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Topology Optimization of Nonlinear Material Structures Based on
Parameterized Level Set and Substructure Methods

LEI Yang, FENG Jianhu
( School of Sciences, Chang’an University, Xi’an 710064, P.R.China )

Abstract: In order to overcome the problems of complicated calculation process and lower computational efficiency of the
traditional level set method (LSM), for nonlinear structure topology optimization, a parameterized level set method (PLSM)
was introduced. Through interpolation of the initial level set function with the globally supported radial basis function
(GSRBF), a nonlinear material structure topology optimization model was established with the interpolation coefficient as
the design variable, the minimum strain energy of the structure as the objective function, and the material amount as the
constraint condition. The equilibrium equation for the nonlinear material structure was established by finite element
analysis, and solved with the iterative method. In addition, the substructure method (i.e. the domain decomposition method)
was used to divide the design area into several sub-areas, and the solution to the full degree of freedom equilibrium equation
was decomposed into a set of solutions of reduced equilibrium equations and solutions of multiple substructures’ internal
displacements, which could reduce the computation cost. Examples show that, this method can ensure the numerical
stability, improve the computational efficiency, and obtain the topology optimization configuration with clear boundaries

and reasonable structures.
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Fig. 1 The 2D structure boundary and the corresponding level set function
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Fig. 2 Division of substructures of the L-shaped design domain
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convergence?
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( output the optimal design )
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Fig.3 The flowchart of nonlinear material structure topology optimization with the substructure method
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Fig. 4 The design domain and boundary conditions for the optimization of a cantilever beam
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(a) 2 1 (HARERELG 4.210 8, (RFLS3%4: 0.831 0) (b) £ 20 (HAREREL: 3.380 1ES, FL 4L 0.654 0)
(a) Step 1 (objective function:4.210 8, (b) Step 20 (objective function: 3.380 1ES5,
volume fraction: 0.831 0) volume fraction: 0.654 0)

> 2>

(c) 2 40 (B FRR%L: 4.104 2E5, (AR50 0498 2)  (d) 25 126 (HFRIFEL: 4.076 1ES, FLHEL: 0.499 9)
(c) Step 40 (objective function: 4.104 2ES, (d) Step 126(objective function: 4.076 1ES5,
volume fraction: 0.498 2) volume fraction: 0.499 9)

B 5 TR L Ve BRI 5 £ AL
Fig. 5 The evolution history of the nonlinear material cantilever beam optimized design based on the iterative method
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Fig. 6 Convergence curves of the objective function and the volume fraction of the cantilever beam problem
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Fig. 7 The design domain and boundary conditions for the optimization of a freely supported beam

(@) 25 1 (HFRPA%L: 2.036 8ES, B34 0.915 5) (b) # 20 (HAREEEL 2.008 1E5, AFR 4L 0.685 5)
(a) Step 1 (objective function: 2.036 8ES, (b) Step 20 (objective function: 2.008 1ES,
volume fraction: 0.915 5) volume fraction: 0.685 5)

(c) # 40 (HFREREL: 2.537 OES, B4 0.484 1) (d) 2 117 (HAREREL 2.479 TES, (RFU04L: 0.499 9)
(c) Step 40 (objective function: 2.537 OES, (d) Step 117 (objective function: 2.479 7ES,
volume fraction: 0.484 1) volume fraction: 0.499 9)

B 8 FETEMILAARIEARL R SRR TR AL Dy R
Fig.8 The evolution history of the nonlinear material freely supported beam optimized design based on the iterative method
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Fig. 9 Convergence curves of the objective function and the volume fraction of the freely supported beam
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Table 1 The results of the cantilever beam standard finite element method and the substructure method

Ncex X Ncey Nelx X Nely objective function J volume fraction V' step time #/s optimized design
standard finite element method: 60%30 4.076 1ES 0.499 9 6.014 7 D
12x6 5%5 4.072 7ES 0.5003 4.9379 E
6x3 10x10 4.076 1ES 0.499 8 2.736 2 E
2x1 30%30 4.066 5E5 0.5003 1.336 4 E

R 2 RDCRAREA IRTTIE S TAETT SRR T

Table 2 The results of the freely supported beam standard finite element method and the substructure method

Ncex X Ncey Nelx X Nely objective function J volume fraction V' step time #/s optimized design
standard finite element method: 120x30 2.479 7E5 0.499 9 40.358 8 @
24%6 5%5 2.475 SE5 0.499 9 47.779'5 @
123 10x 10 2.476 4E5 0.500 3 30.279 1 m
4x1 30%30 2.476 3E5 0.501 0 16.701 1 @
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(a) B RAPIIRBE (b) FRALEER (B 96, HFREEL 4.704 8ES, F2EHEHT: 1.350 8 )
(a) The initial design of the cantilever beam (b) The optimized design of the cantilever beam

(step 96, objective function: 4.074 8ES, step time: 1.350 8 s)

HEO A

(o) iSRRI IR BE (d) TRACEE IR 35 91, HARER%L: 2.474 OES, 5 HE: 16.717 8 5)
(c) The initial design of the freely supported beam (d) The optimized designs of the freely supported beam

(step 91, objective function: 2.474 OES, step time: 16.717 8 s)
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Fig. 10 Different initial designs and the optimized designs
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