ . . 4 - ‘ ~
v ) : . |

D  Piston moves up in cylinder again

¢ ” .
. ; . . ' . /\
’ 1 Compresses fuel air mixture . .

. ‘ M . . . E
. 2. raws more fyel-air mixture into crankcase
E  Spark plug fires ¢ompressed mixture ' -
, . . ' ) . . )
, F Combustion moves piston back ydowe cylinder .
1 szton unc0\§rs exhaust port as it nears bottom of stroke aIIowmg 6
exhaust to escape L
' \
. . o o
2 Piston uncovers fansfer port as it moves neafer bottom of stroke .

allowing fresh charge of fuel-air to enter combustion chamber
G  Piston starts back up cylinder closing both transfer and exhaust ports ‘
IV. Valves used In two-stroke cycle engines \Transparenmes 3 and 4)

. \
»
' . . 3

A Reed valve . ) y

3 [ k
B Rotary valve A v ‘ . J ’
. ' ‘ , . »
* C Piston port” ) >
’ . N t . ‘ . 1y
. \ - [} M
V. +Faciors which determifle timing on two-stroke cycle engihes (Transparency 5) .
' ' s . ) LN
. . ‘ ¢ § v
A . Location of intake port ) ,l ) PR . ',‘f /
4‘ . 5 - .
"B Location of ‘transfer port . B
C Location of exhaust poit A - .
" vI ¥ Design variations {Transparency™6) . co
> A Cross scavenged -
o -1 ': Specra! paSﬂSn M’; ac{b'“’
. . P N \ .
S 2 Deﬂected, m air charge i
* ‘.f s ’ ’ Y ‘ f . ~ . B
' A A everﬁed fromd gomg straoght out exhaust port . R .
| e “ Az Co ;
. $ e -:"‘ / . . \\
P uﬁ.,,;"-“ * ! . s~ !
N £ i O . 8 ™~
- :-\ «’.N( '”l‘ 23 .
NP . .
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INFORMATION SHEET -
B. Loop-scavenged. '
. o .
1. . Transfer ports shaped and located so that incoming fuel-air |
) mexture ‘swirls
. . o~
2. €ontrolled flow of gas helps exhaust out and new charge to enter
- . - - . .
« VIl Features which make 4 two-stroke cycle engine preferab[e for many applications
A Simple design ‘ v .
B. Lmht weight @ ’
C. Smaller size, for equivalent hprsepower f ‘ - - .
D . Adequate lubrication in any position
A\ ’ :
E. Continuous supply of new, clean ol to all moving parts
VI Correct .exhaust, system design (Transparency 7)
A Scavenges all exhaust from combustion chamber
L] B Aliows new fuel charge to move into combustion chamber rapidly
= C. Sound waves hold fuel charge momentarily while exhaust port is open

=
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- Cylinder Head

Cylinder —Piston

@®  Connecting Rod

Crankshaft
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- Crankcase
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OPERATION OF THE TWO-STROKE CYCLE ENGINE

EXHAUST

COMPRESSION

POWER

: INTAKE




VACUUM IN CRANKCASE

<«

‘7

)
/

 ~REED'VALVES

— INTAKE MANIFOLD
~ /—FUEL-MIXTURE

/

_REED
HAS OPENED

PRESSURE IN CRANKCASE

~

-._\—REED .

CLOSED

?

e .
S N vz

OUTER '

1 CRANKCAS L
\ (CASE WALL




-INTAKE PORT e

hY e (’
; 137°8 - -
Y - SR ’ - -
ROTARY \/ALvEs AND PISTON PORT .-
| ROTARY VALVE R
; i
4 . . " ROTARY
- VALVE -~ .
{ <IN i ) Fuuy
\ g COLEN N ¥ “
v ﬁhgﬂﬁm -
: FIRING CHARGE IN CYLINDER
EXHAUST PORT — .
(ExH 5 RN N o
q ~* |} INTAKE AND COMPRESSION

> STROKE -
"TWO-STROKE CYCLE

PISTON PORT ENGINE




. TIMING ESSENTIALS

-

EXHAUST PORT

EXHAUST PORT

b

TRANSFER PORTS ;
245




'@ | . DESIGNVARIATIONS .

o A
- TRANSFER PORT f/é

< O <1 DEFLECTOR DEFLECTOR
PISTON - PISTQN -
" REED
- - .VALVE
'CLOSED\X, /. ' . ROTARY
= CARBURETOR AND VALVE .
CARBURETOR ; ROTARY VALVE - bisc -
) - =y
, CROSS SCAVENGED
. ) “ ' /. &
» ; -

INTAKE

' CARBURETOR £
p—
' IN - AUXILIARY .. .
, TRANSF OR‘DTRANSFER,_PORT— -
. - LOOP SCAVENGED ot = " Ly
. | N S ‘ L
> ) ) : . . . ;

O ‘ ' ) ' , 2‘16 ‘e K TM" 6

'

- ’ o2
f
- LA . - - \
4— - ’ ¢
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HIGHER PRESSURE -, e C RECT
NSIDE' ° T LOOP ACTION QF iUEL CLEANS

" CYLINDER .- | OR SCAVENGES BURNED GASES—..__
_ . >/ALSO HAS COOLING EFFECT

LOW PRESSURE 'Y

",a<

' EXHAUST"OUT .

L SCAVENGLNG EFFECT ™ . SQUND WAVES
TRANSFER PORT =~ . A\ " CREATED -~
PULLS NEW FUEL . Eﬁ BY EXHAUST
CHARGE IN-FROM . REFLECTED SOUND WAVES,

?F‘}NFCAiﬁg HOLD FUEL CHARGE IN CYLINDER
: - . ,.; _

© WITHOUT BACK PRESSURE
FUEL CAN GO'RIGHT OUT INCORRECT
OPEN o ot s+ g
HAU . IF, PIPE IS TOO LONG, SOUND WAVE ENERGY CANNOT
|- REACH. EXHAUST PORT IN'TAE 1O HOLD FUEL CHARGE IN.

— <'<~<<((’?>>)>)‘

-~ TFUELWASTED .-~ .- o
—= P | © SOUND WAVE
oy R .. e . ENE_RG\\;r o

=, : ' TOO FAR AWAY
ST T o, '

"1 OVERSCAVEN iEFFECT T ‘
#%  ~PIPETOO LO | ' L -f N
OVER&&\VENGING FROM WRON/G/LENGTH’O"F*'EXHAU ]’:PIP‘E;f‘*
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. . ‘ PRINC|PLES§)F OPERATION TWO- STROKE CYC‘EE o .
: ) UNI’T V - . . “
. - " : . . - . VLo
. o e e e 2 B
. . e ) L. ; ‘ ' TEST” ' s g RN XN '
. - i - l N ~ ." .
. s ‘ . . r . ,»
A 1. Match the terms on the right to the corr,ect deflmtlpns . :
['4 ( g R 3 w - [
. t . , -
. a. Pressugg built up in the crankcase by the . 1.° Transfer por¢ * .
. " o downward n'bvement of the’ p|stqn . : R
.- X . 9 . : ~2. - ‘Reed valve o
. N ¢« N b. One way valve mpade of spring steel . (leaf: valve) . ,
Y o ' which allows the fuel-air mixture to flow ) - » .
- ‘ oot in _one direction only ; - 3. Ports.” ¢ - .
. .~ v ‘ B ! [ ) - -
(S N - - f , ¢
N c. *Openings in ’ cylingder wall_which 4. Expansion
) Lo ' i -allows the “fuel-air mixtdre to entér and ‘ chamber
the exryaust to escape - A - »
. a . J
- 5. Crankcase ‘
d. Passage whnch aIIows/,movement of*athe pressure .
. & . fuel-dir mixture from® ‘the crankcase into ) 7
) _"the combustion chamber . - \"u.‘ 6. ' Crankcase
' v, » vacuum Vo
) e .Flat curcular plate. with a section of the ‘ N :
' e ' plate out away that operates betwe,en the ¢ : ‘ Rotary va|ve MK
) carburetor ahd the crankcase . '
3
. an N \,2( . . i
e b Cf ‘Exhaust system specially deslgned to - N A .
- ‘% v . " produce maximum *horsepowers at-a . . T ! - T
' A specific- RPM Jrange o . N [ TS ‘
Yy * . " -t . - ’ ) -
. . . g. Negabtives crankcase pressure created’ L
g a o~ T when piston roves upward n’ cylmder R B ) A
@ s T, . - ¢ = ‘ ' a " . - . -' °
. B ol ; ! . . - . ' — > N 4
L . - " 3 L4 CXS
- ’ .. " - . 2 1 . i ] . LY ¢ . .
s ; .“ e - i * - - . ' 0 . '
| . y - Lo~ . " )
’ ! ‘ = f . “ . . ! y ¢
’ " - " b . ( . i :
( %, . - . - .
* 1 . » .
. L] .
X ’ ' r . Y * . .
. ~ . . ‘ - t , -
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‘ . o . . ~ - » .
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. . 3. - Discuss the, operation of a two-stroke cycle engine.
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4.

by writing the name of each in the appropriate blank.

Y

E_’ oF ’: A . , — . I . . 1
- - [ . SE - 1478
- , .~ r K3 . ' a . |
AT 'f_a,a “',: ~ ¢ . . . -
. IR e S S ‘
. e e . . K
Identify the types, of, valréd-that=may- be used #n two-stroke cycle engines.
L e ~ [ - ) - -
4 0;" " ‘. i N
i ) :
- A \\ R .
I =~ = Tt ’
' s ¢ ‘F....—..%
e o 3
I
Ty . '
s . |
= LI} }
;‘, . e — i .'} .
- . - /
w . /
[ »‘— B ‘B ~, //
~ -» , - \;'\\/ &
] . » .
N . -.‘ ‘b - c. ! v
- - - v
Select the .factors which determine timing on Q’two-stroke cycle engmne '
- - ’ - \
a. Location of, transfer port ¥ = 4
U . . ¢ - M
b- Location ldbe posrtions N L ~
¢ Location xhaust valve , -
d. Tocation-of intake port
[N . s . -
e. Location ofaexh.qus.t port . -
:. N R el . 4 ., - ) N
Distinguish betwe€n. cross-scavenged and loop-scavenged two-stroke cycle engines ) "




c . . . «

. - “
’

B& three featums which make a wo-stroke ‘cycle engine preferable for many =
) ) » )

Discuss thé «mportance of correct exhaust system design on a two-stroke cycle
.
¢+ gngine
¢

.
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PRINCIPL,ES OF OPERATION - TWO-STROKE CYCLE
, . .. i UNIT vV D e,
1 : ) o N .
LS . . . :
. . ANSWERS TO.TEST . . .
. - ‘ L] i \ r
1.7 a, % : e 7 o '
b. 2. i f 4 Tk
‘ - - * . -
C. 3 g 6 a j
- . 1 . N
. d.‘ 1 , , . ’
2 £ Piston . . e ) .
. A : h ' . . -
b.  Crankshgft o . p - éoL
. . . . : » Ld J\ . . . . .
c Connecting Yod * C - .
. . R | . '
d.. Cyhnder . . T Co
g . . ) v . ’. .
‘e Cyhin head - ' LN
. L ] Y y . .. N - .. . ., . 3
- ] ‘ - - . N
f . Craffkcase - ) “ . -
“ - % . . LA * oy R « >
) . . ) > r 2
3, DISQUSSI’ should include: C g | ‘
a  Piston moves up in cyhnder drawing fuel-air mixtuse into” crankcase - ’
b. PTston moves down cylinder. pressurizing mixture_ in~cr-ankcase * ..
. c Piston moves past transfPr port altowmg bressmnzed rmxture ‘te move into .
' combustion chamber . . ' R N
d. Pistorn moves wp in cylinder.again ’ ’ o
~» - 8 ® . -
~ g N ‘. - X . W 1 ' . -
1. . Compresses fuel-air mixture o » o >,
. Fra R : ] -
4 L.
-2 DraWS more fuel- ar mixture into r‘rankcase e
- . -
. . 4 R Q [ ‘ -
e Spark nlug fires compressed mixture - S P
. L) . . . ' .. .
1 Combustl%n moves piston back down cyﬁnderj D
1° Piston uncovers exhaust port as m,ngars Qottom ofstroke aNowmg <
; —~  exhaust to escape \ 3 S A e .
/ Y LI . N '
2 "Piston uncovers transfer port 2 it moves.nearer béttom of stroke,
allowing fresh charge of fugl-air to enter comBustion chantber -
» A LY DA . .
g Piston starts back up cylinder ~closing both transfer and exhaust port§
4 . .
7 P ’ . N ]
Y .g”’—‘ - . ) < . .' ¥ o
b . . .
L} . * ‘ ’
. 252 .
¢ ] - - . §
. ' ! -,
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Rotary

-

Reed
Piston port

d, e :

Crgss-scavenged
Loop*s¢cavenged
‘ Cross-scavefged

d Loop-scavenged. '’

vt \

Any three of the following K

L N

a Simple design

b.« Light weight
N )
c* Smaller size for eguivalent<horsepower

-
-

] LR R e
d- Adequate lubrication 1n any "pobrtion

e Chntinucus supp' of new, clean ol to all moving parts

4k
Discussion €hould include

—_ .
a  Scavenges all exhaust from combustiqn chamber
. ] » .

b Allows new fued charge to move into combustion chamber rapidly

.t '

Sound waves hold fue! charge momensartly while exhaust port 1s open

' +
{ .

- 1

>

3

)
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BASIC ELECTRIGIT MW ) .
UNIT |~ T :
! UNIT ‘ .
*  UNIT OBJECTIVE -
. \ .

- ‘

Ao

L]
After completion of this--unit, the sm,dent should be-able to dis¢uss types af current
and the relationship b*etweep electricity and magnetism ‘The studlent should also be able
to identify types of electrical circuits @and demonstrate the ability to solve problems usmE )

ohm's law Titis knowledge will be eviderced through demonstratidn and ‘by‘scorin
eighty five pefcent on the unit “test : ’ )

L] ~
N7
]

. . - . hd
€ - * _ ,~ »
SPECIFIC OBJECTIVES v . '\}
) ‘ " . ) ¢ \” L
After completion of this unit the student should be able to, Cw
: -
-~ 1 Match terms assocCiated with basic electricity to the correct defimitions
« R N
2. Select sources of electricity related to small engine repair * . .
3 Select parts of ‘a b;}é»rcu'lt ' ) ' ) B
. 4 Distinguish between good conductors and insulators of electricity
- < N R .
5 Discuss direct a@gi alternating turrent ' , . '
. -
6 Explain why copper 1s vadely used as a.conguctor . : .
b o ' . 4 \ .
7 Match the basic circuit terms to therr uryts‘ measure | ,
a - . [ ]
. e L aat e _n '
8 Math the hasic etectiical schematic symbols togthe corrects names :
9 Match the letter -esignations used in ohm's law to the correct t‘ern!s,
10 Draw onm's law formula in tniangle. expression . “
. t / LY
, : . . W .
. " State ohms Jaw' in letter formuia for calculating voltage,. current, and
resistance T . . e
\‘ -
A ' - .
12 dentify three types of electrical circurts
13 . List three rules for series circuits . )
~' - s s N
14 List three rules for parallel circuits
. . .- 1
15 ¢ Select factors effecting resistance n a conductor
254 i e -
- -
. £l N '\»
&
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17

18

19.

20

2%

’

"Explain/ twgfways an
/

./
N
Select the characteristics of magnetism.

Py ’

<
iron bar may be magnetized.

Discuss the %elationship between electricity and magnetism -
f’/ !

-

Selecy’ factors that deternuné the magnitude of induced voltage.

Select instrunfents used, v chrecking electrical C|.rcu1’ts.'

Solve problems using ohm's law formula
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BASIC ELECTRICTY ~ \ \ ,
UNIT.I - . AU A

-

(Y

\

i g

SUGGESTED ACTIVITIES

O
[

Jnstructor:

A.

Provide ' student with objective sheet’ .

Provide student with \nformation and assignment sheets.

Make transparencies. - .

. «

- N
Dicuss unit and speécific bbjectives.

Discuss.aNermation and assignment sheets.
J . 27

Discuss electran theory to promdte a basic understanding of electricity.

- - /

¢ . ", ’ \ * .
Demonstraté magnetic Imes of force by using-iron filings and a conductor.

' s ae -
. i
. -

Demonstrate the construction of a series and a parallel” circuit .

. .

. .
- s -
- .

« Give- test . . . .

Student = '

A

B

C

D

YE.

F

Read objec't've sheet.
Study irformatior. sheet.
Complete’ assigMment sheet.

‘Particrpate in discussior of electron- théory.

y . \\ L3 .

Observe the construction of, a séries and'.a parallel cnrcuat.
) \

Take test ° o h

- N INSTRUCTIONAL MATERIALS

. . . . -

¢

]

S .
tuded in ‘tl'us unit.

A. - Objective shebt

B.

Information sheet
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C. Transparepcy masters

e

v

'1.,-~ TMJ--Sources of Electricity

2. TM-2~~Ohm's Law in Triangle Expression

3. TM. 3-Ohm's Law -in Lgtter Formula

é ™ 4--'{ypes of Electrlca~l CerUIt‘S ﬂ
) TM 5--Series Ciscuit Rules ' .

6 ™ 6--Para|l;| Circuit Rules

7 - TM‘7--Mag'€t|srq and Fle—ld\c;f Force ~.:.

8. ™ 8--El,e'ctr|c1ty and Magnetism Relationship ‘ .

9. « TM 9--Measuring Instrdménts ‘

-

D. Assignment Sheet #1-Solve Problems using,Ohm's Law
E  Answers to asgngnment sheét .

F. Test o -
G Answers to test

References.

-

V .
A‘ Parady, Harold W ,‘and Turner, J Howard. Electric Energy. Athens, Georgia:
American Assdciation for Vocational Instructional Materiats, 1976

3

Small  Engines, Volume 2.-Athens, Georgia: American Assoctation for
Vocatioral Instractional Matenals,” 1971 ~




BASIC ELECTRICITY

UNIT |

ANFORMAT4ON SHEET -

J. "Terms and definitiors e ' , \
» :: - - -

-

A Ampere;-Unit of measure for electrical eurrent ,

.
. . -

Ohm--Standard umit for measuring resistance to flow of gp efectrical current

%
[ v

Resistance-Opposition to current flow in a conductor

3

Voltage (emf)--Electromotive force which causes, current, to flow in an

/4
electrical circuit . . . 4

}
Current--Flow of electrons through a conductor, measured in amperes

‘

¢ N A Y
Copdu‘ctvo{;-Substance' or body through which an .efectrical current readily’
fl Y ‘. L , . ) o
. OWS. R r . ) - .
. .en - By -

Examples. _ Copper, aluminum, silver . o .

.
’ - »

/ -
Insuiator ~Marer|ai' which does not readily permit current flow
. Y

v

Evamples. Ruhber, glass, porcelain, air, oil, and plastic
) ‘ R

Semiconddctor--An element with an atomic configyration which makes it
neither a good conductor ror insulator ) .

' ’ . . . . . ’ '
’Cuglt-Comlnuous, unbroken path along a conductor through “which
elentrical current, can flow from a- source, through various units ‘and back
10 the source “ ‘

LY
v

Capacitor (condenser)--Device “¥hich stores an electrical charge
Ammeter--Instrument for measuring the flow af electrical current ingmperes *

Magnet--Body which has the property of attracting iron or other magnets
r f

Magnetisin--Power to attract other similar materials *

~ ‘ " ’ d
Magretic induction--Inducing voltage in a conductor that moves across ay
. magnetic freld )

-
-
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II. Sources of elecXicity (Transparency 1) - * *
. A £Ch'e3‘ucaj . . $\\‘\7\
Example: =« Battery' -
B. Magne{ic ) ..
. Example: *Generator . g
. -
{1}, Parts of a basic circuit CL
-~ : ‘@ R ” . a
A Voltage saurgcé e, . : T
. Exam‘le. Battery. )
B. Resistor ’ k4 ’
' . . . 4 .
Example Light buib .4
- C. Conductor - : . - ,
E/x::\m'ple: Copper wire \ ‘
V. Conductors @hd Instlators of electricity 7
A. Conductors
Jd Silver
p . ) R
(NOTE: Silver .has the least resistance to current flow.)
2 'Copper' , .
3 old . - ¢
RE o _
L h \4/ ¢ Aluminum . ) y )
‘ r > ‘ * . . P ,
/ 5. ngsten : . .
I . s . ’.
) 6. Zinc . _ oo . N
7 Brass R )
8. Pldt:num - -
. * 9 Irbn ) . ) . .
e 10, Nickel* . o L. .
. . . 299, - -
' "' T '\‘ . Y
I/~ . - !

.
L4 4
.‘
.
.
, f
o \
-
o
. .
v *
™
.
»
N
.
| ‘
N
.
-
N
. s 7
—
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"INFORMATION SHEET ‘ R
1. min ' oL ' )
. 19, Steel —— ' ’ : ‘
@ $3-  Lead ' - | ’
, - 14, 'M'ercury s . L, . p . . .
15. Nichrome . - '
(NOTE: Nichrome™ has ‘the highest resistar:ce to current flow.) L‘ _‘
B. Insule;tors ' - _'\ '\ '
1. Glass. \ - ' ' \ ’
2. Rubber n ': o i _
3 Plastic .
2 . e
4 Wood . .
) 5. Ceramic ' ¢ T
- , -6 Mica . “ - '-_ : -
: . e . N
V. Direct and afternating current
A. Direct current .
1 Supplied by *
a  Generator, . ] "
’ b. .Battery , ‘ - o
e 1) Dry cell . - ) ) .
. ‘ 2) Wet cetl ‘ g (
‘ 2. ‘ lF‘lows ‘in one dlrectlc;n only . " ‘
3 Abbreviated ‘as DC ~ \ - .
B. -Alternating current . .,
Y : . . -
1( Supplned"by an alternating currenrgenerator (alternator) B
. . . 7
2. Flows' in one direction then rgverses and flows in the opposite o .
- direction N . . N
3. Abbreviated as AC- ]
~,
- ,




INFORMATION SHEET © .
. . -2

) . ) * ’l , ' * ’
"f“.““’<~<‘::”“ VT * Copper as.a oonductor Cbpper is awgodd conductor because it has onIy one ) g',
LI ‘eiectron in outer ring and is comparitively cheaper than o‘fe'r"metals whhch may .
) have snmdar propertles v - . LI
‘. - . < . . .= .
M * R o . - - - ' ‘e .
. Vil Circuit “teris and.units of measure, 2, T % . T,
v . . -
, L
- -~ .

; ' ' ‘ A Qerrebt-aAmﬁefes., )
.

. b . '. . . .

. ‘:ﬁ , t-*

. 2 .
e B. Voltage--Velts -
* ' !
-+ C. Resistance--Ohms R ) '
. | . ‘
- . fA * . 4

.. VHL, Basic selectrical schematic: symbols
< “ \ - s

rd
. v

Resistance or load

A

-
4 -

»

¢

-

L -

.‘l \ —

7 -

# » -
- . -
- B, Ohms bf resistance
- &

‘g‘ J ’ ‘ - B |
R ¢t coil Jm : T
. B - . ( 4 “J
_ , .

- o ‘ . -
= “ ‘ - (“\‘.

