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ABSTRACT
The tentative guide in power and energy for senior
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. * , POWER AND ENERGY < .
© - - Overview

S ¥ ’
In this course” the student, through "hands on" experiences with tools and materials

- *

and study of the industrial processes in power and energy, will have had an dpportunity

v -

to make tentative career decisions, analyze employment trends, and experience guidance
- LS

* in the various'careers related to thé power and energy job family.

Special attention is given to helping students discover their technical abilities

- and to interesting them in obtaihing career information. have an opportunity

Students

. to design, plan and complete appropriate articles and learn of the careers related to

those articles.’ Both individual and group educational experiences are encourgged.- Stu-
- - ' .
and science in solving

dents will use practical application of language arts, Mathematics

meaningful*problems. They Yill also. use safe work habits and will participate actively-
in the bperatidn and‘managemeni of the power and energyhlabOratOry.
. : 3 . .
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POWER AND ENERGY

Safety

"Introduction to Power
and Energy

Power sources
Work, Energy, Power
, .
Basic Tools used in .
Power and Energy Laboratory

Mechanical systems
Fluid Systems
Electrical Power Systems

)

Combined: systems of Power

-+

External Combustion Engine -

-

L




-

TOPIC OUTLINE

o

-

s
R

* RESQURCES

-k,

Lessons that ap-
pear in the-
following numbered
sequence are the
activities  for
that particular
day.

* -
L

1. safety (2)

-
-

II. Introduction
to Power
and Energy
{4) "Time
allotted

‘ (4). hrs. .

L

I. The student will prac-
tice using correct safety
tecﬁniques demonstrated
‘in class.

Safety should not be
taught in a unit but .in-
corporated through this
curriculum where hazards
might occur.

-
a

II.

Upon

unit
able
tent

{1) skills basic to power

. (2)

-

(3)

completion of this
the student will be

to identify theé con=|’

of power technology.

and eneféy..
Occupations and pro-
fedsions in the field
of power and energy.
Practical applica-
‘tions of language
arts, science, math-
ematics, and methods
of research in power

~ I. Instructor will le¢ture and
demonstrate oproper safety -
techniques in the' 'use of -
hand tools, power equipment,
flammables, etc.

e

i -

I1. Explanativn and demonstra-

‘S ADOPTED TEXTBOOK

ALSO SEE LIST AT END QF

and energy. \

RTMENT OF EDUCATION
LIST FOR RESOURCE MATERIALS.

SEE STATE DEPAR
THE GUIDE.

tion. .
©
A
. o
1
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FOPIC OUTLINE _ ‘PERFORMANCE OBJECTIVES ° |~ SUGGESTED ACTIVITIES | . RESOURCES
III. Power séurces |(III. The student will be able TII. Expfanation and de&lonstrétion' s
(10) Time al- * to identify the sources of : . -
lotted (10) ., power as the first step in p N g .
M hrs. . » the development of man's _ Q '2
'use of power. . - LY.
[ . . * t . QB
: s P
A. Natural The student will be able Explanation and demonstration p—
sources to identify the following ’ ra
sources of powers: ., _ . . 2
- (1) Muscle o9
! (2) Water , . o ® v
) (3) wind ‘ . - . -, O
F S o
i+ ’ - (4) Sun - -l . 0 . 0 F‘
'ﬁ L
. B. Eieptrical The student will be able Explanation and demonstrat:l.on 8 a
' sources describe electric, sources of electrical sources of ~, 5 o
. of power as follows. power B
(1) Mechanical | Hu
. -3 (2) Chemical L 0 ' " o
. E’! E
C. Thermal * The student will be able Explanation and demonstration 5 8
- sourceés . to state the applzl.cat:l.ons of thermal sources of power. 44
. 3 . g o
F‘ ) : of thermal sourices of Students could use the follow~ gi‘g "
power :l.nclud:l.ng the follow- ing examples of thermal ) ]9 .
ings sourcess 3 “’-cu
. (1) Solids® - , (1) Solid rocket fuel as a % o q
}, (2) Gases . .+ sgolid source of power: el
, w{; . (3) I-:l.qu:l.ds (2) Compressed gas, such as " "5," o
e e (4) Atomic . CO, cartr:.dge‘ for a gas aas -
- . . source . ~
o~ v {3) Burning of gasoline in a
v oo ' : small engine as a liquid
. . source . , :
) , 2 - . 6.
¢ ' :
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° TOPIC OUTLINE | ] . PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES ’ *RESQURCES

4 (2) Pliers S ’ , :

. 1 - (a) .Combination slip ) oot .

_ ] ‘.joint )

: t , (b)Y Pump-type pliers ) .
(c) Vise, grip pliers .

’ (d) standard and univer- . ’ ’ o

- sal- wrenches .

L0
-
-

.

ALSQ SEE

.

A (3) Wrenchesg L .
(a) Open-end wrench : ]
' ) (b) Box-end wrench ,
. . . () Socket wrench ]

=, . {8) Standard gnd univer- - .
sal wrenches .

-
.

(4)’ Chisels _ , ro ,
s {a) Cape chisel :
@ ’ () Cold chisel .

(¢) Diamond point chisel : .
(d) Half round chisel

(e) Round nose chisel . ]

amu.mwwmm )
{a) Classification of h
files :
(b) Shapes of files
" , _ - {c) Care of files ;
(d) Methods of £iling ~

-

TEXTBOOK LIST FOR RESOURCE MATERIALS .

‘SEE §TATE DEPARTIENT OF EDUCATION'S ADOPTED
LIST AT END OF THE GUIDE

-
.

: A. i (6) Punches . , .
o b _ | (&) Pin punch ) .

: | {b)- Pricle punch -3 . , ; o -,
CT {¢) Center-.-punch . < '
* {d) prifc punch . <. .

!
|
|

|
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TOPIC OUTLINE

*

PERFORMANCE OBJECTIVES

A (=)

(11

(7) Hammering tools
(a) meHmmm: hammer
(b) Rawhide mallet
(¢) Plastic maliet
(d) Rubber mallgt. -
(e). Brass mallet -

(8) brilling. tools
(a) Hand drill .
(b) Electric drill
(c) uWMHH press
(d) Twast drills
. (e) Reamers =«
(9) Tap and-‘die set
(a)
(b) For S.A.E., threads
Screw extractor set
%' (@) Thread chaser
{10) Ssoldering’ tools
(a) Soldering gun
MMJ.MOHmmWM:a copper
Measuring tools
(a) Steel rules
(b) Calipers *
(¢) Thickness gauge
(d) spark plug gauge

£

_HHNU,wwmnmeMNnm tools and
equipment . .

(a) valve spri.
‘. Qompress

For U.S.S. threads

.

M
-_/'\

- .
. . 1]
. ! -

. . .
.

'3

- Demonstrate and explain the
safety practices mo follow i
the uses: and. care of tools,

" equipment, and supplies in

o
v
-

t
_
|
i
|
L4 w )
i
:
n

3

"FOR RESOURCE MATERIALS. *ALSO SEE LIST AT END
1)

OF THE GUIDE.
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TOPIC CUTLINE PERFORMANCE OBJE_CTIVES SUGGESTED ACTI\{ITIES. RESQURCES "
- (b)* Piston ring com- power mechanics, .
- . pressor ) : . ' -~ o )
i (c) Main gear wheel® - 3 g -
- i = puller " s & & . :
- v L ‘ . . ' ﬁ B ) 5 4 *
VI. Mechanical - Upon- 'conclusioQ of this unit , - & v .
systems {10) + the 'student will be able to o . 88 .
Time allotted describe the operation of me- . ) E H
(10) hrs. . ‘cham.cal power, systems. . Q° .
. \ ea 2 i
¢ " A. Power «inpul ‘I‘he_s'tuthnt will be able to EXplanation and GEmonstratlon w? [
oo recognize the power input through the operation of a & 3 E
that produces motion in the gasoline engine. Students 8_% *
. . mechanical power systems. " could see examples Of power . .
- (1) Rev:.prc.':cat:.ng, rotary, 1nput through ‘the follow:.nq. 8 v
— . and linear motion (1) The piston of the engine Bng * ol .
- . (2) Inertia, momentum, and is an eXample of recipro-1] . .
. . - acceleration cating motion; the erank-| 'O o
” . . shaft is an eXample of & §
‘e S f ‘ . - , . linear motion. 8o -
‘v s, {2) The student could push EU <
X L _ . - +  and stop a‘model car to < ;‘5‘ R | o
- ) s i . . illustrate_ the principles ne A .
VAN * ; . . of inertia,. momentum, .and Q@5 o
oo ’ . d 3 acceleration. . SRV . o
' ' ‘ ST e84 v
,B. Control The student will be able to Explanation, demonstration D E T ’
_.--and con- name dev:l.ces used to control _‘and use of basiC machines E i By o e
trol de- ., power in a mechamc?i system. ’ {levers, inclined planes, ®w a0 i .,
] vices . " £ " gears, pulleys and clutches A
) DL and control devices).  The ' L
. . .o, .student could be given . - 3 .
e} examples of these basic ma- )
S . chines and experiencé how he . -
- : . - i = ________-_m_'_"—‘—-—-——i_.'..___,________q___ 3 . ’ * - o
. - g . - “ R Fania o ™




%, PERFORMANCE GOBJECTIVES

[

SUGGESTED ACTIVITIES

»

C. Transg- -
" mission

-

D. Power out-
put

tems

-

+
* v

’

The student will be able, to
describe simple power -trans-
missionh devices in a mechani-
cal system. '

™

- N T .

The student will be able to
identify the output of power
in a mechanical system. _

- 1.}

~Upon nounwcmpon of n#wm unit

the student will be able to
-describe the operation ¢of a
.mpcwm system.

