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Mechanical Materials

.~ Mechanical Properties of Materials

The choice of a proper material requires the consideration of
such factors as available materials and their relative cost, strength
and rigidity, resistance to fatigue load, weight, size, shape of the
member, damping capacity, resilience, toughness, hardness,
ductility , electrical and thermal properties, resistance to wear or
corrosion, cost of fabrication, casting and forging characteristics,
machinability and friction characteristics. In general, the
material from which a machine element is made must enable that
part to perform its function satisfactorily during its life-time, and
it must be economically suitable, that is, cost of material, cost
of fabrication and cost of maintenance must be considered. The
designation of the material and its treatment will appear either on
the detail drawing of each machine element or in a list of
instructions for the shop.

For the optimum use of engineering materials, it is very
important to have complete information regarding their mechanical
properties such as strength, elasticity, stiffness or rigidity, ductility,
hardness, resilience, toughness and creep. The technological
machinability ,
bendability, and

properties such as weldability, forgeability,

malleability , castability are also equally
important for the proper selection of a material because these
ultimately decide the manufacturing process to be used for the
fabrication of a machine element.

Strength. Strength of a member depends upon the type and
nature of loading. It is defined as the ability of the material to

withstand deforming action of the applied forces so that the member

rigidity [ ri'dziditi |

n. BB ZIAR, RIME, AR
damp|[ demp |

n. 24,

a. g

v. P & I, TR
machinability [ mafiina'biliti |
n. AU A oM By )
instruction [ in'strafon ]

n REBLA(H), #KF, 45
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does not lose its usefulness and performs its required function in
the machine. The static elastic strength, o, of a material is the
maximum stress that can be applied without causing any
permanent set. This is shown by point A on the stress-strain
diagram, Fig. 1 — 1, and is called the elastic limit of the
material. The yield strength o, is the stress magnitude which
corresponds to a definite amount of permanent set, usually 0. 10
or 0. 20 percent of the original gauge length ( Point B on the
stress-strain diagram ). The ultimate strength or static fracture
strength o, is the maximum stress reached on the stress-strain
diagram ( Point C, Fig. 1 — 1). The endurance strength or
endurance limit, o, of a material is the maximum completely
reversed stress that can be applied to a standard specimen in
reversed bending for an indefinite number of cycles without
causing failure. The impact strength is generally expressed as the
amount of energy that can be absorbed by a standard specimen

without failure.

Stress o
Stress o

permanent [ 'parmanant |
adj. KA EH

magnitude [ 'magnitju:d |

n. KA, #F, EX, X,
T4

fracture [ 'fraektfs ]

noBE, B, R

v. (42) BA, (f2) R
stress-strain | stres-strein |

n. g A-EE

specimen [ 'spesiman |

n. A, HA
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Strain §
(a)Brittle Material
Fig. 1 -1

Stress-strain diagram

Proportional 1imit(0.00% offset)

Proof stress(0.01% offset)

A7

Strain &

(b)Ductile Material

Stress X,1000kg/cm?
w
~

/ / Yield strength(0.2% offset)

P k
sl K
0 0.1 0.2 0.3 0.4
Elongation in standard length,%

L L

Fig.1 =2 Shows the stress-strain diagram for two

materials of the same strength and hardness



Elasticity. Elasticity is the property of the material by virtue
of which it can regain its original shape and size when deforming
forces cease to act. The modulus of elasticity of a material is
indicative of its stiffness. Plasticity is the property of the material
that enables the formation of considerable permanent deformation
in it without rupture. The plastic deformation of the material at
temperature lower than recrystallizaton range increases its
hardness and strength because of strain hardening effect.

Ductility and Brittleness. Ductility is the ability of a
member to deform plastically prior to fracture. Fig. 1-2 shows
the stress-strain diagram for two materials of the same strength
and hardness. Brittleness and ductility are opposed to each other.
The less the plastic deformation prior to failure, the more brittle
is the behaviour of a member, or in other words the less ductile
is the behaviour. There is no absolute measure of ductility. The
percentage elongation and percentage reduction of area of
fractured specimens are used to measure the relative ductility of a
material. A material having less than 5% elongation is called
brittle and one having more is said to be ductile. The ductility of
a member is primarily affected by temperature, geometry or
complexity of loading and rate of loading. Forming, forging,
peening, bending, extruding , wire drawing and rolling are
some of the manufacturing processes that depend on ductility.
Ductility of a material makes it extremely useful for members
having stress raisers and subjected to cyclic loading. Ductile
materials also absorb larger shock load without breaking.

Hardness. Hardness is the property of a material to resist
penetration, abrasion or scratching and is indicative of wear
resistance under certain conditions. It is usually expressed by
numbers which are dependent upon the method of making the
test. There are four methods that are used to find the hardness of
a material, namely Brinell, Rockwell, Vickers and Shore. The
first three methods are, however, extensively used. A useful
correlation exists between the hardness of a material , the tensile
strength, endurance limit and wear resistance. The tensile
strength of steel in kilograms per square centimeter is
approximately 34 times the BHN.