. v . .
. E. Ground
t ) ’ ] 57>:‘—\ -
\I |- ' A . -
- « N fn’r C
. L

‘4. -
. F. .Battegy « ’ -
R S |
& . .

- A .
‘l

] . . G. /Eonnecft!on. - -
P .. - v 1 .
) ) H. Termnnal . ‘
, . } T - .y
N ' L] ¢
. N B Sw:tch (open) -—-—‘/0——- <. {
) N . M ‘ ._ L N . , . ; . .
b B v T ee— . . . . P .
. J. . Cn‘rcun breaker ——— ——ﬂ , . : L
., e v ," , 0._.‘ . . . . L , )
. -t . . ' N -
o

.'. ) ? ¢
K. Croesov -

&
L ] . L
a . .
-(’(/L. Directiorr of cu'trent ————’— . "
I I}
. S
ha .

"
.

,
A 4

Q
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IX

.

)
«

]

X

X

X

.~ + 12 -
. . ) . o . ,
14
3 . v v -
E 3 ¢ -
o r’S) -
. ’ A4 ' ’
ha et )
,/ ’ - M R —/’-‘
M.  Diode (cne-wd s , > P
. K3 4
. . n 1~ . >
N. Zener dio > :
. - . l g
Q. Capacitor ..
e N !
r [ =g S’E‘ *
P ruse . ~ )
- : ‘.
. R i
0 Rheostat v -
’ - t

-

R  Silicon controlléd rectifier (SCR) - /N\ " -

. .
S~
. .
. -~ < ] ¢

> . M - £y
Netters ahd terms, : ) \ 1
- . 3 «
A } Electromotive force in volts Q o R
‘ W ¢ .
Q& {--Intensity (current} in amps )
N r
" C. R -Resistance in ohmsg, ~— -« v | o ’ . T
1 i 5 . , -
¥ “ LY
Chm's 'aw formula in trniangle expression (Transparency 2) .
C e L ' 1 “ . ) [ a
-’ 118 '
-
- o hr’:'
, . L ,
s
¢ ' e Yo 3 K
. - 1 A 5
r \Q«- ! &
.y . .

(NOTF . E I R formula reminder is the phrase "Even | Remeniber "} ‘
. L

- ’
' . . « T
Ohm's law n letter formula (Transpargney 3) . “ .-
. ’ P .
'

. . .
& & =1 x R or Volts & Ampsg x Ohms - . o
- ‘ ’ - ¢ ’ ‘ ‘ ” " )
B. = _E/R or Amps =:Volits =~ Ohms » ‘ - .. o
“C R = EYi or Ohms = Volts - Amps S L o
N . ’ ' hid N ’ » £, ’ . ‘.
Typos of electrical cigcuits (Fransparency 4)
. . . -~
. ’ . - ¢
A Series -’ v . o A .
, [ N \“ ' l. «
. o . I S T
8 Parallel S ! T S
C  Series parallel .o ’ o L .
’ - . v - » >
’ o
- ]
- - »
269 ‘ ‘ \ .
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X
=

U ' 7y
B. « Unlike poles attbact

hr
.C

D

-
[}

)()<|')‘>O

-

.

e} . ' -
. L o . - “ '
. .,
". L
. ;,',J -
s ©® 4 -, ‘
. . ,
o L : = 4
S " Ve - ' ’ . .
‘ - INFORMATIMON SHEET
, e - \ .
Rules faor senes cicuits. (Transparepcy 5) . ’
. - vt -
A, Current ’thr@u‘g??’eack resnstor 4s the same .
B.' \/o&ta(é'drops across eapch reS|stor wil be different if the resistance ¥alues
dre dn‘fererrt . - .
C.' Sum of°the voltagk drops equals the source voltage
5 -
Rules for daraQel circuit (Wansparency 6)
"A Voltage across each resistor s the same —
B Currenf through each resistor will be different if ‘the réms'tancie values are
diffurent : .
. ' ° M * ‘
C Sum of the separate currents’equals the total crrcuit current
. [ -
ctors cffectirg resgtancein a'r‘onductor -
3 - > i 5?
A Lenqiis e - ) ]
. B R - (RN ‘ t
42 Diameter * D
C .'TP"’:;')"'”:%{U!B " . ’ ’
. -, . ,

-

. b -, N N 4 o
- XV, Ch@r;zctervsﬂ‘lcs of eggnetism “Tramsparency 7) ) <
& ' .

e -
cvdy magnet has a north and 'south pole
L] * ~ L 4

s

-

gnéj;ic

.

and *like pbles repel .

!
4
) NN |

~

. Euery rﬁyn&t-hés’ a field of force surroundlry s

. ’ ’
aterials are .acted upon when located in a, field of ’force

v' .

~
E -~ An unmdgbetved ptec,e of iron . an become a magnet by surroundmg it

thh a cu.rent%arrymg coli ! . . ,

PRY 4 ’ ‘ l '5 . ('». e .
fagretizing an iron  bar - ; N : RS
. LI rew : .

. .. X _ Y )
Stroke an, won bar with another Qar which.has been magnetized
« ™ o . — . ' . L}
Plagfg an ron bar mnoa strong magnetic fxeld ce e
o -7 N :
S OTE Soft netals el niot ;f tain gwucb mdanlSm when withdrawn from
. the Tmannelic 'Mu ;o "
- « 1Y . -’ -t '/; »
1 N ,-)
. . _ 2§73 , ,
A< :
) - . 4 . g . . / - ,'
. N . N W0

,
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.
v
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.
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Relationship between’ glectricity and®magnetism -(Transparency 8)

L e
.‘ ° ’

A Current ,pa>sed ;hroqgh a wirg ‘c'onductor% creates a rnagnetrc field around

“the wire > N
¢ . .)‘ \ . , PR

B~ Magnetlc h?\es have direction and change direction when the current flow”
' changes Ir.om ong” direction to ancether y N

-

(NOTE.- The Right Hand Rule for a- stralght cond.uctor can be 'used fo
the-direction of the lines of force around the wire. To appI\,A tn‘e, frile,
9;2;) the wire mth the thumb extended \n the dmrection bf conventional
current How. (posmve to negativg), the fingers wyll- then,,pornt N the v
direction In which the dines of force §urround te conductor These lines
of -force are always at nght angles to the cerductor.) « %

3
N . A

Y

.

.o i - - s
Conductor moving across a magnetic field ‘wrl! have a voltage mduced n

AN . ' ‘ . ’ 1
". . * . - LR . " '

.

Volidgs polarygef, and the current flow- drrectuon are" dgtermined \ly thi 2

d'rsct:pn ‘of e movefnent ,and d1rect|on of the lmes of "force

g o~ W ~

(NOTE “The c_g'nduct‘or-can move 'or the magnetic field gan move |
N ‘ . .
-9 . . -

Ways to” nduce .voltega by magnet[c induction
1y - -

»

2

. ’ .
1+ .®enerated voltage by relattive motion
u” B " ’° e
* Examoles Generators and _altembtors .
- . - -
Self induction voltage created by a change 'of current in the
conductor o -

r
.

/'Examp!e ’ Prrgwar“y of rgn'itlon colls
"Mutual-induction which occurs w}ren changmg current in dne coil -
inducds voltage 1M a second col .
* . : i ) . . ~(
b Example Two windings of fgnmon colls
n “ ' ’
T\Dconductors on,an armature, carr’ymg cu;rent ln’opposuté drrectlons
- Create a strong and weak field on opposite sides causing conductors 106 move

‘apart or armature to rotate ** . - o

) . L .
MNOTE * The downward movement or rotation 45 causeéd by ‘currént flowmg
n the conductqr This is the principle by whléh a cranking motor operates )
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XIX. . Factors that determine the magnftude .of |nduced‘voltége ' '
. . ‘ >

. "N . © ‘ - ’ ’\
~A. Strength of the magnetic field > X 5 '
N - - . B ) . . . .
B. Speed at which lines of force are.cutting across the conductor @ 7 . )
) . " .' R ) \ ..\ . = ‘\ T .
C. Number of sonductors that are cutting across the lines of force « -
R ) v’ K . ~ K ) v )/' . . y -
; XX.. Instruments used in checking electrical gircuits (Trahsparency 9) . .o
- . . -+ ' . N .
— ~ ¢ ; (. K . N
v A. Amwmeter . - . ‘ .
‘. ’ — hd " ’ L
:‘ - ) - ~ )"." . [} ) *~ !
*B. 'Voltmeter s S e SRR ‘ s B
‘ ¢ .. , ‘. R R ° ’ !
o L THN . - :
e €. Ohmmeter Loeoe el . <ot , : C
e t ¢ : * ! LT - ‘ ~ '
, (NOTE Modern testers often combme fhe vo!tmeter ammeter and ohmmeter -
",\ In one test unit, -such as a.batfery-starter tester.)" *;, : ‘
- . . Y M - . .t .
i .( ’ ’ . - A . *
> - - » Yos ;
. « - ‘. , R ' \ ¢ ' ° ' .
\f', Ty ) - o .
: . . * .
.o, v C, . 1 .
, ‘ . 4
’ 5 . A * v ’ : . -
Pl 1 « " . « ,
‘ : ot ¢ .
roe o te . T e L ¥ - T .
¢ - ., s -
- . . . YA ) P
S ; 2 £ £ .\ .
) - . ] . Ot . . , LI -0 B
v A 1] Y » ”~
. 1 v .. ) : ' ., = - ‘e i .
S e hd =4
v ¢ *Y ¢ M . v N - A A
v . v, ] . ' 2 . ‘ & . [ . . ) L
7/4 - ’ - ’ ) " - "
} 4 - . v : . . , 0t ° .
- - \ . N " y - 4 .
e ' F . : ! '
! i . o - 1 [y
N : - o8,
- -\. “~ N . U- oy
R C \ . e N
" i ‘ } . .
" . ‘ . N 4 \ . s !
vy - o L e e
- “ ‘ Al
. s X o L
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®  OHM'S LAW iN TRIANGLE EXPRESSIIN -

..
; \ ] : ’ ' "

—

’

_ | E=VOLTS |=AMPS R =RESISTANCE
.y _ N o . , .

© &+ NOTE: SOLVEFOR'VO
. .7 . .° BY COVERING THE UNKNOWN

.'.'. 4

"y EXAMPLE: -

e

£ . .

-,

[ )

7
s

-

N

.

o ' - .

o * P S

'COVER E, THWLE=IxR - -
) . g

COVER I, THEN I'=E *R .

COVER R; THEN R =E #1

[ .

SE - 15.C°

£

LTS, AMPS, OR RESISTANCE'

=

)

.y
.



.
a

a , . -
Py ’ SE - 17-C
. OHM'S LAW IN LETTER FORMULA -~

e

"|e ELECTROMOTIVE FORCE= CURRENT x RESISTANCE
’ "E=IR VOLTS = AMPERES x OHMS
- CURRENT = ELECTROMOTIVE FORCE
"RESISTANCE -
| E | VOLTS
b = — AMPERES=———
R- i ~ OHMS -
% . o
, \ \
. \
- - epsisTanCE - ELECTROMOTIVE FORCE |
9. T . 1S CURRENT
."-\g , E ‘ 'Q.» LT VOLTS ' T~
S R T OHMS= ———— . ’
T . *+ AMPERES
T~ —
* ’ 4 .’ ‘ -
[ 2 >
b ‘ .
% P _ /
- N . -/' -
258 . ,
| | } L ™ &
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" TYPES OF ELECTRICAL CIRCUITS.

P ~r

—{

3 ohms ,

6 ohms

bv

'SERIES-CIRCUIT

/ .

l.l ’ ‘
. il . ' e

L]

.
. .
@L r

8 ohms

6 ohms

—_—F

3 ohms

bv -

- PARALLEL CIRCUIT

N
t
. E ; . *

_;@.__

@ .

8 ohms

‘6 ohms

L.
ohms

£

1 ohm .4 ohm

bv

SERIES PARALLEL
CIRCUIT

——

13
=
~

”

/




L]

. ’ -

"A. I=ER
| =12/6 = 2 amp

B. E=IR |
- -E=2x2=4 volts
E=2 x 4 =8 volts

. C. 4+8=12 volts




,;.__-.__! | ‘

6 amps ——» . | Lot

/\- | | | SE-23C

_PARALLEL CIRCUIT RULES

*

|+
oA
,' Qﬁ e

’,

»

2 amps | ‘: ; 4 amps ‘

e—é amps o | o

C.

- each resistor 12 volts ' J

L N *, . \\'
N . \7_
{ N . >
Battery voltage across

.'{:

I $
|=E/R 12/6=2 ampere’ )
|=E/R 12/3=4 ampefe _

‘l =6 amps & C | .
R=E/l 12/6 =2 ohms ;
271 < |
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MAGNETISM AND FIELD OF FORCE/

UNMAGNETIZED IRON FILINGS -

—\

T T \\ ’\
/ MAGNETIC. LINES OF FORCEQ\\\

> > 5 > [ (A
. ~ - . . . -ﬁ 1
— —p. —>, > . -

& ' L g
o :

- o /
LEADS FROM BATTERY || 7 .

™ 7/
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O K Tt
«. ELECTRICITY AND MAGNETISM
. RELATIONSHIP » ~ - .

" ARROWS SHOW
DIRECTION OBy~
FIELD -OF FQRCE

RIGHT HAND RULE
.m . ! “. FOR -
| STRAIGHT CONDUCTOR

CONDUCTORS TEND TO

. - ‘e CONDUCTORS TEND TO _ ~
“MOVE APART . ., MOVE TOGETHER .-
L
1." \
‘1.\
/>.
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o f'*'MEASUmNG IN'STRUMENTS T

i L
ELECTRIC CURRENT o
!+ +iS MEASURED IN ]'@ o ,

- AMPERES - . . .
WITH AN AMMETER AMPS ]

——— | ELECTRIC "PRESSURE" ~ * '+~
N *D | 1S MEASURED IN-VOLTS——
o ur=0] vouts |WITHA VOLTMETER™

P | RESISTANCEIS. = - '
@ MEASURED IN OHMS

oo —]
= - (0 - . .| JOHMS | WITH AN OHMMETER




. o . ... . BASIC ELECTRICITY S - S
: - : UNIT | 5 . -

c S ¢ s ‘ S ’ ;

ASSIGNMS\IT SHEET #1-SOLVE PROBLEMS USING OHM'S Law '

e

Vo ) _ ) .
' ‘ $ T - T
T ,gwf‘ Read thefbroblems1 and use the trnangLe expressmn of ohm 5 Iaw to solve -for the unknown :

.~ wdg v 4 - -%value in_each probiém.. o _ ST
S Sl N ST A S
e . ’ ‘Example: - Cover the unknown in the triangle and: soIve 7 L8 . T
' “ 1 R —
~ # CINOTE: E = Voitage; 4 = Ampérés;, R = ReSIstance.J . ’
. . ::‘ g . & .
- o Show your: work on eac.h probtem. Turn in to instructor after oompletlon. . . ' .
400 )‘c - ) . _ 3 /<" ’b' . ; - . .
co 1. CA current of 4 amperes - 1s needed to operate a certain light' bulb’ havmg a -
e . . “Pesistance of 3 ohms What vo'ltagb |s requnred7 ' . ' ]
.oe S & : 4 . . ‘o, '
. . ¢ ". . . 5 * ' R - I
» ! ‘. vr -~ ~ l
. . « , » ) ) N g ) .. i
) 4 . * g v ) . * .' »
o ] o 'g »- . . ' 3 T ’ ,&" .
» - , . * « . [§
. . 4 . a ‘ & ’ ’
- * ’ ’ N » . . . - - ' 4
. [ .20, Through how many ohms of re51étancg~does 12 volts foree a current of 12~ -
g amperes” . " Lo v ' : ‘
LI * . *® ¢ » " » - -
* v - 1Y -«
' . S\ \ . . :
. . I ? ' L
- - - - t
° < N . " P r e S A B ‘ tt ’E’
A ‘ . ‘ X o’ .. . » o
A o . ,
R N . . N , ¢ ; » b . -, . « f yox
St ‘ 5 - R e ) . ° -
' - . ’ S 2 s L - S PR - et - .
. ' H e ’ » ) t _ :l,r: ?;. (\/";-r f,ﬂ hﬁr“.; —;4 "\ 4. v - y.:} *g'»*gr N ~'llﬂ‘:::‘ 7-:» . - \.}_ ’};’A% :;::‘
" Ce L s $ - ' s ow
T o e Bk A WMCﬁﬂOﬁhms Whaf cursent does
...!; - o, _%,v rheﬁ" s , 5; . -
‘. e r. ‘. T ’ - »
X ' T » » ) .
. ‘ l.fq ' " . .A* ’
- 4 ~ - g
, ) .o C - . a o .
. o ‘~ $ _,07 s k s , f L )
4 . - - “u » -
Y. - g ~ . , . o ,":\7. L,
' r . { ' ‘ . CRE .
. \‘ ~ ey ‘ . ‘ ’
. r
‘ “~< g - . . . . . [}
- vt NOTE: The.electrical ener%‘consumed In any resistance appears as heat There - L.
. IS a deﬂn te relation between” the power consumed and the heat p,godu;:ed Ihw,\“ .
- ey Js% dqzcgtmih the prmmEIe that eqerqy cannot be destroyed )
. AR . Co - . P e
: . ' P e »t - \
- * i - ot - * X

. Q } R ) . Co . :
\ ERIC B A AT o o :
S ' = S .. -
R L P vl 2 . . g ’
- d . - . < .,‘} ot - L C R
. ) 8 s * . . , .
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' - ASSIGNMENT SHEET #1, i .
- |‘, ,‘ " ;l ~
- o > N N - - ¢
. 4, ’-\ fight bulb having a resistance of 6 ohms uses 2- amperes of cU’rrent whzle
‘f. in o peratlon What is the volgage applied to the circuat? v
- “ 'f v ‘ ¢ 4 / ”' ,‘
, . “',, . . R . - o ' .
. . . y - - ¢ , s . Y 5 FE . .
. S . P ~ N A Y A . ;o . .
) voe- g w.. S % o Co 3 .}9 Y »o 7 )‘ - 7 ‘\T': v £or
- © :
- N * . ) .
Y . 7 ’ ’
, . ‘ Ce )
! P 5. A horn connected to a 12 volt battery uses 2 amperes of current for nts operatlon N
Lo 3;, What. s the resistance of the horn?
»~ - - T . S
Ay * . N N N ) -]
" s . . e ! .
) ‘. . % M . ' . ! ’
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BASIC ELECTRICITY
UNIT |

4

. . ) A
ANSWERS TO ASSIGHMENT SHEET “

' : . ' ¥
C0ver|ng up the E shows the formula for this prgblem to be | % 'R. Therefore,
=1IR =4x3 =12 volts . ;

'cOvenng dp the R %hox‘Ns that R =t EA wmcﬁfequals 12/12 % 1 ohm.

x
Covermg up the I shows that -1 = E/R. Therefore, 12/20 8 amperes

E =1 5( Ry Therefore, 6 x 2 = 12 volts.

R-= E/I. Therefove, 12/2 = 6 ohms
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_BASIC ELECTRICITY
UNH‘I,*

-
y !

NAME

-rfatch the terms on the right to the correct definitions. (Defmmons are continued

B0 the Qowmg page.) i

-

7

a Instrument for measuring the flow of

electrical current 1n ampéres

"ut of measdre for electrical current

-. Device which stores an electrical charge

g- fv dter.aﬁ which does not readtly permlt i

Continuous, unbroken path along a
ccnducLor’through which electrical
current can'fiow from a source, through
various units and back to the source
- . «

Substence or body through which an
electrical current readily flows ==

«
.

o of electronps throu condugtor,
. - > »
messured in amperes s
. ' z ‘ s

10

N

o8 ‘rrpnt flo\,v

A 11.

—__._,'\ ' Body wheh -has the * property . o

- o ..
J

¥

attrdcting ron or otner magnets

.? -
R .

4
Power to attract otfier similar materials
*

-

_Stardard unit for measuring resistanch to
flow of an electrical current

.k Onpositipn 0 current flovyjm a

t

conductor ) N

. -
. vy ) -

4 .
Inaucing voltage n a conductor ‘that
‘moves across ;3 magnetic” field
OV

-

m An _element with -an  atomic

- configuration. which makes ¢ neither a°
good condugtor nor instlator -+,

478

i Vbltage (emf)

Magnetic
~
induction

Ohm

Magnet

Conductbr

-~

Capacitor ,
{condenser)

Ammeter” -

) Ampere

CGircuit

Current
L3
Insutator

Magnetism
A

'Resistance

« Semiconductor

w




” - . B 'R ' .n ' " ’;'.\ hd ’ .
'f_, -. N . ‘e .lM o x = ‘. ) ' v . "
. LU P . N . < . = ) "
' ‘- * » ' ‘u ‘ .
' S ' - . s ' . . s
- , PR ) ¢ . -
. ‘ . . , . o N '
¢ o..Electromotive force which  causes P S ., .
current to flow-in an electrical circuit oo . ’ . .
' . M - v‘ . 7 14 > ' - ) _‘
2., Select the sources of electncny r&ated to small engl,ne reparr by plg€ing/an . e
"%" in the dpprgpriate blanks. . # . ‘ > A
! A - ”l‘- ’ ' < . \ N "! .
. a Pressure e e AT VIR |
b Magnetic \ o R .
N s : . T . v ]
. o . - ¢ 1.
c. Chemical - o ' b < N
[y M { L s .
3. Select the parts of a basic circuit hy placmg an’ X" in the approprlate blanks . T
- B S . , . o
, a Conductor . : d ' .
b Insulator . . Ca S . G
’ ¢ Magnet ' B .
-
{  Volitage source ) ‘
e. Resistor S . - .
\, L ¥ )/ . v ) - ,
4., : Distinguish between good conductars and |n5u|ators by placing a "C" mn front . P
"ot the .items that are good conductors and an. 1" in front/)f the-ttems that .
are msulators ) ) . ’
- - < » -
Mercury 5, - - ' ' "
rass : o, ) .
- L]
¢ Rubber g ) v
] - , A 4 , / N .
: o . . 8 e
' d. Glass -~ ' . ) .. .
v R " . , - t » o
- ,e\, Wood " N . “ , « v ¢
". [ : 4" : . : . ) - — Y ¢
- - - = .
o o f kel § ‘ . . , —
. o . : : : N\
g. Plastic. . .
. . N " M . - -
. \ h. Nichrome, ot .
) . Silver . o ‘ . ' )
N a ~ - . » (" .
' j. Gold : . ¢ ’ . oo
- . LI R , -
. . ( 9 . . » . .
R k! Ceramic : . .
) . [N ' " .
. - AtUmmum * ! \ . . ,
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. Direct

. X . . , .- .
' ve - . . _ . g o, .