]

can.control the mechanical
movement of objects using the
wawn 5m$rwsmm.

mmmmww. i1n working with.me-

chahical systems should be
&Hmncwmm&. ) o

*

-
- [

mxwwm:mnpo: m:& umao:mnnmnpo:
\\6f friction and transmission
evices such as solid shafts,
cakles, and belts. The stu-
dent should be allowed to set
up mechanical systems using
s0lid shafts, cables, and
belts along with the basic
amnﬂpsmm earlier studied in
* the mechanical system control
and control amqumm. .

r

mxwwm:mnvo: of output .
mxmswwmm.f zoqp:m an auto-
mobile, cutting the dawn, or
operation of machinery. The
student could be regquired.to
research exapples of mechami-

cal output such as %m:nponm&
abogve. *

=t

RESOURCES

-

ALSO SEE'LIST AT END

-

3

2

LY
-

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK

LIST FOR RESQURCE MATERIALS,

OF THIS, GUIDE.,'
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10P1& OUTLINE |

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

o . and theory
-

. " ‘surement

- ~ trol and

Principles

. A

.

K (1) Mea-

»

P . om wﬂmmt
sSure

" (2)y con-

trang-
,mission,
Principles

-
+ -

B. ‘Character=~

The student will be able to
explain ﬁ#m wnvbnvwwmm and
ﬂ#mwww of & fluid power sys— |,
tem a&s it applies to simple -
systéems he.daily encounters. |

7 -
o

»

«ﬂ:m student widT be able to
* measure pressure.t ’

. 4
The student will be able to
identify and control the -
transmissidn in. a .fluid sys-
tem.

L3 -

a? *

The student will be abkle to .

-~
* Explanation and demonstration
_Students should be actively %
involved in the teacher's
demonstration using a fluid
Hmmmﬂm (air or water), ap-~
Plying pressure at one point
+to, illustrate the pressure
transferred to another point.

mvaWbmﬂw09~ amao:WﬂHmﬂwnb.

" Reading of various types ‘of
spressure gauges dhould be ex-
perienced by the students..
Explanation and demonstration
Safety in working with fluid
systems should be discussed.

Explanation, demonstration
and operation of hydraulic

=
L]

F

-

>

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

¢

.

ALSO SEE LIST AT THE END OF THIS GUIDE.

istics » relate wnwunwﬁwmmaom hy-
o draulic and pneumati¢ .systems system# using liguid arid ; 0 . 1
. in the use of fluid power, pneumatic systems using air M .
- including advantagés and dis- as the pressure ﬂﬂmbmmmﬂﬂvba i i
‘advantages of eacéh. £luid . 2 4.
C. Phases of \Aﬂ A ., . ! - m 2
- operation 7 . - . o .
.Awu Power The student will be able to -The student should be ' allowed m -
ifput |- recognize the power input to mmﬂam@ and operate rwl ¢ & . .
: - ﬂwwﬂ wno&cnmm aonPOb .- aHmcHPn and pneumatic mwcvm : -
. : A « i
- - : S .7 . . Of
. b S 8 o=
. . . . . __ - f - S S F - j . va

: , |
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PERFORMANCE OBJECTIVES

SUGGESTED ACTIVEITIES

-

RESOURCES

(2)

(3)

Control .
and con-;
trol de~

vices

Trans-—
mission

* “

Power
output

-, .

in®the fluid power systems.

“n

The student will be able to
name, control devices of .-
fluid systemﬁ. : -

F . . b
The student will be able to
describe the simple trans-
mission used in fluid sys-
tems. ° C
The student will be able to
identify the output of power
in fluid systems.

. power systems using the

“ raigse and lower” ant object.
e,

a

b following: Hydraulic reser-
voirs,« fluid arnd filter, hy-~
draulic pumps and, air cdm-
Pressotrs. students could
bring an example ‘such as a
shock absorber.

——

o
-
~

The student, should be allowed
to set up: and_use tfan$:{
‘mission lines 'in the system,
transmitting fluid power to g
The student should be allowed
to set up and use trans- ;
mission flu;d'pOWEr to raise |
and lower an object. i
[/
Explanatlon of output through
cyl;nders, motors, and ¥

pressures in°f1uld power sys—
%

tems. i

d

(1) F;uld power cyllnder as
used in a,hydraullc land~
ing gear system on air
craft’

Power brakes and power
steering on an auto-
mobile ’

Movement of bulldozer
blade using hydraullc
lines

(2)

“(3)

'S ADOPTED TEXTBOOK LIST FOR -

SEE STATE DEPARTMENT OF EDUCATION

RESOURCE MATERI
¢

L

»

ﬁlﬁ. ALSO SEE LIST AT THE END OF THIS GUIDE.

[




PERFORMANCE OBJECTIVES

L} L

L

" SUGGESTED ACTIVITIES

RESBOURCES

-

RAS

”~

VIII. Electrical

power Systems

-

“

Princi-=
prles and
theory

A.

1

(1) Mag-
netism

>

(2) Gene-:

. ration of|

electri~
cal power

-

Upon conclusion of- this unit
the student will be able to

describe the basic meﬁmnw@b.

of an electrical power sys-—
ﬂwﬂ. oW

The student, will be able to
express the basic principles
and theory Om mHmnnHanH
power.

1
H *

-

' The student will be able to,

-m&@wwwb the theory of mag-
netism and how it applies no
mwmnnnpnww.woimn. .

- . -

.The student will be able to
produce electrical power by
‘mechanical and chemical
means. 4

aabu.nmﬁ 1lift in a garage

1

-

Students nmmwm Um taken on a
field trip to see w%mﬂwcwwn
and pneumatic systems ‘in op-
‘eration or -examples. could he
mwaswwnmm in the classroom
&mpum ﬂwwwwnmnwonm of an air’
pump or compressed air.

Explanation and demonstra-
tion. Perform experiments
in' static electricity if

weather conditions permit.

Explanation and derfonstra~
tion. Each student should

]
+

- ey o Y T Al

-y

use various magnets and iron

filings and then construct
.and use an electromagnet to
see the various force
pattérns. ¥

%
Explanation and demonstra-
tion of low voltage electri-
city produced mechanically
and chemically (6~12 Volts).
The student could be allowed

3
i
3

' SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

ALSO SEE LIST AT THE END OF THIS GUIDE.

' RESOURCE MATERIALS.

|

Q
ERIC -




TOPIC OUTLINE

-

»

-g%ERFORMANCE.OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES"

Gl

]
1

1

(3) Electri-

cal mea-|
surement

(4) Circuits

.

7 . -
- \ sy "b

-

The student will be able to
perform basic measurement of
electrical power. . -

.

The studént will be able to.
-identify an electrical cir-
cuit,

-

4

[y

.structing a simple wet cell.

L]

to mechanically produce
electricity by constructing
ahd using a generator. He
could also chemically pro-
ducde electricity by con-

Electrical safety should be
demonstrated ang discussed.

ExplanatiOH and demonstra-
tioh showing various electrid
cal measuring devices used
at low voltages of 6-~12
volts. Students should be
allowed to connect and read
the various measuring de-
vices used, such as an ohm.
meter, volt meter, and amp
meter,, Electrical safety
should be discussed ¢on-.
cerning the proper- use of
ﬁﬁhése measuring devices.
Explanation and demonstra-
tion identifying the cir-
cuit and the characteristics
of the circuit. Students
should be. allowed to set up
simple circuits using a
' power sourge, load, switch-
, ing. device, and copnectors. .
'Examples:

(1) Simulate the magnetic

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

. 'System such’as that of

3

-~

-

ALSQ,SEE'LIST AT THE END OF THIS GUIDE.

vy -

RESOURCE MATERIALS.
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TOPIC OUTLINE ’ PERFORMANCE OBJECTIVES “ SUGGESTED ACTIVITIES , RESOURCES

£

9l

7

" . a small engine. .

-~ . 13

, : . o (2) A starter-battery system m&
. . . . such *as.that of the auto~| , A8
. h ) \\7 i ) ) mobile m w.
(5) Alternat- The student will be able to Explanation of an alternating| i A
u..:m wna define the difference be- v ; and direct current. mﬂcﬁmbﬂmr mm
direct tween alternating and direct| - can set up simple AC and DC | B
current current. C circuit. Safety should be &5 ©
: ) B . \ discussed yith low voltages { - B
- used. ’ g% :
B. Phases of ~ The student will be able to Explanation and demonstra- S H
operation ° déscripe the operation of an tion. Safety demonstration M M
- @lectrical system. _..w..p,mmucmmu..oss review, and- test-| © &
. ing should be covered both w 2]
. . ~ individually and collectively o i
[
(1) Power The student will be able to Students should be allowed mﬂ
input recognize the power input to set,up and operate elec~- m o
: "that produces motion in the . trical circuits utilizing w3
electrical system. ~ various types of pewer input | © <
. systems. Example: Design a| g |
} 6 volt circuit for head Mm
) ) . lights, parking lights, £
- : . brake lights and turn sig- < K
nals. . EE
, . : , g
{(2) Control |._ The student will be able to “Students should be m“_A.HOSmQ 54 Py
and describe the control trans- to set up and operate elec- m m
trans-, mission systems used in- _ trical circuits utilizing 0 w
. . migsion " electrical system. ) mwmmmwﬂwbn types of controls m.,.m .

and methods ‘of transmission.

