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Unit 1 Mechanical Properties of Metals

Mechanical properties are the characteristic responses of a material to applied
forces'. The knowledge of mechanical properties of materials is very essential in
order to construct a mechanically sound structure such as a bridge on the river.
Mechanical properties can be determined by conducting experimental tests on the
material specimen. Some important mechanical properties of materials are: (1)
Strength, (2)Stiffness, (3)Ductility, (4)Impact strength, (5)Hardness, (6)
Toughness.

Strength. Strength or Mechanical Strength of a material may be defined as
the ability of the material to sustain loads without undue distortion or failure.
Material should have adequate strength when subjected to tension, compression,
shear, bending or torsion as per the intended use®.

Stiffness. Stiffness is the ability of a material or shape to resist elastic de-
flection. For identical shapes, the stiffness is proportional to the modulus of e-
lasticity.

Ductility. Ductility refers to the capacity of a material to undergo deforma-
tion under tension without rupture as in a wire drawing operation’.

Impact strength. It is the strength of a material when subjected to high
rates of loading. usually in bending, tension or torsion. The amount of energy
required to fracture the material by a single blow is measured by means of a
Charpy test.

Hardness. Hardness is the resistance of a material to plastic deformation u-
sually by indentation. However, the term may refers to stiffness or refer to re-
sistance to scratching, abrasion or cutting. Tests such as Vickers, Brinell and
Rockwell are generally employed to measure hardness.

Toughness. Toughness refers to the ability of a material to withstand ben-

ding or the application of shear stresses without fracture.

New Words and Phrases

essential[i'senf(a)1] adj. ,
sound [ saund Jadj. )
conduct [ ken'dakt Jvt. , )



experimental [ik'speriment(a)1] adj.
specimen [ ‘spesiman ] n. s
strength [strepf |n.

tension [tenf(a)n] n. (G I
compression[ kem'pref(2)n] n.
shear[ fia(r)] n. ()

bend[ bend ]vt.

bending strength

stiff[ stif Jadj. )

stiffness [ ‘stifnis |n. s
impact[ ‘impeekt |n.

ductility[ dak'tileti ]n. (D .
hardness[ ha:dnis |n.

toughness n. ,

load[ loud |n. s

sustain[ sa'stein ] vt, ,

undue[ an'dju:; (US) an'duz] adj.
distortion[ disto:fen In. ,
failure[ feiljo(r) ] n. , )
subject[ sob'dzekt ] vt.

be subjected to--+

per prep. ,

elastic[ ileestik Jadj.

elastic deflection ( )
elasticity[ ilees'tisiti |n.

modulus[ ‘modiulos |n.

modulus of elasticity

deflection[ di'flek[(a2)n] n. )
identicall ai'dentik(2)1] adj.
proportional[ pro’pa:fon(a)1] adj.
capacity[ ko'peesiti |n. , ;
deformation[ difo:'meif(a)n] n.
drawing[ 'dratiy |n. s

wire drawing

blow[ blou |n. ,

(



single blow s

Charpy impact test( )

plastic[ "pleestik Jadj. )

plastic deformation

indentation[ inden'teif(a)n] n. ,
scratch[ skreet[]v.

abrasion[ o'breiz(a)n]n. ,
employ[ im'ploi ] vt. ,

Vickers test

Brinell test

Rockwell test

withstand[ wid'steend |vt. .
fracture[ freekt[o(r) Jv. &. n. s

Notes

1. Mechanical properties are the characteristic responses of a material to ap-

plied forces.

“applied forces” .
“response” , “response to-:+” C e ”, “response to
applied forces” “ 7,

2. Material should have adequate strength when subjected to tension, com-

pression, shear, bending or torsion as per the intend use, -

“as per” , “ ; 7
“when subjected to tension-+” “it is”, “when it is subjected to
tension+--. 7, “it” “material”.

