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Manuf acturing Process MCH 308 - 5
Cour se Nane Cour se Nunber

PHI LOSOPHY/ GOALS:

- The student will denonstrate a basic |evel know edge of fundanent al
manuf acturing processes and primary materials, through assignnents
and tests*

- The student will denonstrate an ability to conprehend textbook
material by successfully answering in witten form specific
objectives provided with mnimal instructor assistance.

- The student will develop research habits utilizing the library
services in responding to sonme of the specific objectives.

METHOD OF ASSESSMENT ( GRADI NG METHOD) :

Students will be tested on 4 or 5 occasions during the senmester. Each
test will cover 2 or 3 topics of the course. Nunerical grading wll
provide a final letter grade according to the foll ow ng:

80 - 100% A

65 - 79% B
55 - 65% C
Less than 55% R
Tests will be announced at |east one week in advance.

TEXTBOOK( S) :

Manuf acturing Process and Materials for Engineers
Doyl e, Keyser, Leach, Schrader, Singer
Second Edition, Prentice Hall.
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Conpet enci es ~ Manufacturing Processes

the conclusion of the course, the student nust be able to:

1.
2.

Use work related term nol ogy.

Read and interpret witten technical explanations of various
manuf act uri ng processes.

Prepare and present witten explanations of various
manuf act uri ng processes.

Apply the basic principles of nmanufacturing processes to the

devel opnent of practical designs.

Conduct destructive tests to determne nechani cal and
physi cal properties, process the data and prepare reports.

G ganize the set-up and calibration of hardness testing and
tensile testing equi pnent.

Conpare the costs of various alternate methods of production
of a part.

Exhibit a morkin? know edge of the basic nmanufacturing
processes of moulding, formng, joining for the commonly used
engi neering material s.

Exhibit a basic understanding of the

(a) the uses of metrol ogy equi pnent
(b) the powder netal |l urgy process
(c) plastics and rubber.
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Topic Information Ref er ence

5

4

Non- Ferrous Metals and All oys MP 108-116

Ef fects of Alloying on Properties

Al um num and Al |l oys

Copper and Copper Alloys

Zinc and All oys

Wiite Metals

Ni ckle All oys

Refractory Metals

Preci ous Metals

Foundry Processes 118-171

The Principles of Sand Casting
Maki ng Moul ds

Cores and Cor enaki ng

Pattern

Sands and other Muld Ingredients
Melting Metals in the foundry
Pouring and C eaning Mul ds

Shell Muld Casting

Metal | urgy of Castings

Desi gn of Castings

Hard Moul d Casting Processes 172-192

Metal rnould Casting Processes
Pl aster Mould Casting

Preci sion Investnment Casting
Cont i nuous Casting

Powder Metal | ur gy 193- 206

Metal Powders

Fabri cati on Processes

Pressing & Conpacti ng
Sintering

Fi ni shing Operations

Met al Conposites

Desi gn of Powder Metal Parts
Conparisons with other Methods
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Peri ods
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Topi ¢ | nformation Ref er ence

9

4

Pl asti cs and Rubber 207- 237

Plastic Materials

Pl astic Processing

Fi bregl ass Mul di ng

Desi gn of Mulded Plastic Parts

Metals and Al l oys MP 8-21

Metal Structures

Physi cal Properties

Fracture and Failure

Metal lurgy of Iron and Steel

Testing of Engineering Materials MP 30-51

The Tensile Test

Har dness Testi ng

Not ched Bar Inpact Testing

Bend Tests

Fati gue Testing

Fracture Toughness Test

Nondestructive Testing

Heat Treatnent of Metals MP 70-87

Heat Treatnent of Non-Allotropic Alloys
Heat Treatnent of Steels

Quenchi ng

Har deni ng

Sof t eni ng

Surface Hardeni ng

Al'l oy Steels MP 96- 100

G aphitization
Carbon Stability
Carbon Steels
Al'l oy Steels



Topic Information

Primary Metal - Wrking Processes

Rol |'i ng

Col d Draw ng

Manuf acture of Pipe & Tubing
For gi ng

Ext rusi on

Metal Sheering and Form ng

Metal Shearing Operations
Bendi ng
Drawi ng & Stretching

Squeezi ng
Presses & Press Tools

Wl ding & Allied Processes

El ectric Arc Wl ding

Energy Ray Wl di ng
Resi st ance Wl di ng

Thermt Wel di ng

Pressure Wl ding
Fundanental s of Wl di ng

Gas and Electric Arc Cutting
Metal Spraying

Surfacing and Hard Facing
Braze Wel ding, Brazing & Sol dering
Measurenent and | nspection

The Paraneters of I|nspection
& Measur enent

I nstruments for Measurement
& Il nspection

| nt er changeabl e Manuf acture

Statistical Quality Control

Manuf act uring Specifications

Page 6

Ref er ence

238-274

275-322

323- 386

387-435
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TOPIC 1 - METALS AND ALLOYS

Specific (bjectives

The student shall be able to:

Metal Structures

1.

