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Outline

1. motivation and example model

2. online stress calculation 
in an EMBS

3. online damage calculation 
in an EMBS

4. application examples
• structural optimization
• pseudo damage calculations
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• some notes
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Motivation and example 

node 609
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Theoretical background
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Implementation and usage
process chain
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Implementation and usage
SID data for nodal stresses

class ‘node’
object ‘sigma’

class 
‘taylor’

class ‘node’ contains an additional 
object ‘sigma’, which is of class ‘taylor’

...
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Implementation and usageSIMPACK preprocessor-GUI

SID file with nodal 
stress modes Φσ,red(R)

body holding elastic 
coordinates qred(t)
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Implementation and usage
SIMPACK postprocessor-GUI
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Verification

reference solution calculated 
by SIMPACK/Loads (and NASTRAN)

node 609
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Some notes
1. usage of advanced model reduction 

techniques (e.g. Krylov-subspace techniques) 
ensure small errors and/or error bounds for 
the calculated stress

2. online stress calculation is necessary for some 
control problems, e.g. deformable lenses

3. online stress calculation is necessary for 
online damage calculation

[Zeiss08]
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Theoretical background
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Theoretical background
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Implementation and usage
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load channel 
σ(R,t)

parameter
file

Implementation and usageSIMPACK preprocessor-GUI
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Implementation and usage
SIMPACK postprocessor-GUI
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reference solution calculated 
by MATLAB/Wafo

Verification

-15.80620damage simpack

-15.80621damage wafo
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Some notes
1. by using an EMBS-adapted 4-point-

algorithm, the storage of load data (e.g. forces, elastic 
coordinates, stresses, …) is not necessary

2. online damage calculation provides a scalar performance 
criterion for load channels in terms of durability

3. regarding calculation times, the online damage calculation 
is (usually) not very costly
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Structural optimization
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Structural optimization
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Structural optimization
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Pseudo damage 
calculationsIdea: apply rainflow counting and 

damage accumulation directly on fem-
independent load channels (e.g. applied forces)

1. do rainflow counting for load channels 
2. compare load hysteresis loops with a ‘virtual’ SN-curve
3. do damage accumulation 
4. a scalar performance criterion for a 

fem-independent load channel 
in terms of durability results
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possible questions:
• how many modes are necessary?
• how do the load channels interact?
• does an extrapolation make sense?

load 
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load 
cha. 4 

load 
cha. 2 

load 
cha. 1 

load 
cha. 5 

Pseudo damage 
calculations
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possible questions:
• how many modes are necessary?
• how do the load channels interact?
• does an extrapolation make sense?

Pseudo damage 
calculations
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• how do the load channels interact?
• does an extrapolation make sense?

Pseudo damage 
calculations

24/26



Institute of Engineering 
and Computational Mechanics

University of Stuttgart, Germany
Prof. Dr.-Ing. Prof. E.h. Peter Eberhard

Conclusions

1. implementation of two SIMPACK user-routines for 
‘online’ stress and damage calculation

2. results verified by reference calculations

3. the proposed method has some advantages, e.g.
• small errors in stress 
• small result files
• a scalar performance criterion for loads is directly 

outputted from the EMBS

4. some applications
• structural optimization including EMBS as main tool 
• evaluation of non-fem-dependent load results with  

pseudo damage calculations

thank you very much!
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