- ‘ P 6 . - Explain why copper is_widely usyd as a_conductor . - ) ‘

H

-
"

. . .
- . - . . Nt
- . -
.
‘e . v
4

: [ LR

, S © a, Ohms ’ ¢ . ¥ 7 Cufrent ° i e
! S eyt : - . . # L .o
: ' b. Volas - » o - 2. Resistance  ~ -

s v
" . . » N . “ A - .
y ~ CLf . . /, e \L ,
" .. 7 ¢ Amperes . : .0 3 Voltage - " t g
- . . : _— T e iR . ) AE
' 8. Match the basic electrical schemauc symbols on the right to the cofrect names. ../
. > . »
. : [ - ' .
. P . a , S¢lenoid " - S
:‘.' . . ‘, N : ' N .. ) - L v . e .' -
- \ . I b ttery ' .
3 . . —_— .
b : . Te
N ’ . : ]
A . 'c Termunal , . o
N ' [N ' : * ) . . ) ' ] ' ¥ )
. . .., . . . @
e L ._d" Circut breaker , .
w- —————, . . . *’ Iy . "f
> . » . .
e. Resistance or load e . ‘ D
' . * . -~ / ’ ' , ’
- ¢ "._ -
, .
(S ’ .
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.Ohms of resistance

. .
(4 - L3
. . e .. .
4 ¥ o - . - ’
’ v M LN \4‘
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. . . .

N < v P . .
: ‘. . * ‘a4 ' :
B
. . .~ 4
- . St

Coil

Ground .

Cannection

[

Switch

.

fopen) . = . -

Crossover

Fuse ’

Diode {one-way) "

: 10.1\6\0’“6‘0\_ R T
Zener diode \ ]

+
.

" . . . '

Capacitor .
. , ’ /\' B s
Direction of current *

- I
- - ’ oo .
AP - ‘q Silicen controlled rectifier ) )
' r ‘heostat L }
S et e — A , o - . o K ) .
9. Match the letter designations used m"ohﬁw's law ‘on the right to thezgofrect
N - ‘terms ’ o Voo
‘ | SN
’ : . a. Electromotive force in volts . \ o
" ’ ‘ '4 ‘ o & ' . g - ‘ O ‘,
- ‘b, intensity In.amps ¢ ) e : 2 B . -
- —— & ] r -, .
' ¢ Resistarce oh . . : :
o o‘“1 r‘; R s E ‘ o

.
T
«
& . -~ 2
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- . 2 Y
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A
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vDraw ohm' law formuia in* tnangle expre§5|o7. v
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11. " . State ghm's law 1n letter formula for caleulating voltage, current, and resistance
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.
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e
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M .
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13.
. 1
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Y
e
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« 14
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A
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1 & 1

appropriate blanks

. .
. -7, . Ve ~

a, Length .. * - .

b Altitude - ! S
—_— : .
- 4 ’ ! [ ‘_ ‘e
¢ Viscosity - L , *
LY . L TN
. . . 4
d Diameter © Y
. - = “- . ,
’\' " e "y .
e ‘Composition . S .
. L ' ML)
+ &  Temperature ’ , < LA
. . s .
a . r " . ‘ .
. ’ e “ “
. - 282 g o
. r . .
, 7 ‘
. '\ . .

0

- i
’ .
<,
8 ohms | . 8 ohms ’
t . + B . " ‘. P
v \ . \ . .\.’{6
-\ ' 6 ohms i N
6 ohms , S i ; "
o y "/
g sy Bohms
) RSN r&
3 ohms -
' ohm .4 ohm N
“i ‘ } 4
« .
bv 6v .
‘ a. h - b, c.. - ° A ’,0
List three rules for series circuits. . ) ' )
a— ; R — —— . A e e e —— P
b [ O , -
c. -
W - Fd , . ,
List three rules for parallel circuits . : o
- [ )‘ ‘ ; . ’
a’ - ‘ N
T . ‘ ‘
b * | .
’ - o ® 7 .
C + e . . (i - P
’ J < - .
Select the factors effecting resistance in a cdncuuur Dy placing an X in the ~

-
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16.°

- I
1Y

Select the ‘characteristics of magnetism by placing an "X" in the abpropriate ' ) ’
blanks. , - J ' o . ]
a. Every magnet has a north and west pole — ' ¢
. . ) o
. b. Magnetic materials are acted upon when located in a field of.resistance - S
c - Every magnet has a field of force surrounding it ' .
Cd. Urﬂnke poles attract ‘and like po1es repel - ¢+ - ) v R
w \ . N . ie
Explam ‘two ways an iron bar may be magnetlzed e - Y
~ K . \ L,
s 28
. ’ ’ . /)
, ) .
. . - . 4
. . f &

. N - ’ 'tq
- . .
. /
.o ” . ot } —
. ' L L
Select factors that determine the magnitude of induced voltage by placing an’ .
"%" n the appropriate blanks . ' ¢
N s - F
a. Number of copductors that are cuttlrtg across tbe fines of force
[ 3 4 - "
s Strength of the magnetlc fneld
v ¢ . 4
« c Atmosphenc pressure DAY T
N s\ . -

LN d. Spe?at whtch lines of forc’are cutt‘ing across the’ conductor

s - ' &
u. ' .
Y ) ’
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Ny - ) .
‘. . .
- . N » ) .
' 20. Select_ instruments uséd in ghecking electrical circuits by placing an "X" in the
t
. ‘ appropriate blanks. . . - . . *.
- |
,o® ' » . ~‘l/{b3 . :
a.' Extension cord - . . . -
%
* & , - ) .'~
. b. Fuse . . L
. . . ‘ . o .. L ) \
‘e ¢.” Ammeter- ] . e
‘ - . - ‘ '1 ;
. ) A © " ; d. Ohmmetdr o
e. Voltmeter . ) )
N - ' ) . o~
i . i . .
21. Solve -the following prohlems usuﬁTohm'§ law formula. .
. . a. A current of 1.5 'amperes 1S needed®to operate a certain light bulb having
Lo . a resistance of 8 ohims. What voltag‘;/ is required?
ctm— ‘ . . - N A .
’ > L3
. L
N T 7 ) - ' - ‘ ’
. b. A hormn connecied to a 12 volt battery uses 4 amperes of current for its
. . T operation. What is the resistance of the horff? .
, . P ’, ’
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v .- . «
’ - 1 .‘
A . ’ 2
: . R . & ‘# . -
. " ! . ’ 4 ) L]
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BASIC ELECTRICITY
UNIT | ,

ANSWERS TO TEST ——

£ 10 . 13

g 11 )
h. .4
I 12

. 3

Discussion should include:

‘a Direct current

' [
1) Supgl;ed by
a) ~Generator

b) Battery
(1] Y Dy ‘CBH;.

£2) Wet cell

. .
Fidws In ogé directitn ohly

Agbreviated -as DG

Alternating current

N Supplied .by.an al'ter’nk

»

re:

mg current geperator (alterpator,

}

1

.2 Flows'in one direction then reverses and flows, i the opposite
. 3 \ " -

. direction
* X

3)  Abbreviated as AC

P Xk

o s
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i ! : ce " - |
’ . .. . .
t Copper. is—a good conduétor because'lt h ly one electron in outer risg.and v
is comparitively cheaper than other meta hich may have similar properties \3
7. a2 . } - ¢ .
. "*“'\ . " v ]
b‘ 3 ] S"
) - . 5; ..
. C 1 l P - L . ) f 5 !‘ ) .
8. ta 11 R0 A R e T ;
pl 4 - L -, - & - L - T . - - —_ -- }.. U .- — ~
b. 13 g 9 . L ’ e g, 177,
f 4 . (4 , T ‘
e 15 o120 T v mos VRS I I S
d. 2 L1400 n 6" )
. ’8 ) 6 ' - . |
. e. } 1 . o. 7 |
- « 7 L
9. a. 3 . . ]
.. ' 1
b 1. - : i . , J
. o 4 'y
”
o ’ 2 ’ - ' A
- ! = - )
10 T -
v - -
. , .
- . » *
. . . €
a. E = IxR orVolts = Amps x Ohms o ‘ K ek
) -—— . . ~ N . '!
b. | = E/R or Amps = Volts - Ohms. o . -\ B
. ¢ R =FE/lor Ohms = Volts = Amps | . = =« }
12. a.  Paralle! . ° ’ } Z
* . b. Seres-parallel ‘ ’ ,
.. ) CoLe ' . Y o
c.  Series - ’ . © o,
13, 4. Current thfugh each resistor is {he' same* .
' b, Voltage drops across each resistor will- be dlfferent if the resistance valyes L
‘are mfferent —
! . - (I o # .
c.  Sum of the voltage drops equals the §ource voltage .
1
. ~ ’ E e -
’ . ‘ ’ »\
. » [
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Aruitoxt provided by Eic:

-y

RS

15 |
16

17.

18

‘ . ’ ) L
. Y ) . 4
rd 4 - - .
- . ’ S ) LI
l( a . - ‘- * i - ‘
a. Voltage across each ‘resistor-1s the same, - e .

dlfferent i . .
P v RN
c., Sum of the separate currentsJequaIs th/tofat circuit current ,

e « .
, i\ -

o ) o T »
a, d, g-f o - “ -

5. : o - - ®, +~ . r s [

3 - - e -, - WF - -
c, d - . 1 =
" a.  Stroke an iron bar with another bar which- has Been\magnetized
. A o
[ . P / ’ X
b lace an iron bar in a strong magnetic field - o s,
. ’ . »>

Discussion should include - :

a3 - . 4
. v

. Current passed through a wire (conductor) creates a magnetlc fleld around
the wire : 1 K g

7
. 5
.
.

b.  Magnetic lines have direction and change direction’ when the current flow

chaniges from one direction to ano@L R ‘ .

’ 0

it -

3

. -

) ’ o
c Conductor moving across a magnetlc fle|q\WI|| have 4 voltage induced In

d.  Voltage polarnty and the-c“urrent flow.  direction .are detefmined by the
direction of wire moyement®and direction of the lines of forge

v -
v

‘w . “‘ ' - .
b.. Curren rough each ‘resistor will be different if the reS|stance vaers are o -

e Ways to induce voltage” by magnetic zinduction - » 1
o Generated voltage by re!z&ve mouon . ' -
;8' [ . , ' ') *\j‘ ;' 5
o2 Self'induction v@ge created by. a chdnge of current n- ‘the -
o, conductor o R , .r _ "f 'y }
N 5.
. o3 Mutual-induction which occugs yyhen changmg currem(t in one'eor! ~< .
induces voltage in a.second coll - o :
* -~ : ;( - t y
f Two conduttors on ah armature, carrying curfent in opposrte directions,
create a strong and weak field on opposite sides caus.ng condUCtorS to move
apart or armdture to rotate R
.4
. ~ : TR o
. 4 | R
: , 7 ' -~ ..
a *12 volts ' o - ‘ '
. ’ % w 1/'“ S 3
b -3 ohgos . . i
/}.rl , y - B t ’
/ : . . ‘ kS —:
- , . - y
v r ye ’ 4
’ 28/ \ . . Py
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. IGNITION SYSTEMS A
- CUNIT 1T oo y o .
. & ‘ - -

) o T

' . NIT OBJECTIVE ° . ot '

e UNIT C e L -
/ . . - x . .

LY

After completion of. this. unit, the -studgnt should be able to uden'tifi{'the’ omporents_
. #nd state the purpose” of«thes
the coll, condenser, arrhaturef and flywheel magnets and temove and
and condénser, The student should”also be able to test and. ddjust

ignition syS{em,'T'he student should~#se-be” ahle to" taN
replace contact pointy
a solid state wgnition

remove, service, and replace spark lugs.* This knowledge vg! be efented . -

through demonstratiom and by scoring eighty-five percent on the une test.  * .
(\/ . NN . < . -
~ . SPECIFIC "0B3ECTIVES - S T
4 ¢ ) h Fd

« i !
2
: 3
4
. b
v 9
» 6
- B ’
-’ 7
¢ , T
,*., o * Py g
a . 8
L 9
‘.
- %

- 1 : ,
After completion of this, ufit, the student should be able to.

-
~

[ CEN e

State the purbose of the ignition system

Match the tygﬁes of ngnm% s‘.ystemsr to the correct descriptions. \\)

AT

Distinguish between the components of a primary and secondery battery
rgnition eircuit T . ’

Identify the compdnﬁs of a magneto ignition system.
. ," ‘\' ‘
Identify the components of a solid state ignftion system.

o » .

Identufy the components of a breakerless ignition system.

- I3
3

. Match the components of the ignition $ystem to, the correct purposess

f looo - <
&g ! » K ! 4 ’ .
- AsSociate the 8eratronal sttp the rgnition systems. - .
' o . . X )
Demonstrate the ability t , L .
) ‘ : %
a 'Remoye, servic®,and replace sPark plugs. '
. bs E
* . » - #
b, -Remave and replace contact poihts and condenser
- . ¢ » . "- ’
- .. . .-
o Test the coil, condenser, armature; and f!ywh?el magnets.
. e / .
d Test and adjust a solid state ignition system. . M )
. . q . . -
. - ’ , I AR S
e . Check :gnm(en tming. - . A ,
) R - M
, A
, s <@ . N s
e ( .
. 0L . *
AR, é\)’j )

v
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. B - ) L *
| LY ' L4 ) 3 ) E = 4
R k § 9-C I
. "1 . L) ’ . ' . :
) ) ’ 4 : ) ’ . | ‘: > |
. L .- IGNITION,SYSTEM . : ,
' ) ' T UNITMIX | - A '
. b . ! ’ * s ‘
¥ ) -’ -~ - “
o ‘ SUGGESTED" ACTIVITIES ' v
. Instructor: °. o ‘. Vo W , PR ' ) v
- he - ) . » .
-A.  Provide student with objective sheet. " 4 ’
: . ' 'B:: Prowde student with- inforfhatioh and job sheets. . g 3 f?
N C." Make;transparencies. N s »
) ’ D. Discuss unit and- specific objectives. ' V- )
< - . , . . v -y
; E. Discuss information sheet.} - - - :
. ’e ) N ) . —. , .l
‘ F’ Demonstrate and discuss the procedures outlined in the job sheets. cF -
! . . . -
. G. Show exafples of the different types of ignition systems. ot
t ’ . . ’ ? ?
. , . . ¢ - .
H. ..Give test. A B " .
- ¢ b . M '
. - ) . ‘S'tudent.' . ‘ . i .
R A. Read objeétuve sheet. ' L ' ) . = . )
- B. Study information sheet.
! C.'» Complete job sheets. ] )
D. Study examples’ of the- different types of ignition systems, ‘ ,
E. Take test . ) -
N - -~ N »~ v
[} ‘ e N ‘ ) . . . {
: . INSTRUCTIONAL MATERIALS .-~ j
* ) .. ‘ . . ‘ ' .
(s .\ * * : ‘
- 1. Included in this unit: - . . ) e
- - o’ . R . - 'y . ¢ -
A Objectlve sheet ; S P
.- _B. Information sheet . - T
. . AN
’ C. Transparency masters - Lo .
) l 1 TM A--Primary (_I_ir.c'utt ! ' .

2 T'M 2--Se<;ond({ry Circuit

PR




| i ~
' . . ! . . ’
- 50-C . ) . .
. * 't - ’
. . .
. i N Y ’ 5
. . ) ‘3. lel 3--Magreto Ignition Systerr; )
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- " 8 " TM 8--Principles of a Magneto (Contin‘ued)’
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) 1 Job Sheet.#1--Remove, Service, and Replace Spark Plugs
) - ' 2. Job Sheet #'2--F{9move and Replace Contact Points and Condenser
R \ ) ) ) . 3: Job Sheet #3-Test the Coil, Condenser, Armatu re, and Flywheel
2 "Magnets :
A R 4. Job Sheet #4 Test and Adjust a Solid State Ignition System
. | ~ 20
) 5. Job Sheet #5--Check ignition Timing A ‘
) T . ¢ - ' !
] -, E. Test P : : N
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‘ ‘ : _ _ IGNITION SYSTEM . S .«

‘ I v UNIT IX ’ :
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w - 1
. INFORMATION SHEET
‘.'A * Id . ) h
\ L. . ¢ ’/ A )

” { P

. | Purpose of theignition system--Produces hlgh voltage current to 1gnite the fuel-air
: ‘mixture 1n the engine cylinder

. I :‘Types of ignition systems - o

A Battery ignition system--Uses battery to supply source of current for the
.. . primary 1gnition circuit .
. . L — ' A .
B, Magneto ignition system--Produces current by magnetic inducton for the
permary ignition circuit without any outside source of electricity

.
. L]
s o C  Solid state ignition system--Uses semiconductors in place of one or more
. stancard ignitron components
A s D  Breakerless rgnition system--Uses electronic parts in place of mechanrcally )
) . operated igrition points ) c . ‘
N ) 7 P - — .
. ’ I+ Battery ignitior systems circuit components (Transparencies 1 and 2)
£ ‘ ) ! © ’ . o ~
. : A Primary circuit (low voltage) - .
' & .
A 1 Battery
b .
. ' 2 tgnition switch
“ o, 3 .Resistance unit (resistor) . N Y e
4, Primary winding . -
- .
. * .
. 5 ~Contact points ' .
; 6 ondengser . \
) . . N
) 7 Low voltage wire ‘
- ! . !
' . I . ’ !
B. Secondary circuit (high,voltage) . - /
B - . — l
’ a - J i L | .,
T Secondary Wwinding . © e oo
sy _—_— - , ' tem s
- 2 Distrnibutor cap R -,
Al * v ¢ - " 4 .
o (3 TReer 7 .
. _ . . . ' . 0
. ; ‘ . ;
. 291 , :
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4 - épﬁrk plug

.5

‘

High voltage wire

R ' &~
INFORMATION SHEET

’

IV Cemponents of a magneto igmtion system (Transparency 3)

‘A

1
B Secondary ‘systerd (high voltage)

)
-y

’

A

B

PO

m

G.

(NOTE- The same secongary- circuit components'‘are used on the solid state

[

1

3
4
5

6

1

2

1

I

Flywheel with magnets”

Armature

Switch stop
\ »
Coll

Contact points

Condenser.

/.,

Spark plug

High voltage wijre

Flywheel with rﬁ'agnets ¢

Trigger coil :
Resistor |

Transistorized rectifier (solid state switch)

‘. v

.

.
Al e

» Diode rectifer

[gmtion coil

Low voltage wire

. “
Primary system {low voltage)

)

{

V  ‘Components of a solid state ignition system (Transparency 4)

\

v

Jgnition system that are used on’ tie 'rnagneto ignition System )

.

N s
A
"o, .
L]
.
AJ
>
B
, »
.
-
.
L]
.
1
*
*
‘ .
. N
.
)
*
.
- . S
’
.
N
.
-
. -
-
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. INFORMATION SHEET .

VI. Components of a_breakerless ignition system (Transparency 5)

5 b
A. Battery N o
" : N «
B. Flywheel ° ) .
¥
, ‘ 4 . A} R . . ’
L‘ Trigger module .’
: D. ‘lgnition switch . . .

E. Alterhator-stator

F. ".‘l,gmtloofconl assembly
G  Rectfier-requlator
H .  ,Low voltage wire )

(NOTE The same secondaty circuit components are used on .the breakerless
ignition system that are used on the magneto ignition system.)’

VIl  Purpose of the ignition system components

- -
\

* A Battery--Source of electrical power

B lgnition switch- Opens and closes /the‘primary.mr'cu;t ffom the hattery or
coil tosthe contact points )

C  Coll Transforms low voltage into high voltage necessary to jump the spark

. plug gap . - »

D. Coptact pomts--f\/lak'e and break the primary circuit to silow the coil to
produce high voltage at the spark plug

E  Condenser -Stores extra current as the-contact points open to prevent arcing
and burning . . .

.

F Breaker cam--Opens the contact points .

.
P

G Diode rectifier-Changes alternating "(AC) current to direct (DC) current,
) i .

.+ H Capacitor- Used n solid “state ignition systems and operates like the

condenser
.o . . . Ry
g *Trigger gol--Generates a small amount of current that is used to activate
- * the current from the capacior ° -,
- \ \\ . . '

J 7 Resistof -Reduces voltage in the primary circuit to protect the contact points

- . -

S 290 ‘ \
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4 - ! '
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l . INFORMATION SHEET ' ‘ . -
. . i, ¢ * v, - .
] ./41 = - . A ’ ’ . b
. , K. Spark plug- Provndes a spark gap inside therengine cyllnder to ignite the .
) fuel -air mixture . - g ) :
» N . } s ] Pl - ’,k \' ) N . ‘
: R L. Low voltage wire--€arries low voltage from the battery or armature to the
: pnmary side of the tgmtlon coil
’ . ) iNOTE: This 1s ali/vire with thin insulation.) ) e ) ;
- , ’ M. ’,ngh voltage’ wire--Carries high voltage from the secondeg side of thecoll
‘tothesark | ) :
' L . . ' p ppg ’ , — l‘.l
) (NOTE: This 1 a heanly insutated Wire.) - ) o
' VIl Opetation of the_ignition systems (Transparencies 1,2, 4,6, 7, and 8)
J
(. ’ A. fBattery . .. ‘
;oo : R ¥ Wrth the ignition switch of and the contact points closed, . ? Y
. v . .voltage currept flows from the battery—through the pnmary T
- wnndmgs of the coil and throygh the contact pomts to ground .
’ 2. The flow of low voltage current through the primary windings
\ ) ' of the coil causes a magnetlc field buildup :
. . 2 1 .
. . 3. As the contact points open current attempts to continue“to flow )
J . ' *across thempoint surfaces the .condenser attached to the pornts .
. asorbs this row of current 5 “
.
. : ) " - o
v 4" Stoppmg the flow of current causes the magnetic field of the
- . coil to callapse across the secondary coil windings, baUSmg a htgh
. voltage surge ‘. . \: ’ ¢ 5
. , C o~ ‘ \ )
5 - 5. The-high voltage!syrge is directed from the Secondary wlodmgs . L
. . -1 _of the coil through the distributor cap and rotor and on to the.
- _ . * . spark plug to ground * ) { ol . L
B.. Magneto . ~ . KR i
’ ‘ - " : - RN v .
. 1. W|th the ignition switch on or the contact pomts “closed, low \ o R
’ " <P voltage current, 1s* induced by magnets " through.‘the primary ,* ',% ) |
: § o windings of the co:I dhd through the contact points to ground P
2. The flow of low vo%ge current through the primary windings Ty
* : o of the cojl causes a magnetlc fneld buildup , \
T ‘% ' ¢ :
Lt e . s 3. As 1he contaet points open current attempts 1o ‘continue to Tlow ‘
T acrgss thé paoint surfaces; the condenser attached to the points™ .
! L absorbs this flow of- cur.rent ‘ . .
. . . . . i o - v o L.
" - ‘ . ; g ! !
~ : L] s ‘ a .
- . - 294 :
) - ’ . L ! .
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‘ L L 5 INFORMATION SHEET :
~ X . , a - . -
3 . . T y

- ’ 4 Stopping the flow of current causes the magnetic flé|dl of the”
. cotl to co“lapSe across the sécondary coil wmdmgs causing a high ‘
- s ’voltage ﬁrge ] . -
, 5 - " The high voltage surge 1s directed from the secondary windings
- . . 3 ) of .the .coil through the secondary wire on to the spark piug to’

’ - ' ground - . ;

v

> - ' ’ ‘ R
C Sohid state - e
" oot . . , )
. . 1 V\.hth}rghe ignitton.switch on, low voltage current from the flywheel
) magnet Mauuces alternatmg cyrrent (AC) in charge coil
. » 2 L The AC current passes througH a rectifier and changes to direct
“current (DC), which travels to the oapacnor {condenser) wherg. )

1t is stored IO . .

