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MATERIALS AND PROCESSES OF INDUSTRY

Overview

MATERIALS AND PROCESSES, a study of how man alters materials to
increage their value, is a one year course designed for inclusion into
the high school industrial arts cwrrionlums FProvision ig made within
the course for symdolic, vicarious, -and direct purposeful learning
experiences and the content is formulated to have appeal for girls
and boys regardless of their educational and career goals.

Participation in MATERIALS AND PROCESSES will provide the student
vitha basis for decision-making relative tos

1. The selection of proper materisls for particular
vroducts: Electricel, chemical, environmemtal,
stuotural, operational, aesthetical, and thermal.

2. The selection of appropriste pProcesses for the
quantity of proq.uction Yequired.

Included in the course mmterials is the overriding issue of both
the beneficial and detrimental effects of materials processing, on
industrial personmel, the consumer, and the larger society.

The materials, activities and general direction of this publication
vere adopted from the Kansas Stats Department of Edusation Conceptiomal
Base for Industrial Biucation Project. A specisl thanks is extended to
Iawrence Foth, State Supervisor of Industrial Arts, for aiding Louisiana
Indusirial Arts teachers in the publication.
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TOPIC OUTLINE

PERPORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

Unit I - Productive

t Jystem

[y
L=

I. Research and
Develovment

The gtudent will be able to define

, the productive system as human effort

to produce goods and services in
hopes of making a profit.

The atudent will be able to ligt and
explain the five principal elements

‘of the productive system and c¢larify

the function of each. These being:
1% Research and development
Marketing
%) Pinance
54; Production
Management

The gtudent will be able to explain
the following things about research
and development:
Itas definition
2 Methods of research
3) Process of research
zd Professional persons involved in
research and development

The student will make rough and re-
fine gketches and soft mock-ups of
a product,

b'scussiOn-demOnstratiOn.

biscussion-demonstration. Students will
conceptualize a graphi¢ representation
of the productive system. If students
desire, they mey free-hand sketch the
product. Students may also use maga-
zines, newspapers, et¢c. {as outside re-
se;rch) to make an 8" x 11" insert for
class notebooks. Students are to list
temms, definitions, and find or draw
pictures to portray five basic pro-
cedures, The student is encouraged to
uge a variety of colors.

Discussion-demonstration.

The students, with the aid of the
teacher, will design a product for
development. Dxample: a 3-dimensional
tic-tac~toe geme that is played with
rlass marbles. Two sets of four mare
bles will be required to play the game
and the marbles should be stored within
the game board body when not in use.
The entire product should be small
enough to fit inside 2 lady’s purse or
man’s coat pocket,

See Appendix I-
P 8‘9




TOVIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

I

II. Marketing

The student will be adble to digcuss
the division of ladbor \specializa~

tion), its advantages and disadvan-
tagess also, careers related to the
manufacturing industry.

The student will be able to operate
machines and tools and produce the
product they have designed, using a
line production system.

The students will be able to discuss

the following things about marketings

1) Packaging
{2) Research

Discugsion~demonstration.

The teacher and students will design and
get up a production line system. The
students will be assigned a work station
and will produce a product in sufficient
quantity for each class member to have
a take-home product. All activities
are to be performed up to, but not in-
cluding, packaging. See Appendix I for
a production line system, Handouts of
materials in appendix should be made
when needed.

Set of production tools
2" x 4" fir or gpruce
1/16" plastics laminate
Ornamental wood screws
Sandpaper

Screwdrivers

Supplies:

Equipment: 2 drill presses
Digc sander
Radial arm saw
Planer
2 routers
Table saw
Orbital sander

Squaring shears
Discugaion~-demonstration.

See Appendix I-
P. €=9




SOASE:  MATERIALS AllD FROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

21

A.

B,

Packaging

Iarket
Research and
Advertising

3) Advertising

4) Sales

5) Distribution

The students will be able to diecuss

what items shounld be included on a

package which is to be displayed.

These aret

(1) Pictuve or article or display or
article contained within

Ez; Selling price

3) Materials from which article is
manufactured

{4) The manufacturer’s name

%5; Source of supply (vendor)

6) Essential selling features

{(uniqueness and strengths of

product )

(7) Instructions on how to handle

and open package

The student will be able to explain
specifically the research and adver-
tising phases for marketing a pro-
duct. le: a trivet set.

The student will be able to discuss
the following about research:

$1; Present availability of product
2} Public interest - assessed by

researching consumer survey report
(a) Customer demand for product

. 2 colors

Discussion-demonsiration. Yith the aid
of the instructor the studente will do
the following: ' :
(1) Itemize the content which should be
printed on package.
2} Print content on package material.
3) Shear chipboard pacliage material.

4) Fold package into proper shape,
5) Inspect, clean, and package product.

Example for a tic=tac=toe package is
shown in Appendix I,

Supplies: Manufactured tic-tac-toe gamed

Printed packaging stock
Steel rule die

Marbles, 2 sete of 4 each of

Cleaning rags
Transparent tape

Bouimment: Press for steel rule die

Given a list of pguidelines to follow,
the student will compose an appropriate
advertising media for the sale of a
nroduct.

With the use of the consumer survey
form, the students will conduct a cone
sumer survey involving administrators,
teachers, and students of their school,
as well as comrmunity residents, to deters
mine publ e recepiiveness of the product

See Appendix I-
p. 9

Se® Appendix I-
p. 10-12




r“"-“ - -

TUPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESQURCES

.

o

III.

Production
Quality Control

(3) Consumer economics

The student will be able to discuss
the following about advertising:

1} Media
2) Avdience, who will use product
3) Principal elements of advertising

The student will be able %o discuss
the following concepts of production
and apply them to the ensuing pro-
duction of a product - (trivet set)s
(1) Production tooling or "tooling
up” directed very closely by
research and development
(2) Production control = planning,
routing, scheduling, and dis~
patching
EB; Types of production
Quality control = those activi=
tieg desigmed to keep defective
items from being produced, or,
if they are produced, keep them
from reaching the market

(5} Interchangea.blllty of parts

Students will use graphic representa=-
tions, captions, and poster paper to
make an advertising brochure for the
product.

Students will select brochure that will
best represent and depict the produdt.

See Appendix I for more information on
trivet set, advertising, and consumer
survey form.

The principles of sales and distribu=-
tion will be discussed later in this
mit,

The student will cut and form metal
parts to quality control specifications.

Assign students to various work stations
and give specific instructions on
quantity of metal components to be
produced. Cutting and forming opera-
tions are to be completed on 2ll metal
parts,

Production of metal components used in
the trivet get will be performed with

line production techniques.




COovasE: MATERIALS ALID PROCESSES
TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES
IY. Production The student will be able to discuss Discussion-demonstration. The students {See Appendix I-
Control the concept of production control as | will clean the handle and base of the De 9
applied to the finishing system for trivet sets They will dry them and
the trivet set. apply the primer by following the pro-
. duction controls given to them.
The student will be able to explain
the reasons for applying finishes See Appendix I for critical path for
and discuss the types of finishing priming sequence.
materials.
V. Management The student will be able to explain Discussion-demonstration. The in-
the importance of managing all as- structor will demonstrate: (1) locating
pects of the productive system, Tixtures, (2) riveting procedure, and
such as: plaming, organizing, and (3) installation and grouting of
controlling of persons, ideas, and ceramic tile.
things, as these concepts are in
evidence in the various production The students will combine components
of products. Example: tic-tac=toe with rivets and install ceramic tile
geme and trivet set. to trivet set.
1: The student will be able to digcuss
the followings:
1) Types of company organization
2} Top management
3) Operational management
4) Management and personnel
(5) Qualities of a good mansger
a; His span of control
b} Leadershlp and decisione
making ability
¥1I. Sales The student will be able to explain Discussion=demonstration. Students See Appendix I-
tha concept of selling and distri=- will role.play versonal sales and will p. 15

wukion as applied to how to sell and
sistribute 2 product. Examples
rivet sets He will be able to
explain the following temms zbout
saless

collect firm purchase orders outside of
class time. Production of the trivet
set will continue as students clean

grouting off ceramic tile and prime
rivet heads and assembly scratches.




TOPIC OUTLINE:

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

YII. Production
fompletion

YIII. Distribution

Demand

Competition
Product guarantees
Impersonal selling
Personal sales

A W N -

The student will be able to apply
the final coat of finish to as-
gembled product, (trivet set). BRe
will be able to discuse the follow=
ings
(1) Reasons for application of a
final coat over the surface
of 2 primer coat
(2) Procedure for application of
the final coat

The student will be anle to provide
cushioning for the trivet set by
dipping it into a heated vinyl
liquid and prepere the gset for
distﬁbutiono

Tho student will be able to discuss
the following things as applied to
distribution:z
g‘li Direct or indirect distridution
2) Transportation
3) Receipt of merchandise

Diacussion-demonstration. The student

will mask off and sprey paint the final

coat of finish to the trivet set.

Discussion-demonstration. The student
will provide cushioning to the trivet
feet, prepare the get for distribution,
and distribute the merchandise.
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TIC<TAC-TOE MANUFACTURE

curface gtock to gize with
2 planer

Cut to length with a radial

C1: dados and grooves with
table saw

Drill marble holes with
tyist dzill

Bore holes for marble
storage with spade drill

Cut groove with mouter

Bevel niges of wooden blonk
1ith dis: sender

3and wooden block with
orbitnl sandar

Hand sand and apply oil finigh
to wooden blook

17

0-15

T-1

10l 0000

Shear plastics glide to size
with squaring shears

Cut slot in plastics slide
with router

Pinigh the glide cdges
with a disc sander

Asgsenmble slide to wooden
block with an ormamental
wood sorew

Ingpect mamufacturing
quality

Load two sets of marbles,
four marbles in each set

Package Tic~Tac~-Toe prodnct

Distribute the product




MARKNPING

TIC TAC TOE GAME
MARBLES INCLUDED
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TRIVET SET

SULPLIES AND EQUIPMENT

Supplies: Captions
Poster paper
Consumer survey form
Glue
Sciggors

BILL OF MATERTALS FOR CERAMIC - TRIVET SET

Quantity Name of part Siae Material
2 Tray 6 . x 6 38" x Mild steel
4 Feet /3 6 x 5/8" x 14" Mild steel ,
Ceramic tile ™ tile - Coeramic tile mat
2% x 12
1 Tray 26 g;. x 6 3/8" x Mild steel
3"
2 Legs and handle 1/4" x 1/4" x 153" Cold rolled mteel
Mastic grout rivets 3/32n Aluminum

CERAMIC - METAL TRIVET SET

19
10
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AIVERTISING

Instructions:t From the captione given below, select those you wish to be included
in an advertisement poster, The captions you eelsct are to be cut
out with ecissors and adhered to the trivet set picture provided

for you,
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CONSUMER SURVEY FORM

Product

Name of researcher

1. Do you think the overall appearance is attractive?
Yes
No

2, What would you suggest t¢ improve this product?

4. Do you presently own an item similar to this produet?
Yes
No

'y Morld you buy this product if it were now avallable?
Yes ‘
No

5+ Would you recommend it to others?
Yes
Ne

6. ‘hat price would you expect the retail store to oharge for the trivet tray set?

Name of consumer
Address
Phone Number

22
13




1.

CRITICAL PATH FOR PRIMING SEQUENCE
Solvent vath - allow the parts to soak in the solution for three (3) minutes
(two (2) parts of hydrochloric scid to ten (10) parts of water)

Warm water rinse - remove parts from solvent bath and rinse in clear waters
for best resulte, water should be running

Dy perts « remove the parts from the rinse and hang them in front of an air
source; or all parts can be placed in an oven at low teaperaturs

Applying primer « once the parts are inspeoted, spply the primer as the ine
structor demonstrated

Dry « afier the parts ave primed; they should be placed in an oven at low
temperature or under a fan where a light volume of warm air will pass over
then

Inspect and store « when the parte sre dry they ghould be inspected for
flaws and stored

SUPPLIES AND EQUIPMENT

Supplies: Two large containers to hoid five handles and five feet for the

trivets plus five amell and large trivet bases
Two 8 ounce spray cans of primer

Sheet metal parts for trivet eets

One quart of hydrochlorio soid

™o gallons of water

One amall fen or oven for drying parts

Note: You mey choose to spot weld the metal components rather than riveting them

together. Should you decide to spot weld, this process must be completed
prior to the priming opexration.

23
»




PURCBASE ORDER

PRODUCTIVE ENTERPRISE FOR EDUCATION NEEDS INCORPORATED

Purchaserx Date
Address Phone
street city - state 2ip code
L
Part name Stock no. . Quantity Price
Trivet set 521=-001
Trivet tray A 521;2
Trivet tray B 5212003
Privet tray C 521=004
Total

Termg: Cash order C.0.D.

Salesman

Delivery date

Signature of Purchazer

15
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COURSE: MATERIALS AND PROCESSES

TOPIC OUTLINE

PERFORMANCE COBJECTIVES SUGGESTED ACTIVITIES RESOURCES
Unit II - Classifica- = The student will be adble to explain | Discussion-demonstration. From a 1list |Ses Appendix IT-
tion of , & materinle classification systen of material captions and definitione r. 30-31
Materials and its purpose. the ptudent will make a display chart
depicting the system of materials
The student will be able to define classification. The display chart will
the following generic materials be of heavy colored paper and will be
titless ’ Placed in the student notebook.
1) Metals (Perrous and Non-ferrous)
2) Non-metals (Organios and In- See Appendix II for liet of material
organios) captions and a claseification system
for metals. Handouts should be made
with meteriale in appendix whenever
- needed.
I. Metals The agtudent will be able to do the Discussion~demonstretion. The siudent See Appendix II-
following: will correctly label six metal coupons .. 3233
(1) Discuss extraction and refining | by sudbjecting them to visual, weight, f)) Pe 10=24
practices magnetic, bend, and apark teste.
(2) Differentiate forrous and non- '
ferrous See Appendix IT for a classification
N ES} Differentiate elements and alloys| chart and a reading on identification
» 4) Desoribe distinguishing para- of metals.
meters of metals
(5) Discuss metal identification
procedure
II. Physical Pro- The student will be able to discuss | Discussion-demonstration. When given See Appendix IJ=
pertiee of the physical properties of metal as the required materials, tools, and . 34-42
Metal to its thermal conductivity, mage f}) Pe 18=24

netisme, thermal expansion, and cold
working.

equipment, the student will success-
fully complete four imentss ?1)
thermal conductivity, (2) magnetic
rtige, (3) thermal expansion, and
54) cold working and annealing.

In Appendix II there ig a reading on
the properties of metal, a list of
supplies and equipment needed for the

experiment, and & written form of the
experiments,

16
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESQURCES

III.

no
-l

v.

Aluminum

Iron and steel

Lumbexr
Technology

The gtudent will be able to explain
how aluminum ig produced, its
alloys and outatanding qualities

The gtudent will be able to do the

following:

(1) Discuss the production and
working qualities of iron, steel,
amnd steel alloyw

(2) Explain the four oxr five digit
coding system of SAE and ALSI

(3) Discuss effect of alloying
elements in alloy gteels

(4) Discuss heat treatment of steel

The student will be abdle to discuss
the following things about Iumber
technologyt
(1) Characteristics of woods com=
_ pared to other common materials
such as metals, concrete, and
Plasticas.
(2) Porest conservation and signi~
ficance of trees
3) Logging
4) Lumber manufacture
5) Manufacture of sheet products
6) Purchasing lumber

Discussion-demonstration. Teacher may
have gtudents write 2 short peper on
aluminum.

See Appendix IT for & reading on
aluminum.

Discussion-demonstration.

See Appendix II for reading entitled
HQAE and ALST System of Steel Classi-

fication".

Discusgion-demonstration. The students

will do the following:

(1) Compute area and board feet for
dimension Iumber and sheet
mterialo

2) Construct a sample 0f plywood.

533 Press out hardboard and particle
board samples.

(4) Mount samples.on display plaque,
label, and place into notevook,

See Appendix IL for reading on "Lwmber

Pachnology™.

Supplies: Sawdust
Wood chips
Thermosetting adhesive (urea
ox resorcinol)
Wood veneer
Display plaque format of

See Appendix Il=-
Pe 43
(3) p. 20

See Appendix IT-
e
16;
(3) p. 18-24

See Appendix IX-

o 45=47
?10; p. 78-188
11 Pe 1"79




COURSEs MATERTALS AND PROCESSES
TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES
‘heavy paper
Pelt tip pens
White polyvinyl glue
Equipments Laminating press
VI. TIdentification The etudent will be able to explain Discussion-demonstration. The student Sea Appendix Il
of Woods and the following things about identifi- | is to prepare, mownt, and label four . 48«50
Trees cation of woods and trees: hardwoods and four softwoods on two heavy ?10} p. T1-188
13 Two main types of woods paper display plaques. ‘These plaques 11) p. 1=-79
iz Characteristics of trees and will be placed in the student notebook.
leaves which aid identification
ses See Appendixr II for reading on “"Identi-
(3) Speocific identifying character- fication of woods".
istics of
(a) Hardwoods (open or close
Do &rain, ¢olor of heartwood
(¢ o) and sap wood, design of grain J
patterr, density and hardness)
(b) Softwoods
VII. Paper The astudent will be able to discuss Discussion-demonstration. The students |[See Appendix TI-
the following things about papers will make a piece of fine paper by hand, | p» 51=53
1) Its definition 18§
2) Types of yaper See APpendix II for more infoxrmation on | (4) Ch. 13
3) How paper is made paper making. .
ia; Materials used
b} Processes of making paper
24; Conservation of paper
5) The process of making paper by
hand ’
VIII. Industrial The student will be able to discuss Discussion-demonstration. The students | See Appendix II-
Paper the following things about industrial | will construct a 8% x 12° piece of paperd Ps 54-56
papers board by glueing together of liners and
;1 Its identification a corrugated center. It is to be used
2) Kinds in the following lesson.
3) Examples of

18
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

IX.

no
=

X.

Indugtrial
Paper Packaging

Package Testing
and Cost

(4) The agsembly of corrugated board

The student will be able to list
the following steps for btuilding a
flcha from vaperboard: {1) layout,

2) pmun’ (3) outting, (4)
scoring, {5) coating, and {6)
folding.

The student will be able to explain
the testing of a package and cal-
culating its cost

Supplies: Examples cf industrial paper
products
Paper liner and corrugated
paper
White polyvinyl glue

Digoussion~demonstration. Given the
necegeary tools, specifications, and a
product to be packaged, the etudent will
layout and cut out a box that fits the
pacikaged article within 1/8 inch on

&11 sides.

Suppliest Tic-tac-toe package
Paperboard
Layout toolg
Razor blades
Scissors
Narrow roller (for scoring)

Felt tip pens
Coating system (pressurized

can of clear acrylic finish)

See Appendix II for student activity
oh construction of a package.

Discuseion~demonstration. The student

will pexform burst strength teosts on
peper and caloulate the cost of the bax
constructed earlier.

Supplies: Ytems to be tested
Price lists for building

Equipment: Pneumatic burst teeter

See Appendix IIe-
P. 57

See Appondix Il

p. 57




COURST:

HATERTALS AND PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOQURCES
XI. Plastics . The students will be able to discuss | Discussion-demonstration. The student (20) p. 9-32
* the following things about plastics: will observe a teacher demonstration on (17 Che 1y 24 3
(1) Plastics defined - a zroup of the characteristics of thermoplastics (7) chs 1=5
synthetic materials, composed of { (the polyvinyl worm) and thermosetting
hydrocarbons having a2 high mole- | plastics (the polyurethane foam). If
cular weight, which flow at some | class time allows, the students will
stage in their development into make a few worme and foam a gmall poly-
products urethane sanmple,
(2) Historical development of thermo-
lastica and thermosets Supplies: Polyvinyl womm kit
?a} Phermoplastics Disposable cups
b} Thermosets Tongue depressors for
3) World War II developments gtirring
4} Present status Polyurethane foam, Components
5) Unique characteriatics of plas- AN andg “WBY
tics as compared to non=plastics Solvents, lacquer thinner,
materials such as: wood, metals, and cychlohexanone
w0 stone, and ceramics
© (6) Tnique characteristics of themmo-| Equipment: Hot plate
sets as coupared to thermoplastics Soldering gun
(7) Unique characteristics of thermo-
rlastice as compared to thermo=
sets
(8) The working properties of thermo-
plastics and thermosets
XII. Composition The gtudent will be able to explain Discuasion=demonatration. The atudents 20) p. 9=32
of Plastica the definition and historical aspects| will do the following: 17) Ch, 1, 2, 3
‘ of plasticaj also, the raw materials | (1) Indicate orally the four elements (7) ¢ch, 1-5

used in making plastics and the
chemical composition essential to all
plastics material manufacture.

vwhich make up the definition of
plastics materials.

