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in the same sequence as the textbook.




ACTHVITY 1

Forming the Product

3. Shape the clay into any shape container
that will hold about 1 cup of water. See
Figs. 1-1 to 1-8.

Man and Technology

Objective

Given a pound of clay, each student
should imitate the technology of primitive
man by handforming a simple container for
water.

Equipment (Group of 5)
1 container for water
1 plastic cup

1 sponge

Equipment (Class)
1 10 gal. plastic bucket with cover for
clay storage

Supplies (Each student)

1 pe. 12” x 24” (approx.) builder’s
plastic sheeting

1 1b. red potter’s clay

Supplies (Group of 5)
1 pkg. paper towels

Preparing to Work

1. Assemble in groups of five at your work
stations. The equipment supervisor will
obtain the supplies for your group.

2. Cover your work area with a protective
plastic sheeting.

Safety Precautions

a. Keep the work area clean.

b. Never throw clay or any other ma-
terial around the laboratory.

Fig. 1-2. Balling Clay for Pinch Pot
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2 The World of Manufocturing

Fig. 1-3. Rolling Clay for Coiled Pot

Correct Amount
of Moisture

Clay Bent

Too Dry: Add Water and
Wedge and Roll Again

Fig. 1-4. Testing vor Moisture in Clay

Fig. 1-5. Forming Pinch Pot

Fig. 1-6. Coiling Pot
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Man and Technology 3

Fig. 1-8. Cloy Pot i

Cleaning Up
4. Clean the work area and store the clay
according to the teacher’s directions.

: Fig. 1-7. Assembling Coils
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ACTIVITY 2

The Evolution
of Manufacturing

Today you will learn how early manufac-
turers organized people to produce products.

P’roblem

Objective

Using clay and your personal inventive-
ness, imitate an early type of manufacture
by :

a. Choosing a clay product to produce.

b. Choosing a production process.

c¢. Organizing so that each worker has a

specialized production task.
d. Manufacturing the product.

Equipment (Group of 5)

1 container for water
1 rolling pin

1 sponge

1 bench knife

1 modeling tool

5 tongue depressors

Fig. 2-1. Clay Products

4

Equipment (Class)
1 10 gal. plastic bucket with cover for
clay storage

Supplies (Group of 5)
5 1b. red potter’s clay
1 plastic dropcloth for covering
entire benchtop
rags or paper towels

Selecting a Product

1. Meet with your group in your work area.
Get the equipment and supplies.

2. As a group decide which product shown
in Fig. 2-1 will be manufactured.

Selecting Manufacturing Process

3. Choose either the slab or the coil process
for making your product.
a. Slab Process—Products 1, 2, 3, 4, and
b in Fig. 2-1 can be made by rolling,
cutting, and assembling slabs of clay.
b. Coil Process—Products 2 and 6 in
Fig. 2-1 can be made by rolling, coil-
ing, and assembling coils of clay.

Organizing for Specialized Work

4. The foreman is to organize your group
for production.

5. Your foreman is to assign a member of
your group to each operation listed be-
low. Study the figures that show the
operations.

Both Processes

a. Wedging and balling : Figs. 2-2 and 2-3
b. Rolling and testing : Figs. 2-4 and 2-b
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The Evolution of Manufacturing

Slab Process

¢. Rolling slabs: Fig. 2-6
d. Cutting slabs: Fig. 2-7
e. Assembling slabs: Fig. 2-8

Fig. 2-4. Rolling Clay

Fig. 2-7. Cutting Slabs

Correct Amount

of Moisture

Clay Bent

Too Dry: Add Water and
Wedge and Roll Again

Fig. 2-5. Testing for Moisture in Clay Fig. 2-8. Assembling Slobs
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Coil Process

c. Rolling coils: Fig. 2-9
d. Coiling: Figs. 2-10 and 2-11
e. Assembling coils: Figs. 2-12 and 2-13

Manufacturing Products

6. Station yourselves around the workbench
and begin. As each task is completed, the
materials are to be passed on for the next
operation.

7. Manufacture at least five units of your

Fig. 2-10. Coiling

product. Try to keep them about the
same size and shape.

Cleaning Up

8. Clean up your work area according to the
teacher’s directions. Return all equip-
ment and supplies.

e e et r e s b st 5t e




..y

4. Form by hand the best coat hanger you

- ACTIVITY 3A
can make. See Fig. 3A-2.

. ‘; 5. Save your coat hanger for the next labo-

N[anufacturing and ratory activity.

the Economic System Safety

a. Wear safety glasses.
b. Keep wire cutters away from your :
face when cutting wire. |
Today’s activity will involve measuring c. Be careful with the sharp ends of |
] and cutting metal rod to length and bend- cut wire. |
T ing the wire by hand to form a coat hanger d. Look out for the other fellow’s safety i
: by custom production. You will also get and your own when bending wire. |
3 ready to mass-produce the coat hanger. |

Problem 1 |

Objective

Using a length of soft metal rod, manu-
facture a coat hanger by hand to demon-
J strate custom production.

i Equipment (Group of 5)

2 pr. combination pliers or side cutting
pliers

2 bench rules or yardsticks v

1 sample coat hanger Fig. 3A-1. Measuring

o,

A,

Supplies (Per student) '

1pe. 14” dia. 4’ length half-hard aluminum N
wire (1100 H 19 aluminum) or
14 ¢” soft iron wire

2
a|

R L Y T TR ST ey

) Securing Inputs

1. Assemble with your group. Equipment i
supervisor get the equipment and sup- :
plies.
?" 2. Study the sample coat hanger. The fore-

man in each group should measure the
sample coat hanger to get the basic
measurements which everyone in the
group will use. See Fig. 3A-1.

Processing

3. Each student is to measure and cut one
4’ length of wire from the stock. Make ‘
certain that safety rules are followed. Fig. 3A-2. Forming the Hanger
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Cleaning Up Problem 2

f 6. Equipment supervisor should return all )

8 tools to their proper place and dispose of . 4

3 all scraps. Ob].ectlve |

é 7. Return to your seat, so that your teacher Given the problem of making several coat
R can demonstrate your next laboratory  hangers, organize for mass production.

£ activity. 1. Figure 3A-3 shows the steps you will use
% to mass-produce coat hangers.

2. Your teacher will assign you to a work
station. On the flowchart enter your name

3 under your assigned job.

3. Watch the teacher make a coat hanger,
so you will know how.

FARSEAR R

A s O NEXL
REAOCRNATI IS LRSI AT ot

Fig. 3A-3. Production Flowchart

STATION * OPERATION STATION OPERATION

{ #1. Measure and shear wire to length. #6.  Back-form hanger.
(2 workers) (1 worker)

#7. File burrs.
, : _ (5 or 6 workers)

#2. . Measure and mark wire for bends.
(1 worker) #8. Lay out chip board with pattern.
(1 worker)
#3. Form hanger bends and twist neck. i
| (6 workers) 9. Cut and punch chip board.
' (2 workers)

. #10.  Score and fold chip board.
M. Form and cut neck to length. ‘ (2 workers)

(1 or 2 workers)

- — - #11. Aséemble chip board to hanger
_#5. Form neck. ' - : ' and stack product. _
(1 worker) =~ . ‘ . (1 worker)

14
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ACTIVITY 3B

Manufacturing and
the Economic System

-

Today you will help mass-produce coat
hangers and compare them with the hanger
you made during ACTIVITY 3A.

Problem

Objective

Given the problem of manufacturing a
quantity of coat hangers, perform one spe-
cialized task in the production of a coat
hanger.

Equipment (Per class with two production
lines)

6 pr. combination pliers or side cutting

pliers

6 36” bench rules or yardsticks

2 8”” double-cut files

4 pr. 6” scissors

2 bench knives or modeling tools

4 No. 7-1 bending fixtures

4 No. 7-2 twisting fixtures

2 ea. No. 7-3 and 7-4 bending fixtures

2 pes. No. 7-5 hanger neck gage 514" x 15"
1.D. pipe

2 No. 7-6 templates for hanger

2 pencils

4 felt markers, red or black

Supplies (Per class with two production
lines)
120’ 14” dia. half-hard aluminum
wire (1100 H 19 aluminum)
3 pes.  2214” x 34” chipboard
(.030” caliper)

Working in Production

1. Production lines have been organized for
mass-producing coat hangers. You have
been assigned a task on a production line.

2. Directions are given for the work to be
performed at all stations. Review the op-
eration for your work station before you
begin.

Station #1—Measuring and Shearing

Needed: Two workers, combination pliers,
36” bench rule, and marking pen.

Job: First worker measures and marks wire
in 48” lengths. Second worker cuts wire
at mark and passes 48” length to Sta-
tion #2. See Fig. 3B-1.

Station #2—Measuring and Marking

Needed: One worker, 36” bench rule, mark-
ing pen.

Job: Measure 14” from end of wire, mark
wire at this point, and pass to Station
#3. See Fig. 3B-2.

TR
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10  The World of Manufacturing

Station #3—Twisting and Bending

Needed: Six workers; two No. 7-1 fixtures;
two No. 7-2 fixtures.

Job: First worker should bend wire, using
No. 7-1 fixtures. Place wire in fixture so
that mark on wire is next to mark on left-
hand dowel. See Fig. 8B-3. Bend wire
around dowels and guide ends of wire
through front of No. 7-1 fixture. See Fig.
3B-4. After bending, pass fixture No. 7-1
with wire to second and third worker.
Form the next hanger, using the second
No. 7-1 fixture. Workers #2 and #8
should squeeze ends of wire together and
place fixture No. 7-2 over the ends of the
wire. See Fig. 3B-5. Using fixture No. 7-2
twist wire three turns. See Fig. 8B-6. Re-
move wrench from wire and take wire out
of fixture No. 7-1. Return fixture No. 7-1
to Station 1 and pass wire to Station #4.

Fig. 3B-4. Bending Wire

Fig. 3B-6. Twisting Wire

Vet e e m i aimy
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Manufacturing and the Economic System 11

Station #4—Forming and Shearing

Needed: One or two workers, No. 7-5 hanger
neck gage, and combination pliers.

Job: Form the small twist~d end of the
wire as shown in Fig. 3B- .. Using No. 7-
5 hanger neck gage as a guide, cut neck

Fig. 3B-8. Cutting Long End to Length Using No. 7-5
Hanger Neck Gage

This is the improved design for
making the neck bend. This fixture is
available in the official IACP equipment
package from McKnight & McKnight
Publishing Company.

et T g T ] Y

Fig. 3B-9. Position to Start Neck Bend in Fixture
No. 7-3.

of hanger as shown in Fig. 3B-8 and pass
hanger to Station #5.

Station #5—Forming

Needed: One worker, and fixture No. 7-3.

Job: Form the neck of the hanger as shown
in Figs. 3B-9 and 3B-10. Pass the hanger
to Station #6.

Fig. 3B-10. Completing Neck Bend

P

This is the improved design for back-
forming of the neck. This fixture is
available in the official IACP equipment
package from McKnight & McKnight
Publishing Company.

Fig. 3B-11. Position to Start Back-Form of Neck in
No. 7-4 Fixture

17,




12 The World of Manufacturing

Station #6—Back-Forming
Needed: One worker, and fixture No. 7-4.
Job: Back-form the neck of the coat hanger

as shown in Figs. 3B-11 and 3B-12. Pass
hanger to Station #7.

Station #7—Filing

Needed: Five or six workers and files.

Jobs: File burrs from ends of wire as
snown in Figs. 3B-13 and 3B-14. Pass
hanger to Station #11.

Station #8—Laying Out

Needed: One worker, No. 7-6 pattern, pen-
cil and chipboard.

Job: Mark chipboard, using No. 7-6 pattern
provided. See Fig. 3B-15. Pass chipboard
to Station #9 to be cut.

Station #9—Separating and Punching

Needed: Two workers, scissors, and paper
punch.

Job: Cut and punch the chipboard blanks
as shown in Figs. 3B-16 and 3B-17. Pass
blanks to Station #10.

Station #10—Scoring and Folding

Needed: Two workers, bench knife or
modeling tool, and bench rule.

Job: Score but do not cut chipboard. See
Fig. 3B-18. Fold along scored line. See

Fig. 3B-19. Pass folded chipboard to Sta-
tion #11.

Station #11—Assembling
Needed: One worker.

Job: Insert folded -chipboard on coat

hanger as shown in Fig. 3B-20. Stack the
product.

Questions

1. Which manufacturing process resulted
in products that were more like the model
in size and shape? Check one.
— The hand process

— The mass-production process

.o TN
1 8as
R\ e,

2. Which process was more efficient ?

— The hand process

-—— The mass-production process

Fig. 3B-12. Completing Back-Form of Neck

Fig. 3B-13. Filing Off Burrs

Fig. 3B-14. Filing Off Burrs
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Fig. 3B-18. Scoring the Chipboard

e M d e bap wnial.

A

Fig. 3B-15. Tracing Around No. 7-6 Pattern

LI aenm L

Fig. 3B-17. Punching Chipboard Fig. 38-20. Chipboard Inserted, Hanger Completed

Cleaning Up :

3. Clean up the production line and rear-
range tools and supplies at your work
station.

4. Complete the questions for this labora-
tory activity.

ERI
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. ACTIVITY 4A,.B

Manufacturing
Technology

Today’s activities concern rockets. Your
group will build four different model rocket
airframes. You will also carry out the three
basic kinds of research activity: (1) re-
trieving information, (2) experimenting,
and (8) describing what you observe.