. v
pa 3 The flyviheel magnets pass the trigger coil and induce a sr;\all .
. electrical charge, which turns on the silicon controlied rectifier ’
.- {SCR}
‘ ) # 4 . -
INOTE This dompletes the circuit from the charged side of the
high tension corl to” the negative sige of the capacitor.), ° .

. . 4 The instantaneous discharge of energy induces a very high density
' magnetic field around the primary winding of the coil, which cuts
the secondary winding and thus creates sufficient energy to fire

- * the spark plug .. .
T, , -4 . .

MC“ o | L ‘ B -
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© JOB SHEET .#1 REMOVE, SERVICE, AND REPLACE SPARK PLUGS.

.

I. Tools and matehals | . -

. \ : |

A. Hand tool assortment

B Wire feeler gadge

r

- - <
C Igmnition file . b
4 A R ./-\‘ . A .
D, Wire brush )
r " v
E  Spark tester . .

F Satety glasses

i Procedure

’

A Clean around spark plug by blowing out dirt with compressed air

_B.  Disconnect spark plug wire by grasping terminal and bullmg upward (Figure «
1) v » . “

FIGURE

.

]

-

’

SE -

73-C

o
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. 34-C , . ’ '
3 . " - 1 '
< JOB SHEET #1 ’ L K '
. |
= _:91’, S S g . g',(. . . A [. . ) . ",,. \ \"s'
D. ,{%econn spark plug wire *
E.  Ground spark plug to engine (Figure 3) o . .
o . . . b
. D
NI @ Crank| engine one or two turns
G. Observe spark at the electrede 7 . o
' _ (NOTE If there is'no spark or the spark 1s weak, proceed to riext selff.)
) H. 'D|sconnect the spark plug wire from the spark plug
- . d .. '
. 4 I Hol@® end of the spark plug wire approximately 1/4 inch from the cylinder
. Head or use @ spark tester (Figure 4) - - .
’ - o ?
. +FIGURE 4 | 4
ADJUSTABLE GAP ¥ _
, SPARK TESTER : .
_J. Crank the engine one or two turns
K. Observe the spark - v .
' (NOTE If spark jumps gap on tester, the iggition system is okay, the trouble
1s in thes'spark plug )’ S Coe
‘ L. Sesvice the spark plug : -
s ' - 1! 2
* Clean thread$®with ‘a wire brush . )
N 4 .o (NOTE. ‘Usmg a spark plug cleaning machine is not recommended
S T because thisswill void most, small ‘engine warranties.)
v . N
311
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JOB SHEET #1. \ B
; ,

2 ? _;,,:?,.. . q . . s . . \ .",5’,, .
) . B ! ‘ . i ’ » \t‘ . “ ¢ . ‘ <\ N
. ‘®
. ( ,
4 . »
[

L M - T P . \
-0 - a ‘ FIGURES . = = .- _°

’ i S - . 3 File the electrodés © flatten tr;e surfaca and square he edges

- A ° s P .
‘: 4, . Gap plugs to manufactirer's ,specufncgtvons . . . ..
' Co. . (NOTE Use a wire gauge and ‘bend onry the.ground electrode.

See chure 6.)

« v B . FlGURE‘ 6 ?—7 .‘
e . M. Instal) sp’ar‘k plug and tighten o WRQNG
~ K . {NOTE: Use cautuén when starting the Spérlé'plug t.o avoid cross thvrea&'ing.)
. N: Toqrque the spark plug to manufacturer's recommendations

0. Replace the sgark plug wire . . “

¥ J .

P. - Have instructor evaluate work

. . . Q. Clean work area and rer‘n\ tools to propeéf location . .

I3
. .
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‘ I JUNIT IX . .-
g - £, : “ ’ Ce
. JOB SHEET #2-REMOVE AND R’EE_LACE CONTACT POINTS AND CONDENSER
) ‘ ¢ ) ’ ) e

Tools. and materials .~ - ° . ) : .

A. Flywheel removal toc;|s

B ignftton tools and wrenches ' ; .

.. . r

C  Fedler gauge set .010 -1025 LY X

. ~

D Screwdnvers . . .

E. | C‘af'n lubricant ' / “

F. Shop toweis .

G. Electrical gléaner . ) ) e

H. Hand tool z;ssortt;ient. b, A -

_— . -
| Safety glasses .
~ 1 *

Procedure /

A Fmd location of points and condenser ,
(NOTE: Qn most enginés this will be ander the flywheel Some wHI be
located externally on the side of the block )

B. Remove er]glne shroud anq any parts neceséy tQ get at the flywheel

€ Remove flywheel

.

-

-
.

(NOTE Check for lefthand threads “on crapkshaft; use spemal flywheel

removal tools as required See F!gures 1 and 2.) . .
O o

SOCKET WRENCH ' )

FLYWHEEL
HOLDING TOOL

. 77C°

’
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a . v w . - . ) . . B * . . '] " . 1) ’
, N . 4 ]
- - ' ) S 4 ) . Pt
CoL oy T . - JOB SHEET #2 . ' ) .
’ o) N N
. . I ‘ . , . , l
¢ 4 ‘ Lo ‘ ‘ ' L ,;,,,‘ o ¢ l - ¢ % A i‘ (SN ’: §oaates
LA " * ; P N N ..
i 0 D LY N [} .
- A SPECIAL FLYWHEEL PULLER ' " - :
| I ‘ C .
' . . . ’ - /
. \ 4 R ?
i . 5 . .
- , - “ : ' ~
%
y:é’ 4; - - e P - ES - ] ‘
: , P FIGURE 2 : :
- g 13 " * ' ) L]
L 2 s . * - 1
{ R .. Y . 3
. D. Remove points and condenser cover: o ) s -, .
PR AP S . . . .o ' Vo
(NOTE Some covers have g sealer at the point_whefe the wires enter. Save i
this for reuse ) - - ! .
’ A v . ‘ ~ .
N * E. Determine iocation and condition”of all wires, screws, and breaker cam J G
\ ‘ oo L T '_" .
‘ F.. Disconnect. contact point primary *Tead W? and condenser wire, )
. . . . ; . v
G Remove screw(s) holding contact points in place ) _ ( - ,
! L] . ’r & A g"
H. Remove contact’ point set - . . _ ‘
. ' | Remove screw holcing «condenser In place 'y
; { N -
. ] ; . ,

a

’ k4 ' -
A" - ’ !
Y -
, ~
. -
——— 4 ’
. 1]
>
- = ’ ] - ’
- 4
.
N,
\ ’ -
. ,
- -
] . .
. -
EY -
.
L]
4
. k4
. . ~
¢ .
. )
.
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o .
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. L . ‘ © "JOB SHEET #2 ' v .
: S T ' - ' ‘
i . ) » = . - - - .
MDA ) * 'l Remove ¢ondenser .
. .. * - ° M '] ~ ] : -
B hd . . '. \ . .
T . {NOTE Some engines use a pushrod to open‘and close the points. Remove:
- ) . . and replacg if not aathin manufacturer's specificatiqns  See Figure 4.)
v . . ‘ . B /_)
- . S ) \ . . ® .
F‘ - \\' . » . . A .
. - CONDENSER 1 , -
: . peo " BREAKER POINTS ‘OPEN
¢ -7 > )
\. A U F - ‘ @ s
. \ . ‘
1 " P '
D i ‘,’-'“:‘ ..
. v+ " " . PUSH ROD .
S T CRANKSHAFT | .
, ~ . . CLOSING SPRING «
-‘l hd “ , . o ' . . . s
. : .. FIGURE 4 . -
"’: . . . 'P N - t ‘ ‘ N
. K- Clean the poing and cendenser’ area W|th an approved electrical cleaner
: {INOTE 'Check the oil seal lacatéd in the' poynt area to he sure 1t 18 not
. Jeaking oib onto the points.) .
ﬂ' , . ? ) Y ‘k' . ..
- a . - L Lulbfiicate the breaker cam with a ||ght coating .of cam lubricant
. = - -~ " - s
N * ' o M . Replace the mets ‘and con(ienser Ieavmg the mountmg screws loose until
’-_'/¥ -, points are adjusted . ‘
¢ - : . 2 ‘ . R ‘. Y .
. N ﬂ'(eplsce the _primary 1eadjz?nd' condenser wires .
. v . ‘ 9 Vel ' . . ™ .
' e (NO osition the wires in such a manner to av0|d blndmg or qroundlqg
. ) Some models may require a spring compres that comes. wnth the point
: Set ) * 4 J . @' ‘7\ R '
- N . ° [ —
) : oo . : R . - ~
. ' - O T|ghten prumary 2d and “condenser wires securely ’ -
I . - R
. : A o T
S| . 315. W .
* Q . ' . ’ * . : (R .
. » < B “ . ' .
EMC “‘. . ) ‘ - 2 . \ ! . - . .
) ’ .o . (

¢

Y
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N8 } ’ JOB SHEET #2 * . ‘ ‘
’ , . P. Check point alignment and adjust as neédea (Figure 5) ' - { \'
S BREAKER PQINTS SHOULD FIT TOGETHER SQUARELY -
. , T(?/KEEP DOWN WEAR |, . )
e g FIGURES ., .-
PARTIAL CONTACT CAUSES .~ - ‘ ,
- ARCING AND UNEVEN WEAR - . ° R .

Yy Q. Adjust the c?ntact point opening w T
. N l
(NOTE Turn the crank'to position the rubbing block of thg contact points
* on the peak of thg cam lobe. See Figure 6.) .
7

. . . » )
’ CAM LOBE o
- . ~,
. N ‘ . j
L / ; . L .
' o C'RAy'KSHAF.T > 1
PIVOT POST _ T 4;»\/‘/
. - . BREAKER POINT SPRING ’ .
: BREAKER POINTS OPEN ' .
’ h C ‘ ) : o ‘ r .
| FIGURE 6 T
" L ‘ " e .
.* 1]
4 | ‘ |




L . Tl v
,’i N -
. , - : \
CONTACT BRACKET '~ :
* ADJUSTING LOCK SCREW/ : oV
.. . . h N ~FEELER ] ‘
R - GAUGE 7 b
. . - . 1 .
. S.  Tighten all obntact and point screws securely, recheck contact porpt opening,
. . .‘ . M
T Install dust cover; be sure gasket,or sealing compound. 1 |n place
( 3 ., - . X .
< te I ’ b - - K @
. 7
\'>/

. . JOB SHEET #2

b

R. Adjust contact points tq madnufacturer’s reécop

SCREWDRIVER HERE TO MOVE (Ul
CONDENSER BACKWARD ,

NDZP R
SCREWDRIVER HERE TO¢ -«

. , - 7——
T/ CONDENSER - .
&~ CLAMP SCREW . -

n .- ) T . ’
e CONTACT POINT BRACKET

- L ~ FIGURE 7
CONTACT BRACKET ASSEMBLY ’

> DA

i ® - SE -.

MOVE CONDENSER FORWARD *
CONDENSER ~ . e

\I\_
LI
5

- ~




g2C ) A
- ~ ' ® . i
- ¢ o o : .- g
i L. JOB SHEET #2 . o
- .' uU. Rép|ace f|ywheei using correct fly\;\;he.el kgy (Figure 8) o
) SHOULD FIRE:.  » o~ -
WHEN MAGNET . cENTER OF MAGNET LATE
o, . . IS HERE " : e . :
.. COlL\' s _ FIRES WHEN .- ,
e / . +MAGNET IS HERE o

. NORMAL '

*  POSITION
OF

. _ .MAGNETS

OF, MAGNETS

FLYWHEEL MAGNET SHOLILD

BE HERE ~

CRANRSHAFT WHEN' POINTS OPEN
FIGURE8 . PARTIALLY SHEARED KEY ~ o

L V  Have nstructor evaluate work ) S

» .

f', . W. Clean up work area and return toofs to proper location i

- S ST ! .
> . & » . ' ' ~
” ! ' —

L8
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. - - IGNITION SYSTEM s
. ; UNIT X =
- Lot ) .‘ '
‘ “ . .. A .
. - JOB SHEET #3-TEST THE COIL, CONDENSER, ARMATURE, P
. AND FLYWHEEL MAGNETS
« - .
| Tools and materials
™~ A Hand tool assortment . )
- B. Igmition analyzer o ‘
hd ' C Small thm ‘cardboar"d.' (post card) ‘
D  Electrical ’sy,stem cleaner . ~ - '
- - b} o \_‘”.{ .'- /\ \ "
R E Shop .t\owe!s ] - % _ - . &
~
F. Safety glasses . -~ : ' . ’ s
' - - " K " o P . - “".l.
1. P‘chedur?e . ) . . . ) 4
A Remové all parts necessary to get at coil and armature .
. . B Determine correct locatyon of coil and armature _
o ' (NOT(E If there are not™Bcating ‘marks (ar}ows, dots, ®Btc.) to accurately ’ .
/\ locate coil or armature, mark*1t and the engine block before removing. . |
b Use a small center punch or chisel to mark with) -
- ’ - . -
i C . Remove coll and armature
- INOTE "It 1s possible to test the coll and armature without removing it
. from “the engine ) . ) « . 7
' e X A




o JOB SHEET = : 4 ‘
. . . 'Y

.
- .
- ) o
v .
N \

. ' l “ LY
. D:~ Tebt coil amd’ armature *

™ PR ™ .
e -1 Test primary resis{ance - :
) P - B 0 * . < s .
. ; d Fotlovring u*.stru‘ctsons‘ tor® tester, connect leads (Figure 1)
. . : ) \ . ‘ .
. . ] .
] L
_ ., &
: ; e . .
[ i . . . T
T—S—— > .
e ‘ o
N X
_ - ! s 7
- L4 ,
' —_ b

» ‘ e
'
. . .
* “~ Al
. b Read ohmmeter
. :
' i ' ’ - 3 - ' .
- . v e INOTE  Refding must pe of valun shown™ on engine
) . X . stecificat-on) stewt . e
‘4 . . bt e . - .
- .
- : Ad v ‘ .
o2 Test contingity .
. ‘ . N .. L
; i v 4 Follo, g métructions for e

ester; connect leads (Fiqure 2)

-
* Y
- .
!
.
-
. .
. -t . .
R .
. .
B
. N
. ’
Y
3
.
« 5
’4 -
+
. .
- .
- . , . .
- V‘ -
. ~ R
a '
4 e [
- .
.
1 . )
- . . . '
Q S - N
; < .
N . -
EMC ° T . \ * °
. b .
H :




3.

(%)

g T ".SE - 85C
v 3 /.. .
JOB SHEET #3, £
A ’ A - "d
b  Read ohmmeter .
(NOTE Shorted windings are’ ingicated by a lower than
specified value. A broken winding 1s indicated by readmgs
higher than the specified value.) ’ _ ,
Test coil ground , e Coer '
. o
a. Following nstructions for tester, connhect leads (Figure 3)

b.

¢

~

N4

CONDENSER

-

—

FIGURE 3 .
o~

Read ohmmeter

(NOTE Coils not permanently grounded should not indi¢ate
any “pointer movement when tested. Coils permanently
grounded must show a-full deflection of the meter needle

to the right of the scale ) ..

. - [y

Test ,power ) \‘

a.

Following instructions for tester, properly connect test leads

. .

»
Y

-

A
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ERIC

Aruitoxt provided by Eic:

* JOB SHEET =3 g

e

b Advance current control knob until specified operatifg

amperage s reached on scale - . .
N (NOTE If there 1s no spark or 1t 1s faint or intermittent,
g ethg col 1s bad ) B N .

5 - If the col tals anysof the tests, replace it with a new cotil

E - Replace all defective parts

v

3

F Test flywheel magnets
(NOTE Hold a screwdnver one inch from the magnet. It should be strongly
: attracted to the magnet Most magnets are damaged by droppmg the
flywheel or storing flywheels nested in ore another )

'

G Replace bad magrets

NOTE Usuaily, the whole flywheel must be replacegj) t

M install cout and armature in correct posmon Ve

(NOTE Do npt overtighten mounting screws because these tbreads are easy
to strip )

t ¥ Follow manufacturer's specifications for clearances, adrustments and torque
setting (F|qure 5)

@

'MAGNETIC COH

: ARMATURE
POSTAL CARD OR NONMETALIC GAUGE .
'y '\ /.
J  Install all other parts on engthe . o

.

~

»

K Start enqgine and adjust to recormmended specificatigns .
Fy *

v

> . ~

L Have mstrii ()r evaluate work ,

M Clean up work areg dand return tools to proper location
L

18

|
'
PR
- .
‘+
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. T . IGNITION SYSTEM

‘ JoB ngET, #4. TEST AND*ADJUST A SOLID STATE IGNITION SYSTEM
. C s H k . -

I Tools and materials - »

b ' A Hand tool assortment ’ ) ‘

B Set flat feeler gauge .005 - .010 .

. C. Ohmmeter * : '
D Safety glésses

It ‘Procedure\

.\ -~

- ) K Remove ,shroud'covermg flywheel
; - —_— - . -
I~ ' i . . M . -
AR - B Check ar gap at trigger assembly and projection on the flyw%eei’; set about
. ' 010 1= 005) (Figyre 1), T . ‘
. (NOTE ©O10 will give the fastest starting. Be sure flat surfaces 6?\ trigger
. ‘ and projection are parallel to each other.) T
/ o 4 CHECKING AIR GAP ‘ /.OOS” TO .010" CARD
- FIGURE 1 ,
* -
-y STATE |
: ON UNIT
. 4 e ’
) . T c !then cap screws after gap is readjusted - ' .

.' Ud : D Remove high tension lead from termidal on coll




E,

™

H

L5

.

JOB SHEET #4 " ’
yZ

v

Insert one, ohmmeter Iead in coif terminal and the other to the coil mounting
bracket {(Figure 2) - L : «o oL

<

. 3 . .
(NOTE™ Consult appropriate service manual for exact fesistance.)

COIL LEAD

FIGURE 2

Y

’

Connect one tester lead to the coll mounting bracket and the other to
the 1gnition switeh wire
\ .

*. (NOTE Contm(my should"@_t be indicated hPJe.)

G - Replace 1gmtion coil assembly if wrong or widely varying results are

-ohtamed from either of these tests

.S

v

Test the ttrigger module

1 Connedt one tester lead tg the AC inlet lead on trigger module

' and other to lead, on trigger side of ignition switch

i QTE This shouid show continuity “in one dlrectv)n but noy
H o other, reyerse leads to check this) i

324

- - , ,
y B |
' | OHMMETER ‘ '
)
' ' ’ ) -
TO‘GEOUND 1o

TESTING THE COIL

T
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ERIC

Aruitoxt provided by Eic:

. ’ ~SE - 89-C
S PR - )
L 3 * . ! - :
. ’ JOB SHEET #4 '
- .
s 7 bl Connect one tester,lead to the trigger module mounting bracket
and the other to the AC injet lead.to the module
. ) 4
. @
(NO’T‘E Continuity should be |nd|cated in one direction but not
the ‘opposite, reverse leads to check this.) , .
3. Disconnect leads and remove trigger from the engine ’ )
4, Test with a flashhght type tester‘
. Ya. Connect one lead to the | terminal and the other to the
, trigger mounting bracket
b. Lightly tap ‘magnet‘ wﬁh a ‘metal object
d (NOTE: Light sh’ould come on and stay op until magnet
. is tapped again; this indicates that the SCR 1s operating -
' properly.) 3 '
5 Reinstall trigger . .
6

Reset the air gap~ )

(NOTE Replace the tngger ‘module if wrong results are obtained
. from any of these tests.)

if 1gnition trouble persists after, the system checks out in each of the
preceding tests, the AC leads or ignition windings are probably faulty;
replace stator assembly iq this event

.

?
Have instructor evaluate work

o

rd
- . ' ’ ‘
Clean up work area and returh togls to_proper location
\ ’ > . '
~ ’ - —
‘
* . LY
P
. -
. ) .
. ~.
e -
/ - -
3¢ .
~ 325



. . AN . SE - 91C
- o “ ' IGNITION. SYSTEM’ , .
. R : UNIT 1X o ,
JOB SHEET #5-CHECK IGNITION TIMING . '(
. . ) .
_ | Tools and materials ) ’ _ '
"~ . A Hand tool assortment ) : . . .
. . B Timing tight
C. Timing tool : T
D Continuity- tester .
PR
: E  Safefy glasses_ 9
.,y ‘ .
il Procedure ! .
- o - - » {
.. A Check ignition timing while engine s static
3 ’ ' ’ i
—_— 1 Remove engine shroud and exterior parts ' .
2 Remove flywheel
. . . v ] . ]
A _ 3 Adjust piston height at TDC using the manufacturer's
‘ v . specifications - ’
' ) NOTE. If correct timing tool 1s nat available, a straight edge
. . and depth micrometer can. be used. See Figures 1, 2, 3, 4, 5,
. and 6.) _ -
. ) FIGURE 1 _FIGURE-2 . FIGURE 3
2 CYCLE l " -
TIMING USING RULE THUMBSCREW
o0 | "I;ggsslsuulﬁ" ! I:«GUNJBE;an\-
< FOUND, THEN || | TO MOLD
. ; ' PLUNGER
Aot
Ir"’f/’,—lil T ‘m -
Y s~ W
< >
. ! &3 i
| *\\“ h¥! /f' q
USE GASKET i ‘ NORMA L "ROTATION (ARROW ON CAM) .
INSTALL TIMING TOOL +IND TDC FIND BTDC TIMING
OR RULE ~ (Top Dead Center) DIMENSION (Specs )
. ' ]
FIGURE 4 FIGURE 5 _  FIGURE 61+ .
c 4 i EACH MARK IS 1/32 INCH-ABOUT 030 d\
THUMBSCREW EXAMPLE |F DIMENSION CALLED OuT BE SURE SCREW IS
REMAINS T:cnr__.’ d os%%-g,smmu LESS THAN Two TIGHTENED SO —- "
« ] HOLDING PLUNGER MARKS LENGTH 1S REQUIREOD THAT PISTON WONT | !
:85.773&‘ N TIGHTEN SCREW w‘»;iu ‘aEYQDc 11 E?s'#fo’n aTDC b -
: AT Ty T g
. B . v‘ —- . . A \j? i Y |
i : NS SR - X e ﬁ.%?
: ' CIES the S SR
OPPOS:TE NORMAL ROTATION(AGAINST DO”M‘ENSDON 1S APPLIED NORMAL ROTATION
B CAM ARROW)ABOUT HALFWAY DOWN CAREFULLY-CORRECTLY] (ARROW ON CdMm}
. BACK OFF ROTATION APPLY DIMENSION BRING UP ON STROKE
' (Opposite Normal TO TOOL (Normal Running Rotation)
. -y == Rynning Rotation) ’
Lo o
’ »
® ]




§ : . ~
b JOB SHEET #5 . . .

N ‘ N 13
v . 4, Loosen the two stator adjustment bolts so the stator ¢an be turned
or rotated. A

S ‘ © B, Disconnect the coil Tead to the points and connect one end of
j\e continuity tester to the breaker point terminal (Figure 7)

14
. .y

FIGURE 7
INSTALL TIRING LIGHT ° .

