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Nonlinear Structural Optimization Using Neural Network
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 Inthe process of optimization, expensive finite-clement method (FEM) software is often applied to solve engineering design problems.
To obtain the optimal solution requires an extreme numbers of iterations between the analysis software and optimization program. The work
is ime-consuming due to the amount of computer time required. Therefore, instead-of using the FEM analysis, an approximate method using
sensitivity analysis has been proposed to solve this problem. However, it is difficult to obtain an explicit form of sensitivity for the nonlinear
dynamic system. While the difference method is usually used for the sensitivity analysis, it is not the most efficient method to greatly reduce the
calculation. In this paper, the authors propose an efficient approximation method to simulate the objective function using the holographic neural
network (HNN). This network exhibits a large leaming capability and dynamic features of memory, of a two-degree-of-freedom nonlinear
dynamic system. The optimization approach is simplified and the tremendous calculation expense is decreased, because the objective ﬁ;nction in
design areas can be approximately calculated using the trained neural network.
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Fig 1. Dividing method of designed space for multiple peaks fimction

Table 1. Local maxirmumn and optimized results

Flocal max. | 28localmax. | 3™local max.
initial by 561 382 385
HNN | (0.00200) | (117035 | (145-021)
final by 8.06 37 356
HNN | (007,1.59) | (048-062) | (131,008
initial by 590 033 2.16
BNN | (0051,1.90) | (-2.00-149) | (1.08,030)
final by 721 399 357
BNN | (008156) | (048:064) | (124004)
true 8.08 37 357
reslt | (0.00159) | (050-062) | (131,007
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Fig 3 Dividing method of energy dissipation of k, (=0.50) for training
Table 2. Local maximum and optimized result

Mlocalmax. | 2®localmax. | 3“local max.
initial 9.32x10° 837x10° 6.87x10°
result (0.84,005) | (093,053) | (0.0,1.00)

finalresult | 921x10° 837x10° 7.19x10°

(095,002) | (1.00,063) | (0.55,1.00)

tueresult |  8.98x10° 829x10* 7.12x10°

(1.00,000) | (1.00,063) | (0.58,1.00)
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