3. Ductility refers to the capacity of a material to undergo deformation under
tension without rupture as in a wire drawing operation.
( ) o
“as+ 7, Yoo % w” 0 ¥ag in a wire drawing opera-

M ”»
tion o

Exercises



1. Place a “T” after sentences that are true and an “F” after those that are
false:

(1) Tensile strength, compressive strength and impact strength are some of
the important properties of materials. ( )

(2) Ductility of a material is the ability to undergo permanent changes of
shape without rupture, ¢ )

(3) A metal which breaks easily when hit with a manner possesses the prop-
erty of malleability( ).

(4) Tensile strength is that property which resists forces acting to pull the
material apart( ).

(5) Toughness is the property which enables a material to return to its orig-
inal shape after a heavy load has been removed. ( )

(6) For any shapes of material, the stiffness is proportional to the modulus
of elasticity. ¢ )

2. Answer the following questions

(1) How do we determine the mechanical properties of materials

(2) Why should we study mechanical properties of materials

(3) Define the following terms and translate them into Chinese

1) toughness:

2) hardness:

3) ductility:

4) stiffness:

(4) What tests do you employ to measure hardness and impact strength

Reading Material

Metals and Ferrous Metals

Metals are divided into two general types ferrous and non-ferrous. Fer-
rous metals are those which contain iron. Non-ferrous metals are those which do
not contain iron. However, some non-ferrous metals may contain a small a-
mount of iron as an impurity.

Steel and cast iron are the most common ferrous metals in general use. Steel
is an alloy containing chiefly iron, carbon, and certain other elements in varying
amounts. A wide range of physical properties may be obtained in steel by con-

trolling the amount of carbon and other alloying elements and by subjecting the



steel to various heat treatments.

Plain carbon steels usually contain, besides iron and carbon, small amounts
of silicon, sulphur, phosphorus, and manganese. Alloy steels are formed by
the addition of one or more the following elements: nickel, chromium, molyb-
denum. vanadium, Tungsten, manganese, silicon, and small amounts of other
alloying elements. Carbon is by far the most important alloying element in steel.
It is the amount of carbon present which largely determines the maximum hard-
ness obtainable. The higher the carbon contents the higher the tensile strength
and the greater the hardness to which the steel may be heat-treated.

1. Carbon steels

Carbon steels are classified according to the percentage of carbon they con-
tain. They are referred to as low, medium, and high carbon steels.

Steels with a carbon range of 0.05 to 0.25 percent are called low carbon
steels. Steels in this class are tough, ductile, and easily machined, formed and
welded. Most of them do not respond to any heat-treating process except case
hardening.

Medium carbon steels have a carbon range from 0. 25 to 0. 60 percent. They
are strong and hard but cannot be worked or welded as easily as low carbon
steels. Because of their higher carbon content, they can be heat-treated.

Steels with a carbon range of 0. 60 to 1. 7 percent are classified as high car-
bon steels, these steels respond well to heat treatment. It is used for making
small tools or for any item that must be hardened and tempered.

2. Alloy steels

Alloy steels have special properties determined by the mixture and the a-
mount of other metals added. To the metallurgist who works in metal mining
and manufacturing, steels containing very small quantities of elements other than
carbon, phosphorus, sulphur, and silicon are known as alloy steels. Each alloy
steel has a personality of its own. A car is made of about 100 different kinds of
alloy steel. Low-alloy steels are those steels that do not contain more than 5% of
any alloying metal or in which the total alloy content does not greatly exceed 5%.
Such steels are used principally for applications requiring either toughness or
great strength, or sometimes for heat or corrosion resistance. High-alloy steels,
which contain more than 10% alloy, are used in applications where heat or cor-
rosion resistance is the dominant requirements.

Tool-and-die steels are a large group of steels used when careful heat-trea-



ting must be done. These steels are used for parts such as chisels, hammers,
screwdrivers, springs, and tools and dies used to cut and form metals.

Tool steels with certain alloying elements are designed for specific uses.
The most common kinds of tool steels include high-speed tool steels, hot work
tool steels, cold work tool steels and special-purpose tool steels.

