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. Why is it often difficult 10 determine the speci

W Review Questions

Whatis plasticity?
What are some of the general assets of the metal deformation
processes? Some peneral liabilities?

‘Why might large production quantities be necessary 10 justi-
fy metal deformation us a means of manufacture?

‘What is an independent variable i # metalforming process?
Whatis the significance of tool and die geometry in designing
a successful metalforming process?

‘Why is lubrication often a major concern in metalforming?
What are some of the possible roles of a lubricant in addition
o reducing friction”

What are some of the secondary effects that may oceur when
the speed of o metalforming process is varied?

Whatis s dependent variable in o metalforming process?
Why s it important to be able to predict the forces or powers
required 10 perform specific forming processes”

Why is it important to know and control the thermal history
of ametal as it undergoes deformation?

relationships
between independent and dependent variables?

‘What are the three distinct ways of determining the interre-
ation of independent and dependent variables?

What features limit the vajue of laboratory experiments in
modeling metalforming processcs?

‘What features have contributed o the expanded use of process
‘modelin

What are some of the uses or applications of process models?
What s o constitutive relation for an engineering material?
What features may fimit the accuracy of a mathematical
model?

What simplifying assumptions are often made regarding fric-
tion between the 100l and workpiece?

20, What type of information abou the material being defo
may be particularly significant to a metalforming en

21, How might a material’s performance vary with changes n
speed of deformation?

Why s friction such an important parameter in metalwor

operations?

Why are friction effects in metalworking difficul 0 scale

for laboratory testing or scale up from laboratory condi

o production conditions?

. What are several ways in which the friction conditions d

metalworking diffe from the friction conditions found in

mechanical equipment?

According to modern friction theory, frictional resistance

be attributed to what two physical phenomena?

Discuss the significance of wear in metalforming: (a)

the workpiece and (b) wear on the tooling.

Lubricants are often selected for properties in ad

their abilty to reduce friction. What are some of these

tional properties?

What are some of the benefits that can be obtained by

separating a tool and workpiece by an intervening layer of

bricant?

I the temperature of a material s increased, what ch

properties might oceur that would promote the case of

mation?

Define the various regimes of cold working, warm working,

hot working in terms of the melting point of the material

formed,

31. What i an acceptable definition of hot working? Is
temperature involved?

‘What are some of the attractive manufacturing and met

gical features of hot-working processes?

What are some of the negative aspects of hot working?
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[image: image2.jpg]& How can hot working be used to improve the grain structure
of a metal?
H the deformed grains recrystallze during hot working, how
an the process impart an oriented or flow structure (and di-
sectionally dependent properties)?
Why are héated dies or 1ools often employed in hot-working

5:. generally restricts the upper temperature to which dics

o tooling s heated?

What is the primary cause of residual stresses in hot-worked
7

Compared 1o hot working, what are some of the advantages of

ald-working processes?

‘Whatare some of the disadvantages of cold-forming processes?

How could cold working be used 10 reduce the cost of a mod-

erate 10 high strength product”

How can the tensile test propertics of a metal be used to as-

3658 ity suitability for cold forming?

43, Why is elastic springback an important consideration in cold-
forming processes?

44, What are Luders bands or stretcher strains, and what causes
them 10 form? How can they be climinated?

45, What enginecring propertics are likely to decline during the
cold working of & metal?

46. How can the selective placement of the final intermediate an-
‘neal be used o establish desired final properties in a cold-formed
product?

47, Is the anisotropy induced by cold working an asset of a iabil-
ity? What about the residual stresses?

46 Whatare some of the advantages of warm forming compared
o cold forming? Compared to hot forming?

49, What material feature i considered to be the driving force for
isothermal forming?

50, Why i isothermal forming considerably more expensive than
conventional hot forming?
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y describe the evolution of forming equipment from an-
110 modern,
tare some of the possible means of classfying metal de-
tion processes?
might the method of analysis be diffc
forging and a process ike rolling?
tare some of the common terms applied o the various
sof rolled products
y are hot-rolled products generally limited to standard
s and sizes?
y is it undesirable to minimize friction between the work.
and tooling in  rolling operation?

for a process
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Why is it desirable 10 have uniform temperature when hot
rolling a material?