4

L

Aruitoxt provided by Eic:

E\.
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TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES . RESOURCES
, ' A : /

. Examples:
i , (1) -Control of a circuit
) ] ) using resistors, relays
and sWitches
(2) Methods of transmission
BN through experiménts with
- ‘ various conducting and
; ' . non-conducting materials
| - and examining various
S ypes of wiring and
i . .o : \Egbles
_ . g ¢
. {3) Powér The. student will ‘be able to . Students will be allowed to
output * identify forms of power out- set up and operate qlectri-
put in electrical systems. cal circuits to produce mo-
tion, heat, light, or sound.
Examples:™ L
(1) Construction of a simple
v g . electric motor a
’ ' ' {2) Construction of an
‘ electrdmagnet 2
- ’ (3) Use of electrical heat-
: 2 . ing elements .
) (4) Light#n@ gsystems con- |
: ‘ :  trolled by, switches or *’
‘ ‘ o1 ' thermostats as used in
. . ' automobiles
) ‘ ‘ (5) Electric buzzer or horn’
1. ' . ) ) Students may algo take a
7 ] . ' . * field'trip to see forms of
' power output in electrical
- Lo . * systems. ‘

I

ALSO SEE LIST AT THE END OF THIS GUIDE.

e

P

L4

L1

+

*
v

PO

 SEE STATE_DEPFARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

e

RESOURCE MATERIALS.

L

-
.

e




TOPIC OUTLINE

PERFORMANCE OBJECTIVES ) .

L] R 5

SUGGESTED 30€H<H6Mmm

-

RESOURCES

n.

Joining a
L]

trade .

unien

iX. Ooamwswa,m%wl
tems of power

-

L

The student will be able to
define trade and list seve-
ral trades that have union
affiliation. -

Upon conclusion of this unit
the student will be able to
describe how the mechani-
cal, fluid, and wvmnﬂﬂwnmw
. - syétems ., together form a com—|
bined system of power and .-
. career opportunities. )

£

- I ¥

The student will be able to

_Series of -shop actiyities

Instrjuctor will have labor
representative give short
talk o students. .

where!| the student experi-
ments| with various types of
m:awswm.“ Learning activity

packages, individual ex-

peri ,Bﬂwh filmstrips and
transparencies can be uti-

lized .

|

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

ﬁLSO SEE_LIST AT THE END OF THIS GUIDE.

E

AruiToxt provided by ERIC

A. Internal Transpgrent engines can be~
= " combus- | . describe the operation of used to show the 2 & 4 °
o tion en- internal combustion engines mﬂHOW%m of an engine. .
. gines: *  ’'before ‘proceeding to the R ¢ v
@ +  study.dnd experimentation E . :
e . * of engine components and. , 4
" 1. Qperat-— subsystems. . ; N ) .
i m.mwm : . : ~, i ¢ *
. princi- : 4 |
. ples: - " . ) -
. w~ . . . ‘ ) m
~ a. Recip= ) - ] m
r H.OOU..”' . \\...\nn\\ 3 “
- . - &
) N ing ) : | _ .// oo
u gmu . . . L ) . N w
. .
1} 4~ Tite student will be able to . The hmeﬂHOBm#Hw.om piston 2 aq
cycle understand and explain the . motionl, wvalve operation and v
] _ operating principles and . - ignitipn firing can be - o
- ) i L3 ) C
14 O—
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TOPIC OUTLINE

« PERFORMANCE OBJECTIVES

b

SUGGES&ED ACTIVITIES

>

RESOUEBCES

61

(2) 2-cycle

b. Rotary’
type— .
{wankels)
turbines

c. Diesel,
com™—

pression
ignition’

features of 4-cycle engines.

features of 4-cycle engines.

*

The student will be able "to
understand and ehplaln the
operating pr;nc;ples and

The student will be ’able tos

a. Expose each part of the
4-stroke cycle in a ro-
“tary engine. ¢ ,

b+ Relate the rotor and .
‘crankshaft rotations.

C. Compare the 4-sgtrokes Of.
the rotary with the
4-strokes of the Otto en-
‘gine..

d. Sketch the Wankel Rotor.
and housing.

e. Describe the pperation
of a Furbine. .

The student is introduced
to compression ignition
principles. He will be
able to:

2. Define diesels or com-—
presslon 1gnlt10n en-  «

+* »"gines.

" b. Recognize diesel engines.

-

H

o

1llustfated physlcally. by
using transparent, live
flrlng englnes.'

A baslc description can be
offered and cut-away models
can be used to highlight the
major features.

A transparent Wankel can be

- used to display the working

componénts such as the rotor
and the crankshaft. Cut-
away model of a turbiné can
be used to display the rotor
and housing arrangement.:

iy

-

A detailed description can
be offered on the operating
_principles 0f4~ cycle die-.
sels. Schematic diagrams
‘can be used for each stroke
to aid the. student 1n vis-
uvalizing the strokes. The
intake, compression power
and .exhaust strokes can be
descrlbed. In each case,

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

o

-

. ALSO SEE LIST AT TWE END OF THIS GUIDE.

RESOURCE MATERIALS
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PERFORMANCE OBJECTIVES

&

SUGGESTED ACTIVITIES

)

RESOQURCES

0¢

d. Spark ig-
nition
system

c. Explain the princi~
ples of 4~cycle diesel
engine operation.

d. Introduce the fune-
tion of the principle
parts of a 4-cycle .
diesel ‘engine.

The student will be able

rto: -

a. Describe the function

' of the points, ‘con-

densor, coil and spark-
plugs .

b. Define the igni¥tion

. timing

c. Conduct tests and re-
late crankshaft rota-
tion to, degree read-
ings. -

!

—

- timing can be offered
" through the use of the same

the physical process in-

volved should be explained o

for better understanding of
the related -elements as they
occur in aetual operation.

- 17

¥

A live firing. transparent
engine can be used to,des-
cribe and show the function
of the points, condensor,
coil and spark plugs. The
student can examine each
part and obtain a first-=
hand cxperiende ‘with those
components. A physic¢al in-
terpretation of ignition

transparent ehgine. The re-
lationship af crankshaft .ro-
tation, piston positiom and

Definitions of Top Dead Cen-
ter (TDC), advanced or de-
layéﬁ timing (BTDC and

ATDC) can be given with the
student observing this re-,
lationship through the
transparent cylinder of the
engine. - f

-

. degree readings can be shown| -’

OF‘EPUCATION'S ADOPTED TEXTBOOK LIéT FOR
ALSO SEE LIST AT THE END OF THIS GUIDE.

SEE STATE DEPARTMENT

-

RESOURCE MATERIALS
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TOPIC OUTLINE

L

PERFORMANCE OBJECTIVES

. '

+ SUGGESTED ACTIVITIES ’

RESOURCES

.

/

-

2. Mechanics of]

Engineé
€

W

-
//’
50///a. Recipro-
o cating 2~
/ & 4—-cycle
) engines

Power
control
and car-
F buretion
PART I

(1)

«opeération before disas-

Thé student will be: able to
understand‘'and name the
basic components and their
functions and recognize the
subsystems of engines. F#He
will actively participate
in adjusting engine con-
trols and operate these en-
gines under various condi-
tions. He will develdp a |
sound knowledge on engine

sembly.

o

The student will be able to|]
eXperience and understapd:

*

a., The ‘components which cond
t¥ol the fuel/air mix-
ture ratio

b. The basic, principles in-
volved in venturi-type
carburetors

¢, How the fuel/air mixture

can affect the power
output.

T

Shop activities wherXe the*
students conduct hands=on
activities with various en-
gines. Operation of
different engines and mea-
surement of engine power
output. Students should be
ericouraged to use tools and
dynamometers to develop a
knowledge of instrumenta-
tion. :

The basic elements of a ’
simple carburetor ¢an be
shown and explained by dis-
assembling and examining a
simple carburetor. .

.. ) J

1

L}

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR --

ALSO SEE LIST AT END OF THIS GUIDE.

RESQURCE- MATERIALS.
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

" SUGGESTED ACTIVITIES

. RESOURCES

(A7

(2)

(3)

(4)

Power con-
trol & car-—
buretion

‘PART II -

Power con-
trol and
carburetion
PART III

A typical
sSmall en-
gine , carbu-
retor

The student willhbe able to{f

experience and understand:

‘a. How the fuel is con-

trolled.
b. What components are in-
volved_ in fuel control.

Thé student will under-
stand and experiment with
the mechanisms involved
ini. -

a. Choke of a carburetor

b. Throttle of a carburetor

The student wlll be able

to: A

a, Work with and recognize
an up-draft carburé@or.

b. Remove and install thls
type carburetor on a
Brlggs & Stratton en-
gine. T

s

The basic elements of the
fuel metering and float sys-—
tem of a small engine carbu-
retor can be presented by the
yse 5f charts and drawings.
The venturi type of carbure-
tors from s$mall engines may '
be introduced for the purpose
of exhibiting how better- car-
buretor performance is
achieved. L

The mechaniSm,invdlved in
achieving a constant level of
fuel in the ‘tank can be shown
and explained.

]

The choke may be described
with the aid of diagrams.
The use of the choke.in a
cold start can-be explained.
The function of the choke
for iqcreasing the fuel/air
ratio should be described.

The student.may remove and
install a Briggs and Stratton
up~draft carburetor. The
student should experiment
with a simple up-draft car-
buretor of widespread use.
The student mubt disassemble
an up-draft.carburetor which.

incoxporates,adjustments oh |

3

(-

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

RESOURCE MATERIALS,

.

ALSO SEE LIST AT THE END OF THIS GUIDE.
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TOPIC OUTLINE. PERFORMANCE® OBJECTIVES g SUGGESTED ACTIVITIES ..
) igle speed,’idlb mixture Ha )
_ high speed mixture. He will ‘-‘é

I

)
X

(5) Disassembly
and opera-'
tion Of an
up~draft
Lbarbureto:

»

{6) Function of

a cylinder -

head

" b. I1dentify the parts of

The student will be able to:

a. Recodnize an up-araft
carburetor.’

