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FEA timeline
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Dangerous trends
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Numerical simulation is 

being confused with finite 

element modeling.

Recipe for generating mis-

information on  a very large 

scale.



Outline

Formulation and application of design rules

A new class of predictors for high cycle fatigue

Calibration

The design curve: Ranking

The case for simulation governance
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Design rules
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Application of design rules

Designers are obligated to consider the worst case  

scenario:

Numerical errors penalize design

Certification of design is not possible without knowing 

the numerical error
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FmaxÒ Fall

| Fmax - Fnum| Ò tFmax

Fnum = (1 ït) Fmax

FnumÒ (1 ït) Fall



Design rules for high cycle fatigue of metals

Goal: Establish design rules, given S-N data 

from coupon tests

Account for arbitrary cycle ratios

Formulate statistical models of S-N data

Define predictors of damage accumulation for the 

generalization of S-N data

Estimate the value of each  predictor for the objects of 

interest 

Calibrate the predictors 

Rank the predictors (order of predictive performance)

Update the design rules: Simulation governance
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Design/certification methodologies

Safe life design

Damage tolerant design

Flaw-tolerant safe life design

Barely detectable flaws will not initiate a propagating 

crack within the service life of a component.

Clearly detectable flaws will not initiate a propagating 

crack between inspection intervals.
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Stress

We will consider macro-mechanical stress: Average 

stress over a representative volume element (RVE)

Metal fatigue is a highly nonlinear process: Irreversible 

changes (dislocations) accumulate over time, leading to 

crack initiation

Phenomenological models are used for correlating 

failure events with macro-mechanical stress cycles.
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Classical machine design
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Petersonôs notch sensitivity factor
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0.035ò
0.0035ò

Source: W. D. Pilkey, Petersonôs Stress Concentration Factors, 2nd Edition, 

John Wiley & Sons,  New York (1997) p. 39. 



SAE shaft ïbending
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Formulation
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Generalization
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Formulation of predictors
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The effect of notches
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Dogbone specimen

Double edge notched

tensile specimen



NACA/NASA fatigue data
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Specimen types #1, #8, #9
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NASA test specimen type #9 (Kt =4.0)
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NACA test specimen type #6 (Kt =4.0)
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Fillet radius: 0.0195 Ñ0.0005 inches

Specimen used for calibration



Statistical models
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Calibration curve for Model 2a
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Profile likelihoods for A3
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Calibration for b
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Calibration for b
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Empirical and predicted CDFs (a= 0.5)
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Specimen type #9: Which a?
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