Problem 1

Objective

Using a drawing of a model rocket, re-
trieve information about the basic parts.

Retrieving Information

1. Using Fig. 4A-1, retrieve information
about the basic parts of a model rocket.
Enter the names of the parts in the
blanks.

a. The is the
front part of the rocket.
b. The is the

basic part of the rocket to which all
other parts are attached.

¢. The guides
the model rocket as it leaves the
launch pad.

d. The guides
the rocket after it leaves the launch
pad.

e. The propels

the rocket forward by thrust, as the
solid fuel burns.

14 20
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f. A is
needed to return the rocket to earth
with a soft landing.

g. The transmits
the engine’s thrust to the airframe.

h. An is used to
ignite the rocket fuel electrically.

i. Fl wa protects

the recovery device from the engine
backfire.

(1) Nose Cone

(2) Airframe< Shock Cord

(6) Recovery
Device
(Parachute)

(9) Flameproof
Wadding

(7) Engine
Mount or
Retainer

(4) Stabilizer Thrust Ring

Fin

(8) Ignition

5 R i
(5) Rocket Engine Wire

Fig. 4A-1. Parts of a Model Rocket

i
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T _ Student No. Procedures
; ~
5 |
y STUDENT 1
L Figs. 4A-3, 4, 84" x 514" 88" x 5)4 ft{ | Mark as
3 56,7 Paper Taped Paper Airframe
i No. 1
3 Figs. 4A-8, 9 0
3 Straighé Wel(']apped Straight Wrapped
: (Glued) (Glued)
f
: STUDENT 2 !
. . ) Help Student No. 1
Figs. 41;: %’ ?7' 518" X 415" el | e mmmeee 4 Tape and Roll
Figs. 4A-8,9 Paper
Straight Wrapped
(Glued)
3" x 514” 3" x 51"
| STUDENT 3 ' Mark
N ¥ » arK as
- 5 Figs. 4A-3, 4, 5} x 4}7) Tane > Airframe
56,1 Paper ape ape No. 2
: Figs. 4A-10, 11,
‘ 12,13, 14 Straight Wrapped Straight Wrapped Straight Wrapped
. (Glued) (Damp Tape) (Damp Tape)
: : 3" x 515" N3" x 11*
STUDENT 4 z »
Figs. 4A-10, 11, . '
12,13
P B Figs. 4A-15, 16, iT. Tape | | |w— : = Mark as Airframe No. 3
i 117, 18, 19, 20 Tape
: § Straight Wrapped Spiral Wrapped
) - (Damp Tape) (Damp Tape)
()
STUDENT § V ’
. : Mark as
Flg;. ig‘]iz: ;g: h — ﬁ ﬂ Airframe
17, 18, 13, 3% x 12" ‘ e xa2r “No. 4
Tape | ' ' ‘ . | Tape '
{ | Spiral Wrapped' B Spiral Wrapped
(Damp Tape) (Damp Tapg)

Fig. 4A-2. Airframe Fabrication Procedures
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Problem 2

Objective

Using the needed equipment and supplies,
help construct four airframes by different
fabrication techniques.

Equipment (Group of 5)
5 pcs. 1”7 dia. x 12” dowel
1 sponge (damp)

2 pr. scissors

1 12” rule

Supplies (Group of 6)

3 pes. 41" x 514" white bond paper, 20#
2 pes. 514" x 814" white bond paper, 20#
1 btl. white glue

4 paper towels (damp)

1 roll 3” gummed paper tape

1 roll masking or transparent tape

Producing Airframes

1. The foreman should assign each group
member a number from 1 to § from Fig.
4A-2, Each member should then study
the procedures shown under his student
number in Fig, 4A-2,

2. Each student should study the figures
listed under his Student No. These fig-
ures show the fabrication procedures.
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Fig. 4A-7. Removing Excess Glue

4A-8. Taping Paper

Fig. 4A-12. Positioning Sticky Paper Tape
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18 The World of Manufacturing

Fig. 4A-14. Positioning Second Piece of Tape

Fig. 4A-15. Cutting Gum Tape to Llength

24

Fig. 4A-16. Marking Tape

Fig. 4A-17. Cutting Angle

Fig. 4A-18. Positioning Angled Tape
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Fig. 4A-20. Trimming Ends of Tube
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Problem 3

Objective

Using the four airframes produced in
Problem No. 2, perform experiment (de-
scribe the weight, strength, shape, and sur-
face smoothness of each) and determine the
best airframe for use in a model rocket.

Equipment (Group of b)
1 postal scale 16 oz. by 14 oz.
1 12” rule

Supplies (Group of 5)
4 airframes
1 6” pc. masking tape

Experimenting and Describing

1. Four qualities or properties will affect
the way in which a model rocket per-
forms. These are: (1) weight, (2)
strength, (8) shape, and (4) surface
smoothness.

2. Weight. The lighter the rocket, the
higher it will fly. Compare the weight of
the four airframes by weighing them on
the postal scale. In Fig. 4A-21 record the
weight of each airframe.

Fig. 4A-21. Comparison of Variables of Experimental Airframes

Quality of Airframes
Best Second Best
Variables Airframe #1 Airframe #2 Airframe #3 Airframe #4 | Airframe | Airframe

Weight 0%. oz. oz. oz. | #— _ #____
Strength 0z. oz. oz. 0z. |#—— #__

Most round Most round |Most round |Most round
Shape Round Round Round Round #__ #_

Not round Not round Not round Not round

Least round Least round | Least round |Least round

Smoothest Smoothest Smoothest Smoothest
Surface Smooth Smooth Smooth Smooth #___ A
Smoothness | Rough Rough Rough Rough

Roughest Roughest Roughest Roughest

*p
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Fig. 4A-22A. Postal Scale and Airframe

3. Strength. The stronger the construction
of the rocket parts, the better they will
perform during flight and handling. Set
up the postal scale and airframe as
shown in Fig. 4A-22, Place each airframe
against a book and press the rule against
the airframe. As soon as the airframe
starts to give (dent), read the ounces of
force. Record the ounces of force in Fig.
4A-21,

4. Shape. The more nearly round the air-
frame shape, the straighter it will fly.
Look at both ends of each airframe and
compare their shapes. In Fig. 4A-21, cir-
cle the word or phrase that best de-
scribes the shape of each airframe.

5. Surface smoothness. The smoother the
surface of the airframe, the higher it
will fly. Look at and feel the outside sur-
face of the airframes. In Fig. 4A-21
circle the word that best describes the
surface smoothness of each airframe.

Fig. 4A-22B. Testing the Airframe

Making a Decision

6. Compare the qualities of each airframe
and decide which airframes are best and
second hest for each variable. Record
your answers in Fig. 4A-21, The best air-
frame will be the one with the highest
ratio between the lightest weight, strong-
est frame, most round shape, and
smoothest surface.

7. Based on weight, strength, shape, and
surface smoothness, which airframe
would be best for a model rocket? (An-
swer here.)

Airframe #

Cleaning "Jp

8. Clean up the area and store the equip-
ment and supplies according to your
teacher’s directions.
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ACTIVITY 4C, D

1

Manufacturing
Technology

Today you will manufacture airframes,
cut the fins, assemble nose cones, and as-
semble airframes and fins for model rockets.

Objective

Using the necessary equipment and sup-
plies, each group will produce one airframe,
one nose cone, three tail fins, and one launch
lug for each member of the group and as-
semble the parts.

Equipment (Group of 5)

2 pes. 1”7 x 12” lacquered dowel
2 pr. scissors

sponge

coping saw

X-acto® knives (utility knives)
12” rule

straightedges

fin assembly fixture
hand drill

1/16” twist drill

e DO DD e

Supplies (Group of 5)

4 pcs. 814" x 11” white bond paper, 20#
1 roll 3” gummed paper tape

1 btl. white glue

1 tube household cement

b paper towels

b No. 12 corks

b No. 8 corks

b 1”7 dia. x 15” dowel

2 paper soda straws

6 pcs. 114” x 12” binder board, 3/32"” thick

1 sht. abrasive paper, 100 grit

3 pencils

2 newspaper or cardboard, for backup
of materials being cut with
X-acto® knives

Preparing to Work

1. The foreman of each group should as-
sign each member of his group a number
from 1 to 5.

2. Each member should follow the proce-
dures listed under his student number.

Student 1
Making Airframes

You are to help produce one airframe for
each member of the group, and begin as-
sembly of the fins and the airframe. Stu-
dent 2 will work with you.

1. Fold sheets of paper lengthwise. Cut
each sheet into two pieces, each 41/”
x 11”7 in size.

2. Lay the long side of one 414” x 11”7
piece of paper along a dowel. See Fig.
4C-1.

3. Roll the paper around the dowel and
apply a narrow bead of glue. See Fig.
4C-2.

4. Press the seam together.

5. Wipe off extra glue with a damp paper
towel. See Fig. 4C-3.

Fig.'. ‘4C-l, Positioning the Paper
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The World of Manufacturing

Dampen a 3” x 11” piece of tape with a
sponge.

Place the white paper tube and dowel
near the sticky tape. See Fig. 4C-4.

Roll the dowel over the tape and smooth
out any wrinkles.

Dampen a 3” x 18” piece of tape with
a sponge.

Lay one end of the white paper tube
over the angled end of the tape. See
Fig. 4C-5.

Roll the dowel over the tape, winding
the tape into a spiral around the tube.
See Fig. 4C-6.

Fig. 4C-2. Rolling the Paper around the Dowel and

Applying Glue

Fig. 4C-3. Removing Extra Glue

28

Fig. 4C-4. Positioning near Tape

Fig. 4C-6. Rolling
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13.

14.

1.
2.

Fig. 4C-10. Cutting the Angle Fig.

29
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Smooth out any wrinkles. Remove the
airframe from the dowel.

Repeat Steps 1-12 until an airframe has
been made for each member of the

group.
Clean up your work station.

Student 2
Making Airframes and Launch Lugs
You are to help produce one airframe and
one launch lug for each member of the
group. You will work with Student 1 in mak-
ing the airframes.

Dampen four paper towels and a sponge.
Cut one piece of gnmmed tape 3" x 117
for each member of the group. See Fig.
4C-1.

Cut one piece of gummed tape 3” x 18"
for each member of the group. See Fig.
4C-8.

Mark each long piece of tape 3” from
one end. See Fig. 4C-9.

Cut each long piece of tape at an angle
between the mark and the opposite cor-
ner. See Fig. 4C-10.

Trim the ends of the airframes com-
pleted by Student 1. See Fig. 4C-11.

4C-11. Trimming the Ends
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7. Cut a 314" length of soda straw to make
a launch lug for each member of the
group. See Fig. 4C-12.

8. Mark a center line on an airframe. See
Fig. 4C-13.

9. Mark a point 37 from the end of the
tube. See Fig. 4C-14.

10. Apply a bead of white glue on one side
of a launch lug. See Fig. 4C-15.

11. Center the launch lug along the line on
the airframe. See Fig. 4C-16. Remove
extra glue.

12. Complete assembly of airframes and
launch lugs.

13. Clean up your work station.

WOV OINT ASNTT g ey
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Fig. 4C-13. Marking a Center line

Fig. 4C-14. Marking a Point on the Center Line

Fig. 4C-15. Applying Glue to the Launch lug




Fig. 4C-17. Fin Pattern
See Activity 4E, F, Fig. 4E-28 for full

size layout.

Fig. 4C-19. Layout on Binder's Board
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Students 3 and 4
Making Tail Fins
You will cut three tail fins for each rocket

produced by the group.

1. Cut out three tail fin patterns from the
Laboratory Manuals. See Fig. 4C-17.

2. Glue the fins to cardboard with house-
hold cement.

8. Using a straightedge, utility knife and
newspaper backing, cut out the fin tem-
plates. See Fig. 4C-18.

4. Lay out fin outlines on a 214” x 12” strip
of binder’s board. See Fig. 4C-19.

5. Cut out the three fins using a straight-
edge and utility knife.

6. Repeat Steps 4 and 5 until a set of fins
is made for each member of the group.

7. When finished cutting out fins, clean up
your work area and put materials away.
Then help Student 5 with the assembly
of fins and airframes.

Student 5
Making Nose Cones and Assembling

Tail Fins
You will make nose cones and assemble

tail fins.
1. Glue a No. 12 and a No. 8 cork together,
to form a cone. Use white glue. See Fig.
4C-20.

Fig. 4C-20. Assembling a Cone
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Saw the dowel with a fine toothed saw.
See Fig. 4C-21.

Glue the 1”7 dia. x 14” dowel to the
cone. Use white glue. Make sure the
dowel is centered. See Fig. 4C-22.
Repeat Steps 1-3 until a nose cone is
assembled for each member of your
group.

Store the assembled nose cones as di-
rected by your teacher.

Place a completed airframe on a fin as-
sembly fixture. See Fig. 4C-23.

Apply a bead of household cement to
the notched edge of a fin. See Fig. 4C-24.
Attach the fin to the airframe in the as-
sembly fixture. See Fig. 4C-25. Repeat
Steps 7 and 8 for the other two fins.
Repeat Steps 6-8 until all fins are as-
sembled to all airframes.

Cleaning Up

10. Clean up and store completed airframe-
fin assemblies as directed by your
teacher.

Fig.

