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e 2. PART 1 Materials

Unit | Engineering Materials

All products that come out of industry consist of at least one and often many types of
materials. The most obvious example is the automobile. A car contains a wide variety of
materials, ranging from glass to steel to rubber, plus numerous other metals and plastics.

The number of materials which are available to the engineer in industry is almost infinite.
The various compositions of steel alone run into the thousands. It has been said that there are
more than 10,000 varieties of glass, and the numbers of plastics are equally great. It addition,
several hundred new varieties of materials appear on the market each month. This means that
individual engineers and technicians cannot hope to be familiar with all the properties of all types
of materials in their numerous forms. All that he can do is try to learn some principles to guide
him in the selection and processing of materials.

The properties of a material originate from the internal structure of that material. This is
analogous to saying that the operation of a TV set depends on the components and circuits within
that set. The internal structures of materials involve atoms, and the way atoms are associated with
their neighbors into crystals, molecules, and microstructures.

It is convenient to divide materials into three main types: (1) metals (2) plastics or polymers
and (3) ceramics.

Characteristically, metals are opaque, ductile, and good conductors of heat and electricity.
Plastics (or polymers), which usually contain light elements and have relatively low density, are
generally insulators, and are flexible and formable at relatively low temperatures. Ceramics,
which contain compounds of both metallic and nonmetallic elements, are usually relatively
resistant to severe mechanical, thermal, and chemical conditions.

Metals are divided into ferrous and non-ferrous metals. The former contain iron and the
latter do not contain iron. Certain elements can improve the properties of steel and are therefore
added to it. For example, chromium may be included to resist corrosion and tungsten to increase
hardness. Aluminum, copper, and the alloys, bronze and brass, are common non-ferrous metals.

Plastics and ceramics are non-metals; however, plastics may be machined like metals.
Plastics are classified into two types: thermoplastics and thermosets. Thermoplastics can be
shaped and reshaped by heat and pressure but thermosets cannot be reshaped because they
undergo chemical changes as they harden. Ceramics are often employed by engineers when
materials which can withstand high temperatures are needed.
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& New Words and Expressions

variety [va'rarati]

infinite ['infInat]
composition [ kempa'zifn]
property ['propati]
principle ['prinsapl]
originate [a'rrd3Inert]
internal [1n't3:nl]
analogous [a'nalagas]
component [kem'paunant]
crystal ['kristl]

molecule ['mplikju:l]
microstructure ['markrau,strakt/3a]
convenient [kan'vi:niant]
polymer ['pplima(r)]
ceramics [s1'r@miks]
characteristically [ karakta'ristrkli]
opaque [au'pe1k]

ductile ['daktazl]
conductor [kan'dakta(r)]
insulator ['1nsjule1ta(r)]
flexible ['fleksabl]
formable ['f>:mabl]
compound ['kompaund]
metailic [ma'telik]

ferrous ['feras]

chromium ['kraumiam)]
corrosion [ka'rauzn]
tungsten [‘'tanstan]
aluminum [3'lju:minam]
consist of

range from...to...

run into

associate with

the former...the latter...

n. %
adj. JCPRTY
n. G (¥)
n. TEfE

n. AL

vi. A

adj. WL
adj. LU
n. —/ME
n. fefk, A%
n. 31, TANERL
n. WM&
adj. Ji

n. ¥4

n. &

adv. JLIHE

adj. BRI

adj. FAEIMEN, ZERER
n. &

n. fagAK

adj. 5% i)

adj. & ALY

n. &Y

adj. 4@

adj. WEKI, &M

n. %

n. &bk

n. ¥

n.

f =ee e 2H A

Ieeeees ZE e

| > — i

Bt sneess , 5 e
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B> Questions

1. What materials does a car contain?

2. Why do individual engineers and technicians cannot be familiar with all types of
materials of cars?

3. How can the materials of cars be divided?

4. What are the main features of metals, plastics and ceramics respectively?

5. When are ceramics often employed by engineers?

Reading Material: Metallic and Nonmetallic Materials

Perhaps the most common classification that is encountered in materials selection is whether
the material is metallic or nonmetallic. The common metallic materials are such metals as iron,
copper, aluminum, magnesium, nickel, titanium, lead, tin, and zinc and the alloys of these metals,
such as steel, brass, and bronze. They possess the metallic properties of luster, thermal
conductivity, and electrical conductivity; are relatively ductile; and some have good magnetic
properties. The common nonmetals are wood, brick, concrete, glass, rubber, and plastics. Their
properties are very wide, but they generally tend to be less ductile, weaker, and less dense than
the metals, and they have no electrical conductivity and poor thermal conductivity. _