{2) Descrive the thermoplastic charac-
teristics.

(3) Descrive thermosetting plastics
characteristics,

(4) Describe orally the significance of
the historical dates of 1868 and

1909,
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TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES
(5) Given a list of ten materials, some
organic and some inorganic, they
will select four which are used as
raw materials in the making of
plastics materials,
(6) Given a list of ten elements, they
will identify four elements which
are found in meny plastics materials|
(7) Draw a diagram of the elemental
structure of a simple polymer.
XIII. Identification The piudent Will be able to do the Discusgion~denonstration. The student See Appendix II-
of Plastics followings will observe the reaction of eight . 60
(1) Explain the specific gravity test] plastics samples as they are subjected ?20 Do =32
by submerging samples in watex to the specific gravity, solvent, heat, 17) Che 1, 2, 3
{(2) BExplain the series of golvents burn, and physical properties tests. (7) Ch. 1-5
2 used by going through the series | They will also chaxrt the results on a
Laan with several plastice samples form Provided to them.

(3) Demonstrate the heat test on
© thexmoplastics and thermosets

with a soldering gun

(4) Show the burning chaxacteristics

of several plastics

(%) Manipulate several plastics
samples to show their brittle-
ness, toughness, eic.

EG;'Explain the charting procedure

7) Explain the dangers of working
with solvents and open flame

(8) Demonstrate the entire identifi=-
cation procedure with an *un-
knowm™ sample, such as polysty=-
rent and polyethylene

(9) Check out plastics samples to the
students )

Supplies: Baby food jars for contain-

ing solvents

Solvents - water, toluene,
butyl acetate, acetone, and
cyclohexanone

Pweezers - fabricated from
sheetmetal strips

Plastics samples - styrene,
ABS, acxylic, nylon, poly-
ethylene, polyvinyl chloride,
urethane foam, phenolic, and
butyrate

Alcohol burners
Electric soldering gun

Equipment:

See Appendix II for (1) identification
chart, (2) reading on identification

procedure., :




COURSE:

MAPERYALS AND PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

1

SUGGESTED ACTIVITIES

RESOURCES

XV, Textiles and
Fabric

Construction

o
o

Xv,

Rubber

+ the meaning of the following textile

The student will be able to define

terms: (1) filaments, (2) mono~
tilament, (3) multifilament, (4)
staple fibers, (5)filament tow,
EGg denier( (7) crimp( (8) weave,
9) knit, (10 11) sizing
and (12) finish oy ’

The student will be able to describe
the characteristics of and uses for

textiles.

The student will be able t¢ discuss

the following things about rubber:

(1) Definition of rubber - an organic
material characterized by its
high coefficient of friction,
flexibility, elastomeric and
dielectric qualities

(2) Unique properties of rubber as
compared to other materials, such
as wood, metals, ceramics, and
plastics

(3) The development of rubber as
industrial material .
(a) Discovery of natural rubber

Discussion-demonstration. Students
will cut cloth samples, mount them on a
display plague and label their
characteristics.

Supplies: Fabric rempants = felt; poly-
ester double knits musling
crepe fiber glass; single,
double, and woven roving
weavess burlap; and ticking
Textile and fabric construc-~
tion display plaque

A variety of textile products

Two inch square metal templat*

Scissors
Steel rule die (optional)

Equipment: Press for steel rule die

See Appendix II for student activity on
"Pextiles and Fabric Construction” and
a textile chart.

Discussion-demonstration. The student
will take samples of different types of
rubber, mount them on & display plaque,
and label their characteristics.
Supplies: Heavy poster board display
plague format

Rubber cement

Rubber samples with an area
of 13" x 1an .

1. Neoprene - op.én cell
2, Neoprene = close cell
3+ Natural gum

See Appendix Il-

?5) 61«63

(6)

22
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

XVI. Rubber Pipes

£8

(b) Development of synthetic
rubbers

The student will be able to explain
the prominence of rubber in trans-
portation tires and the system of
tire manufacture,

4. Silicone

S5« Cold recap tread

6. Adhesive for cold recap
7. Hot recap rubber

Discussion~demonstration, Student

activity as follows:

(1) e student will xough cut material,
™ x 4" and 2% x 4", for wood bass
of shoe,.

(2) The student will then laminate the
two pieces together,

(3) The student will rough cut rubber
sole material to shape on bandsaw,

(4) The student will cut vinyl upper
material to rough shape with
scissors using a metal template as

a guide.

Supplies: Two 1" x 4" x 12" and two
2% x 4" x 12" fir or epruce
Wood clamps ’
Glue
Scissors
Metal roughing template for
supported vinyl
Supported vinyl

BEquipment: Radial arm saw
Band saw

See Appendix IT for information on the
wooden clogs.

See Appendix Il.
o 64=65
(1)




COURSE:

TLTERIALS AlD PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

XVII. Materials with

Rubberlike

XvIII. Recapping
' Tires
CO
e
AIX. Vulcanizing
Rubber

The student will be able to discuss
the elastomeric qualities of leather

Characteristics| and supported vinyl

The student will be able to explain
the procedure of recapping,
(1) Processes
a} Hot recapping
gb; Cold recapping

The student will be able

followings

§1§ Define wvulcanization
2

3

+o do the

Discuss the need for
Describe the process
tion

sul fur
of vuleaniza~

Discussion=demonstration. The student
will hand sand the wooden clog body to
a smooth surface, apply a finish, and
tailor the supported vinyl upper of the
clog.
Supplies: Abrasive papeXrs
Finish (fash dryi
a.pplied, i.es Deft
Brush

Supported vinyl
HMetal templates
Scissors

s hand

Discussion-demonstration. The students
will recite the names and description of
the two recapping processes and they will
continue working on clogs. The wooden
body will be sculptured and the rubber
tread will be adhered.

Suppliest Wood laminations

Contact cement

Brush

Recap tread, 10/32% (See .

. Appendix B, Lesson 33 for
vendor)

REouipment: Band Saw

bise sanderx
Drum sander or drill press

Discussion-demonstrations The student
will observe a demonstration of rubber
vuleanization and will assemble the

supported vinyl upper to the clog base.

(6)

(6)

(6)

24
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

XX,

Hock and Stone

Ceraniecs

(a) lLioad raw rubber into a metal
mold

(b) Apply pressure and heat for
a specified amount of time

(e) Cool mold and remove vule
canized part

e
the

(1)

student will be able to define
followings:

Rock - a concretion of earthy or
mineral matter of inorganic
composition

Stone ~ small weathexred rock
fragments or those portions of
rockas which are sghaped for
buildings

(2)

The student will be able to identify
the stones: granite, sandstone,
limeatone, shale, slate, and marble.
He will also be able to discuss
their properties.

The student will be able to discuss
the following:

213 Definition of clay

2) TUnique properties of ceramics

Tacks

Hot recap rubber (See 4 pendiJ
* B, Leason 34 for vendor§

Supported vinyl (tailored)

Metal mold xzor rubber

vuleanization

Supplies:

Equipments: Laminating press with heated
platens

Discussion-demonstration. The student
will produce a stone identification
Plaque which includes six stones and a
listing of their characteristics. The
stones will be packaged in place with a
clear acetate hiister.

Supplies: One stone of each kind:
| Sandstone Slate
Granite Marble
Limestone Shale

Clear acetate for the
bliater package
Heavy pape@r plague format

Equipment: Chipping hammers
Tumbler
Sandblaster

See Appendix IT for example of "Rock

Identification Plaque" and a reading

on "Rock and Stone",

Piscussion=demonastration. Student

activities are as follows:

(1) The student will differentiate the
tems "eclay' and "ceramie",

See Appendix II-
p. 66=69

()




COURSE: MATERIALS AND

PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

X{1x. Glass

9¢

4) Types of clay
5) Firing

' %‘5; Industrial uses of ceramics

The student will be able to discuss
the following things about glasa:

&

1} Definition of glass

2) Materials used to make glass

3} Properties of various types of
glasses such as: quartz, soda~
lime glasy. and boresilicate
glass )

4) Glass processing methods

5) Procedure of cutting glass

(2) The student will identify in writing
the names of at least six ceramic
products.

(3) The student will describe the unique
properties of ceramic materials as
compared to other materials such as
metals, plastics, woods, and xubbers.

(4) The student will match the names of
at least three types of clays with a
description of their common uses.

Discugsione-demonstration. Student

activities are as follows:

(1) The student will identify at least
six of the ten chemicals used in

818-330

(2) The student will choose the correct
definition of glass from a list of
four alternatives.

(3) The student will match the descrip-
tions of glasses with their corres~
ponding names for the following
three types:
ia) quartz, (b) soda-lime glass, and

¢) borosilicate glass.

(4) Given only two atitempts, the student
will eut a piece of glass by using
a glass cutter and steel rod.

(5) The student will recall orelly the
sequential steps required to form
glass. .

Suppliess 3/32" 1lime glass
Glass cutter
Abrasive ‘paper
Variety of glass products

See Appendix II for a reading on glass.

See Appendix II=~
re T0=-T1

26




27

TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES
XXIXX. Cement ard The student will be able to define Discuesion~demonstration. Students are (8) v. 25-79
Concrete Portland cement and discuss the to separate mixed aggregate by using .

following things about it: 1/4", 1/2" and 3/4" riddles into fine
pi Properties and coarse aggregate.
2) How Portland cement is made
(3) Types of Portland cement Suppliest Mixed aggregate
1/4" riddle
The student will be able to define 1/ piddle
cohcrete and discuss the following 3/4" riddle
things about it: canvas tarpaulin {optional)
1) How concrete becomes "cured" 5 gallon buckets for aggre-
2) How to determine the strength gate storage

o of concrete Pictures of concrete pro-

~3 ducts (optional)

XXIV. Mixing and the student will be able to discuss Discussion~demonstration. Situdents (8) p. 25«79
Testing the following things about vro- will mix conerete and slump test the
Concrete cessing concretes mix. Also, they will cast four test

E‘l ) Designing the cohcrete mix beame with various reinforcement and
2) resting the concrete mix two test ¢ylinders from concrete used
(3) Forming concrete into test in the slump test.
specimens Supplies: Water Sand
54; Curing concrete Aggregate Cement
5) Testing cured concrete Slump test form
4 test beam molds
2 test cylinder molds
3/8" reinforcement steel bar
Equipment: Conerete mixing equipment
X{V. Concrete The student will be able to identify | Discussion-demonstration. (8) p. 25-79
Reinforcement the following tyves of reinforcements;

1) Bars

2) Welded wire mesh

The student will be able to explain
the care and installation of
reinforeing materials.




COURSE:

MATERTALS AND PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOQURCES

XXVI. Plasters

VII. Plaster
Pattern
Making
[
Q0

The student will be able to discuss
the following things about plaster:
Definition

Propertiea of cured plaster
Mixing procedures

Shaping plaster

Paxrting agents required on
porous surfaces

26; Major types of plaster

7} Major usea for plaster

The gtujent will be able to explain
the following things about plaster
pattern making:

§1i Parting agent for porous surface

AN AN RN -

2) Mixing plaster
3) Taking a plaster splash

Discussion-demonstration. After obe
serving the instructor teking & plaster
splash, the student will prepare a smsll
wood and clay pattexrm. A plaster aplash
will be taken from the pattern on e
later date.

See Appendix II for a small wood and
clay pattern.

Discussion-demonstration. Students
will complete wood-clay patterm and
will take a plaster splash of same.
The splash will be used as a foundry
pattern in a later leason.

Plastic containers
White plaster
Hydrocal plaster

. Hemp

~+ Shellac

Alcohol

Lacquer

2" shellac brush
Petroleum jelly
Masking tape
Modeling clay

3/4% x 10" x 10" fir plywood
for pattern base
Wiping regs

Equipnﬁtz Water sink with plaster trap

Spray booth and spray gun
Pnewmatic drill motor for

stirring plaster

Supplies:

See Appendir Il-

Gl
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CLASSIFICATION SYST'k FOR MATHRIALS

M Non-Metals
et
Ferrous Non=-Ferrous Qrgenics 1no ie
+® & I_ _._._..l
L ¥ | 1
Iron Steel Alloys Blements Wood Flastics Rock & Stone
Aliminum Zine Paper Rubber Clay
Magneszixm Copper Legther Textiles Glass
Brass Nickel Concrete
Solder Chromiun Plagter
Pin




CLASSIFICATION OF MATERIALS

From the list of material captions and definitions given below, you are to
construct & display chart depicting the system of materials olassification dis-
cusmed by your instructor. The display chaxt will be on heavy oolored paper and
will be placed in your notesbook. You will need scissors and transperent tape.

1y
O
ALLOYS 5
ELEMENTS c
[ ;
8 § :
@ 5 g Rgck & Stone
Iron Clay
. g Alunimm 2 Glass
= Magnesium Concrete
Steel g Braas Plaster
» Solder
¥ 3
=
| Wood
g Paper
Leather sNC
] Plagtios %:p?et

t . Rubber ﬁw*‘_elw
= Textiles arrond
:

Derived from plant and animal life
(contains large amounts of carbon)

Materials derived from earthy substances characterized by their luster, good
slectrical and heat conductivity, and heat fusibility.

Composed of matter baving no appreciable amounts of carbon; hence, these
materials are chemically inert,

41
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- |
CIASSIFICATION OF METALS ‘
i |
. = =SOURCE™ ’ .
Earth- = ~ ] ’ ‘
* - Sea ’
“~ = ¢
_ - EXTRACTION AND HEFINING = . _ ‘
O‘xida.tiOn_ - ”‘ - T - - Chemical
Reduction Electrolytic Heat Teaching ‘
Reduction Recovery
METALS ‘
Ferzous Non-Ferrous
-Irozl;g?Fe_) Alloys Elements ‘
Capt Iron Steel Wrought Aluminum  Alvminum Magnesium
' (Caxbon + Alloy) Brass Copper Nickel
White Bronze Zine Chrome
Gray Solder Tin Mercury -
Malleabls Magnesiun __ Lead ‘
s ¥ p———
-""-‘-..-.“--. ] -“"'-"-‘
- TIENTIFICATION ‘
*
3
) Color
silverish T ReddisH, Yellow
- Physical State .
Soliad { Liquiad
Weight
Light ! Heavy
Magnetism
Magnetic Non-Magnetic |
PROPERTIES (PHYSICAL) ‘
;
Thermal Conductivity ‘
High Low
Electrical Conductivity
Good | Poor
Melting Point
High ! Low
Coeefficient of Expansion
High ! Low ‘
- __Duotjlity
Eigh : Low )
Tensile Strength
High ! T.Ow
Response to Chemical Apents ‘
High resistance Low resistance
42 ‘
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IDENTIFICATION OF METALS

Most metals can be identified in the laboratory by ovserving their mechanicg)
and phyaicgl propert:[.ea oxr characterigticss hardiness, density, strength, color,
and magnetic attraction, as yell as by chemical properties,

_ Vihen given the task of differentiating among metal Pieces of low carbon steel,
1inah ca:gbm ategl, a.l;min;m, brass, copper, beryllium copper, and lead, the follow=
ng system may be used, First separate them into two groupss (1) silvery and (2
yellovish or reddish., The silvery metals include aluminum, msteels and lead. 1‘1(13)

yellowish or reddish metals include cobper and the coPPer alloys of brass and
beryllium copver,

The silvery metals may now be separated into 4wo grours use of a pemanent
magnet. The magnetic metals (the ones attracted to the magnet) are gteel, The
non-magnetic metals a2re aluninum and jead.

When the steel pieces are placed against a rotating grinding wheel, one at
a time, the gpark pattemn given off will indicate the carbon content of the steels.
The low carbon steel will give off a long, dull red spark pattern with a small

nunber of star-like explosions, while the hi on stael picce wi
numerous bright star-like explosions. gh carbon steel piece will give ot

Low Carbon Steel High Carbon Steel

By bending the non-magnetic silvery metals with your fingers you will notice
that one bends more easily than the other. The metal that bends easily iz lead;
the other metal is aluminum The lead rod ig also heavier than aluminum,

Within the non-silvery metals the reddish metals are copper and bexyllium
copper, The yellowish metal is brass, By bending the same three non-silvery
metals slightly practically no springiness will be observed in copper. The
soringiest metal is brass and the stiffest of these three netals is beryllium

copper.
WAL _SPECEWNS i -
. i S
SILVERY ceion x;ffun'isy_:_)_k R¥IDLSN om:gn
5\5‘ ETIC  OMSMAITIC LD 'igm_tlg:‘lt_
.s]r_"‘ crm{us LY W0 SPRLIGINESS  “STUIFST  SPRINEIEST
MILD SPARKS BRIGHT STAR
JOATTEAN _  SPARK RATTELN
|.m—¢i-::.\num E1CH kaRROS
SETLLL mE L uwap awwsh curpee KERYLOM FMTRR MASS




PROPERTIES OF METALS

Thermal conduc tivity
Heat mey be transferred from one region to another by three distinct

methods Imown as convection, radiation, and conduction.

Convection is a process of heating an grea by moving a heated material into
that area, The heated material gives up its heat and the relatively cool body
picks up heat.

Radiation occurs when electromé@etic waves come in oontact with material
and are partly or completely absorbed and converted inte heat.

When heat within 2 material, such as a rod, flows continuously from the
warmer to the colder region, the process is called conduction. The amount of
heat transferred per set length of time through & material by this method is
called its THERMAL CONDUCTIVITY. The best thermal oonductor ig metallic silver
and the best themal insulator (poor conductor) is a vacuum,

Thermal conductivity of a material is very important eince it tells some-
thing of 2 molecuwlar siructure of the material, Metalsa, for instance, are ele-
ments whose atoms contain one or more loosely held elaoﬁ‘m; henoe, thermal
conduction takes place with relative ease,

On: the other hand, pon-metallic elements, such @& phenolic, have atoms in

which the electrons are not loosely held., In these elements conduction of heat
is not the weault of electron movement, but is cauged by the ;joatling of atoms

and molecules~=z much slower process.

Magnetic propertics of metals )
The ability of metals or alloys ta acoept magnetiem are listed in one of
three categories,

Ferromagnetic Paramagnetic D etic
(good) (fair) (poor

soft iron aluminum copper
steel platinum zine

cobalt chromium gold

Even though some of these metals have poor magnetio properties, they can be
mixed with ferromagnetic metals to give different degrees of strength to the
mamet.

To maice 2 permanent magnet the material is subjected to high electrical
induction. Thig process is usually acoomplished in the manufacturing process
of metals. After this process is completed, the metal will hold its magnetism
unleas subjected to high heat, physical shock, or a strong demagnetizing field.
The temperature at which & magnet loses its magnetism is called the ourie temperature.

41
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Therms.. expansion of metals

tthen moat materials are heated they increase in size. The increase in size,
due to a temperature increase, is called themmal expansion. While an important
congideration for many materisls, thermal eXpansion is particularly important as
it affects metal objects all around us. 3Bridges, for example, lengthen in the
gummer due to the temperature increase. For this reason, they are often set on
rollers to allow for the elongation which takes place.

Man has put thermal expansion t¢ use for." him in a mm'bér of ways. For
example, a thermometer uses the metal meroury which is very sensitive to tempera-
ture changes. The thermostats, which allow our refrigerators and home heating

systems to operate properly, work hecause of themal expansion.

When two metals having different rates of expansien are fastened together,
they are called a bimetal. When a bimetal is heated, one metal will expand more
than the other gnd the unit will bend, the leonger meital being on the outaide curve.