Recal | the neaning of space lattice by sketching B.C C cells in a
regul ar repeating array.

Recal | by sketching two lattice structures having different
orientations by show ng the interface of both at a grain boundary.

Recal | the neaning of allotropic transformation, by using as an
exanple, iron at different tenperatures.

Physi cal Properties

4. Conpare the general physical properties of FCC, B CC and
HCP. types of lattice structure.

5. ExPIain what happens to the lattice structure when netals are
deforned at tenperatures below the recrystallization tenperature,
and above.

6. List and explain the kinds of crystalline inperfections.

7. Explain why it is that a cold-worked netal is said to work-hard or
strai n harden.

8. Explain why a fine grained netal can better respond to stress than
a coarse grained netal .

9. Explain why cold working orients the grain in a nmore suitable
direction to carry | oad.

Fracture

10. Explain the two general manners in which netals fail after

sufficient stress.
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Type 111 Equilibrium D agram

11. State what kinds of netals behave according to the Type 111
rul es*

12. Using diagram 2-11 as an exanple of the general case, explain
slow cooling of the following fromthe liquid zone.

(a) A solution of 90% A/ 10% B
(b) A solution of 60 A/40 B
(c) A solution at the eutectic conposition

Metal lurgy of Iron and Stee

13. Sketch and | abel the "steel" portion of the iron carbon diagram
I gnore the conposition above 2100 F.

14. Explain what happens to the austenite as it cools from 2100 F to
room tenperature when the concentration is

(a) hypoeutectoid
(b) hypereutectoid
(c) eutectoid

15. List the carbon requirenents, tensile strength and el ongation for
the follow ng:

(a) autonobile fenders
(b) structural steels
(c) gears and axles
(d) railroad rails

(e) tools and dies
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TCPIC 2 - TESTING OF ENG NEER NG NMATER ALS

Specific (bjectives

The student shall:

1.

10.

11.

Recal | that testing of materials in the context of this topic is
restricted to the nmeasurenents involved in determning properties
such as hardness, strength, toughness and stiffness.

Sketch the configuration of the standard 1/2 round tensile test
speci men and the netric standard.

Descri be the method enpl oyed in devel opi ng an Apparent Stress
divided Strain diagramfor a ferrous speci nen.

A ven an apparent stress strain diagramof a ferrous netal,
indicate on the diagram the proportional range (Hatic Range)
the Proportional Limt, the yield point.

Recal | that the constant of proportionality between e, the
elastic strain and s, the elastic stress is known as Youngs
Modul us, and is a nmeasure of the property called "stiffness",
and indicates the ability of the netal to "spring back".

Recall that the yield point nust be exceeded if pernmanent
deformation is to be achieved, and where this quality is used.

Draw an Apparent Stress Strain diagramthe true stress strain
curve and explain why it is so different.

Describe a witten procedure for determning the property
"toughness” froma stress-strain curve.

Explain using a SS curve, how the work hardening co-efficient
i s determ ned.

Define Hardness as the resistance of a material to penetration,
and recall that hardness is a function of the elastic limt and
the work hardening co-efficient.

Draw a schematic of a Rochwell hardness tester, identify the
nmaj or features and describe how conparative hardness is
determned fromthis test.
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Recal | that Notched - Bar |npact testin% does not provide a neans
for studying responses of materials to high velocity |oading, but
neasures the ability of a naterial to absorb energy - a neasure
of "toughness".

Describe fromrecall the standard Charpy inpact test, utilizing a
sketch like that on page 42 of the text book.

Descri be the equi prent used and the procedure followed to
determne fatigue strengths of a netal.

Descri be the nechanismof failure that occurs in fatigue failure.
Solve a testing problemlike:
A@ven: A certain steel alloy specinen
SY = 54,000 psi
E = 30 x 10° psc
QO oss section 1/2" x 1/2"
Gauge length 4"
and

(a) Applying a 10,000 I b load, determne gauge length after |oad
rel ease.

(b) Assune 0.2% of fset, what |oad woul d produce a stress in the
speci men equal to SY?
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TOPIC 3 - HEAT TREATMENT OF METALS

The student will be able to:

1. Recall the neaning of "Heat Treatnent" as it applies to ferrous
met al s.

2. Describe the general process for hardening, being conplete by
mentioning in the proper context the words "supersaturated" and
"deconposi tion”

3. Explain:

(a) Coherency hardening
(b) Aggregate hardening

4. Describe the two major classes of heat treatnent:

(a) Non-allotropic hardening
(b) Aliotropic hardening

5. Describe the general objectives of "softening of netals".

Heat Treatnent of Non-Allotropic Al oys

6. Explain how an alloy that does not change lattice structure can
be hardened (precipitation hardening, age hardening, artificial
har deni ng) .

