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In this course-the student, through "hands on" experiences with tools and materials

POWER AND ENERGY
.

Overview

and study of the industrial processe's in power and energy, will have had an dpportunity
.

to make tentative Career decisions, analyze emplbyment trends, and experience guidance
. 4

in the various:careers related to the power and energy job family.

Special attention is given to helping students discover their technical abilities

and to interesting 'them in obtaining career inforWation.. Students have an opportunity
.

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

those article.' Both individual and group educational experiences are encouraged. stu-
%

dents will use practical application of language arts, mathematids and science in solving
1

meaningful2vroblems. They will also. use safe work habits and williparticipate actively-

. , . ..

in the operation and,management pf the power and energy laboratory.
'
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POWER AND ENERGY

Safety

''Introduction -to Power
sand .Energy

Power Sources

Work, Energy, Power

Basic Tools used in
Power and Energy Laboratory
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CT1
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Mechanical Systems

Fluid Systems

Electrical Power Systems
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.CombinedSystems of Power

Bxternal Combustion Engine

A

iv

,
*,.

4

0

fn

O



0

.
,

.

TOPIC OUTLINE

_

.

.

- PERFORMANCE OBJECTIVES

-

Xe SUGGESTED ACTIVITIES RESOURCES

Lessons that ap-
pear in the,'
following numbered
sequence are the
activ4ities for
that particular
day.

. t

I. Safety (2)
.

.

CS

II. Introduction
to Power

, and Energy
.

(4) Time
allotted
(0 , hrs.

.

.
.

'.

.

.

A

4

-

.

-

.

.

I. The student will
.

prac-.
tice using correct safety
techniques demonstrated
in class.

.

Safety should not be
tau4ht in;.a unit but-in-
corporlted through this
curriculum where hazards
might occur.

II. Upon completion of this
unit the student will be
able to identify the con-
tent of power technology.
(1) Skills basic to power

dnd energy.
(2) Occupations and pro-

feasions in the field
, of power and energy.
(3) Practical applica-

tions of language
arts, science, math-

. ematics, and methods
of research in power

,. and energy. .

e

,

.
. .

. . ,

.

- I. Instructor will lecture and
demonstrateoproper safety -
techniTies in theuse of '

hand tools, power equipment,
flammables, etc. .

:'

'

,1 .

.

-
.

II. Explanation'and demonstra-
tion. . .

,..
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-TOPIC OUTLINE PbRFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES

III. Power sources
(10) Time al-
lotted (10)
hrs.

A. Natural
sources

B. Electrical
sources

C. Thermal
sources

III. The student will be able
to identify the sources of
power as the first step in
'the development of man's
use of power.

The student will be able
to identify the following
sources of power:
(1) Muscle
(2) 'later
(3) wind

.(4) Sun v.

The student will be able
describe electric,. sources
of power as follows.
(1) mechanical
(2) Chemical

The student will be able(
to state the application's
of thermal sources of
power' including the fbllow-

.

ing:
(1) Solids'

'(.2) Gases

(3) Licit lids

(4) Atomic

II. Explanation and debonstration.
t

I
Explanation and demonstration

ev

Explanation and demonstration
of electrical sources of
power

Explanation.ind demonstration
of thermal sources of power.
Students couldtuse the follow-
ing examples of thermal
sources%
(I) Solid rocket fuel as a

solid source of power' v.
() Compressed gas, such as

CO2 cartridge for a gas.
source
Burning of gasoline in a
small engine as a liquid
source

(3)

o
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PERFORMANCE OWECTIVES

(b)*Piston ring com-
pressor

(c) Main gear wheel'
puller

,

' Upon.,conclusicT of this unit
the student will be able to
describe the operation of me-

":chinical power, systems. .

.

Thestudent will be able to
recognize the power input
that pro4uces motion in the
mechanical power systems.
"(1) ReciprOcating, rotary,

and lipear motion
(2) Inertia, momentum, and

acceleration'

VI. Mechanical
systems (10
Time allotted
(10) hrs.

A. PoWer.inpu

r

B. Control
and con-
trol de-
vices

The; student will be able to
name devices used to control
power in a mechanic-1L syStem.

r

SUGGESTED ACTIVITIES.

4

power mechapicm

p

EXplapation and demonstration
_through the operation of.a
gasoline engine: Students
could .see examples of power
input through the following:
(1) The piston of the engine

is an example of reciipro-
cati'64 motion; the crank-
shaft is an example of
linear motion.

(2) The, student could push
and stop "wmodel car to
illustrate the principles
of inertia,. momentum, and
acceleration.

Explanation, demonstration
an use of basis machines
(levers,, inclined planes,
gears, pulleys and clutches
and control devices)..! The
,student cpuld' be given
examples of these basic ma-
chines and experience. show he

=13

6464
M

.

ra
rg.1 H EI4 .
44 1.4 0 '

sr



;

.`

WTO
P
I
C
-
 
O
U
T
L
I
N
E
 
-

e
P
E
R
F
O
R
M
A
N
C
E
 
O
B
J
E
C
T
I
V
E
S

S
U
G
G
E
S
T
E
D
 
A
C
T
I
V
I
T
I
E
S

R
E
S
O
U
R
C
E
S

C
.
 
T
r
a
n
s
-

m
i
,
s
s
i
o
n

D
.
 
P
o
w
e
r
 
o
u
t
-

p
u
t

V
I
I
.
.
F
l
u
i
d
 
S
y
s
-

t
e
m
s

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
,
 
t
o

d
e
s
c
r
i
b
e
 
s
i
m
p
l
e
 
p
o
w
e
r
-
t
r
a
n
s
-

m
i
s
s
i
o
h
 
d
e
v
i
c
e
s
 
i
n
 
a
 
m
e
c
h
a
n
i
-

c
a
l
 
s
y
s
t
e
m
.

.06

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
'
e
 
t
o

i
d
e
n
t
i
f
y
 
t
h
e
 
o
u
t
p
u
t
o
f
 
p
o
w
e
r

i
n
 
a
 
m
e
c
h
a
n
i
c
a
l
 
s
y
s
t
e
m
.

.

%
U
p
o
n
 
c
§
n
c
l
u
g
i
o
n
 
p
f
 
t
h
i
s
 
u
n
i
t

t
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
-
b
e
 
a
b
l
e
 
t
o

-
d
e
s
c
r
i
b
e
 
t
h
e
 
o
p
e
r
a
t
i
o
n
 
o
f
 
a

f
l
u
i
d
 
s
y
s
t
e
m
.

;

c
a
n
 
c
o
n
t
r
o
l
 
t
h
e
 
m
e
c
h
a
n
i
c
a
l

m
o
v
e
m
e
n
t
 
o
f
 
o
b
j
e
c
t
s
 
u
s
i
n
g
 
t
h
e

b
a
s
i
c
 
m
a
c
h
i
n
e
s
.

S
a
f
e
t
y
 
i
n
 
w
o
r
k
i
n
g
 
w
i
#
1
.
m
e
-

c
h
a
h
i
c
A
l
.
 
s
y
s
t
e
m
s
 
s
h
o
u
l
d
 
b
e

.
d
i
s
c
u
s
s
e
d
.

,

E
x
p
l
a
n
a
t
i
o
n
 
a
n
d
 
d
e
m
o
n
s
t
r
a
t
i
o
n

O
f
 
f
r
i
c
t
i
o
n
 
a
n
d
 
t
r
a
n
s
m
i
s
s
i
o
n

e
v
i
c
e
s
 
s
u
c
h
 
a
s
 
s
o
l
i
d
 
s
h
a
f
t
s
,

c
e
s
,
 
a
n
d
 
b
e
l
t
s
.

T
h
e
 
s
t
u
-

d
e
n
t
 
s
h
o
u
l
d
 
b
e
 
a
l
l
o
w
e
d
 
t
o
 
s
e
t

u
p
 
m
e
c
h
a
n
i
c
a
l
 
s
y
s
t
e
m
s
 
u
s
i
n
g

s
o
l
i
d
 
s
h
a
f
t
s
,
 
g
a
b
l
e
s
,
:
 
a
n
d

b
e
l
t
s
 
.
a
l
o
n
g
.
 
w
i
t
h
 
t
h
e
 
b
a
s
i
c

m
a
c
h
i
n
e
s
 
e
a
r
l
i
e
r
 
s
t
u
d
i
e
d
'
 
i
n

t
h
e
 
m
e
c
h
a
n
i
c
a
l
 
s
y
s
t
e
m
 
c
o
n
t
r
o
l

a
n
d
 
c
o
n
t
r
o
l
 
d
e
v
i
c
e
s
.

E
x
p
l
a
n
a
t
i
o
n
 
o
f
 
o
u
t
p
u
t

E
x
a
m
p
l
e
s
:
-
 
M
o
v
i
n
g
 
a
n
 
a
u
t
o
-

m
o
b
i
l
e
,
 
c
u
t
t
i
n
g
 
t
h
e
 
a
w
n
,
o
r

o
p
e
r
a
t
i
o
n
 
o
f
 
m
a
c
h
i
n
e
r
y
.

T
h
e

.
s
t
u
d
e
n
t
 
c
o
u
l
d
 
b
e
 
r
e
q
u
i
r
e
d
t
o

r
e
s
e
a
r
c
h
 
e
x
a
m
p
l
e
s
 
o
f
 
m
e
c
h
a
n
i
-

c
a
l
 
o
u
t
p
u
t
 
s
u
c
h
 
a
s
 
M
e
n
t
i
o
n
e
d

a
b
o
v
e
.

-
4

t
i

-

,

e
4
L

f
A

,



T
O
P
I
O
U
T
L
I
N
E

P
E
O
O
R
M
A
N
d
E
 
O
B
J
E
C
T
I
V
E
S

S
U
G
G
E
S
T
E
D
 
A
C
T
I
V
I
T
I
E
S

R
E
S
O
U
R
C
E
S

A
.
 
P
r
i
n
c
i
p
l
e
s

a
n
d
 
t
h
e
o
r
y

,
(
1
)
 
M
e
a
-

s
u
r
e
m
e
n
t

o
f
 
p
r
e
s
-

s
u
r
e

(
2
)
 
C
o
n
 
-

t
r
o
l
,
 
a
n
d

t
r
a
n
s
 
-
-

,
m
i
s
s
i
o
n
.

p
r
i
n
c
i
p
l
e
s

B
.
.
C
h
a
r
a
c
t
e
r
-

i
s
t
i
c
s

C
.
 