The amount of linear expansion of materials is expressed in a number called
the coefficient of thermal expansion, which is the fractional increase in length
for a temperature rise of one degree. TFor example, 0,000022 is the coefficient
of thermal expansion for aluminum as is shown by the chart below. This means
that if a one foot length of aluminum is heated one degree centigrade, it will
lengthen by 0.00002 feet. If the temperature goes up two degrees, it will
lengthen by twice the amount.

s —

COEFFICIENTS OF TRERAL EXTANSION (1ineer)
Metal {19/10/%C)
leed 000129
aolder (50-50) 00002
esloninne 000022
bruse 000020
baryllinm copper .000013
copper 000017
monel +HO0014
low carbon eteel 000012
high cerbon steel 000010
|_* Inthes of slonkaticn pet lnch of lentth 2 rent {xrade

The effects of cold working and annesling metals

Cold working is the mechanical dsformation of & metal at low temperatures,
usually, room temperature. Cold working metal will change the mechanical pro-
perties of the metal, usually hardening the metal. The metal can be re-softened
by a heat treating process ocalled amealing. Wire drawing is a common 0old work-
ing operstion used in industry. Dwawing hardens and stiffens pétals, Many times
annealing must be used to soften the metal so that the drewing epermtion can be
continued,




HMeasuring the temperature of metals

Measuring the temperature of npetal is an integral part of heat treatment.
Two quick and inexpensive methode may be¢ used. The first method, allowing ap-
proximate temperatures onmly, is the color chart, which is used by comparing the
color of the heated specimen with the color on the chart.

The second method for measuring temperatures of heated metal is the uge of
tempil pellets. These pellets are made of a material which melts and caumes &
smear of hot metal at indicated tempsratures. If the pellet does not sssaw on
the specimen, it is kmown that the temperature ig lower than that marked on the
pellet package. When the pellet does smear, it is lmown that the temperature
is the same as, or higher than, the temperature marked om the tempil péilet
package,

Neither of the above methods is used on a wide geale in industry. Rather,
mogt widelYy used for temperature measurement are the themmocouple and the
optical pyrometer. Six measurement systems are:

1. Color chart -« Visual comparison or matching of color in & heated working
steel to a printed color obart of temperatures

Colors for tempering Colors for forging
Fahrenheit Color Tool
430 Tellow Lathe tools 875 Blaock red
470 Straw Punch-drills 975 Low red
500 Brown Axes=wood chisel 1450 Cherry red
540 Purple Cold ohisels 2000 Lemon yellow
510 Blue Screw drivers 2300 White

oi }" (3]
2. Tempil pellets g\z—— = = {

Or Crayon -
.Vigual inspection reaction of & .
predetermined melting material reaction .

as it ias applied to the surface of the working
metal

3. Meotal thermometer = A device that uees the principle
of expansion of metals. The reaction of a bimetal
coil causes & pointer on a calibrated scale to give
a reading of temperature.

scale .
(e or ')

\—"pointer
actuated
by coil
~ bimetal
45 . coil




A, Thermograbh - This device combines the metal thermometer and a
recording device to giw::t a constant printed readout

5. Pyrometer - A pyrometer im 2 device using the principle that
an electric current is generated in a thermmocouple (two dis=
sirilar metals welded iogether) as it increases teupexature
and thus, gives a readout on & nillivoltmeter

6., Optical Pyrometer = An optical pyrometer is a sensory devioe
that registers the degree of brightness of the color spectrum

in metsl as it reacts io heat.

RADIATED HOT BODY COLORS
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SUPPLIES AND EQUIPMENT

Suppliest 4 inch lengths of 1/8" brass, aluminum, steel, and Phenolic rod
Candle or heegwax
Alecohol burner
Magnetizing coil
4 inch "C" clamp
One pound tinnere rivets
Yhermal conductivity testing structure
Magnetic properties kit
Monel stxip
20-28 gauge x 3 x 5" mild steel and brass strips
Hand lever hole punch
Micrometer
080" = 100" soft copper wire
Wire drawing die
Ball peen hammer .
3 diameter x 2" aluminum and low carbon gteel

Iquivment: Soldering furnace or torch for annealing
Machinist vise
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MAGNETIC PROPERTIES OF METALS

magnetizing ecil
Magnetic properties kit

Experiment #1

sing samples of different metals provided in the class, take a permanent
nagnoet and gee which metals have magnetic properties, IList the metals wnder
the three termms used to clagsify metals as to their ability to be magnetized,

Experiment #2

Uaing a permanent magmet, pick up as many thumbtacks as the magnet will
hold. Romove the thumbtacks and strike the magnet sharply with a hammer., ¥Now
try and pick up the same number of thumbitacks. Can they all be picked up?
Why? You may remagnetize the ber of steel with an eleotrical coil and a
direct current source.

Bxperiment #3 ‘
Clamp a Monel strip to a table and place a button magnet about an inch

from the end. Using an alcohol burner, heat the Monel strip. The button
magnet will gove away from the heat., This is becanse the curie temperature -
is about 150°F and Monel will lose its magnetic propertiee.

39




Sl : PHYSICAL PROFERTIES OF MEDALS
THERMAL CONDUCTIVITY

~

Sxperiment Instructions

Set wp iae experiment as indicated below using brass, aluminum, low carbon
steel, and phenolic rod. Record and compare your results on each. Check to be
surce that the rod lengths and diameters are the same to insure asourate results
dur:ng the experiment.

Cut all rods to four inch lengths and scrape some candle wax (or suitable
substitute) on the end of each rod. Ingert the other end of the rod into.the
wire holder. 3tart heating the rod and deterwmine the time it takes to melt the
vax for each rod, You will need a watch with a. sweep second=hand. These times
will be used in comparing the thermal conductivity of the different rods. Sinoe
wax melte at a specified temperature and sinoe the wax on one rod melis in less
time than on another, it can be stated that heat was conducted more repidly ’

. through that rod. Therefore, we can conclude that its 'I.'heml comductivity

is greater.
. ’ N

10TEs  Renord the time required to melt
the wax for each of the four rods.

BRACR ALUMINTM R PHENGLIC
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THRMAL EXPANSION OF METALS

Exveriment ﬁ‘l = Bipetals
Cut twp 20-28 geuge x 1/2" x 5" metal strips--one of steel and the other of
orasse PFasten together with four, one pound tinners rivets.

liold the bimetal with pliers and heat it over the aloohol burmer.

In which direction does the strip bend?

“hich metal eXpanded the greatest amount?

fo0l the bimetallie strip in cold water. What is the direction of bending?

ihat do vou think would happen if the bimetal was cooled to sub-freezing tempexa~

tures?

Experiment #2 - Thermel expansion
Cut off a 2 inch section of 1/4" steel rod, Measure the exact length of
the rod with a micrometer and record below. Heat the rod along its full length
i for a few meconds with the glochol
bumer. Once again, use the miocro-
meter to meagure the length of the
rod and record the measurement.
From your recordings, notice the
differences in measurements.

Some metals lengthen more than others. Repeat the above expesriment with
r anntion of aluminum and record the measurements.

ALUMINGM LOW CARBON STEEL

Room tanperature

Heated with alcchol bumner l

Y
o1
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NAME

‘ .
N . . -TEB- EVYRCTS OF COLD WORKING LND DENMALISG ~ -

Exporiment £1 = Cold worki hamrering

Take & copper wire (6" - 8", , - .100" diameter) and hammer
the rod flat. Check the comparative atrength of the hammered end ve:
regnlar end by trying t0 bend each end of the rod by hamd, The
should be more diffioult to bemd, '

EE%
853

Experiment #2 - Annealing
Use the copper rod prepared in experiment #1. Neat the haummered end of
tha rod to approximately 600°F. After cooling in water, try the sams test

used previously. How does the stiffness coapare? The amealing process will
have softened the rod after the cold working has hardened it.

Expeximent #3 - Cold working %71 draving wire
Cut off two pieces of .069 copper wire about six inches long. File s

taper on one rod so that it goes through the largest hole in the drew plate,
Using pliers and oiling the »od before each drawing, pull the rod through the
largeat hole. 3By bending, compare the stiffness to +he other piece of wmirawm
copper wire. Anneal (heating to approximately 600%F) the piece of coppex wire
that.had been drawn through the pext holes compaxe the two wires by bending.
Which has more resietance to bending? Why? 0il the mame wire and drey it
through the next hole. By bending, compare itz stiffness to the Lirst copper
wire; cne might expect the thimner wire to bend more easily. Does it?
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ALUMDITUM CTASSIFICATION

e a2luminum indusiries have adopted a wniform system to identify the
various types of aluminume. Thig system will be briefly expleined below:

Commmon aluminum alloys ares

1100 3003
2014 2017
2024 4032
40435 5052
6053 5056
6061 ~ 6066
7075

Firgt digit explanation
1 xx = Non-alloyed aluminum

2 x> = Copper hase ,

3 xx¢ = Hanganese bese 3
4 xxx-= 3ilicon base

5 1otx = lagnesium base

6 xxx - ilagnesium and silicon bese

7 xoex - Zine base

The second digit of the series simply shows some control or modification
that was used in the production of the alumimum. This number is of importance
larg2ly to the oroducer.

The last two digits of Group ! indicate the degree of aluminum purity which
is expressed in hundredths of 1 percent. The last two digits in other -groups
identify specific alloys in the group.

The hardness of heatetreatable aluminum alloys is shown by the letter "IV,
which indicates a heat~treatable 8luminum, and is followed by 2 number. ‘rhe
nunber designates the kind of temper treatment that was used.

Temper desisnations
0 « Anmmesled or recryatallized. Softest temper or wrought alloy.
F - As fabricated
H -~ Cold worked
W - The wnstable zondition following solution heat treatment
T2 - Amnealed. Cast products only.
T3 -« "olutiea " ad Lambnd, then cold worked.
T4 = Jolut'ca h.ab toentod, and naturally aged to a substantially stable condition
P& « Solution heat treated and artificially aged

33
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SAE and ALZL SYSTMME OF STT0RL CLASSIFICATION

The Society of Automotive Engincers (FAE) and the American Tron and Steel
Institute (AIST) have developed a classification system for coding steel.
A four or five digit number svecified the tyme of steel in the first digit,
the percent of alloying element in the second digit, and the amount of carbon
in the third, fourth, and fifth digit in cases where high carbon content is
present.,

36 Mickel

2 3 0
Nickel .50%8 carbon

Bxample:

Coding Systoem Common Carbon
Tvves of Sieel Steel Numbers

(1) carbdon IilY steel ~ 10P0

(2) Mi.ckel Hedium carbon - 1045 and 1085
(3) Hickel-chromiun ltigh carbon - 1095

(1) Molyvdenum -

(5) Chromium

(8) Chrome=-vanadium

(7) mmngsten '

Common Alloy Steel Numbers
Mickel - 23%0

lieckel chromium - 3230
Holybdenum « 4130
Chromium - 5150
Chrome-vanadium - 6140

Tungsten = (260
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LUMBER TECHMNOLUGY

The lamber industry provides functional ant aesthetic mal«rials which our

c.vilization has leamoe? lo aporeciate. The beauty and serviceability of woods,
rarely matched by any other material, place these materials in high esteem all

over the world. The workability of woods has made them a prize choice for the
oraftsman of many ages. In years past, the lumber indusiry was concermed with
removing as much timber as possible without regard to the conservation of wild
life, topsoil, or future growth of timber. Today, however, the lumber indus-
try is more aware of the need for controlled harvesting of trees, the protec-
tion of wild life, the prevention of forest fires, and conservation of valuable
top soil, Tree farming is a systematic method of growing treces for the pro-
duetion of lumber, nepex, and othor wood products. Some of the larger lumbere
ing and peper moling companies own iree farms and manage them so that timber

is grown more rapidly than it is being used.

LOGGING OPERATIONS

Host logsing operations, done by power tocols and Pover machines, saw the
trees neatly and quickly and power tractors tow the logs to the nearest clear-
ing where they are loaded on large trucks for transport to saw mill., Before
being sawed intos lumber, the logs are stored in the mill pond which nrevents
insect damage, fire, splitting, and males it easier to sort out and move the
logs to the power conveyor that will carry them up to the saws.

HAXING LUMBER FROM LOGS

With huge power saws, which are usually band saws or, in some cases, &
high pressure Jet of water, the logs are cut into timbers, planks, or boards.
mbear avar 43 thick is "tinbe™"s lumber from 43" to 14" ig “plank"; while
material wider 1P ig referred to as "board", Two methods of sawing lofs ares

a. IMoin saving = The quickest and least
cxpensive Way to cut a log is Lo pass
it back and forth through the saws.
Host softwools are plain sawed.

r‘ b. Quarter saving - For

hardwoods, it has been

found that the grain

pattern is more attractive

and the lumber warps less when the log
ig quarter-sawed. Since there is more
waste and it takes longer, quarter-
sawed lumber is usually more expensive
than plain sawed lumber.

45
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LUMBER 51253

Yhen a 2 x 4 is sawed from 2 log it actually measures 2" x 4"4 but its
surince is sLill rough from the coarse saws. Ilowever, aflter it has been
smoothed on its surfaces and edges, the lunber is smaller than before. Therew
fore, a purchased 2 x 4 measures about 2" x 33, A1l smoothed limber purchased
tn oshen'nvt gizng ig actually a little undersizes A 1 x 8 board; for example,
measures about 3/M x 72 anda 2 x 10 plank meagures about 14" by 9,

DRYDNG LUMBER

Jood iz composed of tiny cells and, when the tree is growing, these are
fillea with moisture and sape. When the tree is cul down and sawed into lumber,
this moi=slure begins to evaporate, pewmitting the cells to shrinke. Unless this
evaporation is cavefully controlled, the lumber will shrink unevenly causing
varsin® and cracking.

To prevent excessive warping and shrinking, most lumber is dried bvefore
being sold to customers. Lumber may be air dried, put the better lumber is .
®iln dried.

Ir the Drocess of air drying, lumber is simply stacked in piles with space
bntween the pieces, so that air can cireuwlate around each pileces This takes
several monihs and the drying cannot be carefully controlled. After correct
a’r drying, the wood %ill have minimwm moisture content of fifteen percent.

In the process of kiln drying, the lumber is stacked in piles with
spacers betueen the boards and placed in a kiln or oven in which meisture, zir,
ant iemperature are controlleds Propverly kiln dried wood will have less than
ton nercent moisture content. .

PURCHASING LUIMBER AND WOODTH MATERIALS

Host lumber is sold by the board foct.
One board foot is equal to a pieece of
Yumbar 1" thie', 12% wide, and 12"
long. Iomher less then 1M thick
in noualty £ puret an Lthough it
voxro 2 full nathe




.The number of board frei in lumber ig figured hy mullinlying the thicknass
in inchrg by the widbh in inches, timns the length ‘n feet, all divided by 12,
TPhe formula for figuring board feel ig showm belous

" o qt X
l—x%—“—l— = board leetl

If the 1engf:h, g figsured in inches, the follouwing fomula should be used:

t 1 1ll
t—%:—%— = board fcet

Plruwooi, pressed wool, and gimilavr material are sold by the square foot.

USES FOR HOOD

0Of the one=half milli:on ncw houses built in this country each ynar, many
e made almost entirely of wod. Even houses made from other materials use,
yood for doors, ovaneling, and trim., Heavy construction woxrk males use of
tumbar for cement fomms, scaffolding, bridging, ornd pitinge Some of the finest
lumber is used by the fumiture industry to manufac ture millions of dollars
worth of furniture each year. Less valuable lumber goes into crating which is
used for packaging and shipping.

Besides the millions of collars worth of lumber Produced, wood is used to
nroduce plastics and charcoals Billions of dollars worth of paper is produced
cach year from wood pulp and wood is used to produce paints, perfumes, exe
vlogives, antifreeze, and disinfectants.

HARDBOARD AND PARTICLE BOLD

"lywood s made by crossebanding thin plies of wood together. Three or
aes piias, alvavs in odd numbers of vencer, at zight angles to the adjacent
nly nrovide 2 flat stable material which has strength characteristics fer
greater than that of solid wood. 'thz majority of venecr used in plywood con-
struction is cut by a rotary vrocess but for finz cabinet plywoods the veneer
is plain or guarter sliced.,

One of the great advantages of plywood ig itg availability in large sheet
forns. This reduces construetion time in floorinz and roofing Jjobs for example.

Hardhoard consists of wood fibers and natural wood lignin vhich have been
oressed vnder exiveme pressures., Sawvmill residue and low quality logs, fore
nerly waste, are used for making hardbozard products.

Like hardboord, merticle boand is producsd from sawnill residue and low
a2l 'ty Torse Twowrvee, in the case of particle dhozrd, the materials are in
the form of chins. Adhesives and pressures bond the chins info a rather stable
and useful sheet used 25 a2 construct uvnderlayment matewial,
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IDENTIFICATION OF WOODS

SOURCE

PROPERTTES

USES

APPEARANCE

Bastern halfl of United
Statas excevnt along

the Atlantic coastal
elain, Gulf coast,

and Morida

laine, westward o
eastern North Davoin
and southuard fo
central Florida

and Toxas

Vermont westward to
Nebraska, southward
to southern Georxrgia
and Texas. Commer-
cial production

located in the cen-

tral part of this
rang:

Heavy, strong, stiff,

excellent flexure, and
shock resistant,
HWeight: 42 1lbs. per
cu. ft.

loderately heavy and
Yord, stiff, strong,
vexry stable and high
stock resizstonce
Yeight: 35 lbs. per
cu. f£t.

i

Heavy, hard, strong,
atiff, and geood shcck
resistance

Weight: 38 lbs. per
cu. ft.

48

Tool handles, furniture,
gporting equipment and

athletic equipment

Farniture, backing
block for printing
industry, patterns
and flaske for metal-
working industry

Murniture, gunstocks,
radio and television
cabinets, veneers

Large open pores,
hearntwood brown,
sometimes reddish,
surmmer wood hag white

dotg or lines which
are pores

Close=-grained, heart-
wood light to dark
reddish brown

Open-grained, heart=
wood chocolate brown,
gometimes with a
purplish ecast.
wood white

Sap=




IDMIFICAT%H OF WOODS

HAME SOURCE PROPERTIES USES APPEARANCE
{Hardwood)
HAHOGANY Philippine YIslands Similar to genuine Lumber and veneer for Open-graincd, dark
(Philippine) mahogany, but coarser |furmiture, built-ins, red variety varies

Maine to Minnesota,
southward to east-
ern Texas and north-
ern Mississippi,
Alabama, and Georgia.
Largest stands in

the lake states and
northeast,

Bastern United
States from west-
ern Minnegsota
to western Texas

in texture and appear-
ance, Weights 37 1lbs,
per cu, ft,

Heavy, hard strong,
stiff, high shock
resistance. Excel-
lent endurance qual-
ity, no odor or
taste, Weight: 44
lbso per cu.l ft.

Heavy, very hard, high
in strength pro-
perties, Subjeect to
large shrinkage dure
ing seasoning.

Pores filled with
tyloses, Weight:

47 1bs, per cu. ft.

and paneling

Furmiture, flooring,
handles, woodenware,
bowling pins, and
chopping blocks,
Sap used for syrup
and sugar

Flooring, furniture,
general millwork,
boxes, and crates, out-
standing for kegs,
barrels, and casks

from pale to dark
reddish brosn. Light
variety ranges from
light red to straw.
Sapwood is pale gray-
ish or reddish brosn.

Close=grained, light
reddish brown or tan,
sapwood ig off-white
occagional dark
mineral streaks

Large pores, heart=
wood grayish ‘brown,
large wood rays "
to 5" long

]




IDENTIFICATION OF wWOODS

NAME

SOURCE

FROPERTIES

UsEs

AFPEARANCE

(Softwoods)

/
3/4" peedles

DOUGLAS FIR

1/2" needles

VESTERY
WHITE PINE

/,

5
needles

Along or near the
California coast

in narrow, irregular
strips

Rocky mountains west

1and from Canada to

Mexico. Largest and
fagtest growth in
Oregon and Wash-
ington.

Canadian border south-
ward into western Mon=-
tanz and northern Tda=-
ho and along the Cas=
cade and Sierra Nevada
mountaine through Wash-
ington, Oregon to Cen=-
tral California.

