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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 me-
chanical 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 ade-
quate 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 deflection. For
identical shapes, the stiffness is proportional to the modulus of elasticity.

Ductility. Ductility refers to the capacity of a material to undergo deformation 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 load-
ing, 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 usually by in-
dentation. However, the term may refers to stiffness or refer to resistance 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 bending or the

application of shear stresses without fracture .

New Words and Phrases
essential [i'senf (2)1] adj. FEK, BEH
sound [saundladj. 2K, REH
conduct [ ken'dakt]vt. L, #47, $EF
experimental [ik'speriment (2)1] adj. ZEHE(tE)HY, RER®
specimen ("spesimon]n. R, A
strength [ strepp]n. &



tension [ ‘tenf (a)n] n. K (HL)F, HfF
compression [ kem'pre] (a)n] n. EJ; ES
shear [ fis (r)] n. BY(4D)

bend [ bend]vt. Zif

bending strength $125 &

stiff [ stif Jadj. WI(YE) M

stiffness [ 'stifnisIn. WIE, 3B8EF

impact ['impeaekt In. Wi

ductility {dak'tiloti]n. (B, ¥IE
hardness [ ha:dnis|n. fERE

toughness n. ¥, ¥IE

load [loudIn. IER, |

sustain [so'stein]vt. X%, #ERF

undue {an'dju;; (US)andu:) adj. AHEH, REHW
distortion [dis'to:fan]n. A, EH

failure [ feiljo (r)] n. #E, FH, AE, Hrad
subject [ sab'dzekt]vt. ff---3Z |

be subjected to+ 5 % B+

per prep. EH, B

elastic [ i'lestik Jadj. LK

elastic deflection 3P4 (¥l ) Z2TE

elasticity [ilaes'tisitiIn. 3£

modulus [ ‘modiules Jn. A

modulus of elasticity P&

deflection [diflekf (2)n] n. fR%¥, #Hl
identical [ ai'dentik (2)1] adj. Fl—H, R
proportional [ pra’porfon (2)1] adj. HHIE, HRK 3]
capacity [ kapasitiln. F#&, EH; g8hH
deformation [ diformeif (2)n] n. &, B
drawing ['droigln. 20, fK

wire drawing Tl 2

blow [ blauln. T, et

single blow —ifi, — FF

Charpy impact test () hERE

plastic [ ‘pleestikJadj. 3¥HE, "THEK



plastic deformation 38 ¥4 %5

indentation [ inden'teif (a)n] n. KR, EH
scratch [ skr&:tj] v. RE

abrasion [a'breiz(a)nln. #{h, BE#H

employ [im'ploilvt. ), X

Vickers test ZE [C B8 3 i 3%

Brinell test 7 [X 88 & il 50

Rockwell test 3% [X 5 B A 36

withstand [ wig'steend Jvt. #KHT, £/ E
fracture [ frektfa(r)]v. & n. Wi, HH

Notes
1. Mechanical properties are the characteristic responses of a material to applied forces.
T RE RN AR 3 BT % ) B R R 1
“applied forces” FETZ ],
“response” 94, “response to-:” BH “Xft--BIRRL”, “response to ap-
plied forces” B %% “XtPrZ HHRAL" .

2. Material should have adequate strength when subjected to tension, compression,
shear, bending or torsion as per the intend use, MR EREMEETMRA., K.
3., TAHENIRAEBKEE.,

“as per’ REAME, BR BRE, ®R,
“when subjected to tension**+” A BE “itis”, Bl “when it is subjected to tension
=" “it” 18 “material” .
3. Ductility refers to the capacity of a material to undergo deformation under tension

without rupture as in a wire drawing operation .

WP RIEM AT R AT (ML BE)MABBRNEES .
“as + MHIREEE", A[EX “M--". “--". “as in a wire drawing operation”
ER B2 BRIET

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 impor-
tant 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 property of
malleability ().

{(4) Tensile strength is that property which resists forces acting to pull the material a-
pat ().

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

(6) For any shapes of material,, the stiffness is proportional to the modulus of elastici-
ty. )

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. Ferrous metals
are those which contain iron. Non-ferrous metals are those which do not contain iron. How-
ever, some non-ferrous metals may contain a small amount of iron as an impurity.

Steel and cast iron are the most common ferrous metals in general use. Steel is an al-
loy containing chiefly iron, carbon, and certain other elements in varying amounts. A wide
range of physical properties may be obtained in steel by controlling 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 sili-
con, sulphur, phosphorus, and manganese. Alloy steels are formed by the addition of one
or more the following elements: nickel, chromium, molybdenum, 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 hardness 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 contain. 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 (.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 carbon 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 amount 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 tough-
ness 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 corrosion resis-
tance is the dominant requirements.

Tool-and-die steels are a large group of steels used when careful heat-treating 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 are white iron, gray iron, and malleable

iron .



There are two general kinds of steels: carbon steel and alloy steel. Carbon steel con-

tains only iron and carbon, while alloy steel contains some other “alloying elements” such
as nickel, chromium, manganese, molybdenura, tungsten, 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 machine 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 quicker 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 paris because the alloying elements
make them tougher, stronger, or harder than carbon steels. Seme alloying elements cause
steel to resist corrosion, and such steels are called stainless steels’ .