7. List the common precipitation hardened all oyse

8. Explain the special hardening procedure applied to 2024 al um num
and nention the cautions to be observed*

9. Explain how precipitation hardened alloys may be softened for
stress relief or full anneal*

Heat Treatnment of Steels

10. Sketch the iron carbon diagram and show the lines l|abelled A
Ad|/¥%1C:Ccn1and expl ain the significance of such lines.
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w lines on the iron-carbon diagramthat represent the upper

11. Dra
limts of tenperature for:

(a) Normalizing

(b) Quenching
(c) Annealing

12, Explain why steel is hardenable, and nane and describe the hard
product of rapid quenching.

13* Sketch a typical T-T-T diagramas shown in Figure 5-3A and
explain the significance of the two lines ABC, and AD E

14. Sketch a continuous cooling transformation curve and explain
its purpose. Note that Bainite can be disregarded for
continuous cooling of carbon steels,

15. Draw a line on the continuous cooling curve that represents the
"Qitical Gooling Rate".

16. Explain why nmediumpearlite is harder than coarse pearlite.

17. Explain the heating and cooling process necessary to produce
maxi mum har dness test.

Quenchi ng

18. List six quenching nedia and state the applications of each.

19. State the physical and structural consequences of hard quenching
carbon steels.

20. Explain the procedure called die quenching.

Ways of Hardening Steels

21. Expl?in the general purposes of hardening and tenpering of
st eel s.

22. List and describe the three stages of softening, hardened steel,
by referring to tenperatures and products.

23. Describe the process called "austenpering"
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Anneal i ng of Stee

24. Explain the neaning of and reasons for "annealing".
25. Briefly describe the follow ng processes:

(a) Full annealing

(b) Normalizing

(c) Process or commerical annealing
(d) Cycle annealing

Sur face Hardeni ng

26. State the principle reason for surface hardening steel.
27. Describe the follow ng surface hardeni ng net hods:

(a) Induction hardening
(b) Fl ane hardeni ng

(c) Carburizing

(d) Cyaniding

(e) N triding

13
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TOPIC 4 - ALLOY STEELS

student will be able to:
Define the term "alloy steels".
Li st the phases found in ferrous alloys.

Expl ain why carbon is the nost inportant alloying elenment found
in ferrous all oys.

Expl ain graphitization as it occurs in coded alloys containing
nore than 2% carbon. Wite the dissociation equation.

Expl ain why sonme cast irons are nuch softer than others.

State the functions performed by carbon in steels hardened by
guenchi ng and tenpering.

State the effects of alloying elements (other than carbon) in
slowy cooled steels and list the ferrite strengthening elenents
and the conditions under which best performance of each is

gai ned.

State the two factors that control graphitization in the cast
irons, and explain how these factors are relized in practice.

List the el enents which pronote:

(a) Gaphitization
(b) Carbide stability

State the functions of alloying elenents in steels to be hardened
by quenching and the advantages gai ned from such practices.

State the nane of the el enent nost economic to the inprovenent of
harden ability.

State how the follow ng features of ferrous netallurgy are gained
t hrough sel ective alloying:

(a) Corrosion resistance
(b) Magnetic properties
(c) Machineability

(d) Toughness
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Carbon Steels

13.
14.
15.

Expl ai n why carbon steels are so naned.
State the Iimts of alloying elenents that define carbon steel.
List the major features and sone uses of:

(a) Low carbon steel
(b) Medium carbon steel
(c) Hi gh carbon steel

Al l oy Steels

16.

17.

18.

19.

20.

21.

List seven classes of alloy steels and wite a brief paragraph
describing the major features of each.

Wite the AlISI-SAE nunbering system code for the follow ng alloy

(a) N ckels steels with 0.4% carbon
(b) Chromumsteels with 0.4% carbon
(c) Plain carbon steels of 0.7% carbon

Note that with the exception of the |ow carbon-plain carbon
steel sy the Al SI-SAE steels are always used in the heat treated
condi ti on,

Record a list of the nmajor groups of alloy tool steel show ng
desi gnation and type.

State the three major types of tool steels; and in point form
Identify the characteristics of each.