Heaviest in northern

Tiaho and adjacent
parts of Montana and
Washington.

Modexrately light,
moderately hard,
strong, and stiff.
Highly decay resis=
tant. Weight: 28
1bSo Per cue. ft.

Moderately heavy, very
stiff, moderately
strong, hard, and
shock resistant.
Readily kilnedried.
Weight: 33 1bhe.

Per cue. fte

Moderately light, soft,

weak, and stiff. 1Is
not easily split by

nails, Weights 27
lbs. per cu. ft.

Planks, dimeneion
lumber, Jjoists, planks,

posts. House eiding,
outdoor furniture, and

tanks.

Sash, doors, railroad
cars, boxes and crates,
tinber. piling, and
pPlyvwood

Lumber, construction,
boxes, and millwork

Heartwood is a deep
reddish -brown.

Has no distinctive
odor, taste, or feel.

Heartwood is orange
red or sometimes
yellowishe Brownigh
resin streaks in the
summerwOod.  Has &
distinctive odor.

Heartwood is cream
colored to light
browm. Resin canals
are abundant.




MAKING FINE PAPER

A piece of hand~crafted paper, approximately 6" x 8%, is to be made by

the procedure shown below,

1. Seleect mold called a "wire",

2,

Fill tudb 3/4 full of vamm
water and shred pulp into
the water vwhile stixring
the mixture,

3. Boil two tablespoons of
laundry starch in two
cups of water., Pour in
tub and beat with egg
beater,




4, lnsert "wire" down to the bottom of
the tub, Place the wygoden {rame
over the "wire" and pull the “wire"
with frame out of the tub while in
a horizontal position.

- 5%« Separate the two mold com-
ronents and place bl otter
paper over the "wire",

6., Pull blotter off the wire and
place & second blotter over the

wet paper matting, Press dry.

™is process may have to be

repeated several additional times

with additional sheets. ) !

7. Roll out excess moisture from
sheet.

Iron with & 1low heat to
desired surface gloss.
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INSTRUCTTIONS FOR MAXING PAPER

A container, such as a dishpan, approximately 6" deep and wide enough to
allow a free movement of the box and screen is necessary. Fill the pan with
water and then tear apart or pulverize a smll picce of the raw pulp stock
which is in the kit. A little bit goes a long way, so it is best to start
with 2 small quantity and keep checking it on the screen until the right
amount of pulp is evident,

The pulp must be dissolved thoroughly in the water, and this can be done
by vigorously stirring so the pulp is held in suspension in the water. The
water will appear dull, dirty, and murky., When the pulp and water have been
mixed to the consistency you desire, immerse the box and screen (stir imme-
diately btefore immersing) into the water and shake from side to side while
raising slowly. Shaking the box side to side causes the pulp to intermix
(cross grain) to give atrength to the sheet and also has a tendency to smooth
our the pulp. .

Raise the box and screen and let the water drain completely out for just
a minute or so, and then separate the wood.box and the screen. Be careful not
to disturb the pulp which has deposited on the screen. Place the screen with
the pulp between the wool pads and press gently so that the wool will absorb
some of the 'mter. Then remove the screen from the wool pad and place it be=-
tween the blotting sheets and apply gently pressure. This will remove some
more water from the pulp or the peper sheet. Lay the sandwich on smooth flat
surface, remove top blotter amd very gently separate the screen from the pulp,
leaving the pulp on the bottom blotter.

In order to dxy this sheet further, put a piece of blotter over the pulp,
Use 2 hand iron or electric iren while the pulp is still between the blotters.

Run the iron over the surface of the blotting paper similar to ironing clothes.
To put a smoother finish on the sheet run the iron directly on the paper.

63

23




INDUSTRIAL PAPER

Industrial paper is all paper that isn’t designed to be some type of writing
reper, While industrial paper can be printed and written on, its main use is
for J-dimensional products such as packages uged for storage and shipment. Other
exanples of industrial peper are: wrapping paper, paper towels, paper plates,
paper cups, napkins, construction paper, cardboard, and paper clothing.

Paperboard

The basic ravw material for corrugated boxes and products is paperdoard.
The basic machine used in preparing this paperboard is called a corrugator. This
particular machine puts together the liners and the corrugated center, forming
them to shape as they run through the corrugator. The ocorrugator mechine is
huge; some a city vlock in length, expensive to buy, inatall, house, and operate.

(0) e
- OHE

The most common corrugated board made has two liners, and a coxrugated center,
tut more layers of corrugations are used vhen greater sirengths are required. The
liners and corrugations are glued together with fasgt setting adhesives. The oo
pomite etructure called paperboard is & standard stock item vhich can be used for
a variety of industrial packages.

SINGLE WALL CORRUGATED DOUBLE WALL CORRUGATED




Trocessing Paperbeard

The design used for a particular package depends on the shape of the pro-
duct to be packaged, the material it is made of, and how the product is geing
to be gsent. If a large number of containers are to be made, & die~cutter will
probably be needed. If only a few are needad, they could be cut with scisgors

or a razor blade.

The die=cutter is a very useful tool in producing packaging systems. With
use of the die=cutter many packages can be sheared out in & short time and the
scoring operation can be performed. Scoring is an impression or crease in
corrugated or solid fiberbeoard to locate and facilitate folding.

After the packaging system has been laid out, cut, and scored, it is
ready to be folded into the particular shape for which it was designed. Color-
ful printing on the outside of the package is often necegsary if the packaging

" ‘gystem ig to be on display. For example, boxes for toys are colorfully de-
signed, If the boxeg were plain, no one would lock at them; dut since they
are printed in an artistic manner, they catch the eye of the buyer, When
printing is required, it is done while the paperboard is in flat sheet stock,
vhen the packaging system is exposed to moisture comditions, it must de
coated with wax or plastic materials., Coating will give the paperboard
resistance to deterioration by moisture and will keep the contents dry, The
steps in processing fiverboard into a particular packaging system ares

1. Lay out the package with drafting techniques to correct sizes and
shape. Joints are allowed for as needed. Flaps and slote are
allowed for and drawn in the layout.

2. The layout is cut ocut by hand tools or by a die-cutter.

3, Scoring is done with a hand roller or with & scoring »ule mounted
in the die=cutter.

4., The cut out paperboard is printed, usually with rubber plates.
5. The package ig coated if it is to be moisture resistant.

6. Folding and fastening the package is the final step.

Taxting packaging systems
Pesting a packaging system is important to help decide how heavy and
sirong a package should be made, Some testing must be done to the paockage

while the intended product is contained within., Major tests are: burst,
muincture, impact, vibration, and compression.

In the duncture test the resistance of fiberboard to penetration is
measured and the stiffness of the specimen is determined. In this particular

testing procedure, a pyramidal metal point is driven through a specimen of
fiberboaxd by the swinging action of a pendulum from which the point projects.
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The crush test records the force required to crush the corrugations ina
specimen of combined board. Pressure will be applied to the flat surtfaces of
the specimen and the load per square inch required ¢o cause the corrugations
to collapse iz determined.

The impaci--tesi-meesures—thr resistmoeof & Tilled contained to shocks

caused by dropping objects in certain ways (on corner, edges, faces, etc.) onto
a solid surface. The test measures how well a container and its inner peckag-
ing (if any) will protect the contents against the handling encountered in
shipping., This test will be tried from Qdifferent heights.

The compression test involves the application of pressure applied by two
flat surfaces of some type of mechanical device to opposite faces of a box,
ruch as ton and bottom, the two ends, or the two sides. Usually, the test is
perforned on individual empty boxes, and measuremsnt is taken of the load ape
plied in pounds and the deflection or deformation in one-tenth of an inch.

In 21l these tests the tolerances must be decided ahead of time 20 that
it can be determined if the package passed the tests.

Figuring peckaging costs .

The price for the paperboard itself mugt be figured with the waate included.
The fastening material whether glue, stitching, tape, or staples, has to be
consideved. Printing, assembly, coating, storage, and loading charges must also
be included. Many industrial products are packaged in systems which cost as
much as 20 = 30 percent of the product’s selling price and some packages, such
as prepared breakfast cereals or Avon products, far exceed the cost of the
articles that are contained within.

N
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CONSTRUCTION OF A PACKAGE

Construct & packaging system to hold the paper weight. The paper weight
will be shipped by truck and kept in storage until removed and put on the
ghelf.,

Product not easily
PAFER WEICHT broken but can bve
misshaped by crushing
Product
"Weight®

16 oz,

*Overall qimensions"
o o ox 20 ) PAPERBOARD ALLOWANCE
an x 120

Experiment with
layout sketch

Product
"Material"

Lead base

and

polyester aphere
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IDENTIFICATION PROCEDURE

Ncarly all plastic materials can be identified by subjecting them to the
specific gravity test, solvent test, heat test, burn test, or the physical
characteristics test,

Specifio gravity test

Most plastics have specific gravity much the same g5 water, or about
one. Plastics vhich float on water have a specific gravity of less than one
while those which sink in water have a specific gravity greater than one,
(Caution: This test does not apply to cellular materials because they all
float if they are closed cell structures.,) Be sure to push the plastics
sample down into the water to avoid surface tension which will cause plastics
to float even if their specific gravity is greater than one.

Solvent test
: Some plastics can be dissolved by selected solvents while other plastics

will not dissolve with any solvents. A series of five solvents which are very
useful for identifioation nurposes are: water, toluene, butyl acetate,

acetone, and cyeclohcxanone. The plastics sample to be identified is sube
merged in the solvent 10 to 15 geconds. If the sample goes into solution,
that is, turns syrupy and sticky, the solvent is dissolving the plastics.

Thc plastiss samples should be held with a tweeser and a new sample should be
used for each solvent. (zre must be taken to go through the above solvent
ovdew. Wo steps should be migsed sor should a reverseo order be taken.

Step 1 - Vip a small sample into warm water for 10 to 15 seconds.

If it gtarts dissolving the sample will be polyvinyl
alechol,

Step 2 - Toluene = If the first sample did not dissolve, take a new
sample, place it in toluene, and observe the regults., If
it dissolves the material is styrene, ABS, or polycarbonate.

Step 3 -~ Butyl acetate - If the second step did not affect the sample,
take another sampl® and submerge it in butyl acetate, If
it dissolves it is cellulose acetate butyrate.

Step 4 - Acotone = If the third step did not affeot the sample take
another sample and submerge it in acetone. If the sample
dissolves it is oellulose acetate,

Step & - Cvclohexanone - If the previous ateps have not affected the
naterial take a n~w sample and submerge it in cyclohexanone.
if the sample dissolves it is polyvinyl chloride.

If the plastics material is unaffected by these asolvents, it is one of

the thermoseis or could be one of the following thermoplastics: aorylic,
polyethvlenn, polyoropylene, nylon, fluorocarbon, or acetal.,
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Burm test

The burning charact»*‘iat:.ca of plastics give 3 g00d indication of what the
sample is, Jome burn violently while others are glow burning or self-extin-
guishing. Some indeed will not burn at all. When burning a plastics sample,
use a small Diece and hold it with & metal tweezer,

Observe hov it bums -
1. Color of flame?
2. Size of flame?
3. Flickering or smooth flame? v
4. Type of smoke?
I 5. Does the sample melt and drip?
6. What kind of burning noise is there?

Detect the odor of the sample after extinguishing the flame -
1. Some smell sweet.
2. Some lack odor.
3. Some smell like rubber, burning wool, or rancid butter.

Heat test
This test will quickly indicate if the material is thexmoplastic or

thermosetting. An electric soldering gun can be pressed on the surface of the
plastics materials. If the material softens it iz a themmoplastic but if it
gtays hard it is a thermoset.

Physical characteristics teg%
General apperarance and feel of plastics can be useful in identification,

but one should be cautious because feel and appearance can be deceiving.
Some thin plastics sheets can be torn easily, while others are very tough to
tear. Some Dlastics feel slick and waxy, while others seem to gcratéh easily.

70

60




TEXTILES AND FABRIC CONSTRUCTION

Using heavy colored paper and white vinyl glue, adhere twelve textile
The textile samples will be

samples o heavy paper sheets as shown below,

cut to size with a metal template and soimsors.

(Textile)

(Construction)

X% Clue XX

Fabric Care:

Fabric Uses:

Polvesster

extile)

Double Knit
(Conmtructio

P

..

After the glue has had a few minutes to dry, £ill in the spaces with the

appropriate information,

Fabric Uses:
~Where good
[ ! b E - t r 'u
nequired

Polyester Double

Knit

Fiber Class

Single Weave

Fiber CGlass’

Double Weave

Fiber Glass
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Woven: Roving

Pextile samples you should
haves

Felt

Muelin

Crepe

Burlap

Tioking

Vinyl, Supported
Nylon

Denim




NAME

TEXTILES AND FABRIC CONSTRUCTION

(Textiles) (Textiles) (Pextiles)
{Construction) (Construction) (Construction)
AX Glue xx xx Glue xx xx  Glue xx
Pabric vare: Fabric Caret Tabric Care:
Fabric Uses: Pabric Uses: Fabric Uses:
(Textiles) (Pextiles) (Textiles)
{Congtiruction) (Construction) (Construction)
% Glue XX X% Glue o x= Glue XX

Fabzs ¢ Caret

Fabric Cares

l'abric Care:

Fabric Usest

¥abric Uses:

Fabric Usges:
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Aruitoxt provided by Eic:

TYPES 0F TEXTILES HEAT CARE
NATURAL SOURCE PROPERTIES RESISTANCE REQEIRED LSES
Fleece Elasticity, Resiliency High Dey <lean or Carpet,
1. WUeol of sheep Flexibility hand wash Clothing
Inséct, ey clean or
2. 8ilk cocoon Luxury fiber High hand wash Clothing
Cotton Clothing.
3. Cotton plant Lov cost, Pasy carte Low Machine washable Household
Medium o Cordage, Ropa,
4, Hemp Plant Poor elasticity low wWashable tarpaulins
" Beake linings,
5. Asbesatos Mineral High Padding, Gloves
Hedium to Carper backing.
6. Jute Plant Least expensive iow Washable Sacktng, Bagns
Strong,
7. Flax Plant Irregular fiber High Rwashable Linens
Speciality Clotlsing, bhrapes,
8. halr fiber Animals Limited availability High Dry clean Blankers
Curtaing, Drapes. boats
-3 9. Fiber glass Mineral Low flexibilicy High Hand wash industrial toolins
<2
TYPES OF TEXTILES
MAN=-MADE
Cellulose Easy care, Clothing, Home
1. Rayon from plants Absorbant Low Hand wash furnisinlafs
Cellslose Low strength, bry clean Gioching, Lining,
2. Acetate {1952} from Planta Resists mold Low or hand wash Budspreads
Strength, Hosiery, Tires,
3, Nylon £193%) Petroleum Elansticicy Low i was Cord, Clothing
Low densicy, ClotlWian, Carpets,
L. acrylic Petroleum Hzah bulk Low Hand wash Blankets
Polyester
5, Dacon Petroleum Elastic, Strong Low Machine washable Clothing
Easy cace, tmedoor uaplolstery,
6. Vinyl Fetrolaum Non-absorbent High Washable Furniture, Deapos
Cordige, Seat
7. 0lefin fibers Petroleum Strong High HWashahle Belts, Riiws
Q
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Instructions:

i

ROCK IDENTIFICATION PLAQUE

From the group of six stones given to you by the
instructor determine the name of each stone and place

it on the double "XX" beside the matohing name given
below. Some of the stones will need to be cleaned and
finished slightly before they are mounted. After proper
stone placement they will be "packaged" in place with a

clear blister pack provided by the instructor,

Uses:
GRANITE XX
Uses:
LIMESTONE X
Usesa:
75 ‘
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SLATE

Usess

Uses:

Usges:




ROCK AND STONE

Rock is a concretion of earthy or mineral matters stone vefers to small,
weathered or water-worn fragments, or those portions of rocks which are
shaped or dressed for buildings, Rock, natural in origin and inorganic in
composition, is the solid portion of the earth's crust. The conastruction
industry consumes more than half of the rock materials produced by mining in
the form of crushed stone, dimension stone, and for cement, brick, tile, and
insulation.

_ Sulfur, salt, and limestone, basic to the chemical industry; phosphates,
nitrates, and potash, required by agricultures and clay, which supports the
ceramics industry, are a1l rock materials. Limestone, graphite, molding sand,
and fireclay are very important to the steel industry. Some rocks are used
for abrasives, electrical insulation, and filtration media. Rock, stone, and
the minerals from which they are derived are the raw materials used for making
glass, concrete, plaster, and cerxamic products. The three main classes of
rocks are igneous, sedimentary, and metamorphic.

Igmeous rocks were once molten masses and through diffexring pressure
amounts and cooling rates became either fine-grained rocks or rocks with
large crystals. Lava rock, very glassy in appearance, is an example of a
fine-grained igneous rock, while granite is the most popular example of
igneous rock having a large crystalline structure.

Because of its dimensional stability, granite precision gurface plates
are used in machining and calibration laboratories. The rock hardness of
granite 1s 7 as rated on Mohs scala from 0=10, which ranks it as one of
the hardest rocks usged for structural purposes.

Varied and stable colors constitute the beauty of granite. Becausc of
‘hig beauty, the primary uses for granite in order for importance are: (1)
monusients apd memorials, (2) buildings - as foundation blocks, steps, and
colums, and (3) curbstones and paving blocks.

Sedimentary rocks, resuliing from the decomposition of oldexr rocks, are
found on or near the earth's surface, Through forces of nature rocks weather,
erode, or crumble into various sized particles. Some of these materials rew
main near the source, as sand in desert regions; while others are transported
by water and settle on the bottoms of rivers and lakes. The sediment builds
up and eventually hardens. Ixamples of this type of rock aret sandstone, -
limestone, shale, and gypsum,

Sandstone ls vexy popular construction material used primarily as a
building stone or concrete aggregate. Limestone l1s used in applications
similar to those of sandstone, but also for soil conditioning and as a
fluxing agent. Shale consists chiefly of clay in thin layers (actually
called claystone when laminations are not apparent) and is nsed for ceramic
products. GypPsum rock is the basis for most plasters used in construction
of buildings and in the making of models and molds.
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dotamorphic rock is igneous or sedimentary rock that has been nhanged
(metamo osed) 30 another composition and form throvgh heat and pressures

within the earth. The ronk does not melt as ‘t poes through the changes in
composition and form. Jlate, marble, and quartz ave metamorphic rock.

3late, found in a variety of colors, is a closed-pore reock with rigid
characteristics. Roofing slates, mantels, steps, chalkboards, and billiaxrd
table tops are often made of slate. Marble is used primarily as a decorative
stone because of its interesting color pattemns. Statuary sculptures, ex
terior and interior walls of public bulldings, washbasins, and electrical
power panels are often made of marble. The cost of marble is high Yecause
about fifty percent isg lost in mining operations. However, many new uses are
being developed for the waste that comes from the gquarries. Marble dust and
marble chips are added to polyester resin to Produce artificial marble head-
stones, vanity tops, and fumiture items. When marble is used in this menner,
it is referred to as cultured marble,

CUTMING ROCK AND STONE

When possible, rock and stone are shaped by breaking away unwanted portions
br a process called induced fracture. With 2 sharp blow of & hammer alonhg a
scratched mark or line intentionally placed on the rock earlier, the rock
breaks at the desired place. Brick layers and stone masons frequently use the
technioue of induced fracture.

. When greater accuracy is required, stone may be sawed with an abrasive
saw made of diamond; diamond is the hardest of all rock. These saw blades,
costing many hundreds of dollars cach, provide a smooth, finished surface. ..

Rock and stone may be cleaned, re~surfaced, or etched by sandblasting.

Sandblasting is a process of ercding away materiols by spraying a stream of
sand under pressure. If a design or lettering igs desired on the stone, a2 rub-
ber ‘emplaic is placed over the stone prior to sandblasting., This is the PpRO=

cess used for inseribing letters on gravestones and building comerstones.