P
h
a
s
e
s
 
o
f

o
p
e
r
a
t
i
o
n

l
l
)
 
P
o
w
e
r

i
n
p
u
t

T
h
e
 
s
t
o
l
e
n
t
 
w
i
l
l
 
b
e
'
a
b
l
e
 
t
o

e
x
p
l
a
i
n
 
t
h
e
 
p
r
i
n
c
i
p
l
e
s
 
a
n
d

t
h
e
o
r
y
 
'
o
f
 
h

sys-
t
e
m

t
e
m
w
'
a
s
.
.
i
t
 
a
p
p
l
i
e
s
 
t
o
 
s
i
m
p
l
e

d
y
s
t
e
m
s
 
h
e
-
d
a
i
l
y
 
e
n
c
o
u
n
t
e
r
s
.
,

V

?
*
r
e
 
s
t
u
d
e
n
t
 
w
r
e
 
a
b
l
e
 
t
o

m
e
a
s
u
r
e
 
p
r
e
s
s
u
r
e
.
.
k

1-
T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o

i
d
e
n
t
i
f
y
 
a
n
d
 
c
o
n
t
r
o
l
 
t
h
e

t
r
a
n
s
m
i
s
s
i
l
i
n
 
i
n
.
 
a
-
f
l
u
i
d
 
s
y
s
-

t
e
m
.

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o

r
e
l
a
t
e
 
p
r
4
n
c
i
p
l
e
g
i
o
f
 
h
y
-

d
r
a
u
l
i
c
 
a
n
d
 
i
m
e
u
m
a
t
i
t
 
-
s
y
s
t
e
m
s

in
.

%

t
h
e
 
u
s
e
 
o
f
 
f
l
u
i
d
 
p
o
w
e
r
,

i
n
c
l
u
d
i
n
g
 
a
d
v
a
h
t
a
g
e
s
 
a
n
d
 
d
i
s
-

A
d
v
a
n
t
a
g
e
s
 
o
f
 
e
a
d
h
.

T
h
e
'
e
t
u
d
e
n
t
.
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o

r
e
c
b
g
n
i
s
e
 
t
h
e
 
p
o
w
e
r
 
i
n
p
u
t

t
h
a
t
 
p
r
o
d
u
c
e
s
 
m
o
t
i
o
n

1.-
"-7

'
E
x
p
l
a
n
a
t
i
o
n
 
a
n
d
 
d
e
m
o
n
s
t
r
a
t
i
o
n

_
S
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
-
 
a
c
t
i
v
e
l
y
 
V

i
n
v
o
l
v
e
d
 
i
n
'
t
h
e
 
t
e
a
c
h
e
r
'
s

d
e
m
o
n
s
 
r
a
t
i
o
n
 
u
s
i
n
g
 
a
 
f
l
u
i
d

r
e
s
e
r
y

(
a
i
r
 
o
r
.
w
a
t
e
r
l
o
,
 
a
p
-

l
a
y
i
n
g
 
p
r
e
s
s
u
r
e
 
a
t
 
o
n
e
 
p
o
i
n
t

.
t
o
i
l
l
u
s
t
r
a
t
e
 
t
h
e
 
p
r
e
s
s
u
r
e

t
r
a
n
s
f
e
r
r
e
d
 
t
o
 
a
n
o
t
h
e
r
 
p
o
i
n
t
.

E
x
p
l
a
n
a
t
i
o
n
,
 
d
e
m
o
n
i
t
r
a
t
i
p
n
.

R
e
a
d
i
n
g
 
o
f
 
v
a
r
i
o
u
s
 
t
y
p
e
s
'
o
f

p
r
e
s
s
u
r
e
 
g
a
u
g
e
s
 
s
h
o
u
l
d
 
b
e
 
e
x
-

p
e
r
i
e
n
c
e
d
 
b
y
 
t
h
e
 
s
t
u
d
e
n
t
s

E
x
p
l
a
n
a
t
i
o
n
 
a
n
d
 
d
e
m
o
n
s
t
r
a
t
i
o
n

S
a
f
e
t
y
 
i
n
 
w
o
r
k
i
n
g
-
w
i
t
h
 
f
l
u
i
d

s
y
s
t
e
m
s
 
s
h
o
u
l
d
 
b
e
 
d
i
s
c
u
s
s
e
d
.

E
x
p
l
a
n
a
t
i
o
n
,
 
d
e
m
o
n
s
t
r
a
t
i
o
n

a
n
d
 
o
p
e
r
a
t
i
o
n
'
o
f
 
h
y
d
r
a
u
l
i
c

s
y
s
t
e
m
g
w
u
s
i
n
g
 
l
i
q
u
i
d
 
a
r
i
d

p
n
e
u
m
a
t
i
c
 
s
y
s
t
e
m
%
 
u
s
i
n
g
 
a
i
r

a
s
 
t
h
e
 
R
r
e
s
s
u
r
e
 
t
r
a
n
s
f
e
r
r
i
n
g

f
l
u
i
d
.

.
.

.

:
.

"
T
h
e
 
s
t
u
d
e
n
t
 
s
h
o
u
l
d
 
b
e
a
l
l
o
w
e
d

t
o
 
s
e
t
 
u
p
 
a
n
d
 
o
p
e
r
a
t
e
 
h
y
-
-

d
r
a
u
l
i
c
 
a
n
d
 
p
n
e
u
M
a
t
i
c
 
f
l
u
i
d

8

0'
C
r
4

C
z.1

C
O
P p

1
48HE
i

e
f
t

rze
X

 0
41a
 
m

E
l

z
 
6
-
1

O
 )4

" 14

6 E
ll

P
 
w

m
 
b

R
s
 
A

0E

2
(
;
4

t
-
1

.
4 14
4
1

E
l

gE
a

W
C

I.1
w

.'N



ti/.

TOPIC OUTLINE" PERFORMANCE OBJECTIVES
.

SUGGESTED ACTIVTIS

(2) Control
and con--;
trol
vices

(3) Trans-
mission

(4) Pocier
output

4

inathe fluid power systems.

The student will be able to
name. control devices of
fluid systems.

The student will be able to
,describe the simple trans-
mission used in fluid sys-
tems.

The student will be able to
identify the output of power
in fluid systems.

RESOURCES

11

power systems using the
b following: Hydraulic reser-
voirs,' fluid-arid filter,'hy-
draulic pimps Ana air cam-
ftessots. Students could
bringan example `such as a
shock absorber.

The stlidentoshould be allowed
to' set up. and _use trans (

hnission lines 'in the system,
transmitting fluid power to
raise and lowearPobject.

The student should be allowed
to set up and use .trans-
mission_ fluid' power to raise
and 1pWe'r an object.

Expl&kation of output through
cylinders, motors, and
piessdres in°fluid power sys-
tems.
(1) Fluid power cylinder as

used in a,hidraulic land-1
ing gear'system on air
craft'

(2) Power brakis and power
steering on.an auto-
mobile

(3) Movement of bulldozer
blade using hydraulic
lines

9
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TOPIC OUTLINE PERFORMANCE. OBJECTIVES

..;

SUGGESTED ACTIVITIES RESOURCES

(3) Electri-
cal mea-
surement

(4) Circuits

4.

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

The student will be able to
.identify ar\electrical cir-
cuit,

to mechanically produce
electricity by constructing
acid using a generator. He
could also chemically pro -
dude electricity by con-
structing a simple wet cell.
Electrical safety should be
demonstrated anal dibcussed.

Explanation and demonstra-
tioh showing various electri
cal measuring devices used
at low voltages of 6-12
volts. Students should be
allowed to connect, and read
the varibus measuring, de-
vices used such as an ohm,
meter, volt meter, and amp
meter,,, Electrical safety
should be discussed con-
cerning the ptoper.use of
,.;ehese measuring devices.

P Explanation and demonstra-
tion identifying the cir-
cuit and the characteristics
of the circuit. Students
should be. allouftd to set up
simple circuits using a
power source, load, switch-
ing. device, and connectors.
'Examples!
(1) Simulate the magnetic

'system such' as 'that of

C40
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TOPIC OUTLINE
.

PERFORMANCE OBJECTIVES
.

0

SUGGESTED ACTIVITIES
,P

.

RESOURCES

.

...L

....3

.

,

.

.

(3)

..

.

Power
output

.

.

0

.

.

'

,

.

<,

.

.

c
. .

The. student will 'be able to
identify forms of power out-
put in electrical systems.

.,

. .

.

-.

:

°..s,
. .

.

.

.

Examples:
(1).Control of a circuit

using resistors, relays
and switches

(2) Methods of transmission
through experiments with
various conduatirig and
non-conducting materials
and examining various
4ypes,of wiring and
cables

#
i

Students will be allowed to
set up and operate qleptri-
cal circuits to produce mo-
tion, heat, light, or sound.
Examples P

..

(1) Construction of a simple
electric motor

(2) Construction of an
electrOmagnet :

(3) Use of electrical heat-
, ing elements .

(4) Lighting systems con-
trolled byswitches or '

thermOstats as used in
automobiles ,

(5) Electric buzzer or horn
.

Students map.aAso take a
field 'trip tb see forms ,of
power output in electrical
systems. ..

,
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TOPIC OUTLINE ,PBRFORMANCE OBJECTIVES

features, of 4-cycle engines.

(2) 2-cycle

b. Rotary
type-
(wankels)
turbines

c. Diesel,
com-.

prssion
ignition

The student will be able'to
understand and explain the
operating principles and
features of 4-cycle engines.

The student will bZ)able to:
a. Expose each part of the

4-sgroke cycle in a ro-
'tary engine.

1).: Relate the rotor and
crankshaft rotations,

c. Compare the 4-Strokes 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 turbine.

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

a. Define diesels or com-
pression ignition en- *

b. Recognize diesel engines.

SUGGES'ED ACTIVITIES RESOURCES

illustrated physically, by
gbing transparent, live
firing engines.'

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

A transpaient Wankel can be
used td display the working
componOlts such as the rotor
and thd crankihaft. Cut-
away model of a turbine can
be used to display the rotor
and housing arrangement.'

