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GUIDE FOR LESSON PLANNING
This chapter presents a brief overview of

several nontraditional machining processes. As
each process is presented, have examples of
machined products or materials on hand for
class examination. 

Due to the amount of material covered, it
would be advisable to divide this chapter into
several segments. Although it has been divided
into four parts here, each classroom situation
will dictate what division would work best.

Part I—Machining Plastics
Have the class read and study pages 525–531,

paying particular attention to the illustrations.
Review the assignment and discuss the following:

• An overview of the various plastics and
their characteristics.

Chapter 29

Other Processes

LEARNING OBJECTIVES
After studying this chapter, students will be able to:
� Discuss the general machining characteristics of various plastics.
� Describe the hazards associated with machining plastics.
� Sharpen cutting tools to machine plastics.
� Describe the five basic operations of chipless machining and their

variations.
� Explain how the Intraform process differs from other chipless

machining techniques.
� Describe how powder metallurgy parts are produced.
� Relate how powder metallurgy parts can be machined.
� Compare the advantages and disadvantages of various HERF 

techniques.
� Explain how the science of cryogenics is used in industry, and list

some applications.
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• Preventing heat buildup when machining
plastics.

• Machining the various plastics.
• Why some plastics must be annealed.
• Sharpening cutting tools used for machin-

ing plastics.

Part II—Chipless Machining
Have the class read and study pages 531–532.

Using Reproducible Masters 29-1 and 29-2,
review the assignment and discuss the following:

• An overview of the various chipless
machining techniques.

• Use of cold heading technique for making
bolts, nuts, screws, and other fasteners.

• The Intraform® machining process.

Part III—Powder Metallurgy (P/M)
Have the class read and study pages 532–537.

Using Reproducible Master 29-3, review the
assignment and discuss the following:

• Powder metallurgy (P/M) applications. 
• The powder metallurgy process.
• Briquetting, sintering, and forging.

Part IV—High-Energy-Rate Forming (HERF)
Have the class read and study pages 537–543.

Using Reproducible Masters 29-4 and 29-5,
review the assignment and discuss the following:

• An overview of the various high-energy-
rate forming processes. (Electrohydraulic,
magnetic, and pneumatic-mechanical
forming.)

• Stand-off and contact operations.

Part V—Cryogenics
Have the class read and study pages

543–544. Review the assignment and discuss the
following:

• Cryogenic applications.
• Treatment of cutting tools.

Technical Terms
Review the terms introduced in the chapter.

New terms can be assigned as a quiz, home-
work, or extra credit. The following list is also
given at the beginning of the chapter.

briquetting 
chipless machining

cold heading
cryogenic
electrohydraulic forming
explosive forming
high-energy-rate forming
magnetic forming
powder metallurgy
sintering

Review Questions
Assign Test Your Knowledge questions.

Copy and distribute Reproducible Master 29-6
or have students use the questions on pages
544–546 and write their answers on a separate
sheet of paper.

Workbook Assignment
Assign Chapter 29 of the Machining Funda-

mentals Workbook.

Research and Development
Discuss the following topics in class or have

students complete projects on their own.

Machining Plastics
1. Contact plastics manufacturers and request

pamphlets on recommended machining
techniques and safety precautions. Place the
accumulated material in the technical library.

2. Secure samples of various plastics and
demonstrate recommended machining tech-
niques. Point out the differences between
machining plastics and metal.

3. Develop a safety program to be followed
when machining plastics. It can be in the
form of a bulletin board display, pamphlet,
or series of safety posters.

4. Review the various metalworking technical
magazines and make photocopies of the
many uses of plastics in the machine shop.
Prepare a term paper on your findings.

5. Visit a machine shop that works plastics.
Prepare a term paper on your observations.
If possible, secure samples of the products
produced.

High-Energy-Rate Forming (HERF)
Students should not experiment with explosive
forming!
1. Develop a slide presentation showing step-

by-step how the various HERF techniques
work.
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2. Secure information on the various HERF
techniques from trade journals and compa-
nies making use of HERF. Use the material
to create a bulletin board display.