MOH'S HARDNESS SCALE

The Foh's hariness scale arranges ten rocks in order of ascending hardness
ag follows:

1. Talc 6, Feldspar
2, Gypsum 7. Ouartz (marble)
3. Calcite 8., Toypaz
4. Tluorite 9. Ruby or Corundum
5. Apatite 10, Diamond
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T» 1isted rocks,w’ th known Hoh's values, can be used to scratch other
substances to wetemine the approximats Moh's number for the unknown material.
A material will not scratch unless it is rubbed with a2 harder matorial than
itself, Tor example, hardened steel can be scratched by quartz but not by
feldspary therefore, the approximate lHoh's value for hardened steel is 6.5.
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GLASS

Glass, a ceramic composed largely of silica, is a hard non-porous
material with exccllent tensile strength., Vhen fine fibers of glass are
carefully arranged, products cxhibiting excellent flexural strength, such
as fiberglass vaulting poles, skis, and boats, are possible. Normally,
however, glass is considered 2 rather rigid and brittle material. Because
of i%s nonecrystalline structure and because it does not exhibit 2 definite
melting point, glass is really a "stiff" liquid which becomes less viscour
as the temperature rises,

While the primary component of glass is silica, obtained from high
purity sand, other minerals in the form of oxides are added to glass in
varying kinds and amounts to produce particular kinds of glass. Boron
oxide, alumina, soda, potash, lime, magnesia, lead oxide, barium oxide,
and zinc oxide are the principal secondary components of glass.

Soda-lime glass, commonly used for windows because of its low cost,
contains 73.5, 21.3, and 5.2 percentages of silica, soda, and lime respec=
vivelys The forming temperature of 1200° - 1400° IFarenheit, lower than for
other types of glass, makes it possible to form soda=lime £lass in school
laboratories and in home ceramic kilns,

Pwo glasscs having special engineering properties are borosilicate
(Pyrex), witn a low coefficient of expansion, and quartz glass, with excel=
lent resistance to chemicals; both have excellent resistance to spalling
or cracking caused by severe changes in temperature, Quartz glass transmits
ul traviolet radiation very efficiently, but is difficult to process because
of its high forming temperature (greater than 3000° F),

Glass has a remarkable range of ugses, To the huilding contractor and
toolmaker, glass is a structural material., To the engineer, glass is an
electrical insulator and light transmitter; and to the packager, glass is
a container material for foods and drugs,

By the addition of metals and metal oxides, glasa may be colored. Nickel
oxide imparts a color range from yellow to purple depending upon further
additives. With boric oxide the color is yellow; with potash, reddish-violet;
with soda, brownish-violet; and with the addition of lead silicate, the color
is purple. A wide spectrum of colored glasses is noasible by varying the
type and amownt of additivesy however, while beautiful, colored glass is
very expensive, . . . .

When forming glass, soda-=lime glass will be used as an example, the glass
must be inserted into a mold often made of stainless steel., The mold is
then placed into an oven ai room temperature. 3While leaving the oven door
open slightly, the oven should be twrmed on. After the temperature has
reached 1000° F, the oven door should be closed, The oven should be turned
of £ when the temperature reaches 1400° ¥, but the oven door siould reaain
closed until the oven cools o room tcmperature,
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The whole process of forming glass-may take 12 to 24 hours and
rarely can the process be hurried without spalling the glass. Foming
glasa is difficult and time consuming unless elaborate production
systems, feasaible only when high quantities of products are needed,
are available. When large quantities of parts are not needed, such as
in aircraft production, plastics materials, of having greater form-
ability at lower temperatures, are often used for glazing purposes.

T
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i5/16"

PRODUCT DEVELOPMENT

1.
24

Lead Welght
Introduce the ldea
Construct hard mockup
Plaster splash (Female mold)

Ram and cast permanent mold of aluminum (Green sand or shell mold)

Machine permansent mold
Ball

PAPERWVELGHT

Introduce to plastics casting (polyester)
Mix polyester reain and catalyst

Pour into flasks (glass

Add decorative systems zcolor, glitter)

Qure perts

Remove from mold (break glass flask)

Aggembly
Position ball on base

Bend prongs into position

72

82

3/16% aia. -

174"
™

i/8




UNIT III - FORMING MATERIALS
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COURSE:

MATERIALS ALD

PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

T.

Unit I1I - Forming

V8

Materials

Stretch Forming

The student will be able to explain
the four concepts of shaping: (a)
forming, {b) separating, (§§ com~-
bining, and (d) finishing.

The student will be able to discuss

the following typee of forming:

(1) Casting and molding - the materi-
als generally liquefy or become
gemi-liguid during casting and
melding
(a) Cold casting materials -

casting materials that are

liquid at room temperatuvres
and harden in room tempera-
tures - gravity is euffri-
cient pressure

Hot casting materials - caste

ing materials which liquefy

when heated and harden in
room temperatures - gravity
is sufficient pressure

(¢) Molding - forming materiale
with pressures higher than
gravity in matched molds or
dies uswally made of metal

Compressing and stretching -

forming materials (solids, sheets)

or bars) at room or elevated tem-
peratures. Both compressing and
stretching occur simultaneously
in most operations

(v)

(2)

The student will be able to discuss
the principles and common materials
used in the stretch forming process.

The student will be able o describes

" Discugsion-demonatration.

The student
will become familiar with the products
that will be manufactured in thie unit
by observing the product and pictures
of production sequences.

Discussion-demonstration. The student
will produce the stretch forming tool
and will complete the entire stretch
formed fruit bowl prior to engaging in
any other laboratory activity.

(13) p. 112-144

(13) p. 187-204
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TOPIC QUILINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

II. Rotational and
Blow Molding

siretch forming sheet metal, and

stretch forming textiles

The student will be able to explain
the following:
{1) Rotational molding -~ molding com=
pletely closed hollow objects of
plastics and rubber by rotating

rav materials ingide a heated
mold

(2) Blow molding - molding hollow
objects by blowing a heated tube

(parison) of plastics or glass
againgt the walls of a two-
piece femnle mold

Sketching pvaper

3/4% x 8" x 10" wood
Polyester double imit cloth
with good drapability
Carpet tacks

Tack hammers

Scigsors

Sandpapex

Pagie wax

Polyeater resin with catalyst
1" inexpensive gtain brushes
Lacquer thinner

White polyvinyl glue
Disposable cups

A x 3% wooden dowel

Suppliest

Bquipment: Band saw
Drill press
Digc sander

Discussion-demonstration. After having
observed demonstrations, students will
form a wax fruit and polyethylene bot-
tle by rotational molding and blow
molding respectively.

Supplies: Candle wax with dyes
Petroleum jelly parting agent
3/4" OD polyethylene tubing
Fruit molds
Blow molding device

Equipment: Air compressor
Oven

Rotational molder (optional)

(13) ps 560-561




COURSE:

MATERTALS AND PROCESSES’

TOPIC OUTLINE

PERFORMANCE OBJECTLIVES

SUGGESTED ACTIVITIES

RESOURCES

ITII. Drape Forming

Reinforced
Plastics

G8

IV. Thermoforming
Thermoplastics

" The student will be able to discuss

the following:

513 Principles of reinforced plastics

2) Systems for forming reinforced
plastics

(3) Characteristics of reinforced
plastics

The student will be ahle to explain

the following:

(1) Thermoforming - forming thermo-
plastic sheet stock by heating
until plasticized and forcing
{vacuum or compressed air) againsy

' Discussion-demonstration.

vities are as followss
(1) Given four descriptions the student

will select an appropriate definition

of reinforced plastics.

(2) The student will describe the
characteristics of reinforced
plastics products.

(3) The student will match description
of processing methods with corres-
ponding names.

(4) Given the necessary tools and supe
plies the student will produce a
model boat hull comprised of two
layers.

Boat hull molgd
Fiber glass cloth

Supplies:

Polyester resin with catalyst

1" stain brushes
Polyester dyes

Paste wax

Viping rags

Scissors

Lacquer thinner

Weighing scales

Disposable cups and stirring
sticks

Equipment: Cireular saw or drill press
horizontal saw

Discussion-demonstration. The student
will thermoform a model hoat deck of
styrene plastics sheet.

040" ~ _060" styrene sheet
Thermoforming male mold

Supplies:

Student acti-

(17) ». 50, 88-%4,
191-198
(7) p. 14, 27, 39

(7) p. 12-14, 40,
138, 271

(17) ». 82-94,
140-156

15




V. Casting Metals

L8

VI. Foaming Cellular
Plastics

geal, cavity vacuum, ramming
using male and female mole

(b) Nature of thermoformed parte

The student will be able to discuss
the following things about foundry
ctices
1) Hot casting
2) Patterns
3) Types of molds
4) Pouring procedures

The student will be able to explain
the following:
1) Cellular molding
2) Purpose and process of foaming
cellular materials
532 Expanded polystyrene
4) Foaming urethane

Equipments Vacuun forming table

Discussion-demonatration.

Drill press with horizontal
cirecular saw

The student

will cast a model boat dagger beard of
aluminum with a match plate and green

sand..

Supplies:

Equipment:

Discusaion-demonstration.
and adhesgion qualities of urethane resin

Match plate pattern
Green founmdry sand
Flasks

Ramming toole
Alwminvm ingots
Hack saw

Curved tooth files
1/20 twist drill
Crucible

Safety clothing
Tongs

Pyrometer

Flux

Skimming tools

Dril) press
Fomdry furmace

Floatation

will be showmn as students assemble the

mode) boat hull, deck, and dagger board.

Supplies:

Boat hull, deck, and daggex
boaxd

Urethane foam components
Disposable cups
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TOPIC QUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES
a form until cold, Sheet clamping frame of wood
(a) Processing methodat vacuum

(13) p. 112121

(17) P. 95~97,
177=183




COURSE: HMATERTALS AND PROCESSES

TOPIC OUTLINE PERFORMANCE OBJECTIVES : SUGGESTED ACTIVITIES RESOURCES

Stirring sticks
Weighing scales

Alcoho) for cleaning

" VII. Porging Metals | The student wil) be able to define Discusasion-demonstration. The atudent

forging and diascuss the following: will forge a screwdriver blade with a (13) p. 151=159
1) Characteristicas of a forged part | drop forge and properly temper the

§2i Systems of forging gerewdriver blade by observing the
3) Forged products temper colors.

Supplies: 1/4" medium carbop dril) rod
" Abrasive cloth
Hacksaw
Tongs
Agbventos gloves
Match plate for handle
Aluminum ingot
Vinyl coating {optional)

o =)
o0 Curved tooth files
Equipment:s Gas fired forge
Drop forge
Pedeastal grinder
VIII. EXPLOSIVE The student will be able to discuss Discussion.
FORMING the value of an explogivé chaxge in (13) p. 184-185
forming metal. .
IX. Metal Spimning | The student will be able to0 explain Discussion~demonstration., The student
and Stamping tl;:mgmcesa of metal spinning and will stamp and spin an aluminum coaster.| (13) p. 171177
s ing,

Supplieat ,030" - ,050" 1100 smeries
amnealed aluminum
Forming chuck and follow
block for spinning
Round nose spinning tool
Cutoff tool for spinning
:I.?om blocks for metal stamp-

ing
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PERFORMANCE OBJECTIVES

' SUGGESTED ACTIVITIES

TOPIC OUTLINE RESQOURCES
Beeswax for lubrication
Abrasive cloth
Equipmentt Hydraulic preas
Wood lathe
X. Contour The student will be able to explain Discussion-demonstration. The student
Lamination the properties and processes of will make a salad fork by the contour E"O; p. 372=-382
contour lamination with woods., laminating process. 11} p. 51
The student will be able to defines Supplies: Veneer
{a} Contour lamination - press- White viny)l glue
ing wood layers, with ade Wax paper
hesive between the layers, Glue brushes
to desired shape with match- Matching wooden molds
ing male/female forms until Abrasive paper
+he adhesive has cured FPinishing oil
® Hand secrew clamps
w N
Files
Equipment: Band saw
Jig saw
XTI, Casting and The student will be able to discuss Discussion-demonatration. The gtudent
Forming the followings will form acrylic by draping over a male

Imitation Glass

(1) The difficulties of glass form=-

ing and coloring
(2} The development of polyester
and acrylic glass synthetics

form and will cast a2 synthetio stained
glass window of polyester.

Suppliest 1/10" = 1/8" clear acrylic
sheet
Irape forming tool
Polyester resin with catalyst
Stained glass window molds
Aluminum filled epoxy
Parting agents

Equipment: Oven
Band saw




COURSE: MATERIALS AND PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

XiI.

XIIX. Casting Slip

Clay

06

Injection
Molding

Casting Plaster.
 the properties of cured plaster and

The gtudent will be able to discuss

procedures for Proceassing it into
desired shapes.

The gtudent will be able to discuas
the fo011owing:

§1§ Methods of clay forming

2) Slip casting

3) How to turm clay into a ceramic

The gstudent will be able to explain
the process of injection molding.

Dizscusaion-demonatration. The gtudents
will make a white plaster mold, for
casting cheaamen of =1ip clay, by cast-
ing againat a cheasmen master tool.
Supplies: White plaster

Mold masters

Petroleum jelly

Plamtic mixing containers
Pneumatic mechanical mixer
01d wood chisels

Putty knives for clean-up

Eguipment: Water sink with plaster trap

Discussion-demonstration. The gtudent
will.make chessmen by the slip casting
procedure.
]
Suppliea: White plaster molds
51ip clay
Dunp buckets
Trimming knives

Equipment: Ce¥amic kiln
v Ventilated storage shelving

Discuesion-demonstration. The atudent

will injection mold polysiyrene checkersy

if equipment is available.
Suppliea: Red and black poelyastyrene
pelleis

Silicone parting agent

Gate cutters
Small file

Checker injection mold
Egquipment: Injection molding machine

(13) p. 141-142

(22) p. 248

E

13
17

3

p. 557=560
p. 66-85
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COURSE: MATERIALS AND PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

Dnit IV « Separating
Haterials

o

I. Millwork: Woods

The gtudent Will be able to discuss
how materials are shaped by forming,
separating, combining, and finishing.

The student will be able to discuss

the following things about the

ge ting process:

(1) Separating primary materials =
materials much like they are
found in nature; these materials
have had little or no industrial
procegsing

(2) Separating secondary materials -
those materials which have been
industrially processed into
standard stock

The gtudent will be able to explain
the follow operations done of

millworks (1) cutting, (2) surfacing,
(3) joinery, and (4) smoothing.

The student will be able to discuss
the woodworking tools and machines
used for millwork,

Discussion-demonstration. Student acti~

vities are as follows?

(1) The student will match descriptions
of separating processes with the
corresponding process name.

(2) The student will recall the descrip-
tions of primary and secondary
materials.

(3) The student will indicate at least
four types of separation, both from
primary and secondary materials.

(4) The student will become familiar
with products manufactured in this
unit by observing the product and
pictures of manufacturing sequences.

Chess cabinet, including
polystyrene foam liner,
checkerboard, and laminate 1i
Printed circuit board for
optical lamp

Permanent casting mold (pro-
duced by machining an.
aluminum casting)

Suppliess

Discussion-demonstration. The student
will do the millwork required to manu-
facture a wooden chess cabinet accord-
ing to specifications.

Sample wood for demonstration
of cuts

Dado blades-(for rabbet joint
and dado) '
1" x 9" rough gtock - Philip-
pine mahogany

Sandpaper

Supplies:

Bar clamps

(13)

(11) p. 129, 160,

192
(10) p. 221, 284,
313
See Appendix II-
p. 85-87




81

TOPIC OUTLINE PERFORMANCE OBJECTIVES SUGGESTED ACTIVITIES RESOURCES

White polyvinyl glue

Glue brushes

3 £ir plywood

Linseed 0il for finishing
Claw hammers

3 pemny finish nails

Nail set

Bquipment: Jointer
Router
Surfacer
Circular saw
Radial arm saw

. Belt sandexs

. Vibrating sanders

g6

See Appendix III for additional informa«
tion on the consiruction of the chess

cabinet.
II. Thermal Cutting | The student will be gble to define Discussion~demonstration. The student
thermal separating and its following | will cut polystyrene foam to chess (17; P. 25, 26, 97
?rocass: cabinet size. (3) 2. 3+ 9
1) Hot wire )
i2§ Oxy-acetylene cutting The atudent will also be given a chance
3) Arc cutting to cut through plate steel with an oxy-

acetylene cutting torch.

Suppliess Cellular polystyrene foam
liner
3/8" steel plate

Bquipment: Hot wire cutter
Oxy-acetylene outfit with
cutting atiachmenta
ve E6011 elecirode or special
arc cutting electrode
(optional)




COURSE:

MATERIALS AND TROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

I11.

V6

Shearing and
Induced
Fracture

Machining

The student will be able to discuss
the shearing method of separating-
materials and its applications.

The student will be able to discuss
the following thingss

{15 Definition of machining

2) Characteristics of machine parts
3) Basic types of machining
Drilling

Turning

Milling

Shaping

Grinding

oo o

Discussion-demongtration.

225 ampere arc welding
machine (optional)
Proper number of goggles
and helmets

The student

will shear plastics sheet to required
size and quantity foxr the checkex board.

Supplies:?

Equipment?

Variety of hand shears
.060" ABS sheet (white and
black colors)

Bottle cutting machine
Bottles

Squaring shears
Floor shears
Curved shears
Notching shears

See Appendix ITIT for information on
"Checkerboard Construction'.

Discussion~-demonstration.

A permanent

aluminun mold, designed for castiug a
lead paperweight, will be machined from
a casting and 2 1/4" plateﬁ

Suppliess

1/4" aluminum plate

Aluminum castlng (made from
a plaster pattern constructed
eaxrlier)

End mill cutters :
Single point fly cutters

5/6% twist dril

Hold down clamps for mill
Mill files

l
|
|

(3] . 4t

See Appendix III-
p. 88

(13) p. 308, 319.
343, 389
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TOPIC OUTLINE

PERFORMANCE CBJECTIVES

. SUGGESTED ACTIVITIES

RESOURCES

V., Cutting with
Abrasives

G6

Vi. Chemical and
Electrical
Btching

The student will be able fto define
the texm: abrasive.

The student will be able to discuss
the following types of abrasive
materialss

Diamond

Silicone carbide

Aluvninum

Flint

Garnet

Emery cloth

Steel wool

Pumice stone

Crocus cloth

[V T - I N PN RN N, Yy

The student will be able to explain
the following things:
(1) Definition of etching
(a) Reasons for etching
(b) Types of -etching
(2) Printed circuitry
(a) Physical properties required
for printed circuit materials
sb} Electrieal circuit history
¢} Composition of printed
cirecuit boards

Equipment: Vertical milling machine
Dxill Press
Band saw

Discussion~demonstration. The gtudent
will construct and trim the chess
cabinet lid.

Decorative laminate with wood
grain pattern

Contact cement

1/4" tempered masonite

g" - 10" abrasive cutoff wheelf
Abrasive paper
Cement dbrush
Lathe bit
Abhrasive saw blade

Supplies:

Equipment: Circular table saw
Pedestal grinder

See Aprendix III for procedure of the
construction of chess cabinet 1lid.

Discussion-demonstration. The student
will produce a yrinted circuit board by

chemical etching for the optical lamp,

Developer golution
Etching solution
Stripring solution

3 1/4* x 6" pre-sensitized
circuit boards

Metal trays

Plastic trays

Contact frames

Negatives .
Bxposer light or sumlight

Supplies:

(13) p. 391-399
See Appendix III<
pe 89

(15)




APPENDIX III

CONSTRUCTING
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HAME

CONSTRUCTING THIY CHESI CABINE

liaterials Needed: <" fir plywood (sound 2 sides)

" x 9" Philippine mahogany {rough dimensions)
3 penny finish nails

Wood grain decorative laminate

4" tempered hardboard (Masonite)

tWhite vinyl glue

ilahogany Preparation

1.

3
4.

R

Surface stock to 4" thickness with surfacer.

Plane one cdge with a jointer.

Rip to 83 width with circular table saw.

Cut ends (9M) and sides (14 1/8") to length with radial arm saw.

Cut rabbel and dado joints (3 x ) with circulaor table saw.