Wite a brief paragraph identifying the features and character-
istics of the follow ng steels:

(a) Magnet steels
(b) Stainless steels
(i) Austenitic
(i) Ferritic
(iii) Martensitic
(iv) Precipation - hardenable stainless steels
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TOPIC _5 - NON- FERROUS METALS AND ALLOYS

The student will be able to:

1. Explain why pure non-ferrous netals are so inportant to industry

Effects of Alloying on Properties

2. State the effects of alloying on such properties as:

(a) Conductivity

(b) Specific gravity

(c) Module of elasticity

(d) Yield, tensile, fatigue strength
(e) Ductility

Alumi num and Its All oys

3. In point form list the major features of alumnum also identi-
fying the advantages and di sadvantages of the netal in process
wor K.

4. In point form |list the major features of alum numall oys, under

the foll ow ng headi ngs:

(a) Hardenability

(b) Room tenperature nechanical properties
(c) Specific strength

(d) Fabrication of alum num alloys

5. Wite a paragraph outlining the major features and uses of
titanium

6. Wite several paragraphs stating the uses and major features of
titanium all oys under the follow ng headi ngs:

(a) Lattice structures
(b) Alloys with alum num vanadi um and chrom um
(c) Fabrication

7. List the major features and uses of:

(a) Magnesi um
(b) Magnesium all oys

Copper Al l oys

8. State the uses of pure, unalloyed copper.
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9. Explain how copper can be hardened and strengt hened,

10. OorTPare the room tenperature; and el evated tenperature
pertornmance of copper alloys and al umnum all oys and steel.

11. Defi ne:

(a) brass
(b) bronze

12. Conpare al pha and beta phase brasses.
13. List the advantages of bronzes to industry.

Fabrication of Copper Al oys

14. List the various nethods by which copper alloys can be
fabri cat ed.

Zinc and Zinc All oys

15. Wite a brief paragraph identifying the outstandi ng properties
the nost inportant alloying el ements and the reasons for
al | oyi ng.

The Wiite Metal s

16. Define "white netal ".

17. List the three nost inportant classes of white netals.

18. Wite a paragraph discussing "babbits" referring to the
mcrostructure, segregation and fabrication.

N ckel and Its Al oys

19. Wite a paragraph about nickel and its alloys, identifying
naj or uses and special all oys.

Refractory Metals

20. In point form identify the major features and uses of:

(a) Tungsten
(b) Tantal um
(c) Mol ybdenum
(d) Beryllium
(e) CGernmani um
(f) Zrconium
21. List the nost common precious netals and identify their uses.
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TOPI C ([ - FOUNDRY PROCESSES

Speci fic bjectives

The student shall:

1.

10.

11.

State several applications of founding of netals in autonotive
engi nes.

State six materials fromwhich nmoulds can be made.
State four maj or nethods of nmaking noul ds.

State six properties or characteristics which a nould nust
possess.

From a cross sectional view of a three part sand nould, identify:

(a) Parting Lines
(b) Bottom Board
(c) Sprue
(d) Riser
(e) Pouring Basin
(f) Cope, drag, cheeks
(9) Runner
(h)y Gate
State the difference in grain size of nmetal adjacent to the nould

as conpared to the majority of the casting and explain why the
di fference exists.

State the functions of:

1) Gates
2) Risers
3) Chills

State the three main types of gates, and conpare the relative
merits of each

State the purpose of "vents".

Identify from diagrans, the various hand tools used by the
foundryman, and state the various functions of the tools.

Describe using witten description and di agrans, a procedure for
making a casting of a hollow cylinder, closed at one end.
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Cores and Corenaki ng

12. State the function of a core.
13. List and explain the seven properties essential for good cores.
14. List three ways in which a core nmay be vented.
15. List three kinds of cores used in the foundry.
16. State the major reason for "core shifting" and describe one
nmet hod for preventing core shifting.
Patterns
17. Explain the purpose of a pattern.

18. Explain the difference between a "l oose piece" pattern and a
mat ch-pl ate pattern.

19. State the relative nerits of the above type patterns.
20. List the qualities desired in pattern materials.
21. Describe a "sweep" pattern.

22. List three pattern materials and nethods that can be used for
"short runs" or "one-off" situations,

23. Explain what is nmeant by

(a) "shrinkage all owance"
(b) machining all owance
(c) Draft

(d) Filets

Sands and Qther Muld Ingredients

24. List the three nmmjor conponents of a noul ding sand.

25. State the six major advantages of a "synthetic" sand over
natural sand.

26. Define the termperneability and state how perneability is
af fected by

(a) Gain size
(b) Mbdisture content
(c) Binder content.



27.
28.

29.
30.

Core
31.
32.

33.
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List 2 comon types of binders.

Define the term "green strength” and state how green strength is
af fected by:

(a) Grain size

(b) Moi sture Content
(c) Binder Content.

Define Dry Strength.
Expl ain the purpose of a "Mieller",

(a) Describe "chem cal sands".

