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Part 1 Fundamentals of Manufacturing

Unit 1 Classification of Materials

Materials may be grouped in several ways. Scientists often classify materials by there state ; sol-
id, liquid, or gas. They also separate them into organic (once living) and inorganic (never living)
materials. For industrial purposes, materials are divided into engineering materials or nonengineer-
ing materials. Engineering materials are those used in manufacture and become parts of products.
Nonengineering materials are the chemicals, fuels, lubricants, and other materials used in the man-
ufacturing process which do not become part of the product.

Engineering materials may be classified into four groups: metals, ceramics, polymers, and
composite materials.

1. Metals

Metals are generally defined as those elements whose hydroxides form bases ( such as sodium or
potassium ). Metals may exist as pure elements. When two or more metallic elements are combined ,
they form a mixture called an alloy.

The term alloy is used to identify any metallic system. In metallurgy, it is a substance with me-
tallic properties, that is composed of two or more elements, intimately mixed. Of these elements,
one must be a metal. Plain carbon steel, in the sense, is basically an alloy of iron and carbon. Oth-
er elements are present in the form of impurities. However, for commercial purposes, plain carbon
steel is not classified as an alloy steel.

Metals and alloys, which include steel, aluminum, magnesium, zine, cast iron, titanium, cop-
per, nickel, and many others, have the general characteristics of good electrical and thermal con-
ductivity, relatively high strength, high stiffness, ductility or formability, and shock resistance.
They are particularly useful for structural or load-bearing applications. Although pure metals are oc-
casionally used, alloys are normally designed to provide improvement in a particular desirable prop-
erty or -permit better combinations of properties.

2. Ceramics

Ceramics, such as brick, glass, tableware, insulators, and abrasives, have poor electrical and
thermal conductivity. Although ceramics may have good strength and hardness, their ductility, form-
ability, and shock resistance are poor. Consequently, ceramics are less often used for structural or
load-bearing applications than metals. However, many ceramics have excellent resistance to high
temperatures and certain corrosive media and have a number of unusual and desirable optical, elec-

trical, and thermal properties.
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3. Polymers

Polymers include rubber, plastics, and many types of adhesives. They are produced by creating
large molecular structures from organic moleculars, obtained from petroleum or agricultural products,
in a process known as polymerization. Polymers have poor electrical and thermal conductivity, low
strengths, and are not suitable for use at high temperatures. Some polymers have excellent ductility,
formability, and shock resistance while others have the opposite properties. Polymers are lightweight
and frequently have excellent resistance to corrosion.

4. Composite Materials

Composite materials are formed from two or more materials, whose properties cannot be ob-
tained by any single material. Concrete, plywood, and fiberglass are typical, although crude, exam-
ples of composite materials. With composite materials, we can produce lightweight, strong, ductile,
high heat-resistant materials that are otherwise unobtainable, or produce hard yet shock resistant cut-

ting tools that would otherwise shatter.
New Words and Phrases

lubricant [ 'luibrikent | n. ¥E¥EH

ceramic [ si'remik] n. PE%, BB
polymer [ 'polima] n. REY)

composite [ 'kompozit ] adj. S, EEH, REY
sodium [ 'soudizom] n. 4

potassium [ pa'tesirtom]| n. £f

zinc [zigk] n. %

cast iron £5%k

titanium [ tai'teiniom | n. 4K

. nickel [ 'nikol] n. 4%

. stiffness [ 'stifnis] n. AEFE, K

. duectility [ dak'tiliti] n. #)9, °]ZEREH:
. formability [ 'forma'biliti] n. W] pAIHE
shock resistance  Hpnph

. load-bearing 7K#{

. tableware [ 'teib(o)lwea]| n. &E

. abrasive [o'breisiv] n. WFEEF], BRI (H); adi. BFEM
. thermal conductivity S

. adhesive [@&d'hizsiv] n. Zh&E5, ZhEST)
molecular [ mou'lekjuzlo] adj. 4FH)