4C-22. Gluing Dowel to the Cone

Fig. 4C-25.

Attaching Fin to Airframe
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Parachute Pattern
Part 1 of 3 Parts
Requires 12" x 14" Backing

Fig. 4E-1. Parachute Pattern (1 of 3.
Make three.
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ACTIVITY 4E, F

Manufacturing
Management
Technology

Today you will manufacture parachutes,
complete production of nose cones, attach
shock cords, and apply a finish coat to the
model rocket.

Problem

Objective

Using the necessary equipment and sup-
plies, Students 1 and 2 will manufacture
parachutes, Student 8 will attach shock
cords, Student 4 will complete production
of the nose cones, and Student 5 will finish
the airframe-fin subassembly.

Student 1

1. Obtain the following supplies and equip-
ment from storage:

1 btl. white glue
1 roll masking tape
1 pc. binder’s board
5 pes. polyethylene film (dry cleaning bag)
1 pr. scissors
1 utility knife
1 straightedge
1 felt tip marker
newspaper or heavy cardboard

2, Cut out three parachute pattern pieces
from the Laboratory Manuals and tape
them together. See Fig. 4E-1 (PATTERN
PAGE) and 4E-2.

8. Glue the parachute pattern to a piece of
binder’s board or heavy cardboard. See
Fig. 4E-3.

4. Cut out the outline of the parachute with
a utility knife and straightedge. Use

Fig. 4E-2. Assembled Parachute Pattern

Fig. 4E-4. Cutting Binder's Board
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30 The World of Manufacturing

Fig. 4E-5. Marking Plastic Film

newspapers underneath to protect the
table, See Fig. 4E-4.

5. Place the pattern over a piece of plastic
film and lay out with a felt tip marker.
See Fig. 4E-5.

6. Repeat Step 5 for each member of the
group. Be sure to replace the cap on the
felt tip marker.

7. Cut out the parachutes with scissors.

8. Clean up your work area.

Student 2

1. Obtain the following supplies and equip-
ment from storage:

1 roll shroud cord
1 18” rule or yardstick
1 pr. scissors

2. Measure and cut six pieces of shroud line
14” long for each member of the group.

3. Cut six pieces of masking tape 16” x 14”
for each member of the group.

4. Form a loop in one end of each shroud
line and attach a piece of masking tape.
See Fig. 4E-6.

5. Attach a shroud line to each corner of
the plastic parachute. See Fig. 4E-7. As-
sist Student 1 in cutting out parachutes,
if you are waiting.

-

30

Fig. 4E-6. Forming a Loop in a Shroud line

6. Tie the ends of the shroud lines of each
chute together. See Fig. 4E-8.

7. Store the parachutes as directed by your
teacher.

8. Clean up your work area.

Student 3

1. Obtain the following supplies and equip-
ment from storage:




O Mo
NN

P T e

LT

ERIC;

A ruText provided by enic 14

1 sht. 20# paper

5
1

14" x 18” shock cords
utility knife

1 pr. scissors
1 pe. 14" x 6” dowel

b
2.

3.

4.

5.

[~}

8.

airframe-fin subaszemblies

Cut out one shock cord anchor pattern
from a Laboratory Manual. See Fig.
4E-9,

Glue the pattern to a piece of binder’s
board. Use a scrap from the binder’s
board for the parachute pattern.

Cut out the outline of the pattern with
a utility knife and straightedge.

Using a pencil and the shock cord an- -

chor pattern, lay out an anchor for each
member of the group on a piece of 20#
white paper. See Fig. 4E-10.

Cut out the archors with scissors.
Apply glue to the small end of an anchor
and attach one end of a shock cord. See
Fig. 4E-11.

Bend the small end of the anchor over
and apply glue to the middle section.
See Fig. 4E-12.

Fig. 4E-8. Tying Shroud lines

Manufacturing Management Technology

Fig. 4E-11. Gluing Shock Cord to Anchor (Step 1)

Fig. 4E-12. Gluing Shock Cord to Anchor (Step 2
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3 9. Bend the middle section over and apply
b glue to the side on which the shock cord
: is attached. See Fig. 4E-13.

10. Apply the glued surface of the anchor
to the inside of the rocket airframes.
The top of the anchor must be at least

;| 1” below the end of the tube. See Fig.

3 4E-14.

i 11. Préss the anchor in place, using a piece
of dowel. '

12. Repeat Steps 6-10 until shock cords
have been anchored to each airframe.

13. Clean up your work area.

14. Help Student 5 spray-paint the fin-
airframe subassembly.

15. Clean up. Return equipment and mate-
rials to storage.

Student 4

1. Obtain the following supplies and equip-
ment from storage:

Fig. 4E-14. Gluing Anchor to Airframe
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: 5 cork nose cone subassemblies !
5 screw eyes
1 sht. abrasive paper |
i r a]vy(lars 4. Coat the end of a screw eye with glue.
1 pr 21:3 Assemble the screw eye and nose cone.
1pe. 30”7, #18 soft iron wire or coat hanger .See Fig. 4E-17. Repeat for the remain- ’
1 cup enamel ing nose cones. .
1 cub thinner . Cut and bend a wire hook for each nose
1 ep 14 gal. milk carton cone. See Fig. 4E-18.
1 cardboard box . Dip-paint each nose cone as shown by

2. Round the small end of each nose cone
using a file and abrasive paper. See Fig.
4E-15.

3. Punch a small hole in the center of the
base of each nose cone, using an awl. See
Fig. 4E-16.

37
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your teacher. See Fig. 4E-19,

. Apply a second coat of paint, if time

permits.
Store nose cones to dry as directed by

teacher.
Clean up. Return equipment and mate-

rials to storage.
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" Fig. 4E-15. Shaped Cork Nose Cone

Fig. 4E-16. Making Anchor Hole for Screw Eye

Fig. 4E-17. Assembling Eye and Nose Cone

Manufacturing Management Technology 33

Fig. 4€-20. Applying Beads of Cement between the
Fin and Airframe
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Student 5

1. Obtain the following supplies and equip-
ment from storage:

1 can spray paint
1 tube household cement
1 cardboard box

2. Apply beads of cement along the fins and
airframe of each rocket. See Fig. 4E-20.
Pass each completed assembly to Student
3 for mounting shock cords,

3. Spray-paint each fin-airframe-shock cord
subassembly as directed by your teacher.

4. Store painted subassemblies as directed
by your teacher.

6. Clean up. Return equipment and mate-
rials to storage.

NOTE: All Students

Your teacher will provide instructions for
the final assembly of the rocket subassem-
blies. When the nose cone and airframe sub-
assemblies are dry, the final assembly is
completed as follows:

1. Tie the end of the shock cord to the
nose cone eye. See Fig. 4E-21.

2. Tie the knotted end of the parachute
shroud lines to the eye of the nose cone.

See Fig. 4E-22.

.

Fig. 4E-24. Porochute Folded with Shroud lines ot
Center
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3. Fold the parachute, See Figs. 4E-23 to
4E-26.

4. Place the folded parachute and shock
cord inside the airframe. See Fig. 4E.27.

5. Fit the nose cone into the end of the air-
frame.

6. You may add decals to your rocket at
home, if they are available,

Fig. 4E-27. Placing Parachute and Shock Cord in the
i Fig. 4E-25. Folding Chute in Half Airframe

Fin Pottern

A Gluing Edge

Fig. 4E-28. Fin Pottern
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ACTIVITY ,4G, H

Manufacturing
Management
Technology

This day will be used for one or more of
the following activities:
1. Applying a second finish coat to com-
pleted JTACP rockets, and assembling
parts.
Producing engine mounts.
Producing altitude scopes.
Producing launch platforms.
Test-firing rockets.

Problem ]

Finish Coating and \<<embling

Objective
Using the necessary equipment and sup-
plies,
a. Apply finish coat (second coat) tc nose
cones by dipping.
b. Apply finish coat to airframe-fin-shock
cord subassemblies by spraying.
c. Assemble the nose cones, parachute,
and shock cord when finish coats are
dry.

36

Supplies (Group of 5)

b nose cone subassemblies

b airframe-fin-shock cord subassemblies
b parachute subassemblies

1 pt. 50-60 enamel and thinner

1 can spray paint

b wire paint hooks

2 boxes for dipping and spraying

1 14 gal. milk carton

Finishing

1. For applying finish to nose cones, get the
nose cone subassemblies, wire hooks,
enamel and thirner, 14 gal. milk carton,
and a cardboard box. Then follow AC-
TIVITY 4E, F directions for Student 4,
Steps 4-9.

2. For applying finish to airframe-fin-shock
cord subassembly, get the subassemblies,
spray paint, and a cardboard box. Follow
Activity 4E, F directions for Student 5,
Steps 3-5.

Assembling

8. For final assembly, get the nose cone,
parachute, and airframe subassemblies.
Follow Activity 4E, F directions for all
students, Steps 1-6.

Problem 2

Foneme Mounts

Objective

Using the necessary equipment and sup-
plies, manufacture an engine mount for
TIACP rockets.
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Equipment (Group of 5)
2 utility knives
2 12” rules

1 C clamp

i pr. pliers

Equipment (Per class)
1 miter box

1 drill press

1 14" drill

Supplies (Group of 5)
1 0.710” inside dia. x 18” paper tube
1 pencil
1 pc. 1” x 6” heavy paper
1 pc. 54’ dia. dowel, 3” long
1 btl. white glue
50”  14” x 14” lightweight softwood

Supplies (Per class)
1 1” dia. dowel, 714" long
(14" per student)
Your teacher will tell you how many en-
gine mounts to make for your group or for
the class.

Student 1
Making Tubes for Engine Mounts

1. Get engine mount tubes, a pencil, utility
knife, 54” dowel, and a strip of paper.
You will be cutting engine mount tubes
to length.

2. Measure and mark one 18” tube into sec-
tions 214” long. See Fig. 4G-1.

8. Wrap a strip of paper around the tube,
with the edge of the strip in line with a
mark. See Fig. 4G-2.

4. Draw a line completely around the tube.
See Fig. 4G-3. Remove the paper strip.

5. Slide a 5p” dowel into the tube far
enough to go beyond the line to be cut.

6. Cut lightly around the line with a utility
knife, rolling the tube as you cut. Do not

4e

Fig. 4G-1. Making Tube into 212" Lengths

Fig. 4G.3. Drowing line oround Tube
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Fig. 4G-4. Cutting Tube

Fig. 4G-6. Sawing Dowel

try to cut completely through the tube
with one cut. See Fig. 4G-4.

Remove the dowel. Pass the cut tube to
Student 4.

Repeat Steps 3-7 until you have cut the
number of sections directed by your
teacher (one for each engine mount).
Clean up. Put supplies and equipment
away.

Student 2

Cutting Disks

. Get a 1” dowel, miter box, clamp and stop

block, and a rule.

. Clamp a stop block on the miter box 14"

away froin the saw blade. See Fig. 4G-5.

. Place a 1” dowel in the miter box with

one end against the stop block. See Fig.
4G-6.

. Saw a 14” disk off the end of the dowel.

Pass the disk to Student 3.

. Repeat Steps 2 and 3 until you have cut

the number of disks directed by your
teacher (one for each engine mount).

. Clean up. Put supplies and equipment

away.

Student 3

1.

'.";

Drilling Holes in Disks

Set up a 34” drill in the drill press. Place
a scrap piece of wood stock on the table
of the drill press.

NOTE: It is suggested that the diam-
eter of the hole in the rocket engine
mount be 34” to assure parachute ejec-
tion. A smaller size hole may cause the
engine to be ejected rather than the nose
cone and parachute. Check the drill size
with your teacher.

When you receive a piece of dowel from
Student 2, drill a hole through the cen-
ter, holding the disk with pliers. See Fig.
4G-17.

Pass the drilled disk to Student 5.

Repeat Steps 2 and 8 until all disks have
been drilled.

Clean up. Put supplies and equipment
away.
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Student 4

Making Engine Mount Parts

. Get lengths of 13” x 14” wood, a rule,

utility knife, and a piece of heavy card-
board.

. Measure 214” lengths along the 153” x 13”

wood strip. See Fig. 4G-8.

. Cut four strips to length with a utility

knife. See Fig. 4G-9.

. Pass the four pieces of wood to Student

5

. Repeat Steps 2-4 until four pieces have

been made for each engine to be pro-
duced.

Fig. 4G-7. Drilling Hole in Dowel

Fig. 4G-8. Marking 2/2” Lengths

44

Student 5

Assembling Engine Mounts
You will receive parts from Students 1,

3, and 4.
1. Get newspapers or paper towels to cover

your work area, and a bottle of white
glue.

. Apply glue to one side of four 14” x 14”

strips and attach the strips to a tube.
See Fig. 4G-10.

. Apply a bead of glue to one side of a

drilled dowe! disk and attach the disk to

Fig. 4G-9. Cutting 22" Lengths

Fig. 4G-10. Glue Applied to Strips

-
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Fig. 4G-11. Gluing Tube to Disk

one end of the tube. See Fig. 4G-11. Set
the completed engine mount aside to dry.
4. Repeat Steps 2 and 8 until all engine
mounts are complete.
5. Clean up. Put supplies and equipment
away.

Problem )

Altitude Scope

Objective

Using the necessary equipment and sup-
plies, manufacture altitude scopes.