Why is it important o control the finishing temperature of a
hot-rolling operation?

What are some of the atractive attributes of cold rolling?
Discuss the relative advantages and typical uses of two-high
rolling mills with large-diameter rolls, three-high mills,and four-
high mills.

Why is foil almost always rolled on a cluster mill?

‘Why is speed synchronization of the various rolls so vitally
important in a continuous or multistand rolling mill?

‘What types of products are produced by ring rolling?





[image: image4.jpg]14. Explain how hot-rolled products can have directional prop-
erties and residual stresses.

15, Discuss the problems in maintaining uniform thickness in o
rolled product and some of the associated defects.

16, Why isa “crawned” roll always designed for a specific opera-
tion on a specific material?

17. What are some of the methods of improving the thickness uni-
formity of rolled products?

18, What s thermomechanical processing, and what are same of
its possible advantagex?

19, What are some of the types of flow that can oceur in forging
operations?

20, Why are steam or air hammers more attractive than gravity
drop hammers for hammer forging?

21, What are some of the attractive fcatures of computer-
controlled forging hammers?

22, What s the difference between open-die and impression-die
forging?

23, Why is open-dic forging not u practical technique for large-
scale production of identical products?

24, What additional controls must be exercised to perform flash-
less forging?

25 What is a blocker impression in & forging sequence?

26, What attractive features are offered by counterblow forging
equipment, or impactors?

27, For what types of forging products o
be preferred over a hammer?

28 Why arc heated dics generally cmployed in hot-press forging
operations?

29, Describe some of the primary differences among hammers,
mechanical presses, and hydraulic presses.

30, Why are different tolerances usually applied to dimensions
contained within a single die cavity and dimensions across the
parting planc?

31. What are some of the roles played by lubricants in forging
operations?

32 Whatis upset forging?

33, What are some of the typical products produced by upset-
forging operation

34, What are some of the attractive features of automatic hot
forging? What is a major limitation?

35. How docs roll forging differ from a conventional rolling

inditions might a press

asing? What Kind of proxducts are produced?

37. How can the swaging process impart ifferent sizes and
10 an interior cavity and the exterior of a product?

. What are some possible objectives of near-net-shape

39, What metals can be shaped by extrusion?

40, What are some of the attractive features of the extr
process?

41 What s the primary shape limitation of the extrusion

42. What i the primary bencfit of indirect extrusion?

43. What property of a lubricant i ritical in extrusion that
not be required for processes such as forging”

4. What types of products are made using a spider-mandrel
‘Why can lubricants not be used in spider-mandrel ext

45. What are some of the unique capabilites and specal |
tions of hydrostatic extrusion?

46. What is the unique capability provided by pr

pressure hydrostatic extrusion”

How is the feedstock pushed through the die in cont

extrusion processes?

48, Why are rods generally drawn on draw benches while
drawn on draw block machines?

49, What is the difference between tube drawing and tube
ing?

50. For what types of products might a loating plug b ey

51. Why are multiple passes usually required in wire-d
operations?

52, What types of products are produced by cold heading?

53, What s impact extrusion and what variations exist?

54 1f a product contains a large-diameter head and a
diameter shank, how can the processes of cold extrusiony
cold heading be combined 1o save metal?

5. What are some of the attractive properties or char
of cold-forming operations?

56. How might cold forging be used 10 substantially reduce|
terial waste?

‘What processes can be used 10 produce seamless pipe or

What type of products can be made by the roll-ex

process?

59. What types of rivets can be used when there is nceess 0

one side of a joint?

‘Why might hubbing be an attractive way 10 produce a

of identical die cavit

61. How might a peening operation increase the fracture.
tance of a product?

62. What is burnishing?
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[image: image5.jpg]What distinguishes sheet forming from bulk forming?
‘What i a definition of shearing?