85
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HAME

Bottom Construction

1. Cut 3" fir plywood (9" x 13 1/8") - make three picces, DBe sure to
cut identical pieces with square corners.

Gluing and Clanping

1. Tricl assemble cnds, sides, and one plywood bottom., Work out clamping
rrocedure with plywood bottom being flush (even) with the opening.

2. Disassemble and spread glue on all joint areas. Use white vinyl glue,

3. Clamp the ends, sides, and bottom with bar clamps and nail bottom with
two 3-pernny finish nails on each of the four surfaces,

Sectioning the Box

1. After the glue has dried, remove the clamps,
2. Clean up the box with a belt sander, making sure to blend the joint areas.

3. Separate the box into three sections with the table saw. The bottom is
to be 23" deep and each of the two upper sections is %o be 2 3/4" deep.




NAME
Plaoing Bottoms into Upver Sections Q
1. Chamfer (1/8" x 1/16"), using a disec or belt sander, lower edge of the

2.

3.

4.
5.

remeining two pieces of plywood. .
S
8y

"
(T

16

Insert each piece into its corresponding gection by leaving the chamfer
race protruding 1/8" beyond the section opening. Do this before
applying any glue.

\

Remove bottoms and glue with white vinmyl glue. Insgert into opening to
the desired depth and place two nails in each of the four surfaces.

Set all nails with a nail get.

Fill nail holes with wood putty.

Finighing the Chess Cabinet ‘ -

Hand sand the cabinet on the outer sides and ends thoroughly, but only
moderately on the inside. )

Rub on an oil finish on the gutaide only.
Glue in polystyrenc foam liners with white vinyl #luve.

Brush coat the inside of easch section with slow drying colored paint.
Match the paint color with the flocking you have chosen.

Dump flocking into each section while the paint is still wet and place a
plywooid sheet over the box; shake the box Vigorously in all direotions.

Remove plywood gheet and dump out all excess flock. Save the eXcess
flock.

99
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CHECKERBOARD CONSTRUCTION

Materials llecded: ,060" ABS plastics - white and black textured sheets
1/8" temperad hardboard
Contact vinyl peper with simulated wood grain
2" wide oloth aireconditioning tape (duct tape)

Contact cement for tile gaheaion.

Procedure
1. Saw 1/8" hardboard 6 1/2" X 13", You will nced two pieces,

2+ Shear plastics gheet into 1 5/8" squares., You will need 32 white
and 32 black squares. Be sure all pleces are square,

3. Lightly sand all surfaces to be bonded with fine sandpaper and wipe
clean with alcohol.

4. ApplY contact cement as instructed by the container label.
5« Place plastics squares into position carefully.

6. Place the two board halves together in an upside~down position and
applY one strip of duet tape along the joint.

7. Cover the entire back with contact vinyl.

1u0

CHECKERBOARD




CONSTRUCTION OF CHESS CABRINET LID

=

N ]
[N il

Rrocedyre
1. Cut 1/4" tempered hardboard 8 7/8" x 13",
2. Cut decorative laminate 9 7/8" x 14",

3. Turn decorative laminate upside down and place the 1/4" hardboard upon
the laminate. Position in the center and mark lamimate with 2 lead pencil.

4. Lightly sand all areas to be joined and wipe clean with alcohol.
5. Brush contact cement on all faces to be joined and allow drying time.
6. Adhere the 1/4" hardboard and laminate by pressing the two glued surfaces

togethex. Be sure to position the hardboard carefully by using the
pencil line drawn earlier.
11
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COURSE: MATERIALS AND PROCESSES

TOPIC OUTILINE

PERFORMANCE OBJECTIVES

SUGGESTED TCTIVITIES

RESOURCES

Unit V « Combining
Materials

gl

! The student will be able to discuse
* the following things about combining

meterials:
(1) Its purpose and types

&2 Combining or mixing ingredients
3) Fastening systems for solids

(4) Mechanical fasteners

Di scussion=demonstration. The student
will become familiar|with the products
that will be produceqd in this unit by
handling the Products and ohbserving
pictures of manufacturing sequences.

Producing products by combining materi
als - student a,ctiviiiiea to be com-
eted in this unit are:

1) Adhesion, cohesion, and mechesnical
fagteners - metals fastening
systems display |

(2) adhesion, cohesion, and mechanical
fasteners - covered wagon made of

wood

(3) Mechanical fastening of textiles =
cloth back pack

4; Tying rope knots - display plaque
Mixing ingredients - call attention
to plaster, clay, and concrete pro-
ducts produced earlier

(6) Soldering components = printed
cireuit ‘boa.rd

See Appendix IV for student activity
lessons and reading on combining
materials.,

#The completion of this unit will take
several days.

(M







FASTENING SYSTEMS FOR METALS

COHESION - mild steel
one piece = 16 gauge x 2" x 5"

oxyacetylsns veld
178" flangs opot vald
172" 1ap

ADHESION « mild gteel
one piece = 26 gauge x 2" x S

soft solder
/2% lap

/2™ lap

MECHANICAL, FASTENERS - mild steel
two pieces - 26 gauge x 2" x 5%
two pieces = 26 gauge x 2 x 1

. Threaded fasteners
Non-threaded fastencre 1. Self tapping

1. Pop rivot 2. Hachine gcrew
de  'M'Lnners rivet

174" dovble se

178" Iiﬂf,l Isam

92
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COMBINING METALS

There -are many ways in which metals can be combined into products, but
all fastening systems can be classified by three general methods of cohesion,
adhesion, and mechanical fasteners.

COHESION (Welding)

Welding is a fastening method by which metals may be joined by inc:r;‘eaa-
ing the temperatures of the work pieces to their fusion points and allowing
the molten pools formed to flow together and solidify. The methods may vary

in the source of heat in dozens of different welding processes that are cur-
rently being used.

All metals are weldable provided that the proper process and teohnique
are used, However, it is very important that the definition of welding
given above is understood by the person attempting to weld so that the process
will have a greater chance of being successful. Méthods of welding ares

i

Arc welding

The basic principle of all arc welding is that the electrical resistance
of an air gap in the circuit will cause an intenge heat that will melt metal
in the immediate weld area.

The operator has to make many decisions before he can complete a smuccess=
ful welds

1. The electrode type must match the work according to kind of material,
position of weld, and kind of welder.

2. ‘Ihe machine must be set for propex amperage according to kind of
electrode and position of weld.

3. The arc length must be regulated to control heat zone and amount of
bead deposit. )

4. The speed of travel and manipulation of electrode must be controlled
for corxect fusion.

Registance welding

Spot welding is one of the several foxms of resistance welding and is
often used to fasten sheet metal products. The principle of spot welding
is that the resistance of the work piece to the current flow at the contact
points cause the metal to heat to a plastic state. When pressure iz applied
to the contact points it causes a2 fusion weld between the two surxfaces in
their plastic state in the local area of the contact points.

Spot welding is done: 9 &

a. Sheets are placed between tips
I e
- B A
(a) (b)

¢. Electric current causes sheets
to weld by fusion

b. Pressure is applied to the sheets
136

(c)




The advantages of resistance welding are fast produation, very little
warnage, and unifomm welds.

Oxy=pcetylone welding

Acetylene ges and compressed oxygen in Droper ratio, capable of producing
6300°F temperatures, have long been used as a portable supply of heat for meny -
welding purposes. The oxy-acetylene welding unit is comprised of the two steel
bottles which hold the gases, pressure regulators for cach bottle, hoses, and
a torch.

A keen e¥e and well coordinated hands are required of the operator, for the
melted puddle must be carefully controlled to obtain proper weld penetration.
When additional) metal is required to build up the weld joint, a filler rod is
used. Thig filler rod must be inserted into the puddle and removed repeatedly
uith careful timing.

there are many other uses of oxy-acetylenc heat such as: heat treating,
bard soldering (brass, bronze, and silver), soft soldering, hard surfacing,
and flame cutting. -

OXY=-ACETYLENE “/R1.DDIG
OUTPFIT

In>rt gas aye welding
Yhen atmosperic ajir is allowed t0 reach hot metal, reactions take place that

are harmful to the weld. This contaminating air can be shielded from the hot
metal with inert gases such as carbon dioxide, helium, and argon.

1. ZElectrode
2. Inert gas
3. XNozuzle

4., Base metal
5. Are




e,

The two principal tyves of inert ges avc welding ave tungsten inert gas
velding (TIG) and metallic inert gas welding (MIG).

PIG welding, when done manually, is a aimilar procese to that of oxy-
acetylene welding. A filler rod is held in one hand and the TIG torch is
manipulated with the other hand. The tungsten electrode must be properly
shapeds kept clean, and held the correct distance from the puddle. This
eleotrode is non~consumable, that is, it does not melt and become pert of
the weld.

TIG
WELDING

! i

—

MIG welding differs from TIG welding 1n that the electrode is consumabie

and becomes part of the weld. The eleotrode is a spool of wire that feeds into
the arc at the proper rate of speed,

% : l Q‘ rl

MG
WELDING

P e——

-

e —

Since the inert gases shield away contaminating air from the puddle,
high quality welds are possible even for metals which are difficult to weld.

lec
Electron beam welding is performed in & vecuum while directing a
concentrated siream of high energy electrons into the metal Joint.

168




This process ie expensive and, therefore, is reswrvoed fov exotio welding

tasks. A very narrow weld bead with phenomenal depth of penetyation ia pro-
duced by electron beam welding.

-

ELECTRON
WELDING

Tl trasonic wel
The constant variabdle in all metal welding is heat and when heat is
genernted by high frequency sound the process is cplied ultrasonic welding.

The unique features that distingwish uliragonic welding from other welding
systems are:

1. Only the contact surfaces of the base materials reach high tempere
aturess hence, there is little deformation of welded components.

2. A rather small clamping pressure is requireds hence, there is little
deformation of walded components.

3. No gases sve present in the welding process; hence, no porosity
occurs,

4, Some dieeinilar metala may be ultresonioally welded.

5. Welding is possidle even when the jaint is not thoroughly clean.

6. The whole Trocess often takes leas than one second of time.




ADHESTON (Metal Bond)

Tne chemical industry has given the world many adhesive materials that
oo uned to >liably fasten metal assemblies. Moat adhesive materials used
for metal bonding are thermosetting plastics.

It should not be assumed that adhesive bonding will replace welding,
riveting, and other mechanical Jjointss however, it has made inroads in the
metal combining areas. In the metal~to-metal bonding science, a strang® fact
evidenced is that psychological difficulties of overcoming prejudices, fear,
aml hesitation are greater than technological difficulties.

Among the advantages of bonding are simplified design and production
tochniques, lighter parts with configurations not otherwise possible, and im-
provement in sirength characteristics for certain aprlications.

Adhesives

. _Many substances of different chemical structure may, under appropriate
conditions, hold materials together by surface attachment; yet, not all of
them can be regarded as adhesives.

f— —— —

For example, if water between metal or glass surfaces is frozen, a fim
Joint is obtained. However, ice cannot be coneidered an agdhesive because it
ouours only at low temperatures and therefore ie not applicable in engineer-
ing practice.

Te select an adhesive for & particular application, factors to be known
and considered are: the materials to be bonded, the bonding methods (surface
preparation, adhesive application, assembly, conditions of curing), the de-
sign of the joint, and the properties (such as withstanding environmental
temperaturesg required of the cured joint. TFor example, if very large come
ponents are bonded, room temperature curing adhesives must be employed because
with heat-curing, ovens, presses, or aufoclaves are needed' these are limited
in size. Simce thexre are go many factors involved in adhesive selection, a
compromise may often b2 necessary.

esii
The three basic types of adhesive joint testing are tensile, shear,

anl oneel.
\
o - é ; 2
—— !
SHEAR
PEFEL

TENSILE

A typical adhesive should possess a_definite combination of physical and
rnechanical propverties which make it capable of holding dii‘feren]:, bodies to=
gether without altering their structure.

110 7




The basic requirements for an adhesive are:

1. At some stage the bond formation is {luid.
2. While fluid, it should wet the surfaces of the adherends completely.
3. It should set to a strong solid or viscous gel.

To meet the bonding application requiremenis, which are increasing in nume
ber and variety, a vast range of adhesives has been formulated., Cold-setting
systems (curing at room temperature} as wel) as hotesetting adhesives (those
ragriving heal for curing) are available, This range includes liquid products
varving in viscosity from thin fluids to stiff pasies, sclid adhesives in the
form of powders, pellets or rods, and adhesive films. There are no universal
adhesives, but the most commonly used adhesives are the epoxies and silicones.
Detailed advise about the effectiveness and behavior of adhesives should be
sought from the formulators.

Soldering

Soldering is a method of sealing and Jjoining metals with a fusible alloy
that melts withou! melting the material being joimed. Hard soldering (silver,
copper, and zinc alloys) melt at red hot temperstures, while soft solders (tin
and lead alloys) melt at temperatures less than 400°F,

MECHARICAL PASTENERS FOR METALS

Jdon=Chreaded Threaded Migcellaneous
Aivets Stove bolt Retainer rings
Tube
Solid ilachine screw Clips
Split
Hachine bolt Keys
rins Square
Dowel Carriage bolt Half moon
Taper Gib
Cotter Stud
Shear
Set screws
Cup scroews
Round
Sockat
Fillister
Hex
Flat

111
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Materials needed!

FASTENTIG WOOD MATERIALS: COVERED WAGON

vhite pine
5ides and front 1/2% x 1 H/16" x 24"
Toilgate 1/2" x 1 3/16" x 2 15/16*
Front axle support 378 = 3/4" x 3 3/4"
flear axle support 9/16" x 34" x 3 3/4"
Tongue supprort 5/16" x 1 1/4" x 2¢
Seat 1/4" x 1/4% x 2 1/am
1/4n x 1/ x 2 1/4»
12" x 1 x 21/4"
ttom 1/8" x 3 1/16" x 6 7/6" masonite
Axles and tongue 1/4" dowel
Cover 1/28" venecer
8 1/4% x 8 1/4»
91/ Lx 81/ y
Round toothpicks
Glue - shurwood voncer cement
wood veneer specialties
Elliott Bay Lomberto
Seattle, Washington 98104
1/2% x #20 brads
1/2" x #20 wire nails
M clamp nails
5/8" z #6 R.H. screws
1/2% x #4 F.H. screws
3/16" vashers

COVERFD WAGON
‘ )
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Procedure

1.

2.

3.

i,

8.

10.

1.

Cut 1/8" x 5/16" rabbet in sides on Fig. A
the jointer, to receive the bottom. T’U
(Fig. A) -~
S
-3
I__.._ v =

-

Cut a 1/2" dado in the sides on both -
ends, and cut the opposite end of
cach vicce on a 459 miter. (Fig. B)

. Fig. B ekeike

——

i —

Cut the fror(nt 2nd ;:o length |l$ ¥ —r']
asg snown. (\Fig. © >
\{ J \/\’?\
. / \<
Fig. C 15(

Make the cut for the clamp nails, using a 22 gauge saw blade in the miter
on both sides and front. Use the table saw fence as a stop, tilting the
blade to 45°, (Pig. C) :

Anply glue tec the miters and install the clamp nails.
Tngtall the hardboard bottom with 1/2" wire nails.

Set the 22 gauge saw blade perpendicular to the top of the table saw
projecting a minimum of 3/16™ above the table in prepavation for cutting
slits into wagon body which receive the laminated top.

‘fhe s1it should be cut into the dldy starting 7/6" from the front and
continuing until 1 3/16" from the back. Stop blocks may be clamped to
the fence if desired.

Cut a plece 3 3/4" long off the 9/16% x 3/4" material for the front
axle support. .

N’
Using the router jig and the router (with
a 1/4" core box bit) ocut the groove 1/8"
deep in the axle supports for the axles
to fit. (Pig. D) Fig. D
Cut two axles 4 7/8" long by using a V-block jig and out the wagon
tongue 3 3/4" leng. 113
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12,

3.

14,

15.

16,

17,

15,

19.

20.

21,

22,
23,

24,

‘.?emd savst the tongue support 5/16" x 1 1/4" x 2" with a 1/4" x 1/2" e1lot.
Fig. E

Using a drill press vice, drill a 5/64" centered hole in_the edge,
5/16" from the front edge. Tt | .

Also drill a 9/64" centered |
hole on the face through

y
1
the piece 7/16" from the — .¢. _J.g_

back edge. (Fig. E i
.-.-_:-{ ::-.-1 Fig. E
Secure the tonguc support in
the center of the front axle o : {
support, using two 1/2" btrads : i H
and glue, (Fig., F) i\
Fig. F P !

Drill two 7/64" holes in the bottom 1 3/16" from the back and 7/8" from
each side. Countersink the top of the holes, inside the wagon, to
receive the 1/2" x #4 F.H. screw.

Drill one 9/64" hole in the front of the bottom ocne inch from the
front and centered between the sides,

Make the rear axle support 9/16* x 3/4" x 3 3/4" and rout with a
1/4* core box bit.

Ciutaz the rcar axle support on the bottom 3/4" from the back and mark
the axle support for the pilot holes through the holes drilled in
step. 15. Drill a 1/16" hole 5/16" deep.

Apply wax to the screw threads and fasten the rear axle support %o the
bottom.

With a 5/8" x #8 R.H. screw, fasten the front axle support to the
bottom, placing 2 3/16" washer under the head of the screw and between
the bottom and tongwe support to reduce friction.

Center and glue the axle to the axle supports with the holes in the

axle parallel to the wagon bottom. r—

Cut a piece 2 15/16" from the 1/2" x 1 3/16" stock for the tailgate.

Cut two pieces 2 1/4" long from the
1/4" x 1" gtock and one piece each
from the 1/4" x 1/4" and 1/4" x 1/2
atock to construct the geat as shown
in Fjs. G'

Dri11 two 7/64" shank holes through Fig. €
the seat 3/8" from the inmide of
the back and 1/2" from each edge.
(Fig. G) Counterwink the top of
the seat for a #4 screw.

101
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25,

26,

28

30.

Center the geat on the front rajfl leygthmyﬁ and fasten the seat to the
rail with 1/2" x #1 screws. Usc a 1/16Y bit for the pilot hole,

Cut the wheels from 1/4" hardboard with circle cutters.

Cut four pieces of the found toothpick 1/2% long to go in the ends of
the axle to hold the wheels on., Cut on2 piece 1 3/8" and one 1* long
for the tongue. It may be necessary to slightly sand the thpicks
to fit the holes. v

Place the metal template for the wagon cover on the 8 1/4" x 8 1/4v
veneer, so the grein of the vencer will run lengthways on the wagon, and
tranafer the patterm to the veneer with a soft pencil. Cut the cover
out with a peir of scissors. Two layers are required.

Apply cement to both pieces of veoneer except for a 1" strip on the ends
of the large riece., Let the glve dry and clamp one Plece in the .jig by
inserting both onds btehind the clamping cleats. (Fig. H)

i

the onter Piece of veneer over the veneer in the jig, with grain
iﬁ?ﬁg lengthvays and working from the center toward the e&ge, presa it
down firmly. Use a wallpaper edge roller to apply pressure to the
pieces,
the oontact glue has
ot It may ha necessary to steam the Veéneer aftez'c-
moe dried to make the vencer pliable before placing in the jig.
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31, ‘Trim the veneer on the bottom Piece to the patiern of the outer pliecs,
32, Clean and sand all pieces and finish with lingeed oil.

116
103




CLOTH BACK PACK

1. 8Select colorful denim fabric -
a 36" x 36" piece ip required.

2. Layoutl pattern with a hard-
board template by rubbing
chalk over the perforated
areas, '

3« Use scizsaors to cut away
X portions.

4. Sew patiern by hand
or machine.

" | X ><

5. Attach nylon webbing

gtraps with rivets.