6. -, Touch zthe other end of continuity tester to statiepary bredker

*

point
€ , .
7. Rotate stator plate until test light \g-oes out (Figure™ 8) .
. ) . «

.o Y VL TS ‘. FIGURE 8
ROTATE STATOR UNTIL
-POINTS JUST-OPEN

. —
-8 Cavefully tighten stator adjustment bolts

-

: .- . 9. Replace all” coil ~wires, covers, and flywheel shrouds,

. /8 Check1|gmt|on timing -while engine 1s running

AY > =
\ - . .
’ Connect tirming light to, high-tension lead between rpagneto and

L 1.
spark plug’

./(\

s

-~

' 2. Start engifie and set engihe RPM at manufacturer's specifications

! “(NOTE This 1s usually between 1200-1800 RPM)
" ‘ ? .

-

-

[ 4

327 -
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"JOB SHEET #5
. ’ . ® . .
. N ~

Point flashing light at timing ref%arks (Figure 9)"
a ' - .

o3

\
- - 7
L] \ ”,
? ———
" s
L4 . .
/ . ‘ .
. 4. . Cheék timing marks oé case and flywheel for alignment ’
5 If uming marks need alignment, shift breaker point ‘plate’by
. ) loosening adjusting screw and shifting plate until marks are in
alignment . - -
- : ) . / ’
’ ’ S \ b N : ' ’ L ]
6. Tighten all loose connectios, / v
) * ) : ~ . : ’
C. Have instructor inspect work . - "

D Clean up work ares and return tQols to propef Iocati!&) °-
. - . . v . 7

(—& . : M . . ‘

-

A5
o

¢ N ( . e
' &‘ - N
! 3
. Y ¢ +
’ \f

. /“ - -
R + 328 .
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. [ 2N ‘, v "y .
i . . \ . . .
. i . '1 . - ! N N . . L ‘.
. A St » . * / &
- . ) '._ ¢ ) . r a =
p . o 1GNITION SYSTEM - f. - :
- . - Lo b iT | . ' .
J l. PR ;e T \-JN T \ N ‘
¢ . - ' ‘ - ' . L
< ~. L NAME P -
. i - | ) T . ’ : N -~
. e o . TES | . . .
L] . . ’
¢ Py r 7 . ‘\‘ . N % . ' . o' . -
‘ 1. State the pur igriti .8 ’
- . p pese of the |gﬁ|t|on sys}em K _ ' o
R o N N ,f L . . . .
L Uy ¢ o ‘ ’ v -
5 e . . LS *
- M B . . ¢ . f n
2., Match the types, of. i nition‘systems on the right to the Torregt descriptions. e
. o of.ig ? o ,
- - »_a. Produ current by magnetic induction 11@ Battery ignition -~
: - . _ for th®primary ignition circuit without ~ syste;mw |, ¢ ‘ .
SRR i any outside source .of electricity ) - : )
. ) . o . 2. Magneto ignition '
. " P ¢ b. Uses semiconduc in place of ohe or @ s 9 o,
. ..o _ . . ystem . o
) § more standard tion Components ‘
- . Uses glectronic parfs in. place of 3 ‘} Breakerless )
. - -7« mgchanically operafed ignition pQigls - “ignition system
J . . d. Uses battery to supply source of current 4.-  Solid state N ‘
r & : for the primary lgmtlon circuita % |gn|t|on syste'm )
* B * / -~ )‘i
2 o : 3., Dlstmgunsh between the components uof the prlmary and secondary battery 7 s
o * “ignition sircujts by placing a 'P" in front of the components in* the primary . .
‘ . - ignition cnrcuut and.an "S" in tront of those, in "the secoﬂaary ignition,circuit.
. ‘ ’ a. Resvstance unit (resnstbr') - T § ! i
s ., B e . . - . “
' b.‘C'ovrderiéer . ) oL .- . ¢
\- . * -‘ B . 3 - - TC . - - - ’
<. " ¢ Distributor cap : ' g 3 R
Nt . :
N b ""Q : - ~ M i “‘ . ’

d ition “switch. , ) - . R
¢ « : . ‘ \ e MY "I L
' € oot , R N . . : -
- ] . - e . ' ‘g )
r“ . - e. Retor .. o .

»

e S ) ': . R ’ ) . ,*'. . o e

. el e M . f Secondary vylndmg . ! ‘ - °
= ’ . ‘. > . P . = .’
'_;. ‘ S d - - . * . [ ) '
e . ) ./ g. High voltage wirg . . B .
. : ’ . ’ . i - ’ T f
T ' ot . h. Lsw voltage wire : ' v 4 -
. . - —— . ) . . . . . ) ; \ , » i
. . - - N N . . . ’ . ..
. - . |
. : - ) " - ‘ A4
L .. ) . R ‘ e . ’ v .- : a4 : V. / Yooyt ,
z , s . . 4 13
- .- .o - ' L - ‘ » o‘ - . *_
™ . . - .
- ,- . k. Prmary winding . , - . '
L . . * 1 B - * 1 R . .
. ) - - I. Spark plug Y \
. . T ,‘ . . . ®
< a2 ra AY FY ‘ - ) .
) S ’ ) ‘. . gt
v ) - M L] ‘—1
, R hd ‘ d - ) 329 ‘ ’ R -~ 0“" RN P
y . v . .. ~ e - :
.. 3 . . - . /. : ' . '\/'*\ .
3 O . -, . . ’ N .
‘ EMC: . .7 . o e - ' ! . ’ ’ R 4 ’ )
- . , . ’ . . L - .

. . . .
N~ . - A - s ) . +*
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. ¥ . - « . 4 ~
ldentify the components of a magneto ignition system. < . .
‘a. ) «e .’ - . . e ‘
- :' , Y . . N = . -’ -
Vb. ' . . s [ N bl .
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L] N . x . v .‘
. . g - . B ) v ’ . ‘-I D .
'+ 5. : Identify the components of a solid state.ignition system. . e

N - - “ ‘ o
‘ \ N . - -
- \ N : a. - . a e. " . b
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' .A e .
: ‘ e
3 Identify the components of a bteakerlessaignition system.
‘ e. '
f..
‘ I
. g g}
4 h.
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JAruiToxt provided by ERIC

a.

b

v

LY

Source & electrical power
o

Opens and closes the primary circuit
from the battery or cojl to the contact

‘points

Transforms low voltage into high voltage
necessary to jump the spark plug gap

Make and break the primary circuit: to

. allow the coil to produce high voltage
‘at the spark plug

£ 4 i
»
Stores extra current as the contact
points -open to prevent arcing -and
- .

burning -
Opens the contact points = *

. %
Ghanges alternating {AC) current’ to

direct (DC} current

Ll

Used in solid state ignition systems and
operates like the condenser

Generates a $mall amount of current that
is used to activate the current from the

capacitor

Reduces voitage in the primary circuit
to protect the contact points

_Provides a spark gap tnside the engine

cylinder to ignite the fuel-air mixture
a I4 ‘
‘Carries low voltage from the battery or

\armature to the primary side of the

rgnition coll Yo

m Carries high voltage from the secondary

side of the 'coil to the 3park plug -

.

" - . )‘ )

' ) 7. @tch the components of the igniti.on system on the right to the correctpurposes.
% ‘ i

1..  Trigger cogl
2. Spark ptug
3. Coil . . o,
4, ’Resistor -
5. « High voltage
v - wire
B. Breaker cam N
7. ) Battery I
8. Diode
» rectifier A
» Contact i .
points ,
° ; *
1\0. Low voltage
g wire
11 fgnition . i
switch B
12. . CaEJacitor
-13.7 ’Condenser .
. P
[ 3 -
' y
. .
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e
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Assocnate the operational steps with the ignition. syﬁems by' placing an X"

in the* approprlate blank(s). <. T | -

‘
’ ]

-

Battery Magr_1e10 SO||d State . -
-a. ~ .

Wlth the agnmon SW|tch on and the/g‘ontact
. . pomts closed, ,low voltage current ﬂows
\ <+ from"® the *battery through the pnmary

windings of the cotl and through the

. . ‘contact points to ground.
b. . . ~  With the ignttion switch on or the contact
)\ points closed, low voltage current 1s
‘'nduced by magnets through the primary
windings of the coil and through the

: A . contact points to ground
7
’ ' . ~ -
With the ignition switch on, ey voltage
@ current. from the flywheel magnet induces

alternating current (AC) n crlwarge coil

d » . The flow of low veltage current through
. g the primary-"'windings of the coil causes a
- » . magnetic field bulidup -

e. ’ 3 ‘The AC current passes through a rectifier

travels to the capacitor {condenser) where

it is stored .

f. ) As - the contact points open, current
attempts to continue to flow across the

' point surfacés, the condenser attached to,
the points absorbs this flow of current

‘g. ) ' The.flywheel magnets pass the trigger coil
. . and induce a small electricat charge, whith
' turns on the smco(n controlled rectifier

(SCR) g ° -

Stopping the flow of current causes the

. magnetic freld of the coil to collapse acr.ss

. . " _the secondary coil windings, causmg a high
. . voltage surge "

The hlgh Qoltage surge Is directed from ti»
) ot secondary windings of the coil through the
distributor cap and rotor and on to the,
‘ ' - spark plug to ground

.

. " and changes to direct cassant (DC)-which_

-

-4

f .-
;

D .
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Aruitoxt provided by Eic:

v .

SE .- 101-C

-9 * Demonstrate the ability to: .

Magneto §0I|d *State

N

Battery
« '3 N

j. The high voltage surge is directed from the
' secondary windings of the coil through the

4 secondary wire on to the spark plug to

, - ground

%e instantaneous discharge of energy

- S induces a very high density-magnetic field

« around the primary winding of the coil,
which cuts the secondary winding and thus
. creates sufficient energy to fire the spark

plug - a

A

-

'

a.  Remove,’ service, and replace spark plugs.
\ K .
b. Remove and replace con‘tact points and condenser.

c™ -~ Test the coil, condenser, armature, and fIyWhereI magnets.

d Test and adjust a solid state ignition gystem,

-

~8—F§ Check ignition timing. :

/ ~ Tl
(NOTE. If these activities have not been accomplished prior to the test, ask
your tnstructoer when they should be completed.)

-

N
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‘ . -, IGNITION SYSTEM' |
S C . UNIT X
' | . ) ‘ \ - - . . ’ ‘ D
4 = ANSWERS TO TEST e )
. . S o s
L Produces high voltage current to ignite the fuel-air mixture in the engine cylinder
. 2. a. 2 .\f ”
b. 4 o .
c. 3 ) T '
d 1 S
. 3 , & P e u . g S
b. P h. P T
o4 S i3 P ,’

i
o

Flywheel with, magnets

: . , . '
‘- . ) * -~ ' . . )
. . s LS . :
P ~a ) .
) .
.

b. Armature

) L.
, c. Switch stop . . . T L
e d.” Coil \ ) CoL
v haul ¥ . ’ hd —
N . -7 es Contact points
. . . f.  Condenser
/ ) Il
g. Spark plug
o h. High voltage wire
( ! , g 9 : o N .
: 5. a. Flywheel with magnets
: C% e - - - .
) s b. +rigger coil \ . : . ) .,
- LA ’ . . ' . i ) ‘.
c. Resistor < .
< P '
cow d. Transistorized rectifier (solid state switch) - \4 |
Ny i

LY

. s e. Diode-rectifier :




/ .
—r
) §
Cf Ignitionrmﬁs:l'. “‘1 A ’
- wo Teagn Ty
< ,
*g.  Low, voltage. wire ) '
a.  Battery . b
. .
b. Flywheel
c. Trigger module . _
d. Ignition “switch . -
e. Altemator-stator e, d
f: B Ign}tnon coil assembly s .
g. Rectifier-regulator
) ~ .. -~
h Low voltage' wire
a. 7 f. 6 ) “j. 4
. — -
b 11 g. 8 . k. 2
e 3 h. 12 R T |
d 9 ) o R *m 5
e 13 . .
a Battery
e
b  Magneto
c - Solid -State
d Battery, Magneto
e  Sohid State
¥ ‘Battery, Magneto ' )

g Solid State

h Battery, Magne}o

[

i Battery )
Lt . ’
i f\{lagneto - ‘ \
N N
k ~ Solid State =

r_.—/_\

1 '; - '
Performance skills evalusesd to the satlsfactlonﬂ of the instructor

o
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: . - . CHARGING SYSTEM .
* . ‘ 7' UNI; Il . .
o UNIT OBJECTIVE - ~3
) . . 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 antl by scoring eighty-five percent on the unit test. &
- ‘ \ [
- - — .
. ' v SPECIFIC OBJECTIVES

R
v -
-

After completion of this unit, the studen® should be able to; *

1. Match terms associated with the charging system to the correct definiti

PR 2. List two kinds of charging-systems.
. 3 Match charging system components to the correct functions
" 4 Identify the parts of a generator /

/
~ - 4 -

o] Match operating stages of the charging system to the correct"functions.

»
.
e - B '
- ' . 'z f
- , - '
[ N 6
.

Discuss the current flow n a basic generator

- s .
\ -~ 7 Discuss how a generator converts Ag to DC. —_— ‘
- T i . - .
: a 8. Match the external generator regulators to the correct functions.
. N
9 Match the types of generators to the correct Ses.
- <4
. 10 Idantify the parts of the alternator system.
h 11 [»st‘two advantages of an alternator over a generator. .
: \- > .- , . -
) 12 Discuss reverse polarity.
' - . B A
13 Demonstrate the ability te. o .
. ‘ ‘ "
. N N a. Remove and replace a generator. . .. |
: : v b Disassemble, check, and reassemble a generator.. :
- v. . “ . .
- '/,\ ¢ - Remove and replace an altérnator.
‘ . ' d Disassemble, check, and reassemble an &ltermator. ~—

ERIC
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. 4 ‘ ' e CHARGING SYSTEM C z
c - . = UNIT HI
' . . SUGGESTED .ACTIVITIES
-‘ l. Instructor:
"A. Prowde’ student with objective sheet.
B. Provide student with informatidn and job sheets. . >
C. Make Yransparencies. ,
‘ \
D. Discuss unit and specific objectives. o
- E.” Discuss information sheet. . ¢
F. Demonstrate and discuss the procedures outlined in the job sheets.
* , ™ ™G. Provide examples of alternators and generators. . -
' H. Give test.
- 1. Student . .
/ . A. Read ob\eectuve sheet: ) -
. . -~ \ B \ .
! . B. Study information sheet.”
/
’ ;. 7/ .
. heets.. -
3 F Cpmplete job s eei —— ]
‘ ’ D.” Take test.
INSFRUCTIONAL MATERIALS
s ’ _ .
. 1. Included in thi§ unit: g ‘
. A Objective fheet - . ' *
B. Informatiop, sheet '
47 - . \ . P
C., Transparency masters . . \ .
1. M, 1-'Charg|.ng System Components ,
* ' ’.
2. 2--Parts of th® Generator /
b . . . |
' 3. TM 3--Current Flow in Basic Generator P .
) - . |
- ‘ ° *
g o 339 R
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4. TM 4.-AC Gonverts to DC
5. ™ 5--External Generator Regulator

6. TM 6--Types of Generators

“ [}

7. TM 7--Parts of the Alternator Charging System

2

D. Job sheets . :
L 0 1 Job Sheet #1--Remove and Replace.a Generator
- 2. Job Sheet #2--D|sassemble,bCheck, and Reassemble ;JGenerator
\y 3. Job Sheet #é--Remove and Replace an Alternator
i\ 4. Job Sheet 5#4--D|sassemble., Check, and Reassemble an Alternator
E  Test
F. Answers to test
References.
A -Sma// Engines, Volume 1 and 2. Ather;s, Géorgna: American Association
for }/ocat:onal Instructional Materials, 1974. — .
B Asrmstrong, Ivan Auto Mechanics, Volume I~ St|llwe;ter, Oklahoma

Oklahoma State Department of Vocational and Technical Education, 1976. -
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Aruitoxt provided by Eic:

/
1
A
« .
f
B
) C

/ CHARGING,  SYSTEM
SRV NTh 1T

L3

INFORMATION SHEET" |

L

| Terms and definitions .o : .

b i -
Charging system--Recharges the battery and maintains a supply of electrical
current to meet the operating needs of the engine and auxiliary’circuits

3
—-—

Amp--Unit of "'measurement for electrical current’ .

Volt-Unit of 'electrical pressure or force that will move a current of ene
ampere through a resistance of one ohm -

->

‘ -

- »

Ohm--Standard unit Ior measuring’ resistance to flow of electrical gurrent -

. Diode (rectifier)-Device that will allow current through itself in one

direction and will block ‘current in the opposite direction =

) A :
Short czrcu‘/lre touching another wire and providing a shorter path fo
current to flow .
’ -

. | : B
Dpen circuit--Circuit in which a wire is broken or disconnected

»

s

' Grounde(csrcuit--CIrcu:t in which a wire touches grownd causing the current

to flow to gfbund instead of through the circuit

Armatm ire conductors -in the form of a loop rotating In a
stationary magnetic field

r_—‘"&'i

Commutator--Bars o® end of armature drive shaft and connected to the
ends of each wire conductor wound on ¥mMature - .

. *
Pole shoes--Permanent magriets that are fixed to the inside of the generator
housing and set opposite each other to create a weak magnetic- field

Field circuit--One wire conductor wound around both poles many times
and attachgd to the Brush : ’ <7

N )

— . s " i -
Regulator--Assembly which houses the cut-gut'relay, voltage regulator, and
current regulator

Arcing--Current attempting to cress between the commutator sections and
the hrush . - ‘




110-C
"

ERIC

Aruitoxt provided by Eic:

Ny

-

: .
&

INPFORMATION SHEET '

¢

hi
.

-

O. (Polarity--Direction of éurrént Jow through the generaio:

- - 4

I3

PN

" {NOYE: Generator-circuits need to be p.nlaruzed after serviding.)

-~
P. ||A||
then "ﬂrough the %gumtor to gr

‘s

O.\ B" Circuit--Regulator 1s between the

Kmd<of charging systems
. re

.

’

.

circuit--Regulator circuit™ with supply voltage to the generagor field,

]

(NOTE Both cincuits generate: an alternating current But differ in how they
rectify the alternating current 1o d.rrect current )

) A. Drrect current

©

.

» &

Ho

. (NOTE Duirect current chargmg systemns._are associated with generator type

systems ) ?

B. Alternating current 4

v

(NOT
type,systems.)

Charging system ocomeonents and functions (Transparency 1)
AL ney .
—

A Battery

v

\

-

>

B
.

L3

.
-

1 . Starts the circuit by supplying spark .to. start engine -

Alternating current charging systems are associated with"alternator

Ao Helps out during peak operation when electfcal loads are 100

. . much for generator or alternator .
B. (;en-eretoqr"‘ or altérnator ' .
- 1,. -SGpplres electrical power to accessory “circuitd
2.‘_‘ Recharges battery ) :

c - Regulator -

N

2 Prevents overcharging of battery- (voltage

¢ N
© 3

D. .eter--Measures the rdte of current flow

.

(f’

gulator)

-

*1— ,Opens and closes the charging circuit (gut-out relay).

¥
H

-

Limits the generator's output to safe rates (Current regulator)
e - ‘
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PR * o g * - ¢ .
o] SERNC R * -
. . . : x\ S0 Y. axs 7 NFORMATI
' Y TRt O : T S
. N LT f e NS ‘ b
N i -\W Parts of a generato& (Transparefcy 2)
. \ . ——
Coe s * A% Brish hglder
o . ' ’ Sy
. o B' B‘rushes )

, o
‘ ) A o Brush goyer strap .
o T - s > ey

. . o3 D CommutatgL end cover, ‘ )
Tl . . L .
. s & /ﬁmsh holder m ing plate . . . '
& M . . .
. : L F;\ Cpmmutator . ¢’ "
1 ’-3 N /4 . R ./\ . ) N . .
v . § .r . o
T -~ 1 P .
o N We A D A\ 7
o AT o <. ' .o ’ . .
' A o ¢ Armature L . . - . . ,

7> Pole shoes ... -

L4
. ' LY e J . ) - - * .
. . . . . Field coils C e . y D h
) - L]
’ > - .
- ‘: .
L]

. - g}.’,‘, K .
o0 e .- A S .

v . “K. *Thtu bolts = - » o -
& L. -2 , S .
e R £ Driye end plate > 77 " Ny P ~ -
"a. S o L o I

A : M.. Drive gear- . - e
- N « . M ? ¢

{NOTE: The drive rﬁa’y .be a ‘belt and pully “ihste,ad of a gedr:) -

~ a .

