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1. WHY WE ARE HERE: STRESS IS EASY, FATIGUE IS SCARY 

Most Engineering failures are caused by fatigue, fatigue failure is the fracturing of a given material due to cracks induced 
from cyclic stresses.  What makes fatigue so dangerous is that the stress levels that causes fatigue damage are much 
lower than the tensile and yield strength of the material.  This webinar will discuss fatigue and how you can use FEA to 
prevent failures by using stresses extracted from the model to calculate the expected life of a product based on the 
material properties.  In order to extract meaningful stress values, it is vital to have a robust clean mesh that will allow for 
accurate contouring of stresses.   

1.1 WHAT WE WILL COVER 

o It is all about “stress” – Quality Stress Results 

o Accuracy of the Fatigue Calculation 

▫ It is a global question; i.e., how accurate are your loads? 

o Are you chasing stress at a stress artifact? (sharp corner, fictional loading (point loading) 

o Is your stress value robust? 

o Basic, first order high-cycle fatigue is simple if you can keep focused to the bigger picture 

o Fatigue starts from surface defects; therefore focus on the surface stress 

o Multiple stress states can be complex.  We’ll talk briefly and then run for the exit 

1.2 WHAT WE DON’T COVER 

• Low-cycle fatigue damage (plastic damage) 

• Multi-axle fatigue damage 

  



 

 

 

User Guide: Understanding FEA Stress and Fatigue Mechanics 2019 

AppliedCAx.com / Predictive Engineering - Please share with your friends and visit us online at www.AppliedCAx.com Page 6 of 18 

2. WHAT WE KNOW ABOUT STRESS AND FATIGUE 

A selection of some consulting projects at Predictive Engineering where fatigue has played a role: 

 

3,000 HP 8-Speed Transmission Bolted Flanges Norton Motorcycle Crankcase 

 

 
 

Open-Pit Mining Apron Conveyor Off-Shore, High-Speed Winch 100 kW Wind Turbine Tower 
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Bus Seat Seismic Analysis  PSD Analysis of Cube Satellite 

 

 

 

Close-Up View of Bolted Connection High-Speed Cone Crusher 
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Composite Aviation Container Magnetic Bearing 500 kW Generator 

  

Helicopter Tail Rotor with Bolted Connection High-Temp Furnace Bolted Connection 
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3. STRESS MECHANICS 

3.1 WITHOUT A FOUNDATION, IT IS DIFFICULT TO TACKLE MORE DIFFICULT SUBJECTS 
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3.2 LET’S START WITH THE OBVIOUS – THERE IS A HOLE – THE BASIS OF ALL FATIGUE CALCULATIONS 

Stress Flows      
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With Pure Shear – Stress Concentration 4x 

 Images courtesy of www.FractureMechanics.org 
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3.3 LET’S PLAY WITH AN EXAMPLE MODEL 

What does stress mean – it is force over area.  Is von Mises telling you the whole story?  What does a negative von Mises 
indicate? 

 

The Big Picture – von Mises Close-Up View 

  

 

3.4 SOME STRESS MECHANICS TO THINK ABOUT? 

o Under tension we have a von Mises stress ~1,000 psi at the top of the hole; 

o Is it tensile or compressive?  What happens if we put the sample under compression? (Model / Output / Calculate) 

o Is the stress converged?  How does the centroid and nodal stresses differ? 
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4. FATIGUE – 1ST ORDER  

4.1 LET’S JUST CUT TO THE CHASE IS YOUR MAXIMUM STRESS < 80% YIELD STRENGTH? 
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 WHY FATIGUE IS SNEAKY AND FEARED 
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 SURFACE EFFECTS AND UNDERSTANDING MEAN STRESS 
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 CORRECTING FOR MEAN STRESS 

  



 

 

 

User Guide: Understanding FEA Stress and Fatigue Mechanics 2019 

AppliedCAx.com / Predictive Engineering - Please share with your friends and visit us online at www.AppliedCAx.com Page 16 of 18 

 UNDERSTANDING FATIGUE CURVES – IT TAKES TIME AND A STATISTICAL MINDSET 
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 MY FAVORITE FATIGUE REFERENCE 
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5. CLOSURE / SUMMARY / LET’S WRAP THIS UP! 

o Your fatigue calculation is only as accurate as your stress calculation; 

o Little variations in stress can cause large variations in fatigue life calculations; 

o All materials have defects and where there is a defect there is a stress concentration; 

o Think statistically and assume variability in load and material data; i.e., adjust 
conservatively your numbers on the first pass.  If it doesn’t work, shave your margins 
with eyes wide open; 

o The standard concept of for infinite fatigue life as ½ the yield stress is well grounded in 
metallurgical reality and engineering mechanics; 

o You made it.  Congratulations – you now know more than 90% of your colleagues about 
FEA stress interpretation and the fundamentals of fatigue. 

 

 

 

 

Thank you! 
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