Equipment (Group of §)
4 pr. scissors

6" drill bit

hand drill

146” x 8” dowel mandril

12” rule

14” drill bit

center punch

ball peen hammer
pr. tin snips

scriber

mill file

=t et ek ek ek ek ek DD ek

Supplies (Group of §)

1roll gummed paper tape

1btl. white glue

b shts. 414” x 7” white paper

6 pes. 14” x 1 x 614" softwood

b shts. 7 x 7” cardboard

b pes. 28 ga. 214” x 6’/ galvanized iron

43}!2 _

6-32 x 1” RH machine screws
6-32 hex nuts
6-32 wing nuts

ot Or Ot

Your teacher will tell you how many alti-
tude scopes to make for your class or for
the group.

Students 1 and 2
Making Sight Tubes

You will be making a sight tube for each
member of the group. The tubes will be
made in the same way as the rocket air-
frames.

1. Get two 14” dowels, a roll of gummed
tape, a sponge, sheets of white paper,
one bottle of white glue, and two pairs
of scissors.

2. Shear the gummed tape to a 7” length
and a 10” length for each tube.

3. Wrap the white paper around the 14”
dowel and glue the seam.

4. Moisten a piece of 8” x 7” tape with a
sponge and roll it on to the white tube.

5. Dampen a piece of 3” x 10” tape and

- roll it in a spiral around the tube.

6. Trim the ends of the tube with scissors.

Fig. 4G-13. Gluing Sight in Tube
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Repeat Steps 3-6 until all tubes are
completed.

Cut a slot in one end of the completed
tubes 14” deep. See Fig. 4G-12.

Cut a 14” x 14” cardboard sight for
each tube.

Glue the sight in the slotted end of each
tube. See Fig. 4G-13.

Pass the completed tubes to Student 3.

12. Clean up. Put supplies and equipment
away.

Student 3
Making the Scale

1. Obtain sheets of cardboard, one pair
scissors, one hand drill, one 13 twist
drill, and five pieces of wood.

2. Cut a calibrated panel from a Laboratory
Manual for each scope to be produced.
See Fig. 4G-14 for template pattern of
scale.

A
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Fig. 4G-14. Altitude Scope Colibroted Scale
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The World of Manufacturing

. Glue each panel to a piece of cardboard.
. Trim the cardboard to the outline of the

calibrated panel. See Fig. 4G-15.

. On the back of the cardboard draw a

line 14" from the top edge of the altitude
scope calibrated panel. See. Fig. 4G-16.

. Glue a piece of wood 14” x 1” x 614" to

the back of the cardboard with the top

7.

8.

9.

edge of the wood along the bottom of the
line. See Fig. 4G-17.

Drill a 14” hole in the corner of the cali-
brated limits. See Fig. 4G-18.

Glue the sight tubes to the top edge of
the wood strip. See Fig. 4G-19.

Clean up. Return supplies and equipment
to storage.
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: Fig. 4G-16. line Drawn 2" from Edge

Fig. 4G-19. Gluing Tube to Strip

Fig. 4G-20. Pointer

Aruitoxt provided by Eic:




44 The World of Manufacturing

Students 4 and 5
Making Pointers

1. Get one pair scissors, one scriber, one
center punch, one ball peen hammer,
one 4" drill, and a mill file.

2. Cut out a pointer pattern from a Lab-
oratory Manual. See Fig. 4G-20 on page
43.

3. Glue the pattern to a piece of heavy

cardboard.

. Cut out the pattern and cardboard.

. Using the pattern and a secriber, lay out

a pointer for each altitude scope on a

piece of 28 gage galvanized iron. See

[~ I~

Fig. 4G-21.

6. Center punch the hole location in the
pointer.

7. Drill a %¢4” hole at the center-punched
location.

8. Cut out the pointer shape with tin snips.

9. File any rough edges on the pointers.

0. Clean up. Return supplies and equip-
ment to storage.

Fig. 4G-21. Scribing around Pointer Pattern

43 .

All Students

Assembling Scopes

1. Get one calibrated panel subassembly,

one pointer, one 6-32 x 1” screw with
nut, and one 6-32 wing nut.

2, Insert the screw through the hole in the

pointer and tighten down a hex nut just
far enough to allow the pointer to swing
freely. See Fig. 4G-22.

3. Insert the screw through the hole in the

calitrated panel and tighten in place with
a wing nut. See Fig. 4G-23.

Fig. 4G-23. Assembling Scope
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4. The pointer should swing freely when the
altitude scope is completed. See Fig. 4G-

24.

Objective
Using the necessary equipment and sup-

plies, manufacture launch platforms. Fig. 4G-24. Completed Scope

Fig. 4G-25. Pottern for the lounch Pod
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46 The World of Manufacturing

Equipment {Group of 5)
2 pr., tin snips

2  mill files

1 ball peen hammer
1  center punch

2 pr. pliers

2 screwdrivers, 4”

Equipment (Class)
3  6-32 threading dies

8 diestocks
1 drill press
1 14” drill bit




Manufacturing Management Technology

Supplies (Group of 5)

b pcs. 26 ga. 6" x 6” galvanized iron
16 14” x 1” FH machine screws/nuts

6 pes.14” x 24” welding rod

b 34” wood cubes with 14” hole drilled

half-way through

1 pe. 6” x 6” heavy cardboard

10 6-32 hex nuts
Your teacher will tell you how many

launch platforms to make for your group
or for the class.

NOTE: Launch pad may be circular or
square. The important thing is that one
14” hole is in the middle of the sheet
metal and the three 14" holes for legs are
placed in a circle 120° apart.

Student 1
Making Templates

1. Get the supplies and equipment for your
group.

2. Cut out a launch pad pattern from the
Laboratory Manual. See Fig. 4G-25, page
45 for template pattern of launch pad.
Glue the template to a piece of heavy
cardboard and trim the edges.

3. Using the template and a scriber, lay out
the circle and hole centers on a piece of
sheet metal. See Fig. 4G-26.

Student 2
Cutting and Punching

1. Cut out the disk with tin snips.

2. Center punch the hole centers with a
center punch and hammer. See. Fig. 4G-
27.

Student 3
Drilling and Filing

1. Drill the four holes with a 13” bit. Hold
the disk with pliers and wear goggles
while drilling. See Fig. 4G-28.

2. File burrs from holes.
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Student 4
Forming

1. Draw-form a cup shape for the head of
a 14” FH bolt. This draw-forming may be
done by lightly hammering the head of
the bolt (machine screw) inserted in
each of the three outside holes located
for the feet. See Fig. 4G-29. Hold the
metal over a vise that is opened about
14", allowing the screw to protrude into
the opening while the metal is supported
by the vise. Hammer until the screw
head is flush with the sheet metal.

2. Install a 14” x 1” machine screw in each
hole and tighten with a nut and screw-
driver. See Fig. 4G-30.

3. File burrs from the ends of a 13” by
20” rod. You must wear goggles at all

times while working with or handling
this rod. Immediately place the safety
cube of wood on one end of the rod. Seo
Fig. 4G-31.

Fig. 4G-30. Instolling Machine Screws
Use wrench or pliers.

Student 5

1.

Threading and Assembling

Using a 6-32 threading die and die stock,
cut threads #6-32 a distance of 14” from
the other end of the rod. Your teacher
will demonstrate the proper method for
cutting threads. See Fig. 4G-32.

. Install the launch rod with two 6-32

nuts. Tighten with pliers. See Fig. 4G-33.

. Store your launch pad.
. Clean the work area and return all equip-

ment to designated storage,

Fig. 4G-31. Sofety Cube in Ploce

Fig. 4G-32. Cutting Threods

Fig. 4G-33. Assembling Lounch Plotform
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ACTIVITY 5A

Researching
and Developing

Today you will retrieve information about
land speed record assault vehicles.

Objective
After reading four paragraphs about
land speed records, retrieve and record in-

formation.

Retrieving Information
1. You are to work alone.

THE BLUE BIRD

A gas turbine engine was used to power all four
wheels of Donald Compbell's record-breaking Blue
Bird C.N7, after nine years of trials, Campbell and
the Blue Bird set o new speed record for automobiles
of 403+mph., ot Lake Eyre, Ausiralia, July 17, 1964,
At the time Campbell broke the record, no single
official land Speed Record was recognized by oll
the racing associations. Craig Breedlove had gone
foster in a three-wheeled vehicle, but the old rules of
the automobile racing organization (the FIA) admitted
only four-wheeled cars. So Campbell held one record
and Breedlove held another.

THE GREEN MONSTER

On November 7, 1965, Art Arfons went after o
new official Land Speed Record. His Green Monster
was powered by a turbojet engine with a four-stage
afterbumer and had four wheels. The track of the
front wheels was 65”; the rear wheel track was 68".
On the salt flats of Bonneville, Utah, the Green Mon-
ster finished the first of its two timed runs wthout
serious trouble. Arfons was putting the vehicle through
its official return run when he felt the right side of
the Green Monster go down. A tire hod blown. Smoke
filled the cockpit, and he almost lost control of the
car. But luck was with Arfons, The second timed mile
was completed before the accident forced the
wrenched and twisted vehicle to a stop. The Green
Monster's average time for the two runs was 576+
mph., which gave Arfons the official Land Speed
Record he was seeking. See Fig. 5A-2.

THE SPIRIT OF AMERICA

The Green Monster was the world's fastest land
vehicle for only a week. On November 15, 1965,
Craig Breedlove's car—shaped like a bottle and
pinched in the middle to smooth out airflow—recap-
tured that honnr. The power unit of Breedlove's Spirit
of America-Sonic | was a turbojet. Breedlove put his
four-wheel vehicle through its two timed runs on a
rain-soaked course at Bonneville for an official aver-
age time of 600+mph. Breedlove had broken speed
records before in a three-wheeled vehicle, but only
the motorcycle racing orgonization [the FIM] gave
him official credit for the earlier runs. The 1985
performance of “Sonic I" was an official Land Speed
Record. See Fig. 5A-3.

THE BLUE FLAME

Breaking the 600+ speed of the Spirit of America
was not an easy task. The above speed record re-
mained on the books until the fall of 1970, when
Gary Gabelich broke the land speed record with o
two-way average speed of 622.40 mph at Bonneville,
Utah. The four-wheel vehicle that Gabelich used to
set a new record was powered by a liquid fuel rocket
engine. In commenting about the new record, Gabe-
lich explained that on both of his test runs the Blue
Flame ran out of fuel about three quarters of the way
through the measured mile and actually coasted
through the finish, Gobelich plans to come back in
1971 and try and break the sound barrier at 720 mph.

using the Blue Flame.

Fig. 5A-1. Information obout Speed Records of Racing Vehicles

od
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Blue Flome

Fig. 5A-2. Art Arfons raises the world lond speed
tecord to 576.553 MPH in the jet-powered
Green Monster in November, 1965, ot
Bonneville Salt Flots. The new record
lasted only eight days,

SPIRIT OF AMERICA

Fig. SA-3. Spirit of America with Craig Breedlove at
the controls set o new world lond speed
record of 600.601 MPH at Bonneville Sait
Flats on November 15, 1945,
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Researching and Developing

2. Read the four paragraphs in Fig. bA-1.
They concern land speed record assault
vehicles, land speed records, and land
speed testing locations.

3. Locate the information asked for in Fig.
5A44.

Recording
4. Record the information in the appropriate
places in Fig. 5A-4.

Fig. S5A-4. Record of land Speed Dato

% Green Momter Spirit of America Blue Bird Blue Flame
Sonic 1 CN.7

Vehicle
Speed

Year
Achieved

Test
Location

Type of

Power

e b e e s 2 b O

Number
of Wheels
Driver's
Name
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ACTIVITY 5B

Researching
and Developing

Today you will perform research by ex-
perimenting.

Problem

Objective

Using the necessary equipment and sup-
plies, conduct an experiment to determine
which of three given bearings have the
least friction.

Equipment (Class)

1 6’ steel tape

1 friction test track

1 pc. 2” x 6” wood, to support track

1 set of 3 test vehicles, as follows:
Vehicle A, wood serves as bearings
Vehicle B, soda straw bearings
Vehicle C, nylon bearings

Preparing for the Experiment

1. The equipment supervisor should see that
the necessary equipment is available.

Testing

2. Place Test Vehicle A at starting point
and release it.

3. Observe what happens. With chalk,
mark the point at which the vehicle's
forward motion stops.

Measuring and Recording Results

4. Measure the distance from the reference
line to your chalk mark and record this
measurement in Fig. 5B-1.

b. Conduct two more test runs for Vehicle
A. Measure and record each result. See
Fig. 6B-2.

6. Repeat the experiment for Test Vehi-
cles B and C, and record the results.

Fig. 5B-1. Results of Bearing Friction Experiment

Distances Run by Each Vehicle
A B C
Wood Soda Straw Nylon
Bearing Bearing Bearing
(plastic or
paper)
1st event
2nd event
3rd event
Total Distance + 3 3 3 3
Average
Best Performance
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Researching and Developing 53
7. For each vehicle find an average dis-  Questions
! tance: 1. The vehicle with the least friction was
a. Add the three distance figures. Vehicle with ____ bearings.

b. Divide this sum by three. Your answer 2. Based on this experiment, the best of
is the average.

the three bearing materials is

8. Decide which vehicle performed best. 8. Was this basic or applied research?
Check one box at the bottom of Fig. 56B-1 :
to show this.