3. Get samples of work produced by HERF. If
there are no such companies in your area,
use photos from trade magazines and
brochures to develop a display panel. Use a
sketch of the HERF process employed to
produce the particular pieces displayed or
pictured.

4. Contact a company using HERF techniques.
Request the loan of a film, video tape, or
slides that could be used to illustrate HERF.

Chipless Machining
1. Secure samples of work produced by chipless

machining. Mount them on a display panel
with an illustrated explanation of the process.

2. What does the term plasticity mean as it
relates to metal and chipless machining?

3. Secure material from companies that use the
chipless machining process for the shop
technical library. Prepare a display.

4. Contact a company that uses chipless
machining and request samples of a product
in various stages of manufacture. Prepare a
display panel of the samples.

Powder Metallurgy
1. Secure a bearing and a fuel filter made using

powder metallurgy technology. Examine the
units under a microscope and:
a. Make a sketch with exaggerated details

that shows the structure of each example.
b. Prepare a transparency of the sketch for

use with the overhead projector. Use the
projected image to explain your findings
to the class.

c. Have a microphotograph made of the grain
structure of each part. Use this to illustrate
a presentation on powder metallurgy.

2. Contact a firm that manufactures products
using powder metallurgy and request sam-
ples of units in the various stages of the
manufacturing process. Prepare a bulletin
board display.

3. Secure samples of different products made
by the powder metallurgy process. Prepare
a display panel showing these products and
how they are used. For example, fuel filters

made by the process have the ability to sep-
arate water from gasoline.

Cryogenic Applications
1. Demonstrate shrink fitting two metal parts

together. Use dry ice to cool the part.
Caution: Handle dry ice with insulated
gloves and wear protective eyewear and
clothing. Dry ice can cause severe burns if
not handled with caution.

2. Read technical, scientific, and popular
magazines for information on cryogenic
applications. Since the aerospace and elec-
tronics industries make use of cryogenic
applications, publications or companies in
these fields may provide considerable
amounts of material. Prepare a written or
oral report on your findings.

TEST YOUR KNOWLEDGE
ANSWERS, Pages 544–546
1. a. Nylon

b. Delrin
c. Teflon
d. Lucite and Plexiglas

2. sharp
3. To prevent the first few threads from tearing.
4. annealing
5. chips, distorted
6. Its low coefficient of friction makes it an

excellent bearing surface.
7. The dust and fumes given off by some plastics

may be irritating to the skin, eyes, and respi-
ratory system. Other plastics have fillers such
as asbestos or glass fibers that can be harmful
to your health. A dust collector system and fil-
tered dust mask or respirator must be used
for operator safety.

8. Laminated plastics consist of layers of rein-
forcing materials that have been impregnated
with synthetic resins, and the layers cured
with heat and pressure.

9. Drilling parallel with the laminations
should be avoided.

10. cold heading, cold forming
11. There is very little scrap and production

speed is increased.
12. dies
13. bolts, nuts, screws, fasteners
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14. Any order: forward extrusion, backward
extrusion, upsetting, trimming, piercing.

15. inside, cylindrical
16. b. Rifle barrels.
17. P/M, powder metals
18. d. All of the above.
19. In order: mixing metal powders, briquetting

or forming, sintering, forging/sizing/coining.
20. d. All of the above.
21. The powder metal part before sintering.

When ejected from the die it is quite brittle
and fragile and must be handled carefully.

22. Because of shrinkage and distortion caused
by the heating operation in the production
cycle.

23. Presses the sintered pieces into precise fin-
ished dimensions, higher densities, and
smoother surface finishes.

24. High-Energy-Rate Forming
25. b. In microseconds, with pressure generated

by the sudden application of large amounts
of energy.

26. d. All of the above.
27. spring back, HERF
28. Explosive forming makes use of the pressure

wave generated by an explosion in a fluid to
force the metal against the walls of the die.