Why are sheared or blanked cdges generally not smooth?
What measures can be employed to improve the quality of a
ared edge?

hy are fineblanking presses more complex than those used
conventional blanking?

Why might a long shearing cut be made in a progressiv fashion”

come 10 acquire specific names?
hat s the purpose of having a shear angle on a punch?
s it important that a blanking punch and die be in prop-
algnment?
hat is the major benefit of mounting punches and dies on
pendent dic sets?
hatis the major benefit of assembling a complex die set from
dard subpress dies?
i the benefit of making dies as a multipiece assembly?
s stect-rule die, and what types of materials can it cut?
s progressive die set?
isthe difference between progressive dies and transfer dics?
do compound dies differ from progressive die
s the aitractive feature of a lurret-type punch press?
o making bends in sheet metal, what is the distinction be-
bending, forming, and drawing?
hat are the stress states on the exterior surface and interior
of abend?

MW Review Questions

Why does a metal usually become thinne
bend?

‘What is springback, and why is it & concern during bending?
‘Whattypes of operations can be performed on a press brake?
Wha factors determine the minimum bend radius for o ma-
terial?

I a right-angle bend s 10 be made in a cold-rolled sheet,
should it be made with the bend lying along or perpendicular
o the direction of previous rolling?

From a manufacturing viewpoint, why s it desirable for all
bends in a product (or component) to have the same radiu:

in the region of a

. What s the difference between air-bend and bottoming dics?

‘Which is more lexible? Which produces more reproducible
bends?

‘Whatis the primary bencfit of incorporating a coining action
in bottom bending? The primary negative feature?

‘What type of products are produced by roll bending?

. Whatis the role of the form block in draw bending and com-

pression bending?
How can we prevent flattening or wrinkling when bending a
tube:

. What type of product geometry can be produced by cold-roll

forming? Is the process appropriate for making short engihs
of speciaized products?

‘What are some methods for straightening or flattening rod o
sheet?

What two distinctly different metalforming processes use the
term drawing

‘Whyis the tooling cost for a spinning operation relatively low?
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How is shear forming different from spinning”
For what types of products would stretch forming be an
appropriate manufacturing technique?

What s the distinction between shallow drawing und decp
drawing?

What is the function of the pressure ring or hold-down in a
deep-drawing operation?

Explain why thin material may be difficult
fectfree cup

draw into a de-

. How ean redraw operations be used to produce a taller, smallcr

diameter cup than can be produced in a single deep-drawing
aperation”

What are draw beads.and what function do they perform?
Why is a trimming operation often included in s decp-drawing
manufacturing sequence?

How docs the Guerin prosess reduce the cost of tooling in &
drawing operation?

How can fluid pressure or rubber tooling be used to perform
bulging?

. What is sheet hydroforming?

What explanation can be given for the greater formability
abserved during sheet hydroforming? How is this feature
being used in the automotive industry?

Whatis the purpose of the inward movement of the end plugs
during twbe hydroforming?

What is the differcnce between low-pressure tube hydro-
forming nd high-pressure tube hydroforming n terms of both
pressures and the nature of the deformations produced”
‘What arc some of the basic methods that have been used 10
achieve the high-cnergy-relcase rates needed in the HERF
processes?

Why i springback rather minimal in high-cnergy-rate forming?
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. What is the major

‘What are some well-known products that have been
by processes including ironing? By cmbossing?

What material and process conditions are associated.
superplastic forming?

tation of the superplastic form
sheet metal? What are some of the more attractive f
‘What properties from a uniaxial easile st can be used
sess sheet metal formabilty?

Howis the formability in biaxial tension dfferent from
uniaxial tension”

‘What techniquex can be used (0 assess “normal ani
und “planar anisotropy” in sheet material?

How can strain analysis be used to determine focat
possible defects or failure in sheet metal componens?.
What is a forming limit diagram?

Explain the key diffcrence between the right- and lef-
sections of  forming limit diagram, These scctions

10 stretching and drawing.

Deseribe two alternative methods of producing
shaped thin products without requiring sheet metal def
tion techniques.