Fig. 58-2. Conducting Test Runs :
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ACTIVITY . 6

Designing
Manufactured Goods

Objective

Given the problem of designing a Land
Speed Record Assault Vehicle (LSRAV), se-
lect the design Ulmitations, constants, and
variables that influence the design of the
vehicle.

Selecting Design Factors

1. Some limitations and constants are
shown in Fig. 6-1. Study them.

: v
.....

54 —, "4\'-.;--1.:'1
| )

2. Discuss how all the various factors will
influence the design of your LSRAYV.

3. After considering the various constants
and variables, complete Fig. 6-1 so it
specifies all the limitations, constants,
arnd variables. If there are no limitations,
constants, or variables, write ‘‘None.”
Fill in all the spaces marked “X.”

4. You are now ready to begin to sketch
your vehicle.




a e

T T LT Y

Fig. 6-1. Design Factors

Designing Manufactured Goods

55

Factors

Limitations

Constants

|  Variables

Body Limitations

12”7 minimum

e

Length and maximum 127 X

Width 154" maximum X X

Height 234" maximum X X
34" min. diameter

Shape one full piece One full piece X

X

Axles must be

154" minimum

Axle housing enclosed width at axles
Color X May be constant | May be variable
Material Softwood Softwood X
Power Plant Limitations
Size and material Metal cartridge 34" dia. x 215" |X
Centerline 74"
above axle center-
Location Totally enclosed line at all points | X
1¢” min. thickness
Housing size around cartridge 34" dia. x 2" X
Axle, Bearing, Wheel Limitations
14" dia. metal
Axle size and material rod " dia. x 218" |X
12" 1. D. waxed
Bearing size and material X paper tube X
154" dia.
Wheel size and material X plastic X
Centerline 34" Ground
Axle location from bottom clearance Wheelbase
Steering System Limitations
Serew eye alignment X On centerline X
Minimum
Distance between screw eyes 6" apart X X
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ACTIVITY 7A

Creating Alternate
Design Solutions

Objective
Given the problem of designing a Land
Speed Record Assault Vehicle, make sev-

eral thumbnail sketches, three roughs, and
a refined sketch of the product.

Supplies (Group of 5)
20 shts. 814" x 11” sketch paper

" b colored pencils, felt markers, or

. crayons
1 file folder
b shts. carbon paper

Making Thumbnail Sketches

1. The equipment supervisor for your group
will obtain the needed supplies.

2. Fig. TA-1, 2, and 8 show stages in the
design of a product. Study them. Do your
sketching in a similar way. First make
about three simple thumbnail sketches of
your LSRAYV design ideas.

3. You may want to name your LSRAV
and place the name in your sketches.

Sketching Roughs, or Refining
Thumbnails

4. From your set of thumbnails, choose one
that you think is most promising.

5. The thumbnail sketches should now be
developed into a rough sketch. Sketch
each rough on a separate piece of 814"
x 117 paper. Remember, a rough is a re-
fined thumbnail sketch. It is developed
from your basic idea or a combination

56 S0
ol

Fig. 7A-1. Thumbnail Sketches

s
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Fig. 7A-2. Roughs

Fig. 7A-3. Finished Sketch
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of ideas. Use .carbon paper to transfer

selected parts of ideas.

Refining Rough Sketches

6.

Using your rough sketch, develop it into
a refined sketch as follows: Trace it very
neatly onto a clean 814” x 11” piece of
paper. Make any needed design improve-
ments on the tracing. Then add color.

Certifying

7.

Certify by signing your name. Sign and
date your refined sketch in the lower
right corner.

Your recorder will collect and file all
sketches, and turn in the file folder.
Answer questions 1-4 before putting
your Laboratory Manual away.

Questions

1.

What do designers call the first sketches
made?

2.A_ro

. Creating Alternate Design Solutions 57

sketch is usually developed

from a thumbnail sketch.

. After refining the most promising de-

sign from several roughs, or from sev-
eral alternate designs, what step will the
design department take next?

. Why are alternate design solutions de-

veloped?
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ACTIVITY 7B

Creating Alternate
Design Solutions

- Problem

Objective

Using a refined sketch produced in AC-
T TIVITY 7A, develop this sketch into a full-
‘ scale drawing showing the front view and
top view.

Equipment (Group of 5)

b pencils

53 12” rules or straightedges
2 erasers

2 French curves or coins

Supplies (Group of 5)

b shts. preprinted grid paper

1 file folder with sketches from
‘ ACTIVITY 7A

Preparing to Work
1. The equipment supervisor should get the
equipment and supplies for everyone in

your group. Each student is to work
alone.

Drawing

2. Using your refined sketch from ACTIV-
P ITY 7A, draw a front view of the Land

Speed Record Assault Vehicle in outline
form, on 14” grid paper. Use French
curves or coins to obtain an exact out-
line on the paper.

3. Draw a top view exactly above the front
view. See Fig. 7B-1.
a. Draw axle location.
b. Draw engine location.
c. Draw body shape.

Certifying

4. Enter your mname, veriod, and date on
the drawing.

5. Return your drawing to the file folder.
The recorder is to return the folder to
your teacher.

Questions
1. What is a projection drawing ?

2. The top view of a drawing is always
placed directly above the front view.

True ____ False

3. Where does a designer get the details
of shape, size, and dimensions for the
mock-ups he will make?
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Creating Alternate Design Solutions

TOP VIEW

Engine
Axle
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FRONT VIEW

Fig. 7B-1. Views of Land Speed Record Assault Vehicle
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ACTIVITY 8A

Making
Three-Dimensional
Models

Objective
Using the full-scale drawing for a LSRAV
from ACTIVITY 7B and the needed equip-
ment and supplies,
a. Make a template for each view.
b. Trace the template onto a block of
foamed styrene.
c. Cut the block to shape, making a three-
dimensional model.

Equipment (Group of 5)
3 coping saws

3 pr. scissors

3 ball-point pens

2 X-acto® knives

Supplies (Group of 5)

1 block 2” x 314" x 12” precut
foamed styrene

1sht. carbon paper

1 - file folder with LSRAV drawing
from ACTIVITY 7B

1pe, 814" x 12” card stock

1roll masking tape

Making Templates

1. The equipment supervisor for .your
group should get the equipment and
supplies.

2. Place your drawing, the carbon paper,
and the card stock together in proper

60 i
ov
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. Ll Front Vlew Pattern
Taped in Place,

!

1

Fig. 8A-1. Front View Pattern Application

Top View ls Placed on Bottom
to Make Use of the Flat Surface

i

g. 8A-2. Top View Pattern Applicaﬁbn

order. Trace the top and front views
of your drawing onto the card stock.

3. Cut out the card stock tracings with
scissors. These are templates, or pat-
tern pieces.

4, Tape the front-view template onto the
foamed styrene block. See Fig. 8A-1.

5. Trace around the template with a ball-
point pen. Then remove the template.
6. Tape the top-view template to the
bottom of the block. The bottom has a
flat surface to make tracing easy. See

Fig. 8A-2.

7. Trace around the template with a ball-
point pen. Then remove the top-view
template.
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Making Three-Dimensional Models 61

Making Mock-Ups Questions

AR T T L T L

8. Easten the styrene block lightly in a 1, Name four types of materials you might 4
vise. Using the coping saw, saw the use in constructing a “paste-up” mock-up. )

front view of the LSRAV to shape.
9. Change the position of the block in the a. i
vige and saw the top view of the LSRAV £

frinia

to shape. b.
c.
Safety Precautions :

a. Coping saw blades have sharp teeth. d-. ‘
Therefore they must be used with 2. Give two reasons why “paste-up” mock-
caution. Teeth on a coping saw point ups are made first.
toward the handle. The saw cuts on
the pull stroke. a. :

b. Never force the saw through the ma-
terial, but allow the teeth to cut b.
through the material. 3. Name two kinds of products for which

¢. When using a knife, be sure to make designers usually make scale-model mock-
all cuts away from yourself. ups.

a.
Cleaning Up b
10. File your drawings. 4. An appearance mock-up is usually full '
11. Letter your name on .the bottom of your size and looks just like the final product,
3-D model and store it. but none of its parts will
12. Clean up your area, and return equip-
ment.

5. A consumer survey often makes use of
a mock-up with working parts, called a

mock-up.
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" ACTIVITY 8B Safety

a. When you carve foamed styrene with
a knife, the blade should always be
directed away from your hand.

g 1 b. When you paint your mock-up, be
Maklng sure to keep the work area clean.

Using the paste-up of a land speed record  (leaning Up
. assault vehicle from ACTIVITY 8A and the
¥ necessary equipment and supplies, refine
the paste-up to an appearance mock-up as
a design engineer would. 9

Three-Dimensional Constructing the Appearance Mock-Up

MOdelS 4. Carve your paste-up to look like your

refined sketch.

: 5. Sand, color, and decorate your paste-up. t

6. Push the welding rod axles through the ( )

foamed styrene. '
Objective 7. Force the wheels onto the axles. }

8. On signal from the timekeeper, .clean },
up the work area and put away equip- :
ment and supplies.

. Each equipment supervisor should re-
turn his group’s completed mock-ups to
storage.

10. Each recorder should return his group’s i
drawing to the file folder and return the :

folder to storage.

Equipment (Group of 5)

5 X-acto® knives

2 14" paint brushes

5 artist’s paint brushes, assorted sizes

U T M AN YN T TR T e T S e

] 2 pr. scissors 11. Each student should answer questions 1
Supplies (Group of 5) 1-3.

gj 20 154" plastic wheels or cut wheels .

i from styrofoam with 14" Questions _

; axle holes 1. How is a paste-up different from an ap-

28 SA4U

10 pcs. 14” x 214" welding rod (for

axles) or heavy coat hanger wire

5 btls. tempera (water) paints, assorted
colors, 2 oz. bottles

1roll masking tape

5 shts. 814” x 11” construction paper,

. assorted colors
1 file folder from ACTIVITY 8A

pearance mock-up?

T4 B AL

5 LSRAV !
1btl.  white glue for repair 2. Hard mock-ups may serve as patterns L
. 1

Preparing to Work for making and ‘
1. The equipment supervisor for your |

group should get the needed equipment for the product. |

and supplies. - 8. How is a hard mock-up different from |
2. Cover your work area with newspapers the product?

to prevent damage to the work surface.

3. In your group’s folder find your skefch
showing ideas for painting or trimming
the LSRAV.

~ -
0 ’ O o -
o
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_ACTIVITY 9

Refining
the Design Solution

Problem

Objective

Using the appearance mock-ups from
ACTIVITY 8B, modify and refine the de-
sign solution into its final form.

Equipment (Group of 5)

b X-acto® knives

2 14" paint brushes

3 artist’s paint brushes, assorted sizes
2 pr. scissors

Supplies (Group of b)

b paper towels

b btls. tempera paints, 2 oz. bottles,
assorted colors

b shts. 814" x 11” construction paper,
assorted colors

1 file folder from ACTIVITY 8B

b LSRAYV appearance mock-ups
from ACTIVITY 8B

Preparing to Work

1. Meet with your group and have the
equipinent supervisor obtain the needed
equipment and supplies.

Safety

a. Always direct the knife blade away
from your hand when carving.
b. Protect the work area from paint.

5Pt RN DA PO VT AYE I g M ST T L L
A e P T T N P DSOS

Refining the Design Solution

2. First decide what changes need to be
made. Then shape, color, and decorate
your appearance mock-up into its final
form.

Cleaning Up

3. On a signal from the timekeeper, clean
up the work area and put away the equip-
ment and supplies.

4. Each equipment supervisor shouid return
the completed mock-ups to storage.
5. Each recorder should return the file

folder to storage.

Questions

1. Name two factors that could produce a
change in the design solution.

a.

b.
2. What changes did you make when you
refined your appearance mock-up?

3. Why did you make these changes?

63
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ACTIVITY 10

Engineering the Product

Problem

Objective

Given four bearings with inside diame-

ters of various sizes, and an axle rod,

a. Attempt to fit each bearing on the axle.

b. Measure the inside diameter of each
bearing to the nearest ¥4".

¢. Measure the diameter of the axle to
the nearest ¥4".

d. Measure cleurances.

e. Record all measurements and analyze
the data.

Equipment

1

4

34" dia. x 12” dowel rod (axle)
washers (bearings), graduated sizes
54", 84", 3", and 1” LD.

1 pr. inside calipers
1 pr. outside calipers

1 12” rule, with 16ths marked
Fig. 10-1, Clearance Data Chart
Washers
A B C D
1. Does bearing

fit on axle?

2. Measured I.D.

of bearings

3. Measured O.D.

of axle rod

4. Clearance be-

tween bearing
and axle

. .;-;J ,..‘_
h
\ Y

2.

Preparing to Work
1.

Meet with your group. The equipment
supervisor will get the needed equip-
ment.

Arrange the set of washers (bearings)
on the workbench according to the in-
side diameter size. The smallest will be
A, the next larger B, ete.

Testing and Recording

3.

4

One student is to test bearing A by try-
ing to fit it onto the axle.

The group’s recorder is to enter the re-
sults of the test in Fig. 10-1, Clearance
Data Chart, Row 1.

Repeat Steps 3 and 4 for bearings B,
C, and D. Students should take turns in
this task.

Measuring and Recording

6.

10.

11.

12.