29. Any of the following: cannot always form
part properly on first shot; noise can be a
problem; laws prohibit use of explosives in
populated areas; isolated location increases
transportation and handling costs; personnel
must be highly skilled; high insurance rates.

30. A vacuum is necessary between the work
and the die; otherwise, an air cushion would
develop, preventing the metal from seating
in the die and assuming its proper shape.

31. Stand-off operations and contact operations.
32. Electrohydraulic forming, electricity
33. Electromagnetic forming/magnetic pulse

forming.
34. shrink, expand
35. high-pressure gas, punch, die
36. It means to make icy cold.
37. –300°F (–184°C), –460°F (–293°C)
38. One part of the assembly is made slightly

oversize and immersed in liquid nitrogen.
The diameter is reduced (shrunk) by the
extreme temperature drop until it fits easily
into its mating part. As it returns to room

temperature, the cooled part expands and is
locked in place.

39. The parts do not become distorted as they
would if they were mechanically pressed
together or heated (expanded).

40. To prevent damage from thermal shock.

WORKBOOK ANSWERS,
Pages 151–154
1. Dust and fumes given off by some plastics

may be irritating to the skin, eyes, and respi-
ratory system. Other plastics have fillers
such as asbestos and glass fibers which are
harmful to your health.

2. Any of the following: high tensile strength,
impact resistant, flexible strength, resistance
to abrasion, not affected by most chemicals,
greases, and solvents.

3. supported
4. soft brass
5. Tools must be kept sharp to prevent the plas-

tic from melting or becoming gummy. Sharp
tools also assure a good quality surface finish.

6. annealing
7. It has excellent dimensional stability, high

strength, and rigidity. It has low friction,
requires minimal use of lubricants, and is
very quiet in operation. It is replacing brass
and zinc for many applications in the auto-
motive and plumbing industries and is used
for parts in business machines.

8. a. the temperature at which it will be used
9. They prevent the heat from dissipating.

10. To deter thermal expansion.
11. Chipless machining forms wire or rod into

the desired shape using a series of dies.
12. Cost saving on some jobs, scrap is reduced,

and increased production speed.
13. spark plug
14. Sintering is another name for powder metal-

lurgy, a technique used to shape parts from
metal powders. It is also the process of trans-
forming the briquette into a strong unit.

15. They are brittle and very fragile.
16. c. the metal tries to return to its original

shape
17. Stand-off operations: The charge is located

some distance above the work. Its energy is
transmitted through a fluid medium, such
as water.
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Contact operations: The charge is touching
the work and the explosive energy acts
directly on the metal.

18. An insulated coil is wrapped around or
placed within the work. As very high
momentary current is passed through the
coil, an immense magnetic field is created
causing the work to collapse, compress,
shrink, or expand depending upon the
design of the coil.

19. High-pressure gas is used to accelerate a
punch into a die. The forces developed are
many times more powerful than those used
in conventional forging and are sufficient to
shape hard-to-work materials. The metal
blank is heated prior to the forming opera-
tion and the machine requires less space
than the conventional forging press.

20. b. the use of liquid nitrogen as a gas
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Electrohydraulic Forming

Diagram shows setup for electrohydraulic forming, which uses
electrical energy as a source of power for HERF operations.



Chapter 29 Other Processes 371

C
yl

in
de

r 
A

O
rif

ic
e

S
ea

l
S

ea
l

P
is

to
n

C
yl

in
de

r 
B

R
am

 c
ol

um
n

M
et

al

H
yd

ra
ul

ic
ja

ck
re

tr
ac

te
d

Fr
am

e

R
ec

oi
l

m
ec

ha
ni

sm

G
ui

de

H
yd

ra
ul

ic
ja

ck
 (

2)
ex

te
nd

ed

P
un

ch

P
is

to
n

P
un

ch

Fr
am

e

H
yd

ra
ul

ic
ja

ck
 

(r
et

ra
ct

ed
)

C
yl

in
de

r 
A

S
ea

l

C
op

yr
ig

ht
 G

oo
dh

ea
rt

-W
ill

co
x 

C
o.