Sands
List five properties of a good core sand.
Def i ne:

(a) Collapsibility
(b) Friability.

Describe "water glass" and list the major advantage that it
offers as a core material.

Melting Metals in the Foundry

34.

35.

36.

37.

38.

Shel |

Describe in witten formthe workings of a cupola furnace
cycle, starting wwth the charging of the furnace and ending with
final discharge of refuse contents.

Explain the source of the difficulty in designing a ferrous netal
conposition when the netal is to be prepared by cupol a.

Descri be by sketch and witten description, a fixed crucible
furnace for the preparation of non-ferrous netals.

Explain why a layer of dross is advantageous to the al um num
meet .

Expl ain the main purpose of vacuum nelting.

Moul d Casti ng

39.

Descri be one nethod of making a shell nmould and explain the
advantages of this type of hard noul d.
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Metal l urgy of Castings

40.

41.

42.

43.
44.
45.
46.
47.

48.

Expl ai n what happens as nolten cast iron is cooled at a noderate
rate to roomtenperature in terns of the phases forned.

Explain in terns of the nmetal structure, why cast iron has no
significant tensile strength,

Descri be the procedure used to obtain an "open"” or soft cast
i ron,

Descri be the procedure used to formwhite cast iron.

Descri be the physical qualities of white cast iron.

Explain how mal l eable iron is formed, and list its constituents.
Expl ain what is neant by nodul ar cast iron.

Explain the effects of the follow ng alloying elements on cast
iron

(1) silicon

(2) sul phur

(3) manganese
(4) phosphorus
(5) nickel

(6) chrom um
(7) nol ybdenum
(8) copper

(9) vanadi um

Answer questions fromthe text book, pages 170-171 #s 7, 9, 10,
11, 25, 27, 29, 32, 33, 36, 38.
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TOPIC 7 - HARD MOULD CASTI NG

Speci fic QObjectives

The student shall:

1. Define the process "pernmanent noul d casting”, making reference to
type of noul ds and pressure.

2. List the four major netals that are cast by the permanent noul d
process.

3. List six different products cast by the pernmanent nould process.

4. By recalling the type of nould involved above, describe the nould
material, and the properties which make it useful.

5. Explain the process carried out to ensure separation of the
casting from the noul d.

6. Explain the term "piercing".

Low Pressure Castings

7. Describe one formof |ow pressure casting, by describing the neta
delivery system and the type of noul ds.

8. List the advantages of Low Pressure Casting over hydrostatic
casti ng.

Sl ush Casting

9. Describe the process called slush casting.

10. List several products of the process.

Di e Casting

11. Gven a schematic, |abel the major parts of the process De
Casting, beginning with the netal delivery systemand ending with
the ejecting mechani sm

12. List four netals which are commonly cast by Die Casting nethods,
and state the primary reason limting the process to these netals.

13. List one common netal which is not cast by "Die Casting" and state
the reason.
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D e Casting Machines

14.

15.

List three tyBes of die casting machines and differentiate
1l?etv\een themby the nethod used in performng the netal delivery
uncti on,

Define flash by making reference to its origin.

Centrifugal Casting

16.

17.

Describe in witten form a process used for casting a hol | ow
cylinder by 'centrifugal * nethods.

List the advantages of "centrifugal casting".

Plaster Muld Casting

List five netals coomonly cast by the process called P aster

List the najor advantages to casting in Plaster.
List the major netal | urgi cal di sadvant age.

State the nain reason that M aster remained for a long tine on

Starting with a netal fenale nould of a part which is to be cast
by "Lost" wax, or "Mercast" process, explain the steps involved

State the nmaj or di sadvantage of the process over "Sand Moul d* or

18.
Moul d Casti ng.
19.
20.
21.
unusabl e material for noul di ng.
Preci sion Investnment Casting
22.
I n produci ng a nmetal casting,
23.
"Hard Moul d" casti ngs.
24.

State several advantages of the process over "Sand Moul d* or
"Hard Moul d* casti ngs.
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TOPIC S - POADER METALLURGY

Specific Objectives

The student shall:
1. Define the term powdered netall urgy,
2. List three uses of |oose powders in specialized applications.

3. List three metals that can be fabricated only by powdered
nmet al | urgi cal neans.

4. List two exanples of netals and non-netal conbinations which are
not obtai nabl e econom cally.

5. Define the term "cernet".

Met al Powders

6. Describe four nethods by which netal powders can be obtai ned.

7. Describe in terns of pressing, sintering, formng and machining
the processes required to manufacture:

a) Tungsten filanent

b) Cenented Carbide tools

c) Sell lubricating bearings

d) Metal filters

e) Odinary Ferrous Machine Parts
f) Hgh strength Machine Parts

Pr essi ng
8. State the purpose and effect of pressure on powdered netal.