A detailed description can
be offered on the operating
principles of 4w cycle die-
sets. Schematic diagrams
can be used for each stroke
to aid the. student in vis-
ualizing' the strokes. The
intake, compression power
andexhaust strokes can be
desCribed. In each case,

'15
m



TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED. ACTIVITIES RESOURCES

c. Explain the kinci-
ples.of 4-cycle dieAl
engine operatiOn.

d. Introduce the func-
tion} of the principle
parts of a 4-cycle
diesel 'engine.

the phrical process in-
Volved' should be explained
for better understanding of
the rela(ted elements as they
occur in actual operation.

d."Spark ig-
nition
system

The student will be able
to:

a. Describe the function
of the points, on-
densor, coil and spark
plugs

b. Define the
timing
COnduct tests and re-
late crankshaft rota-
tion to, degree read-
ings.

ignition

a

A live firing, transparent
engine can be used to.des-
cribe and show the function
of the points, condensor,
coil and spark plugs. Th6
student can examine each
part and obtain. a first-a.
hand oxperiendewith.those
components. A physical in-
terpretation of ignition

.timing can toe. offered
'through the use of the same
transparent engine. The re-,
lationshlp of crankshaft,ro-
tation, piston position and
.degree readings can be shown
Definitions of Top bead Cen-
ter (TDC),, advanced or de=
laye timing ()MC and
ATDC) can be given with the
student observing,thiS' re
latiodship through the
transparent cylinder of the
engine.

,,M=Lrfar;.

16

1

a



TOPIC OUTLINE

'2. Mechanics of
Engines

PERFORMANCE OBJECTIVES ,SUGGESTED ACTIVITIES

/'

a. Recipro-
cating 2-

.

& 4-cycle
engines

(1) Power
control
and car-

e buretion
PART

The student will be,able'to
understand'and name the
,basic components and their
functions and recognize the
subsystems of engines. .Hd
yin actively, participate
in adjusting engine con-
trols and operate theAe en-
gines under various condi-
tions. He will develop a
sound knowledge on engine
operation before disas-
sembly.

The student will be able to
experience and understand:,

a7, The components which con
ttol the fuel/air mix-
ture ratio 1

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

c'.*How the fue l /air mixture
can affect the power
output.

Shop activities where thee
students conduct hands -on
activities with various en-
gines. Operation of
different engines and mea-
surement of engine power
output. Students should be
encouraged to use tools_and
dynamometers to develop a
knowledge of instrumenta- .

tion.

9

The basic elements of a ,

simple carburetor On be
shown and explained by dis-
assembling, and examining a
simple carburetor; 1

c

A,

17



TOPIC OUTLINE

(2) Power con-
trol & Car-
buretion
`PART

0*N
(3) Power con-

. trol and
carburetion
PART III

(4) A typical
small en-
gine.carbu-
retor

6 ...I. 11=

A

PERFORMANCE OBJECTIVES

The student will be able to
experience. and understand:

. a. How the fuel is con-
trolled.

b. What components are in-
volved.in fuel control.

The student will under-
stand and experiment with
the mechanisms involved

a. Choke of a carburetor
b. Throttle of a carburetor

. The student will be able
td:

a. Work with and recognize
an up-draft carburetor.

b. nemOve and instill this
type carburetor on a
Brigg4 & Stratton en-!'
gine.

6

SUGGESTED ACTIVITIES

The basic elements of the
fuel metering and float sys-
tem of a small engine carbu-
retor can be presented by the
tise 'cf charts and drawings:
The venturi type of carbure-
tors from small engines may'

°be introduced for the purpose
of exhibiting how better.car-
buretor performance is
achieved. .

Thy mechanism .involved its
. 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 canbe explained.
The function of the choke
for increasing the uel/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 mutt disassemble'
an up-draft.carburetor which.

. incorporatesicdjustments oh

RESOURCES
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1.11
TOPIC OUTLINE.

c

PERFORMANCE-OBJECTIVES SUGGESTED ACTIVITIES RESOURCES

(5) Disassembly
and opera -'

tion of an
up-draft
carburetor,

(6) Function bf
a cylinder
head

C

The student will be able to:

a. Recognize an Up-draft
carburetor.'

b. Identify the parts of
the carburetOr.

c. Name' the fuel sub - System
of the carburetor-.

d. Locate the three adjust-
. Ments" on the. carburetor

and state what they do.

.

The student will be able to

a. Lea= the procedure of
disasiemhling a trans-
parentengine cylinder
head.

b. Develop skills in the
utilization of hand tool
during the disassembly
of a cylinder heac.'

c. Study in greater detail
. the components, of a cy-

linder.
,

d, Reassemble the cylinder

head and p.roperly'tok4U"e
it.

idle epeed,'idle mixture nd
high speed mixture. He Will
be able to develop experience
in disassembling and assem-
bling a Briggs & Stratton en-
gine carburetor.

A Briggs and Stratton engine
May be used for the students
to disassemble a typical up
draft carburetor and study
the mechanism.

The primary function of a
cylinder heqd can be.de-
scribed: A detailed proce-
dure should be offered to
disassemble the cylinder head
of transparent live firing
engine.

'

VA
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TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES

(7) Compression

(8) Torque

4

(9) Camshaft
operation

The student will be able .0:

a. Relate his experience
with transparent cylinder
engine to.other en/Ines.

b. Develop a 'basic under--%
.standing, and learn the

N,functionS of &piston,
cylinder and ring set,
by observing the piston
operation-through a
transpatent engine.

c.*Apply hii basic knowledge
andexperience to other
similar conventional en-
gines.

The student will .be able to:

a: Familiarize. himselfwith
'14

' a crankshaft and a con-
necting rod.

b. idintify and explain the
functions of these parts.

c. Have a knowledge of hOw
the foicelof a piston is,
transmitted to a crank-
shaft.

The student Will be able to:
a.' Have a sound khowledge

of camshaft operation.

How compression is achieved
may be shown through the use
of ,a transparent cylihder
gine. 'The student can obi- ..

serve directly how the piston
and rings cause.dompression.

eom

gi1-1 r,

0

g R-. >cm

NIO
'bP
N
N 4

M

oH

The, fact that torque in en- 6 Ll
gimmes is one of the .most im-

m

portant performance pare:- m"a
w, 0

" meters must ,be emphasized and 0 4
defined in terms pf physical.

-components which cause the

14.

torque. The connecting,rod i

and crankshaft which are in--, I 4P
ternal parts causing torque a t N
can be shown. i .A) g

1.

Describe the 'operating princi- .0) a m

ple of a camshaft. Let the-- m_ m H

student observe, how the lobes m 0
of the camshaft push agaidst_

A
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TOPIC OUTLINE PERFORMANCE OBJECTIVE& SUGGESTED ACTIVITIES RESOURCES' 1

(10) Lifter,
'rocker arm
and 'v sive

opertion

.8

l

Ill) How engines
area
cooled,:

b. Examine tlio cam lobes.
c. Observe -how the lifters

and valves are.activated.
d. Handle similar camshaft

assembly and 'disassembly.

The student willi)e able to:

d. Understand the basic
mechanisms which op4Vate
the valves.

b. Examine the lifters
push rods forwear4...

c. Study the fUnction of
each component by ob-
serving the system in
action.

d. Apply .his experience and
knowledge to Other de-
signs found in different

40engines.
4

The student will have:

.a. A basic understdnding
why,co ling is reqUired%

b. A kno ledge of hown'.
air cooling systemLope-
rates

c. An insight as to TOly the
cooling' system should be,
free from obstacles'.

rJ I -

I

i'he lifters.

Thee lifters and rocker arms
may be described; Help the
student conduct simple ex-
periments to obtain. a
cal keel 'for theSe components
and observe their functions..

4
or

Describe El-le air'coolin4 sys-
tem of small.

,
ejigine. Most 2-

6c4-cycle small engines are
air cooled,. 'The student,
should 'experi4n to demon-
stratt the basic mechanics
of air cooling.
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''TOPIC OUTLINE
4,4, i

. PERFORMANCE OWECTIVES
.

4 SUGGESTED 4CTIVITIES
. ...

.

Jr

RESOURCES

(12) Disassembly
of a 2-.cycl

-1
. .

Tecumseh ,

..

.

.

.
.

'"the
4 .%* .

(13) Reassembly .a -
of a

'Itecumseh
--=------ engine

- -.

, .

.

. -

(14)Disassembly
of,a 4-cycle
Briggs & ,

ptratton

,. .
,,

.

.

,

-The. jectfves of this activi
ty ii.es . 4

0
.

`engine
a'. To expose the student;,to.

,
'the use pf hand'' poll.,,

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

C. To have the student study
inner components of a

27cyolet'smaIl gasbline
engine.

.,. , .

The purpose of this 'actiliity
is:to:

-. .

- 7: °

.
a. Lead the student into as-

sembling a Tecumgeh en-
gine. . , r

b.,Offer him the use of tools.
c. Give him hands -on ex- '

periend'e on minor trouble
shooting.,

The student will be able to:
e ,

4-. Use hand tools properly.
b. Develop basic skills with

hands-on experience.
c. Observeiandtrecognize the

inner componentslof a 4
. .

cycle, small gasoline.
engine. .,

*
. -

- .

Obtain the disassembly proce
duredof aismall Tecumseh ehOne

<
and $iffer 4 to the student.

' ," the aisasseinbly procedure must
be detailed so that<the student

. .

can _follow the'proceaure with
1 retatiVe ease. Photographs'

.
- muse be used at every major
step to help the student in

f
disassembling,theunit.

.
Offer the assembly procedure
Of Tecumbeh, 2-cycle engine.
With the aid-of photographs the
.student shOuld be able to re-
assemble tbe Tecumseh engine.
He learns the basic components
inside of an engine and after
minor.ad3ustments, the student
puts the engine into workihg
order: 1 '

.

'I
4

Obtain the drpassembIy pro-
oedure of a small Briggs &

. Stratton engine. Disassembly
must be detailed so that the-

1 student can follow the pro-,
I '
, cedure with relative ease.

, ,Fhotographs must be included
: ae elfery.major step to help
! the in disassembling
1 the unit.
' . .
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TOPIC OUTLINE PERFORMANCE OBJECTIVES' SUGGESTED ACTIVITIES RESOURCES

.(15) Assembly of
a small 4-
cycle Briggll
& Stratton

, engine
.