What two hot-forming operations can be used o produce|
from sieel strip?

What are the primary assets and limitations of

press drives? Of hydraulic drives?

‘What are same of the common types of press frames?.
‘What s the purpose of inclining or tlting o press?
Deseribe how multiple operations are performed si
ously in a transfer press.

What types of products are produced on a f
‘multistide machine?
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[image: image7.jpg]‘What type of product would be considered 10 be  prospect for

powder metallurgy manufacture?

‘What were some of the earliest powder metallurgy products?

‘What arc some of the primary market areas for PM products?

Which metal family currently dominates the powder metal-

lurgy market?

‘What are the four basic steps that are usually involved in mak-

ing products by powder metallurgy?

What are some of the important properties and characteristicy

 of metal powders to be used in powder metallurgy?

What is the most comman method of producing metal

powdens?

What ate some of the other techniques that can be employed

toproduce particulate material?

Whichofthe powder manulacturing processes e likely o be
10 the production of elemental (unalloyed) metal

B e someot e unique properties of amorphous metals?
Why is powder metallurgy a key process in producing products
fiom amorphous or rapidly solidified matcrial?

s flow rate an important powder characterization

y?
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W Review Questions

What is apparent density, and how isit related to the final den-
sity of a PIM product?

Whatis green strength, and why is it important to the manu-
facture of high-quality P/M products?

How do the various powder properties relate to the method of
powder manufacture?

What are some of the objectives of powder mixing or
blending?

How does the addition of a lubricant affect compressibility?
Green streagth?

How might the use of a graphite lubricant be fundamentally
different from the use of wax or stearates?

‘What iypes of composite materials can b produced through
powder metallurgy?

What are some of the objectives of the compaction operation?
What limits the cross-scctional arca of most PIM parts 10 sev-
el square inches o less?

Describe the movement of powder particles during com-
paction. What feature is responsible for the fact that powder
does not flow and transmit pressure like a liquid?

. For what conditions might a double-action pressing be more

aractive than compaction with a single moving punch?



[image: image8.jpg]24, How is the density of 4 PIM product typically reported?

25, Why s it more difficult 1o compact a multiple-thickness part?

26, Describe the four classes of conventional powder metallurgy
products

What s isostatic compaction? For what product shapes might

it be preferred?

Whatis the benefit of warm compaction”

Whatis  reasonable compacted density? How much residual

parosity s stil present?

30. What types of materials are used in compaction tooling?

31, How do the comman sintering temperatures compare 10 ma-
terial melting points?

32, What are the three stages associated with most P/M sintering
aperations?

33, Why is it necessary ta raise the temperature of PIM compacts

slawly 10 the temperature of sintering?

Why it o proteetive atmosphere required during sintering?

During the cool-down period?

35 What types of atmospheres are used during sintering?

36, What are some of the changes that occur 1o the compact dur.
ing sinterin

37 Whatis the purpose of the sinter brazing process?

38, The combined heating and pressing of powder would scem to
be an improvement over separate aperations What featurcs

it as deterrents o this approach?

What are some of the atiractive properties of hot-isostatic

pressed products?

Whatis the attractive feature of the sinter-HIP and pressure

assisted sintering processes’

41 What are some of the other methods that can produce high
density PM products?

42, Dexcribe the spray-forming process and the unique feature that
enbles production of high-density. fine grain size products

3. Howis the injcetion molding of powdered material similat o

the injeetion molding of plasti o polymeric products?

In the MIM process, wha is done to enable metal powder o

flow like a fluid under pressure’

How is the metal powder used in metal injection molding

(MIM) differcnt from the metal powder used in a conven

tional press-and-sinter production?

What arc some of the ways that the binder can be removed

from metal injection molded parts?
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. What features of the P/M process often compensate for

Why are MIM products injection molded (o sizes that are
siderably larger than the desired product?

For what types of parts s P/M injection molding an at
manufacturing process”

How does the final density of a MIM product compare
press-and-sinter PIM part?

