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Fatigue failure theories  
Stress analysis  

Shaft and rotor of a turbine  

CAE model of shaft  
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Fatigue failure theories  
Finite element analysis: rotating shaft  

Deflection due to load: w1 

Initial  

Deflection due to load: w2 

FLoad:  
ÅTime varying  
ÅFully reversed  
ÅRepeated load  
ÅFluctuating load, etc.  

FMaterial:  
ÅFatigue strength  
ÅTensile strength  
ÅEndurance limit  
ÅCycles to failure  
ÅReliability  
ÅEnvironment effects  
Åetc.  

FDesign (geometry):  
ÅStress concentrations  
ÅTypes of loads  
ÅSurface finish  
ÅResidual stresses  
Åetc.  

 

Parameters to consider  Load levels increase/decrease  



     Mechanical Engineering Department 

Fatigue failure theories  
Stress analysis: rotating shaft  

F Bending (normal) stress  
may vary over time, 
however, it can be 
considered fixed at a 
particular load level  
 

F Stress variations, at any 
point A, may induce fatigue 
failure by bending  
 

F 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)  
 

Normal stress at point A 
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Fatigue failure theories  
Stress analysis: rotating shaft  

F Transversal shear stress  
may vary over time, 
however, it can be 
considered fixed at a 
particular load level  
 

F Stress variations, at any 
point A, may induce fatigue 
failure by shear  

F As shaft rotates (at a 
specific speed), sections 
are subjected to repeated 
transversal shear stress .  
See point A: stress varies 
from zero to maximum as a 
function of time (as shaft 
rotates)  
 

Transversal shear stress at point A 

0=t

maxtt=

A 

A 

A 
maxtt=

0=t

0=t



     Mechanical Engineering Department 

Fatigue failure theories  
Stress analysis: rotating shaft  

A 

A 
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F Torsional shear stress  may 
vary over time, however, it 
can be considered fixed at 
a particular load level  
 

F Fluctuations in torsional 
stress may induce fatigue 
failure by shear  

F Torsional shear stress 
varies only when applied 
torque (load) changes : 
fluctuating stress   
 Torsional shear stress at point A.  Obtained 

when only the applied torque (load) changes, 

Please note pre-load/mean value 

meantt=

mintt=

maxtt=

Fluctuation of torque (wrt to mean/fixed value)  

Fixed torque  