' the carburetor.
c. Name the fuel sub—gystém4
0f the carburetor-
d. Locate the three adjust-
ments’ on thes carburetor
and state what they do.

The stident will be able to#

=
Ll

a. Leawrn the procedure of
disasSembling a trahs-
parent engine cylindér
head. - .

b. Develop skills in the
utilization of hand tocl
during the disassembly
of a cylinder head.

c. Study in greater detail

. the components of a cy-

. linder. °
ad. ReaSSEmble the cyllnder

head and properly torgue
lt .

Yo

be able to develop experience -

in disassembling and assem~
bling a Briggs & Stratton en-
gine carburetor.

A Briggs and Stratton engihe
may be used for the students
to disassemble a typical up=
draft carburetOr and study
the mechanism.

The prfmarg function of a

" eylinder hedd can be de-

scribed? A detailed proce-
dure should be gffered to
disassemble the cylinder heagd
of transparent live flrlng

‘engine.

SEE STATE DEPARTMENT OF EDUCATICON'S ADOPTED TEXTBOOK LIST

+

‘RESOURCE MATERIALS.

ALSO SEE LIST AT END OF THE GUIDE,.
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TOPIC OUTLINE | PERFORMENCE OBJECTIVES " SUGGESTED ACTIVITIES - RESOURCES
{7} Compression The student will be able toif . Bow compression is achieved :CE
’ . ' . may be shown through the use ‘
a. Réelate his experienct of a transparent cylihder en- S8
with transparent cylinder gine. ‘ The student can Ob-. ! EE
engine to.other endines. .serve directly how the p:l.ston | 5 B
b. Develop a basic under-—-. . and_rings cause, ¢ompression. 8 ©
. .standing, and learn the . : g%
« .functions of a.piston, " , E X
cylinder and rimg set, ’E -
) by observing the piston E
operation-through a B
tran‘sparent engine, ) g <
c. ‘Apply his bas:l.c knowledgeﬁ 1 2 S
o " and-.experience t0O other . i I ®w a
- similar conventional en~ P ﬁ re
: dgines. o ) , 2 o =
’ . ) : ’ " ) T ) i" [ &
(8) Torgue ! The student will be able to: The, fact that tordue in en-~ ! gg}
‘ : . ‘ T ' gines is one of the most im- .80
a. Fgmiliarize. himself-with portant performance para™ y w8
’ a’ crankshaft and a con- " meters must.be emphasized and | 'O« i
necting rod. defined in terms of physical. ¢ - E
£ s+  b. Identify and explain the . components which éaugé the J @
functions of these parts.] . torgue. The connecting .rod ' %’é
v ©. Have a knowledge 0of how . 3nd crankshaft which are in~, ¢ ¢ pe I
) ’ the force|of a piston is/| . ternal parts causing torgque i & 3
) transmitted to a crank- " can be shown. i A4
shaft. . . Ce . ~ A 2 g
(9) Camshaft The student will be able to: Pescribe the operating princi-{ ' ® 3 @
- Operation a. Have a sound khowledge . ple of a camshaft. Let the ~H3.9 =
) . T of camshaft operation. student observe, how the 10}363 o @ g o T
) ’ - of* the camshaft push against
; - . ) A -
Q < : v T 20 AU - : :




TOPIC OUTLINE

PERFORMANCE OBJECTIVES.

-
o

- SUGGESTED ACTIVITIES

RESOURCES"™

‘ "~
.(1p) Lifter,
. "rocker arm
» and valve
. . operation

(11} How engines

d. Handle similar camshaft

b. Examine tfie cam lobes.
c. Observe-how the ljfters
and valves are.activated.

assembly and disassembly.

The student will-be able to:

d. Understand the bas;c
mechanisms which operate
the valves. . .

b. Examine the lifters, and
push rods for wear. .

c. Study the function of #
each domponent by ob-
serving the system in
action. .

d. Apply ‘his experienge and

knowledge to othef de-

signs found in different

engines. ) &

» »

. .
The student will have:

the lifters. ' -

¥

Thee lifters and rocker arms

~ may be described. Help the
student conduct simple ex-
periments to obtain. a physi-
cal feel ‘for thesa components
and observe thelr functions..

Describe €he air’ cooling sys-
tem of small englnes. Most 2-

"SEE STATE DEPARTMENT OF EDUCATION’S ADOPTED TEXTBOOK LIST FOR

RESOURCE MA‘I'ERIALS.1 ALSO SEE LIST AT THE END OF THIS GUIDE

, are- air .
: T cooled - . 2. A basicf/understdnding & 4-cycle small engines are: . ’
) ' why.copling is requlred. air cooleq, The student -
. * b. A knoWledge of how ‘an- . 'shoild experimenp to demon- e
; . air cooling system ‘ope- strate the basic mechanics
o « rates. ! of alr coollng. .
\ -7 ¢. An 1nszght as to Why the -
p . cooling system should be v ' " e/gw/“y‘ ”
] ’ T - free from obstacles. ' : ; ’ )
/ . Pt C e v ] - ¢ - .
L > ; ! 4 - ? , .
© / 21 .
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- Tecumseh” P
‘engine

(13) Reassembly s
of a -

,,;ﬂ;,ﬂgggumseh
engine

o

(14)_Disas§embly
of , a 4-cycle
Briggs & .-
Stratton
engineg

*

-8

a. To expose the ,student; to’
‘the use pf hand nglg.

b. To have the student obtain
-a hands-on experience. -

¢. To have the student study
“the inner compgnents of a
27 cycle," sma gasbline
engine. B

The ‘purpose of this ‘activity

is-to:

-’ . - L ~

"Lead the student into as-
sembling a Tecums#eh en-—
gine. . 0 N ¢
Offer him the use of tools.
Give him hanpds-on ex- °*
perience on minor trouble_
shootlng.

b,

L

»
a

The student will be able to:
a~ Use hand tools proPerly.
b. Develop basic Skllls with
" hanhds -on exPErlence. '
Observerand \recognize the
inner components ‘of a 4-
- eycle, small’ ga3011ne
engine. - .

C.

and ffer 1$ to the student.

* The dlsassembly procedure must

be detailed so that<the student
can .follow thé'procedure with
relative ease. Photographs’
must be used at 'every major
step to help the student in

‘disassembling, the unit.

e

offer the assémbly procedure
of Tecumseh, 2-cycle engine.
With the aid- of photographs the

. student shoéould be able to re-

assemble the Tecumseh engine.
Hde learns the basic components
insgide of an engine and after
minor.adjustments, the student
puts the engine into workz.hg
order. '

’ -

Gbtain the dipassembly pro-
cedure of a small Briggs &
Stratton -enginé. Disassémbly"
must be detailed so that the-
student can follow the pro-\
cedure with relatlve ease.”

-Photographs must be included

at évery.major step to help
the student in disassembling
the unit. * ;

-

-

)

« SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOXK LIST ﬁOR

L

ALSO SEE THE LISTAT THE END OF THIS

RESOURCE MHTERIALS.
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~TOPIC OUTL;HE PERFORMANCE OBSEéTIVES ) ] SUGGESTED ACTIVITIES RESDURCES
{12) Dlsassemblv 'The_gﬁjectfves of thls actlvi- - Obtain the disasseémbly proce- . 'E . -
‘of a 2~cyclel ty afe. . . . o ¢ . duresof a small Tecumseh ehgine o

"E;
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TOPIC OUTLINE

PERFORMANCE GBJECTIVES'

el

SUGGESTED ACTIVITIES

RESOURCES

P

o

Assembly of
a small 4-

éycle Briggq

& Stratten
engine

T . -

Englne per-
formance

characteris—
tics .

Operating
procedures
of an elec~-
tric @ynamo-
meter/gene—
rator \.

"The student wili bc able. to:

- 4. Assemble a Briggs and

Stratton engine. /
b.-Properly use tools.

Cc. Gain experiénce on minor

trouble shooting.

-

- s kd
- .

tualecengine prOceSSes.

ingfully. ) ;
Understand why~engines -

. perform differently when_

engine parameters are
varied.

‘a téne=-up.

’The student will havea

+
1

a. a bas;c,knowlgcge of the
operatlng features of an

electrzc dynamometgr.
) b.

tOrque and englne speed

The student will be able to:
_Relate definitions to ac-

Conduct expetriments mean-

Understand that these par-
ameters are adjusted duting

A kpowledge of the tecb-
niques used to measure the

The assembly procedure of a 4-
cycle Briggs & Stratton engine
is offered. wWith the aid of
photographs in the manual and
step~by~step procedure,_ the
student reassembles the Briggs
& Stratton engine. He learns’

the basic components inside of °

an engine and after minor ad-
justments, the student puts
the engineé into working order.
Define those parameters which
control the performance-and
efficiency of. 4n engine. Ex-
plain the ignition timing,
compression ratio, manifold
pressure, fuel/air mixture .
ratio, torgque and horsepower

. 'and relate their effect on en-

gine performance. A trans-
parent ‘engine can be used to
exemplify the definition.

" .

Explain to the student that it
is essential that measurement”

of engine power output varia= -

tions be taken with reasonable
care and accuracy. Describe
measurement techniques and
proper use’og dynamometers.

¥ . '

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR '
RESOURCE MATERIALS. . ALSO SEE LIST AT THE END OF THIS GUIDE.
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TOPIC OUTLINE

PERFQRMANCE OBJECTIVES

- «
SUGGESTED ACTIVITIES

RESOURCES

(18) Coupling

’ horizontal
and verti-
cal shaft
engines to
dynamo-
meters

.

(19) Measuring
the horse~
‘power of a
4-cycle

: Briggs &
Stratton
-engine

82

-{20) Measuring
- the horse-
power of a
1 ‘ 2-cycle
* Tecumseh
’ - engine

e occurs.

c. An understahding of thée ,
use of an electric dyna-
mometer.