Although it is likely that metals always will be the more important of the two groups, the
relative importance of the nonmetallic group is increasing rapidly, and since new nonmetals are
being created almost continuously, this trend is certain to continue. In many cases the selection
between a metal and nonmetal is determined by a consideration of required properties. Where the
required properties are available in both, total cost becomes the determining factor.

& New Words and Expressions

encounter [en'kaunta] v. Ml W,
bronze [bra:nz] n. w5
luster ['Iastay] n. H¥E
magnesium [mag'ni:ziam] n. Bk
nickel ['n1kal] n. £
titanium [tr'tezniam] n. £k

It is likely that... R a]fe

It is certain to AR, —3

tend to #n) T
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B> Questions

B

Can you give some examples of common metallic materials?
Can you give some examples of common nonmetallic materials?
What properties do metallic materials have?

What properties do nonmetals have?

What determines the selection between a metal and a nonmetal?
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Unit 2 Mechanical Properties of Metals

Mechanical properties are the characteristic responses of a material to applied forces. These
properties fall into five broad categories: strength, hardness, elasticity, ductility, and toughness.

Strength is the ability of a metal to resist applied forces.

Strength properties are commonly referred to as tensile strength, bending strength,
compressive strength, torsional strength, shear strength and fatigue strength.

Tensile strength is that property which resists forces acting to pull the metal apart!'!. It is one
of the most important factors in the evaluation of a metal.

Compressive strength is the ability of a material to resist being crushed. Compression is the
opposite of tension with respect to the direction of the applied load™!. Most metals have high
tensile strength and high compressive strength. However, brittle materials such as cast iron have
high compressive strength but only a moderate tensile strength. .

Bending strength is that quality which resists forces from causing a member to bend or
deflect in the direction in which the load is applied. Actually a bending stress is a combination of
tensile and compressive stresses.

Torsional strength is the ability of a metal to withstand forces that cause a member to twist.

Shear strength refers to how well a member can withstand two equal forces acting in
opposite directions.

Fatigue strength is the property of a material to resist various kinds of rapidly alternating
stresses. For example, a piston rod or an axle undergoes complete reversal of stresses from
tension to compression. Bending a piece of wire back and forth until it breaks is another example
of fatigue strength.

Hardness is that property in steel which resists indentation or penetration. Hardness is
usually expressed in terms of the area of an indentation made by a special ball under a standard
load, or the depth of a special indenter under a specific load"™".

Elasticity is the ability to spring back to original shape. Auto bumpers and all springs should
have this quality.

Ductility is the ability to undergo permanent changes of shape without rupturing. Modern,
deep-formed auto bodies and fenders, and other stamped and formed products must have this
property.

Toughness is the ability to absorb mechanically applied energy. Strength and ductility
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determine a material’s toughness. Toughness is needed in railroad cars, automobile axles,

hammers, rails, and similar products.

& New Words and Expressions

mechanical [m1'kanik(3)l]
response [rI'spons]
broad [bra:d]

category ['kaetig(d)ri]
strength [strenB; strenkO]
hardness ["ha:dnas]
elasticity [ela'stis1t1]
toughness ['tafnis]
tensile ['tensail]
compressive [kam'presiv]
torsional ['ta:fanal]

shear [J13]

fatigue [fa'ti:g]
evaluation [1valju'e1fn]
crush [kra[]

tension ['tenf(3)n]

brittle ['brit(a)l]

cast iron

moderate ['mod(3)rat]
member ['memb3]

deflect [d1'flekt]

stress [stres]

twist [twist]

withstand [w1d'staend]
alternating ['2:Itanertin]
piston ['p1st(a)n]

axle ['a&ks(d)I]

undergo [Anda'gau]
reversal [rr'v3:is(d)l]
indentation [tnden'te1f(3)n]
indenter [in'dents]
penetration [pen1'tre1f(a)n]

adj. 1151, HLAE

n. RN, MR, EH

adj. M, WD

.Mk, 2K

SR

i R

.M, BT

oItk

adj. PrfHE

adj. FE4aHY

adj. HFH

n. §J{]

n. 7

n. W, VEE

v. KR

n. frfH, %K

adj. ffift

2373

adj. JEFEM), WAE), PEER
n. HafF, FF
v. S, Heih
n. VJj
\%
V.