9. State the reason that nost powders are pressed cold.

10. State why a two punch operation is necessary to press a "T"
section.

Q her Conpacti ng Mt hods

11. Describe the "slip cast"” nethod of conpacting powder.

12. Describe a process by which porous sheets for bronze filters
can be nmade.
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S ntering

13. Describe why a cenentel carbide in cobalt is harder at higher
tenperatures than high speed steel with isolated carbides.

14. State the four nmechanisns that are believed to have roles in
transporting atons in a powdered netal lurgical part in which
neither constituent nelts during sintering.

15. State how alumnum alloys can be increased in tensile strength
from 50,000 to 100,000 psi by powdered nmet neans.

16. Answer questions page 204, 205, #s 1, 2, 7, 14, 16, 18.
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TCPIC 9 - PLASTI CS AND RUBBER

Specific (hjectives

The student shall:

1.
2.
3.

Define the term"plastic".
Nane two natural plastics.

State the first plastic discovered and the circunstances surround-
ing its discovery.

Li st four unique advantages that plastics offer to nodern
t echnol ogy.

State the range of tensile strength for plastics and reinforced
pl asti cs.

List four najor disadvantages that nmake plastics inferior to
met al s.

Plastic Materials

7.

10.
11.
12.

13.

14.
15.

16.

Nane five el enents which conbined form synthetic organic
conpounds.

A ve an exanple of an (1) unsaturated and a (2) saturated
hydr ocar bon.

Expl ai n why net hane nol ecul es can not be conbi ned.
Define "nonomer".
Define (1) polynerization and (2) co-pol ynerizati on.

State three conditions under which polynerization can be nade to
t ake pl ace.

Usi ng ethyl ene as an exanpl e and using a representative draw ng,
describe the process called "linear addition".

Dfferentiate between thernoplastic and therno setting material s.

List constituents that can be added to give special qualities to
pl asti cs.

Descri be the %eneral procedure for preparing resins of (1) therno
plastic and (2) therno-setting for the processes of noul di ng.
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Rubber & H astoners

17* State the name of the process which turns latex into usable

rubber and name two substances which are necessary to pronote the
pr ocess.

18. By properties of elasticity, differentiate between rubber and
el ast oner s.

19. Describe a silicone by reference to its elenmental constituents.

20. List sone uses of silicons.

Adhesi ves
21. Nane one natural gl ue.
22. State the opti mumthickness for adhesive effectiveness.

23. Conpare the shear strength of a plastic adhesive with that of a
properly brazed joint.

24. List the two main steps involved in the manufacture of plastic
pr oduct s.

25. Describe a typical process for nmoulding a plastic cup using a
Therno pl asti c.

26. Wsing a diagram explain "transfer" noul di ng.
27. Describe an injector noul ding systemfor a Therno pl asti c.

28. Describe a typical process for producing a reinforced plastic
noul di ng using glass fibres.

29. Describe a typical "chopper gun" |amnation process.

30. Describe a typical process for formng a plexiglass sign by
vacuum f or m nmoul di ng.

31. Describe a typical blow noul ding process.

Machi ne

32. State the general nmachine settings which would be used to nmachi ne
a plastic part. Conpare with cutting of a specific netal.

33. Solve probl ens page 237, Nunbers 1, 3 and 4.
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TOPIC 10 - PRI MARY METAL WORKI NG PROCESSES

Specific Objectives

The student shall:

CGener a

1

List several forns of the products of primary netal working
processes,

2. State two reasons why netals are worked with pressure either in
hot or cold conditions.

Hot Wor ki ng

3. State what happens when a ductile crystalis distorted by working
in terns of crystal structure and size.

4. State what would happen if a worked structure is allowed to soak
at a tenperature above the recrystallization tenperature, but
bel ow the neeting tenperature in terns of the crystal size.

5. List four advantages of pressing or working hot netals considering
the qualities of hardness, toughness, force required and shape
of producte

6. List three mmjor disadvantages of hot working netals considering
the product and the machines involved in the processes.

Col d Wor ki ng

7. State the processes which precede cold worKking*

8. State the general advantages to cold working as they apply to
size, surface finish and general physical properties of a netal.

9. Explain, using three Stress strain diagrans what happens to the
yield point of a netal that is cold rolled during three passes
t hrough any deformation arrangenent.

10. Explain why annealing and normalizing is sonetinmes necessary as

additional inserted processes during cold rolling or after cold
rolling.
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Ro11i ng

11.

12.

13.

14.

15.

16.

17.

18.

19.

Define the no-slip point and show its relative position on a
di agram showi ng hot nmetal passing between two rolls.

