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Level set-based topology optimization of thin plate structure
for maximizing stiffness under out-of-plane deformation
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Abstract

The topology optimization method using the level set method and incorporating a fictitious interface energy derived
from the phase field method was proposed by part of the authors. The method has been applied to several structural
and multidisciplinary design problems. However, the method has not been applied to the plate bending structural design
problem using the two-dimensional plate bending element model yet, regardless that the thin plate structures are widely
used in engineering applications that require lightweightness. This paper extends the topology optimization method to
the thin plate structure for maximizing stiffness under out-of-plane deformation by using the thin plate bending elements
based on Reissner-Mindlin theory. The structural design problem using the thin plate bending elements is formulated as
the mean compliance minimization under volume constraint problem. Through simple numerical exafiguitssotthe
proposed method are illustrated. At first, the method significantly reduces computational cost for the thin plate maximizing
stiffness design problem in comparison with the three-dimensional solid model. The obtained optimum configuration is
shown to be equivalent to that of the three-dimensional solid model. Then, it is shown that the advantages of the method
such as high convergence property, low initial design dependency, antfébed the regularization parameters on the
complexity of the configuration are also held in the plate bending element model.
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Fig. 2 Fixed design domaib and level set functiog
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Fig. 3 Boundary condition of design problem
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Fig. 4 Flowchart of topology optimization procedure
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Fig. 6 FE Model discretization
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Table 1 Mesh statistics of plate bending and solid elements
Numberof elements| Numberof DOF | Elementform | Average element size (m)
Platebending 16160 73524 Triangle 0.0125
Solid 19200 544341 Cuboid 0.0125

(a) Plate bending elements (b) Solid elements

Fig. 7 Optimal configurations using plate bending and solid elements: Both models bring the same results.

Table 2 Comparison of computational performance between plate bending and solid elements: Plate bending
element model has about 40 times computational efficiency with the same objective function value as

solid element model.

Objective function (J)| Volume constraint (%) CPUtime (s)2
Platebending 0.1996 43.3 555
Solid 0.1984 43.7 22244

2 CPU: Intel(R) PentiumR Il Xeon X3370
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Fig. 8 Comparison of convergence histories between solid and plate bending element models: Both models
have the similar convergence histories.
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Fig. 9 Confirmation models with and without holes under edge-fixed condition that the color distribution
shows von Mises stress distributions: Model with hole has high@neasis than that without holes.
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Table 3 Comparison of objective function value, maximum stress, and maximum displacement between
models with and without holes under edge-fixed condition: Model with holes is superior to that

without holes.

Objective function (J)| Maximumstress (MPa)] Maximumdisplacement (m)
No holes 0.2397 44.14 4.795x10°4
With holes 0.2316 44.31 4.633x10°*
(a) Initial configuration (b) Step 5 (c) Step 20 (d) Optimal configuration
Casel

(a) Initial configuration (b) Step 5 (c) Step 20 (d) Optimal configuration
Case 2

Fig. 10 Comparison of configuration histories betweefiedent initial configurations: Cases 1 and 2
converges the same optimal configurations regardless of different initial configurations.

Table 4 Comparison of Cases 1 and 2: Optimal configurations have the same performance regardless of

different initial configurations.

Objective function (J)| Volume constraint (%)
Casel 0.1996 43.3
Case2 0.1996 43.3

HERAITRYT. ZR&Y, BPOBEBIIRL2LTNE, FHFONTCREVEIZFE T, WEICZ Y 2EEN S
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Fig. 13 Convergence history of simply-supported thin plate model using plate bending elements
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Fig. 14 Confirmation models with and without holes under simply supported condition that the color
distribution shows von Mises stress distributions: Model with hole has highmests than that

without holes.

Table 5 Comparison of objective function value, maximum stress, and maximum displacement between
models with and without holes under simply supported condition: Model with holes is superior to

that without holes.

Objective function (J)| Maximumstress (MPa) Maximumdisplacement (m)
No holes 0.4126 28.33 8.260x107%
With holes 0.3657 28.14 7.278x107%
(@)t =1.0x10"° (b) 7=5.0x107° ()t =5.0x10""7

Fig. 15 Effect of regularization parameteon the geometrical complexity of optimal configuration
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