‘ N. "Bqarmgs, oo N _
' ‘4 é U - :

(NOTE These may be anti- frlctlon or plain bearlngs)

TR - o
.. . V /Gperatlng stages of chargmg system . C -
Y ’ . A Startmg Batteq s;mphes aII load turrent
v . » " . B Pgak operatlon Battery helps generator ‘supply current © ° o ;
2 I 3 ‘ .-
- - 'C Notmal operatlon--Generator supplies all current and recharges batte;yT
) [ -~ - Y .
b N ' ~ VL. Current ﬂ’GW/in bas;c gene'fator (Transparency‘ 3)
' ) T . 4'NOTE Armature rotates through the magnetlc field of the poles generatmg
#N ' volfage.) - : S
- '14 ‘ f N
. os A Vo1tageg‘| %‘from armature &oop Yo the commutator rmg
N ., : 4 ’ s (NOTE "The eft end of the armature loop is positive whﬂe the ngh
, ’ . 13, negate. ) - .
' : e, heha S ‘ N v - .
4 (Y ”‘. . 7,,‘,/"/-'7\‘ » . A "’a . " . . ) - ) , ,
. ‘ ", ' i . . A‘N R 7, -° . A . - . -y e
- . ’. o .\___’,-.‘/l/" ' ~ .g’!" . :. »Vlf‘- . l‘317 . - % ' . . ‘( e )
: by N N . . . L ee— .
.'gt, * 8 » o S . he ; , Y -
. " . "Q. * :. - " ) NN »
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112.C o ' ' ’ LT
¢ - . ¢ v i . ‘s . s '
S 2 7 - - . )
. . / E 3 : /“: - . % . °
. . ! .. N ‘ J, o » - . *
. o - _ INFORMATION SHEET .1 oL .j\
. . oy : ’ s N 0 v * . . .- - ) 8
. ' ) . ~ P . L » C
B. Voltage flows. from the commutator ring through brushes to a wire & '
connected to a Ioad e L. ) L. ) §2 L T,
' J € * . -‘ ',t * 4 *
.. , C. Current flows when circuit 1s complete | Co ’ : AR "
.. s . s t . . . - P . L ‘ . . ¢
M 4 , - - . * ‘. | Lo -
- _ VIl. How a geneggor conygrts AC to DC (Transparency 4) 4 s . ‘
. . - ’ . \- - ye s , B r . . .
A. “Commygator s split 1h two parts creating a gap as the comniutator passes T
v -8 . ’ -
N the brushes @ . ‘ . - v .
: e . R L PR . ' " . o <:
. .~~ . N - o . C e N, . N , N ! |
o 7 (NOTE. This is called the staflc neutral point where no. voltage is-created.) & ‘
* ‘A 4 [y A . , . N . |
o . B.4 Past this pount the other half of thé” ‘commutator contacts the brushes , - - » .
- rever5|ng the current ftow _— N - ’
- ‘ ‘ > . . ) ‘ - -
Iad i
4 , C At the same time the‘ fotating armgre rever.ses |ts polarlty converting AC- - -
to DC ' . . i - - . N
4 - - . { s, a ! . . : >
' . : . . ) ;
\ VIll.  Functions of ‘tHe external generator regulators tTransparency . - R ¥
- | ' N ’ - : \ . [ _ LY / A
* A. &-out relay-*Automatic switch which closes whemgeh@tﬁfis runnind and .
opens wheri generator stpps to prevent battery dlsf:barge= N .\;
' B. Voltagesdlegulator- Controls- the ambunt of volitage -the regulatdr hyroduce$ .- RSN
s ¢ ' »
‘through ja shunt coil and c‘ontact points. contrbllmg the. strengt thet - -
) magnetic field;. prevents overheatlng - PR 2 oL
> S A - - . v ", ' '
) . « - , . L 4 vl " e
. v Current regulator--Controls the current flow similamto 'the voltage regL’)ator C ... .
N + . i R ¢ Y N i . . s ‘ o
- (NOTE: Both the voltage, requi#tér- and the currefft regulator are used but . .
o ~_ while one 1s working, the other is not.) LIRS - s 0 A
‘ @f ~ . » i - " ,
et . . ~— - . K ) . . R - i
‘ . IX. Jypes uand uses of generators (TranSparency 6) g ) . .
- . ‘e * . .
W IR A Shunz'id.a;; a standard generator _ for most normal/ opiatlons oo .
d - B. Third brush--Ehminates the use of a current. regulator is relayvely easy -+ .
. ) to changa third bgush positmn and control the output, and Is used in systems S
@ . with low speed- arid fow load requirements iy, S N
o G Interpole Prow&es a better commutatlon point and. extends brush life.
R , D. Buckmg fleld--Use ere there 15 a wide varlatuon of 1oad and Speed . )
A -« ' . requrements ’ ‘ ' , ‘o cLo. .
- - | - . -t ’ - .
I e “E.  Split field--Used in systems with low speed, but high load requirements ’ ‘ ¥
i . oo .« » - LY . . o8
¢ . . ‘ cy e e

. - - . . s .
e ‘ jos N PO . . '
B . :
. . . . . R ¢ ' 4, N ., ®
z ) ¢ < . M . ‘et )
- O - . ~ . ', . .
- . . 7

L~ 4 N ‘ : .
- e PR . .
. A ~ 2 .
. )




e S INFORMATION SHEET ) -

. _/\ X . - . o
X. Paris+s{ the aljernatortsystem  (Transparency 7) . -
“ - N ¥ N s , . . - .
. - © . [} -
g A, Alternator coil (stator) - Y ,
, ’ : R v N < - . ~
: B. - Flywheel e . R
R i ° o« N ’ . ”~ - ’
. C. cCeramic riffg ., . ¢ - 3 ..
. ~ : L ) s , . : N
* D. Rectifiér ‘ co >, ’ \,‘:\/
e E.» Batt"ery, —_ ’ I S - "
X1, Advantages of an alternator over a genera ’
a o Y > ‘
- A" Prodyces htgher output at low and=~idle” engine speeds\t R
LT - N s
. +.B.  #rbvides simplicity in construction which requires less maintenance
: s R - : .
-X! = Reverse-polanty, ax, - . S -
T P B ‘ - L v T . - .
A ’ Generator, polarity is gpposite that of the battery. -+~ -~ - 7. . MR
. : . - : . N -
‘ S B . Battery«1s in series with the gendrator et ’
&, . ' L

o , : . .
o L, Generator builds up v Itage and closes the cut-out relay points _ -
‘_ 1 ) o . . .
w D  High voltage can create enough current ang heat to weld the naints together

>

(CA,UT!ON Aftér a/hy service %Qlanze the DC generatqr J

f\iOTE Pale shpe po:ar.ty IS oe?ormmed by e magneusm of the t.eld
oo ccils the last ttme current passed through the cotls a slight current through
the fleld cols hen servxcmg can aCudentaHy cnange pole Erlar.ty)

. '_”',., . '_
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' CHARGING SYSTEM COMPONENTS

N ~ 4
: GROUND N , “ VOLTAGE REGULATOR ° A
. b & \ . ‘ i
- + . S
. , . ' > ‘
‘ -l |
START\ = - ' ! ‘
= SWITCHT =\ | e | : .
. -] N \ - IGNITION.-swITCH || * e
g . 'AMMETER = , o o @ o,
j - ’ N //ﬁ SPARK PLUG i{ SRR - SR '
~ -‘ - :
: " (| CONDENSER ' ¥ - S|
] ' - —/
R r : con , : -
- ‘! ) ) 1 TN - S .
S . ) AL ~ : . '
STARTER GENERATOR - ;~ LQW TENSION -WIRE S .
. - 2. : T ' " PR }'ﬂ\
. L = = BREAKER POINTS  _ .
g} 34 . ’ s J - . . . . ‘ T Lot e e
o - A : .- : ) b ' ‘ ny €
ERIC | L o .- T < YA




- =~ PARTS'OF A GENERATOR .
o ' - ", ' . ’
\ o e .

. BRUSH HOLDER  _» |
oo A ;\’ o
T 3o\ Ve
L e ‘ _ S%QQ "&

BRUSHES%@;,

r—-\

-~ "COMMUTATOR
END COVER .

AN

e

L. .- . . COMMUTATOR

‘ - 3 ‘\x‘f,’.-@. - \ e

Z " .- MOUNTING. .~

L CUPLATE T

) . J v .
'\—FRAME

— POLE SHOES .-~
x? * ‘' . ./ ’

1

\ ﬁ 3 -
" L_DRIVE £ND
.. . PLATE

N o 'X#THR&."ECL’T SN
© " SBEARINGS™ v . 349
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‘®  CURRENT FLOW IN BASIC EENERATOR

- Magnetic Poles

~ Direction of
Current Flow

- (Rotating wire loop)

-
‘THE BASIC PARTS

OF A GENERATOR =\

Load

BASIC CURRENT FLOW
IN GENERATOR -

Y

Direction

“ ﬁ ,
-
.

PN -

' BASIC GENERATED VOLTAGE. -

Field

COMPLETE PARTS

of Rotation

OF BASIC GENERATORS

-

™ 3

o Circui



SE - 121-C

At static "neutral point’,
no voltage
is generated

_ ’ ,
’ 3
. Gaps between .
commutator halves '
Eﬁ._;f(
First Half of Revoluﬁon ~ Seéond Half of Revol'u'rion

» HOW. THE POLARITY OF THE ARMATURE CHANGES
+ DURING EACH REV‘OLUTION

351 : o




_ EXTERNAL GENERATOR REGULATOR
GENERATOR R”ESBULATORS - THREE TYPES |

. - CURRENT
CURRENT -VOLTAGE

OPERATION OF ALL THREE GENERATOR REGULATOR UNITS

— ». . \ . - ; - * N [ 4

REGULATOR

VOLTAGE
. /REGULATOR

- cutouT
-~ -
& ~ CUTOUT RELAY,
. CUTOUT RELAY CURRENT REGULATOR.
CUTGUT RELAY -  CURRENT - VOLTAGE AND VOLTAGE REGULATOR
- <4 ,f_'-\ REGULATOR Lo . .
" . CUTOUT CURRENT  VOLTAGE, /
. RELAY - REGULATOR REGULATO#"  + -
= B [ SHUNT ~—) —
= wivow (== -
ke
WINDING | :
’ , SHUNT] .« I
. Lk-“}wwome .
‘ BAT.GEN( T
€. 7 . AMMETER " . RESISTANCES L
~ ) P [

- 3S

€2t
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o - TYPES OF GENERATORS

¢, G‘# ) .’

-]

P THIRD BRUSH
® 'GENERATOR ;
- to i ‘
) Higher Output _~ ‘
. /
. G C . .
INTERPOLE GENERATOR . SPLIT FIELD G#ENERATOR
A . 2 A-1 e A F\
N Y, F | n_HY A

) .»!. ‘
< . F2 _‘
NORMAL FIELD ' - _—

o BUCKING FIELD GENERATOR

o

C351 T
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PARES OF THE ALTERNATOR CHARGlNG SYSTEM

, STARTING MOTOR

L
RECTIMER

\CQNDENSER £

SPARK ﬁ
BATTERY IGNITION col

. PLUG i | 2
CERAMIC RING

- (PART OF FLYWHEEL)

" ALTERNATOR COI
(STATOR)

» BREAKER: POINTS”




‘{‘Q ‘ , :
. hd ¢ & ‘ ‘
| - /\J’ L Remove tf’xe leadls* from the generator termirals ﬂzlgure”) /

‘ -
. * »
4 l - ‘-
o \ .
- ’ - v - - PR,
. ¥ / - -l
- . ' .
. .t JoE - *
Y . - 3
- - { - »
. . 'y - L
2 ' N
N -
N . . o . , . ,
1 ~ ' - . * . '3 - N
- . kY " - 14 p
s o - . :
A N . 2.-, Rempve the generator belt adjusting bolt from the generator

| (. o .
‘ - : . . CHARGING SYSTEM . N " ~ .
. : < UNIT 11, : :

- ' ‘ . ' e -t « b
. L . ~3.  “Mopve the generator toward the engine- (Figure 2)%’ / :

) Sy T - -
. " s - ! . -
. A " -~ . . - ¢«
. . te .
. R A~ A -
N - s .
S R S SE - 129-C

\ - ~ ‘ . *
- . - , ( - -~
. e . VR
’_<\. ’ Lo e ™ - - . - .‘ ‘_‘-".
’ ,‘ - JOB SHEET #1-REMOVE AND REPLACE & GENERATOR )
.. ! I. Toofs énd’matérla!s .7 é .. .
. . » - . ’ ‘ ’ ’u - J
‘ . . ) d\ . A.. ?dand' too! assgr!ment . % 4 ’ . . |
. i ) “B.  Suuable pry bar‘\'% ’ £, o ‘, - - ' B '
‘ « - ° 8 re 1‘
. [} . . 5
. . C. Belt tension gauge A w7 . -
- by , AN .‘ ¢ .
‘ . . eD. - Generator G stand | - . ‘J . .. )
» ' t N ‘ 4 . v o “
N oo . . (NOTE Use any &utable equipment for spmmng gener‘ator to check
- - operatop. ) .
s, . LI N ¢ & , . —~ Lt
S . . E* -Safety glasses b S e
) ;\» . . e - v
¢ ) ‘ v 1. . Procedure . ’ - .y . . » - v
- .\ '4 ’ ' . ~ . ( 4 A o -

A. TRemove generator " - "'(/{ ‘ .. N

, (NOTE You want to tag the |eads to ensure that you put

T o - . -
* e e them back. nthe same posmon) P [ * N

* ’_ . v i . 5
K ot F - ‘

- ) 35?‘ ’ .-
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5.
brackets (Figure 3)
. . . .
[ . .

LY v

.

. ¢

. ..
Service the generator as required »

.

3

«

: 4.y %move the generator belt gom ‘tﬁe‘,geé

rator pu||ey/‘ .

PR ]

Lift the generatori out of the bragket I
. ek

B

a

P

v | 7 ‘
Rémove the bolts holding the generator, to the engihe mounting , * ¢ . .

L]
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-
-
I3
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V .o , ‘ , - JOB SHEET #1 : .
“ R . R " . . i ’ .
Lt B. Repface -generator . Fee e

~ N ~ ‘ P ] \ ! .

' . . L _j’;‘ositlon the generator In the éngine mounting bracket . .
- ’ N ) ¢ ¢ » . T -
. . : ﬂ 2. Start genetator retaining bolts and tighten securely :

- = * ) - : N :

. " . 3. Position generator beit ‘on pulley and move generator away from-: 9

. i ’ . " engin€ ‘to tighten belt . S .

- . s L4 Install generator adjusting bolt .
, 4 -, ! . -
. . . v ‘. Pry the generator away from engine to ad;ust generator belt and
. e ) tighten ad;ustment bolt -~ ,
,ﬂ“ D) -
v X 6. Check generator belt tension with a beft*tension gauge and adjust -
’ ] * to manufacturer's specifications (Figure 4) .
< . . . : ) . . < .
. . *
. ) . (NOTE" The generator bglt must be adjusted properly)
o . - L3 -
_' [ ’ ) f - ;}\ * ‘ !
- ) , . AN . - 1
S . L
° . . ’ . -
'. ' © b " X oy o

o v |

AL : ‘ X
L . v, 0 .
-, - 4 :
T . Joun .
»” K Y
. -y ) : @
s . ' 4! ’
' . I } C
’ . [) [ \
> % ¢ ) T ]
‘e g LS.
. * - = s, : .
o ' . :
.2 o ' I . " )
’ - ¢ € - o /\r . -
’ , " Jnstall wire leads that-were removed from generator

A .. ! S PY ‘ C o, N . ..

. ~ . . . . B . s ., .

. to® -, L 8. Before starting engine,. polarize 't‘he generatér .

i ) ST v, . . (NDTE. Polarize "A' cnrcuLt'\generators by, holdlng one end of .

. - .o e a jumper wire aganst the regulator BAT ‘terminal. scratch the '3
. RN . > " " other end of the jumper wire on the regulator ARM or GEN , i
<, ° % . . ) te;mmals Polarize "B" circuit- generators by ‘removing the lead ‘
y . R , ffom the FIELD terminal of the regulator, Strike (or mormientarily* |
. ) . - touch) the ,Flead,to the BAT.terminal of the regulator” See ' |
. . I : Figures 5 and 6.) - '
i . . ’ . W2 . / ' °
W] n N /< . 3
. : S Y . - ) ’ o
ERIC o n5y T .

. .
-t - / . . >
. .




4
N
.
A .
. -
. .
’ .
.
"
.
.
.
H
. .
.
-' '
P sy
SRR W
’
- .
l .
] -
.. ’ )
. N
. L 2N
" ! ’ ’
. v
kY ) o
. B
\Y
- ' ‘
A .
3 . "
.
o . ' . ' v
! ’ ' .
. N » * \!‘k ) '
. | |
- . .‘ | | ." ‘ ‘
- . .2 - > e, ¢ ~ T ‘.
. | |
. " g CIRCUIT e \ . . "B" CIRGUIT N .
. . ~ ‘ ‘ ,
. . ~ * ‘ .

'FIGURE.5 o el T

w - -
( A -~

[

a
Cae

- \‘l ‘ ‘
ERIC R
- L -




: ' . - L o . SE - 133.C.".
- ' R i . R K ] Y o~ . .' . . . AN
. ., . R ‘;J - ‘ .
. S HARGING SYSTEMS ! : RS
. o . . g UNIT S
. JOB SHEET &2--DISASSEMBLE, CHECK, AND REASSEi\’lBLE A GENERATOR "
* . n . - - . t ™
L . e - ’ R ~ ‘ ; ’ .
. I* Tools and materials - - A ‘ o . R
. . . . E e , - ~
. A. Basic, hand too!l set . . .
. . . ¢ - \ s 9 '.'
B B  Growler . . : . ¢
¢ < r . . _ .
) " C Test lamp o??olr;ohmmete(, R . AR
" D. Generafbr pulley puller- ' te . - .
© Pt ‘\ N A . - ﬂ. . ' ) & . . . -
. - E  Ball bearing grease , y - ) i ’ '
\ v e . o e . Coe . A‘ . B
‘ - " F. Hdgksaw blade . ce Tl v "
. . N N ¢; . A . : - N ) L. . .
.- ¢ G. Spring tension ggu'ge‘ s : L
c‘ 4 . . . - - - . . Y .
B . E W “Shop toweals . .'.° '
! : oL . I Safety glasses oo - . -
¢ . ! ’ . . ) . \ ', . -
v 1] . N » « - [y

. 1. 'Preocedure. ’ . ’ AN S
</ Ca . _ . SN ‘
, » ’ ® _, | . 3

. .+, A Disasemblg generator [ . - “o -

: v P4 TS
. T 4 Lt o \4 ' -
¢ I (NOTE Sgribe generator |case before separating.), . , .
N e - == B . , :- » L. . . L. . N : . .
. R s - '»,-). :. N »
o S 10 REfrové genefator-thru. boks NFiguse 1) .
a . v ' . IS . o ., " R
. - . . \ : ~ ' ’ T ™ .
' N ‘ k] o . J ) l. . i : L .. , p. - N . . Y .’
. - + . .
'c . ] . ’ * . . . v " . ‘. . \
. . . N . ' ~ ' PR
v . 3 4 -
. ) . ; , ¢ 3 ’ . -4
T, - - " Vs . .
A\l r - A N , ' - .
¥ - - o . R . - ’ . y’ 2
N . . . ’ . , .
M ' L} ¢ = X ! ¥
.o ) i e A »
. . . o R . . *
. - . o . s .
[ . . \ A . ‘ .
L3 N . + ® N P
. - 1 - N .
- 4 ¢ ’
e " FIGURE 1. . . "
8 ’ - » .'/ ‘ A ) A -
o o / o "‘ . -
. o .. s . - . . . . ~ \'
- et : - - . - 2
¥ [ . B B ! . .
Y4 - . - . T, [y

.

. - v 4
SR . 2 Lightfy tap the generator commutator end frame and remove from .. ¢

‘\ " A ° . /A ' - . i

- - .
L) » -

s
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s « - - . JOB SHEET #2
P - . ’ 4 B
- X ! ’ ' o - ‘
L. .3 AN Remove the drive end frame and armature assembly from the .« |
. ** . genwator hqusfﬁg (Flgure 2).. © ’ ; C o S
- » v . . , K v
P . 4 . ‘o . - . ~
ol - ‘VA v
.
. -
. ® |
- N A3
- . . v .
‘ i - ~
. - L >
3 . *
-y A
- ‘ 4. ..
¥ ‘ . '
i * a.
. s
. .
,y\v ) . ]
—
. - . 3 . '
— . N \
. &
RN
’ x
¥
»
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N
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- v ’~ S

\ ‘ . .
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"+ JOB SHEET #2
' . ‘
Place the armature and drivg end frare. assembly jn a vise (Eigure

e S L

(CA,UT"IOJN: Use brass jaws on vise.)

U

Remove the pulley nut’

>

~
7 Remove the pulley from ‘the armature using a pulley puller as

required (Figure 5)°




L3

‘ ) . L e i tbex ” = '
. N JOB. SHEET #2 [ <.
+ - - L e "')
. = * N
*'8. . Shde the drive_end frame and spacer columns off armature shaft. - -
9 Remove armature from vise~ -
. 10, Remove bearing retasner and gatket from drive end frame
S : :
oo -1 Remove drive end bearing from drive end frame
B. Service and check generator .
] L J
. 1 Clean all generator components A
.o (NOTE Do not wash the fields or armature with a degreasing
solvent )
< .
2 Inspect generator drive end frame bearings for roughness or scored -
. - races . .
* w; L 3.¢. lnspect generator brush holders to see if they are bent or
o deformed, check generator brush springs for proper spring tension
L
, . ot ,111 . Check fit of ar_r'natﬂre shaft in bushing in commutator end frame
AR < o . . (NOTE If bushing i1s exaessively worn, the end frape shiould be ,
\ replaced.) .
\\ - ’
‘ N fgS. {nspect armature commutator Jfok roughness or out-of-round .
» v’ . . N
» " " (NOTE" If armature commutator- \s rough ¢r out-of-round, it
' should be turned or gerviced or| an armature turning fathe.)
LS \
. .“ * ot o ’ . ‘
9 . : » f
‘ ’ » * .
- . . \ ' ' ’ . .
h ‘. \ 3 * - . ’ /\
’ ) i . J :“' B
N 1y ) ; - \ , - -
t. .1 ‘
14 ’ [ M
v . " ‘
kS ) f : v ’. * . .
- ' l L - .- . ‘ ’ ’ ) . ] ‘ .
' . : * .
: v, A .
’ . a
N ] ' ‘ .. ) ~ \". . /.
. . -
M \ \38'/1 * .
’ ’
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. " JOB SHEET =2 .
~ 6. - Test armature for shorfs (Figure 6) .
, . a. Place the armature on a growler and turn on
s Lol 4 b Rotate the armature while holding a hacksaw blade ovey the
+ armature core ] s
" {(NOTE .if the blade vibrates, the "armature 1s shorted and
» will require replacerment ) .
. v - N
’ ¥
> o
] -
¢ Fad ‘ 5
. ' == " FIGURE 6 .
/ LIS 7 - Test armature for ground (Figqure 7) . «
. ‘ .
~ _ ' - - ”,
’ . a Place one féad ‘of a test lamp on the armature core or shaft
b Touch second fead to tha commutator segments on the )
- ’ commutator
' » ) c Rotafe the lead around the commutator, being ceftain to
o touch all segments
{NOTE& If the lamp lights, the armature is grounded and will
- . require replacement) , .
L] ' , - )
* - 4
” » ’ ’
. ' .
27 .
/ . « . //// \\t\" ‘\\‘ .
E —r 7
. PN . \ kﬂﬁ\\\‘ * !
I ]
\ . ol //’_‘_ .o
Do . : / - 7 O FIGURE 7 . .
f . \ . . . . ' M
. ]
, ) . e
E kllC 4 ) ' Co . 365 ,
L . . . L Y . - . .
* - ’ A : ’ " ‘
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- JOB, SHEET #2 . ( '
. .. ) P o VPR i .
) - 8. Test armature for open - v . .
]
U IS - . o
. . a  PIgep 6he Tead on a commutater segment -
. - oor
. | ) b Place the other lead on the segment common with it -
L —~ . (NOTE On a two brush generator they will be 180° apart.
L Light should burn between these common segments.)” N
S c Proceed around commutator until all seymgnts have been:
Checkeghp S ,
9 Test fietd coil for open circuit (Figure 8)

o a Place one lead of a test lamp on field term|ga|
A ’ '
b . Piace the other lead on the end of the field coil lead through -
the armature termmal

(NOTE 1f lamp does not light, the fields are open and must
be replaced ) ’

N

|

: |

{ FIGURE 8 - | }
|

- .
t
10 Test field coil for ground (A" circutt only) (Figure 9)
f . E 3
a_ Place one lead of a test lamp on generator housing ’ :
. Place the other lead on field terminal /

(INOTE If lamp hghts, the field coils are grounded and-must
be* repatred or replaced.) ’

)
v

o d ,
' FIGURE. 9 f |
) _ v\ .
. 3548 “ : |
. ' ’ ., ( . ‘
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JOB SHEET #2 )
1.~ Check insulated brash holder for ground (Flgure 10)
. /‘.\F\
. a. Place one lead of a test lamp on_brush holder .
: o

b. Plece the other lead on the generator housing’

(NOTE: If lamp lights, msulated brush i1s grounded and must
be repaired.)

DY

.- " FIGURE 10 . - /\
R » ' - ‘

. . , ' '
12. Inspect’ all parts for wear or damage .

13.  Replace all damaged or worn parts (

Ty

. C* Reassemble gen'erator

1. Pack the generator ball bearungs with hugh melting pount ball
<=hearing grease M

Y

2. Install the ball bearing in the drive end frame B

'
\ ;s‘

(NOTE Make sure gasket 1s 1n place and r;etamer screws tnghtened

* securely.) ) . .
‘ ! ’ -
3. Install the drive end frame and bearing assemb|y orito afmature
shaft :

.
.