5

The student will be in a
position to:

L}

- ~

a. Properly couple/englnes
to dynamometers. °

b. Understand the loss of
power whenever a trang-
mission is used to“*change
the angle of rotation.

c. Properly select couplers.

The student will experience:,,

a. Horsepower ratlngs of en-
gines.
b. Where the peak horsepower

c. Testing the power output
" of an engine.

The student will have:

a. A better understanding of
' the operating features of
» a 2-cycle engine.
b. Data to compare with 4-
cycle engines.

L

L
~
. -

L

* * a
.t

f

in order to m?asure the per-
formdnce of small gasoline
engines, it is necessary to )
properly couple these engine€s
to dynamometers so as to avoid
excessive vibrations and in-
accurate readings. -

Since the most commonly used
small gasoline engine is the
Briggs & Stratton, give the
student the opportunity Fd'
measure, the performance of it
or *the power output. . .

-

-
e

-

Have the student develop some
experience in measuring the
performance of a 2-cycle,
Tecumseh engine and later com-
pare it with a 4-cycle engine.

Any small, 3 horsepower engihne|’

with a dynamometer can be
used.

e . Yo

v

*

‘S ADOPTED TEXTBOOK LIST FOR

ALSO LIST AT T‘Hp END OF THIS GUIDE. -

-

SEE STATE DEPARTMENT OF EDUCATION

RESOURCE MATERIALS.
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED. ACTIVITIES

<

RESOURCES

(21)

.(22)i09eration

Do
D

(23) Effect of

.
i

. 3Pd horse-
. power®

of 2~ & 4~
cycle en-
gine charac-,
teristics |

Comparison s
H

lof engines
ion various
fuels

;
manlfold

pressure
on torque

- The student will:

a. Have a sound knowledge of
the basic difference in
the horsepower and torgue
curves between 2— & 4~cycle
engines. ~

b. Differentiate these two
types of engines by
recognizing the physical
feature of each type. ~

c. Understand where each type
of engine fits best.

The student will gain:

a. A broader view.of the 4=
cycle engine operation
demonstrating the alter-
nate use of fuel. '

b. A better understanding of

combustion and power gene-

ration.

c. ExXperience in the use of
different fuels showing
the level of power they
can produce.

a. Basic knowledge 6f how
manifold pressurz affects

‘horsepower output.

Highlight the differgnces in
performance of 2-& 4~cycle
small gasoline engines. Com=-
parisons must be made on
©idling, power density and ex-
haust.

-

s

b1

The operating characteristics
and power performance of en~
gines depend heavily on the
type of fuel. Experiments
shoild be offered whereby the
student can operate an engine
on gither liquid or gaseous
fuel. 1In performing these
tests, he will broaden his
knowledge in the use of vari-
ous energy sSources. <

LI

One of the most important par-
. ameters in internal ‘combustion
* engines is’the manifold

pressure. A detailed explana~

tion of the relationship of

'S ADOPTED TEXTBOOK LIST FOR

ALSO SEE THE LIST AT THE END OF THIS GUIDE

SEE STATE DEPARTMENT OF EDUCATION

RESOURCE MATERIALS.

manifold pressure tof engine
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: TOPIC OUTLINE

PERFORMANCE, OBJECTIVES

SUGGESTED ACTIVITIES

RESQURC!

o«
L)

ra |
]
i

e —

(24) Effect of

ﬂpapmm on---
———"engire
per formance

(25) Effect of
" gaseous
fuels on
engine
povwer

[4

(26) Measure-+
nent

techniques

of fuel
/m:m air

L3

ii1t11hbmbm@mﬂJnﬁiiilllllu - -

Hﬂmamwcmm:ﬂkﬁwwm be able to:

b. An understanding of the
relationship bhetween mani-
fold pressure and cylindex
pressure,

Experience in measuring
how manifold pressure

Co

a. Defirle ignition timing and
its effect on power outputg
Observe the physical pro-
cess involved in igniting
the fuel at a certain
position of the piston.

b.

The mﬂcmm:ﬂ.iwww be able to:

- 3
-~k

Use gaseous fuels in in-
ternal combustion engines,
b. Measure the power output
with gaseous fuels and
then compare it with gas-
oline or alcchol fuels.,

-

a.,

a

ewm,mncmm:w will be able to:

Smmmch_WcmH and mWH.
b. Properly connect flow-
meters.,

c., Read flowmeters.

ha

o

-parent engine, : . > |

.skills in the guantitative
- measurement of liguid or gas

power output should be given,
Also, mxﬁmnwamsnm should be
offered for the student show-
causes and effects ipnﬂ
nds ~on experience,-

Y -

Explain the fact that ignition
timing of an internal combus-
tion ehgihe is one of the most
important elements which
governs the power output and
emissions of an engine., This
can be achieved by the use of
a live firing, transparent
engine,

:

!
1

Discuss and explain the use of
gaseoug fuels with 4-cycle in-
ternal combustion engines,
Also, offe¥ an experimént for
the student to experience the
differences between liquid &
.gaseous fuels. This can be
achieved by the use of a transq

+

Make sure the student obtains
experience and develops

flow into an engine, "Use a

small gasoline engine.,

SEE STATE DEPARTMENT OF EDUCATION'S {ADOPTED TEXTBOOK LIST‘FOR

RESOURCE MATERIALS.

ALSO SEE LIST AT THE END OF THIS GUIDE. .
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4~””J.TOPIC,0UTLINE PERFORMANCE OBJECTIVES -

SUGGESTED ACTIVITIES

RESOURCEsS

L

"{27) Efficiency The student will have:
of engines ' :
: a. A basic understanding of

. the factors which affeet
) the efficiency of an en-

gine,

b. A knowledge of how ef-
ficieficy tests are per-—
formed.

c. An opportunity to learn
T . the definitions of energy
units both mechanical and
B . % chemical.

'
1
-

E? (28) Effect of j The student will understand:

compres— ] -
sion fatio | A a. The definition of com-~
on per-! , pression ratio.’
formance b. Effect of compression on

[ horsepower,
I " .c. Effect of compression on
l cylinder pressure.

%

1

(29) Energy éon— ' The s¥udent will understand:
. version-- w :
heat to a. What energy is.
electricity  b."What units are used in
i - l ;’measuriﬁg energy.
: i c. Conversion of energy from
P ~one form to another.

- -

This subject must be'disgpssed
in,detail because ‘of its so— .
phistication. Experimental .
procedures should be shown pro-|
viding the student with hands-
on experience measuring the
efficiency of an engine, “The
effect of fuel/air mixture ra-
tio, ignition timing, com-—
pression ratic and type of
' fuel on efficiency must be in-
dicated. Such experiments may
be carried ‘out by the use of a
flowmeter. ’

Explain the fact that the com-

* pression ratio of an internal

combustion eng&ne is one of
the most important parameters
effecting the efficiency, powen
output and emissidns of an en-
gine. Those engines which in-
corporate variable compression
mechanisms may be utilized,

Explain the relatioriship of enH
ergy units and offer an experi-
ment for the gtudent to obserw
and measure the energy conver-—
sion process. . For’ example,

the conversion of fuel (gtored

energy) to heat and pressure

_ {combustion) té mechanical

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FbR

ALSO SEE THE LIST AT THE END OF THIS GUIDE

RESOURCE MATERIALS.
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P TOPIC QUTLINE

*  PERFORMANCE OBJECTIVES.

. 3

SUGGESTED ACTIVITIES .

RESOURCES

b. Rotary type
" (wWankel)
engines

|

{1) The wankel |

‘ engine and
the four
cycles

28,

" -

{2) The 4-
stroke
cycle of

" the ro-
tary en=-
¢ gine

i

J |
,\

‘understand the basic opera-

d. Inefficiencies of energy
conversion devices.

L

The student will be 5b1e to

tion of Rotary piston en-
gines, their components and
subsystems. The student
will be able to identify the
advantages and disadvantages
of rotary. engines, their ef-
ficiency and operating
features and characteristics.

I

The student will be ables

a. To display how the Wankel
engine develops the same
4 strokes ags a small 4~
'cycle \gasoline engine. °
b. To compare the 4 strokes
of the Rotary engine with
the 4 strokes of the 0Otto
engine.
C. Sketch. the- geometry of
the Wankel rotor and
housing.

.

The student will be able:

a. To expOse each part of
the 4-~stroke cycle in a
rotary engine.

!

.and exhaust strokes.
each stxoke with the ‘aid of diaj

energy may be shown.

] ‘
™

Serzes“of shop activities are

suggested where the student sys—

tematically studies the compo-
nents and their functions by
the use of a transparént func-
tional wWankel ehgine and/br
transparencies. ;

Make a presentdtion of the Wan-
kel intake, compression, power
Describe

grams and sketches. The Wankel

‘4 cycles may be compared with

the conventlonal reciprocatzng
4-cycle engine. .

R
A Wankel engine may be uséed to

show the intake, compression,
power and exhaust strokes of

the rotary. platon.

a L

!

!
L

—

SEE STATE DEPARTMENT OF EDUCATION'S ADGPTED TEXTBOOK LIST FOR

M

RESOURCE: ‘MATERIALS.

ALSO SEE LIST AT THE END OF THIS GUIDE,

M

v
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TOPIC OUTLINE

- PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

€8

(3} visi-
Wankel
operating
instruc-
tions

Descrip-
tion of
the Wankel
carbuq;tor

(4)

b.

a.

b.

To relate the rotér and
crankshaft rotations.

The student will be able to:

Operate the Wankel prop-
erly.

OCbserve the operation of
the rotary piston.

The student will be able to:

Explain why a2 carburetor
is needed.

