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Abstract

In this paper, a versatile multi-objective optimization concept for fatigue life prediction is introduced.
Multi-objective decision making in engineering design refers to obtaining a preferred optimal solution
in the context of conflicting design objectives. Compromise decision support problems are used to
model engineering decisions involving multiple trade-offs. These methods typically rely on a summation
of weighted attributes to accomplish trade-offs among competing objectives. This paper gives an
interpretation of the decision parameters as governing both the relative importance of the attributes and
the degree of compensation between them. The approach utilizes a response surface model, the

compromise decision support problem, which

is a multi-objective formulation based on goal

programming. Examples illustrate the concepts and demonstrate their applicability.
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Parameterized geometric model
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Response surface design selection
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First order Second order
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1st RSM

: Response surface model for maximum
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Stress correction by 1st RSM
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Calculation of fatigue life using

appropriate S-N data
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2nd RSM
: Response surface model for fatigue life
==

Evaluation of fatigue life constraints

Fig. 1 Flow chart for fatigue life prediction
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Table 1 Error measures of response surface
Response | Fatigue life Stress Weight
Error statistics| 96.96% 97.59% 99.65%
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Table 2 Optimal solution

Ste Fatigue life Stress Weight
P (cycle) | (MPa) (kg)
Initial 603,095 75.372 28.439
First step | 1,194,300 51.064 34.105
Second step| 1,071,800 56.844 34.105
Third step | 1,277,000 39.405 33.419
Reanalysis | 1,231,000 42.097 34.012
1.5
1.4 | | Fatigue life
| |—®@— Stress
13+ Weight
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Fig. 5 Optimization step vs normalized objective
function
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