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Fatigue failure theories

Stress analysis
CAE model of shaft
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Fatigue failure theories
Finite element analysis:. rotating shaft
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Load levels increase/decrease Parameters to consider

F Load:

Time varying

A Fully reversed

A Repeated load

A Fluctuating load, etc.

F terial:

Fatigue strength

A Tensile strength
Endurance limit

A
A Cycles to failure
A
A

Reliability
Environment effects
etc.

F Dﬁsign (geometry):
A

Deflection due to load: wy
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Stress concentrations
Types of loads
Surface finish
Residual stresses
etc.
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Bending, normal-
stress distribution
across section

S =S5 max

s =0

S =Smin

Fatigue failure theories

Normal stress at poirt
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(a) Fully reversed

Stress analysis: rotating shaft

F Bending (normal) stress

may vary over time,
however, /it can be
considered fixed at a
particular load level

As shaft rotates (at a
specific speed), sections
are subjected to fully
reversed bending stress .
See point A: stress varies
from tension to
compression as a function
of time (as shaft rotates)

Stress variations, at any
Pomt A, may induce fatigue
ailure by bending
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Fatigue failure theories
Stress analysis: rotating shaft

F Transversal shear stress
may vary over time,
however, it can be

Bending, shear- COI?S;/UQI’@d fixed at a
stress distribution particular load level
across section

F As shaft rotates (at a
specific speed), sections
are subjected to repeated
transversal shear stress .

_ See point A: stress varies

Transversal shear stress at pdint from zero to maximum as a

[ =lmax + function of time (as shaft

rotates)

[ =1 max

time F Stress variations, at any
oint A, may induce fatigue
ailure by shear

(b) Repeated
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Fatigue failure theories
Stress analysis: rotating shaft

F Torsional shear stress  may

TP vary over time, however, /f
. can be considered fixed at
orcion shear. T a particular load level
’ b Tr
stress distribution T=—
across section J .
‘A T F Torsional shear stress
. varies only when applied
AT torque (load) changes .

fluctuating stress

Torsional shear stress at pofat Obtained
when only the applied torque (load) changes, F

_ + Please note pf®wad/mean value
l‘ —fmax 7]

Fluctuations in torsional
_ stress may induce fatigue
... m— Fixed torque failure by shear

[ =1mean

[ =lmin -

NN Fluctuation of torque (wrt to mean/fixed value)

time

() Fluctuating
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Fatigue failure theories
Mechanisms of fatigue failure

F F&tigue failures always begin at a crack

Cracks may be present in raw material used for fabrication
(crystallographic defects; inclusions; etc.)

A Cracks may be introduced during fabrication
A Cracks develop over time due to cyclic loading (& corrosion)
A Cracks develop around stress concentrations

Shatrt failed in fatigue.

Crack initiated at keyway
Shaft with keyway

Fallure due to
orotating ber
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