Two students are to measure the inside
diameter of each bearing to the nearest
144", using inside calipers and a rule.
The recorder is to enter these data in
Fig. 10-1, Row 2.

Two students are to measure the out-
gide diameter of the axle to the nearest
144", using outside calipers and a rule.
This measurement is to be entered in
Fig. 10-1, Row 3.

When a bearing is fitted onto an axle,
the free space between them is the
clearance. Two students are to measure
the clearance for each bearing that will
fit on the axle. See Fig. 10-2.

Record the clearance in Fig. 10-1, Row
4,

Each student, except the recorder, is to
copy the data onto Fig. 10-1 in his Lab-
oratory Manual.

Verifying

13.

The recorder is to verify some or all of
the data, by remeasuring, while the
other students copy data.
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Ingside Diameter &” *= "

\¢

Student “B”
Holds Rule Bearing. + " Maximum

and Reads
Clearance — & Minimum

Student “A”

Holds Bearing
and Axle

Fig. 10-3. Bearing, with Maximum and Minimum
Tolerance Shown

Press Bearing
Tight Against

Axle
Fig. 10-2. Measuring Clearance between Bearing 4, Suppose that an engineer has decided
and Axle these will be the minimum (smallest)
and the maximum (largest) acceptable
clearances for a bearing and axle assem-
. bly. If the axle is always exactly 34" in
Questions diameter, the smallest acceptable bear-
1. Which bearing fit very tight or did not
go on at all? ing diameter will be
: and the largest will be
2. Which bearing slipped on and off most 5. These two limits on bearing size will es-
easily ? tablish the tolerance permitted for bear-
ings. Study Fig. 10-3. Will the tolerances
and shown match the needs given in Question
3. What were the clearances for these bear- 47
ings? and
ey .
Qg




ACTIVITY 11 .

Designing
Power Elements

Problem 1

Objective

Given the problem of determining the

thrust of a CO, cartridge in a LSRAV,

a. Fire the LSRAV against a postage
scale.
b. Record and plot the findings.

Equipment (Group of 5)

Preparing to Work

1.
2.

o o

Get the materials for your group.

Place a postage scale on its back so the
dial is up and the base is against a wall,
step, or cinder block on the table. See
Fig. 11-1.

Put the LSRAYV against the scale and in-

sert a CO, cartridge.
Place Laboratory Manuals next to each

side of the car so that the car will run
freely between them. See Fig. 11-1.
Hold the car and fire the CO, cartridge.
Immediately after firing, let go of the
car and read the thrust on the scale in
ounces. Record the thrust in Fig. 11-2.
Repeat the firing two more times with
the same car. Add all the thrust meas-
urements and divide the sum by the num-
ber of firings to find the average thrust.
See Fig. 11-2.

Weigh the car on the scale with the CO;

1 postal scale cartridge in place.
b CO, cartridges 9. Record the weight and aversge thrust of
1 CO, cartridge-firing mechanism the car in Fig. 11-3. '
Fig. 11-1. Firing Test Setup
66 e
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Designing Power Elements 67
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Test No. Thrust Car Weight | Average
a of Car Thryst

Firing 1 0z. I .
@ 1oz. Soz.

Firing 2 0zZ.

Firing 3 0Z.

Total 0Z.
@7 3.50z. 120z.

Average
(Total + 4) 0z.
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Fig. 11-3. Weight and Average Thrust Data for

. Fig. 11.2. Thrust Data Group Car
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<« Problem 2

Objective
Given the problem of drawing a rraph
which represents the weight and thrust of
different LSRAV’s,
a. Collect the findings of each group’s
test.
b. Plot the findings on a graph.

I

-1

G

ey "

. Near the end of the class period your

teacher will call for your findings.

. The recorder in each group will announce

the weight of the LSRAYV tested and the
average thrust of the vehicle.

. Plot these findings on Fig. 11-4.
. By connecting these points you will have

made a graph that will predict the thrust
of the LSRAYV that you will soon build,
based on the weight of your LSRAYV.




ACTIVITY 12A

Making Working Drawings

Problem

Objective

Based on the engineering requirements
developed in ACTIVITIES 10 and 11, draft
a set of working drawings for a model
LSRAYV.

Equipment (Group of 5)
b 12’ rules

Supplies (Group of 5)
b copies drawing of LSRAV basic form,
full scale
10 pcs. 814" x 14” tracing paper o7 tape
two 814” x 11” sheets together

29 paper clips
1 fiie folder, from ACTIVITIES 10
and 11

Making Working Drawings

1. Equipment supervisor get the equipment,
supplies, and file folder containing your
work.

2. You have already made sketches of your
LSRAYV showing the basic form and limi-
tations on Drawing No. 100. See Fig. 12
A-2,

3. Today you will sketch the fromt and top
view of your LSRAV from your first
sketch (Drawing 100).

4. Check your Drawing 100 and make any
necessary corrections of the shape or
form.

Drawing the Body

5. Darken the lines after you are sure that
you have the shape and form drawn to
the size you want.

6. Fasten a piece of tracing paper over the
sketch, using paper clips. Carefully trace
your sketch, using a straightedge to guide
your pencil. Do not show dimensions.

7. Repeat Step 6, using another piece of trac-
ing paper.

8. Enter the title “LSRAV DETAILS” on
Drawing No. 101 on the first tracing. En-
ter the title “LSRAV ASSEMBLY"” and
“DWG. No. 102” on the second tracing.
Also enter your name on each tracing.
See Figs. 12A-1 and 12A-2,

9. Equipment supervisor file all drawings
and return them with the equipment to
your teacher.

Questions

1. A drawing that includes several views of
a product, with all the parts assembled or
put together, is called a

drawing.
2. The exact distance between two points
on a part is called a

3. On a drawing the arrow, numeral, and
extension lines that give information
about a distance also are called a

4. A drawing that shows how the parts of
an electrical or hydraulic system work
together is called a schematic or

drawing.
5. A drawing that shows two or more sides
of an object in one view is called a

drawing.

2
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Fig. 12A-1. Front and Top Views of LSRAV (Example only)
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Fig. 12A-2, LSRAV Drawings

I
( \)F} %




v

THERT R

i Sy

o
@
s
g

i

r

r ———————— l \
N 5,1 !
1% ;

P

L e o ‘

i"‘—2“ —

ad ]2” 13/16//
TOP VIEW
Wheel Axle and Bearing Screw Eye and Washer
Fre—-=T====" T — - === s T T ——~——===-= |
( | ! (
| | | |
( 0 | |
| I | :
| | | |
( ( I I
| | 1 |
e e e ———e A e —— - S |

Draw Parts for LSRAV in This Area

T

2"

N _¥

----- T
L B %H' '
¥ }
12" =

FRONT VIEW
Name
Period

LSRAV Body

Date
Dwg. No,

Fig. 12B-1. Dimensions of LSRAV

~1
b
<




v

ACTIVITY 128B

Making Working Drawings

Problem

Objective
Using the LSRAV drawings started in
ACTIVITY 12A,

a. Make detail drawings of the vehicle’s
wheel, axle, bearing, screw eyes, and
washers.

b. Prepare an assembly working drawing
by adding parts to the LSRAV body.

Equipment (Group of b)
b 12” rules

Supplies
1 file folder from ACTIVITY 12A
b pes. 814” x 14” tracing paper

20 paper clips

Showing Details

1. Equipment supervisor get your equipment
and supplies.

2. Take out your drawings from ACTIVITY
12A. Use a pencil on all work.

3. On Drawing 101, lightly sketch the addi-

tional parts of the LSRAV model in the
open space between the front and top
views. Read the dimensions shown in Figs.
12B-1 and 12B-2, and prepare your sketch
to conform with them. Draw full scale
front views only.

72

4. Carefully check your sketch with other
members of your group. Make any needed
corrections.

5. When you are sure your sketch is correct,
darken the object lines.

6. Place Drawing 102 over Drawing 101 and
sketch today’s additions onto the draw-
ing, using a straightedge to guide your
pencil. Move the paper around to line up
the location of the parts. Trace the parts
in their proper location to make an as-
sembly drawing.

Clip the drawings together and file thern.

Return the rule and extra paper clips.

Axle

1%" Dia. x %"
143" Axle Hole
(TR0

Va” Dia. x 2%2" Steel Rod

® N

Plastic Wheel

—— ‘ — )

Vs" LD. x %2"” O.D. Paper Waxed Soda Straws

O

No. 6 Washer

Fig. 128-2. Wheel, Axle, and Bearing for LSRAV
These parts are to be drawn separately
on Drawing 101 to make detail drawings.
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 ACTIVITY 12C.

Making Working Drawings

Problem 1

Objective

Given the working drawings made in
ACTIVITIES 12A and 12B, enter dimensions
and notes on all drawings.

Equipment (Group of 5)
b 12” rules

Supplies (Group of &)
1 file folder from ACTIVITY 12A

Dimensioning Drawings

1. Equipment supervisor get your equipment
and supplies and remove your set of draw-
ings.

2. You may wish to practice your dimension-
ing on Drawing No. 100.

8. Add all dimensions to Drawings 101 and
102. Refer to Figs. 12B-1 and 12B-2 for
guidance.

4. Be sure to include for each dimension a
numeral, a dimension line, and arrow-
heads. Also put in extension lines wher-
ever they are needed.

5. After you have entered all the dimensions
on your drawings, add any notes that will
explain details not shown by the dimen-
sions.

6. Number each part. Show part numbers
on all drawings.

Checking for Completeness and
Accuracy

7. Check your drawings for name, date, and
drawing number. Check Drawings 100,
101, and 102 for labeling of parts.

8. Have another member of your group
check your drawings for completeness
and correctness. Have him initial the
drawings beneath your name if they are
correct.

Problem :

Objective

Using the working drawings from ACTIV-
ITIES 12A and 12B, prepare a parts list for
all items shown in the drawings.

Equipment (Group of 5)
5 . 12”rules

Supplies (Group of 5)
1 file folder from ACTIVITY 12A
5 pes. 814" x 117 unlined paper

Making the Parts List

1. On a sheet of plain paper, draw and label
a form to look like Fiig. 12C-1. Rule enough
lines to list all the parts.

9. Record the name of the product (LSRAV)
and the drawing number.

3. In the “Part No.” column, enter the num-
bers of all parts of the LSRAV. Begin
with the body. Refer to your drawings
for the other part numbers. See Fig. 12B
2 for some items to list.

4. Under “Description’ enter the part name
to which each number refers.

5. “Quantity Required” means the number
of pieces required or needed. Enter the
appropriate number for each part.

6. Enter fir in the “Material’’ column where
applicable. Enter other materials such as
steel, plastic or rubber in the other
spaces where applicable.

7. Place a check mark under “To Be Pur-
chased” if the part is one which cannot
easily be made in your class. For the
parts that could be made, leave this space
blank.

73

g,

y}




I e

74 The World of Manufacturing

8. Sign and date the Parts List in the lower Cleaning Up

| 5 right-hand corner. Paper-clip it together 9. File your drawings. Clean up the work
with your set of working drawings.

_ area and return equipment,

Fig. 12C-1. Form for listing Parts

PARTS LIST

! Product: DWG. No
: Part Qty. To Be .
No. Name of Part Material Reqd. Purchased? !

3 | Example: Screw Eye Brass 2 Yes
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ACTIVITY 13A, B, C, and D -

Building
the Production Prototype

During these activities you will fabricate
and assemble a production prototype of your
design for a land speed record assault vehi-
cle. You will have three activity periods in
which to complete your prototype.

Problem

Objective

Given the necessary supplies and equip-
ment, fabricate and assemble a production
prototype according to a set of working
drawings. ‘

Equipment (Class)
bandsaw

drill press

Drill Fixture 31-3
C-clamps

84" spade bit

R R

Equipment (Group of 5)

b sets working drawings

1 half round wood rasp

1 half round cabinet file

1 3 ¢” twist drill

1 scratch awl

1 ball peen hammer

1 utility knife

1 pr. pliers, side cutting

Supplies (Group of 5)

5 vehiclekits
5 shts. carbon paper, 414" x 14"
5 shts. abrasive paper, medium

5 shts. abrasive paper, fine

1 can spray paint, white
1 set felt tip markers
10 thumb tacks

Preparing to Work

1. Get the necessary equipment and sup-
plies and assemble at your work station.

2. Using the drill press and drill fixture,
bore a 34" hole in each end of the 2”7 x
4” as demonstrated by the teacher. See
Fig. 13A-1. Then give the 2” x 4” to the
teacher for sawing.

Safety

a. Keep fingers away from cutting edges
of the drill.
b. Wear safety glasses when drilling.

' Fig. 13A-1. Boring %" Engine Hole 2”'Deép

Drill holes directly opposite each other
in both ends of a 2 x 4.

o . ) ’ 75
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76 The World of Manufacturing

Layout
3. Transfer the front view from the work-
ing drawing to the block of wood. Use
thumbtacks to hold the drawing and
carbon paper securely. Be sure to mark
axle locations.
Drilling
4. Using the drill press and Drill Fixture

27-3, drill axle housings as follows:

a. Insert wood into fixture so that it
touches the stop. Align to proper lo-
cation and drill the first axle housing.
See Fig. 13A-2.

b. Realign and drill the other axle hous-
ing.