The Brinell hardness number is experimentally determined
by applying a standard load p through a steel ball of standard

diameter D. For an impression diameter of d, the value is

recrystallizaton [ ri:'kristolaiz |
v. T4 dh

peening| piming | n. "% #
extrude| eks'tru:d |
v. B E &

tensile strength

n. FL5%

impression [ im'pre[on |
n. JREP, JRIE
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The Rockwell hardness number is experimentally determined
by measuring the depth of penetration or indentation under load
tip that may be a steel ball or conical diamond. There are two
scales namely B and C for measuring Rockwell hardness of
materials. The relationship between the Rockwell hardness and

Brinell hardness are given by

47
RB =BHN -—m +0. 154

R. =88(BHN/0. 162 -192)

Manufacturing operations such as cold-work , quenching and
tempering change considerably the hardness of a material.

Toughness. Toughness is the property of a material by virtue
of which it can be plastically deformed under a heavy load before
rupture. It is an extremely desirable property in parts subjected
to shock and impact loads. The modulus of toughness is obtained
by integrating the stress-strain diagram up to fracture.

Resilience. Resilience is the property of a material to absorb
energy and to resist shock and impact loads. It is expressed as
the amount of energy absorbed per unit volume within elastic
range. It is an essential property for spring materials.

Creep. If a part is subjected to a constant stress at high
temperature for a long period of time, it will undergo a slow and
permanent deformation called creep.

Machinability. The relative ease with which a given
material can be machined, or cut with sharp edged tools is called
its machinability. The machinability rating of a material is a
number, usually a percentage, and refers to the relative ease of
cutting as compared to some other material whose -cutting
properties have been chosen as standard. Good machining steels
are usually soft and brittle. At times sulphur and manganese are
added to improve the cutting properties of the materials. Steels of
best machinability have BHN 187 to 217.

Malleability. 1t is the property of a material that enables it
to be hammered or rolled into any desired shape without rupture.
Copper and aluminium are malleable metals. Most of the
mechanical properties except impact strength tend to decrease

with increasing temperature.

— f —

quenching[ kwent[in ]
n. %K,

temper| 'tempa ]

n. ¥ &

rupture | 'raptfa ]
v.BRE, B

no R, RR

sulphur| 'salfa |

n. FLER

manganese

[ 'menga,niiz, -, nis |
n. %k



These properties of materials can easily be determined in the
laboratory by conducting tests on standard specimens. The
common tests are :

(1) Tension.

(DUltimate strength.

(2)Yield strength.

(3)Elastic strength.

(4)Percentage elongation.

(5)Percentage reduction in area.

(2) Compression.

(3)Bending.

(4) Torsion.

(5 ) Fatigue.

(6) Impact.

(7 ) Hardness.

. Factor of Safety

The expressions such as safe stress, allowable or permissible
stress and design stress have practically the same meaning. The
stress used in designing a machine must be safe stress if failure is
not to occur. Such stress in also spoken of as allowable stress.

Within elastic limit, the deformation produced is
proportional to the applied load. The yield stress occurs when
there is a continuous increase in the elongation unaccompanied by
increase in the load or stress. The ultimate stress is the maximum
stress induced before rupture.

The factor of safety is a number used to obtain the design
stress. For this purpose, the ultimate stress, the yield stress, the
endurance limit, the creep strength, or some other criterion of
strength is divided by the factor of safety. A statement by many
designers, that failure occurs when a body ceases to perform its
allotted function and that most machine elements will not
properly work after they have received a permanent deformation,
approves of the practice of referring the factor of safety of
members with steady loads to the stress of the elastic limit.

On the hand, since it has been the common practice for
many years, the factor of safety is referred to the ultimate stress
by many designers. Tab. 1 —1 gives some rule of thumb values
of factor of safety for guidance for beginners. It should be noted

that the same design stress is not necessarily obtained when the

deformation[ di:fo:'meifan |
n. W4

allot [ o'lot]
vt. (3= 80) 58, 5k

thumb value 2 ¥4



factor of safety is based on the ultimate stress as when it is based
on the elastic limits stress.

Tab. 1 -1 Factor of safety

. Cast irons, )
Steel, Ductile metals . Timber
Brittle metals
Type of load Based on Based on
i . Based on ultimate
ultimate elastic
. stress o,
stress o, limit o
Dead 3~4 1.5~2 5~6 7
Repeated, one
directional , gradual 6 3 7~8 10
( mild shock)
Repeated , reversed,
. 8 4 10 ~12 15
gradual ( mild shock)
shock 10 ~ 15 5~7 15 ~20 20

The purpose of using factor of safety is to allow for the
following uncertainties which exist in nearly every design.

(1) The maximum loading that will occur in the actual
machine.