‘What s the purpose of repressing.coining, or sizing

Why can't we use the ariginal compaction tooling 10 pe
repressing’

i the major difference between repressing and
forging?

What s the diffcrence hetween impregnation and infil
How are they similar?

‘Why might different conditions be required for the heat
ment, machining,or surface treatment of a powder met
product?

“The properties of P/M products are strongly ticd to &
Which properties show the strongest dependence?
How do the physical properties of P/M products vary
density?

What advice would you want 1o give 10 a person who s
ning 1o convert the manufacture of a component from dic
ing t0 powder metallurgy

‘What s the shape of an “ideal” powder metallurgy
‘What are some P/M products that have becn intenti
sgned to use the porosity o permeability eatures of the
Give an example of  product where (wo or more materiak
mixed 10 produce a composite PIM product with a un
of properties.

What are the most cited assets of the powder met
method of parts manufacture?

‘Why s finish machining such an expensive componcat i
manufacture?

Describe some of the materials that can be made into
parts that could not be used for processes such us castings
forming

Why is P/M not attractive for parts with low pre
quantities?

higher cost of the starting material?
How might you respond to the criticism that P/M parts
inferior properties?
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How do the MRRs for maost NTM processes compare (o con
ventional metal cutting?

Whatare the steps in chemic
resists?

‘Why s it preferable in chemical machining 0 apply the cichant
by spraying instead of immersion?

What are the advantages of chemical blanking over regular
blanking using punch and die methods?

How are multiple depths of cut (steps) produced by chemical
‘machining?

Would it be feasible to produce a groave 2 mm wide and 3 mm
decp by chemical machining?

A drawing call for making a groove 23 mm wide and 3 mm
decp by chemical machining. What should be the width of the
opening in the maskan(?

Could an ordinary steel weldment he chemically machined!
Why or why not?

How would you produce a tapeed scetion by chemical
machining?

‘Whatisthe principut application of thermochemical machining
INECM related to chemical machining?

What effect does work material hardness have on the metal
semoval rate in ECM?

Whatis the principal cause of tool wear in ECM?

Would electrochemical grinding be a suitable process for
sharpening ceramic (ools? Why or why not?

Upon wha factors does the metal removal e depend in ECM?
Why s the toolinsulated in the ECM schematic
Whatis the nature of the surface oblained by clectrodischarge
machining?

What Is the principal advantage of using a moving wire
dlectrode in clectrodischarge machining?

What cffect would increasing the voltage have on the metal
femoval rate n electrodischarge machining? Why?

i the metal from which a part is to he made i quite brittle
and the part will be subjected to repeated tensile louds,would

machining using photosensitive
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youselect ECM or electro discharge machining for making
t? Why or why not?

I you had to make several holes in a large number of
delicate parts would you prefer ECM, EDM. EBM, or LBM?
Why?

What process would you recommend to make many small
holes in 4 very hurd alloy where the holes will be used for
cooling and venting?

Explain (using o litle physics and metaflurgy) why the “chips™
in a thermal process like EDM are often hollow spheres?
What s a scmiconductor?

In general, what technological breakthroughs were necessary
10 advance to each successive level of integration?

Whatis a silicon boul
What s the most complicuted, expensive, and crit
microelectronics manufacturing?

List the photolithographie steps necessary to produce u resist
‘mask on a siicon substrate.

List four requirements of a photoresist

Whatis undercutting?

What are some possible defects that can result from under-
etching? From overetching?

‘Whatis meant by the term chip in clectronics manufacturing
versus EDM?

al step in

. What drives the increase in component density and die area

within microclectronic manufucturing?
‘Why are clean rooms so important to microelectronic processing?
‘What two subcomponents make up an IC package?

What are the advantages of surface moun technology versus
through-hole (or pin-in-hole) technology for attachment of
1C packages and discrete electrieal components (o hoards?
Name the (wo key classes of TH packages.

Name the four different types of SM lead geometries, and dis
cuss the advantages of each

List the ey steps involved in conventional IC packaging,
Whatis a printed circuit hoard (PCB)?




