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Chapter One

Fundamentals of Mechani-

cal Engineering

Lesson 1 Properties of Materials

Text

One material can often be distinguished from another by means of physical
properties, such as color, density, specific heat, coefficient of thermal expansion,
thermal and electrical conductivity, magnetic properties, and melting point. Some of
these, for example thermal conductivity, electrical conductivity, and density, may be
of prime importance in selecting material for certain specific uses. Those properties
that describe how a material reacts to mechanical usage, however, are often more
important to the engineer in selecting materials in connection with designz. These
mechanical properties relate to how the material will react to the various loadings
during service. }

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

(1) Strength is the ability of a material to resist applied forces. Bridges girders,
elevator cables, and building beams all must have this property.

(2) Hardness is the ability of a material to resist abrasion. Cutting tools, files,
and drills must resist abrasion, or wear. Armor plate, crushing machinery, and metal
rolls for steel mills all must resist penetration.

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

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

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

automobile axles, hammers rails and similar products.

New Words and Phrases

fundamental [fanda'mentl] adj. TR, AR n A

distinguish  [dis'tingwil] v. X, B

density ['densiti] n. ¥R

specific heat b #4

coefficient [koaui'fif ant) n. FE

conductivity [.kondak'tiviti] n i, SR

melt  [melt] v. (f)RL, (E))Et, R

category [keetigori] n. MR

ductility  [dak'tiliti] n. REAEPE, FWME

toughness ['tafnis] n. P, B

abrasion [@'breizan] n. BRI

girder ['ge:da] n. Hi(38), O 8%

file [fail] no O, BT, vie R )8

armor ['a:ma] n.

bumper [‘bampa] n. ZMER, WEE

stamp [steemp] no WSEE, ED, BEL; v, HKED, Ml

penetration [peni'treifan] n. B, BE, 2=l

fender [fenda] n. B BY), $aYetR

relate to W, HXR

mill  [mil] n. BSERHL, BEIR, T 75 v BREE

in connection with eeeees gia, RT

Exercise

I Match the property with the correct definition by connecting lines.
PROPERTY DEFINITION

1. Strength  a. the ability to absorb mechanically applied energy

2. Hardness  b. the ability of a material to resist applied forces

3. Elasticity  c. the ability to undergo permanent changes of shape without rupturing
4. Ductility  d. the ability to spring back to original shape

5. Toughness e. the ability of a material to resist penetration and abrasion

I Choose proper material property to complete the following sentences.

1. Bridges girders, elevator cables, and building beams all must have



2. Cutting tools, files, and drills must resist abrasion, or wear. Armor plate, crushing machinery,
and metal rolls for steel mills all must resist penetration, so they should have

3. Auto bumpers and all springs should have .

4. Modern, deep-formed auto bodies and fenders and other stamped and formed products must
have

5. and determine a material’s toughness. is needed in

railroad cars, automobile axles, hammers rails and similar products.
a. Ductility b. Strength ¢. Hardness d. Toughness e. Elasticity

Reading Metals and Alloys

The various type of materials used engineering practice include, among others,
metals, alloys, and polymers. Of these metals and alloys are commonly used.

Strictly speaking, metals are chemical elements. Iron, copper, and aluminum are
some examples. Metals are rarely used in pure form, and the desired properties are
normally obtained by suitably alloying different metals. An alloy is a mixture of two
or more metals. Usually it consists of a base metal (the largest part of the alloy) and a
smaller amount of other metals. Brass, for instance, is an alloy of copper (the base
metal) and zinc. Steel is an alloy of iron and carbon. In engineering metals and alloys
are usually called metals. Materials are divided into two groups: the ferrous, which
contain a large percentage of iron, and the nonferrous, which contain no iron.

The most important characteristics of metal are its mechanical properties, such
as strength, hardness, elasticity, ductility, and toughness. Strength is the ability of a
metal to resist penetration and abrasion. Elasticity is the ability of a metal to return to
its original shape after the applied force is removed. Ductility is the ability to undergo
permanent change of shape without rupture. Toughness is the ability to absorb
mechanically applied energy. Strength and ductility determine a material’s toughness.

Metals for any manufactured part or machine have various properties so that it is
often difficult to decide the proper metal for a given job. One metal may have higher
strength, another better corrosion property, and yet another may be more economical.
Hence, most choices are a compromise among a large number of metals, using the
best engineering data available.

New Words and Phrases
Bag e, IR

ceramics [sireemiks]

n.
polymer ['polima] n. KW, K
aluminum [a'lju:minam)] n. B
alloy ['eeloi] n Gra v GG
brass [bra:s] n. P, AR
zinc [zink] n. ;v WEET



ferrous [feras]

[kompramaiz]

SRR, BRI
Z, R, B

adj.

compromise n.v.

Lesson 2 Classification of Steels

Text

Steel may be classified into two groups: plain carbon steels and alloy steels.