(2) The estimate of true strength of the material used.

(3) The actual stress distribution or the uncertainty concerning
the validity of the strength equation used.

In general, allowable stress, safe stress, or design stress =
(ultimate stress or elastic limit stress )/ ( factor of safety ).

The induced stress, as the name implies, is the actual stress
induced in a body under a given loading. It may or may not be a
safe one. Under a certain load, the induced stress will be the
yield point stress, which is not ordinarily considered a safe one.

The expression of working stress is frequently used in
exactly the same way as the design stress in used and some times
in the sense of induced stress. The latter concept is more logical.
However, due to its double meaning, the expression ‘working
stress * should be avoided in favour of the more precise
expressions, ‘design stress’ and ‘allowable stress’ etc.

A wise choice of values for the factor of safety to be used
in a design is essential in order to ensure safety and satisfactory
performance, and to avoid using a larger amount of material
than necessary. In spite of the fact that the choice of the factor

of safety rest upon the judgment of the design, there are many
— 6 S

certain| 'soztn |
a. x—A

rest upon

prep. &5



considerations that may be involved in making a proper choice,
some of which are described below.

(1) Kind of material.

(2) Kind of load.

(3) Nature of stress distribution.

(4) Stress concentration.

(5) Chance of an accidental load.

(6) Danger to life or property.

(7) Cost.

It is to be remembered that in the final analysis, the choice
of the factor of safety rests upon the judgment of the designer,
which in turn depends upon his experience.

In fact, designing is necessarily an experimental procedure
in many instances. Little is known about the actual maximum
loads, and hence a part of a certain material and size is made and
tested. If it does not fail, it may be replaced by a smaller size or
one made of less expensive material. If it fails, a large part or a
stronger material or a change in a particular instance may be
determined from experience. As we proceed with this study, we
should observe how often the method of determining the design
stress is specified for a particular machine element. Then we
should remember that these design stresses are based on
experience and are subject to such revision as experience may

justify.
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How to Read the Expressions

1. Fractions( 4~#¢)

(1)1/3—one third
(2)2/3—two thirds

(3)346/759—three hundred and forty-six over(by) seven hundred and fifty-nine

—three four six over(by) seven five nine
(4)1/2—one( a) half
(5)1/4—one quarter
(6)3/4—three quarters



(7)3 %—»Lhree and four fifths

2. Decimals( /)~ %)

(1)7.54—seven point five four
(2)0.352—zero( naught) point three five two

3. Percentages( & 54%)
5% —five percent r—five per cent

4. Some symbols( — 2t 55 )

(1)-. —because .. —therefore

(2)a'—a prime a"—a double prime a”—a triple prime

(3)a,—a sub one a,—a sub two

(4) JA—the square root of A —the second rood of A
(ﬁ—»the cube root of A —the third root of A
\7/K—>the seventh root of A JA—sthe nth root of A

(5)A* —the second power of A —the square of A —A squared
A’ —the third power of A —sthe cube of A —A cubed
A"—the nth power of A

(6)sinx—sin of x f(x)—a function of x
/ a—angel a | x| —the absolute value of x
log,x—log x to the base n (A +B)—bracket A plus B bracket closed

(7)3 +5 =8—Three plus five equals eight. (and, added to)
8 —3 =5—Eight minus three is equal to five.
3 x5 =15—Three times five makes fifteen. ( multiplied by)
15 +3 =5—Fifteen divided by three equals five. ( over)
A >B—A is greater than B. ( more)
A <B—A is smaller than B. (less)
(8)A o< B—A varies directly as( with) B. (is directly proportional/related to)
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Notes

1. The designation of the material and its treatment will appear either on the detail drawing of
each machine element or in a list of instructions for the shop. 4} 1) 44 FRFIAL B 7 e a2 AE 41
AILAR A B0 40 P KB At e AR i

2. It is defined as the ability of the material to withstand deforming action of the applied

forces so that the member does not lose its usefulness and performs its required function in the

machine. ‘& F5MRHE R E BT E T, HPT AR UEAS 2k 25 Hon] P Fidi g T DO B I RE T .
Exercises

I . Translate the following passage into Chinese.

1. Elasticity is the property of the material by virtue of which it can regain its original shape
and size when deforming forces cease to act.

2. A wise choice of values for the factor of safety to be used in a design is essential in order to
ensure safety and satisfactory performance, and to avoid using a larger amount of material than is
necessary.

I . Translate the following expressions into Chinese.

1. yield strength 2. percentage reduction in area 3. modulus of elasticity



4. Stress concentration 5. wear resistance 6. endurance limit

7. the Rockwell hardness number 8. danger to life or property

Ill. Answer these questions.

1. what does must be considered the material from a machine element ?
2. In order to choose the engineering material , what need to think of ?
3. What does strength of a member depend upon?

4. How many kinds does a material have elongation which is called brittle?



