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Level set topology optimization design of large-aperture mirror

Li Chengliang'?, Ding Yalin', Liu Lei

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to design large-aperture mirror with light weight, high rigidity, high accuracy
characteristics for the space telescope, a mirror topology optimization method based on the level set
method was promoted. Firstly, a finite element model based on the 1-meter aperture mirror body initial
structural model was constructed. The surface shape aberration RMS of the mirror was used as the
objective function, which was constructed by the DRESP2 technique in Optistruct based on SIGFIT. With
the weight constraint, the topology methods based on SIMP and level set method were used to optimize
the structure separately during the design process. The separation threshold of the design result was
studied based on the OSSmooth function. By analyzing the separation threshold of optimized model, the
optimized exported structural model could be achieved. The number of elements with the middle density
using the level set topology optimization design method is much smaller than level set method, and the
connectivity of the structure is much better. The surface shape RMS value of the optimized model is
smaller than A/50(A=632.8 nm), which satisfies the technique specification.
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Fig.1 1 m aperture mirror model
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Tab.1 Main parameters of mirror model

Parameter Value
Shell thickness/mm 5
Material SiC
Modulus of elasticity/MPa 330
Poisson ratio 0.2
Density/g - mm™ 3.5
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4 SIMP

Fig.4 Final topology optimization result of SIMP algorithm
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Fig.2 1/6 finite element model of the mirror
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7 SIMP

Fig.7 Optimized structure exported by SIMP algorithm
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Fig.8 Initial model of the Level set topology optimization
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Fig.9 Topology optimization convergence process of Level set

algorithm
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Fig.10 Final topology optimization result of Level set algorithm
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Fig.11 Threshold analysis result of Level set algorithm
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Fig.12 Optimized structure expored by Level set algorithm

24
Hyperworks Optistruct Level set

SIMP o 13

0913001=5

El



9 www.irla.cn 47
,Level set
0o 1, 3
SIMP o SIMP
Level set ) \ ’ Level
7.5kg Level set 8.2kg, Level st SIMP
set N , ) Im
SIMP (1151 Hz.383Hz), ’ SIGFIT DRESP2
SIMP , o 14 RMS , SIMP
1> ’ , SIMP
,Level set 5
s ,
o Level set
0 1,
RMS M50,
[1]  Wu Qingwen. Light-weight technology and its application of
13 primary mirror in space camera [J]. Optics and Precision
Fig.13 Density distribution comparison of topology optimization Engineering. 1997, 5(6): 69-80. (in Chinese)
elements
[1].
, 1997, 5(6): 69-80.
[2] Li Yanwei, Yang Hongbo, Geng Qixian, et al. Large-
aperture lightweight primary mirror design method using
topology optimization [J]. Optical Technique, 2008, 34(2):
236-238. (in Chinese)
(a) (b) ’ ’ ’
(a) Three-dimensional plot (b) Two-dimensional plot L91. > 2008, 34(2): 236-238.
14 SIMP [3] Yan Yong, Jin Guang, Yang Hongbo. Lightweight structural
Fig.14 Surface shape error of SIMP topology optimization design of space mirror [J]. Infrared and Laser Engineering,
2008, 37(1): 97-101. (in Chinese)
) , . [J1.
, 2008, 37(1): 97-101.
[4] Sha Wei, Chen Changzheng, Zhang Xingxiang, et al.
Topological lightweight design of space mirror [J]. Opto-
Electronic Engineering, 2009, 36(4): 35—39. (in Chinese)
(a) (b) [J1]. , 2009, 36(4): 35-39.
(a) Three-dimensional plot (b) Two-dimensional plot [5] Liu Lei, Gao Minghui, Li Lifu, et al. Primary mirror

15 Level set

Fig.15 Surface shape error of Level set topology optimization

0913001=6

topological optimum design of space cameral[J]. Infrared and

Laser Engineering, 2010, 39(6): 1066—1069. (in Chinese)



www.irla.cn

47

(ol

(7]

(81

(91

[J]. , 2010, 39(6): 1066—1069.
Park K S, Chang S Y, Youn S K. Topology optimization of
the primary mirror of a multi-spectral camera [J]. Structural
and Multidisciplinary Optimization, 2003, 25(1): 46-53.
Sahu R, Patel V, Singh S K, et al. Structural optimization of
a space mirror to selectively constrain optical aberrations[J].
Structural and Multidisciplinary Optimization, 2017, 55(6):
2353-2363.
Park K S, Lee J H, Youn S K. Lightweight mirror design
method using topology optimization[J]. Optical Engineering,
2005, 44(5): 053002.
Hu R, Chen W, Li Q, et al. Design optimization method for
additive manufacturing of the primary mirror of a large-
aperture  space Journal

telescope  [J]. of Aerospace

[10]

[11]

[12]

[13]

0913001=7

Engineering, 2016, 30(3): 04016093.
Sethian J A, Wiegmann A. Structural boundary design via
Level Set and immersed interface methods [J]. Journal of
Computational Physics, 2000, 163(2): 489-528.

Park K S, Youn S K. Lightweight design of shell structures
inner-front Level Set based

using  adaptive

topology
optimization (AIFLS—TOP)[J]. Transactions of the Korean
Society of Mechanical Engineers A, 2007, 31(12): 1180—
1187.

Doyle K B, Genberg V L, Michels G 1J.

Optomechanical Analysis[C]//US: SPIE Press, 2012: 81-86.

Integrated

Genberg V L, Michels G J. Optomechanical analysis of
segmented/adaptive optics [C]//Optomechanical Design and
Engineering, International Society for Optics and Photonics,

2001, 4444: 90-102.