6. Attach any pockets,
buttons, snaps, or
patches t0 meet the
individval's needs.

22"

6")( , ot

6!! 12" 6" 12"
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SOLDERING ELECTRICAL COMPONENTS TO PRIITTED CIRCUIT

Mater‘als needed: 3 - 1 mfd 1000 capacitor
3 - 47,000 ohm 1/2 watt resistor
3 = Neon bulbs
1 - Diode
1 - 8' lamp cord
1 = Electrical plug
1 - Spool of 60 = 40 rosin cove solder

Tools needed t Fine abrasive paper
25 = 45 watt. soldering irons
Diagonal cutter
Hand driil
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o . 105




OPTICAL LAMP HOUSING

Materials needed: 1 pe. 24 X 4 x 3/4 white pine
1 pc. vinyl contact paper
121 % 24%
4 #8 F.H. wood screws, 5/8 inch
1 #8 F.H. wood scxrew, 1 1/4 inch
Polyvinyl glue
1 pe. clear glazing 3/32% x 3 1/2t x &
1 pe, synthetic stained glass 3/32" x 3 1/2" x év
4 rubber or plastio feet

Procedure

1. Cut core stock to length BN

2. Cut grooves in core stock '

5. Seal core stock with sanding -
sealers Sand lightly when dxy.

4. Cover core stook with contact
mper.

3. Lay out and mark joint cuts

6. Drill holes for coxrd

7. Cut joints

6. Install printed circult board .

9. Install plug

10. Install glass and fold box together z /'

11. Install locking screw #8 x 1 1/4" : 1

12, Install feet

%




UNIT VI- FIRTSHING MATERTALS
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COURSE: MATERIALS AND PROCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

RESOURCES

it VI - Finishing

11

Materials

. The student will be able to discuss

: 1(;h§ following things about finishing:
.1

Pinipghing by foming - obtaining
a desired surface texture
through pressure
gai Babossing
b) Holding
Knurling

c

(2) Pinishing by separating - ob-

(3)

taining a desired surface texture
by removing material

a) Machining
gb} Sanding and grinding

¢) Buffing and polishing
‘Pinishing by combining - adding

. materials, generally called

(4)

finishes, to other materials is

a finishing process required on

materials not having the desired

color or inhexent lasting quali-

ties, Mild steel must be

coated to prevent corrcsion and

when a color other than gray

is desired.

(a) Types of ecoating materials

(b) Characteriatics of coating
materials

(¢) Systems for applying coatings

Finishing systems uwnique to

specific materials and products

Concrete and plaster

Paper

‘Timber woods

Cabinet woods

Textiles

Metal anedizing

Yacuum metallizing

~——
(oo oh

Discugsion=demonstration.

vities are a8 follows:

(1) The student will finish metals by
forming, separating, and combining
processes, :

(2) The student wil) finish woods
materials by separating and com-
bining processes.

(3) The student will finish ceramics by
combining processes.

(4) A "Pinishing Systems for Metals"

. display plaque will be produced by

. each student.

{5) Three wooden picture frames will be

+ finished by each student.

$6) The entire set of chesamen will be

°  finished by each student.

HReadings: "The Purpose and Procedure
. for Pinishing Metals"
“Sandpaper Abrasives"
"Coatings for Cabinet Woods"

Student acti-

)

i f-.

‘Suppliest Completed products for dis-
* play purposes
1. "Pinishing System for
Metals" display plaque
2. Pinished picture frames
30 Finished cheasmen

See Appendix V for rcading and activity
lesaons on :?inishins materials.

#Phig unit will take several days for
completion.

See Appendix V-
p. 109125
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FINISHING SYSTEMS FOR METALS

COMBINING MATERTALS

Note: Clean 21l metals before you add finish materials to them -
Sand ligytly with fine sandpaper and wipe olean with alcohol

A, Copper lin B, ILgmination
20-2% gauvge x 1" x 3" copper ,020" - 060" x 1" x 3" alumimmm

vinyl contact paper 1* x 2¥

1. Coat with adhesive
(gum solution) 1. Apply vinyl o aluminum

=

i. Do :
4

2, Coat with dry enamel ' 2, Apply Iressure to remove
aixr pockets

3, PFire 1300° - 10 minutes

123
109




4. Spray stencil figure
with contrasting paint

<X

2. Trace design /

5. Remove atencil from part

3, Cut stencil from contact

vinyl with sharp knife



SEPARATING MATERIALS

A, Polishing and buffi B, BEtching
20-26 gauge x 1" x 2" brass 020" « 060" x 1* x 2%
bright or anodised aluminum

1. Glue brass to 4" square
of 1/8" masonite with
fast setting epoxy

1. Trace design

2. Wet sand surface to be
polished with 600 grit
sandpaper

2. Cut out with sharp knife
3. Buff on cotton buffing wheel

with abrasive compound to
desired luster
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3, Cover design with resist

5. Flush off acid with running
wvater over sink

4, Submerge in acid (HC1)

for 10 minutes
6. Wipe off the resist

126
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FORMING MATERTIALS

A, Mold surface texture B, Embossed surface
heavy gauge x 2" x 4"

pattern
{large coin)

jar 1id

3!! - 4|l

dismeter ; 1, FPFlaoe aluminum foil between
. - die and rubber punch

1. Pugh pattern into
sand and remove

2, Closed wnder pressure of
vise or hydmeulio preses

2. Pour hot lead
into mold cavity

127 -
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THE PURPOSE AND PROCEDURE FOR FINISHING METALS

METAL FINISHING

A finish is applied to most metals by many different methods and for a
veriety of reasons, Finishes are used for one or more of the following pur-
poses?

1. To improve the appearance of the product such as the
attractive chrome plating on appliances.

2. To prevent corrosion like the rush inhibitors that are
applied to the interior and exterior of an automobile
body to keep it from rusting.

3. To cover a less expensive metal with a thin coating or
more expencive one guch as table silverware, mede of
nickel, silver, or brass; then plated with pure silver.

4. To improve the wearing quality of surfaces, such as the
super-fine grinding done to the moving parts of a Jet
engine,

METAL CLEANING

Before & metal surface can be painted, it must first be cleaned. Mechani-
cal and chemical systems are used to clean metals.

Solvents and acids are used to degrease (remove oil and film from the
metal)., The parts can be dipped into the solvent or acid solution or they may
be prushed or scrubbed with the molution. Mechanical cleaning involves abrad-
ing or sanding the metal surfaces with wet and dry abrasives, This helps to
remove corrosion and scale from the metal surfaces.

FINISHING FROCESSES

Metal finishing processes are uged for many purposes, the most common of
wirich are to improve metal appearance and to protect the metal from rust and
corrosion. Four finishing processes are very commonly used in industry,

Coating with paint and similar materials: Probtably the best known
finishing process ls the coating of metal with paint, enamel, varnish, or

lacquer. In industry most of these finishes are applied by spraying, often

with automatic spray guns., Special lampe or ovens are usually uged to dxy
these finishes rapidly.
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Coating by dipping in other metels: Another common type of metal finish-
ing is hot dipping. "Tin-plate", for example, is sheet steel which is cleaned
ard then dipped in molten tin, which forms & thin layer on the murface of the
steel,

) Electroplatings FElectroplating is a procegs of coating metal with another
metal by the action of chemicals and electrioity.

Enameling with porcelain:t Porcelain enameling is a process used for
finishing things like bathtubs, refrigerators, and kitchen stoves. Special
porcelain enamels are spread evenly on the metal and then fired (or fused)
in kilns to form & hard, glass-like finish.

PRIMERS

In oxder to secure the proper cohesion of most paints and enamels to
metal surfaces, a primer has to be applied first. There are many types. Some
are made especially for application to steel, such as automobile bodies., This
is lead primer. 2inc and lead chromate primers can be used to steel, zinc,
and aluninum for satisfactory results - for instance, on aluminum siding

before enamel is baked on.
WHEN THE FINISH SHOULD BE APPLIED
The finish may be applied at different times in the assembly process or
after all assembly has been completed. Sometimes a part is painted before

assembly bacause it can't be reached after assembly. At other times, certain
color combinations or designs requixre painting before assembly.
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FINISHING PICTURE FRAMES

Each student will construct and apply three tyfeo of finishes to three
picture frames. The three types of finishee are: (1) fine fumiture finish
(lacquer), (2) antique finigh, and (3) textured finish.

Each student will cut one complete frame from walnut and two complete
frames from poplar. .o .

e

aterials needed:
dalnut 1 - 3/4" % 1 1/20 x 36"
Poplar 2 = 3/4" x 1 1/ x 3ém

+

e

P —f !
Procedura
- 1, Shape frame {ace using surfacer and jig to proper cross-section size and
shape.

i

;‘n I

At

2. Cut rabbet on the table saw using the rip fence with wooden facing.
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3. Rough cut picture frame stock to length, cutting two 8" pieces and two
10" pieces for each frame, and cut picture frame to correct length using
cutting jig. Be careful to cut two 7 1/2" lengths and two 9 1/2" lengths
for each picture fxame being built.

a, Cut one end of each piecce on right side.
b, Cut the other end on each piece on the left side using
appropriate stops.

4, Sand surfaces of each board using 100 grit abrasive paper, then 150 grit
abrasive paper. Be careful not to round edges in the joint areas.

Asgsembly of components by combining with adhesives and mechanical fasteners

1, Trail clamp frames in the miter clamp to check £it on the corners. Heomove
from clamp and arply gluwe to each joint surface. Allow glue to absorb into
the end grain and apply a second coat of glue. Reclamp the frames into
the miter clamps pilot drill and nail each corner with finish nails, Set
the nail head with a nail set,

2, Remove from niter clamping frame jig.

3, After the glue has dried scrape off excess glue and finish sanding the
entire picture frame very thoroughly. If the corners of the picture frame
are uneven, scrape first with a cabinet scraper blade for fast removal
of unwanted stock, then sand., PFirst use 100 grit, then 150 grit paper.
Check welnut frame for mill) marks, dents, flaws, uneven jointing at
corner, The porlar picture frames need not be sanded with the same high
quality as the walnut frame because of the tyre of finish they will
receive,

4., Refor to the sestion on application of finishes and apply one each of the
foélloving finishess
a, Pine furniture finish
b, Antique finish
¢, Textured finish .
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1.

2,
3,
4.

Be

1.

2.

e

a.

DANISH or1, FINISH
Using a2 1" brush or rag, apply a liberal coat of Danish oil to the surface.
Do not bruzh the finish too thin. It must penetrate the wood.
Let the finish penetrate 25 minutes.
Aprly a second coat of finish.

Let the second coat pemctrate for about 10 minutes and vipe off any excess
vith a rag.

Por a superior finish, let the DProject dry overnight. With 2 piece of steel

wool or 600 wet=or-dry sandpaper dipved in Denigh oil, rub the surface with

light pressure to obiain 2 soft luster. Wipe the surface clean with a rag.
TMITATION WORMY WOOD FINISH

Using the flat, broad tip of a .soldering gun, turn the gun 90 degrees and
use the edge of the tip to freshand imitation worm lineas.

Use a small soldering tiP that has been filed to a point and bum small
worm holes, . e

[

Grasp both cnds of a short piecc of sash chain (approximately 12") in one
hand and strike the surface of the frame numerous times to give the frame
& distressed appearance.

Apply the oil or fine furniture finish to the frame, However, if the fine
furniture finish is used, do not rub out or polish the finish, Use 2/0

steel wool in place of the abrasive compound which will give a satin smooth
gemi-dull finish,
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ANTIQUE FINISH

1. Stir the base paint thorouwghly wntil it is of uniform consistency.
2. 3Select 2 good quality 1" wvarnish brush.

3. Dip the brush into the base paint about 1/3 to 1/2 the length of the
bristles and pull it lightly over the edge of the can,

4, Hold th» brugh as indicated. Apply the base paint with the grain,
lengthuise, until one gide is covered., Eliminate the brush marks and
level the paint by starting in the corners. With the tip of the
bristles, siroke lightly toward the middle of the board, lifting the
brush from the work as you pass the midpoint. On the outside edge it
will be necessary to brusi the paint from the middle out over the end
to prevent wiping the paint off the brush onte the cormers, causing a
run, Tor the best results do the edges first and the face last.
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10,
11,

124

13,

Repeat step 4 on the remaining sides.

Let the paint dry for 24 hours and sand lightly with 220 grit sandpaper.
Apply the second coat 91‘ base paint.

After 24 hours sand very lightly with 220 grit sandpaper.

Stir the glaze thoroughly.

Place a small amount of glaze material on a piece of aluminum foil.

Remove the 1 varnish brush used for the base paint from the container
and wipe as much of the thinner from the brush as pomsible.

Dip the tips of the bristles into the glaze on the foil and lightly
cover one side of the franme.

Wipe the brush as dry as possible, using the same proceduvre as yas used
to level the base paint. Bprush the glaze with the dry brush. Continue
wiping the bristles on a rag, brushing out the glaze until the desired
appearance is achieved. Brush in straight lines and always brush with
the grain.

Upon completion of the glaze coat, suspend the brush in the can of thinner.

Use a brush with stiff bristles if a spatter finish is desired. 4 tooth-
brush works well. Dip the tip of the brigtles in the glaze and with your
fingers bend the bristles back and flip the spray toward the frame.
Practice on a piece of paper first.

Note: ©Spatter is a "chance" method. Therefore, it ig best to let the
glaze dry overnight. If Your first try isn't satisfactory, you can
wipe it off and try again.
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2,

3

1,

FINE FURNITURE FINISH

Thoroughly stir the desired stain until it ig of wniform consistency.
Notet It is not necessary to stain walnut (omit steps 2 and 3) unless
you have some sapwood you want to stain.

Using a stain brvch, apply a coat of stain to the wood. Do not brush
it as you would varnish; just oocat the wood and let it stand for a few
minutes,

Wipe all surplus stain from the wood with a soft rag. On the final clean

up, wipe with the grain, lengthwise, to eliminate streaks. lLet is dry
for 24 hours,

1f the wood has open pores, such as walnut or mahogany, paste filler

must be applied to £ill the pores.

a. Select a fillexr that matches the wood.

b, Stir the filler until all the material in the bottom of the can is
thoroughly mixed with the vehicle (liquid) to form a creamy con~
sistency.

¢. Using a stain brush, apply a coat of filler to the entire pioture
frame.

d, VUsing a circular motion, rub the filler into the pores with the tips
of your fingers., It is not necessary to apply a great deal of
pressure,

e, Let the filler set for a few minutes until it loses its wet look
and turns dull,

f. VUse a coarse rag and wipe across the grain from side to side, to
remove the surplus filler,

. Finish by wiping lightly with the grain. Use a clean, goft rag.
This removes the streaks caused by wiping scross the grain, Let
it dry for 24 hours.

Spray the frame with a coat of sealer. Aim the gun straight and keep

it approximately i" from the object bveing sprayed, Keep the gun parale
lel to the surface, starting it to the outside of the surface and moving
to the right, As the center of the gun becomes even with the frame

pall the trigger as far back as it will go and release as necessary to
somny each side twice, pointing the center of the nozzle at the two
edges indicated.

tat the sealer dry 30 ainutes and sand lightly with 400 wet=or-dry sandpaper.

Spray the frame with three coats of laoquer. Allow 20 minutes between
coats.

Lot the fin'sa dry 24 hours and sand the surface with 400 met-oxr-dry
and water, Dip the paper in water and keep it wet to obtain a dull
satin smooth finish., Wipe the surfaoe clean.
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9, Using & felt pad or 2 prad made with & soft rag, apply a8 small amount of
prepared rubbing compound to the pad and yub with the grain until a soft
gloss is obtained. Be careful not to rub through on the corners. Wipe

the surface with the grain, using a soft rag and removing all the com-
pound.

10. To obtain a high gloss, moisten a smal) pad made with 3 soft rag with
water and apply French Glow to the rsg., Rub briskly with the grain,
Wipe the surplus French Glow off the frame and duff it with a soft rag
to get the maximum of 8loss.
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Aa

S

7s

Ba

9.

10,

TEXTURED FINISH

Hake & sealer by mixing 1 teaspoon of acrylic polymer modeling paste in
approximately 1 tablespoon of water.

Use a 1" nylon bdrush and apply this mixture to your picture frame to
seal the wood. Let it dry for about 30 minutes. Wash the brush in
water,

Spread a layer of the acrylic paste on the large face of one side of the
frame with a putty knife. Dip the tip of the nylon bxush in water and
distribute the paste evenly on al) sides of the frame, Add more paste
if it is needed and dip the tip of the brush in water as the paate he-
comes 100 heavy to spread.

Wet the sponge in water and squeeze it to remove all the water. Flace
the sponge lightly agminst the paste and lift it straight out 90 degrees
to the surface to- texture the surface.

Repeat steps 3 and 4 on the rem:ining three sides. It will be necessary
to rinse the sponge occasionally in water.

Clean up all tools with water. -

let the paste dry overnmight.

Shake the aerosol can of pale gold vigoroualy until you can hear the
steel ball hitting inside the can. Continue shaking the can up and down
and in a circular motion to mix the paint settled on the hottom ¢’ the
Calle

Point the opening in the nozzle toward the textured frame, holding 10"
to 12" from the surface. Proceed as if you were using the spray gun,

After the spraying is completed, hold the can upside down 2nd spray a

short burst until the paint no longer comes our of the nozzle. Clean
the face of the nozzle with a rag moistened with turpentine.

123 137




SANDPAPER ABRASIVES

[

Proper sandinge is one of the most imporiant finishing operations. The
term "sandpaper' orobably got its name many years ago when sand was glued to
paper and used in that way. Today there are four main different mineral grains
of various degrees of hardness that are used. Tywo are natural, being mined or
quarried, and two are synthetically produced in electric furnaces. The natural
minerals are:

Pint -~ Flint is generally offwwhite in color. It is commonly sold
_ in hardware stores, but is not noxmally uged in industry, because

of its softness,

Garnet = Garnet paper is widely uged industrially and is especially

suited for sanding oPerations on wood and wood finishes. The color

of garnet is orange-red.

The synkthetic minerals are:

Aluminum oxide « reddish-brown in color; made in electric furnaces
by fusing the mineral bauxite at very high temperatures, Its tough-
ness a2nd enduring sharpness make it a fine abrasive, for both wood
and metal.

Silicon carbide - also an electric furnace product; produced by
high temperature fusing of silica, sand, and coke. Silicon carbide,
approaching the hardness of diamond, is a very sharp abrasive and
may be used on lacquers, plastics, metals, stone, and ceramic
materials.

Most abrasive papers come in two tyDes of coatings closed and open coat.
Closed coat pavers have tightly packed abrasive graing that cover their entire
surface, Upen coating, having only 50 to 70 percent of the surface covered,
tends not to clog up and is used mainly on machine sanding,

Abragives are available in different backing 'such as paper, cloth, cloth-
vaper combination, fiber, or fiber-cloth combination. Paper backing comes in
four wolights, which are designated as A, C, D, and B, with grade A being the
lightweight.

Abrasives are available in coarse, medium, and fine. The grit is
clagsified ne 3 (very coa.rse) to 10/0 zsuper ﬁne). Algo from number 24,

(coarse) to 600 (very fine). Abrasive paper ig available in standard size
8 1/2" x 11", They also come in disks, drums, and belts for use with the

various types of power sanding tools.
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COATINGS FOR CABINET WO0DS

SANDING SEALFR

Sanding sealer, while filling slight imperfections, is a product that will
seal the wood in such & marner as to vrevent penetration of subsequent coats.
This material is formulated with good sanding qualities and by apprlying several
coats, while sanding between each one, a very smooth seal ig possible prior to
final coating with lacquer.

- LACQUERS

Because of its drying speed gnd outstanding dwrability, lacquer is an
ideal finish for furniture, fixtures, cabinets, metal products, etc. Lacquers
are divided into two classes: high solids and mediuwm solid=. The high solids
lacquers are made f{rom low viscosity nitrocellvlose. They leave a thicker
film than the medium solids lacquers. Lacquer thinners are often required to
lower the viscosity for sbraying purposes.

0IL FINISHES

An oil fipish is primarily used to penetxate the wood for preservation
rurposes and £o enhance the appearance of weod grain. Linseed and other oils
soak into the wood after having been applied with 2 pad of 1linen or other
lint-free cloth., After several minutes of sogking, the excess oil may be re-
moved with a soft cloth. The o0il which has penetrated the surface will dry
and harden. A smooth, satin, uniform surface is obtained and oil may be used
to finigh fine furmiture, TV cabinets, gun stocks, doors, and floors. An oil
finish, while beautiful, is not regarded as a durable finish.