. molecule [ 'molikju:l] n. 4F

. polymerization [ 'polimorai'zifon] n. &

© o N AW

[N T NS I NS T S R et e e e

. corrosion [ ka'rouzon] n. J& ik
. plywood ['plaiwud] n. Itk

[\
&
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25. fiberglass [ 'faiboglais] n. IFIGL4E
26. crude [kruid] adj. RERE), REMTH
27. heat-resistant material it &1k}

28. shatter ['[aeta] v. M, IR

29. be used for. .. HF------
30. be formed from. . . Hyeeeees HE
Notes

1. Consequently, ceramics are less often used for structural or load-bearing applications than

metals.
Hit, 5&EMk, BERSHTEMES ARG
less... than = not so... as Ff------ >

be used for. . . = “HF--- 7B

. A hammer is used for driving in nails,

2. They are produced by creating large molecular structures from organic molecules, obtained
from petroleum or agricultural products, in a process known as polymerization.

EATR B R B A BRI YLl R AT R E RS 5= AR

3. Composite materials are formed from two or more materials, whose properties cannot be ob-
tained by any single material.

AR PR A UL AR R, HtERR AR T — R B — PR T BB A

be formed from. . . s RERREE 2H %,

“whose properties cannot be obtained by any single material” [ “whose” M E R &

g S
Exercises

1. Answer the following questions according to the text.

a) What is metal? Try to describe it using the words in this passage or of your own.

b) What is polymer? Try to describe it using the words in this passage or of your own.

2. Decide whether the following statements are true (T) or false (F) and put “T” or “F” in
the brackets according to the text.

a) Materials are classified into five groups: metals, nonmetals, ceramics, polymers, and com-

posite materials. ( )

b) Metals and alloys have relatively high strength, high stiffness, ductility or formability, but
low shock resistance. ( )

c¢) Ceramics have poor electrical and thermal conductivity, ( ) may have high strength and
hardness ( ), and have high ductility, formability, and shock resistance. ( )

d) Polymers are lightweight ( ) and frequently have poor resistance to corrosion. ( )
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Unit 2 Limits, Fits and Tolerances
Terminology

Fit: The relation resulting from the difference between the sizes of two mating parts.

Basic Size: The size with reference to which the limits of size are fixed; also termed the nomi-
nal size or nominal dimension.

Actual Size: The size of a part as may be found by measurement.

Limits of Size: The two extreme permissible sizes between which the actual size is contained.
The two extreme sizes are termed the maximum limit and minimum limit.

Tolerance : The difference between the maximum limit and the minimum limit. ( The tolerance
is also equal to the algebraic difference between the upper and lower deviations. )

Upper Deviation: The algebraic difference between the maximum limit of basic size and the
corresponding basic size.

Lower Deviation: The algebraic difference between the minimum limit of basic size and the
corresponding basic size.

Types of Fit

Depending upon the actual limits of the hole or shaft, a fit may be classified as follows.

(1) Clearance Fit: A fit that always provides a clearance between the mating parts. In this
case, the tolerance zone of the hole is entirely above that of the shaft.

(2) Interference Fit: A fit that always provides an interference between the mating parts.
Here, the tolerance zone of the hole is entirely below that of the shaft.

(3) Transition Fit: A fit that may provide, depending on the actual dimensions of the finished
products, either a clearance or an interference between the mating parts.

Of the various methods used to apply the system of fits, the principal ones are the shaft-basis
system and hole-basis system. In the shaft-basis system, the different clearances and interferences
are obtained by associating various holes with a single basic size of shaft, the upper deviation of
which is zero (symbol h). In the hole-basis system, the different clearances and interferences are
obtained by associating various shafts with a single basic size of hole, the lower deviation of which is
zero (symbol H).

