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ABSTRACTABSTRACT

FE-based Fatigue Life prediction has become established 
as a critical element for rapid development of durable 
products, which often have to be optimised and validated 
against complex dynamic loadings.  

This presentation looks at how such complex and often 
large calculations can be run efficiently to deliver 
engineering answers, taking into account structural 
dynamics, multiaxial loadings, stress gradient effects etc 
and making intelligent use of computing resources and 
automated reporting.
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Fatigue analysis processFatigue analysis process
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Linear superposition (static/modal)Linear superposition (static/modal)
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Local response as PSDLocal response as PSD
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Large problem sizes – for example…Large problem sizes – for example…

500 000 
elements

20 test track 
events

x

3 load 
conditions

x

Different 
materials

x
Sheet metal, 
welds and 
spot welds x

x 64 loadcases
or 200 modes x

200 000 
time steps

Multiple 
locations/ 
planes

x
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Engineering – a summaryEngineering – a summary

Lots of data
?

Decision
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CAE fatigue process optimisationCAE fatigue process optimisation

Time-to-market and reliability; maximising efficien cy:

• Easy to use tools and re-usable processes
• Different analysis types in a single shot
• Efficient processing – multi-stage analyses
• Parallelisation
• Results posted as they become available
• Automated results filtering and reporting

CAE fatigue analysis aim:

Timely extraction from a large amount of data, some simple 
answers and pictures to support engineering decisions
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Graphically create re-usable processesGraphically create re-usable processes

Drag and drop FE 
results and load 
histories or modal co-
ordinate results

Import Bill of Materials

Configured analysis 
glyph

Filtered and sorted 
summary results

Postprocess results 
on the model

Analysis process defined and configured in GUI
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Speed………….....vs…………..PrecisionSpeed………….....vs…………..Precision

Finely spaced anglesCoarse distribution of angles 
around spot welds

Multiaxial (critical plane) methodsSimple equivalent stresses/strains

Unfiltered loads at high sample rateHeavily filtered (peak) loads

Fatigue calculationQuick look at stresses

• The aim of fatigue calculations is to identify potential failure locations 
and probable lifetime

• Fast methods can be used to rank nodes/elements approximately
• An intelligently staged analysis can quickly deliver accurate results in 

the most critical areas 
• Analysis glyphs can be configured to do this automatically
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Simple ranking parameter based on stressSimple ranking parameter based on stress
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• Often, stresses for 
fatigue calculation are 
calculated by linear 
superposition of static 
or modal results

• A simple ranking 
parameter can be used 
to very quickly 
eliminate nodes or 
elements that have 
very little stress 
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Data reduction by load filteringData reduction by load filtering

Peak-valley slicing (with 
rainflow gate)

Extreme values only
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Multiaxial assessment and analysisMultiaxial assessment and analysis
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• Regression analysis on 2D 
stresses yields 
proportionality and 
biaxiality measures

• Computationally intensive 
critical plane methods used 
only where required
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Critical Plane MethodsCritical Plane Methods

Component surface

z
y
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• Calculate stress/strain on the surface and resolve on to several planes.
• Rainflow count and Calculate the fatigue damage on each plane
• The CRITICAL plane is the one with the most accumulated damage
• 10 degree intervals (18 planes) usually sufficient

s r
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Example process – sheet metal E-N analysisExample process – sheet metal E-N analysis

Identify most stressed elements in each 
panel using ranking parameter

Fatigue calculation using uniaxial
methods and limit load values

Fatigue calculation using uniaxial
methods and peak-valley sliced loads 
with 20% rainflow gate

Fatigue calculation using auto-selected 
multiaxial methods and unfiltered loads

Worst 50% elements

Worst 20% elements

Worst 10% elements

Worst 3 elements
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View results from each stage as 
they become available
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Example process – spot weld analysisExample process – spot weld analysis

Fatigue calculation at 10 angles (36 deg 
intervals) and limit load values

Fatigue calculation at 18 angles using 
filtered loads with 40% rainflow gate

Fatigue calculation at 36 angles using 
filtered loads with 7.5% rainflow gate

Worst 10% elements

Worst 10 welds
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Full car body with ca 
3500 spot welds

15 static 
loadcases

5 event duty 
cycle

Each event has 
about 200k points* * *

Node Element Damage Location Maximum Force Event name Life
    N  Repeats

2076806 2335488 0.006545 Sheet2 231.2 ALL 152.8
2076806 2335488 1.63E-04 Sheet2 148.3 pg_series_A 6123
2076806 2335488 3.39E-04 Sheet2 199.7 pg_series_B 2954
2076806 2335488 0.002544 Sheet2 231.2 pg_series_C 393.1
2076806 2335488 0.002001 Sheet2 219.5 pg_series_D 499.8
2076806 2335488 0.001498 Sheet2 207.6 pg_series_E 667.6
2232948 2335488 4.71E-06 Sheet1 231.2 ALL 2.13E+05
2232948 2335488 3.94E-08 Sheet1 148.3 pg_series_A 2.54E+07
2232948 2335488 1.60E-07 Sheet1 199.7 pg_series_B 6.25E+06
2232948 2335488 2.43E-06 Sheet1 231.2 pg_series_C 4.12E+05
2232948 2335488 1.21E-06 Sheet1 219.5 pg_series_D 8.27E+05
2232948 2335488 8.71E-07 Sheet1 207.6 pg_series_E 1.15E+06
2076669 2335493 0.01123 Sheet2 251.2 ALL 89.01
2076669 2335493 7.72E-04 Sheet2 184 pg_series_A 1295
2076669 2335493 2.45E-04 Sheet2 188.2 pg_series_B 4080
2076669 2335493 0.003386 Sheet2 249.3 pg_series_C 295.3
2076669 2335493 0.003712 Sheet2 251.2 pg_series_D 269.4
2076669 2335493 0.003129 Sheet2 243.2 pg_series_E 319.6

Job completes in about 2 minutes
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Automation and automated reportingAutomation and automated reporting

• Process automation
– Reduce user input
– Repeatable results
– Capture experience

• Automated reports
– Dynamic displays
– Essential information 

easily available
– Engineering decision 

support
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Concluding remarksConcluding remarks

• Fatigue analysis is now an essential part of many 
product development and validation processes

• Raw problem sizes may be very large
• Smart processing can give reliable results quickly
• Automated processing and reporting provides 

rapid decision support
• Realized in DesignLife and available from 

HyperWorks 9.0
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HyperWorks Partner SolutionsHyperWorks Partner Solutions

• DesignLife is now available as part of the HyperWorks
Partner Solutions program.

• DesignLife for HyperWorks can be downloaded from 
www.hyperworkscommunity.com and it operates by using 
HyperWorks GWU license tokens.

• 3 levels of license draw:
– DesignLife Base 5,000 GWU
– Advanced Solvers 3,000 GWU 
– Multiple processors (each) 5,000 GWU

• DesignLife for HyperWorks is a fully featured version (with 
exception of batch capability).