1. Plain carbon steels

Plain carbon steels may be classified as those that contain only carbon and no
other major alloying element. They are divided into three categories: low-carbon steel,
medium-carbon steel, and high-carbon steel.

Low-carbon steel contains from 0.02 to 0.30 percent carbons by mass. Because
of the low carbon content, this type of steel cannot be hardened but can be
case-hardened. Machine steel and cold-rolled steel, which contain from 0.08 to 0.30
percent carbon, are the most common low-carbon steels.' These steels are
commonly used in machine shops for the manufacture of parts that do not have to be
hardened. Ttems such as bolts, nuts, washers, sheet steel, and shafts are made of
low-carbon steel.

Medium-carbon steel contains from 0.30 to 0.60 percent carbons and is used
where greater tensile strength is required. Because of the higher carbon content, this
steel can be hardened, which makes it ideal for steel forging. Tools such as wrenches,
hammers, and screwdrivers are drop-forged from medium-carbon steel and later
heat treated”

High-carbon steel, also known as tool steel, contains over 0.60 percent carbon
and may range as high as 1.7 percent. This type of steel is used for cutting tools,

punches, taps, dies, drills, and reamers. 1t is available in hot-rolled stock or in’

finish-ground flat stock and drill rod.

2. Alloy Steels

Often certain steels are needed which have special characteristics that a plain
carbon steet would not possess. It is then necessary to choose alloy steel.

Alloy steel may be defined as steel containing other elements, in addition to
carbon, that produce the desired qualities in the steel.’ The addition of alloying
elements may impart one or more of the following properties to the steel:

(1) Increase in tensile strength

(2) Increase in hardness

(3) Increase in toughness

(4) Alteration of the critical temperature of the steel

(5) Increase in wear abrasion

{6) Red hardness

(7) Corrosion resistance

1.
0.08%
0.3% 1 LA
BRIV LN
e B H WL
AN .

2. R Tae
Hil ke LA Mg 22
HEIX A L
L&A
AT
B TR TR
Fis ks JidR

300y
LLas SCA %
17 B G %
BL AR 1y At
JG F TR
X G AL
WA TN
{1y AE
PEfE



(8) High-strength, low-alloy steels

A recent development in the steelmaking industry is that of the high-strength,
low-alloy (HSLA) steels. These steels, containing a maximum carbon content of
0.28 percent and small amounts of vanadium, columbium, copper, and other
alloying elements, offer many advantages over the regular low-carbon construction
steels.* Some of these advantages are:

(1) Higher strength than medium-carbon steels.

(2) Less expensive than other alloy steels.

(3) Strength properties are “built into” the steel, and no further heat treating is
needed.

(4) Bars of smaller cross-sections can do the work of larger, regular-carbon steel
bars.

(5) Higher hardness, toughness (impact strength), and fatigue failure limits than
carbon steel bars.

(6) May be used unpainted because they develop a protective oxide coating on
exposure to the atmosphere.

New Words and Phrases

carbon [ka:ben] n B, A8

content ['kontent] n S8, WE, BB
cold-roll wEL

bolt [bault] n. WRFE, $RE]; v. FHIRR[H 2
nut [nat] n. BWERE

washer [wafa(n)] n. B, Bk

wrench [rent]] n. WA, |F; v, G
screwdriver ['skru:draiva(r)] n. BT, S
drop-forge v. B, REEHR

tap [teep] n. 224k, 1RZ I

die [dai] n. BF, M

reamer [ ri:ma(r)] n BJJ

stock [stok] n. B HA4, B
hot-rolled HAl,

tensile ['tensail] adj. & J181, Hr i)
alteration [2:lta'reif (a)n] n. W HUE
corrosion  [ka'rauz(a)n) n. 2, BHREs
vanadium [va'neidiem] n. B, #H
columbium [ka'lambiam] n. e

bar [ba:i(r)] n. %,
cross-section n. BEELH

copper [kopa(n)] n.

oxide ['oksaid] n. Y

4. XEAN, H
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exposure [ik'spauza(r)] n. %k
atmosphere ['zetmasfia(r)] n. KX, £5
red-hardness n. LLHEERE
fatigue [fo'ti:g] n. J&I7, v AERE ST

Exercises

I

Comprehension.

1. According to the article, how are the plain carbon steel classified?

2. Describe why low-carbon steel cannot be hardened?

3. State the carbon content of and two uses for: (a) low-carbon steel; (b) high-carbon steel.
4. Define the term “alloy steel”.

5. List six properties that alloying elements may impart to steel.

From the answers a, b, ¢ or d, choose the best answers to complete the following statements.