Under what conditions a fresh piece of material cannot be
spont aneously showi ng hot metal passing between two rolls.

State a range of roll pressures required related to the yield
stress of the metal.

State a rule of thumb method for calculating the frictional force
between roll and work in the driving direction

Descri be a method by which frictional forces and normal pressures
can be radically reduced.

Draw a "TWO HIGH' and "FOUR HI GH" roll configuration and expl ain
t he advantages of both.

State the processes that would be involved in producing a slab,
starting with an enpty ingot mould beside the ingot pouring
st and,

Defi ne: sl abs, bloonms and billets by making reference to the
different products taken from each.

Design a pass practice that would be reasonable to reduce a

27" x 27" ingot to a slab of dimension 12" x 6' using a "bull"
pass, a 9" pass and a 6" opening in a two high stand

Rol |i ng

20.

21.

Col d

State why a sheet of 0.05 inches in thickness is not produced by
hot rolling.

Explain the principle of stretch straightening.

Dr awi ng

22.

23.

Descri be a procedure for preparing a piece of round stock for
dr awi ng.

Explain why the drawing process is viable - (the basic principle
whi ch allows cold drawi ng).
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Manuf acture of Pipe and Tubing

24. Describe by sketch, a typical process by which skelp can be made
into butt-weld pipe*

25. By sketch and a written description, describe how the Mannesmann
process for seanl ess pipe takes place.

For gi ng

26. Describe "forging" by making references to the types of products

which result.

Hammer Forgi ng

27 State what a "light" blow by the hamrer is.

28 Descri be the operation of a "helve" hammer.

29, Determi ne the total energy available from a steam hammer which
has a travel of "1" in a nmean effective steam pressure of "P"
psi, a hammer weight of "W Ibs and a cylinder bore "d" inches.

30 Describe the qualities of a forging die used for manufacturing a
part |ike an autonotive connecting rod.

Press Forging

31. State the differences between "press" forging and "drop"
forging.

M scel | aneous Forgi ng Met hods

32. Describe a process called "high energy forging"

33. Describe how a "button" could be forged onto a rod end.

Extrusion
34. State the basic principle involved in extrusion

35. State the major advantage of hot extrusion.



36.
37.

38.

39.
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State the maj or di sadvantages of hot extrusion,

By sketch, describe how a tel ephone cable could obtain an
extruded bad sheat h.

State the maj or advantage of cold extrusion using al umnumas an
exanpl e,

Answer questions: page 271, #17
page 242, #3, 4, 5, 6, 7, 8, 9.
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TOPIC 11 2. METAL SHEARI NG AND FORM NG

Specific (bjectives

The student shall:

1. State several products that are the result of processes which
shear or form standard, regular shapes.

Met al Shearing Processes

2. Differentiate between the various general shearing processes known
specifically as, "cutting off", "parting", "blanking", "piercing"
"punching", "slotting", "perforating”, "trimmng", and "nibbling",

3. Explain how slitting can be done in a continuous operation by

nmeans
of a diagram

Principles of Metal Shearing

4. Wth the aid of a sketch, illustrate the difference between
"conventional cutting" and "punching with shear”. Conment on the
theoretical relative energy required for each.

5. Define (a) shaving
(b) di nking

6. Define "break clearance".

7. State the nechani smwhereby nmetal can be sheared, by making
reference to break cl earance, stresses, and crack propagati on.

8. Using a force-travel indicator diagram differentiate between
proper and inproper clearance between punch and die bl ock.

9. Gven a shearing strength and a penetration factor of 500,000
16/in and 40% respectively and recalling the mechani sm by which
shearing takes place, calculate the force necessary to shear a 2"
O hole in stock 1 1/2 inch in thickness. Develop the equation
from basic principles.

10. From basic principles design an equation for required to punch a
hol e of dianmeter D, thickness, shear strength Ss at N strokes per
m nute assumng a penetration factor "p" and a friction force
factor K

11. Recognize that in addition, the energy required for w thdrawal
anounts to about 50% of the punching stroke.



12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
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Recogni ze that many usable forns of sheet nmetal result fromthe
punch and die bendi ng processes.

Recogni ze that a bend effectively causes the neutral axis to nove
a distance of 0.3t to 0.5t in the bent portion.

Gven the radius of a bent r, the thickness of a material t, and
the angles of the bend in degrees, then the length of the
original stock required for the bend is:

L=2 (r + 0.4t) x

360

Recogni ze that the phenonenon of "springback” requires that in
practice nust be increased from1l to 4 depending on carbon
content steels.

From basic principles and assuming that for plastic bending, the
required force per unit area is twice that required to stress al
fibres up to the elastic unit, develop the formula for force
rﬁquired to bend a material of bending strength S and rectangul ar
shape.