3. Cast iron

Cast iron is used for the heavy parts of many machines. Cast iron is low in
cost and wears well. It is very brittle, however, and cannot be hammered or
formed. It contains 2 to 4 percent carbons. The basic kinds of cast iron ar

white iron, gray iron, and malleable iron.



Unit 2 Kinds of Steel

There are two general kinds of steels: carbon steel and alloy steel. Carbon
steel contains only iron and carbon, while alloy steel contains some other “allo-
ying elements” such as nickel, chromium, manganese, molybdenum, tung-
sten, vanadium, etc.

1. Carbon steels

(1) Low carbon steel containing from 0. 05 to 0. 15 per cent carbon, this
steel is also known as machine steel.

(2) Medium carbon steel containing from 0. 15 to 0. 60 per cent carbon.

(3) High carbon steel containing from 0.6 to 1.50 per cent carbon, this
steel is sometimes called “tool steel”.

2. Alloy steels

(1) Special alloy steel, such as nickel, chromium steel.

(2) High-speed steel also known as self-hardening steel'.

The properties of carbon steels depend only on the percentage of carbon they
contain. Low carbon steels are very soft and can be used for bolts and for ma-
chine parts that do not need strength.

Medium carbon steel is a better grade and stronger than low carbon steel. It
is also more difficult to cut than low carbon steel.

High carbon steel may be hardened by heating it to a certain temperature and
then quickly cooling in water. The more carbon the steel contains and the quic-
ker the cooling is, the harder it becomes’. Because of its high strength and
hardness this grade of steel may be used for tools and working parts of machines.
But for some special uses, for example, for gears, bearings., springs, shafts
and wire, carbon steels cannot be always used because they have no properties
needed for these parts.

Some special alloy steels should be used for such parts because the alloying
elements make them tougher, stronger, or harder than carbon steels. Some al-
loying elements cause steel to resist corrosion, and such steels are called stain-
less steels’.

Heat-resistant steel is made by adding some tungsten and molybdenum,

while manganese increases the wear resistance of steel. Vanadium steels resist



corrosion and can stand shocks and vibration.
Tools made of high-speed steel containing tungsten, chromium, vanadium,

and carbon, may do the work at much higher speeds than carbon tool steels®.

New Words and Phrases
nickel[ nik(a)1]n.
chromium/ kroumiom |n.
manganese n.
molybdenum[ ma'libdinem ]n.
tungsten[ tapgst(e)nn.
vanadium| vo'neidiom ]n.
medium[ mi:diom |n. ; adj. ; ;
tool steel
harden[ 'ha:d(o)n v. ;
self-hardening steel
bolt[ boult |n.
gear[ gia(r) In.
bearing['bearig]n.
shaft[ [a:ft |n.
corrosion[ ko'rouz(a)n]n.
stainless[ 'steinlis ]adj.
fine[ fainJadj.
heat-resistant
heat-resistant steel
high-speed
high-speed steel

Notes

1. high-speed steel also known as self-hardening steel.

“also known as self-hardening steel” , “high-
speed steel”,
N )
, “self-hardening steel”, .

2. The more carbon the steel contains and the quicker the cooling is, the



harder it becomes.

’ ’ o

“the+ () tthet () SR

“The more carbon the steel contain and the quic-

ker the cooling is”, “the harder it becomes”, “the”
“the” , . ,
“the” “by so much”, “the” “by that much”.

3. because the alloying elements make them toughers, stronger or harder
than carbon steels. Some alloying elements cause steel to resist corrosion and

such steel are called stainless steels.

N ( ).
b o
“make” “cause” , “them”
“steel”, “them” “tougher, stronger, har-
der” , “steel” “to resist corrosion”,
“stainless steels” “such steel” .

4. Tools made of high-speeds than carbon may do the work at much higher
speeds than carbon tool steel.
“made of high-speed steel” , “Tools”, “containing
tungsten, chromium, chromium, vanadium and carbon”

, “high-speed steel”.