Sawing

5. Usirig the bandsaw, cut the front view
of the body to shape.

Shaping

6. Shape the top view, using a wood rasp
and a file.

7. Smooth the body by sanding; first use
medium abrasive paper, then fine abra-
sive paper.

Coating
8. Give the body two coats of spray paint.
Allow for drying time between coats.
9. If you wish to decorate the body, use
felt tip markers.
Assembling

(See Fig. 13A-3.)

I | Metal rod
—_————_—

10. Cut and install the soda straw bearings.

11. Cut and install the axles.

12. Place washers in position.

13. Wheels are now forced cn axles.

14. Be certain wheels are securely attached
to axles, and that axles turn freely.

15. Using a scratch awl, make a small hole
on the bottom, close to each end. Use
pliers to insert the screw eyes and
tighten. Ask your teacher for the exact
location of the screw eyes. Make sure
that you have proper ground clearance.

16. Store your prototype as your teacher in-
structs you. Be sure your name is on the
bottom.

Cleaning Up
17. Clean the area and return all tools to
storage.

Screw eye

Paper tube ~ -

Wheel

Fig. 13A-3. Assembly View
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Building the Production Prototype 77

Fig. 13E-1. Table for Changing Vehicle Speed to Scaled Miles Per Hour

] 2 3 4
Ti!ne Scaled Speed for 3 Track Lengths
Seconds Nu?r?br; I;OACA"PH Nuwbr of MPH N I:oﬂ;ﬂ
STUDENT NOTE: Divide by 12 to Find Actual Miles Per Hour
Scaled Actual Scaled. Actual Scaled Actual
A 932 1,165 | 1,398 ______
8 816 1,020 | 1,224 _____
9. 2 906 | 1,087
y 1.0 652 816 979
. 11 58 741 | 880 _—__
3 1.2 543 679 816 __
1.3 502 627 758
; 14 466 582 _____ 699
' 1.5 435 548 652
1.6 408 510 612
1.7 383 479 575
1.8 362 453 543
1.9 . %43 429 515
2.0 326 408 489
21 310 388 466
2.2 26 370 45
2.3 283 354 425
24 211 339 ___ 408
2.5 261 326 391
2.6 251 313 376
o7 | a1 ____ 302 362
28 233 291 ____ 349
2.9 225 281 337
3.0 217 271 326




ACTIVITY 13E, F

Building
‘the Production Prototype

Today you will test and certify the per-
formance of your prototype vehicle.

3

Performance Record for
land Speed Record Assault Vehicle

Date

Distance Feet

Time Seconds

Weight with Engine Oz.

Scaled Speed MPH

Actual Speed MPH

% This prototype vehicle has met all require-
% ments for certification of performance.

Signed

Test Engineer

0000000000000000000000000 o
sintacniaialulatelelalalalntatalatniatuialatainininiutaiacacainielelninie

Fig. 13E-2. Certificate of Performance

78 o

Problem

Objective

Using a production prototype, test the per-
formance by timing a test run and calculat-
ing speed.

Equipment (Class)

1 start/finish gates with tether lines
1 stopwatch

1 postal scale, calibrated in ounces

Supplies (Student)
1 prototype vehicle
1 CO; cartridge

Testing Performance

1. Get your vehicle.

2. Conduct a test run, following your teach-
er’s instructions. Time it accurately and
record the time here:

seconds
3. After your vehicle has completed its test
run, find the scaled speed for a full-sized
vehicle from Fig. 13E-1, as follows:

a. In Column 1, find and mark the entry
that shows the Trial Time for your
LSRAV.

b. Choose Column 2, 3, or 4, according to
the length of your test tract (40°, 50/,
or 60').

¢. For your Trial Time, find and mark the
speed in Column 2, 3, or 4.

d. To find the actual speed, divide the
scaled speed by 12.

Certifying Performance

4. Complete Fig. 13E-2, Certificate of Per-

formance, by signing it yourself.
5. All equipment and supplies are to be re-
turned to storage.

v
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ACTIVITY 14

Technical Writing
and Illustrating

You are to complete Problem 1 by your-
self. Your group will discuss Problem 2 be-
fore completing it.

Objective
Using an exploded pictorial drawing of an
LSRAV and data:
a. Prepare a similar drawing with a parts
list for an instruction manual.
b. Prepare a specifications list.

Equipment (Group of 5)

b 12” rules

1 stapler

1 triangle

1 protractor or irregular curve

Supplies

b pcs. 814" x 11” paper

b drawing pencils

1 file folder from ACTIVITIES 13A-D
1 set colored pencils

Preparing to Work
1. Get your equipment and supplies.

WAl
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Preparing Illustration

2.

Lol

o N

10.

11.

12.

14.

Study Fig. 14-1. It is an exploded view
of a LSRAV. You are to draw a view
like this, showing the LSRAV you de-
signed. Follow instructions in Steps 3
through 12.

First make a light sketch of the body.
Darken the straight lines, using a
straightedge to guide your pencil. Work-
ing carefully, darken the curved lines
freechand or with a curve.

Through each bearing hole draw a cen-
ter line, as shown, using your straight-
edge. This is a series of long and short,
alternating dashes. It extends beyond
the vehicle body and marks the centers
of bearings, axles, and wheels.

. Sketch the bearings on the near side of

the body.

Sketch the axles, washers, and wheels.
Darken the lines when the sketched
parts are located properly.

Beside each part draw a circle about 33"
in diameter, as on Fig. 14-1. These cir-
cles are called balloons.

Extend a leader from each balloon to
one part. Carefully draw arrowheads, as
shown, on the leaders.

Add reference numbers in the balloons.
A reference number is the part number
you assigned to each component.
Prepare a parts list. Refer to work done
in ACTIVITY 12C.

. On ‘another sheet of paper, list the

LSRAYV specifications. Refer to the data
collected in previous activities, and to
Fig. 14-2.

Sign and date the illustration and the
specifications list.

- » 79




Fig. 14-1. Exploded View of Land Speed Record Assault Vahicle

™~

Parts List
Part No. Name of part No. of Parts
1 LSRAV Body
Name - Date




Technical Writing and Illustrating 81

Fig. 14-2. Specifications of LSRAV

Weight (with engine)

Length

Width (max.)

Height (max.)

Road clearance (road to bottom of car)

Axle diameter

Bearing material

Wheel size (outside dia.)

Model speed (from Fig. 13E-1)

Engine size (length and dia.)

Track length (40', 50', or 60')

ASSEMBLY:
Assemble parts of LSRAV as shown in large drawing.

OPERATION:

1. Make certain wheels are securely fastened to axles and that axles
turn freely. '
Attach LSRAYV to tether line.

Make sure tether line is secure at starting pit and finish pit.
Place sponges in location at finish pit.

Check timing lights.

Clear the track.

Insert cartridge.

Ready pit crews and timers with stopwatches.

. Cock injector pin and fire.

| SAFETY:

1. Pull back injector pin carefully.

2. Be sure track is clear. : >

3. Be sure CO; cartridge is inserted fully in the engine housing.

© 0N T

Fig. 14-3. Instructions for Assembling and Operating LSRAV
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Problem 2

Objective
Using a model prototype of LSRAV and
suggestions,
a. Prepare operation instructions for the
LSRAV.
b. Assemble the instruction manual.

Supplies (Group of 5)
15 pes. 814” x 11” paper

1. Figure 14-3 is a suggested set of instruc-
tions for assembling and operating the
LSRAYV. Study them.

9. Make notes about other advice or instruc-
tions that you think should be added.

8. Discuss the operating instructions within
the group.

4. On a clean sheet of paper prepare your
own set of instructions. Write or letter
clearly.

5. Sign and date this sheet.

Assembling the Instruction Manual

6. Assemble all the sheets you made today,
as follows:
Cover. Cover Sheet (blank)
Page 1. Illustration and Parts List
Page 2. Specifications
Page 3. Operating Instructions

7. Staple the manual together with two
staples along the left-hand edge, to form
a book.

Cleaning Up
8. Return equipment and supplies, and clean
up the work area.

Problem 3 (Optional)

Objective

Using original sketches or photographs,
prepare a cover sheet for the LSRAYV in-
struction manual.

Equipment (Class)
1 Polaroid camera, if available

Supplies (Class)
film for Polaroid camera or
colored pencils
25 pes. 814” x 11” white or colored
construction paper

Preparing Cover Sheet

1. If time permits and a camera is available,
photographs may be taken of LSRAV’s
and the race track.

2. If no camera is available, yon may develop
original sketches of racing scenes.

3. Prepare a cover sheet for your manual,
using either a photo or a colored sketch.
Develop your own design ideas.

Questions
1. Instruction manuals are prepared by

technical wr and technical

il

‘9. Maintenance manuals are written for

3. Why are technical writers needed?
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4. Where in an instruction manual would you
find the name and number of a part?

———— e e
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ACTIVITY. 15

Designing
Manufactured Goods

Problem

Objective
Given the overall size for salt and pepper
shakers,
a. Make thumbnail sketches of design
ideas.
b. Develop three rough sketches.
c. Refine the best rough sketch.

Supplies . (Group of 5)
b shts. 814” x 11” tracing paper
1 file folder
15 shts. 8146” x 11” white paper
b colored pencils or felt markers,
assorted colors

Preparing to Work

1. Meet with your group and get the needed
equipment and supplies.

2. The recorder for your group will letter
“Salt and Pepper Shaker” on the file
folder tab, along with your group num-
ber. Each member of the group is to
letter his full name on the front of the
file folder. '

Formulating the Problem

8. As a group of industrial designers, you
are faced with the problem of designing
salt and pepper shakers.

Using Data

4. It is your job to design salt and pepper
shakers whose overall dimensions of
thickness, width, and height will be

T T W A e T TS T e T T P T I s B U S I T A S 2R s I e Skt el et ey
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within the limits 114” x 114” x 3”. See
Fig. 15-1. You will also need to include
in the design a means of telling the salt
shaker from the pepper shaker.

Thumbnail Sketching

5. Based on the given size limits, make
thumbnail sketches of your preliminary
design ideas for salt and pepper shakers.
See Fig. 15-2.

6. Record all your ideas as thumbnail
sketches or notes.

Developing Ideas

7. Develop three rough sketches from al-
ternate design ideas. See Fig. 15-2.

N A

1 %M 1 IAM

S

Fig. 15-1. Basic Dimensions of Salt and Pepper .
Shakers
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Thumbnail Sketches

A @

Rough Sketches

>
:

N

Refined Sketch of the Selected Best Design

T IR

ST

Fig. 15-2. Salt and Pepper Shaker Design Development
from Thumbnail to Refined Sketch

Refining a Rough

8. Choose and refine the rough sketch of
your best design idea. Use tracing pa-
per. Pick up parts of the sketch that you
like and add improvements.

2
T
4

o)
u’

9. Use color to show your ideas about dec-
oration or trim details.

Certifying
10. Sign and date all your sketches in the
lower right corner.

Voting
11. As a class, select one best design by
voting.

Cleaning Up

12. Your recorder will collect and file the
sketches, turn in the file folder, and give
the best design from the class to the
teacher.

Questions
1. What do designers call the first sketches
they make?

2. Aro sketch is developed from
a thumbnail sketch.

3. After refining the most promising design
from several roughs or from several al-
ternate design ideas, what step will the
design department take next?

4. Why are alternate design solutions
needed ? :




"ACTIVITY 16

Obtaining Approval
of Management

Objective

Using a product design created in AC-
TIVITY 15, represent management or stock-
holders in discussing whether to accept or
reject a product design.

Supplies (Class) ‘
1 mock-up, based on design chosen in
ACTIVITY 16

Preparing to Meet

1. Your teacher will choose three students
to represent management. One of these
will be the president.

2. One of the students whose design was
chosen in ACTIVITY 15 will play the
role of product designer.

8. The management team, production ex-
pert (teacher), and designer will meet
around a table in front of the class with
the chosen mock-up displayed on the
table.

4, The rest of the class will remain in
their seats and act as stockholders.

Presenting the Design

5. The product designer will begin the
meeting by describing features of the
design.. These features may include:
a. Style
b. Materials
¢. Colors available
d. Age group for which the product was

designed. .
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6. The production expert will then present

his views. These might involve:

a. Production _

b. Need to purchase new machinery
¢. Need to expand the plant

d. Need to change plant layout.

7. Members of.the management group will
now question the design features:

a. How can we tell the difference be-
tween the salt and pepper?

b. How many of the product can we
expect to make this year ? .

8. The stockholders (silent up to now) will
be asked by the management team to
offer any comments they might have
about the proposed design.

9. Design and production experts working
together will try to assure the manage-
ment group of the success of the
product.

Accepting or Rejecting the Design

10. The president will ask his two manage-
ment assistants for their recommenda-
tions, but he will make the final
decision.

11, If the president decides to accept the
final design, the three managers will
sign and date a copy of the Design Re-
lease Form. See Fig. 16-1. The form
should be removed from one copy of the
Laboratory Manual for this purpose. If
the design is rejected, a designer from
another group will present hig design
solution. , o _

12. Mock-ups and the completed Design
Release Form should be returned to the
production expert (the teacher).

S0 : 85
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Fig. 16-1. Deéign Release Form

The salt and pepper shaker mock-up designed by.

and dated , at a meeting with:

Production Expert

President

Designer

is hereby released for production. Management team signs:

1

2

e e e,
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ACTIVITY 17

Making Working Drawings

7
_Problem

ObJectwe

Using a partlally “completed working
drawing of salt and pepper shakers and the
accepted design solution:

a. Complete the view of the working

drawing.

b. Dimension, add notes, and complete

the title block.