Normally , it is easier to produce a shaft with a specified tolerance than a hole with the same tol-
erance. Consequently, in modern engineering design, the hole-basis system is most extensively used
and our discussion will refer mostly to this system. However, the designer should decide on the a-
doption of either system to enable general interchangeability.

Symbols for Tolerances and Fits

A tolerance is designated by a letter (in some cases, two letters) , a symbol, and a numerical
symbol. Capital letters are used for holes and small letters for shafts. The letter symbol indicates the
position of the zone of tolerance in relation to the zero line representing the basic size. The numerical

symbol represents the value of this zone of tolerance and is called the grade or quality of tolerance.
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Both the position and the grade of tolerance are functions of the basic size. A toleranced size is thus
defined by its basic value followed by a letter and a number, e. g.
$50H7 or $50g6

Fundamental Aspects of Tolerance System

For all industrial measurements, the standard reference temperature is 293K. Basic sizes from
Imm to 500mm have been subdivided into 13 steps or ranges. From 500mm to 3150mm , there are 8
nominal steps. For each nominal step, there are 20 grades of tolerance designated ITO1, ITO, and
1§ f [P IT17, IT18. These are known as the standard tolerances. (IT stands for ISO Tolerance
series, and ISO for the International Organisation for Standardization. )

In engineering drawing, it is necessary to provide the nominal size tolerance.

(a) If the function or the economical aspect of the manufacturing process of the workpieces re-
quires that certain limiting dimensions be maintained ;

(b) If the parts are required to have a fit;

(c¢) If the parts are separately finished and need to be assembled without post-machining;

(d) If the parts are to be interchangeable, e. g. spare parts;

(e) If it is necessary that the part be toleranced so that it can be held in a particular fixture for
finishing operations.

In ordinary cases, free measure tolerances should suffice.

The tolerance should be so chosen that it just serves the purpose of the relevant application of
the workpieces for which it is meant and also ensures interchangeability. The finer the tolerance, the
more is the cost of production.

Choice of Tolerance Grades

Grades ITO1 to IT7 are used mainly for gauges. The grades 01 to 4 are achieved through lap-
ping, honing, and the finest grinding.

Grades ITS to IT11 are primarily for the fit of workpieces and are achieved through metal-cut-
ting machining processes, such as fine turning, milling, shaping, planing, grinding, and reaming.

Grades IT12 to IT18 are found suitable for rougher production tolerances in processes not invol-

ving metal-cutting, such as forging, rolling, casting, pressing, and drawing.

New Words and Phrases

terminology [ tormi'nolodzi] n. ARi&E, AliC

mating [ 'meaetin| n. & adj. BLE (H)), HiE (K)
permissible [ pa'misabl] adj. W RFHY, FATHY

algebraic [ 'eldzi'breik| adj. {CERY

forego [fo:'gau] v. J6fT, FERT, B

interference [ 'into'fiorons] n. &

finished [ 'finift] adj. SEXHY, WINTH, ETH
pictorially [ pik'torizoli] adv. A (i) ElHb, an%pl &l iE i
depict [di'pikt] ». H, A

il ol LB LB ol
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10. designate [ 'dezigneit] v FRi, - EXH

11. remoteness [ri'moutnis| n. fi§ (&) &

12. closeness [klouznis] n. ##EiF (F2H)

13. subdivide [ ;sabdi'vaid] ». 40 (X) 4y, B (%) 4
14. empirical [ em'pirikol] adj. &% (FX) W

15. micrometer [ maikro'mita] n. %, T4HR

16. post-machining [ poustmo'firnin | n. j5%& (#§) T
17. fixture ['fikstfo] n. e H., RERKE

18. suffix ['safiks] »v. JHRE (- )

19. lapping ['lepin] n. BFEE, #i1 () St

20. honing ['hounin] n. H7 () B

21. grinding [ 'graindip] n. EEHI

22. shaping ['feipinp] n. BJEIT

23. planning/planing [ 'pleenig] ». ] (Hl, %)

24. ream [rizm ]| w. L, &Aoo 042

25. shaft-basis system FEAi

26. hole-basis system F&F| il

27. grade (quality) of tolerance /N4

Notes

The tolerance should be so chosen that it just serves the purpose of the relevant application of
the workpieces for which it is meant and also ensures interchangeability.