Heat-resistant steel is made by adding some tungsten and molybdenum, while man-
ganese 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 car-

bon, may do the work at much higher speeds than carbon tool steels*



New Words and Phrases

nickel [ nik(2)1]n. &

chromium [ 'krsumism]n. 4%

manganese n.

molybdenum { ma’libdinem Jn. 4§

tungsten [tagst(a)n]ln.

vanadium [ voneidism]n. A

medium [ ‘midiam]n. HEY; M adj. PHEK; FEE; B

tool steel T E4H

harden ['haxd(a)n]v. BEfk; &k

self-hardening steel B 14

bolt [boult In. &

gear [gia(r) In. ¥

bearing [ ‘besrinin. &

shaft [ Ja:ft n. %

corrosion [ katouz(a)n]n. /&

stainless [ steinlis]adj. R&KH

fine [fainladj. 4/MH

heat-resistant i # #9

heat-resistant steel fif #.44

high-speed & £ [

high-speed steel B & ¥
Notes

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

HABEARN B E R E R

“also known as self-hardening steel” 4 4317 55 B 1E € 1§, B W “high-speed

steel” .

BEME—MAAE. &. E44TXNEEETITAMN, ETUEEST
EiF7EE, EMFR “self-hardening steel”, L FRAUX o

2.The more carbon the steel contains and the quicker the cooling is, the harder it be-

comes .

AEARBRM, AERE, NRTERE,
“the + BB+ (MAD) + the + HERG (E4))" SR BB Z



i

.

F AR BORIE MBI N “The more carbon the steel contain and the quicker the
cooling is” s F A “the harder it becomes” . ] —1~ “the” FIFE =4 “the” ¥y
HBIE, SRFIHBEA IR HLBERIENG, EXFHERT, H—1 “the” H
%4 F “by so much”, A “the” MY F “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 stain-
less steels.

HAGSTRERBMOMME, RENEE (ERWNOEM L), FEEET
RAER A MMM, X MARBASEN,

AP “make” F “cause” ¥R RYIFHE, EMIWEEDTHA “them” F
“steel” o ENEIE “them” W RIBREHFALBEA “tougher, stronger, harder”
&, IEERNEIE “steel” WA RIBRAEREE “to resist corrosion” o

“stainless steels” f&FiH “such steel” I RIE,

4. Tools made of high-speeds than carbon may do the work at much higher speeds than
carbon tool steel.

BEMAMRY TN REULRETANESZHEEATIHMT,

“made of high-speed steel” YEX4>1a 48 1&, 1B “Tools”, T “containing tung-
sten, chromium, chromium, vanadium and carbon” 25 —/HAMIBIEFEERE, B
M “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. ()

(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 resist corro-
sion. ()

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 hard-

ness 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 carbon contain-
ing about 3% to 3. 5% carbon, and more than 1% silicon. These are large amounts of
catbon 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 over-
comes 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 withstanding 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 malleable iron.



However simple, any machine is a combination of individual components generally re-

ferred to as machine elements or parts. Thus, if a machine is completely dismantled, a
collection of simple parts remains such as nuts, bolts, springs gears, cams and shafts—
the building block of all machinery'. A machine element is, therefore, a single unit de-
signed to perform a specific function and capable of combining with other elements. Some-
times certain elements are associated in pairs, such as nuts and bolts or keys and shafts. In
other instances, a group of elements is combined to form a subassembly, such as bearings,
couplings, and clutches.

The most common example of a machine element is a gear, which, fundamentally, 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 faster 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 cou-
plings. The shaft must rest in bearings, may be tumed by a pulley with a belt or a
chain connecting it to a pulley on a second shaft. The supporting structure may be as-
sembled 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 em-
ployed .

The individual reliability of machine elements becomes the basis for estimating 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 resulting economics are obtained. Not
all machine parts in use are standardized, however. In the automotive industry only fasten-
ers, bearings, bushings‘, chains, and belts are standardized. Crankshafts and connecting
rods are not standardized .

New Words and Phrases
combination [ kombineif(a)nln. A&

individual [ indi'vidjuolladj. BIhH, &8, MHIK; FEERH
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component [ kem'pounant In. JGiF, Wi, Y
refer to #§ 81, KN, WKk, XF
dismantle [ dismant(a)1]vt. sHE(HLEE), KR, IRE
nut [nat]n. $RF
spring [sprin]n. W, W%, EH; #Sfy, 4, v. #EAE, Mk
cam [kem]n. ¥, ROR; BR, BE, HER
machinery [mofimoriln. #13§
perform [ pafom]v. 4T, TR, &
capable of fE ¥
combine with 5 & &
associate [aseufist]v. Bk&, @&, &, &F
key [ki:]n. 8, m4, FFL; B8, #: Hk
in other instances 7E L § /L T
subassembly [ sabo'semblin. &4, -, P4
coupling [ 'kaplip]n. BEBMYT, BeEhaE; B4, KaH
clutch [klatfIn. B4 2%, BEBHEE; LBEEE
fundamentally [ fands'mentsli]adv. (A)RAE k
hub [habln. ##, &#&; W&, £V, #&; PO, PK
depend upon BUER T, KT
evolve [ivolvlv. #fL, H%; HRE&, RE, BT
assemble [o'semb(a)1]v. %3k, %A, @&; £4, &£+ n. 4F
rivet [rivitIn. #0147 v. &3, &
weld [weld]v. &n. B, BE
reliability [rilaio’bilitiln. AJ§EtE, L&, HHtE
estimate [‘estimot]v. ffiit, fH&, 18, WE, ¥Hh
expectancy [ ik'spektonsi]n. $HH, HiH
thoroughly [ arali]adv. FE&#y, FoH, B
standardize [ ‘stendedaiz]vt. ARMEA, G—iniE; tRE, RHE
establish [i'stzblifivt. HE, &2, A; &8, 8, F&; EBE
dimension [dimenf(s)nln. R+, RE; EHE, 7@
uniformity [ junifomatiln. ¥5#, —EHE
obtain [obbeinlv. %18, BT, K3; &, FE, RL; Wi, BT
automotive [otomoutiv]adj. BEIM, BIHEK
Notes

1.Thus, if a machine is completely dismantled, a collection of simple parts remains



