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• Failure region at small thickness and depth and large force component

• Failure probability is much larger as allowed

• Corresponding reliability index is 3.8 instead of 4.5

Reliability Analysis of First Optimization Step
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Robustness Evaluation – Summary First Step

• Varianced-based robustness evaluation has observed: 

• Safety margin of stress limit seems sufficient (4.7 sigma)

• Safety margin of slipping height seems sufficient (8 sigma)

• Reliability analysis has estimated a failure probability of 

10-4 which corresponds to a reliability index of 3.8

� A further design modification is necessary

• Deterministic constraints for second optimization step

• Initial design has a sigma level of 0.6 at 270 MPa mean stress

• Optimized design has a reliability index of 3.77 at 180 MPa

• Linear extrapolation for 4.5 sigma:

� Mean stress ≤ 160

• Mean slipping height ≤ 10  
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Second Robust Design 
Optimization Step
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Second Robust Design Optimization Step

• Optimization is performed again with new constraints

• Start design, which fulfills constraints, is selected from sensitivity designs

• ARSM optimizers is applied as suggested in the decision tree

• Robustness sampling is performed again at new optimal design

(parameters from second robustness analysis are imported and 

mean values are taken from the best design of optimization)

• Reliability analysis is performed again to verify sampling estimates
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• ARSM optimizer obtains an optimal design within 6 iterations 

which fulfills the constraint conditions

• Mass is 10% larger as in the first optimization step

• Slipping height and opening width are almost the same

Second Robust Design Optimization Step
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Statistical Evaluation of the Maximum Stress: 

• 100 Latin Hypercube samples are computed

• Safety margin to failure limit of 300MPa is estimated with a 

sigma level of 6.4 assuming a normal distribution

� Significant increase w.r.t. first RDO step

� Again reliability analysis is required to proof this result

Second Robust Design Optimization Step
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Statistical Evaluation of the Slipping height: 

• The safety margin is slightly smaller as is the first RDO step

• Robustness criteria for slipping seems to be fulfilled

Second Robust Design Optimization Step
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• Reliability analysis is performed again with default ARSM

• Failure probability is smaller than 10-6

• Corresponding reliability index is about 4.8 which fulfills

the robustness requirements

Final Reliability Proof
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• ARSM generates new support points only in the region of the stress limit

� Limit of slipping height is much less important

• After the 3rd iteration the stress limit is represented quite accurately

1. Iteration
2. Iteration
3. Iteration

Stress 
limit

Slipping 
limit

Final Reliability Proof
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Overview Robust Design Optimization
Initial Design 1st RDO Step           2nd RDO Step

Mass 1100 g 854 g 959 g

Mean stress 270 MPa 180 MPa 160 MPa

Failure probability 23% 10-4 10-6

Reliability index 0.6 3.8 4.8