NEGERRES, PLAE T A RN A MR E, IFRERIE TR ER,

so---that 5| )T R G5 5RIE 4]

for which 5| 5 §)/a] F R EEMNA], BiisdE1Tia the workpieces,

Exercises

1. Translate the following words into Chinese.

a) the nominal size or nominal dimension

b) actual size and limits of size

c¢) upper deviation and lower deviation

d) clearance fit and interference fit

e) International Organization for Standardization

2. Answer the following questions.

a) What is tolerance?

b) Why is tolerance important in manufacturing?
¢) How do you indicate the tolerances on drawing?
d) Why is the hole-basis system used extensively in modern engineering design?

e) How many types of fit are there in this text? Describe three main types of fit in detail.
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Unit 3 Heat Treatment of Metal

Heat treatment is the operation of heating and cooling a metal in its solid state to change its
physical properties. According to the procedure used, steel can be hardened to resist cutting action
and abrasion, or it can be softened to permit machining. With the proper heat treatment, internal
stresses may be removed, grain size reduced, toughness increased, or a hard surface produced on a .
ductile interior.

The following discussion applies principally to the heat treatment of plain-corban steels. With
this process, rate of cooling is the controlling factor, rapid cooling from above the critical range re-
sults in hard structure, whereas very slow cooling produces the opposite effect.

Hardening: In any heat-treating operation, the rate of heating is important. Heat flows from
the exterior to the interior of steel at a definite maximum rate. If steel is heated too fast, the outside
of the part becomes hotter than the interior. A uniform structure is hard to obtain.

The hardness that can be obtained from a given treatment depends upon the following three fac-
tors:

1. Quenching rate;

2. Carbon content;

3. Workpiece size.

Rapid quenching is needed to harden low carbon and medium plain carbon steels. Water is
generally used as a quench for these steels. For high-carbon or alloy steel, oil is used. Its action is
not as severe as that of water. Where extreme cooling is desired, brine is used.

The maximum degree of hardness obtainable in steel by direct hardening is determined largely
by the carbon content. Steel with a low carbon content will not respond greatly to the hardening
process. Carbon steels are generally considered as shallow hardening steels. The hardening tempera-
ture varies for different steels. The temperature depends upon the carbon content.

The temperature at which steel is usually quenched for hardening is known as the hardening
temperature. It is usually 10°C to 38°C above the upper critical temperature at which structural
change takes place.

Tempering : Hardening makes high-carbon steels and tool steels extremely hard and brittle and
not suitable for most uses. By tempering or “drawing” , internal stresses developed by the hardening
process are relieved. Tempering increased the toughness of the hardened piece. It also seems to
make them more plastic or ductile.

Annealing: Annealing consists of heating steel slightly above its critical range and cooling very
slowly. Annealing relieves internal stresses and strain caused by previous heat treatment, machi-
ning, or other cold-working processes. The type of steel governs the temperature to which the steel is
heated for the annealing process. The purpose for which annealing is being done also governs the an-
nealing temperature.

There are three different types of annealing processes used in industry: (1) full annealing,
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(2) process annealing, (3) spheroidizing.

Full annealing is used to produce maximum softness in steel. Machinability is improved. Inter-
nal stresses are relieved. Process annealing is also called stress relieving. It is used for relieving in-
ternal stresses that have occurred during cold-working or machining processes. Spheroidizing is used
to produce a special kind of grain structure that is relatively soft and machinable. This process is
generally used to improve the machinability in high-carbon steels and in wire-drawing processes.

