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Progress of Fatigue Analysis

• Early 1980’s - Commercial fatigue software available.  
– Based on measured strain data (nSoft,  Fatimas)�

• 1988-89 - P/Fatigue launched as first commercial CAE 
based fatigue solver.

• 1990’s - MSC.Fatigue becomes fully featured FE based 
solution.

• 2000’s - CAE widely adopted as development times 
shorten.

So:

• Why is test based fatigue still used ?
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Advantages of CAE fatigue

• Covers the whole component or structure.
• Can be used earlier in the project before prototypes are 

made.
• Changes can be tried quickly and easily.

– Material selection
– Loading
– Manufacturing
– Weight optimisation

• Controlled environment – no variation due to tolerances 
in manufacturing or material.

• Easy to understand with mapping of results onto 
component.



4
01-Mar-07

Why use Test based fatigue?

• Customer acceptance often demands on physical tests
– Use gauges on the prototype

– Monitor the test – from the outset

• It is believed to be “right”

• Results include complex non-linear behaviour

– Contact
– Rubber bushes

– Damping
– Bolted flanges

• Can provide verification for CAE models.
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So Which is best ?

• CAE is good for back-to-back comparisons

– Not so good at absolute results (without feedback and 
experience)�

• CAE relies on the engineering inputs - judgement

• Test includes effects you had forgotten to include

• Test includes effects that should not have BEEN included

– Test rig resonance

– Over-restrained

• Test results can include statistical scatter

– But more than one has to be tested!

• Test does not tell you that it was about to fail (near miss)�

• CAE can differentiate between test-rigs and real service
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Barriers to Collaboration

• Compatibility between data files:

– CAE Software – Nastran, Patran, Hypermesh, Ansys, Abacus etc

– Test results – Signal acquisition hardware
– Test rig systems

– Loading files – from rig/test to CAE input

– Loading files – from test into Adams/MBD
– Materials data files.

• “Power Bases” opposed in CAE and Test departments.

– Enhanced by use of special language
• “Load Case” == “Measurement channel”

• “Model” == “Component”

• “Input Deck” == “Specification”

• “Restraint” == “Fixing”
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What does CAE want from test ?

• Feedback – numeric and human

– Did you see any small cracks here ? (which side, direction ?)�

– Does it return to the starting position ? (plasticity)�

– How hot did it get ? (dampers, composites)�

• Non-fatigue values – modelling techniques

– Global stiffness

– Confirmation of Local displacements

• Loading signals – realistic inputs (but nice 
and short)�

– With/without static offset (deadweight)�

– Measured exactly at the point of 
loading in the model.

• Strain gauge (rosette) results - correlation

– Locations, directions, magnitude

– Frequency information ?
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What does Test want from CAE ?

• A product that passes the test first time
• Guidance on location of strain gauges

– Strain levels
– Principal directions
– Proportional load path

• Locations where there might be a 
fatigue problem
– Hot spots to monitor

• Locations which avoid cross-talk

– Locations sensitive to only 1 load input 

– Locations where strain field is stable over large enough area.
• Anything else, before it is too late
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Validation measurements

Strain Gauge near critical 
location – end of weld

Model 
Prediction
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A typical Test Fatigue process

• Strain Gauges applied and recordings made.
• Rosette analysis to find principal strains.
• Estimation of strain state

– Uniaxial
– Biaxial / Multiaxial

• Rainflow counting to extract cycles.
– Range/mean
– Max/Min

• Fatigue damage calculation.
– Mean stress correction
– Surface effects
– Damage summation

• Results presentation
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Test Fatigue process
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A typical CAE Fatigue process

• Geometry – FE model with unit loadcases

– Boundary Conditions – realistic constraints.
• Material – links FE material name to fatigue properties

– Bill Of Materials

• Loads – fatigue loading
– Simple loading from specification  (More common)�

– Loading from measured data  (Less Common)�

• Solver
– Solution options – mean stress corrections, surface finish etc

• Results

– Hotspot locations / Lives
– Beyond Cutoff or Static Failure Messages.
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A typical CAE process
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CAE Fatigue process - results

•Results

•Static failure 
warnings

Why ?

•Hotspot
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Measured loads can have problems
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Problems with measured data

• Collected and used for many purposes

– EMC compatibility testing is LOOKING for noise

– Other applications do not want it

– Structural want some of it – eg a shock load, but not a switching 
signal

• Data can include temperature drifts

– Is it an instrumentation issue – to be removed ?
– Is it a thermal expansion that is causing damaging stresses ?

• Static offsets

– Is it a gravity load ?
– An assembly load ?

• There are tools to correct these

– Use with care
• Check company policy – ready cleaned, or DIY ?
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Example routine to find spikes

• Bad data automatically 
found. 

• Removed from data

• Passed to fatigue 
solution

• Available for inspection
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A typical Test & CAE process

Signal 
processing

Spike display 
and removal
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CAE results with spikes removed
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Wheel Fatigue Analysis example

Process to convert from 
Vehicle to Rotational 
coordinates
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CAE verification – simulated strain
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Integrated Test and CAE fatigue

• CAE users can use test tools – or complete 
processes

• Test users can view the fatigue results in 
GlyphWorks

• Both can produce auto-generated reports in 
Studio

• CAE fatigue – performed in DesignLife

• Test signal manipulated in GlyphWorks

• Integrated in nCode ICE-flow
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Questions ?
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