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Abstract: Most components in the real world show nonlinear response. The nonlinearity may arise because of contact between the
parts, nonlinear material, or large deformation of the components. Structural optimization considering nonlinearities is fairly
expensive because sensitivity information is difficult to calculate. To overcome this difficulty, the equivalent load method was
proposed for nonlinear response optimization. This method was originally developed for size and shape optimization. In this study,
the equivalent load method is modified to perform topology optimization considering all kinds of nonlinearities. Equivalent load is
defined as the load for linear analysis that generates the same response field as that for nonlinear analysis. A simple example
demonstrates that results of the topology optimization using equivalent load are very similar to the numerical results. Nonlinear
response topology optimization is performed with a practical example and the results are compared with those of conventional linear
response topology optimization.
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Fig. 1 Schematic process between the analysis domain
and the design domain
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(a) Linear response topology optimization
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(d) Topology optimization with material and geometric
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Fig. 4 Results of linear response and nonlinear response
topology optimization using equivalent load with
a plate structure
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Fig. 5 Results of numerical topology optimization with a
plate structure [Ref. 7]
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Table 2 Stress-strain value for a stress-strain curve of
spacer grid spring
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Sr. no Stress [MPa] Strain
1 0.00E+00 0
2 3.00E+04 0.001
3 1.03E+06 0.101
4 1.00E+07 1.001
5 1.00E+08 10.001

Design domain

(a) Design domain for topology optimization of a unit
spacer grid
16.0 mm
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(b) Boundary condition (Top view)
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(c¢) Loading condition (Front view)

Fig. 7 Finite element model of the spacer grid spring

A AR AREE A= BAdTRE GES 30,000
GPa, I57 =% 30 GPa, JFol5H|= 0.3, Wi 6550
kgm’elth. dHAAA N E B gelA el A=
EAE ol&stal HjHE *sﬂéioﬂf Table 20l 1.9
A5 A& o]&gth
1 A AR 2z o] AAMSEE 10592700 A A
=9 50% HAHRES o] &of gt} FUtele s
01%0}04 A= vAYAd s gk XAz 94

R ERE B ETE

K

(b) Top view

1817

A

(a) Isometric view

y T
L.
z

(c) Front view

—

Fig. 8 Results of nonlinear response topology optimization
using EL of a spacer grid spring
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Fig. 9 Results of linear response topology optimization
of a spacer grid spring
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Table 3 Topology optimization results of a spacer grid

spring
Linear Nonlinear
response topology
topology optimization using
optimization EL
No. of iterations 23 -
No. of cycles
(No. of nonlinear - 3
analysis)
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Fig. 10 Finite element model of the Michell structure
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Fig. 11 Results of topology optimization using EL
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