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Accuracy validation of analytical sensitivity in topology optimization for elastoplastic

composites
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The present study proposes a topology optimization of composites considering elastoplastic deforma-

tion to maximize the ductility of a structure under a prescribed material volume. The concept of a so-called

multiphase material optimization, which is originally defined for a continuous damage model, is extended to

elastoplastic composites with appropriate regularization for material properties in order to regularize mate-

rial parameters between two constituents. For optimization applying a gradient-based method, the accuracy

of sensitivities is critical to obtain a reliable optimization result. In this study, we formulate the analytical

sensitivity for topology optimization considering elastoplastic composites and observe its accuracy by com-

paring with that evaluated from the finite difference approach. It was verified that the proposed method can

provide highly accurate sensitivity enough to obtain reliable optimization results.
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Table 1 Material parameters for verification of sensitiv-
ities
material 1 ~ material 2
Young’s modulus E 30(MPa)  1960(MPa)
Poisson’s ratio v 0.3 0.3
initial yielding stress oy~ 1.0(MPa) 2.9(MPa)
hardening modulus EM 10(MPa) 900(MPa)
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Fig. 2 Finite element mesh used for verification of sen-
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Table 2 Material parameters for case 1

elastic plastic

Young’s modulus E 1960 (MPa) 1960(MPa)

Poisson’s ratio v 0.3 0.3
initial yielding stress oy oco(MPa) 2.9(MPa)
hardening modulus E" oco(MPa) 900(MPa)
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Fig. 8 Optimization results for case 1 (tension): (left) elastic, (right) plastic
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Fig. 9 Optimization results for case 2 (shear+bending I): (left) elastic, (right) plastic
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Fig. 10 Optimization results for case 3 (shear+bending II): (left) elastic, (right) plastic
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Table 3 Material parameters for case 2

material I  material 2
Young’s modulus £ 210(GPa) 72(GPa)
Poisson’s ratio v 0.3 0.3

initial yielding stress oy~ 100(MPa)  400(MPa)

hardening modulus E'  505(MPa) 1600(MPa)

stress (MPa)
40
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3000 eee-- material2
200 e
100 e
ol
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strain (%)

Fig. 12 Stress-strain curves
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