State differences be-
“tween air flow in a Wan-
kel and reciprocating
engine. :

Explain the functions
of the venturi, float,
valve and metering jets.
Understand the need for
.wmain and idling fuel
systenms.

Understand the differ-
ences between float,
diaphram and overflow
carburetors.

L

A Wankel engihe which is 'a mod=
ified rotary engine may be uti-
lized for hands-on’ activity.

"With the use of an electric

motor, the rotor can be ope-=
rated for observation of ro-
tors, seals, crankshaft and
other parts.

Explain how controlling of
fuel/air mixture is achieved,
in the Wankel carburetor. The
basic components of a carbu-~
retor such as. the choke,
throttle and the float . system
should be described. Diagrams,
transparencles and a sample

- carburetor may be utilized.-

¥

SEE STATE DE

PARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR‘

RESOURCE MATERIALS.

-

ALSO SEE LIST AT THE END OF THIS GUIDE.
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TOPIC QUTLINE

&

;  PERFORMANCE OBJECTIVES
|

T

SUGGESTEP ACTIVITIES

(5) Operation
and dis—-
assembly
of the
Wankel car-—
buretor

{6) Disassembly
of the KM-
48 Wankel

engine

{7) Wankel
engine
ro;or seals

The student w111Qbe able to

explaln and ‘have experience

1@'

a{ The components which con-
| trol the fuel/air mixture

. ratio.

b. The basic ptinciples in-
| volved in venture—type

“| carburetors.

Thé student will-be able to:

Dlsassemble a Wankel en- "
glne.

b. lee the proper name to
the components of the Wan-
'kel engine.

‘Show wear in a character-
listic manner.

! -
§ -

The objectlve of this section

is:

1 ’ - s

To study the seals of the

ﬁankel engine.

o compare the seals

Krlngs) of, a reciprocating

1

'He obtains a hands~on experience

Describe the Wankel engine car-
buretor and offer a procedure
to disassemble the carburetor.
The student should obtain an
insight to the parts of a car-
buretor and thelr function.

The fuel/air mixture control
method must be degscribed as the
student studies each part of
the carburetor. Manuals and
small typical carburetors are
available for this purpose.

A disassembly procedure is
offered to the student, .in order
for him to take apart the engine
and study its components.

The student, after disassembling
the engine, examines each part
for its characteristic wear.

with the use of metric tools in
addition to developlng skills-.
in disassembly and reassembly
of rotary engines. :
The main purpose of this sgctio&
is to have the student examine -~
the seals and study how they |
cause seallng of gases. Their
unigue desgign is éompared with
the conventional rings.

RESOQURCES
[+ A
£
a5
- 9
|
x
- LB
[x1]
&
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o B
& o
cﬁ:ﬁ
mc::
E1
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-
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]
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o
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|
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SEE STATE DEPARTMENT OF EDUCATION'

RESOURCE MATERTALS.

V.-

|
} .30
|

e -




TOPIC OUTLINE

RERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES . 3

.

RESOURCES:,

{8) Assembly of
the Wankel
engine

w (9) Powered op-
eration of
the Wankel
engine

engine with, the seals of
thé Wankel.

The student will be able to:

a. Ledarn to use proper tools.
fot assembly.

b. Assemble the compohents
1n‘the1r proper loca-
tions.

c. Recognlze all the- parts*
by their proper hames and
fun?tions. *

.

1 —
i
The student will be able to:
] .
a. Acqualnt himself with the
englne. _ .

b. oPefate it.
¢. Learn its features.

Use metric tools and have ‘the
student expe;iende the as-
sembly of a Rotary engine. .
He will -be exposed to the use
of various tools, their hames
and sizes {in metric¢) and .

- follow the procedures to ..
properly assemble the unit. .’
Utilize presently available
manuals which offer step-by-
step procedures.

After the student has learned
the componentg of the Rotary
‘engine, he is ready to study
its operating procedure and

performance features.
him follow the operator ‘S man
val to run the engine. '

‘S ADOPTED TEXTBOOK LIST FOR

ALSO SEE LIST AT END OF THE GUIDE.

Have .
4

SEE STATE DEPARTMENT OF "EDUCATION

-

L4

'

a

(10) Copling and The stubent will: - Explain’ to the student that o
lubrication® . ’ “the wankel ‘engine operates at ﬁ
in the wan- @. Havel a knowledge of the a higher temperature due to . Y X ,
kel engine COoling system for the its power stroke at every ‘ & !
: Wankgl engine. face or gide- of the rotary &
b, Prop?rly prepare the fuel- pistont that is, the power @
oil mixture. - stroke takes place at each g
c¢. Learn how the Wankel is stroke of the piston. 2
’ 1ubricated. 17} .
| 2 |
.'; - _L' L4
T 31 .
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TOPIC OUTLINE .

PERFORM%NCE OBJECTIVES

SUGGESTED" ACTIVITIES .

RESOURCES
¥

(11)

(12)

9¢

- " (13)

Ignition
system of
the Wan-
kel en-
gine

Operation
of the
Wankel
with an
electric
dynamo-~
meter/
generator

Installa~"

tion of’

floy@éterﬂ
-

-

wankel
power outw

put mea-
Surements

N

The studeﬁt will be able to:
a. Disassemble the engine and
ekaminé the ignition sys-
tem. | :
b. Describ? a magneto igni-
tion system.
c. Understand basic operation
of a magneto.
|

The object%ves of thlS sec-

tlon are tq

a. Introduce thke concept of a

' dynamometer.

b. Provide .the experience in
connept#ng one mechanical
system to another.

c2l Eamlllarpze the student

//Wlth theiuSe of an elec~

1
The student!'will be able to:

|

a. Properlyifit a flowmeter -
to the Wankel engine.
Read flowmeters accurate-

1y. ]

The student %ill be able to:

b.

a. Recognize?what is meant by
torque and power,

+  tric dyn? meter/generator.

Describe the magneto ignition
system of the wankel engine
with the aid of schematic dia- .
grams. Offer disassembly pro-
cedure to take the engine apart
and physically examine the com-
ponents of the Wankel magneto
syste@. -

i

Orient the student to engine
loading and use of a dynamo-
meter. - Explain the features

of an electric dynamometer/
generatdr. Show how the Wankel
may be coupled to the dynamo-
meter and measure the torgue
and speed. Have the student
conduct tests and take measure-
ments using the Wankel engine.

v

ExXplain to the students that,
in order to calculate the
fuel/air mixture ratio, it is
required that both quantities
be measured accurately.

o

L

Describe the variation of tor-
que and horsepower output at

different engine speeds. Pre-
sent” the method of calculating

B

SEE- STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOCK LIST FOR

ALSO SEE LIST AT THE END OF THIS GUIDE.

RESOURCE MATERIALS.

horsepower, A stco-bwcsicso .
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TOPIC GUTLINE

PERFORMANCE #w&mneHCMm

SUGGESTED ACTIVITIES

RESOURCES

I~

(15) Performance|

'between HOL

(16) Effect of

(17) ‘Effect of

L4

comparison

tary and_
reciprocat-
ing mnmummm

fuel/air
ratio on
horse~
power and

efficiency

" b. Understand w&mﬂ engine

power and torgue depend on
engine mmmmw. . ’

c. Have mwﬂmﬁl%mnn experience
with the ﬁﬂwnmmm of power
output ammmpﬂmamnﬁa

* s

The student SWPW be able to

compare: .

a. Engine Hm<omcn»o=m per

UOSmHmRHO#.

U..muou.,um ﬂou..ﬂwm ocﬂucﬂmﬂ
different speeds.

¢. Efficiency f ,

d. Horsepower output.

-
-
- ~

The student willl be able:

a. To mmaonmdﬂmwm the influ-
ence of the fuel/air ratio
‘on Rotary engine perform-
ance. X

b. To provide guantitative
measurement &f the horse-
power and mmmwnwmnow of

the Wankel m%ﬂmbm.

The student will bss able:

¥ ‘performance of the engine, the

procedure should be shown to

conduct performance tests with
the use of an eléctric dynamo-

meter/generator. .

Have a comparative study made
between a rotary engine (Wankell)
and a Briggs & Stratton engipe.’

- Explain that the fuel/air ratio
has, an important effect on the

engine efficiency and the make-
up of the exhaust.

- -

Reveal the fact that the Wankel
- engine can operate with ethyl

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

» -
iy

ALSO, SEE LIST AT THE END OF THIS GUIDE.

kY

RESOURCE MATERIALS.

fuel "
' change on a. To display ﬂLm characteris Mwnowow or methyl alcohol mixed
Wankel en- tic Hmmﬁonmm_om the Wankel with castor oil as lubricant.
gine engine to changing its - N v
fuel, - > ; :
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TOPIC CUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES -

RESQURCES

/

c. Compression.

Lo
oo

(Diesecl) en-

gines

(1) 2- eycle
Diesel

(2)

operation

Fuel in-

n

jection

system on

biese
.engin

1§

as

Diesel

fuels

b. Use a mwnmmnm:nfmcmw~ other

than gasoline,
kel engine.

in the Wan-

He will develop a basic )
knowledge of vwmmww_ the
names of the components and
their functions, disassembly
and reassembly of diesels,
operation and power|output-
measurements,

teristics and efficlencies.

.

The student will be lable:’

To explain the difference

m‘
between 2-cycle and 4-cycle
Diesel engine operation. °
b. To provide a det pwmm de-

* scription of the ls
2-stroke HP_wmmH m_:un_.:m
cycle,

. »

dsw student will be dew to

identify thé two most common
types of fuel injectors as
mmmoﬂvumm“
a. The 003503 Hmww

u@ﬂﬂOH.

b. The jerk pump H:umonon.

