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Chapter 1 Machine Design

1.1 Introduction to Machine Design

A machine is a powered tool consisting of one or more parts that is constructed to
achieve a particular goal.

Machines are assembled from standardized types of components. These elements
consist of mechanisms that control movement in various ways such as gear trains, belt or
chain drives, linkages, cam and follower systems, brakes and clutches, and structural

components such as frame members and fasteners.
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m James Albert Bonsack’s cigarette rolling machine invented in 1880 and patented in 1881,

Machinery design involves a range of disciplines in materials, mechanics, heat, flow,

control, electronics and production. Good design is the orderly and interesting
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These elements consist of mechanisms that control movement in various ways such as
gear trains, belt or chain drives, linkages, cam and follower systems, brakes and
clutches, and structural components such as frame members and fasteners.
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Chapter 1 Machine Design "

arrangement of an idea to provide certain results or effects. A well-designed product is
functional, efficient, and dependable. Such a product is less expensive than a similar

poorly designed product that does not function properly and must constantly be repaired.

1.2 Fundamentals of Machine Design

1.2.1 The Strength of Mechanical Elements

One of the primary considerations in designing any machine or structure is that the
strength must be suf ficiency greater than the stress to assure both safety and reliability.
To assure that mechanical parts do not fail in service, it is necessary to learn why they
sometimes do fail. Then we shall be able to relate the stresses with the strengths to
achieve safety.

The study of strength of materials often refers to various methods of calculating
stresses in structural members, such as beams, columns and shafts. The methods
employed to predict the response of a structure under loading and its susceptibility to
various fatlure modes may take into account various properties of the materials other
than material yield strength and wultimate strength. For example, failure by buckling is
dependent on material stiffness and thus Young’s Modulus.

+ Strength Terms

1. Yield strength

Yield strength is the lowest stress that produces a permanent deformation in a
material. In some materials, like aluminum alloys, the point of yielding is difficult to
identify, thus it is usually defined as the stress required causing 0. 2% plastic strain. This

is called a 0. 2% proof stress.

Measuring Strength
Stress
g {
Yielding usually occurs at /—\\
very small strains Oy

(about 0.1%) - a 50mm
long specimen stretches
only 25 ™™

Strain
Yield Strength Oy = stress applied at limit of elastic stretch (or at small permanent strain) J

2. Tensile strength

Tensile strength or ultimate tensile strength is a limit state of tensile stress that leads
to tensile failure in the manner of ductile failure (yield as the first stage of that failure,
some hardening in the second stage and breakage after a possible “neck” formation) or
brittle failure (sudden breaking in two or more pieces at a low stress state). Tensile

strength can be quoted as either true stress or engineering stress.
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One of the primary considerations in designing any machine or structure is that the
strength must be sufficiency greater than the stress to assure both safety and
reliability.

BRI AL S5 0 B e B % B R R TSR B M 78 47 K T 32 01, LA R &8 4 Fnnf
.

The methods employed to predict the response of a structure under loading and its
susceptibility to various failure modes may take into account various properties of the
materials other than material yield strength and ultimate strength.

JFH e T A 5 4 7E 7 8T 149 B R ALY 4 o 2R SR = o OB 19 O kL BR T K R
IR iR JEE AR BR 56 BE Ab , 48 %2 FEORE R I 4% Rl RR A

ERAIL

strength 58 B

stress FE 75 0 1
beam R, ZE
column K EFF

shaft Liii

buckling A, e
stiffness W B

Young’s Modulus KB R E)
yield strength Jeth R 52 £
permanent deformation KA 2B
aluminum alloy BEE

plastic strain 98 ¥ AR
proof stress LA FRAL ST B BRI
ultimate strength e R 5 B
tensile strength 7 e i i
tensile stress EDA V|

tensile failure R LR B2
ductile failure SiE A4 T IR
brittle failure i B IR

true stress B
engineering stress TN
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Force Measurement

Grips for
Holding
Specimen
Firmly

Test Specimen

* Thickness 1/8”
Constant Rate
of Motion

® Tensile strength test

3. Fatigue strength
Fatigue strength is a measure of Poor Fatlgue Strength Improved Fatlgue Strength

the strength of a material or a

component under cyclic loading , and is FRETTING
usually more dif ficult to assess than
the static strength measures. Fatigue
strength is quoted as stress amplitude or

stress range (Ac=o0u.x —0min) » usually at

zero mean stress, along with the  Maximum Stressis Hidden Maximum Stress is In Fillet
number of cycles to failure under that Under Bearing Away from Bearing
condition of stress. m Fatigue strength test

¢ Strain (Deformation) Terms

1. Deformation

De formation o f the material is the change in geometry created when stress is applied
(in the form of force loading , gravitational field . acceleration, thermal expansion .
etc. ). Deformation is expressed by the displacement field of the material.

2. Strain

Strain or reduced deformation is a mathematical term that expresses the trend of the
deformation change among the material field. Strain is the deformation per unit length. In
the case of uniaxial loading-displacements of a specimen (for example a bar element) ,
strain is ex pressed as the quotient o f the displacement and the length of the specimen. For
3D displacement fields it is expressed as derivatives of displacement functions in terms of a

second order tensor (with 6 independent elements).

-
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Fatigue strength is a measure of the strength of a material or a component under
cyclic loading, and is usually more difficult to assess than the static strength
measures.

I 57 56 JEE S 4 PRk B 2R A JR 467 U R I AS 8090 ) 19 55 B2, R0 8 528 BBE 11 0] 4k A
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Deformation of the material is the change in geometry created when stress is applied
(in the form of force loading, gravitational field, acceleration, thermal expansion,
etc. ). Deformation is expressed by the displacement field of the material.

FAR 28 T S48 A2 A0 1 CLAR ey g L 5 7 s A B ik 56 T O 4 R A ORHE LA JE
S LML, BIEHMENBERER,

In the case of uniaxial loading-displacements of a specimen (for example a bar
element) strain is expressed as the quotient of the displacement and the length of the

specimen.
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fatigue strength I 57 i JE
cyclic loading JiE 0 2 fey
static strength R S
stress amplitude Il Rz
stress range I 17 35 el
failure KR WA
deformation e

force loading Rl
gravitational field HNY
acceleration i G 7D
thermal expansion P ik
geometry JUfTEAR  JLfal 4544
displacement field (DR:277]
strain g 75
mathematical term B ARiE
unit length B BE
uniaxial loading-displacements R A TR VA A
specimen FE i
quotient T AL
derivatives FH
second order tensor Bk
displacement function (VA AT