Normalizing: Normalizing is a process used to relieve the internal stresses due to hot-working,
cold-working, and machining. The process consists of heating steel slightly above the upper critical
range 30°C to 50°C and cooling to room temperature after holding for a while. This process is usually
used with low and medium-carbon as well as alloy steels. Normalizing removes all previous effects

due to heat treatment.

New Words and Phrases

1. anneal [o'nizl] n. Bk

2. heat treatment FLbFH

3. quenching [ kwentfin] n. &k

4. temper ['tempa] n. [A]:k

5. brine [brain] n. Eh/K

6. medium [ 'miidiom] adj. ), FEIM; n HE
7. ductile ['daktail] adj. ZFHEH, SHIEREH

8. brittle ['britl] adj. SR

9. process annealing fKIRIR &k ; HIEIR k

10. full annealing 5E45iB K

11. machinability [ mo'[imnabiliti] n. YIHI#:, AN TH#:
12. spheroidizing [ 'sfioroidaizin] n. EK{LIR k

13. normalizing [ 'noimg)laizin ] n. 1E:k

14. stress relieving 25 /718 &
Notes

1. The maximum degree of hardness obtainable in steel by direct hardening is determined large-
ly by the carbon content.

BeBH: obtainable in steel by direct hardening 4 5 1515 1ffi hardness, Fi& A The maximum
degree of hardness, iHi& 4 is determined,

2. The temperature at which steel is usually quenched for hardening is known as the hardening
temperature.

R AT KRR AR, FROFTEKIREE

fJH “at which steel is usually quenched for hardening” €& M4], &4 “The tempera-

”
ture

is known as: FEFRA - a
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Exercises

1. Fill in the blanks with the information given in the text.

a) relieves internal stresses and strain, there are types of it used in
industry.

b) Tempering increased the of the hardened piece. It also seems to make them
more or

2. Translate the following words into Chinese.

a) heat treatment; b) quenching rate; c) process annealing; d) spheroidizing; e) stress relie-
ving

3. Answer the following question according to the text above.

a) How many methods of heat treatment of steel are there in industry? Please try to describe
them using the words in this passage or of your own in detail.

b) What does tempering mean?

¢) What does normalizing mean?

Unit 4 Forming

Forming can be defined as a process in which the desired size and shape are obtained through
the plastic deformations of a material. The stresses induced during the process are greater than the
yield strength, but less than the fracture strength of the material. The type of loading may be ten-
sile, compressive, bending, shearing, or a combination of these. This is a very economical process
as the desired shape, size, and finish can be obtained without any significant loss of the material.
Moreover, a part of the input energy is fruitfully utilized in improving the strength of the product
through strain hardening.

The forming processes can be grouped under two broad categories, namely, cold forming and
hot forming. If the working temperature is higher than the recrystallization temperature of the materi-
al, then the process is called hot forming. Otherwise the process is termed as cold forming. The flow
stress behavior of a material is entirely different above and below its recrystallization temperature.
During hot working, a large amount of plastic deformation can be imparted without significant strain
hardening. This is important because a large amount of strain hardening renders the material brittle.
The frictional characteristics of the two forming processes are also entirely different. For example,
the coefficient of friction in cold forming is generally of the order of 0. 1, whereas that in hot forming
can be as high as 0. 6. Furthermore, hot forming lowers down the material strength so that a machine
with a reasonable capacity can be used even for a product having large dimensions.

The typical forming processes are rolling, forging, drawing, deep drawing, bending, and extru-
sion. For a better understanding of the mechanics of various forming operations, we shall briefly dis-

cuss each of these processes.
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Rolling

In this process, the job is drawn by means of friction through a regulated opening between two
power-driven rolls. The shape and size of the product are decided by the gap between the rolls and
their contours. This is a very useful process for the production of sheet metal and various common
sections, e. g., rail, channel, angle, and round.

Forging

In forging, the material is squeezed between two or more dies to alter its shape and size. De-
pending on the situation, the dies may be open or closed.