BB P P P

. HEE, R
. &L, &%AE
adj. A
n. &%, HE
n. L, Fedh, O
vt. &1, &%
n. H, HifE, TS
n. JEIR, MR
n. (MRS H) Kk
n. ik, HEANRE
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rupture ['raptf3] v. W3
deep-formed adj.  TRECELE
auto ['2:tau] n. 4 adj. AN
bumper ['bampa] n. TREGAT, ZZrhds
fender ['fends] n. P, PPk
stamp [stamp] vt. MR, B
fall into 5y
be referred to as BH . YA
with respect to Bhieeen e, AHAT
in terms of WHE, AR

= Nofes

[1] Tensile strength is that property which resists forces acting to pull the metal apart.

SHEVE: PR S BRI I ERIW I GE ) .

) X ZARE which 5] 5 —ANE 1B MAIIEM property, £ AIH which E £if. 1tAh,
fEiZMA]H, PLAESr 1] 55 1 acting to pull the metal apart 1§ 52 15511 forces. Pull...apart &4

“Heene R TF, Heeeres 7,

[2] Compression is the opposite of tension with respect to the direction of the applied
load.

SHVE: A 0 75 18] SR s 3 77 1) A B

ZA)R A KR with respect to the direction of the applied load {4 f AR 15 .

[3] Hardness is usually expressed in terms of the area of an indentation made by a special
ball under a standard load, or the depth of a special indenter under a specific load.

S WG AR AE BT AE R R RF IRk R SRR UR RS, SRR E 8
fif % 1Sk T T IR KR

A" the area...a standard load Fi1 the depth...a specific load g 41 (¢] i /> 4 1] 1 4 15
38 i 45 3% ] or ERR, eI AL REE A 1] in terms of [ TE 15 . /16 S 1% in terms of...a specific

load E4=TJRPIRIE .

X> Questions

Which categories do the mechanical properties mainly fall into?
What is the definition of tensile strength?

What is hardness?

What is ductility?

What is toughness?

[ T S
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Reading Material: Stress and Strain

The fundamental concepts of stress and strain can be illustrated by considering a prismatic
bar that is loaded by axial forces F at the ends, as shown in Figure 2-1. A prismatic bar is a
straight structural member having constant cross section throughout its length. In this
illustration, the axial forces produce a uniform stretching of the bar, hence, the bar is said to be
in tension.

To investigate the internal stresses produced in the bar by the axial forces, we make an
imaginary cut at section mn (Figure 2-1(a)).

’_i’

(a)

n

(b)
Figure 2-1 Prismatic bar in tension

This section is taken perpendicular to the longitudinal axis of the bar; hence, it is known as
a cross section. We now isolate the part of the bar to the right of the cut as a free body
(Figure2-1(b)). The tensile load F acts at the right end of the free body; at the other end are forces
representing the action of removed part of the bar upon the part that remains. These forces are
continuously distributed over the cross section, analogous to the continuous distribution of
hydrostatic pressure over a submerged horizontal surface. The intensity of force (that is, the force
per unit area) is called the stress and is commonly denoted by the Greek letter o (sigma).
Assuming that the stress has a uniform distribution over the cross section(see Figure 2-1(b)), we
can readily see that its resultant is equal to the intensity o times the cross-sectional area 4 of the
bar. Furthermore, from the equilibrium of the body shown in Figure 2-1(b), it is also evident that
this resultant must be equal in magnitude and opposite in direction to the applied load F. Hence,

we obtain
F
oO=— 2‘1
y (2-1)

As the equation for the uniform stress in an axially loaded, prismatic bar of arbitrary
cross-sectional shape. When the bar is stretched by the forces F, as shown in the figure, the