{(NOTE. Make sure ball bearing spacers are in place if used.).-

A




JOB SHEET #2 i : ‘

-
-

¢ -
4, Install ball bearing spacers, fan, pulley, and retaining nut ° \:' : T .
. 5 Tighten retaining nut securely - LT
6. y{stall new brushes in brush holders'and push brushes back against .
spring tension (Figure 11) L 4
‘J L]
- , ‘ ‘.
¢ "
s
M @
. ) ey
, @
: - .
VA - ‘ ’ b . , ’
. . . . \n.t b
A7/ Install -armature and drive end frame assembly o generator
housing N . -
8 Releate brushes so they will contact-commutator
R \ -
9 Assemble commutator end frame over end of armdture shaft. . ’
10 Rotate both end frames until dowels engage, thb.Q start thry polts ) o
-
- , »
* - (NOTE Check match marks to make sare they line up.) .
11 Tighten thru bolts securely . ) [ 4
R . .
12. Check g’enerafor operation before raplactng.on vehicke -
Y} .
* 'L |.| . ~ (/ .
“, : a Perform output test of - "A" circuit . ~— ,
. ' . - !
N {NOTE CorRect generator for spinning and output test) oo .
- 4 ’ ;-Q
. 1) Remove field wire ,from terminal asd ground to
. = frame C ) . / » .
‘. - . / Ny .
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o ‘ . JOB SHEET #2 : o .
A) " - . e .
. ’ ve Yo .-
. g ) T 2) Conmect voltmeter from armature terminal .to '3
< ] ' . .
] - , frame , . A . .
’ o 3) Spin generatos in° corvect. direction
) N X ) R . - 4) Check reading on voltmeter - L
: ’ . (ROTE Compare to manufacturer's specification:) :
. . * . 'b. -Perfqrm output test of "B". circuit ' -
. ) ’ : o R L~
. . 1 Connect - jumper wire froh field terminal to
- " L e - . .armature terminal 2 ~ :
M . , 1 . . . - . \ ' )
. ) - ! 2} . Connect "+" ammeter lead to armature Terminal
\ PSR .3 Connect " ‘ammeter lead to-pgsitive side of
) ) : A battery ’ ’ L
‘ . T4 Rotate generator .
: L ‘ - e o i
- .
. : 5) Take reading ' .
) , L ', . . ‘ ? ' ‘ . : AN . * )
‘\ R . . ] (NOTE: Compare.. ' - to. manufacturer's
‘ , B ’ » t . -specditations.) . - w. . : . .
. R ) - ) v - .7
. . (CAUTION: Distonnect battery leads as soon as
_ . test 1s over to prevent oVerheating.)\ : ’
» e - * - . - ~
P v . . b} ] N b4 .
. , _ , ) , .
. 4\ <t v ® . - 2 - . ~
. T - o, -
. ] - N LT \ 0. . . -
T o / - .- : R
¥ M ) ! - f N ) . _
. : : - . [ ) '
N ] - “ . - o
. . ~ = " . i . * . - .
* H‘ R N » = . -
. . . e - ¢ . {
— ’ . e = . o . d . -~
- N . . - - .
T4 . - .
4 - ¥ ’ 1 R
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» . ’ “ | . )
' . ) o . : e _ .o
» . . ’ ol
‘ -
o 1 e T . . .
o W , -
. . ’ 359. ~ ) ) \
Q v M - ~ ~ . . . .\“
ERIC -y T ‘ ooV _ .
o T .. . - . v e .
, \ . . . -




O ]
& : 3 , B SE - 143C
o . - . i . >
. : ‘ - CHARGING SYSTEM ‘ :
. . UNIT Ill - . '
3 i 8‘ e > L L v/ * s '
JOB SHEET #3-REMOVE AND REPLACE AN ALTERNATOR T
’ ° 1. Tools and matenials ) ) .. . ‘
: * .y .. A Hand tool assortment i .
St B. Flywheel removal tools ) : < N
C.. Shgop towels -~ . i ) ) -
. S D. Safety dlasses

ft. Procedure

< ~¢
. vl - 'd 4 - .
: - . A. Remove engine shroud or blow‘wousmg
e . . B. Remove flywheel ‘ ¥ . , :
- ~ ‘ C M ' ’ : <7 .
e . ‘ (NOTE. Check magnets ort flywheet for small metal chips and remove them.).. ‘
. . .: » . ', ) K P ‘ . . . .. ‘,
.+ C.~ Check correct location of stator wires : T
M - . ) A ) N N Il ~ ! -
v : . D. Remove stator -bofts and spacers -
. I3 M - <
By 'Remove ,rectifier bolt .- - ¢ Lt
P . . [ 4
Lo - . N
" . ¥, Remové stator and rectifier as a urh ’ - '
. €. Repldce rectifier . . - ¢ .
- P ;> . L ‘ i ‘ .
P " H. Replace stator . . . )
g il . \4‘ 3 * . ) :
v . : - (NQJTE: Hold stator toward screws to take up clearance .in mounting .
- bushing.) R . . :
A N - I Install flywheel . N C
P R . - - |
- . . .- L ) .
- | -(NOTE -Check stator wire location so they de not rub the flywheel.)
" e [T . . . , .‘I o®
f - - « J. Replace blower housing L. \ s
R I . . . )
K . . . .
i - K. .Start engine and check alternator output £
\ * - ,

. - . L) . . , . .
. . - t ’
. - . o , L
-« - - 1, - . [N :
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. : " . -+ . CHARGING SYSTEMS A
: e ) NIT Il 4
- . . N " U B . :

y . _ JOBEHEET #4--DISASSEMBLE, CHECK AND . . . »
¢ . 5 ' REASSEMBLE AN ALTERNATOR ‘ .
3 ‘}‘ o . .

. .
. . . . v . .
y a- Pewt sl " o . 3 . - N -

CEN ~ - - .- . . M R . . O . .
. . . . Tools and matenﬁs 2 . . - @
.. ’ . . ) - ’ T . % /- W
Coe et A. Hand tool assortment :
. L

R I .
vaa? B. Ammeter

.
. i . B ) ’
M " & .
’ . s - . .

. ' ’ C Test lamp L ) S . . R )
R [y . . * -
. . ‘" . - L, . w’ . .
- ) [ &% D ?vax‘/hee[ removal topls~ - . .. : |
) E. Safety glass'gsH , ) T e C -
, h . ) .

» ° . , ) . ‘ ' : . !
. . , ~ . R . ”

. . : Il Procedure ~ ' . co

coL ) .. . R ) S . . ,
L. - < A. Run’tests , @& . : : oo - W~

¢ 7 . < -

. , . 7 . . _ . ,
oL N ; o
g . . + 1., Test output (Flgureﬂy C e L } ) .
'. o, ’ e ' . \ B . - ’

K
. - A
L
A ) .
P . » 1
- i
[
. - R ‘ .
+ . -
N . '
. . .
P P L]
. -
¢ [}
- »
.
- -

- . ~a

T .
. * - .
- F N R . . . A
. B . 3 PR ) - . . -
. . ., ’ s . ’ . , - . -
S ! .
. . .

- vy '~ a ! Dis®nect charging lead from charging terminal ) ST

- .

N .

, S (NOTE Do .not allow terminal off charging lead to touth =~

PN ' . L =7 "' engine ofequiprent ) , : . -
¢ - . - " ' . ) AN ) ), . 4 N ’ ‘.' : %. . ‘v. . ~

. . ) Cde Chp 1§'volt load lamp between thagging terminal and ground -,

. ~ . . -

5

’ L4 ° -
o ; * ., Start-engine ‘ - . . L}

o (NOTE ‘If.'(aé%:ﬁghts, alternator Is functioning, If lamp does . :"“e’-\

S L, ’ noy~light, alternator I1s defecgife.) . :
~ ) b} - . ' . / . , . P d . R o™~ s

it *
.
.
.

* M - oy .
-, e . r
. . - i v £ . L j ’.7
. , . " ' . 7 e
. .
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JOB SHEET #4 - . ' .

1

‘e

Test stator (Figure 2) ) o

O - ‘ - tl., . .
' " ’ To..
- ©
. 7
13 o >
s . )
. 3 :
- : N N ‘ »
. . . ,
,f”‘ 14 - b w !
. - = . N ;
“« » - ' -
K a Disconnect chafging lead frgm battery and rectifier -
> . N , . : o 5
. b Remove rectifier bojx”mounting screw | . -
.- ’ c. Rotate box to expose eyelets to which red.and black stator
- ' L)
' leads _are solde'req . )
b [} . ’ A
4 . . v ) - * . .
\ (NOTE" Charging lead terminal must not touch engine )
‘ - i . v
, .d ' Start engine, ' . -, C e
/, e.- Touch load, lamp feads to ‘eyelets with engine running
* - o e ’ , ' - . , )
. (NOTE: If I3ad tamp hghts, the stator is satisfactory; f ioad
Jamp does not light, stater or flywheel 1s defective.)
* . . - N ¢
3. - Check flywheel and '@tatqr . .
" , SR 5
’ . a. Remove blower housing ;;nd_'f ywheel and check to be sure”
. magnét ring i1s i’ place a magnetism, o .
, - ] ,-‘-. _‘*JOT,E. »Reblace flywheel if needed. .
‘ , v . Check charging lead to be sure thére 1s a good connection §
. -ty to the posttive (+) battery ,termi’nal e -~
v ® c. = If flywheel or chargng lead are not defettive, replace stator-
- S ¢ . . ’ ..
‘ﬂ . * 3,7‘) . .
. 4
v - N e ) .‘ N Ia
o . - ‘ 7
s i ¢ N R
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JOB SHEET #4 - . | ’ ’
@eplace defective stator (Figure 3) A
R \
. ¥
y i

) FIGURE 3

a. Remove‘ﬂywheel" .
(NOTE Be sure to note coerct location of stator wires.)

b. Remove two stator_ mountmg screws and bushings

C. Rem&ve rectifier box from stator assemhky

.

d.” TInstall statpr T T T . -

- .

e. Torque screws to correct speccficatior& &
N . i . . * T

f. Install rectifier box connecting leads éorrectly o

. q. Replace ﬂywheel and blower housmg and run engine to.
check output
-

* L

Test systemn < -
Test o & ,
"Ni, = Test half-wave rectifier (Figdre 4) \
- 5 .
black )
FIGURE 4

‘no contmuny

/A' -
' | charging lead
‘T v A . . *
. T - * ‘i-
N .
) 37 ’
‘. .

s
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»

b

C’} Re\Lerse dest !eads an;:f recheck B
(’\IO',[ 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 meter shows as
A

~  reading both vays or nelther way, then the rectifier s
defecmve ) A

Bench test ig#l-wave rectifier with o‘mmeter

., .

(NOTE. The bricge or qu -wave rectifier consists of 4 diodes,
and efch one must be tested individually See Figure 5.)
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. B 2 . t a - , . / : a2
\ - . , s 1Y ' . -
. ] ” ¢ -
. 4 < . ‘
: . < - 0B SHEET 4 & s
) . o .
- : ’ “Connes; the posnive (+] 1ead of the ohmmet r t .
' . stud and the negdtive (-):lead of the ohmm ter Jo ‘the browp
v (common Pterminal on diode #1
. . ' v (NOTE The me‘ter sﬁould show a low resm—t_ance meamng
Cof ¢ 1 , tbf current will flow_{"GO") 4 that d1rect|on) - :
i - et - SO . : _
S ' " b, Reverse ‘the ohmmetertleads negative {- )1ead to the ground :
- .stud and positive {+) lead to the brown (comr;non) terminal .
) . ‘on diode @A ) . Ly —
L) 9 ' J o L ¥
. (NOTE * There should be a very high re5|stance readmg,
. . * < meaningScurrent wili not flow {"NO GO")in that direetion, ’
a low or high resistance readmg In both directions indicates
. . a faulty rectifier.) . R P
. . . 4 v ta N
: c Repeat the procedure for each of the remaining drodes
S . (NOTE Since color codlng varies with dl.rent makes and
e models, the appropriate serviCe manuai should be ‘consulted
, to identify the rettsfier terrminals. ). -
) o \ ; L 3. Testafull- wMectaﬂer with voltmeter (Figire 6) - -
. S *_from the harness \Q X i
: IR : battery lead |
' ) . . T~ ' ) Y R g |
- - N o ’ - ) ’ ) * ‘ l
. r , , Al , .
© Q % I A/ ' rectifier
. . E - N
O |- . . .
| « ~
. S . ‘l\ 4 .
»
» ' . _E) ! . B
- ¢ » N
) " R , c &-—- 14
.. B ’E v .
‘ A S FIGURE 6 S
. : Sl a Disconneet the rectifier to ‘battery lead at the rectifier
) . \ . - terminal Toom ) .
. . ’ N s ' \
. _— ¢ b. Connect theAdltmeter from the rectifier terminai to a good
» . : ground s . “\ ’
s A . . . . )
N ' e’ c ' Start the ine and inerease the speed to a:pproxnha'tely
' - , 3.000 RPM .- . 1 4 ,
SR s " .
o ' "(NOTE The
) . - g -volt system an

» “\
» . » * ®
:' - ) N * ’ 7" .z ¥ Lo \\
\'. ’ "1 . ‘ * N - - !
= v . ' - R )
. \. . N 3 - L} N +
< -
ERIC. T sy ‘ Y
EmS’ N ' . R 4 . ' ,
N ! - . . ar - i
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4 volts for 12 volt systeW a low reading

v%meter shouid read about 7 volts for a 6
rectifier.)

wndicates a fau
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. . N
b o 4 Replace defective hatf-wave rectifier rlFigure 7) ¢ i
U . ' a Remove rectifier fromi engine or stariér, métor ¢ ?
¥ ; . LR . ' \‘)
' 1 b Pry. off fiber board;exposing soldered-connections betdeen
. - . ‘rectifier and stator leads (FIQUFE 7).
[ . ~f [N . ./ - R ! ! . ’ 5
L J o . ¢ * Cut- stator lelqi‘c 'ose to eye!ets {FiguTe 8)
. . ) v S o Yo, oe o
’ - /’ cut wifes here: - ST
' ]
'
, . . FIGURE 7

- SN | I i eg Y
_ o FIGURE 8. )

vd. Strip ansulation hack 3:8" on stator leads -
B Y .. l r'3 . - .
’ -, ! ; o Lt o * !
e Discard defective re“ctlfle’r box . Lt
- oo ‘ ~ . c‘“ - ’ . ) 0.
- ' .- F Sglderron new rectifier feads to stator. lgads .
< P . . - N v, he . 7 , v
y . . s . o® Wran solder and splices carefully with Yape (Figure 9)
N . . - VN & . . —
. . . } ) . ,
o leads spliced and taped :
-, ‘ " v - ’ -
" z " s v \ . \
v - ) i 3 - ;' J
P ’ N . : ) . .
’ ‘ s 8 . _ ’
: 1 et FIGURES . s+ " ™ .0 = .
) ' ° é - N , ‘ - L. . v i
’ \ . $ .- e, R . - . . N hY -
‘ . - '.’ - N v Vs
. . h ' Fo!d degds | mo FECUflEF box and moum on starter or engine
~ - (Figures- 10 and, 11-) < N . D
R ) : (NQTE _W:res should 'not Fub\ on .flywheek.) s .
N 4: e . R s 5‘. - , N
- e * £ . - * .
et R o, flywheel :
. 7« . leads folded in ' SN
(o, . - . RN . ‘
.‘ »
- ] . ‘. ~
o :
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CHARGING SYSTEM _*
UNIT 1]

-

"NAME

TEST

-

’

#

. 3., Unit of- measurement
cyrrent .
. Arcing
wil] 3. ©hm
through a resistance
. i 5 - 4. " "A" Circuit .
¢ Standard un-. for measuring reststance to a : »
flow of electrical cu#rent " 5. Charging system

L [

d Device that will allow current through - Armature -
£
itself 1n one direction and will block L st
.current In the opposite direction .~ - Grounded. circuit
. - ‘

—_—

- a

e. Wire <ouching another wire and 8. Commutator

-providing- a shorter path for current to . . -
flow . . 9. Short circuit

~ -

L g

f. Circurt in which a wire is broken or - 0. Pole shoes
disconnected o ot T, /
a . . “11..  Diode (rectfier)

g. Circutt 1n which a wirg touch’es ground > )
«aysing the current to' flow -to ground 12, Field circuit -

-

instead of through the circuit v,
- . 13. ‘VO't i
h. Reébharges theNattery anid maintains a
'suppiy of eléctri un‘enki td rneet the-, 146; M
- operating neéds of the “engine and .
auxihary circuits ° . ]

L L

LN N

'Cx/rrent attempting- to' cfoss between the . 16. "#". Cireuit .. -
gorqmutator se’ctlohs and the brush ! PRI .

‘ St -, 17. * Regulatoy
’ . .

Series of wire conuctors in the form of .

a loop rotating in a statlonary Mmagnetic .

field - - - .
o ' -

Y
i

k. Regulator 1S between the battery and
,geﬂerator fueld wmdmgs .




i e B .
:

* inside. of the generator housing and set - .Y ‘

- m. Assémbly,jghich houses the ‘cut-out-

) 0. Oneé wire conductorSwound around both - '

’

A
. N -

I. Permanent magnets that are fixed to the

opposite ‘each other to create a weak _ e " ‘
magnetic field :

k] . - ’ S

~¥

rely, voltage regulator, and. current . T fo .
regulatgr : , - S o) S

n. '_Dlrectuon -of current flow through the Do R -
generator ‘ C ) : .
'Y .t oL ' .

poles many times and attached to the ‘ ' ha
brush / ' . . i

b ‘ S
:
N v . T -

p. Bars on end of armature drive shaft and

-V

connected t6"the ends of each wire . ’ ~
conductor wound, in armature ¥ :
/ - " . R ’ . 4/ - .
g. Regulator circuit with supply voltage to ) ' . - - :
-+ the generator field then through the . ) ’ . ;
v regulator to ground__ . N . ‘ .
List twq’ kinds of charging systems. ) o e o
. e \ B
a. ) - ' e .
) . ) l . It
. . v , .
P . . ‘
b.( ‘ R ) ) p
2 ! B I . »
Match the charging' system comportents on ‘the nght to the correct functhns
R N Supphes electrical power to accesory. ' 1. . Regulator o S .
T T CerUItS and. techarges battery " Y .t
TP SN T S SR -
sl S v L £2.  YAfimeter o ’
iMeasures the rate of current flow . ! . &
“ ‘ : . o3 Battery . LT
‘ c. Opens and closes the charging circuit  , . . . »
F . {cut-out-relay), prevents overcharging of ”4,/ iGenerator or ‘ ¢
" battery (voltage regulator)y and himits - alternator . . . -
the generator's output to safe rates R o |
« {current regulator) ’ ’ ) . . . |
. . R . 4 —_— % X Ny ) ~
. * -
d. Starts the circuit by supplying spark to S '
* +  start engine and helps qut during peak’
operation when electrica! loads aregd00 * ; T ag y '

mucf fc‘;eneramr or alfernatof .o L : . .
< . ' LY . e )




~v
v

4. Identify the parts of a 'génerator,.

.
v
.

. i; .

’ s b ’ .

N - ]

v’ _—
. . .
. .

I
=
& |
!
1]
N}
\
1
[
T
. '
¥
.:a e
.

. L 5.  Match the operating stages of the charging system on tﬁe’right to the cotrect

functions.
X . SN\
\ ; .a. Batﬂery_ helps generator supply current 1. - Starting !
~ Y 4 . 4 ‘ ‘ ! ) ' t ’ ¢
A b, Generator supplies all current ancf 2. Peak epergtlon

. . < recharges battery, ™ g ]

. . - . 3.» Normal operation.
RS s .ok ~" ‘. \Baftery supplies all load current ; ¢
g S . -‘ K N e ¥ ’ ' . . N :
. L 6. ., Discuss the current flow in a basic generator. S T
Ce P o= omi T b2 . e 7 ’ .
ce - . . ’
1 . * I' v B '\ 4
N : . ’ . ’
. ' ' - . -
» . 1 "
’ ‘w N A - vos ]
r . rl . - . -
) .k £
- v ’ 3 ot ‘e :
- . \ ' " . . .. . ’ .
Q- - SR
. . N
. ‘ .
» RS - - '
. ny r
: ’ . -y .
. \‘1 X . -~ . . '36\.) . . .
ERIC - . - ,
- . PR o
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Aruitoxt provided by Eic:

7.

8.

9.

N

#e

«

Match the éxternal generator regulators.on the right to the correct functions.

e N ‘
a. Controls the current flow similar te the 1.
voltage regulator .

.. b. Controls the amount of voltage the 2.
¥ regulator produces through the shunt | 3

cotl and contact points controlling the o
strength of the magnetic flelqj preventSv

- overheating

- A 4
» ¢, Autdmatic switch which closes- when
gerverator .1$ running and. opens- when
generator stops to L{event‘ battery

’

' duscharge .
2
- Match thé types of generators on the rnght to the corre%‘t
a. Used as a stahdard generator for mosf 1‘
., mormal operations . \

b. F_hrmnates the use of a current regulator |
s relatively easy 'to change 'thlrd brush . 3"
position and control the output,.and is ,

< » used in systems with low speed#ind Iow oo 4
B }oad requirements i A .
[4 ny . Lt
Provrdps a better commutatlon ppint and ,’5‘
- ‘extends brush life ' i ‘ - ‘(I ..
’ - - A \ ;
d. Used where there is*a wide.variation of . =
load and speed reqwrements . ;"
e Used in system’s wnth low speed, byt high .
LY . load requirements ' - :
L » o .
- 3 . 0 L
S 2051 ‘
y LT : =

_Interpole

Third brush .

.

Cut-out relay
Current regulator

Voltage redulator

uses. -

luckmg fleld

ghunt S

" Spt field

. -
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¥

" L¥t two~advantages of an alternator over a generator.

N e

.. b b

-12. - Discuss ‘reverse polarity.

-

&
> 4
\ .
r
E
I
.
< L]
‘T
A
- )
) .
.
A
.
’ * ’
'
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L]
.

-
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- . . . h .

- L] - k‘ . 3 ’ - . i
‘ . ’ R
b v . 40, . ’ . - .
- . 4 1 v - - ’ o - '
Demonstrate the ability fo; “ ' . PRI "
a: Remove and replace a fne‘ratbr,. ‘ ot ® N . . . .
) . . . ‘ / e
b. Disassemble, check, and reassembie a generator. . ] o™
¢, Remove and replace an. alternatér. . . , ) / ) . e s
¢ - . © < " - C i
«d. Dusassemble, check, and reassemble;an alternator, & . oo S ¢ .
‘ _/ et b L - ”
” - - L} e -
-+ [NOTE. If these actiwities have not been atcomnlishéd prior to the test, U
- ask,your instructor when they. shquld be>completed:) P L. 2 # w e

-
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. . SR | e L s
" LT . . CHARGING SYSTEM - :
. . . . - -~ UNFT it ‘- . .

.
> 4
[y - c
v [ 9 hd '
~ . '

.