Drawing

In this process, the cross-section of a wire or that of a bar or tube is reduced by pulling the
workpiece through the conical orifice of a die. When high reduction is required, it may be necessary
to perform the operation in several passes.

Deep Drawing

In deep drawing, a cup-shaped product is obtained from a flat sheet metal with the help of a
punch and a die. The sheet metal is held over the die by means of a blank holder to avoid defects in
the product.

Bending

As the name implies, this is a process of bending a metal sheet plastically to obtain the desired
shape. This is achieved by a set of suitably designed punch and die.

Extrusion

This is a process basically similar to the closed die forging. But in this operation, the workpiece
is compressed in a closed space, forcing the material to flow out through a suitable opening, called a
die. In this process, only the shapes with constant cross-sections ( die outlet cross-section) can be
produced.

Advantages and Disadvantages of Hot and Cold Forming

Now that we have covered the various types of metal working operations, it would only be ap-
propriate that we provide an overall evaluation of the hot and cold working processes. Such a discus-
sion will help in choosing the proper working conditions for a given situation.

During hot working, a proper control of the grain size is possible since active grain growth takes
place in the range of the working temperature. As a result, there is no strain hardening, and there-
fore there is no need of expensive and time-consuming intermediate annealing. Of course, strain
hardening is advisable during some operations (viz., drawing) to achieve an improved strength; in
such cases, hot working is less advantageous. Apart from this, strain hardening may be essential for
a successful completion of some processes (e. g., in deep drawing, strain hardening prevents the
rupture of the material around the bottom circumference where the stress is maximum). Large prod-
ucts and high strength materials can be worked upon under hot conditions, since the elevated tem-
perature lowers down the strength and consequently the work load. Moreover, for most materials, the
ductility increases with temperature and, as a result, brittle materials can also be worked upon by

the hot working operation. It should, however, be remembered that there are certain materials ( viz.
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, steels containing sulphur) which become more brittle at elevated temperatures. When a very accu-
rate dimensional control is required, hot working is not advised because of shrinkage and loss of sur-
face metal due to scaling. Moreover, surface finish is poor due to oxide formation and scaling.

The major advantages of cold working are that it is economical, quicker, and easier to handle
because here no extra arrangements for heating and handling are necessary. Furthermore, the me-
chanical properties normally get improved during the process due to strain hardening. What is more,,
the control of grain flow directions adds to the strength characteristics of the product. However, apart
from other limitations of cold working ( viz., difficulty with high strength, brittle materials, and large
product size) , the inability of the process to prevent the significant reduetion in corrosion resistance

is an undesirable feature.
New Words and Phrases

fracture [ 'freektfo] n. Wi
strain hardening NARAEAL, S0 TAEAL, RAEREAL
cold forming ¥WHUE, BREHIE, BIERE
hot forming HNIE
deep drawing WEHL, HEMH (k)
gap [gaep] n. GRO, O, [HBR, SERE, 2HE
channel ['tfeenl] n. &4
superstructure | 'sjurpa;straktfo] n. bEREEH
. conical ['konikal] adj. [E4ER, RHEER
10. orifice ['omafis] n. fL, THFL
. shrinkage [ '[ripkidz] n. W45
12. inability ['ina'biliti] n. JCEE, TN

Notes

0PN AW

1. Furthermore, hot forming lowers down the material strength so that a machine with a reason-
able capacity can be used even for a product having large dimensions.

1) so that 5| F—ERRIENE], KR “PLETF -7

2) having large dimensions 43R IEVEEE, &4 product,

2. It should, however, be remembered that there are certain materials (viz., steels containing
sulphur) which become more brittle at elevated temperatures.

1) A&arp ‘1 AR ERE, HEENEREN “that” 513N,

2) which 5| RN AIAEENG], BHiFEFTiH “materials”

Exercises

1. Match the following terms in Column (1) with the descriptions in Column (2).
(1) (2)
( ) 1. drawing a) The shape and size of the product are decided by the gap



