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Abstract

In the present work, topology optimization method using adaptive inner-front level set method is presented. In the
conventional level set based topology optimization method, there exists an incapability for inner-front creation during
optimization process. In this regard, as a new attempt to avoid and to overcome the limitation, an inner-front creation
algorithm is proposed. In the inner-front creation algorithm, the strain energy density of a structure along with volume
constraint is considered. Especially, to facilitate the inner-front creation process during the optimization process, the
inner-front creation map which corresponds to the discrete valued function of strain energy density is constructed. In the
evolution of the level set function during the optimization process, the least-squares finite element method (LSFEM) is
employed. As an application to shell structures, the lightweight design of doubly curved shell and segmented mirror is
carried out.
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(a) Sign of level set function values

(b) Material domain, void domain, and boundary

Fig. 1 Domains and boundary depicted by level set
function values
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Fig. 2 Motivating example — results of conventional
level set based topology optimization
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" FINITE ELEMENT ANALYSIS

Linear Elastic Deformation & Complance
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LEVEL SET UPDATE

Shape Design Seasitivity

Fig. 3 Flowchart of optimization procedure

Fig. 4 Schematic diagram of doubly curved shell design
Table 1 Design parameters: doubly curved shell

ccl))rf;ilgzn Specified data
Geometry L =1m, Shell thickness=10mm
Mesh 2500 Linear Quadrilateral Shell Element
Material Steel ( £ =200GPa,v =0.3)
Applied load P=1kN
Volume ratio 30%
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(a) Initialization

(e) Iteration No.80

() Iteration No. 123:
Optimum
Fig. 5 History of optimization : doubly curved shell
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Fig. 6 History of objective function: doubly curved shell
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Segmented Primary Mirror

Fig. 7 CELT equipped with a segmented mirror

(a) Hexagonal type  (b) Radial-Circumferential type
Fig. 8 Shapes of segmented mirror

Fig. 9 Geometry and dimension of segmentéd mirror
P
15°

P

Fig. 10 Schematic diagram of design condition:

lightweight segmented mirror

&+ 4 7

Table 2 Design parameters: lightweight segmented
mirror design

Des,l g.n Specified data
condition
D, =2.4m, D, =60cm,
Geometry
T, =15mm, T}, =6.5mm
Mesh 3600 Linear Quadrilateral Shell Element
Material Steel (£ =200GPa,v =0.3)
Appliedload | P =1kN, g=9.81m/s” along z-direction
Volume ratio 40%

(a) Initialization

&

(b) Iteration No.1

(d) Iteration No.40

(c) Iteration No.20

(e) Iteration No.80

() Iteration No.101:
Optimum
Fig. 11 History of optimization: lightweight segmented mirror
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