The student will be able to:

emisslon characwm

teps in a

-

Use a small Diesel engine, elec-
tric dynamometers, flowmeters and
tools to help the student conduct
hands-on activities with Diesel

engine. : ,
- Bl

-

Discuss, with the aid of schematic
diagrams, the operating principles

. of 2-cycle Diesel engine. .

3

e

Discuss, with the aid of schematic
diagrams, the common rail type . |

-injector and the jerk pump in-

jector. The student should gain |
a sound background on this subject
before disassembling injectors
and pumps. |

Describe the differences between
gasgline, and Diesel fuels. Ex-,

Rlain qgtane ratings and.

-

ALSO SEE LIST AT THE END OF THIS GUIRE.

9

-

-

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBbOK LIST FOR

~RESOURCE MATERIALS.
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TOPIC OUTLINE

PERFORMANCE OBJECTEVES

——

SUGGESTED ACTIVITIES

RESOURCES

i)

68

(4)

(s)

(6)

‘Combus-—

tion
process

~in the

Diesel
engine

Compres=-
sion

‘tests

Fuel in-
jector
%

a. Differentiate betweqnﬁggg:‘
oline and Diesel  fue :

-b.

The student will learn .

Rate octane numbers.

able: ]

a. To -explain the diffe#ence
between flame propagation
in a fuel/air mixture and a

The ‘student will learn:

"a -

The student will be “able tos

a. Locate a .typical die

diffusion flame near,
droplet.

To explain how COmbuEtion

in a spark ignition
and a Diesel engine
by using these two ﬁ
cesses.,

ls.

and- be

differ
ro=-

LY

a fuel

ngine

The definition of. co
Pression ratio.

How the conditions i
cylinder depend on ¢
pr83310n ratlo.

How air gets hot whe
pressed.

the
om=

i

n com-
*

sel

ize their importance. es-
pecially with high compressioen
engines. The method of rating
fuels must be explained and how
its numbering is -related to "gas-
knock" caused in enggnes.,

Point out that the combustion of
fuels in Diesel engines is of a
considerably dlfferent nature.
Combustlon process should be de-
scribed in diffusion type of

flames and pre-mixed, flames as it {.

octUrs when a mixXture of fuel and
air is ignited.

M.

]
-

Explaln that compregsion ratio
is the basic parameter that
dlfferentlates diesel and spark
ignition gasoline engines. .

-

Al v

A~procedure'sﬂbuld be shown to’
disassemble a fuel injector for
observation and study purposes.’

{

SEE STATE DEPARTMENT OF,

. OF; EDUCATION'S ADOPYXED TEXTBOOK LIST FOR
ALSO SEE LIST AT THE END OF THIS GUIDE.

RESOURCE MATERIALS.
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TOPIé OUTLINE - PERFORMANCE OBJECTIVFES . " SUGGESTED ACTIVITIES RESOURCES ’
- ' . . | =
"engine “fuel injector. ‘Problems assocfated with-air ~
‘ -b. Remove the fuel injector , getting into fuel lines should be -g . .
from the Diesel engine..- d:.scuSSed and explained. B
. : ! . Jea .
(7) Fuel in~ -J-- The student will be able to: Provide- the stude‘nt'gith an in- o
jection . * troduction to three possiblesways ol
controls a. Descrile three ways ‘'of varyq of varying the injectéd fuel wol- =3 g - .
ing” fuel'amounts. ume for throttle control on Diesel §(9 .
y v engines. E*' E .
. . ' ‘ 3] X
(8) oOperation The student will be able to: offer the student an opportunity o .
of a ty— o . to operate a typ's.cal, single cy- E"O
' plcal? a.. Start a Diesel engine. linder Diesel- engine. This ex-— f. @
2 Diesel , b. Control its power levels. perience wmakes him awarxe of the %"‘. L
F engine ' Jbasic d:\ erences in the operating ; E":' _ |
- : - mode of a¥Diesel engine vs. a o, ! .
= . * ‘ small gasoline engine (spark ig-— F—S w .
- P Y .
) . . . ;;u.t:.on typé) . ' ) E‘T.'__"l_’//—J“'_
1 : . , e o _ e rating orine | -B& ;
(9) Compari~ | - The student will be able to Discu # the-basit operating prin 2 :
i sen of . define and describe: R eiples ahd d:.fferences between a 8 2 d
. . Diesel . Vo Diesel and a gasoline epgine. o }
{  engines a. Power control * f - . e - o
with b. Knocking and method orf ig~ . g . E « T T
‘ spark ig- nition. , y " ES .
nition .c- Compression ratxo. o o E
gasoline 8. Engine speed. I ’ 3 C \ ‘?'IE} ’ ,-vl'l‘r »
engines e. Costs of operati;on and ini- g , - : el P
© o tial investment.g' o ¥ g -
- o ; L. ||' . . : - ’ > , 8
- (10) Power €O The student will be able to: biscuss t“};e effect of fuel,(air Eg ‘
+ trol and_ , a. Vary the fuel/‘a[lr ratio of l:atib on 'E]Ele horsepdwer ouﬂput, of ‘J 8 %
fuel :a:.r_ ’ _a diesel enginé. .a Diesel engine.’ ¢ With the, use of % E -
- ratio - H : an electritc) dynagomgter, j - AN
PR £ & - n ke = . f




TOPIC OUTLINE, l

PERFORMANCE -OBJECTIVES

SUGGESTED ACTIVITIES

RESEPRCES

1y

e

(11)

(12)

(13)

Coupling
Diesel to
dynamo--
meter and
flow-
meters

Operating
a typical
Diesel .
engine

Measuring
fuel. and
air flow
in a
Diesel
engine

Bffi-

) Qhe\student will be able to:

ciency of

b. Take power -output measure-
nients. ,

c. Operate a Diesel under var-
ious loads.

d. Measure the fuel and air
into the engine.

The student will be able to:

-

a. Assemble the Diesel engine
to a flowmeter system:

>
-

Operate an air cooled Die~

a.
" sel dngine.

b. Primel a Diesel engine for"
‘ "cola‘or hot" starts.
;; . _

The student will be able tos
a. Take fuel and air measure-
ments. i '
Ccalculate the fuel/air ra-~-
tio.

Indicate why Diesel engines
operate at a 1ower fuel/air

ratlo.

b.

c.

«

The student will be able to:

measurenents may be taken of tor-
qgque and 'speed from which horse=
power is calculated. Flowmeters
are connected to measure’ the fuel
and air flow rates.

a -

-

L}

F-

Introduce the student to the use
of a dynamometer and flowmeter
for measuring the power output
and the flow of fuel and air 'to
the engine.

! r t
Show the student the oOperating
procedure for running a %single
eylinder, air cooled Diesel en—
gine. The studeht should familia™
rize himself with the starting -
procedure and operation- of the e
gine’. .

‘s

Present the students w;th the use
of flowmeters.in meifgﬁ}ng fuel
and air. -

» b >

"

»

Indlcate to the student that one

of the basic advantages of alhidn

#

OPTED mgsoox'msq‘ FOR

S AD
ALSO SEE LIST AT END OF THIS GUIDE.

T

SEE STATE DEPARTMENT OF EDUCATION'

i
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-

RESOURCE MATERIALS .

Far

—

37




TOPIC OUTLINE -

‘ PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

* -

RESOURCES

o
e

A Diesel

" engineé

(15} Fuel in-
.jector

disassem-
bly

’

(16) Disassem-

bly of a
Dieésel

(17) Disassem-

bly of an
injection
pump

1S

(18) Injector

timing -on

engine .
perfor-" - of a Diesel engine. . nition engine can be changed
mance : mmenwanH% by changing .the

a. Measure the efficiency of
the Diesel engine.

b. Develop performance figures
for the mmmwnwmunk of.a

small Diesel engine.
] £~

-

The student will be able to:

a. Explain a typical Diesel
engine fuel injector.

b. Explain the OUmeﬂPOS Or a
fuel wzumnﬂon. :

awm.mﬂcmm:n wi¥l be able to:-

- e}
a. Disassemble a Diesel engine.
b. Study the combustion chambey]
design used in the Diesel
engine.

The student will be able to:
A
a. Remove, disassemble and re-

assemble injection pump
used on- a Diesel engine.

The student will be able to:

a. Change the injection timing

compression ignition engine is its|

higher efficiency compared to gas-
aline engines. Present the defi-
nition and method of calculating
the efficiency of an engine. The
ideal efficiency vs. actual should
be explained.

Explain to the student that the
operation of an injector is an’im-
portant aspect of a Diesel engine.
The teacher should mHO<Mam a de-
tailed procedure .for the disassem-—
UH< of the injector. .-

In order to study- nﬁm piston and
cylinder of a Diesel engine have
the studeht disassemble the unit.
This helps him to obtain some ex-
perience in the use of tools and
procedures.

"Provide the student with the di-

rections 'of. disassembly and re-
assembly of the injection pump of
a typical piesel mﬁmvnm. Direct ™
the student to mpmwmmmavwm a .
single cylinder Diesel pump and
its unique parts.

mxuwmpn to the student that ucnn
as the performance of a spark ig-

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

RESOURCE MATERIALS.

*

ALSO SEE LIST AT END OF THIS GUIDE.
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED JNO.H.HANH.H.Hmm

SOURCES

—ﬂﬂﬂr

B, EXTERNAL

U.

Take guantitative measure-
ments of engine perform-
ance with different in-
jector timing settings.