State the limtations that nust be observed when bending netal -
to avoid cracking it.

Li st several applications of bent tubes, pipes and other
structural shapes.

Descri be using sketches and witten description the process of
draw bendi ng of pi pe.

Descri be as above the Roll Extrusion process.

Descri be using a series of cold formng rolls, how a strip of
al um num siding mght be forned. Use 4 roll sets.

ng

Dr aw

22.

Beginning wth netal of 0.25 inch thickness and intending to draw
a cup of h = 15" and d = 12", determ ne:

(a) the size of the bl ank.

(b) and using the practical reductions suggested by Crane, deter-
m ne the drawi ng practice of |east nunmber of draw ng
oper ati ons.

(c) find the force and energy for the first drawif S, = 50,000
psi



Page 34
TOPIC 12 - WELDI NG AND ALLI ED PROCESSES

Specific bjectives

The student will be able to:
1. State the two mpjor famlies of welding.

2. Wite an explanation of the basic principles of electric arc
wel di ng, by nmaking reference to el ectrodes, arc, plasm, and
t enperat ure.

3. Describe materials used in the el ectrode of:
a) A non-consunmable arc
b) A consunable arc

4. Define penetration, bead.

Criteria of Arc Wl ding Perfornance

5. State the advantages of wutilizing high current in welding parent
metal thick enough to sustain it.

6. State the result of using a large dianeter rod with |ow current on
penetration and fusion.

7. State the cause of coating spalling on el ectrodes.

o

State the three nost obvious hazards of arc wel di ng.

©

State the polarities of the work piece and el ectrode for:
a) straight polarity
b) reverse polarity

10. State the application for:
a) straight polarity
b) reverse polarity

11. State the origin of "arc blow' and explain how it can be avoi ded.

Shi el ded El ectrodes

12. State five functions served by the coating on an el ectrode.
13. State the typical conposition of the el ectrode.

14. State four of the ingredients that can be found in el ectrode
coati ngs.
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15. According to the standard classification for el ectrodes, state
t he neani ng of 9030.
16. List the conponents of a manual netal arc welding set.
17. Explain the difference between a nanual and a sem-autonatic
arc wel ding set.
18. Describe using a sketch, the heads for:
a) tungsten arc wel ding
b) gas netal arc wel ding
c) plasma arc wel di ng
19. Explain el ectron-beamwel ding and state under what wel di ng
conditions it is practicable.
20. Describe the conpositions of a |aser beam how it may be produced
and its application to wel ding.
21. State the principles involved in resistance wel di ng,
22. Define "heat balance" as it applies to resistance wel di ng.
23. State the principles of Thermt Wl ding. Descri be the wel di ng
functions that it is nost suited to.
Gas Vel di ng
24. State the properties of acetylene which nake it desirable as a
fuel gas for gas
a) wel ding
b) burning
25. Describe the features and conponents of a gas wel di ng operati on.
26. List the advantages of gas welding over electric arc wel ding.
27. Define "friction" or "inertia" welding and nane an application.
28. List the advantages of ultra sonic wel di ng.
29. Describe the process of expl osive wel di ng.
30. Describe the nechani sns thought to take place to effect solid

state wel di ng.
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31. By making reference to a S%Fplied diagram showng a
netal lurgical cross section of a weld, |abel the diagram
showing the effects of the weld on the mcro structure.

32. Describe the causes of cracked wel dnments and state sone renedi es.

33. State the causes of inclusions and voids in a weld, and explain
how t hey can be avoi ded.

34. Explain the effect of hydrogen on a wel d.
35. Explain why welding nakes netal s nore suseptible to corrosion.
36. Explain the mechanisns involved in flame cutting of steel.

37. Explain the nmechanisns involved in flane cutting cast iron, and
state what can be done to inprove the flane cutting process.

38. Describe one netal spraying process.

39. CQorrectly conpl ete probl ens page 384, nunbers 8 and 9.
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TOPI C 13 - MEASUREMENT AND | NSPECTI ON

The student shall be able to:

1.

Explain the inportance of "interchangeabl e manufacture"” to the
First Industrial Revolution.

Define "quality control"-

Def i ne:
1) popul ation 5) sanple distribution
2) sanple 6) normal distribution
3) average 7) standard devi ation

4) variation

G ven a set of production neasurenents, design a bar X chart and
a range control chart.

Determne a statistical clearance, based upon the statistica
deviations in size of bearings and shafts.

Calibrate a mcroneter using a standard set of precision gauges.

Measure a production made carpenter's square for accuracy using
nmet rol ogy equi pnent.

Determne the Airy points for support of a beam using netrol ogy
equi pnent .

Calibrate a gauge block using a prismand a standard bl ock.