Equipment (Group of 5)
b 12” rules

Supplies (Group of 5)

5 pcs. 814” x 11” tracing paper

1 file folder from ACTIVITY 15
20 paper clips

Preparing to Work

1. Get the needed equipment, supplles, and
file folder.

| Completing the Drawing

2. Figure 17-1 is an incomplete working
drawing of a salt shaker. On this draw-
ing lightly sketch the special design fea-
tures chosen for your class. A complete

Di
6.
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drawing will be shown on the prOJectlon
screen to guide you.

Check the locations and sizes of the
added features with the other members
of your group. Make any needed correc-
tions.

Darken the lines. after you are sure that
your drawing is correct.

Fasten a piece of tracing paper over the
drawing, using paper clips. Carefully
trace the drawing, using a straightedge
to guide your pencil.

mensioning

On your tracing enter extension lines and
dimensions which give the locations and
sizes of the special design features. They

" are shown on the projection screen. Draw

arrowheads and extension lines neatly.
Add all notes to your drawing, as shown
on thé projected transparency. .

The recorder will collect drawings, and -

" return them to the group’s folder. The
"equipment superv1sor will - return the

equlpment
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ACTIVITY 18A, B
9. Place the wood in a bench vise. See Fig.
18A-1.
8. Using the crosscut saw, cut off the 3”
. piece of wood.
Planning Production 4. Remove the remaining stock from the
vise and place it on the bench.
5. How cculd this operation have been done
more efficiently ?
Today you will manufacture a salt shaker ' <

by hand processes. By so doing, you will be-
gin building the production prototype.

B Problem 1 [

Objective

6. Take your salt shaker block to Bench #2.

Using the supplies and equipment and a

demonstration on processes, cut a piece of Objective
stock to length. Using the supplies and equipment, coun-

terbore .the salt shaker block.
Equipment (Class)

4 12” rules - Equipment (Class)
4 crosscut saws 1  brace

1 84’ auger bit
Supplies (Class) 1 12” rule

2 1147 x 114 x 48” wood stock
Supplies (Each student) -

Hand Sawing | : 1  salt shaker block from Problem 1
1. Using a pencil and rule, measure and
draw a line 3” from the end of a piece of

stock. Hand Counterboring |

1. Place the salt shaker block in a bench
vise, ~
2. Using the brace and auger bit, counter-
" bore a hole 14” deep in one end. See Figs.
18A-2A and 18A-2B, Select the most com-
fortable position (vertical or horizontal)
for boring the hole.
3. How could this operation have been done
more efficiently ?

Fig. 18A-1. Secure Wood in a Bench Vise and Cut | 4. Remove the salt shaker block from the
with a Crosscut Saw ' vise and take it to Bench #3.

89
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~Problem 3

Objective

Using the supplies and equipment, bore

the salt shaker block.

Equipment (Class)

1 brace
1 14 auger bit
1 12” rule

Supplies (Each student)
1 salt shaker block from Problem 2

Hand Boring

1. Place the salt shaker block in a bench
vise.

2. Using the brace and auger bit, bore a
hole 234" deep in the end that you coun-
terbored.

_.8..How could this operation have been done
more efficiently?

4. Remove the salt shaker block from the
vise and take it to Bench #4.

Problem |

Objective

Using the supplies and equipment, drill
outlet holes in the salt shaker block.

Fig. 18A-3. Drill Outlet Holes for Salt or Pepper

£
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Equipment (Class)

1 hand drill
1 salt drilling jig No. 41-1; 33,” holes
1 84" twist drill

Supplies (Each student)
1 salt shaker block from Problem 3

Hand Drilling

. Place the salt shaker block in a bench
vise.

. Using the hand drill and twist bit, drill
4 outlet holes in the end that was not
bored and counterbored. See Fig. 18A-3.

. How could- this-job-have-been_-done more

91

4. Remove the salt shaker block from the
vise and take it to Bench #6.

Problem 6

Objective
Using the supplies and equipment, finish
the salt shaker block.

Planning Production

Equipment (Class)
1 14" finishing brush
1 soup can to hold brush

efficiently?

. Remove the salt shaker block from the
vise and take it to Bench #5.

Problem 5,

Objective

Using the supplies and equlpment sand
the sides and ends of the salt shaker block.

Equipment (Class)
4 84" x 2" x 4”” sanding blocks

Supplies (Class)
1 sht. fine sandpaper (cut into 4 pieces)

Supplies (Each student)
_1 salt shaker block from Problem 4

Hand Sandmg :

. Place the salt shaker block in a bench
vise.

Using the sandpaper and sandmg block
smooth the . sides and ends of the salt

shaker block. :
. What equipment could have been used to

give you a better Job?

Supplies (Class)

1pt. clear lacquer

1 pt. lacquer thinner
newspaper

Supplies (Each student)
1 salt shaker block from Problem 6

Hand Finishing

1. Put your initials on the bottom (bored
and counterbored end) of the salt shaker
block. , '

. Using the paint brush, apply a coat of

clear lacquer to the top and sides.

How could this operation have been done

more efficiently?

4. Rate your fm'ished prpduct. Be honest.
Excellent Good
Fair Poor

Are 4ll of the salt shaker blocks in the
class exactly alike?

Yes No
. Put your salt shaker block in the ‘place
directed by your teacher.
Give your  Laboratory Manual to your
equipment supervisor, wash your hands
and return to your seat.’




ACTIVITY 18C ':'

Planning Production

;I‘oday you will manufacture a pepper

shaker, using machines, jigs, and fixtures.

By so doing, you will complete work on the

WO,

day’s results with yesterday’s results to de-
termine the most efficient process.

Problem 1

Objective , o
Using the supplies and equipment, cut a
piece of stock to length.

Equipment (Class)
b miter boxes with stop-blocks
5 back saws

Supplies (Class)
2 114" x 114" x 48” wood stock

Miter Sawing
1. Place the stock in the miter box.

\ ™ N
\}\\\\\\ \\‘\\\.\- -
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Fig. 18C-1. Cutting Accurotely with o Miter Box Sow
92
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production-prototype. -You.will. compare to- .

L

Be sure the stock is tight against the
stop block.

Hold the stock firmly in place.

Cut off a piece of wood. See Fig. 18C-1.
Place the remaining stock on the bench.
Take your peprer shaker block to Drilling
Station #1.

Problem 2

o O

Objective

Using the supplies and equipment, coun-
terbore the pepper shaker block.

Equipment (Class)

1 drill press with fixture in place
and stop preset

1 counterboring fixture

1 “C"” clamp

1 - 3,” forstner bit or spade bit

Supplies (Each student)
1 pepper shaker block from Problem 1

Safety

1. DO NOT turn the drill press on or
off for another student.

2. Wear safety goggles when operating
this machine.

Fig. 18C-2. C-Clo}np the Block fn thé Holding Fixture |
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Counterboring

1. Place the pepper shaker block in the fix-
ture on the drill press table.
2. Using the “C” clamp, clamp the pepper
shaker block in place. See Fig. 18C-2.
3. Counterbore the pepper shaker block un-
til the drill press reaches the stop.

4. Remove the pepper shaker block from
the fixture and take it to Drilling Station
#2.

Problem 3

Objective

Using the supplies and equipment, bore
the pepper shaker block.

Equipment (Class)

1 drill press with fixture in place
and stop preset

1 boring fixture

1 “C” clamp

1 14" forstner bit or spade bit

Supplies (Each student)
1 pepper shaker block from Problem 2

Safety

1. DO NOT turn the drill press on or
off for another student.

2. Wear safety goggles when operating
this machine.

Boring .

1. Place the pepper shaker block in the fix-
ture on the drill press table.

‘9, Using the “C” clamp, clamp the pepper
shaker block in place.

3. Bore the pepper shaker block until the
drill press reaches the stop.

4. Remove the pepper shaker block from
the fixture and take it to Bench #2,

93.

Planning Production 93

Problem |

Objective

Using the supplies and equipment, drill
the outlet holes in the pepper shaker block.

Equipment (Class)

1 pepper Drilling Jig No. 41-2; 14¢” holes
1 spring clamp

1 electric hand drill

1 116" twist drill

Supplies (Each student)

1 pepper shaker block from Problem3 . = .

Safety

Wear safety goggles when operating
the electric hand drill.

Drilling

1. Place the pepper shaker block in the drill-
ing fixture with the counterbored and
bored holes down.

2. Using the spring clamp, clamp the pepper
shaker block in place.

8. Using the electric hand drill, drill the
four outlet holes. Be sure to drill the
holes straight. See Fig. 18C-3.

4, Remove the pepper shaker block from
the fixture and take it to the sander.

Fig. 18C-3. Using a Drjlling Fixture to Accurately
Locate Outlet Holes in the Salt and
Pepper Shakers

-
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Problem 5

Objective

Using the supplies and equipment, sand
the sides and ends of the pepper shaker
block.

Equipment (Class)
1 belt or disc sander with fine sandpaper

Supplies (Each student)
1 pepper shaker block from Problem 4

Safety

1. Wear safety goggles.
9. Be careful to keep your fingers clear
of the sanding machine.

Sanding

1. Using the belt or disc sander, smooth the
sides and ends of the pepper shaker
-~ block.
2. Take the pepper shaker block to Bench
#3.

Problem 6

Objective
Using the supplies and equipment, finish
the pepper shaker block.

Equipment (Class)
1 cardboard box

Supplies (Class)
1 spray can clear acrylic lacquer

Supplies (Each student) ‘
1 pepper shaker block from Problem 5

Finishing _

1. Put your initials on the bottom of the
pepper shaker block. ,

59

2. Place the pepper shaker block in the card-
board box.

3. Spray the top and sides of the pepper
shaker block with clear acrylic lacquer.

4. Put the completed pepper shaker block
in the place directed by your teacher.

5. You have now completed building the salt
and pepper shaker production prototype.
Go on to Problem 7.

Problem 7

Objective .

Using the completed salt and pepper
shaker blocks, compare the two and deter-
mine which processes were more efficient.
1. Look at your completed salt shaker block.

How was it made?

2. Look at your completed pepper shaker
block. How was it made?

3. Rate your finished pepper shaker block.

Excellent Good

Fair Poor
4. Are all of the pepper shaker blocks in
the class alike?

Yes No

5. Using the completed shaker blocks, fill
out the Process Comparison Chart. See
- Fig. 18C-4.

6. Give your Laboratory Manual and shaker
blocks. to your equipment supervisor,
wash your hands and return to your seat.

i

e



A P, A | R AR M At ot A B S AP0 R A o e Moo et VTGS 2 SR s S o SR S A L St LA S S LA TR St

IRESI TSI

Planning Production

Fig. 18C-4. Process Comparison Chart

Salt
Shaker

Pepper
Shaker

Was the shaker cut to the proper length?

no

yes

Was the shaker cut perfectly straight?

Was the counterbore hole exactly in the center?

Was the counterbore hole the correct depth?

Was the bored hole centered in the counterbore hole?

Was the bored hole perfectly straight?

Was the bored hole the correct depth?

Were the 4 pour holes drilled into the filler hole?

i Bad Bl i Bl il Bad bid b

Was the shaker smooth?

[y
5

Was the sanding operation fast?

[y
[y

. Was the coat of lacquer even?

[y
(3]

. Based on the results of the chart, was this shaker

produced by the most efficient method?

95
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ACTIVITY 18D

Planning Production

Today you will work in one of six groups,
each assigned a different process planning
task. ’

Objective ,

Given one of six processes to be used in
manufacturing salt and pepper shakers,
prepare an operation sheet for that process.

Planning Processes

1. Each group will develop an operating
sheet for one of these processes:
Group 1 — Cutting stock to length
Group 2 — Counterboring filler holes
Group 3 — Boring filler holes
Group 4 — Drilling pour holes
Group 5 — Sanding
.Group 6 — Finishing

96
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. Discuss how each operation was per-

formed with the other members of your
group. ‘

. Fill out the operation sheet: list the op-

erations in the order in which they are to
be performed. See Fig. 18D-1.

. At the bottom of the operation sheet list

the equipment and supplies needed for
the process. See Fig. 18D-1.

. Give your Laboratory Manual to your

regular equipment supervisor and return
to your seat.
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Fig. 18 D-1. Operation Sheet

Product to Be Manufactured:

Process to Be Analyzed:

Step Description of Operation

Hand Tool *

Machine Tool

0 - Example: Saw 3" block to length

miter saw

10

11

12

13

14

15

j

Equipment and Supplies Neéded for This Set of Oberations




ACTIVITY 19

ing with O-1, 0-2, 0-3, etc. See Fig. 19-2.

6. Draw an inspection symbol below each
process symbol. Number these INS-1,
INS-2, etc. See Fig. 19-2,

o ' : 7. Record what is being inspected on the
P-lalmlllg Pr()cesses second line of each block in Fig. 19-1;
Symbol Process

Today you will (1) develop a plan for pro- 4
ducing salt and pepper shaker sets, and (2)
make a production flowchart. INS-1

Materials Received

Inspect Materials

Objective (Process No. 1)
Using the operation sheets required to

manufacture salt and pepper shakers, de-

velop a production plan and a flowchart.

Supplies (Each student)

2 shts. 814" x 11” paper