(16) Engine per-
) formance

characteris-
tics

I

(17) Operating
procedures
of- an elec-

. tric Oynamo-
meter /gene=
rator\.,

The student will be able.to:

a. Assemble a Briggs and
Stratton.engine.

b.*Properly use tools.
c. Gain experidnde on minor,

trouble shooting. -,

The student will be able to:

a..Relate definitions to ac-
tual*engine prOcesses:','

b. ConduCt wipetiments mean-
ingfully.

c. Understand'whpengines:
perform differently wh'en
engine parameters are
varied.

d. Understand that these.par-
meteri are adjusted dui

'a time-up.

'The student will have:

a. A basicoknowl dge of the
Operating features of an
electric dynamometer.

b. A knowledge of the tech-
niques used to measure the
torque and enqinespeed;

The assembly procedure of a 4-
cycle Briggs & Stratton engine
is offered. With the aid of
photographs in the manual and
step-by-step procedure,..thp
student reassembles the Briggs
& Stratton engine. He learns'
the basic components inside of
an engine and after minor ad-
justments, the student puts
the engine into working order.

Define those parameters which
control the performance'and
efficiency of.An engine. Ex-
plain the ignition timing,
compression ratio, manifold
pressure,'fuel/air mixture ,

ratio, torque and horsepower
:and relate their effect on en-

. gine performance. lei trans-

parent'engine can be used to
exemplifthe definition.
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Explain to the student that it
4 w
0; 11

Ls essential, that measurement` -

Of engine power output varia-,
tiore be taken with reasonable
care and accuracy. Describe
measurement techniques and
proper use:of dynamometers.
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TOPIC'OUTLINE PERFORMANCE OBJECTIVES

.

4

. SUGGESTED ACTIVITIES RESOURCES

(18) Coupling
horizontal
and verti-
cal shaft
engines to
dynamo-
meters

(19) Measuring
the horse-
vower.of a
4-cycle
Briggs &
Stratton
-engine

.(20) Measuring
the horse-
power Of a
2-cycle
Tecumseh

' engine

c. An understanding of the
use of an eZectric dyna7
mometer.

The student will be in a
position to:

a. Properly couple- engines
to dynamometers.

b. understand the loss of
power whenever a trans-7
mission is used to,change
the angle of rotation.

c. Properly select couplets.

The student will experience:

a. Horsepower ratings of en-
'gines.

b. Where the peak horsepower
' occurs.
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.

s,

to order to measure the per-
formance o'f small gasoline
engines, it is necessary to
properly couple these enginds
to dynamometers so as to avoid
excessive vibrations and in-
accurate readings.

s,

.9

if

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

O .

Have the student develop some
experience in measuringthe
performance of a 2-cycle,
Tecumseh engine and later com-
pare it with a 4-cycle engine.
Any small, 3 horsepower engine
with a dynamometer can be
used.

24
A



TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED. ACTIVITIES

(21) Comparison
of 2- 61'4-

' cycle en-
1 gine charac-
teristics

(22):operation
lof engines
on various

00
LID

(23) Effect of
manifold
pressure
on torque
and horse-
power'

The student will:

a. Have a sound knowledge of
the basic difference in
the horsepower and torque
curves between 2-& 4-cycle
engines.

b. Differentiate these two
types of engines by
recognizing the physical
featuke 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. Experience,in the use of
different fuels showing
the level of power they
can produce.

a. Basic knowledge of how
manifold pressure affects
horsepower output.

25

Highlight the differences in
perforMan6e of 2-& 4-cycle
small gasoline engines. Com-
parisons must be made on
'idling, power densi.ty and ex-
haust.

fs

The operating characteristics
and power performance of en-
gines depend heavily on the
type of fuel. Experidlents
shodld be offered ,whereby the
student can operate an engine
on :either liquidor gaseous
fuel., In performing these
tests, he will broaden his
knowledge in the use of vari-
ous energy sources.

one of the most important Par-
. ameters in internal-combustion
engines is'the manifold
pressure. A detailed explana
tion of the relationship of
manifold pressure toi engine

RESOURCES
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TOPIC, OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES

'(27)

(28)

(29)

Efflciency
of engines

Effect of '
compress
sion tatio
on pe):-!

formance

I

1

Energy con-c
version+
heat to';
electridity.

1

.

The student'will have:

a. A basic understanding of
. the factors which offeet

the efficiency of an en-
gine.

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

c. An opportunity to learn
the definitions of energy
units both mechanical and
chemicai.

The student will understandi

a. The definition of, com-
pression ratio.'

b. Effect of compression on
horsepower.

.c. Effect of compression on
cylinder pressure.

The ffigudent will understand:

a. What energy is.
b.'"What units are used in
.`measuring energy.

c. Conversion of energy fiom
one form to another.

.
.

This subject must be discussed
in,detail because .of its'Iso-
phlritication. Experimental
procedures should be shown pro-
viaing the student with hands-
on experience measuring the
efficiency of an engine. 1111.m

effect of fuel/air mixture ra-
tko, ignition timing, com-
pression retioand type of
fuel °A efficiency must be in-
dicated. Such experitents may

,

be carried abut by the use of a
,

flowmeter.
.

Explain the fact that the com-
' pression ratio of an internal
combustion engine is one of
the most important parameters
effecting the efficiency, power
output and emissidns of an en-
gine. Those engines which in-
corporate variable compression
mechanisms may be utilized.

Explain the relationship of exit,
ergy units and offer an experi-
ment for the student to obserte
and measure the energy conver-
Sion process ., . For example ,

the conversion of fuel (stored
energy) to heat and pressure
(combustiOn) to mechanical

..
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TOPIC OUTLINE PERFORMANCE,OBJECTIVES. SUGGESTED ACTIVITIES RESOURCES

b. Rotary type
(Wankel)
engines

Wt

(1) The Wankel
engine and
the four
cycles

(2) The 4-
stroke
cycle of
the ro-
tary en-

L

d. Ineffidiencies of. energy
conversion devices.

The student will be able to
understand the basic opera-
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.

Th-e-studentwill be able:

a. To diiplay how the Wankel
engine develops the same
4 strokes as a small 4
tcycle;gasoline engine.

b. To compare the 4 strokes
of the Rotary engine with
the 4 strokes of the Otto
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.

energy may be shown.

Series .of shop activities are
suggested-Where the student sys
tematically, studies the compo-
uens and their functions by
the use of a transparent func-
tional Winkel engine and/Or
transparencies.

liake a presentation of the Wan-
kel intake, compression, power
and exhaust strokes. Describe
each stroke wi,th.the'aid of dia
grams and sketches. The Wankel
'4 cycles may be competed with
the conventional reciprocating
4-cycle engine. .

A Wankel engine may be used to
show the intake, compression,
poWer and exhaust strokes of
the rotary:Piston.

28
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TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES
.

.

(3)

(4)

Visi
Wankel
operating
instruc-
tions

0 4

.

Descrip-
tion of
the Wankel
carburltor

,

.

.

b. To relate the rotor and
crankshaft rotations.

The student will be able' to:

' a. Operate the Wankel prop-
erly.

. b. Observe- the operation of
the rotary piston.

.
.

The student will be able to:
.

a: Explain why p carburetor
is needed.

...... b. State differences be-
.tween air flow in a Wan-
kel and reciprocating

. engine.
c. Explain the functions

of the venturi, float;
,

valve and metering jets.
d. Understand the need for

main and idling fuel
. systems.
%e. Ungierstand the differ-

ences between goats
, diaphram and overflow
-4 carburetors.
. ,..

::
.

_,

.

4
A Wankel engine which is s mod=
ified rotary engine may be uti-
lined for hands-onactivity.
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 cerbu-
retor such as. the choke,
throttle and the float.system
should be described. Diagrams,
transparencies and a sample
carburetor may be utilized.°

s
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TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES

(5) Operation
and dis-:
assembly
of the
Wankel car-
buretOr

(6) Disassembly
of the KM-
48 Wankel
engine

(7) Wankel
engine
rotor seals

The student wilk be able to
explain and'have experience
in:

The components which con-
; trol the fuel/air mixture
ratio.

b.1 The basic principles in-
; volved in venture-type
'1 carburetors.

The studentmill'be able to:

a.:Disassemble-i Wankel en-
;

gine.
b. the proper name to

the components of the Wan-
ikel engine.

c.:Show wear in a character-
istic manner.

The, objective of this section

a. To study the seals of the
.1anke1 engine.

b. To compare the seals
"(ring's) of, a reciprocating

Describe the Wankel engine car-
buretor and offea procedure
to disassemble the carburetor.
The. student should obtain an
insight to the parts of a car-
buretor acid their function.
The fuel. /air mixture control
method must be described as the
student studies each part of . '

the carburetor. Manuals and
small typical carburetori are
available for this purpose.

1

' RESOURCESI

A disassembly procedure is
offered to the student,-,in order
for him totake apart the engine z r.v)

H
and study its components.

0
m 0

The student, after'disassembling '6 f3
the engine, examines each part
for its characteristic wear. cr)

'He obtains a hands-on experience0 .N
with the use of metric tools ih
addition to developing t
in disassembly and reassembly.

1 Piof rotary engines,.
,

4
4 IX
14 1-i

f'41 N

../:/' g

N m.

`4
to

-
0.1 m
CO

The main purpose of this sectioni
is to have the student examine
the seals and study how they
cause sealing-of gases. Their
unique design is compared with
the conventional ringi.

-30



TOPIC OUTLINE
.

PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES
, RESOURCES.

OD
CR

(8)

(9)

(10)

AssemblyOf
the Wankel
engine

Powered op-
eration of
the Wankel
engine

Copling and
lubrication!
in the Wan-
kel engine

.

)

engine with, the seals of
the Wankel.

.

The student will be able to:

a. Learn to use proper tools.
fer assembly.

b. Asgemble the components
.in *heir proper loca-
tOns.

-,

c. Redognize'all the parts'
by 'their proper names and

;

functions. '

1 _ .

1

The student will be able to:

1 :

a. Acglaint himself with the
engine.

.b. Operate it.
c. Leain its features.

1 .

The stOent will:

a. Havel a knowledge of the
J.

cooling system for the
Wank41 engine. .

b. Properly prepare the fuel-
oil mixture,.

c. Lea$ how the Wankel is
lubrrated.

.