, 
In

c.
29

-5

P
n

eu
m

at
ic

-M
ec

h
an

ic
al

 F
o

rm
in

g

Le
ft–

C
ro

ss
-s

ec
tio

na
l v

ie
w

 o
f a

 p
ne

um
at

ic
-m

ec
ha

ni
ca

l f
or

m
in

g 
pr

es
s.

T
he

 h
yd

ra
ul

ic
 ja

ck
s 

ex
te

nd
 a

t t
he

 e
nd

 o
f e

ac
h 

op
er

at
in

g 
cy

cl
e 

to
 li

ft 
ra

m
 c

ol
um

n 
ba

ck
 in

to
po

si
tio

n 
fo

r 
th

e 
ne

xt
 c

yc
le

.
R

ig
ht

–O
pe

ra
tio

n 
of

 t
he

 p
re

ss
 i

s 
tr

ig
ge

re
d 

w
he

n 
pr

es
su

re
 i

n 
C

yl
in

de
r 

A
 i

s 
in

cr
ea

se
d 

en
ou

gh
 t

o 
br

ea
k 

se
al

.T
hi

s 
si

gh
t 

m
ov

em
en

t
al

lo
w

s 
hi

gh
-p

re
ss

ur
e 

ga
s 

to
 a

ct
 in

st
an

ta
ne

ou
sl

y 
ov

er
 e

nt
ire

 a
re

a 
of

 t
he

 p
is

to
n.

T
he

 r
am

 is
 d

riv
en

 d
ow

nw
ar

d 
at

 g
re

at
 s

pe
ed

.A
t 

th
e 

sa
m

e 
tim

e,
 f

ra
m

e 
m

ov
es

up
w

ar
d 

by
 r

ea
ct

io
n 

of
 g

as
 p

re
ss

ur
e 

ov
er

 th
e 

dr
iv

en
 p

is
to

n.
T

he
 fr

am
e 

an
d 

ra
m

 a
re

 a
ct

ed
 u

po
n 

w
ith

 e
qu

al
 th

ru
st

 s
o 

ea
ch

 h
as

 e
qu

al
 m

om
en

tu
m

 b
ut

 in
 o

pp
os

ite
di

re
ct

io
ns

.T
o 

re
se

t 
fo

r 
th

e 
ne

xt
 c

yc
le

, 
th

e 
ja

ck
s 

lif
t 

ra
m

 c
ol

um
n 

up
w

ar
d 

un
til

 it
 s

ea
ts

 a
ga

in
st

 t
he

 s
ea

l.



Name: ______________________________________________Date: _______________ Score: ________

1. Give a common trade name for each of the following types of plastics.
a. Polyamide resins: __________________________________________________________________

b. Acetal resins: ______________________________________________________________________

c. Fluorocarbon resins:________________________________________________________________

d. Acrylic resins: ____________________________________________________________________

2. If plastics are to be machined with any degree of accuracy,
the cutting tools must be _____.

3. When hand-threading plastics, why is it recommended that the hole or rod be chamfered?

____________________________________________________________________________________

4. Like metal, many plastics require _____ to ensure against
dimensional changes.

5. When turning many plastics on a lathe, care must be taken
to prevent the _____ from accumulating around the work.
If this is not done, heat will build up and cause the plastic
to become _____.