Exercises

1. Place a “T” after sentences that are true and an “F” after those that are
false:

(1) Alloys having more than 0. 6% carbon are called high carbon steels.
)

(2) Alloys containing 0. 15% (or less) carbon are called low carbon steels.
)

(3) High speed steel is sometimes called self-hardening steel. ( )

(4) The properties of carbon steels depend not only on the percentage of
carbon they contain, but also on the alloying elements. ( )

(5) Steels contain more carbon than cast irons. ( )
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(6) Low carbon steel is harder than high carbon steel. ( )

(7) Tools made of High-Speed steel do the work at much lower speeds than
carbon steels. ( )

(8) Stainless steels contain some alloying elements which cause steels to re-
sist corrosion. ()

2. Answer the following questions:

(1) What methods are available for improving the hardness of high carbon
steel

(2) What are the machine parts made of, that do not need strength

(3) How do the alloying elements such as chromium and tungsten increase

the hardness and strength of steel

Reading Material

Cast Iron

White cast iron is the hardest type of cast iron. It is unweldable.

The commonest type of cast iron is gray cast iron, an alloy of iron and car-
bon containing about 3% to 3. 5% carbon, and more than 1% silicon. These
are large amounts of carbon and silicon, and in these proportions, all the carbon
is not taken up by the iron or iron carbide. A part of this carbon separates out as
graphite flakes distributed throughout the cast iron. These graphite flakes give a
characteristically dark appearance to a freshly broken surface of gray cast iron.

Gray cast iron has little ductility, and can sustain high compressive loads.

Nodular iron is a variation of gray cast iron, and has a microscopic structure
that overcomes most of the limitations of gray cast iron. Nodular iron likewise
contains graphite, but the iron is inoculated with a small amount of magnesium
while being poured into the ladle. As a result, the graphite becomes nodular or
approximately spherical. The result is a cast iron with excellent ductility and
tensile strength. Nodular iron is a kind of cast iron that is even better for with-
standing shocks, blows, and jerks.

Malleable iron is a particular kind of cast iron, made more malleable by an
annealing procedure. Malleable—iron castings are not so brittle or hard. They
can stand a great deal of hammering. Many plumbing fixtures are made of malle-

able iron.



Unit 3 Machine Elements

However simple, any machine is a combination of individual components
generally referred to as machine elements or parts. Thus, if a machine is com-
pletely dismantled, a collection of simple parts remains such as nuts, bolts,
springs gears, cams and shafts—the building block of all machinery'. A ma-
chine element is, therefore, a single unit designed to perform a specific function
and capable of combining with other elements. Sometimes certain elements are
associated in pairs, such as nuts and bolts or keys and shafts. In other in-
stances, a group of elements is combined to form a subassembly, such as bear-
ings, couplings, and clutches.

The most common example of a machine element is a gear, which, funda-
mentally, is a combination of the wheel and the lever to form a toothed wheel.
The rotation of this gear on a hub or shaft drives other gears that may rotate fas-
ter or slower, depending upon the number of teeth on the basic wheels®.

Other fundamental machine elements have evolved from wheel and lever.
A wheel must have a shaft on which it may rotate. The wheel is fastened to
the shafts with couplings. The shaft must rest in bearings, may be turned by
a pulley with a belt or a chain connecting it to a pulley on a second shaft. The
supporting structure may be assembled with bolts or rivets or by welding.
Proper application of these machine elements depends upon knowledge of the
force on the structure and the strength of the materials employed.

The individual reliability of machine elements becomes the basis for estima-
ting the overall life expectancy of a complete machine.

Many machine elements are thoroughly standardized. Testing and practical
experience have established the most suitable dimensions for common structural
and mechanical parts. Through standardization, uniformity of practice and re-
sulting economics are obtained. Not all machine parts in use are standardized,
however. In the automotive industry only fasteners, bearings, bushings,
chains, and belts are standardized. Crankshafts and connecting rods are not

standardized.

New Words and Phrases