, -

'
Use metric tools and have'tbe
student experience the as-
sembly of a Rotary engine. ,
He will'be exposed to the use
of various tools, their names
and sizes (in metric) and ,

rfollow the procedures to . \

properly assemble the unit. .'
utilize presently available =

.

manuals which offer step-by.7
step procedures.

After the student has learned
the components of the Rbtary
-engine, he is ready to study
its ,Operatihg proce4ure and
performance features: Have
him follow the operators man-
uar to run the engine.

.

,.-Explainto the student that
'the Wankel "engine operates at
a higher temperature due to .
its power stroke at every
face or side.of the rotary
pistons that is, the power

.stroke takes place at each
stroke of the piston.
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TOPIC OUTLINE PERFORMANCE OBJECTIVES SyGGESTED.AcTIVITIES, RESOURCES

(11) Ignition
system of
the Wan-
kel en-
gine

C;

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

..** (13) Installa7/

tion of
flowMPters

(14) Wankel
power ou tlaN

put mea-
surements

J

The studea will be able to:

a. Disassmble the ehgine and
examine; the ignition sys-
tem:

1

)

b. Describe a magneto igni-
tion syStem.

c. understand basic operation
Of a magneto.

I

The objectives of this sec-
tion are t9;

a. IntroduCe the concept of
dynamomter.

b. Provide the experience in
connect$g one mechanical
system to another.

.c: Familiarj.ze the student
/With thel use of an elec-

tric dyr.T Meter/generator.

The student;43ill be able to:
. I

a. Properly jfit a flowmeter .
to the Wankel engine.

b. Rpad floWmeters accurate-

The student Will be able to:

a. RecognizelWhat is meant by
torque an9 power.

Describe the magneto ignitidn
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
system.

Orient the student to engine
loading and use of a dynamo- -
meter. 'Explain the features
of an electric dynamometer/
generat4r. Show how the Wankel
may be coupled to the dynaMo-
meter and 'measure the torque
and speed. Have the student
conddot tests and take measure-
ments using the Wankel engine.

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

Describe the variation of tor-
que and horsepower output at
different engine speeds. Pre-
senethe method of calculating

32
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r
a
c
i
p
r
o
c
i
t

i
n
g
 
e
n
g
i
n
e

(
1
6
)
 
E
f
f
e
c
t
 
o
f

f
u
e
l
/
a
i
r

r
a
t
i
o
 
o
n

h
o
r
s
e
-

p
o
w
e
r
 
a
n
d

e
f
f
i
c
i
e
n
c
y

(
]
.
7
)
 
E
f
f
e
c
t
 
o
f

f
u
e
l

c
h
a
n
g
e
 
o
n

W
a
n
k
e
l
 
e
n
-

g
i
n
e

b
.
 
U
n
d
e
r
s
t
a
n
d
 
h
a
t
 
e
n
g
i
n
e

p
o
w
e
r
 
a
n
d
 
t
o
r
q
u
e
 
d
e
p
e
n
d
 
o
n

e
n
g
i
n
e
 
s
p
e
e
S
.

c
.
 
H
a
v
e
 
f
i
r
s
t
-
h
a
n
d
 
e
x
p
e
r
i
e
n
c
e

w
i
t
h
 
t
h
e
 
p
r
d
c
e
s
s
 
o
f
 
p
o
w
e
r

o
u
t
p
u
t
 
m
e
a
s
u
r
e
m
e
n
t
.

T
h
e
 
s
t
u
d
e
n
t
w
i
l
l

b
e
 
a
b
l
e
 
t
o

.
,

c
o
m
p
a
r
e
:

I

.

a
.
 
E
n
g
i
n
e
 
r
e
v
o
l
u
t
i
o
n
s
 
p
e
r

p
o
w
e
r
 
s
t
r
o
k
e
i
.

b
.
 
E
n
g
i
n
e
 
t
o
r
q
u
e
 
o
u
t
p
u
t
 
a
t

d
i
f
f
e
r
e
n
t
 
s
p
e
e
d
s
.

c
.
 
"
E
f
f
i
c
i
e
n
c
y

d
.
 
H
o
r
s
e
p
o
w
e
r
'
l
t
p
u
t
.

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l

b
e
 
a
b
l
e
:

a
.
 
T
o
 
d
e
m
o
n
s
t
r
a
t
e
 
t
h
e
 
i
n
f
l
u
-

e
n
b
e
 
o
f
 
t
h
e

u
e
1
 
/
a
i
r
 
r
a
t
i
o

I
n
l
j
t
o
t
a
r
y
 
e
n
 
i
n
e
 
p
e
r
f
o
r
m
-

a
n
c
e
.

b
.
 
T
o
 
p
r
o
v
i
d
e
 
q
u
a
n
t
i
t
a
t
i
v
e

m
e
a
s
u
r
e
m
e
n
t
 
t
f
 
t
h
e
 
h
o
r
i
e
-

p
p
w
e
r
 
a
n
d

e
f
f
i
c
i
e
n
c
y
 
o
f

t
h
e
 
W
a
n
k
e
l
 
e
n
g
i
n
e
.

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
a
b
l
e
:

a
.
 
T
o
 
d
i
s
p
l
a
y
 
t
1
1e
 
c
h
a
r
a
c
t
e
r
i
a
4

t
i
c
 
r
e
s
p
o
n
s
e
l
o
f
 
t
h
e
 
W
a
n
k
e
l

e
n
g
i
n
e
 
t
o
 
c
h
/
r
i
g
i
n
g
 
i
t
s

p
r
o
c
e
d
u
r
e
 
s
h
o
u
l
d
 
b
e
 
s
h
o
W
n
 
t
o

c
o
n
d
u
c
t
 
p
e
r
f
o
r
m
a
n
d
e
 
t
e
s
t
s
 
w
i
t
h

t
h
e
 
u
s
e
 
o
f
 
a
n
 
e
l
e
c
t
r
i
c
 
d
y
n
a
i
t
i
o
-

m
e
t
e
r
/
g
e
n
e
r
a
t
o
r
.

H
a
v
e
 
a
 
c
o
m
p
-
a
r
a
t
i
v
e
 
s
t
u
d
y
 
m
a
d
e

b
e
t
w
e
e
n
 
a
 
r
o
t
a
r
y
 
e
n
g
i
n
e
 
(
W
a
n
k
e
l

a
n
d
 
a
 
B
r
i
g
g
s
 
&
 
S
t
r
a
t
t
o
n
 
e
n
g
i
n
e
.

r
e

f
a
 
t
-
-

0 C
O

)
1-1

I-1
E
x
p
l
a
i
n
 
t
h
a
t
 
t
h
e
 
f
u
e
l
/
a
i
r
 
r
a
t
i
o

E
.

A
h
a
a
 
a
n
 
I
m
p
o
r
t
a
n
t
 
e
f
f
e
c
t
 
.
o
n
 
t
h
e

6
m

O
w

'
'
`
p
e
r
f
o
r
m
a
n
c
e
 
o
f
 
t
h
e
 
e
n
g
i
n
e
,
 
t
h
e

C
t

e
n
g
i
n
e
 
e
f
f
i
c
i
e
n
c
y
 
a
n
d
 
t
h
e
 
m
a
k
e
-

m
c
i

u
p
 
o
f
 
t
h
e
 
e
x
h
a
u
s
t
.

W

R
e
v
e
a
l
 
t
h
e
 
f
a
c
t
 
t
h
a
t
 
t
h
e
 
W
a
n
k
e
l

'
 
e
n
g
i
n
e
 
c
a
n
 
o
p
e
r
a
t
e
 
w
i
t
h
 
e
t
h
y
l

a
l
c
o
h
o
l
 
o
r
 
m
e
t
h
y
l
 
a
l
c
o
h
o
l
 
m
i
x
e
d

w
,
i
t
h
 
c
a
s
t
o
r
 
o
i
l

l
u
b
r
i
c
a
n
t
.

3
3

N
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T
O
P
I
C
 
O
U
T
L
I
N
E

rlelM
r

P
E
R
F
O
R
M
A
N
C
E
 
O
B
 
E
C
T
I
V
E
S

S
U
G
G
E
S
T
E
D
 
A
C
T
I
V
I
T
I
E
S

R
E
S
O
U
R
C
E
S

c
.
 
c
o
m
p
r
e
s
s
i
o
n
.

(
D
i
e
s
e
l
)
 
e
n
-

g
i
n
e
s

(
1
)

2
-
 
c
y
c
l
e

D
i
e
s
e
l

o
p
e
r
a
t
i
o
n

(
2
)
 
F
u
e
l
 
i
n
-

j
e
c
t
i
o
n

s
y
s
t
e
m
 
o
n

D
i
e
s
e
l

.
e
n
g
i
n
e
s

(
3
)
 
D
i
e
s
e
l

f
u
e
l
s

b
.
 
U
s
e
 
a
 
d
i
f
f
e
r
e
n
t
l
f
u
e
l
,
 
o
t
h
e
r

t
h
a
n
 
g
a
s
o
l
i
n
e
,
 
i
n
 
t
h
e
 
W
a
n
-

I
:

k
e
l
 
e
n
g
i
n
e
.

H
e
 
w
i
l
l
 
d
e
v
e
l
o
p
 
a
 
b
a
s
i
c

,

k
n
o
w
l
e
d
g
e
 
o
f
 
D
i
e
s
e
l
l
c
,
 
t
h
e

n
a
m
e
s
 
o
f
 
t
h
e
 
c
o
m
p
o
n
 
n
t
s
 
a
n
d
.

t
h
e
i
r
 
f
u
n
c
t
i
o
n
s
,

d
4
a
s
s
e
m
b
l
y

a
n
d
 
r
e
a
s
s
e
m
b
l
y
 
o
f
 
d
'
e
s
e
l
s
,

o
p
e
r
a
t
i
o
n
 
a
n
d
 
p
o
w
e
r
 
o
u
t
p
u
t
'

m
e
a
s
u
r
e
m
e
n
t
s
,
 
e
m
i
s
s
 
o
n
 
c
h
a
r
a
c
-

t
e
r
i
s
t
i
c
s
 
a
n
d
 
e
f
f
i
c

1e
n
c
i
e
s
.

1
T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
:

a
.
 
T
o
 
e
x
p
l
a
i
n
 
t
h
e
d
i
f
f
e
r
e
n
c
e

b
e
t
w
e
e
n
 
2
-
c
y
c
l
e
 
A
n
d
 
4
-
c
y
c
l
e

D
i
e
s
e
l
 
e
n
g
i
n
e
 
o
p
e
!
i
r
a
t
i
o
n
.

b
.
 