6. What is unique about Teflon®?_________________________________________________________

____________________________________________________________________________________

7. Machining plastics can create health problems for the machinist if precautions are not taken.
What are these problems and how can they best be handled?______________________________

____________________________________________________________________________________

____________________________________________________________________________________

8. What are laminated plastics? __________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

9. When drilling laminated plastics, what should be avoided? _______________________________

____________________________________________________________________________________

10. Chipless machining is also known as _____ or _____.

11. How does chipless machining make substantial savings possible?__________________________

____________________________________________________________________________________

12. In chipless machining a series of _____ replaces the usual
cutting tools of the lathe, drill press, and milling
machine.
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2. ____________________________

4. ____________________________

5. ____________________________

____________________________

10. ____________________________

____________________________

12. ____________________________

(continued)



13. Chipless machining is still the most economical way to
make _____, _____, _____, and other types of _____.

14. List the five basic operations performed by machines making use of the chipless machining
process._____________________________________________________________________________

____________________________________________________________________________________

15. Intraform® is a chipless machining technique that can
form profiles on the _____ of _____ pieces.

16. The Intraform® technique has proven to be a practical
way to produce:
a. Socket wrenches.
b. Rifle barrels.
c. Automotive starter clutch housings.
d. All of the above.
e. None of the above.

17. Powder metallurgy, abbreviated ______, is the technique
of shaping parts from ______.

18. The powder metallurgy process is used to make:
a. Self-lubricating bearings.
b. Precision machine parts.
c. Permanent metal filters.
d. All of the above.
e. None of the above.

19. List the steps in making a part by the powder metallurgy technique. _______________________

____________________________________________________________________________________

____________________________________________________________________________________

20. Parts made from metal powder can be:
a. Drilled.
b. Heat treated.
c. Turned on a lathe.
d. All of the above.
e. None of the above.

21. What is a briquette or “green compact?” ________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________
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13. ____________________________

____________________________

____________________________

____________________________

15. ____________________________

____________________________

16. ____________________________

18. ____________________________

20. ____________________________

17. ____________________________

____________________________
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22. Why is it often necessary to size, coin, or forge parts made from metal powders after they have
been sintered? _______________________________________________________________________

____________________________________________________________________________________

23. What do the above operations do to the sintered piece?___________________________________

____________________________________________________________________________________

24. The abbreviation HERF means ________________________________________________________

____________________________________________________________________________________.

25. In HERF, metal is shaped:
a. By the slow application of great pressure.
b. In microseconds, with pressure generated by the

sudden application of large amounts of energy.
c. By conventional forging methods.
d. All of the above.
e. None of the above.

26. The pressures needed in HERF are generated by:
a. Detonating explosives.
b. Releasing compressed gases.
c. Electromagnetic energy.
d. All of the above.
e. None of the above.

27. Many metals tend to ______ to their original shape after
being formed by conventional means. This problem is
greatly reduced or entirely eliminated when _____ is
used to shape the metal.

28. What is explosive forming? ___________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

29. What are some of the disadvantages of explosive forming?________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

30. Why must a vacuum be pulled in the die when explosive forming? ________________________

____________________________________________________________________________________

____________________________________________________________________________________

31. Depending upon the placement of the explosive, most explosive forming operations fall into two
categories. List them. _________________________________________________________________

____________________________________________________________________________________
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25. ____________________________

26. ____________________________

27. ____________________________

____________________________



32. _____ is a variation of explosive forming. However,
_____ is used in place of the explosive charge to generate
the required energy.

33. What HERF technique employs a very high electric
current passing through an induction coil shaped to
produce the required configuration in the work?

34. The technique in Question 33 can be used to _____ or
_____ on the work to produce the desired shape,
depending upon placement of the coil.

35. In pneumatic-mechanical forming, _____ is used to
accelerate the _____ into the _____.

36. What does the term “cryogenic” mean?_________________________________________________

____________________________________________________________________________________

37. The science of cryogenics deals with temperature starting
at _____ (_____) and goes down to temperatures near
_____ (_____).

38. What does shrink fitting mean?________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

39. Why is it better to use the super-low temperatures of cryogenics, rather than heat, to shrink-fit
parts together? ______________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

40. Why must the cooling of treated cutting tools be done at a slow rate? ______________________

____________________________________________________________________________________
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32. ____________________________

____________________________

33. ____________________________

34. ____________________________

____________________________

35. ____________________________

____________________________

____________________________

37. ____________________________

____________________________

____________________________

____________________________
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