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1.1 INTRODUCTION

Fatigue refers to failure of materials or structural elements urider the action of repeated
stresses. Fatigue failure is the result of slip occurring along certain crystallographic
directions accompanied by local crystal fragmentation rupturing the atomic bonds, and
thus leading to the formation of submicroscopic cracks which soon become visible cracks.

Fatigue failure is particularly dangerous since the incipient cracks are often unseen and the
failure may finally occur with disastrous suddenness in high speed machines or vehicles.
The advance of the cracks is slow initially, With inspection at frequent intervals and
rejecting or rectifying parts which have developed cracks, loss of the member may be
avoided. :

Surface fatigue occurs under high concentrated compressive loads between two rolling
surfaces such as ball bearings and gear teeth and results in spalling or flaking of the
material on one or both surfaces. This is usually caused by high shearing stresses below
the surface.

 Objective
To determine the endurance limit of a specimen of material by fatigue tests.

12 THEORY

In fatigue testing, a specimen is subjected to periodically varying stresses by means of
mechanical devices. The applied stresses may alternate between equal positive and
negative values, from zero to positive maximum or negative values, or between unequal.
positive and negative values. The most common loading is alternate tension and.
compression of equal numerical values. A series of fatigue tests are made on a number of
specimens of the material at different stress levels. The stress endured is then plotted
against the number of cycles sustained. By choosing lower and lower stresses, a value may
be found which will not produce failure, regardless of the number of applied cycles. The
stress value is called the “fatigue limit".

Some materials (generally those with a well defined yield point) have what is known as an
“endurance limit”. This is the maximum unit stress that can be repeated through a definite
range, an indefinite number of times without causing structural damage. Generally, when
no range is specified, the endurance limit is intended for a cycle in which the stress is
varied between tension and compression stresses of equal value. For a different range, if f
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is the endurance limit, Jfy the yield point, and r the ratio of the minimum stress to the
maximuin, then the relationship between endurance stresses is given, approximately, by

2f

(1—r)+(1+r)x£
b
A range of stress may be resolved into two components --a steady, or mean, stress and an
alternating stress, The endurance limit sometimes is defined as the maximum value of the
alternating stress that can be superimposed on the steady stress an indefinitely large
number of times without causing fracture. If f, is the endurance limit for completely

reversed stresses, s the steady unit stress and £, the ultimate tensile stress, then the
alternating stress, f,, may be obtained by the relationship of the type

Ja =f[1—j%] ...(1.2)

Jmax =

(L)

where n lies between 1 and 2, depending on the mechanical properties of the material.

1.3 APPLICATIONS

Fatigue loading is a design consideration usually limited to main supporting elements for
heavy vibrating equipment, large cranes, moving equipment, etc, Where fatigue must be
considered, a member’s strength depends on the applied stress range, the number of cycles
of stress changes, and the type of detail. The allowable stress range in a tension member is
the difference between maximum and minimum stress. In a member subjected to stress
reversal, the allowable stress range is the numerical sum of the maximum tension and
maximum compression stresses. Fatigue is not a consxderauon in members that are
continuously in compression.

1.4 APPARATUS

For conducting the experiments, the apparatus include
1).  Testing machine.
2)  Testspecimens.

1.4.1 Testing Machine

In direct stress fatigue testing machines the stress distribution over the specimen

cross- section can be uniform or non-uniform. There is no restriction on specimen
geometry and non-zero static mean loads (tensile or compressive) may be applied in
conjunction with the cyclic component. Control of the stress amplitude in purely
mechanical machines may be achieved by controlling the speed of operation or by some
specific change in the mechamcs
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(a) TENSION-COMPRESSION MACHINE

Figure 1.1 : Fatigue Testing Machine -



Figure 1.1 shows the simplest tension-compression machine of the centrifugal type. The Fatigue Test
rotating hammer produces a centrifugal force. The frame provides the guides for the

wheels of the rolling carriage and one end of the specimen is fixed to a movable carriage.

When the specimen breaks, the carriage moves forwards and hits the stop-motor switch,

automatically switching off the power supply to the machine. A counter is attached to

record the number of cycles of operations.

1.4.2 Test Specimens

First the test specimen has to be prepared prior to subjecting it to a fatigue test. This is
because the majority of fatigue failures originate at the free surface in the metal, and,
consequently, the fatigue strength of a test piece may be greatly influenced by conditions
at the surface. The preparation of a series of test pieces for a fatigue determination should
take account of this relation to the purpose for which the fatigue determination is to be
undertaken, In preparing test pieces, without and deliberately introduced stress
concentration, the machining and polishing technique employed to form the test portion
should be designed to minimize surface imperfections and residual surface stresses and
other effects, such as overheating.

1.5 TEST PROCEDURE

The number of test pieces used in a fatigue determination may vary over a wide range
according to the nature of the information being sought. Where the experiment is of a
statistical nature, the number may be very large. If each test piece is an expensive machine
part, the number shall be small.

Many fatigue determinations emplaoy at least 10 similar test pieces, each of them being
subjected to a particular stress amplitude until either failure occurs or until a predetermined
number of cycles have been reached without failure. The values of the stress amplitude
applied to the individual test pieces should be so chosen as to result in one test piece
remaining unbroken at the predetermined endurance and test piece broken at a very
slightly different value. The remaining test pieces should be subjected to stress amplitudes
which result in falling over a range of endurances sufficiently wide to be plotted against
the stress amplitude so that a curve may be drawn through the points. This curve is
generally referred to as the Woehler curve. The range of endurances covered by the tests
depends upon the information being sought from the determination.

Criterion of Failure

In the majority of fatigue determinations, the criterion of failure is either the occurrence of
a visible fatigue crack or complete failure. It should be noted that in particular applications
plastic deformation of the test piece or rate of crack propagation may be taken to mean the
end of the test.

1.6 OBSERVATIONS AND CALCULATIONS

SLNo | Specimen | Maximum | Minimum | Stress No, of Remarks
No Stress Stress Amplitude Cycles,
kg/sqem | kg/sqcm “S” Max. “N»

Value/Min.
Value
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stress amplitudes comresponding to (1) the minimum numbet of endurance cycles, and

(2) maximum number of cycles of endurance cycles for fatigue failure.
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Figure 1.2 : SN (Weehler) Curve with Linear Stress Scale
1.7 RESULT
The maximum endurance cycles are = , and
the corresponding stress amplitude is = kgfeq cm.
The minimum endurance cycles are = , and
the corresponding stress amplitede is = kg/sq cm.

1.8

COMMENTS

Explain the test conditions and the type of fatigue failure observed.

19

PRECAUTIONS

n

2)
3)

4)
5)

SAQ

The general procedure adopted in arriving at full load running conditions should be
same for each test piece tested in a fatigue determination. and should be controlled
by-the type and conditions of the test being undertaken.

The speed of a rotating test piece in a bending fatigue test should be increased to a
value approximating to that required for the test before any load is appliied.

The load should be raised incrementally or conﬁnuously, but without shock, to the
required value as quickly as is canvenient.

Tests should be run continuously until failure of the test pieces occur.
Overheating of the specimens should be avoided during testing.

i)  Which type of members suffer fatigue failure?(
ii}  Can a member continuously under compression [ ail by fatigue?,

iit) What effect do surface imperfections and residual surface stresses have on ibhe
fatigue failure of a test specimen?
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