T
o
 
p
r
o
v
i
d
e
 
a
 
d
e
t
A
i
l
e
d
i
d
e
-

s
c
r
i
p
t
i
o
n
 
o
f
 
t
h
e
 
"
s
t
e
p
s
 
i
n
 
a

2
-
s
t
r
o
k
e
 
D
i
e
s
e
l
 
e
n
g
i
n
e

c
y
c
l
e
.

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e

b
l
e
 
t
o

i
i
d
e
n
t
i
f
y
 
t
h
e
 
t
w
o
 
m
o
s
t
 
c
o
m
m
o
n

t
y
p
e
s
 
o
f
 
A
x
e
l
 
i
n
j
e
c
t
 
r
s
 
a
s

d
e
s
c
r
i
b
e
d
:

.

a
.
 
T
h
e
 
c
o
m
m
o
n
_
r
a
i
l
 
t
 
p
e
 
i
n
-

j
e
c
t
O
r
.

b
.
 
T
h
e
 
j
e
r
k
 
p
u
m
p
 
i
n
j
e
c
t
o
r
.

1

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e

b
l
e
 
t
o

3
4

U
s
e
 
a
 
s
m
a
l
l
 
D
i
e
s
e
l
 
e
n
g
i
n
e
,
 
e
l
e
c
-

t
r
i
c
 
d
y
n
a
m
o
m
e
t
e
r
s
,
 
f
l
o
w
m
e
t
e
r
s
 
a
n
d

t
o
o
l
s
 
t
o
 
h
e
l
p
 
t
h
e
 
s
t
u
d
e
n
t
 
c
o
n
d
u
c
t

h
a
n
d
s
-
o
n
 
a
c
t
i
v
i
t
i
e
s
 
w
i
t
h
 
D
i
e
s
e
l

e
n
g
i
n
e
.

.44"&

D
i
s
c
u
s
s
,
 
w
i
t
h
.
 
t
h
e
 
a
i
d
 
o
f
 
s
c
h
e
m
a
t
i
c

d
i
a
g
r
a
m
s
,
 
t
h
e
 
o
p
e
r
a
t
i
r
i
g
 
p
r
i
n
c
i
p
l
e

o
f
 
2
-
c
y
c
l
e
 
D
i
e
s
e
l
 
e
n
g
i
n
e
.

D
i
s
c
u
s
s
o
w
i
t
h
 
t
h
e
 
a
i
d
 
o
f
 
s
c
h
e
m
a
t
i
c

d
i
a
g
r
a
m
s
,
 
t
h
e
 
c
o
m
m
o
n
 
r
a
i
l
 
t
y
p
e

i
n
j
e
c
t
o
r
 
a
n
d
 
t
h
e
 
j
e
r
k
 
p
u
m
p
 
i
n
-

j
e
c
t
o
r
.

T
h
e
 
s
t
u
d
e
n
t
 
s
h
o
u
l
d
 
g
a
i
n

a
 
s
o
u
n
d
 
b
a
c
k
g
r
o
u
n
d
 
o
n
 
t
h
i
s
 
s
u
b
j
e
c

b
e
f
o
r
e
 
d
i
s
a
s
s
e
m
b
l
i
n
g
 
i
n
j
e
c
t
o
r
s

a
n
d
 
p
U
m
p
s
.

D
e
s
c
r
i
b
e
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
s
 
b
e
t
w
e
e
n

g
a
s
o
l
i
n
e
,
 
a
n
d
 
D
i
e
s
e
l
 
,
f
u
e
l
s
.

E
x
-
,



TOPIC OUTLINE PERFORMANCE OBJECTIVES
1

(4) 'Combus-
tion
process
inthe
Diesel
engine

(5) Compres-
sion
tests

(6) Fuel in-
jector

SUGGESTED ACTIVITIES RESOURCES

a. Differentiate betwen gas-
oline and Diesel fulls.

b. Rate octane numbers

The student will leai-nand'be
able:

a. To explain the diffelrence
between flame propagation
in a fuel/air mixture and a
diffusion flame near a fuel
droplet.

b. To explain how combuption
in a spark ignition :engine
and a Diesel engine iffer
by using these two p o-
cesses.

Pftle.'student will learn:

:a. The definition of, co' 7
pression ratio.

b. How the condltimis i the
cylinder depend on com-
pression ratio.

c. How air gets hot whe cool-

pressed.

The student will beabl to:

ra. Locate a atypical diepel

ze their' importance, es-
pecially wi th high compression
engines. The method.of rating
fuelsmust be explained and how
its numbering iS related to "gas-
knock" causes in engines..

Point out that the combustion of
fuels in Diesel engines is of a
considerably different nature.
Combustion process'sshould be de-
scribed in diffusion type of
flames and pre-mixed, flames as it
occurs, when a mixture of fuel and
air is ignited.

Explain that compression ratio
is the 'basic parameter that
differentiates diesel and spark.
ignition gasoline engines.

.

A-procedure 'should be shown to't
disassemble a fuel injector for
observation and study purposes.

35'



TOPIC OUTLINE - PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES

A

(7) Fuel in-
jection
controls

(8) Operation
of a ty-
pical?

Diesel,
engine

(9) Compari-
spn of
Diesel
engines
with
spark ig-
nition
gasoline
engines

'(10) Power CO
trol and
fuel air
ratio

"engine'luel injector.
b. Remove the fuel injector

from the Diesel engine-,

The student will be able to:

a. Describe three ways of vary-
ing'fueramounts.

The student will be able to:

'Problemp associated with- Air
getting.into fuel lines should be
discussed and explained.

Providethe student' with an in-
troduction to three possibleoways

ume for throttle control n Diese
of varying the injected fuel vol-

an
engines.

ge

Offer the.student an opportunity
to operate a ty6lcal, single dy-

a..Stert a-Diesel engine. Linder Diesel'engine. This ex-
b. Control its Power levels. perience makes him aware of the

basic differences in the operating
mode of ligniesel engine vs. a
,small"gasoline engine' (spark lg-
4ition type)

.

The student will' be 43.e to
define and describe:

a. Power control* i

b. Mc:eking and methrod of ig
nition.

i

C. Compression ,raeid.
11. Engine speed. j

e. Costs of operation i,ni7

tial investment.1
f
0

The student will\be able to:
a.` Vary the fueligir ratio of

diesel engine.

-
DisCu9X,tbe-baSic operating prin-
ciples Arid difforences between El o
Diesel and a gasoline. engine. . rs,

. -

'

Discuis the effect. of fuel/air
ratio on thellorsepOwer output. of
.a Diesel eAgine. :With theute of
an electriWynimomater,

'36
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I

;
a

TOPIC OUTLINE,

(11) coupling
Diesel to
dynamo-.
meter and
flow -

meters

(2) Operating-
W& a typical

Diesel .

engine

(13) Measuring
fuel. and
air flow
in a
Diesel
engine

(14) Effi-
ciengy of

. PERPORMANCE.OBJECTIOES' SUGGESTED ACTIVITIES RESOPRCES

b. Take poweroutput measure-
Ments.

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 Diesl engine
to a flowmeter system:

Ttte., student will be able to:

a. Operate an air cooled Die-
sel engine.

b. Prime). a Diesel engine for
"cord; or hot" starts.

.k

The student will be able. to:

a. Take fuel and air measure-
ments.

b. calculate the fuel/air ra-
tio.

c. Indicate why Diesel engines
operate at a lower fuel/air
ratio:

The student will be able to:

measurements may be taken of tor-
que and speed from which horse-
power is calculated. Flowmeters
are connected to measure" the fuel
and air flow rates.

Introduce the student to the use
of a dynaiometer and flowmeter
for measuring the power output
and:the flow of fuel and air to
the engine. tr

Show the student the operating
prOcedure for running a tingle
cylinder, air cooled Diesel en-
gine. The- student should familie-
rize himself wrththe starting
procedure and operatioirof the e
gine%

Present the students with the use
of powmeterstin measur' g fuel
and air. -

a.

Indicate-to the student that one
of the basic advantages of at4)21.411
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4

T
O
P
I
C
 
O
U
T
L
I
N
E

'
 
P
E
R
F
O
R
M
A
N
C
E
 
O
B
J
E
C
T
I
V
E
S

S
U
G
G
E
S
T
E
D
 
A
C
T
I
V
I
T
I
E
S

R
E
S
O
U
R
C
E
S

A
 
D
i
e
s
e
l

e
n
g
i
n
e

a
.
 
M
e
a
s
u
r
e
 
t
h
e
 
e
f
f
i
c
i
e
n
c
y
 
o
f

t
h
e
 
D
i
e
s
e
l
 
e
n
g
i
n
e
.
,

b
.
 
D
e
v
e
l
o
p
 
p
e
r
f
o
r
m
a
n
c
e
 
f
i
g
u
r
e
s

f
o
r
 
t
h
e
 
e
f
f
i
c
i
e
n
c
y
 
o
f
,
a

s
m
a
l
l
 
D
i
e
s
e
l
 
e
n
g
i
n
e
.

(
1
5
)
:
 
F
u
e
l
 
i
n
-

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o
:

I
.

.
j
e
c
t
o
r

d
i
s
a
s
s
e
m
-

b
l
y

(
1
6
)
 
D
i
s
a
s
s
e
m
-

b
l
y
 
o
f
 
a

D
i
e
s
e
l

(
1
7
)
 
D
i
s
a
s
s
e
m
-

b
l
y
 
o
f
 
a
n

i
n
j
e
c
t
i
o
n

p
u
m
p

(
1
8
)
 
I
n
j
e
c
t
o
r

t
i
m
i
n
g
 
.
o
n

e
n
g
i
n
e

p
e
r
f
o
r
-
'
 
-

m
i
n
c
e

a
.
 
E
x
p
l
a
i
n
 
a
 
t
y
p
i
c
a
l
 
D
i
e
s
e
l

e
n
g
i
n
e
 
f
u
e
l
 
i
n
j
e
c
t
o
r
.

b
.
 
E
x
p
l
a
i
n
 
t
h
e
 
o
p
e
r
a
t
i
o
n
 
o
f
 
a

f
u
e
l
 
i
n
j
e
c
t
o
r
.