-

ignition timing, the peformance of

a Diesel engine can be changeéd by
changing the injector timing.

o
o
[
B
17 R
38
=
COMBUSTION ‘ ,m B8
- ENGINE _ ) m 0
(1) operating The student will be able-to: | A pictorial representation should ﬁm
princi~ % be used on the operation of a 2- oo
ples of a a. Understand the basic Op- | stroke steam engine. An open- e g
2+-s8troke erating principles of 2. cycle transparent steam engine w “
_ steam ) stroke steam engine, may be used to physically demon- 2
engine b. Examine the basic compo=- strate each stroke. . ” 5 ,
W fents of a transparent, . 5 o
e live firing steam engine. X . = N
c. Develop a basic perspec- >
tive and recognition of . . m%
steam engines. =
s . ) [\ O
.(2) Operating The student will be able to: |Have the .basic theory of open and Wm
principles closed, reciprocating steam en- M
v - of open & a; Differentiate hetween an |gines described with the aid -
‘¢closed cy- open=cycle and a closed- Of diagrams. Utilize a trans- MM
cle steam, cycle engine. parent, open-cycle mﬂm_ﬂa engine m P!
engines b. Understand the concept of |to exemplify the principles of & e
, recycling the exhaust of alopen-cycle engines. - ag
steam engine through a : . m @
condensor. ) m m
. ¢. Apply his knowledge in in- v D
’ dustry. v . o) ..w
-~ h . 1" ﬂ m
7
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

*SUGGESTED ACTIVITIES

RESOURCES

A7

(3)

(5)

(8)

"an open-

Operation
of the
steam en-
gine

Sub-
gystems of
an open-
cycle steam
angine

Coupling

cycle stean
engine

Hor sepower
measure>
ment of -
an open-
cycle steaml
€ngine

a. Operate an open-cycle steam
efngine.

b. Recognize the functions of
each major component,

-

The student will be able to:

3

Define all major sub-
systems, .

Physically examine the
parts.

Describe the function of
each subsystem.

Have the student appreciate
the variances between an
external - and an internal
combustion engine.

+

A.

b.

The student will be able tos

a. Use an electric dynamometer.

The student will be able to:

a. Calculate’ the horsgpéwer
output of the steam engine,

b. . .Properly measure the torgue
and speed of the steam en-
gine.

' Have students observe ‘the opera-
tion of the open-cycle and name
two major components. "

Direct the student into studying
eaCh major subsystem of the stgam
engine. He should learn the
functions of the superheater,
boiler, valve arrangment, crank-
shaft, cams and gears. '

"

Utilize an electric dyRamomater/
generator to measure the horse-
power of the steam engine,

-

Offer the experimental procedure
in measuring the torque’'and speed
of the steam engine. A method of
calculating the horsepower from
the obtained data is described.
Ample use of photographs should
help.the student to operate the
engine properly.

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEiTBOOK LIST FOR

~

ALSO SEE LIST AT THE END OF THIS GUIDE.

RESQURCE MATERIALS.

A
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TOPIC OUTLINE . PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES ° , -RESQURCES :
(7) Effect of The student will be able to: Explain that the power output of a . 2
steam.rates| . steam engine is dependent upon the| -
: on engine a. Make proper adjustmentsTof | amount of steam admitted during
' ; powex . : steam flow into the engine. | the intake stroke. Have the stu-
b. Measure the horsepower dents operate an engine.

change at different steam |
flow rates. .

{8) Superheat Students will be able to: Explain the effect of superheat on
in steam _ % engine efficiency and power outputy \
engines a. Differentiate between super-] Introduce the concept of wet and
< , - . heated steam and wet steal dry steam and its importance.on
by its properties. , engine operation.

b. Understand why it affects
the engine performance.

-
ct .

- . (9) Efficiency | The student:will be able to: Explain that the steam engines are =
of a steam basically inefficient. Offer a° E
engine a. Establish why steam engines | method of calculating the effi-

are inefficient. ciency of a steam engine. |

o

SEE STATE DEPARTMENT OF EDUCATION'S ADOPTED TEXTBOOK LIST FOR

RESOURCE MATERIALS.

! b. Learn how to calculate the . m

: . . efficiency of a steam en- ;

, gine. . .

c. Estimate, from the obtained

data, the efficiency of the
cpen-cycle steam engine.

ALSC SEE LIST AT THE END OF THIS GUIDE.

(10) operating | The student will be able tos: Transparencies and cut-away models
principles ) may be utilized to relate the
of tur- a. Group the basic differences | principles with actual models.
bines ) of reciprocating vs. rotary '

external engines.

b. Describe how a turbine ope-
rates.i "
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POWER TECHNOLOGY

- Resource Materials

The following list of resource materials is by no means complete por exhaustive. ngmerely

represents a compilation of the bheS8t and most available materlals known and used by the mem- ’

bers of the commlttee.

. 3 Guide for Eguipping InBustrial Arts ﬁaC111t1es. Washington, P.C.: The American In-
dustrial Arts Association, 1967. N - g
Althouse, Andrew, D., William A. Bowditch, and Carl H Turnqulst. Modern Welding. .South
Holland, Illinois: Goéodheart-Wilcox Co., 1970. . -
Artic En&grprises. P. .0. Box 643, Theif River Falls, Minnesota, $6701. )
Attberry, Pat B. Power Mechanics. Homewood, I1l.: Goodheart-Wilcox Company., Inc., 1961'.
Begman, Myroa L. Manufacturind Processes. 4th ed., New York:™ John Wiley and Sons., Inc.,
19600 3 - "

-~ » ¥
Boan & MacDonald. Power Mechanics of Enerqy Control. }Bloom14gton. Illlnols- McKnight &
McKnight Publishing Company. /ﬁj} . ) <
Bohn. Ralpﬁ'c. and Angus J. MacDonald. Power Mechaniés of Enerqy Control. Bloomington.
Illinois: McKnight and McKnight PublishWing ™ Gompany, 1970. .
Bohn, Ralph C. and Angus J. MacDonald. Power Mechanics. Bloomington, Illinois: McKnight
and McKnight Publishing Company, 1972. . S
Briggs and Stratton Manufacturing Company. {
DCA Educational Products,” Inc., DCA's Power Technology Series Transparencies Set: 48657

Stenton Avenue, Philadelphia, Pa., 19144. . _ »

-
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{ ; o
11. Feirer, John L. 1nQnstxial_&;ﬁ33!gg§uggatignal_ﬂdngatign.. Ann Arbor, Michigan: CCM
Professional Magazines, Inc. . )

12. iExee“ Sams Educational Materials Catalogq. 4300 W. 62nd St., Indianapolis, Indiana,
Howard W. Sams Company. : .

"13. Genera)l Power Tec¢hnology for Industrial Arts. 2ndeed. Georgia Department of Education,
1969.

-
ksl

. ‘ ' . | N .
14. Glenn, Harold T. Exploringd Power Mechani¢s. 3rd ed. Peoria, Illineois:’ Charles 3.
Bennett Company, Inc., .1972. .

15. Glenn, Harold T.- Explorind Power Mechani¢s. 2nd ed. Peoria, Illinois: Charles A.
Bennett Company, Inc., 1972. . : . .

16. Groneman, Chris H. and John L. Feirer. General Shop. New York: McGraw-Hill, Inc.. 1963.

17. Independent Garage Owners Association.

- )
-3 18. Industrial Arts Edycation for Louisiana Schools, Bulletin No. 1197.. .
19. Johnson, Harold V. Geperal=-Industrial Machine Shop. Peoria, Illinois: Charles A.

Bennett Company, 1963;

20. MacDonald, K. L. Small Gascoline Engines. Indianapolis, Indiana: "Howard W. Sams
Company, Inc., 1972.. ' ‘

21. MacDonald, K. L. Small Gasoline Engines. Student's Workbook. Indianapolis, Indiana:

Howard W. Sams and Company, Inc., - 1972. -
. ‘ ) . . . PR .
22. Mechapics Handbook. Grafton, Wisconsin: Tecumseh Products Company, 1971.

23. outboard Marine Corporatiocn,. Lincoln, Nebraska: :68501.
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24. Pipe, Ted. Small Gasoline Endines Training Manual. 2nd ed. Kansas Ciéy: Howard wW.
Samg and Company: Inc., 1872.

i

25. prakken. Lawrénce W.. ed. School Shor. Ann Arbon.'Miéhigan: Prakken publications. Inc. .
3 . ‘ -

. . . «
26. Purvis, Jud. All About Small Gas Endines. Goodheart—~Wilcox Company., Inc. !
27. Safety in Industrial Arts Education for Louisiana Schools.” Bulletin No. 1203. State »
., Department of Public Education, 1971. ~
28, Endgines —~ Car. eration., Maintenance, and Repair, Vol. II. Doraville., Ga.: Foote

and Davies.

&

29. Stephenson. Géorge E. Power Technglogqy. Albany. New York: Delmar Publishers, 1973.

30. Stephenson. George E. Small Gasoline Engines. Albany, New York: Delmar Publishers,
1964. R

8¥

31l. - Stewart, Harry ﬁ; and John M.'Storer; Rluid Power. Indianapolis, Indiana: Howard W.
Sams and Company. Inc., 1970. T : '

’

32, Sullivan, J. A. Developind Instructional Systems for the power Laboratory. Department
. of Occupational Education, School of Engineering and Technology. Southern Illinbis

University. Carbondale.

-

33. Tune—~Up Services & Trouble'ShootinQ. Indianapolis., Indiana:' Howard W. Sams and Company.

IncC.., 1972. . . .
.. * '34. Units and Student Experiments. Southwest Texas State College Industrial Arts Department.
. San Marcos, Texas. 1970. " . ‘

: 35, Wetzel. Guy F. Automotive Diagnosis and Tune~Up. S5th ed. Bloomington. fllinois:‘
McKnight Publishing Company. 1970. “ . .
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36. Wisconsin Manufacturing Comﬁany.

s,

37. Lux, Dornald G., Willis E. Ray, and H " Dean Hauenstein. World of\Constructzgn.
Illinois: McKnight and McKnight® Publlshlng Company, 1971.

] . .
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