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Both implicit dynamic nonlinear 
analysis and EFM are actually utilized in the 
optimization procedure shown in Fig.8 for 
design variables b. With the aim to reduce 
number of expensive nonlinear structural 
analyses in the optimization, EFM is employed  
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to provide affordable gradients as the 
nonlinear response is now available by 
equivalent static loads. Conventional gradient-
based optimization based on generated 
equivalent static loads is then conducted 
afterwards. In the new optimization iteration, 
full implicit dynamic analysis is done to check 
panel instability with updated design variables 
provided from the linear static optimization. A 
new set of equivalent forces is then generated 
and a new loop of linear static optimization is 
performed. The whole optimization procedure 
stops when relative change in objective values 
found from the nonlinear analysis is less than 
0.5% for two consecutive iterations. 
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