T
h
-
s
t
u
d
e
n
t
 
w
i
/
i
 
b
e
 
a
b
l
e
 
t
b
:

a
.
 
D
i
s
a
s
s
e
m
b
l
e
'
 
a
 
D
i
e
s
e
l
 
e
n
g
i
n
e
.

b
.
 
S
t
u
d
y
 
t
h
e
 
c
o
m
b
u
s
t
i
o
n
 
c
h
a
m
b
e
r

d
e
s
i
g
n
 
u
s
e
d
 
i
n
 
t
h
e
 
D
i
e
s
e
l

e
n
g
i
n
e
.

1

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o
:

a
.
 
R
e
m
o
v
e
,
 
d
i
s
a
s
s
e
M
b
l
e
 
a
n
d
'
r
e
-

a
s
s
e
m
b
l
e
 
i
n
j
e
c
t
i
o
n
 
p
u
m
p

u
s
e
d
 
o
n
a
 
D
i
e
s
e
l
 
e
n
g
i
n
e
.

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o

a
.
 
C
h
a
n
g
e
 
t
h
e
 
i
n
j
e
c
t
i
o
n
 
t
i
m
i
n
g

o
f
 
a
 
D
i
e
s
e
l
 
e
n
g
i
n
e
.

,

c
o
m
p
r
e
s
s
i
o
n
 
i
g
n
i
t
i
o
n
 
e
n
g
i
n
e
 
i
s
 
i
t
s

h
i
g
h
e
r
 
e
f
f
i
c
i
e
n
c
y
 
c
o
m
p
a
r
e
d
 
t
o
 
g
a
s
-

o
l
i
n
e
 
e
n
g
i
n
e
s
.

P
r
e
s
e
n
t
 
t
h
e
 
d
e
f
i
-

n
i
t
i
o
n
 
a
n
d
 
m
e
t
h
o
d
 
o
f
 
c
a
l
c
u
l
a
t
i
n
g

t
h
e
 
e
f
f
i
c
i
e
n
c
y
 
o
f
 
a
n
 
e
n
g
i
n
e
.

T
h
e

i
d
e
a
l
 
e
f
f
i
c
i
e
n
c
y
 
v
s
.
 
a
c
t
u
a
l
 
s
h
o
u
l
d

b
e
 
e
x
p
l
a
i
n
e
d
:

E
x
p
l
a
i
n
 
t
o
 
t
h
e
 
s
t
u
d
e
n
t
 
t
h
a
t
 
t
h
e

o
p
e
r
a
t
i
o
n
 
o
f
 
a
n
 
i
n
j
e
c
t
o
r
 
i
s
 
a
n
'
i
m
-

p
o
r
t
a
n
t
 
a
s
p
e
c
t
 
o
f
 
a
 
D
i
e
s
e
l
 
e
n
g
i
n
e
.

T
h
e
 
t
e
a
c
h
e
r
 
'
S
h
o
u
l
d
 
p
r
o
v
i
d
e
 
a
 
d
e
-

t
a
i
l
e
d
 
p
r
o
c
e
d
u
r
e
.
f
o
r
 
t
h
e
 
d
i
s
a
s
s
e
m
-

b
l
y
 
o
f
 
t
h
e
 
i
n
j
e
c
t
o
r
.

a

I
n
 
o
r
d
e
r
 
t
o
 
s
t
u
d
y
 
t
h
e
 
p
i
s
t
o
n
 
a
n
d

c
y
l
i
n
d
e
r
 
o
f
 
a
 
D
i
e
s
e
l
 
e
n
g
i
n
e
 
h
a
v
e

t
h
e
 
s
t
u
d
e
h
t
 
d
i
s
a
s
s
e
m
b
l
e
 
t
h
e
 
u
n
i
t
.

T
h
i
s
 
h
e
l
p
s
 
h
i
m
 
t
o
 
o
b
t
a
i
n
 
s
o
m
e
 
e
x
-

p
e
r
i
e
n
c
e
 
i
q
 
t
h
e
 
u
s
e
 
o
f
 
t
o
o
l
s
 
a
n
d

p
r
o
c
e
d
u
r
e
s
.

P
k
o
v
i
d
e
 
t
h
e
 
s
t
u
d
e
n
t
 
w
i
t
h
 
t
h
e
 
d
i
-

r
e
c
t
i
o
n
s
'
o
f
.
d
i
s
a
s
s
e
m
b
l
y
 
a
n
d
 
r
e
-

a
s
s
e
m
b
l
y
 
o
f
 
t
h
e
 
i
n
j
e
c
t
i
o
n
 
p
u
m
p
 
o
f

a
 
t
y
p
i
c
a
l
 
D
i
e
s
e
l
 
e
n
g
i
n
e
.

D
i
r
e
c
t
'

t
h
e
 
s
t
u
d
e
n
t
 
t
o
 
d
i
s
a
s
s
e
m
b
l
e
 
a

!

s
i
n
g
l
e
 
c
y
l
i
n
d
e
r
 
D
i
e
s
e
l
 
p
u
m
p
 
a
n
d

"
,

i
t
s
 
u
n
i
q
u
e
 
p
a
r
t
s
.

E
x
p
l
a
i
n
 
t
o
 
t
h
e
 
s
t
u
d
e
n
t
 
t
h
a
t
 
j
u
s
t

a
s
 
t
h
e
 
p
e
r
f
o
r
m
a
n
c
e
 
o
f
 
a
s
p
a
r
k
 
i
g
-

n
i
t
i
o
n
 
e
n
g
i
n
e
 
c
a
n
 
b
e
 
c
h
a
n
g
e
d

d
r
a
s
t
i
c
a
l
l
y
 
b
y
 
c
h
a
n
g
i
n
g
,
t
h
e
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l
j

T
O
P
I
C
 
O
U
T
L
I
N
E

B
.
 
E
X
T
E
R
N
A
L

C
O
M
B
U
S
T
I
O
N

-
E
N
G
I
N
E

M
IN

N
O

M
1

(
1
)
 
O
p
e
r
a
t
i
n
g

p
r
i
n
c
i
-

p
l
e
s
 
o
f
 
a

2
 
-
 
s
t
r
o
k
e

s
t
e
a
m

e
n
g
i
n
e

.
(
)
,
 
O
p
e
r
a
t
i
n
g

p
r
i
n
c
i
p
l
e
s

o
f
 
O
p
e
n
*
&

c
l
o
s
e
d
 
c
y
-

c
l
e
 
s
t
e
a
m
,

e
n
g
i
n
e
s

P
E
R
F
O
R
M
A
N
C
E
 
O
B
J
E
C
T
I
V
E
S

b
.
 
T
a
k
e
 
q
u
a
n
t
i
t
a
t
i
v
e
 
m
e
a
s
u
r

m
e
a
t
s
 
o
f
 
e
n
g
i
n
e
 
p
e
r
f
o
r
m
-

a
n
c
e
 
w
i
t
h
 
d
i
f
f
e
r
e
n
t
 
i
n
-

.
.3
e
c
t
o
r
 
t
i
m
i
n
g
 
s
e
t
t
i
n
g
s
.

T
h
e
 
'
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
-
t
o
:

a
.
U
n
d
e
r
s
t
a
n
d
 
t
h
e 4
b
a
s
i
c
 
o
p
-

e
r
a
t
i
n
g
 
p
r
i
n
c
i
p
l
e
s
 
o
f
 
2
-
!

s
t
r
o
k
e
 
s
t
e
a
m
 
e
n
g
i
n
e
.

b
.
 
E
x
a
m
i
n
e
 
t
h
e
 
b
a
s
i
c
 
c
o
m
p
o
-

,
,
.

n
e
n
t
s
 
o
f
 
a
 
t
r
a
n
s
p
a
r
e
n
t
,

l
i
v
e
 
f
i
r
i
n
g
 
s
t
e
a
m
 
e
n
g
i
n
e
.

c
.
 
D
e
v
e
l
o
p
 
a
 
b
a
s
i
c
 
p
e
r
s
p
e
c
-

t
i
v
e
 
a
n
d
 
r
e
c
o
g
n
i
t
i
o
n
 
o
f

s
t
e
a
m
 
e
n
g
i
n
e
s
.

T
h
e
 
s
t
u
d
e
n
t
 
W
i
l
l
 
b
e
 
a
b
l
e
 
t
o
:

a
;
 
D
i
f
f
e
r
e
n
t
i
a
t
e
 
b
e
t
w
e
e
n
 
a
n

o
p
e
n
.
.
.
c
y
c
l
e
 
a
n
d
 
a
 
c
l
o
s
e
d
-

c
y
c
l
e
 
e
n
g
i
n
e
.

b
.
 
U
n
d
e
r
s
t
a
n
d
 
t
h
e
 
c
o
n
c
e
p
t
 
o
f

r
e
c
y
c
l
i
n
g
 
t
h
e
 
e
x
h
a
t
i
s
t
 
o
f
.
a

s
t
e
a
m
 
e
n
g
i
n
e
 
t
h
r
o
u
g
h
 
a

c
o
n
d
e
n
s
o
r
.

c
.
 
A
p
p
l
y
 
h
i
s
 
k
n
o
w
l
e
d
g
e
 
i
n
 
i
n
-

d
u
s
t
r
y
.

S
U
G
G
E
S
T
E
D
 
A
C
T
I
V
I
T
I
E
S

i
g
n
i
t
i
o
n
 
t
i
m
i
n
g
,
 
t
h
e
 
p
e
f
o
r
m
a
n
c
e
 
o
f

a
 
D
i
e
s
e
l
 
e
n
g
i
n
e
 
c
a
n
 
b
e
 
c
h
a
n
g
e
d
 
b
y

c
h
a
n
g
i
n
g
 
t
h
e
 
i
n
j
e
c
t
o
r
 
t
i
m
i
n
g
.

A
 
p
i
c
t
o
r
i
a
l
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 
s
h
o
u
l
d

b
e
 
u
s
e
d
 
o
n
 
t
h
e
 
o
p
e
r
a
t
i
o
n
 
o
f
 
a
 
2
-

s
t
r
o
k
e
 
s
t
e
a
m
 
e
n
g
i
n
e
.