SHELLAC FINISIES

Shellac finish is used frequently because it ig easy to apply, quicke
drying, and dries very hard. Tt can be used as a sealer to prevent knots,
sappy runs, and siains from bleeding into finish coats. Shellac stains easily,
has poor water resistance, and has no resistance to alcohol.

ANTIQUE FINISHES

Antique finishing is a finishing system which usually consisgts of an:
opaque base coat, gleze coat, and finish coat. The base coat is the founda=
tion for most antique finishes., One coat is usually sufficient on previously
finished surfaces, but two coats should be used on new or unfinished woods.
The necond coat is the glaze which the antique "patterm" eoffect is created.
Thia i~ acnonrlichod by applying and then partially removing the glaze. The
rattern may be created with a wad of cheesecloth, a dry brush, paint brush,
or a dry whislk broom. After the prober patiern has been created and allowed
to dry a clear finish coat is applied. With a litile experimenting, lovely
patterns can be created.
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UNIT VII - DEVELOPMENT OF PRODUCTS
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TOURSE:; MAMRRIALS A''D PRCCESSES

TOPIC OUTLINE

PERFORMANCE OBJECTLVES

SUGGESTED ACTIVITILES

RESOURCES

of Products

13 4!

|

Onit VII - Development The student will be able to discuss

how products are designed and built.

Discussion-demonstration. The students
will be shown the “"Engineering Format
(Design Procedure)” and will develop
products from the jdeas given by the
instractor or some of his own.

Students will use the "Design Analysis
Chaxrt” to insure that all design phases
are included in preduct development.

Students will proceed according to the
design procedure, marking off each phase
as it is completed. 'The instructor
should go over each phase with the
gtudents.

Students will present the following
items to the instructors:

1} Completed "Design Analysis Chart®
2) Preliminary sketches and data

2} Refined sketches and data

4) Models

5) Final design drawings and data

6) Completed products

ngtructor's activities are as follows:

{1) Instructor should hand out and dis-
cuss the thirteen phases in the en=-
gineering procedure that are fol-
lowed in designing a product.

{2) Instructor should hand out and dis-
cuss the design analysis chart,

(3) Hand out laboratory activity sheet.
Digcuss the project with students.
(This is Phase I of the Engineering
Format).

See Appendix IV~
p. 128-139
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TOPIC OUTLINE

PERFORMANCE OBJECTIVES

SUGGESTED ACTIVITIES

vl

(4) Divide students into groups of five
for role playing activities. These
groups should contain representatives
of management, engineers, and
clientele

Reading: "Engineering Format (Design
Procedure}*
“"Designing a Product"

Supplies: Paper
Pencils
Resource library
Necessary materials and tools
to build mock-ups, prototypes,
and products

See Appendix VI for readings and student
activity lessons of “"Development of
Products".

RESOURCES




APPENDIX VI °

IEVELOPMENT OF PRODUCTS
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TYPICAL PRODUCT IDEA INTRODUCTION

MARBLE AND CULTURED MARBLE
As you develop the cultured marble product you will become acquainted

with the procedures of how marble is quarried, where the main sources are
found in the United States, and which state is the leading yroducer. The
use of marble will be explained. The cost of marble will be explained to
show why marble is too expensive for widespread use in the Building indua-
try. Cultured marble which has been developed by using marble dust, thereby
overcoming the high cost, will also be explained.
Discusa the following pointst
1. Characteristics of marble
2. How marble ig processsd
3. Tyvical products made of marbdle
A+ How marble is simvlated
5. Tyves of tools used to mold cultured marble
6, By using the Engineering Format (Design Procedure), you will research

and develod a cultured marble product. The product may be a small wall

ledge, vanity top, scap dish, a small tadle top, or an ornamental desk
set. (Must be a product which utilized the qualities of marble stone)}
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PORTABLE SOLAR STOVE

Design a Portable Solar Stove (using the design procedure given you)
suitable for survey parties and campers, for use in relatively sunny cli-
motes, T+ must be lightweight and dismssembled to pack into a emall box.
A parabolic reflector at least three feet in diameter must be used, and
its focal point must not be too precise or it will tend to burn e hole in
e small container. The reflector must be on an adjustable mounting so
that it can be focused on the sun at different times of the day and year,
and at different latitudes.

The suggested solution consists of a reflector made of eight proper-
ly developed gegments of polished sheet metal. These segments lie flst
when not in use, and are bent to the proper shape by fasteners holding
the segment edges together.

36" dia. min.

focal

Devalopment of three segments of
eight segments reflector -

suitable fasteners willpudY -~ — -
flat pieces to parabolic curve.

Section through
parabolic
reflector
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DESIGN ANALYSIS CHART

(Instructions)

This chart will help you in the oritical analysis of the completeness

of your product (solar oven) design.

priate selections in each category as they apply to your design.
main topics are listed at the left with the categories across the top.
necessary comments may be added in the open areas provided.

You will need to check all the appro-

The five
All
This chart

will help you take into consideration all of the necessary elements for the

design of your product (or any other product).

Use these oonsiderations as

you follow the Design Procedure given to you by your teacher.

I

\hat are the basic
functions of your
product and its
component parts?

Covers

Enclosing and Protecting|

Cases

4

Converting Energy

Chemical to
heat

Compariments

Protective
films

Hesistance
t0 wear

Registance to
envirorment

Blectrical to
mechanical

T

Transmitting

Aasembly

Movemant

PFixings

Power

Fastenings

Energy

Poree

Information
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The following four
sections of this
chart are the four
main design charac~
teristics used “in
the formulation of
& product.

II

How doegs your nro~
duet work and what
are itg functions?

-

Heans Tachniques Applied Functions
:=============-=ﬂ==h===========

lHechanical Mechanical Application

Electrical Electrical Function

Elactronic Electro-mochanical || Means

Thé;mal Chemi cal i

Optical —électrOPhemical

tizzlear

Conditions

Chomical

Supplied Parts Bfficiency

% #_
Mnationa) Resources

Price

Application

Delivery

o,

Mode of uge

Quality

1

III

How is your produck
used?

Information

Visual

e

1

Touch

Sound

Subsoni.
vibration

Heat

Smell and
Laste

Tyres of Qperatio

Work Study

Sequence of

overations |

Environment

Effort

ervice
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v

How does your product
look oxr appear to
others?

Aesthetic Characteristics Achievement

Shape

Degigm
Features

Materials and
finishes

Color and
tone

| ety -

v

How will your
product be produced?

Method l] General Principles lnesisn Fegtures
L

— —

=

148
133




1IESIGNING A PRODUCT

1. Introductory ~ Desipgn Categories. ‘r'he word "design" has many mean-
ings. A digest of various dictiopary definitions is: +to plan, conceive, ine
vent, and designate so as to transmit the plan to others. Design has many
purely artistic connotations. For example, the design of fabrics, clothing,
furniture, etc. 1In engineering, design has come to mean that broad category
of invention leading to the production of useful devices.

Design, from the Latin "designare" (to mark out), is the process of develop=
ing plans, schemes, directions, and specifications for something new. Thus,
it is within context to speak of Hitler's designs for world conguest; the
design (conception) of a book, play, or motion picture; or the design of fabrie,
clothing, furniture, appliances, or other completely physical objects. Design
ig distinguished from production and craftsmanship: design is the ecreative
original plan, and the production and craftsmanship are a part of the exe-
cution of the plan, ”~

Design means creation in the purest sense. Sbecifically, design does not
beyond creation, and it logically follows that the execution of a design,
that is, the carrying out of the plan by presentation, action, production,
manufacture, craftsmanship, and use) arc not design at all but are simply and
positively the products of the design. Also, when examining a finished pro-
duct, it is proper %o speak of the design of it, and by this term of reference
we mean the original plen or scheme and not the product itself.

A design may be presented by means of drawings, models, patternms, specie
fications, or other similar methods of commmnication. 3By whatever means the
design is made known, cvery detail important to conswmation must be given,
This will include such items as materials and their capabilities, the methods
of adapting the materials to their purpose or work, the relationship of paxrts
within the whole, and the effect of the finished Product upon those who may
see it, use it, or become involved with it.

Design is 2 word used more or less loosely in all the arts in referring
to composition, style, decoration, or any relationship of the parts of a
complete entity. Ip come areas, notably in architecture and in product de~
sign, art, and engincering affect each other, so that complete freedom is
often somewhat restricted. Usually painters, poets, musicians, and some
olliers can design with great freedom. .

Logically, one who designs is cplled 2 designer. All designers must

be experienced and educationally organized and oriented. In other words, a
designor mugt know o Soeat deal odout what he is attempting to design or he

i1l fail miserablv. As an example, suppose that a person who has never
fished and kmows nothing about the sport, attempts to design a fishing xveel.
Because of his ignorance of such aspects as weight, balanoe, linc capecity,
drag charecterists, and overall yerformance, such & Person is completely
incapable of producing a good design. Nevertheleas, most good engineering
designers are capable of designing a wide variety of devices because of
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their knowledge of materials, processes, production methods, and other related
aspects. Designers may be likened to executives in laxrge companies, especially
such pPeople as editors and directors. The executive will decide policies and
giness methods and then transmit his ideas to colleagues who carry out the
executive orders. The designer conceives his design and then transmits his
rlans to others who produce the product. This does not mean, however, that a
designer never is involved in production. Especially in the fine arts, a de-
signer may actually produce the product himself,

Design, in a broad sense can be and often is, classified according to its
xelationship to practicality. Thus abstract design has no relationship what-
ever to useful or rthysical objects and is intended only 40 create a visual ine
terest or impact. Much of so-called "modern" art is abstract design. Aes-
thetic Adesign is 2 design applied to some useful object. The design is ine
tended for decorative purposes alone, and has nothing whatever to do with the
usefulness of the object. The design is aesthetic only and performs no practi-
cal purpose. Other examples of aesthetic design are found in furniture, archi-
tecture, motorcars, appliances, floor coverings, and other useful objects
whevre the design per se, has no function but t0 decorate and create an aes-
thetic impact. Aesthetic functional design is that category of design where
aesthetic and functional aspecta are closely allied. An example is a Baldwin
theater orgen, & fine musical instrument as well as an outstanding aesthetic
and traditional design. To see how function affects aesthetics note that the
seat must be wide enough at the bage to cover the width of the 32 note pedal
board, Thus, the aesthetic design must be accommodated to Iunctional require-
ments. The curved console is not only traditional and aesthetically intereste
ing but also has a function in that the tabs conirolling the woices on the
two menumals are .ore convenient to. the orpamigt. It is interesting to note
here that the Baldwin theater orgam contuins oompletely transistorized tone
generators and smplifiers and the most modern of speaker systems, and the
cabinet proper must be sized and designed fer acoustics and to acconmodate
the fundamental parts of the instrument. Purely functional design is any
design where function is completely dominant-with aesthetice not considered
at all, An example is a 3KVAR, 250-volt single~phase, sixty=-cycle capacitor
used on electric tvonswiosion lineg, This plece of equipmont is completely
fuancational and aesthetics plays no part in the design. Other examples are
machinas, such as lathes, boring machines, motors, power tools, conveyors,
material-handling equipment, and the great tulk of manufacturing and produc-
tion equipment,

Even though acathetic considerations may be present in engineering
design, the emphasis in this discussion wust necessarily be restricted to
pood functional engineering design. However, never entertain the thought
that pure function alvays prevails as the goverming factor. As an example,
in early automotive design the machine proper was designed to cover the
machine., Recent automotive design shows that because of body shape, meny
components have baen redesigned and moved from former positions in oxder to
accommodate to body design.




Some of thn best examples of desipgn in all aspects are to be found in
automotive and cormmercial aircraft design. Purely aesthetic features are
evidenced in colors used; elegance of fabric, plastic, or leather in uphol-
stery; finish nand appearance of appointments, body lines. and artistic con-
figuration. Functional-aesthetic features are obvious ir. such aspects as
artful apd functional ~ontrels, dials, instruments, glass areas, seat com=
fort, and safety features, Purely functional design ia clearly manifested
oy examination of the power supply and all of its aurxiliaries and com-
ponents,

There are many categories of engineering design, such as machine design
and structural design. Paralleling thie, the designer working in a parti-
cular field is designated by hig field or subelassification in it; for
exanple, machine designer, appliance designer, structural designer, auto-
motive varts designer, etec.

Even though the field of design is bread, all designeras think and pro-
duce in much the same manner., Simply put, the designer draws upen his
backgrowmnd of knowledge and experience in producing & new entity. Thus,
every designer must have: (1) knowledge in his field, (2) experience,

(5; inventive ability, (4) a knowledge of materials and processes, and
(5) the ability to represent (draw) so as to transmit his designs to others,

2. Procedure - How a Desigmer Thinks. First, in approaching a new
project, the designer mist recognize and thoroughly understand every phase
of the problem. This will include al) information necessary to state what
the device is expected to accomplish and the pertinent dats such as speeds,
pressures, temperatures, and overating conditions. Also, statements of
relative size and appearance are often included.

Second, the search for solutions is started, and hexe the real ability
to create shows itself. In the begimning, conventional solutions will come
to mind, and there may be several of them. Then, as the investigation
continues, newer, more modern, and previously unheard-of answers may appear.
At this stage, the designer should let hia imagination really "xrun rampant”.
Bvery unusual physical, chemical, and electrical application, use of
material, combination of elements, and their relationships, should be
carefully studisd. 4 number of possible soélutions will vprobably emerge.
Sensitivity to the problem, the ability and desire to ecreate, coupled with
originality and the worker’s ability to analyze and synthesize, charac-
terizes this stage of the work, Perseverance and persistence offer the key
to success here,

While the solutions are being composed, the designer must make sketches
for his own use¢. ‘l'o be sure, these may be very “"rough' and may lack de=~
tailed information, but they will proebably include many written notes
giving information for later use. This is where xeal ability and facility
in tha use of the graphic language plays a very important role. An active
mind and flucncy ak recording the mind's products of originality on raper
combine to produce successful solutions,
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Third, all of the solutions should be evaluated. This analysis must in-
clude feasibili bty of the design.from every standpoint - from every engineering
detail to economics and aesthetics. Thig must be done carefully and honestly
because it is principelly self-evaluation. Personal idiosyncrasies and pre-
ferences should be subservient to a compleiely “open mind",

Fourth, either decide on the best solution or continue the search for a
better solution.

Fifth, obtain approval of the design. The practice here varies with the
size of the organization. Company practice prevails.

<ixth, refine and correct the original design and meake more complete
sketches as a guide before starting a formal design drawing. Some alterations
may be a result of the approval conference on the design.

Seventh, make a2 formal design drawing. 7This drawing miet show all in=~
formation that will be needed by detailers who will make the individual part
drawings, subassemblies, and assemblies.

Eighth, obtzain final approval of the design.

All this is not quite as difficult as one might think. The real key
lies mostly in the ability to draw, both freehand and with instrumentsj it
is then the creation develops. At this time all the designer's knowledge,
experience, and skill are brought to fruition. 4As he thinks of ways to
solve the problem - considering methods, meterials, combinations, and ar-
rangement of components - he records his thoughts and develops his design.
Because of the creative aspect, designing is personally very interesiing
and satisfying.




I.

II.

TrT.

Iv.

V.

ENGINEERING FORMAT - (DESIGN PROCEDURE)

Phase One = The project

A, Discussion with management, engineering, c¢lientele
B. Statements and specifications of the design problem
C. Collection of gll pertinent information

Fhase Two = Formulation

A. Recognition of regquirements

B. Dbefinition of regquirements

C.  Consideration of previous designs

D. Assembly of a1l original data needed = mathematical,
graphical, mechanical, electrical, ete.

Phagse Three - Concepts
A. Preliminary design sketches

B. Preliminary design data giving materials, methods,
construction details, and projected characteristics

Fhase Four = Analysis

A. Critical analysis of all design concepts

B. Sclection of most Promising design or designs
Phase Five = Design Conference

A. Discussion of preliminary designs with engineering,
management, and clientele

B. Approval of design or designs
Phase Six = Refinement

A. More complete drawings and specifications of
selected desimn or designs

B. More complete data supporting projected design
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C¥II.

VIII.

X

X.

LI.

XII.

XITI.

Phase Seven - Design Conference

A. Dgeussion of refined design or designs
B. Approval of most Promising design
Phage Eight - Synthesis

A, rojected design suprorted by mathematical, graphical, and
computer~aided and combined systems data

B, Investigation of all physical aspects and proof of the
soundness of design

FPhase Hine - Models

A, Componnnts

B. HMHock-ups

C. Models of critical features

D. Prototype

FThaze Ten - Testing

A. Troof of operating characteristics of components
B. Droof of soundness of complete entity

Phase Dleven - Conference

A, Tinal discussion with originating authoxity
B. Approval of final desizn

Thase Pwelve =~ Final Preparation

A. Tipnal design drawings

B. Rinal specifications

rhase Thirteen - Transmittal

A, "Yransaittal of final dewigm drawings and specifications
o originating aunthority
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RESOURCE MATERIALS

The following list of resource matexials is by no means complete or
exhaugtive, It merely represents a compilation of the best and most avail-
able material known and used by the menbers of the committee,

1, All You Need to Know About Adhesives, Richard C. Snogrem., New York,
New Yorks Popular Science, 355 Lexington Avenue, December, 1971,

2, Alupinum - Metal of Many Faces, Pittsburgh, Pemnsylvania: Bureau of
Mines, United States Depariment of Interior Motion Pictures, 4800
Forbes Avenue.

5, Althouse, Andrew D,, Turnquist, Carl) H., and Bowditch, William A,
Modern Welding., South Holland, Illinoist Goodheart-Willcox Company,
Inc.’ 19‘?0.

4, Carlsen, Darvey, Graphic Arts, Peoria, Illinois:! Chas. A. Bonnett
Comnany, Inc., 1970,

5. Ceramics, A Pottexr's Handbook, Glen C, Nelson. HNew York, New York:
Holt, Rinehart & Winston, Inc., Subsidiary of Columbia Broadcasting
System, %83 Madison Avenue,

6, Characteristics of 14 Families of Blastomers, and Properties and Per-
formance for 14 Types of Elastomers. {charts) Orange, California:
West American Rubber Compeny, 750 North Main Street,

7. Cherry, Raymond, General Plastics, Bloomington, Illinoiss McKnight
and McKnight Publishing Company, 1967,

8, Concrete Technology for Today and Tomorrow., pages 7-17, 19-25, Dr,
Bill Wesley Brown., Flagstaff, Arizonas Northemrn Arizona University,

9, Facts About Fabrics. Wilmington, Delaware: DuPont DeNemours & Co,

10, PFeirer, John L, Woodworking for Industry, Peoria, Illincist Chas.
A. Bemnett CO., Irl.c., 19?10

-
-3

. Groneman, Chris H.,and Glazener, Bverett R, Technical Woodworking,
wew York, Hew Yorks McGraw-Hill Book Company, 1966,

12. Industrial Tooling with Hydrocal* G¥bsum Cements. Chicago, Illinois:
United States Gypsum, 101 South Wacker Drive,

1%, Johnson, Harold V., Manufacturing Processes., Canton, I1linois:
Chas. A, Bennett Coe, Ino., 1973,

14, Materialg and Procesgses Curriculum Guide, Kansas State Depariment
of BEducation,
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17.

18.

19-

20.

21.

Crinted Cireuit Handbook. Rockford, Illinoist GC Electronics, Divi-

sion of Hydrometals, Inc., 400 South Wyman Street.

3tonlalaking Flow Charis. Washington, D, C.: Public Relations Depari-

rent, American Iron and Steel Lnstitute, 1000 16th Street, N.W.

Svanson, nobert S. Plastics ‘technology. Bloomington, Illinoiss
McKnight and McKnight Publishing Company, 1965,

The #anufacture of Paper. Wichita, Kansas: Southwest Paper Commany,

140 Yovth Mosley Avenue.

The Stoxy of Fibers, Yarms, and Fabrics. New York, New Yorks
Celanese Fibers Company, 555 Fifth Avenue.

The Stoxy of the Plagties Industry. opages 1-8. New York, New Yorks
The Society of the Plastics Industry, Inc., 250 Park Avenue.

The Story of the Tire., Akren, Ohio: The Goodyear Tire and Rubber
Company.
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