1. Plain carbon steels may be divided into

a. low-carbon steel b. medium-carbon steel
¢. super-carbon steel d. high-carbon steel
2. Medium-carbon steel contains carbon.
a. from 0.02 to 0.30 percent b. from 0.02 to 0.60 percent
c. from 0.03 to 0.60 percent d. from 0.3 to 0.8 percent
3. is known as tool steel.
a. Plain carbon steel b. Low-carbon steel
c. Medium-carbon steel d. High-carbon steel

4. When we need certain steels which have special characteristics that a plain carbon steel
would not posses, we may
a. increase the carbon content of steel b. decrease the carbon content of steel
c. choose an alloy steel d. choose one type of plain carbon steeis

5. The addition of alloying elements may impart one or more of the following properties to
steel, except for
a. increase in tensile strength b. red hardness

¢. increase in density d. increase in toughness

Reading Machinability of Metals

Machinability describes the ease or difficulty with which a metal can be

machined. Such factors as cutting-tool life, surface finish produced, and power

required must be considered. Machinabiity has been measured by the length of

cutting-tool life in minutes, or by the rate of stock removal in relation to the cutting
speed employed, that is, depth of cut. For finish cuts, machinability refers to the life of
the cutting tool and the ease with which a good surface finish is produced.



Low-carbon (Machine) Steel

The microstructure of low-carbon steel may have large areas of ferrite (iron)
interspersed with small areas of pearlite [Fig.1-1(a) and (b)]. Ferrite is soft, with high
ductility and low strength, whereas pearlite, a combination of ferrite (iron) and iron
carbide, has low ductility and high strength. When the amount of ferrite in steel is
greater than pearlite—or the ferrite is arranged in alternate layers with pearlite
[Fig.1-1(c) and (d))—the amount of power required to remove material increases and
the surface finish produced is poor. Fig. 1-2 illustrates a more desirable
microstructure in steel because the pearlite is well distributed, and the material is
therefore better for machining purposes.

; £ )
Pearlite Ferrite Pearlite Ferrite Pearlite  perrite Pearlite

(a) ®) © @
Fig. 1-1 Photomicrographs indicating undesirable steel microstructures

1 | I
Pea|rlilc C el;entitc——
' All pearlite
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Sty

Fig. 1-2 Photomicrographs showing desirable microstructures in steel

High-carbon (Machine) Steel

A greater amount of pearlite is present in high-carbon (tool) steel because of the
higher carbon content. The greater the amount of pearlite (low ductility and high strength)
present in the steel, the more difficult it becomes to machine the steel efficiently. It is
therefore desirable to anneal these steels to alter their microstructures and, as a result,
improve their microstructures and, as a result, improve their machining qualities.

Alloy Steel

Alloy steels are combinations of two or more metals. These steels generally are
slightly more difficult to machine than low-or high-carbon steels. To improve their
machining qualities, combinations of sulfur and lead or sulfur and lead or sulfur and



manganese in proper proportions are sometimes added to alloy steels. A combination
of normalizing and annealing is also used with some types of alloy steels to create
desirable machining characteristics. The machining of stainless steel, generally
difficult because of its work-hardening qualities, can be greatly eased by the addition
of selenium.

Cast iron

Cast iron, consisting generally of ferrite, iron carbide, and free carbon, forms an
important group of materials used by industry. The microstructure of alloys, the
method of casting, the rate of cooling, and by heat treating. White casting iron [Fig.
1-3(a)], cooled rapidly after casting, is usually hard and brittle because of the
formation of hard iron carbide. Gray cast iron [Fig. 1-3(b)] is cooled gradually; its
structure is composed of compound pearlite, a mixture of fine ferrite and iron carbide,
and flakes of graphite. Because of the gradual cooling, it is softer and therefore easier
to machine.
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Fig. 1-3 The microstructure of cast iron

Iron carbide and the presence of sand on the outer surface of the casting
generally make cast iron a little difficult to machine. Through annealing, the
microstructure is altered. The iron carbide is broken down into graphitic carbon and
ferrite; thus, the cast iron is easier to machine. The addition of silicon, sulfur, and
manganese gives cast iron different qualities and improves its machinability.

Aluminum

Pure aluminum is generally more difficult to machine than most aluminum
alloys. It produces long, stringy chips and is much harder on the cutting tool because
of its abrasive nature.

Most aluminum alloys can be cut at high speeds, yielding a good surface finish
and long tool life. Hardened and tempered alloys are generally easier to machine than
annealed alloys and produce a better surface finish. Alloys containing silicon are
more difficult to machine since the chips tear, rather than shear, from the work, thus
producing a poorer surface finish. Cutting fluid is generally used when heavy cuts



and feeds are used for machining aluminum or its alloys.

Copper

Copper is a heavy, soft, reddish-colored metal refined from copper ore (copper
sulfide). It has high electrical and strength, and is easily welded, brazed, or soldered.
It is very ductile and easily drawn into wire and tubing. Since copper work hardens
readily, it must be heated at about 1200°F (648.8°C)and quenched in water to anneal.

Because of its softness, copper does not machine well. The long chips produced
in drilling and tapping tend to clog the flutes of the cutting tool and they must be
cleared frequently. Sawing and milling operations require cutters with good chip

clearance. Coolant should be used to minimize heat and aid the cutting action.
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