A
n
 
o
p
e
n
-

c
y
c
l
e
 
t
r
a
n
s
p
a
r
e
n
t
 
s
t
e
a
m
 
e
n
g
i
n
e

m
a
y
 
b
e
 
u
s
e
d
 
t
o
 
p
h
y
s
i
c
a
l
l
y
,
d
e
m
o
n
-

s
t
r
a
t
e
 
e
a
c
h
 
s
t
r
o
k
e
.

H
a
v
e
 
t
h
e
b
a
s
i
c
 
t
h
e
o
r
y
 
o
f
 
o
p
e
n
 
a
n
d

c
l
o
s
e
d
,
 
r
e
c
i
p
r
o
c
a
t
i
n
g
 
s
t
e
a
m
 
e
n
-

g
i
n
e
s
 
d
e
s
c
r
i
b
e
d
 
w
i
t
h
 
t
h
e
 
a
i
d

o
f
 
d
i
a
g
r
a
m
s
.

U
t
i
l
i
z
e
 
a
 
t
r
a
n
s
-

p
a
r
e
n
t
,
 
o
p
e
n
-
c
y
c
l
e
 
s
t
e
a
m
 
e
n
g
i
n
e

t
o
 
e
x
e
m
p
l
i
f
y
 
t
h
e
 
p
r
i
n
c
i
p
l
e
s
 
o
f

'
o
p
e
n
-
c
y
c
l
e
 
e
n
g
i
n
e
s
.

R
E
S
O
U
R
C
E
S
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TOPIC OUTLINE PERFORMANCE OBJECTIVES

(3) Operation
of the

a. Operate an open-cycle steam
engine.

steam en- b. Recognize the functions of
gine each major component.

(4) Sub- The student will be able to:
systems of
an openr
cycle steam

a. Define all major sub-
systems.

engine b. Physically examine the
parts.

(5) Coupling
an open -
cycle stead'
engine

($) Horsepower
measure-
ment of'
an open-
cycle steams
origin

c. Describe the function of
each subsystem.

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

The student will be able to:

-SUGGESTED ACTIVITIES RESOURCES

a. Use an electric dynamometer.

The student will be able to:

a. Calculate"the horsepower
output of the steam engine.

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

Have students observe Athe opera-
tion o; the open-cycle and name
two major components.

Direct the student into studying
each major subsystem of the sham
engine. He should Learn the
functions of the superheater,
boiler, valve arrangment, crank-
shaft, cams and gears.

Utilize an electiic dyikmometer/
generatqr 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 shOtild
help,the student to operate the
engine properly.

0
0
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T
O
P
I
C
 
O
U
T
L
I
N
E

P
E
R
F
O
R
M
A
N
C
E
 
O
B
J
E
C
T
I
V
E
S

.

.

S
U
G
G
E
S
T
E
D
 
A
C
T
I
V
I
T
I
E
S
'

.

'
R
E
S
O
U
R
C
E
S

.

O
P.
C
I

,

(
7
)
 
E
f
f
e
c
t
 
o
f

s
t
e
a
m
.
r
a
t
e
s

o
n
 
e
n
g
i
n
e

p
o
w
e
r
'
.

.

(
8
)
 
S
u
p
e
r
h
e
a
t

i
n
 
s
t
e
a
m

e
n
g
i
n
e
s

(
9
)
 
E
f
f
i
c
i
e
n
c
y

o
f
 
a
 
s
t
e
a
m

e
n
g
i
n
e

.

(
1
0
)
 
O
p
e
r
a
t
i
n
g

p
r
i
n
c
i
p
l
e
s

o
f
 
t
u
r

b
i
n
e
s

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o
:

a
.
 
M
a
k
e
 
p
r
o
p
e
r
 
a
d
j
u
s
t
m
e
n
t
s
-
o
f
'

s
t
e
a
m
 
f
l
o
w
 
i
n
t
o
 
t
h
e
 
e
n
g
i
n
e
.

b
.
 
M
e
a
s
i
r
e
 
t
h
e
 
h
o
r
s
e
p
o
w
e
r

c
h
a
n
g
e
 
a
t
 
d
i
f
f
e
r
e
n
t
 
s
t
e
a
m

f
l
o
w
 
r
a
t
e
s
:

S
t
u
d
e
n
t
s
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o
:

1

a
.
 
D
i
f
f
e
r
e
n
t
i
a
t
e
 
b
e
t
w
e
e
n
 
s
u
p
e
r

,
 
h
e
a
t
e
d
 
s
t
e
a
m
 
a
n
d
 
w
e
t
 
s
t
e
a
m

b
y
 
i
t
s
 
p
r
o
p
e
r
t
i
e
s
.

b
.
 
U
n
d
e
r
s
t
a
n
d
 
w
h
y
 
i
t
 
a
f
f
e
c
t
s

t
h
e
 
e
n
g
i
n
e
 
p
e
r
f
o
r
m
a
n
c
e
.

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o
:

a
.
 
E
s
t
a
b
l
i
s
h
 
w
h
y
'
s
t
e
a
m
 
e
n
g
i
n
e
s

a
r
e
 
i
n
e
f
f
i
c
i
e
n
t
.

b
.
 
L
e
a
r
n
 
h
o
w
 
t
o
 
c
a
l
c
u
l
a
t
e
 
t
h
e

e
f
f
i
c
i
e
n
c
y
 
o
f
 
a
 
s
t
e
a
m
 
e
n
-

g
i
n
e
.

.
.

c
.
 
E
s
t
i
m
a
t
e
,
 
f
r
o
m
 
t
h
e

o
b
t
a
i
n
e
d

d
a
t
a
,
 
t
h
e
 
e
f
f
i
c
i
e
n
c
y o
f
-
t
h
e
"
'

o
p
e
n
-
c
y
c
l
e
 
s
t
e
a
m
 
e
n
g
i
n
e
.

T
h
e
 
s
t
u
d
e
n
t
 
w
i
l
l
 
b
e

a
b
l
e
 
t
o
:

a
.
 
G
r
o
u
p
 
t
h
e
 
b
a
s
i
c
 
d
i
f
f
e
r
e
n
c
e
s

o
f
 
r
e
c
i
p
r
o
c
a
t
i
n
g
 
v
s
:
 
r
o
t
a
r
y

e
x
t
e
r
n
a
l
 
e
n
g
i
n
e
s
.

,

b
.
 
D
e
s
c
r
i
b
e
 
h
o
w
 
a
 
t
u
r
b
i
n
e
 
o
p
e
-

r
a
t
e
s
:

E
x
p
l
a
i
n
 
t
h
a
t
 
t
h
e
 
p
o
w
e
r
 
o
u
t
p
u
t
 
o
f
 
a

s
t
e
a
m
 
e
n
g
i
n
e
 
i
s
 
d
e
p
e
n
d
e
n
t
 
u
p
o
n
 
t
h
e

a
m
o
u
n
t
 
o
f
 
s
t
e
a
m
 
a
d
m
i
t
t
e
d
 
d
u
r
i
n
g

t
h
e
 
i
n
t
a
k
e
 
s
t
r
o
k
e
.

H
a
v
e
 
t
h
e
 
s
t
u
-

d
e
n
t
s
 
o
p
e
r
a
t
e
 
a
n
 
e
n
g
i
n
e
.

1

.

E
x
p
l
a
i
n
 
t
h
e
 
e
f
f
e
c
t
 
o
f
 
s
u
p
e
r
h
e
a
t
 
o
n

e
n
g
i
n
e
 
e
f
f
i
c
i
e
n
c
y
 
a
n
d
 
p
o
w
e
r
.
o
u
t
p
u
t
4

I
n
t
r
o
d
u
c
e
 
t
h
e
 
c
o
n
c
e
p
t
 
o
f
 
w
e
t
 
a
n
d

d
r
y
 
s
t
e
a
m
 
a
n
d
 
i
t
s
 
i
M
p
o
r
t
a
n
c
a
.
O
n

e
n
g
i
n
e
 
o
p
e
r
a
t
i
o
n
.

E
x
p
l
a
i
n
 
t
h
a
t
 
t
h
e
 
s
t
e
a
m
 
e
n
g
i
n
e
s
 
a
r
e

b
a
s
i
c
a
l
l
y
 
i
n
e
f
f
i
c
i
e
n
t
.

O
f
f
e
r
 
a
.

m
e
t
h
o
d
 
o
f
 
c
a
l
c
u
l
a
t
i
n
g
 
t
h
e
 
e
f
f
i
-

c
i
e
n
c
y
 
o
f
 
a
 
s
t
e
a
m
 
e
n
g
i
n
e
.

1i

.
.

T
r
a
n
s
p
a
r
e
n
c
i
e
s
 
a
n
d
 
c
u
t
-
a
w
a
y
 
m
o
d
e
l
s

m
a
y
 
b
e
 
u
t
i
l
i
z
e
d
 
t
o
'
r
e
l
a
t
e

t
h
e

p
r
i
n
c
i
p
l
e
s
 
w
i
t
h
 
a
c
t
u
a
l
 
m
o
d
e
l
s
.

.

c
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POWER TECHNOLOGY

Resource Materials

The following list of resource materials is by no means complete nor exhaustive. Imerely
represents a compilation of the best and most available materials known and used by the mem-
bers of the committee.

1. A Guide for Eguilopina Industrial Arts Flacilities. Washington, D.C.: The American In-
dustrial Arts Association, 1967.

2. Althouse, Andrew, D., William A. Bowditch, and Car/ H. Turnquist. Modern Weldino..:South
H011and, allinois: Goodheart-Wilcox Co., 1970.

3. Artie Enterprises, P.,0. Box 643, Theif River Falls, Minnesota, 56701.

4.. Attberry, Pat H. Power. Mechanics. Homewood, Ill.: Goodheart-Wilcox Company, Inc., 1961.

5. Begman, Myron L.. Manufacturing Processes. .4th ed., New York: John Wiley and Sons, Inc.,
1960.

/6. Doan & MacDonald. Power Mechanics of Energy Control. )Bloomi gton, Illinois: McKnight & ,

McKnight Publishing Company.

7. Bohn, Ralph.C. and Angus J. MacDonald. Power Mechanics Of Enerav Control. Bloomington,
Illinois: McKnight and McKnight PublisH1n4--COMpany4_1920.

8. Bohn, Ralph C. and Angus J. MicDonald. Power Mechanics. Bloomington, Illinois: McKnight
and McKnight Publishing Company, 1972.

9. Briggs and Stratton Manufacturing Company. r
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