. . 4 M . A - . * [
- . . - -+ ANSWERS TO TEST . . ‘ ,
- . B G i o L L -
L e 1 a5 et 94. ic2.,. m e q 4 '
» X . - . . . ‘m 3 . - - ™ : \.‘ :
. b 13 . fe 1 . . 6 ©on. 14 N,
’, ' L .o e ses . ;. . N
. 5 ¢ .3 9. 7 k. 16 0! f2 ' * ot y
- R . o . " . ' . o
A . " d 1 h B . 10 +p. ’8 R T
s .2 M}{e current' ‘ . ‘e : - K
AT . "-.b. Alternating current - . , e
» , ° “ R . - A N ¢

. - 3 a .4 ¥

. ‘\‘ ' - - | . ' ~ .. - :
‘ v b b. 2 t ’ "5 3 . e

- , 4. a Bearings ) ) . . .
' = " b . Drive gear - - ' :

'} " Ql‘
c. we end plate . ‘ . ’ . - =

. - . ? £ -
o f . . d. ru bolts : ‘ r . . PR
S e - . s - o
: e. Pole s_hoes ) . - . o
<, . v . \’“ .
S f. © Field coits B Foe s e

‘ » ) ° M ° - . . s
. : g. Armature ’ . ’ s ( >

- o h. Commutator - ' . .

) ".
; ‘ .. Lol
. - vy o .
. »
* . * . - - * . L . -
L .

- i, ‘i:rame. . ) - xw

.. - ;. Brish holder mounting plate - ! / } -

[} . e - o

g — ‘ ) » .. A 1 . 7 .
. . v .
. , L]
k.

Gommutator end cover

\\ N - . - N ‘ Y ) . . .- ’
. -8 - N "
- . . v l. Brustves . . NS

. - . - . < erempem .

. . . ) o L - ' PO X N
o : ¢ m. Brush holder - . S PRSP S
.-'_ ) : * . ' aad I « v . -
. . 0 .n. -Brush cover strap( . ) ) .. -~ \
PN -
- " « - e - ’
’ - . ) ,"é/‘ \5“ J ‘

I
. . .
) A .
i b
' . . Y - - - )
ERIC O B .
N R 4
. - . -
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10.

- ¢ Current flows when circtut is complete

~ b N . .
. 7 - . , A .
! S - - “ o.'
- L
e » " - ' L} ' ~ . P
a 2 3 ’ ’ N
\ . M F 4 . LI
e * ' ¥ } N
b. .3 N
- 4 L. [} . .
c. 1 » . . . :
. .'_n- ] . .
Discussion should include: T - . :
*a Voltage flows from armature loop to the commutator ring s L«
- 1 .

’ ‘.

b.  Voltage ‘flows from the. commuté'tor ring through brushes rto a wire
‘ connected to a load . P

Dascusszon shouldMmclude: . : . -

’ v

.4, Commutator 15 split I two parts creatmg a gap as the commutator passes
the brushes . .

b - Past this pomt the other half of the c,mrnutator contacts the brushes
reversing the currem’ “flow .

F'] '

c. At the same' time the rotating armature reverses 1ts polarity convertmg AC '

B

to OC .
.a 2 \ - v
- . , v
b. 3° - )
!
14 . . -
c 1
a. 2 ‘ )
Pl “ L4
b. 5 o
. . .
c. 4 .
d- 1 - :
e. -3 ' . ' A
. . . ' ]
a  Alternator coil (stator) ST
b, Flywheel , . . . ' v
c. Ceramic rmg . S - .
d..  Rectifier . . p "
- \ b . - . 4
. . 3 A .- N N
. e. Battery {

[
, v




L
! ~ N
-’ . “ -
’ . !
' .
! . L.
3 .'\
’ 11
L.
B L]
- +
—~ . ,
1
v 12/
< -
*
1
/u' .u
{
-
— -
- - é
f
- .
~
4
- $ 13 .
. .
B
.
)
.
'
3

ERIC

Aruitoxt provided by Eic:

L

~ N
- -
™ 7’ . .~ .

- ¢ . * .

a- Produces higher output at low and idle engine speeds

\ .

Discussion should include -

b. Battery is in series with the generator

c. Generdtor *builds up voltage and clpses«rh

a. Generator bolant\‘/ Is opposite that of the battery

b Prowvides mmp!rcn\; in L‘o'h%ructlon which *requires less maintenance

-

cut-out relay points

.

d High voltage can create engugh current and heapto weld the points together
| croe g \ -

Performance skills evaluated to the satisfaction

.

' ~
the instructor
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- STARTING SYSTEMS o
. UNIT. IV .
> ‘7‘ .‘ ’ .
: UNIT OBJECTIVE.
. ’ “ ’

After completion of this umi the student should be able to remove and replace a starter
and disassemble, check, and, reassemmble a starter., This knowledge will,be evidenced through
demonstration and by scoring elghty five percent on the unit test. )

. A A 12
-_—d . '.‘ ~ ! I — .
; > ’ : SPECIFIC OBJECTIVES
After completion of this unit, the student shbuld be able to: .
s §. . Match terms associated with /starting systems to the correct definitions.
: s 2. Identify . the types of sma}f gas engine starters.
. ‘ 3. I\Qatch'components of the vmechanigal starting "sys{é'm to the correct
: ) ) functigns.. » - :
h - N . N . : '
. ) 4. ‘9atch /czmponents of the DC starting system to the correct functions.
. . N\ . . 4
. 5. Identify the main parts of a DC wound field starter:
N *r . R N ‘ . » .‘ N
‘ 6. + ldentify the main parts of a DC starter generator. '
+ F A . i A i
7. Identify the types of starter drives.
e , / a
{- . 8, Demonsu‘ate the ability to: .
e
) a. 7/emove, disassemble, test, service, and reassemble a~starter.
. . ' ) ,
‘ \ / . . -
P b./’Replace starter rewind spring. - . ‘ b.‘
et / ’ . :

- 163-C




STARTING SYSTEMS

UNIHT 111
) o : -, SUGGESTED ACTIVITIES .
‘ ., 1. Instruetor: A . .
r b . - . ?v
A.‘ Provide student with objective sheet. ' -

B. Provide student with information and job sheets.

-C.  Make transparencies. - .
AN ' - -
. "D. DiSCuss‘umt and specific objectives. . » .
E. Discuss information sheet. B
-
*
- *F. Demonstrate and discuss the procedures outlined in the job sheets.
\ ‘ . ]
G Provide ekamples‘of different types, of starters' and starter drives.
¢ H. Identify parts of a twelve volt starter. T e
-
- 1 Give test.
s A ‘
il Student - p ' ‘ . 3
A. Read objective sheet. ‘ .
- N * * A ]
R B  Study information sheet.
he - . ' ' .
" : C. Complete joh sheets. . . . ' ,
L ) .
. , .
v td |
) * 3\ . :
. . 4;
2 f /
v Y ”‘. 2 ~ N .
L, Included n this unft- oo ’ ’
A Objective sheet .
.o : . J . ’
. B. Information sheet - hE . . .
f f b \ .
Cc ' TranSpérency masters Lo ) !
- . : v -
’ 1" TM M--Types of Starters ) . .
’ . O .
' 2 T T™ 2--Types of Starters (Continued) . ) ,
- ‘.




-’

4

TM 3-Parts of thE DC Wound Field Starter ~

4, TM 4--Parts of a DC Starter Generator'

5. ™ S--Ty,pes of Starter Drives”

Job sheets ., ) “
" A ° ¥ .
1 Job Sheet #1- Remove Disassemble, Test, Service, Reassemble
a antt Replace a Starter

2. Job Sheet #2--Replace Stérter Rewind Spring

G, Test

H " Answers to test
’
T -

References

A Armstrong, Ivan Auto Mechanics, Volume . - Stillwater, ,Oklahoma:
Oklahoma State Department of Vocational and Technical Education’, 1976.

Small Engines, Volume 11, 3rd &d. Athens, Georgia: Americap Assoctation
for Vocatonal Instructienal Materials, 1974.
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Terms and definitions

~

Compohents of mechamcal startmg system °

STARTING SYSTEMS
v UNIT IV

INFORMATION SHEET -

Starter Dévice which converts mechanical er electrical power into rotating
motlon for cranmg engine . s o .

'
.

Starter frame -Housing which connects and congms starter component.parts
. L,

starter, composed bf commutator segments,

and bushing or, bearing journals

Armature--Main shaft n
windings,

L

Brushes Sliing contacts which transfer electrical energy to commutator

-
o

s
oy

Starter drive pinion- Gear that meshes wrth Jflywheel to crank engine

Pale shods End¢ of magnets in the field frame of a starting motor :
s
Field coils Wire wrapped around pole pieces to increase the strength of
the magnetic field when current 1s applled

-
Safe intertock (neutral interlock)- Safety dewce which allows engine ti) be
started sr]_peutral only -
Sqieno:d-AElectromagnettc device which produces a reciprocating motion for
rempte control of starting circuit

Types‘ of small qas_eng]ne starters {Transparencies 1 end \2)
~ S

. -

Rope-wind ”
Rope-rev'wnd .
Wind up ' , ‘ '

Electrlc\/gc and DCl L : ‘ ’.—““‘.'\

. . '

1

Starter housmg Covi for th

tarter. mechanism
., . .
Recoil spting--Used to a'utomatncally rewmd the startetr rope after each
starting ‘attempt

. .

’

- . \
. P

Puﬁey Housing for pawls that lock to crankshaft adépter to crank engine

. N

4 - . -

Aruitoxt provided by Eic:
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168-C .

’ . "t 5 B Led . -
R \ . . , N ) 1
INFORMATION SHEET = R ‘

‘e ’ ol . B A ) ’ . . '
D. Engaging p'awl--Locks pulley tOVCranks'haﬁt adapter on starting pull. of rope

E. Pawl sprmg Rewrns paw} t.a neutral posmon durmg rewind cyde

, L
IV. Components of-DC starting system T B
’ A Battery--Source of electrical power ) \ N

B. Key switch-Device which activates the starter motor switcr‘ . K

-C ﬁtarter motor switch™-Switch which closessthe hngh amperage circuit from ot
attery to starter . .
: . L " —
D. Starter. motor--Drives the flywheel to Trank w#e engine . o
£ Switch wire-Conductor that carries a low amount of current to energize )
the starter motor switch .
) ) -

F Battery cables -Conductors which carryJarge yamounts of current to \ -
~~ + complete .the starter circuit \, - \
V  Parts of the DC wound fteld starjtfgr‘(T,ransparency 3)

' , ’ 4 ) .

A, Thru bolt . .

B  Conmmutator end cap assembly ¢ . . . .

C Drive end frame i R \

"D Starter frame ‘ ‘ - -

E  Armature ) ’ = ' .

F Posttlve’ brushes i

G Starter drive pinion . .

. \ N -

H  Wound field coils ) . . !

T; Commutator ) °
Vi Parts of a DC starter ‘generator (\Transparency 4) a

A Thru bolt ' . R - . )

' - ‘ B \/~ * i ~

"B Brush holders T . .

. . - \
C, Commutator frame end o, ‘
' . \ ¢ ,
D Frame o " :

4 " .
iy [l h [ 4 v
E -Field corl . .. / .
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INFORMATION

e
-

‘Pole shoe

Insulator
’-
H.  Armature

- . v
.

|.  Drive end frare

.

Types of s‘tartelr drives (,T;ansmrency' 5)

- .
A. Cone drive

-

'B. 'Spht pulley drive*

C. Bendix .drive

Aruitoxt provided by Eic:
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| ROPE WIND 4/

, ’ .i’ulley Flahge
y I
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P Crankshaft:
. ROﬁét
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ROPE REWIND

/

-
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ENGAGING PAWL
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~
i L CRANKsHAFT
. N ’ ADAPTER .
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' S R . o, i
- o . .,- T . .
{ TYPES OF STARTERS = .
\.. n ’ . . . s N # —
' Coa - J{Continved) = - .
. . . C . . ‘ . T
S WINDUP' STARTER pevcouwo - ) .l ,
T ank 727 0 WINDUP STARTER OPERATING -
HAND‘LE‘ A ) ’ = ’ .y | 7. . , ) . R
- ' Housmc'\'*\ 2 ... - cONTHOL LEVAR -
v Cepvener 7 . o 1DISENGAGED) -
- ' RATCHET e T « B - |
’ SPRING - ‘. |
"' RATCHET _J ”UVD RECOI, . ; |
- - GEAR r SPRING C : :
O - - : LA KA ICHET
k L (BEING . , 4 3 -
. STARTER | | : ) : (HOLDING) \ _
' > coNnwmol’ } WOUND) / ' -
’ - CLEVER Il |HOLDING™ b 1 SPRING ¢
(LOCKED) ! n MEC‘HANBM L L, (UNWINDING)
. s - || STARER ; \ s “FLYWHEEL
) - ' o N AV Af LI
~K DR'V_E‘ NN W —d") TURNING, ‘
w f, § I g (ﬁ9 ,%//
S FLYWHEEL ~ —- '~ JENGINE  ~ \-“\ :—_’3 > l .
5 ot . cuP - . FLYWHEEL ¢ :
. '. LY ‘l‘
. " WIND UP - X
I S '
ELECTRIC
. . . . , .

ELECTRIC
STARTER- .
GENGRATOR

STARTER
SWITCH |




.« A -
. . . ° o
v . ‘ . . ] L
. E) - . .
.- . .
- . .

COMMUTATOR END ~ .. ..
CAP'ASSEMBLY . '
(Includes neg. brush) -

8

STARTER FRAME,
WOUND FIELD COILS

COMMUTATOR
' ARMATURE

.. POSITIVE. .
7 BRUSH —/- ~
- THRUBOLT— -
' DRIVE END FRAME —_ < |1 %"/ - B /
4 p o ' . [ e

- . PARTS OF A DC'WOUND PIELD STARTER

]

THRqu WASHER ' ~-

/ STARTER DRIVE

RJNION \

4
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COMM UTATO
FRAME END
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® , \ .
O \\ = @b :
\

. 90' / .' ’ E | . ..
BRUSH HOLDER ,> - /' \ N PULLEY NuT”
-

bi

PARTS OFﬁ'/A DC STARTER GENERATOR

. BRUSH \
\‘ HOLDER ‘\)

. ‘e

BALL BEARING -8
Y (Commu’ra’ror end)™ , ;
%5\' ~POLE SHOE /Q

J FIELDCOIL -
- , NSULATOR -

. 0"‘7
- K . .-r’
fa s ) roer
Pl [
’ 7 . ¢

\ . . -
« .
. El - ',

-
.
./
.
-

FIELD COIL .-

398

.‘P‘j)}E/SHO.E o
" b+ BALL BEARING
. —{Drive end) *-

- DRIVE.END
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4

. Ollly 3S



‘ S ' - 'SE . 179C
. ' Ny ]
' - . . " | - : " ' o ~ X
@ - TYPES OF STARTER DRIVES
. / EECTRICAL OUTLET * .~ . i
1. SWITCH CONTROL - . . =
' o D » BUTTON. ° ‘ _
MOTO e ‘ \
SWITC i S -
: : = STARTER
: MOTQR ' - . ~ HOUSING ) - o
L R /\ ‘L sears  CONE-DRIVE
o c N U e sTartER— Y ’
‘ - V g1 HE,V SHAFT
CONE SHAPED — —; \\] - .
o DRIVE CLUTCH —————:y”* . . !
*,  GUIDE. gOST ,/—% <z . RELEASE .
- D SPRING ,
\ ENGINE _— ' \ e
‘g HOUSING . = FLXWHEEL AR
y !

. : ,- ' - i
— © ). SPLiT PULLEY DRIVE

o ) *
— - BELT RESTRICTOR

’ N ORIWVE
DISENGAGED *ENGAGED - | .5, o5/ , e :
- » £ - . .

bLECTRY
MOTOR

/ SAITOH !

\\ AAOT)R

SRS
. .

: .
EXTENSION .
. N L  ORD -—/
- r
[} - A
- ¢y P
" PINION GEAR PINION GEAR PINIDN GEAR .
¢ DISENGAGED ENGAGED DISENGAGED of
- L4 hd -
. " STARTER SHAFT - . .
- p— * ) - L4
e '_ 3 - ol ,' i -
ﬁ— N -~
Y
- .
- @ / ’
! . . . . [}
- L 2
. . » . (g I . - L 4
\ i * . . \3 9 :J . / . . .
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. . .. STARTING SYSTEMS ¢ L
‘ . UNIT IV o mr
- W%’%’#m s S TR e T
JOB SHEET #1-REMOVE, 'DISASSEMBLE; TEST, SERVICE,
‘ ) REASSEMBLE, AND" REPLACE A .DC STARTER :

- - ' T v .
. . - K/ . ~

N Ieeis and matenals .

. LT R, “!"‘QM—: s . .
s me————— A. Hand tool a‘SSOrtment . . *
- Armaxure grounder ahd test hght . ‘) . .
~~~~ C Solvent and part& brush or rag
"B. lgnitiong wrench set - a(;* ) ‘
—~ . T
7 . . \\ : + ‘
r . ‘ ’ ' E AW‘ * . [ M .. N ‘
) . toe : -
. F. Safety glasses . " - s
v < .
1. Procedure . : RN -
. '4 ) ~
A Remove starter Ty
> ' 1 Disconnect battery .Sqraund cagle ) +
/

. ) . ",’2' « Remove cables and {electrical wires from starter

(CAUTION‘ Use twg wrenches on terminals when remo(qgg top )

/ - nus to pfevent swisting terminal.) /
!
., (NOTE Carefully |d¥nt;fy location of wures with masking tape )
3 ‘Remove starter mounting -bolts\as’reqwred - e .
4 Remove starter brackets and shields ‘as required
w - . - .
’ 5. gemove'starter from engine . . >
/ , B Disassemble starter . ® . a PR \
v (4 . .t - ,
. ' i Clea outside case tith ' solvent and ‘Brush OF rag -~ )
o ta A ) . 4 : v ‘
: (NOTE Do not use exce55|ve amounts or submerge- starter m"' M
. - -~ solvent. Solvent should not be allowed to enter the starter.) ”\ ' 5
> » M
. . 2. Scribe- mating surfaces for rea§sembly i
T . ) ) v oo . - )
3 Remove thru bolts o /T\"
4 . Réiriove end cap , -
. .*L S . ) 5. LIfF spring, and release brush froym end cap - ’
LN d " i N ¢
" a4 . [ ’
. . '
I. - ‘o
. P
8 ‘ ‘At ’ . '
b ’




.JOB SHEET #1

<
- - B

) ' N

; C 6. - Remove front plate’ with armature

: - (NOTE: Seme models may have starter mountlng attached to
front plate. See anure 1. ~ o

FIGURE 1

4
¥

N P .
i ) 7. Place armatur® in vise
v
’ T ~ .
o Fo (NOTE. Be sure to use wooden blocks or jaw protectors on the
wvise t0 keep from damagmg armature.) ,

\ K 8. . Disassemble drive assembly (Figure 2) o -

e @@}@m@@;

FIGURE 2°
. a. Remove stop nut - -
. , " b Separate spring, washe‘rs, and drive, pinit)n‘

(NOTE Be sure.to note location of thrust washers en.
armature shaft if used)

. i ¢

P ’ ?
- v y
A C. Test and service

. . AR Chean all starter components
(NOTE: Clean all parts by wipingwith clean cloths. The armature, .
field coils, and starter drive assembly must not be washed in

* solvent.) :
. i" -2 / ‘Arrange all starter components for inspeotion

. 3. Inspect starter bushings for looseness and replace as required

.

' : "3, Inspect starter brushes for wear o o

- .

’ . (NOTE: Brushes worn to half their original length or less should
v be replaced.}

a o

- -
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: JOB SHEET #1 b _
, . - L
< - -’ . e
b * 5. Inspect the starter drive o IR ; .

(NOTE: The starter drive bimon. gear shoﬁld turn freely in-one
. direction and lock when turned slowly ih the other direction.)

*

B. < Inspect armature commutatof: . : ~

(NOTE. If the armature »cdmmut%tdr‘as' rough or oﬁt-of-rpund
‘it should be turned down using suitable gquipment.)

7. Test thé armatute -for short circlits (Frgure 3) ’

-

- oo (l}}OTE: Place the armature on a growier.and rotate the armature
P while holdmg a hacksaw blade avey,the'armature core. If the blade
vibrates, the.armature is shorted and will require replacement.)
, .

2

« -

. ) :
v FIGURE 3 I
=  } R . .
' 8 Check armature for grouad (Figure 4) . .
< - .
. (NOTE Place onelead of a test lamp on the armature core or
ot - shaft and the ether on the commutator. If the lamp hghts, the
.- . Brmature s grounded and.will require replacement.) .

‘ K ‘
i )
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, U | ‘ LY
N ! - P ' .
_JjoB SHEET #1 c
' ’ . 9. Check field coil for open circuit (Figure 5) "
- \\» S had A “ . 1,‘ )
. - " *.7 (NOTE: Place ghe lead of the test lamp on the iffsulated brush -
-~ and the other on the field connection tab. [f the lamp does not
. lrght the fleld coil is open and will require replacement)
- v
- - N
- .
f
. . [ A, R 3 .
N < .+ = 10 i-‘t'eplace worp'or damaged parts ¥ : - P
+ . ' D. . Reassemble ‘starter T e -' ' " , o T '
: i B h ' . LR i B
-~y 1. " Place front plate back on armature ~ . " ¢
. » " .. ' N
* , ) . (NGTE Be sure and replace’ thrust&was'hers»lf used)
LT . . e s Loy s ' B
i « 2. Replace Brive aSSemblv ‘ ’ o -3~ . ‘
. , . . ~ . i Y ot “ - e
) b (NOTE- Torque stop nut to manufacturer's specifications.)
S 3. Lift spring and reingtall* brush”in eng cdp ' ., L -
- > . - ." - < .. N ~ ’,. ! -
4’ Place end cap on starter '~ (' : e ot
A A ‘ LA Lot ..
. . 5.~ Line up scribe marks ‘. ., » .
’ N ' . P 4 . . v, ol e .
\ . . ’ o .-
6. Ingtall thru bolts' <. ; ¥ ! . T
S ! (NOTE Torque 10 manu‘facturens specmcatnonsl
E. Replace starter ' P N ..
. . M . . A ., » ~ - . . s,
L 1. - Clean‘starter'mounting surfaces. . . / , N
" " - R . ' ) *
, . 2.- Posntton starter in- mountlng position and start bolts
) o 3 “T:ghten mountmg bolts securely -0 . R
) 4 - Place all wire and cables on correct terminals 5
. : ‘ X Le
) Tighten nuts securely . ..
L0 N H LIPS . .
s - . (NOTE- Double .wrench as in removal, fold terminals 'securely,
' ) ; and.do not overtighten top nuts.) ,
. . 4()0
) . - JdJ
O ’ N
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. ‘ w7 . .+ o7 -JOB SHEET'#1 = ' \
- . . s . * , b . L &g e . (i3 i 4
v <\ . I D N . . - \ (S ‘: : ¢, P
- N K] . P / . N L.
- . L 6. ~ -’ Replace all brackets and shields ] .
T} M ’ . " . "
> . ? . . -
. ©T 7. ) Tighten all bolts and nuts securely Lot e
. ‘ - . i s o . ’
r£8. Replace battery ground -cable
. . ‘
J . < . .
. . : 9. Start engine several times to check starter .
. .' . . : ’ . " R -
. -~ // .
. ’ . 7 - ) S o e o
‘ \ > ’ . .
¢ * . . N ) .
. Ce e, /
. : .
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L " STARTING SYSTEMS . ...
"y R s da b UNIT V.. -8 T ! .
JOB SHEET #2--REPLACE STARTER'REW SPRING, 