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Structural design of 4 m telescope mount base based on

topology optimization method

Fu Shixin, Zhou Chao, Cao Yuyan, Fan Lei, Han Xida
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: To meet the requirement for high stiffness and lightweight, topology optimization method with
constraints of static displacements and first resonance frequency was studied in 4 m telescope mount base
design. Firstly, mathematical model of topology optimization was built subjected to minimum compliance,
with pseudo density of the finite elements as design variables, static displacements, first resonance
frequency and total mass as optimization constraints. Procedure of calculating sensitivities of optimization
objective was presented in detail. Furthermore, topology optimization method was applied in mount base
design, based on which shape and size design were carried out. Finally, the static stiffness and dynamic
behavior of the optimized structure was analyzed and checked using the finite element method. The
achieved results show that total mass of mount base reduces from 27.66t to 22.15t, while the maximum

displacement decreases from 0.037 7mm to 0.014 mm and first resonance frequency increases from 217.1 Hz
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to 247.45 Hz, ie, improving static and dynamic performances with lots of mass cut, which validate the

presented topology optimization method. This topology optimization method will provide efficient help to

other components’ design of 4m telescope mount.
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telescope mount base; finite element analysis;
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Fig.1 Schematic of topology optimization design
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Fig.2 Connected structures of telescope mount base
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Fig.3 FE model of telescope mount base
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Tab.1 Parameters for topology optimization of

mount base
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Fig.4 Topology optimization contour of telescope mount base
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Fig.5 SOAR telescope system
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Fig.6 Mount base optimized design
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Tab.2 Static stiffness comparison between two

design models

Maximum Maximum

Struct Mass/t
ructire displacement/mm stress/MPa ass
Before
S 0.0377 5.13 27.66
optimization
After 0.014 2.03 22.15
optimization
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Fig.7 Displacement contour of telescope base
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Tab.3 Modal results comparison between two
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Horizontal
2 236.58 302.41
resonance(X)
Horizontal
3 236.79 302.59
resonance(Y)
4 & it

SCHRATSE T 3 T AMEAE Y 4 m B 4 9 4
R BTk 15 AL T UGS NS RE e/ N A G
EbR, BLRE AL A — B3 5 4 A 29 R 8 41 M
AL, PRARHES: 1 N AZ BE 9 RABUE ST HF 85T T
WAMEAC BT RE 5 SRI5, 0TS e 5 A8 1o F # 4G
o, 75 2 BEAR B BE A L, O LA O R, A BT it
IR B R IR RE SR R, R AT BROGIE AL

T P ARSI (1 7 K R 3 B e, 45 SR R
JiE JRE i K8 & 1 0.037 7 mm /D & 0.014 mm, —
WA R i 217.1 Hz #2535 & 247.45Hz 327585 T 45
oy i D A0 Bl W RE MR BE DB R R R 27.66 ¢ ik =
22,15, SE 0 TR B R AL BBk, 25 R U , #h
FMEAL BT I AE 4 m B4 G AR 45 M 5 T A 5K
AIAT, XoF BR R AR LA A ) S T 1 2

S E L

[1] An Yuan, Jia Xuezhi, Zhang Lei, et al. Optimizing design of
CFRP based main backbone with high stiffness ratio for
space camera [J]. Opt Precision Eng, 2013, 21(2): 416-422.
(in Chinese)

ZR, TR, K, S LT R 4R A MR A I AE L
v PR AR DB AR B (0], Je2f RS T AR, 2013, 21
(2): 416-422.

[2]  Sun Jingwei, Lv Tianyu, Yao Lishuang, et al. Design and
assembly of transmitter-telescope [J]. Opt Precision Eng,
2014, 22(2): 369-375. (in Chinese)
PV, B R, WAL, A S B B 1 BT R (7).
St R TAR, 2014, 22(2): 369-375.

[3] Xu Xinhang, Gao Yunguo, Yang Hongbo, et al. Large-
diameter fast steering mirror on rigid support technology for
dynamic platform [J]. Opt Precision Eng, 2014, 22 (1):
117-124. (in Chinese)

WHAT, WaE, Bk, 5. 4800 0 ARRIME S U
BRI oL K% TR, 2014, 22(1): 117-124.

[4] San Xiaogang, Sun Ning, Zhuo Renshan, et al. Design of
supporting structure for primary mirror of large aperture
theodolite [J]. Opt Precision Eng, 2013, 21(12): 3111-3117.
(in Chinese)

BRI, PhT, BT, A RO Ra i S R BT
FEEERBETTI]. 6% K T, 2013, 21(12): 3111-3117.

[5] Fan Lei, Zhang Jingxu, Wu Xiaoxia, et al. Optimum design
of edge-lateral support for large-aperture lightweight primary
mirror[J]. Opt Precision Eng, 2012, 20(10): 2207-2213. (in
Chinese)

W, SRR, RN, . R ORI F 5 5] ) 323
BRI, 62 K% TR, 2012, 20(10): 2207-2213.

[6] Bendsoe M P, Kikuchi N. Generating optimal topologies in
structural design using a homogenization method [J].

Computer Methods in Applied Mechanics and Engineering,

1998, 71: 197-224.

[7] Mlejnek H P, Schirrmacher R. An engineering approach to



% 84

At R A R T AR AN AL 89 Am BT BT R R 45 ikt

2447

(8]

[10]

[11]

[12]

optimal material distribution and shape finding [J]. Computer
Methods in Applied Mechanics and Engineering, 1993, 106:
1-26.

Bendsoe M P, Sigmund O. Material interpolations in
topology optimization [J]. Archive of Applied Mechanics,
1999, 69:635-654.

Park K S, Lee J H, Youn S H. Lightweight mirror design
method using topology  optimization [J1.  Optical
Engineering, 2005, 44(5): 053002-1-053002-6.

Liu Shutian, Hu Rui,

Zhou Ping, et al. Topologic

optimization for configuration design of web-skin-type
ground structure based large-aperture space mirror [J]. Opt
Precision Eng, 2013, 21(7): 1803—-1810. (in Chinese)
VB, B, JF, S 3T A AR 2 2 A 5K 1 AR A5 )
SRR iR MR AL T ] oL K W AR,
2013, 21(7): 1803-1810.

Li Yuan, Jiao Mingyin, Chang Weijun, et al. Lightweight
topological optimization design of scanning mirror [J].
Infrared and Laser Engineering, 2011, 40 (7): 1294-1298.
(in Chinese)

Zon, SRMEN, WAEZE, & FN RO BRI ML st
[J]. L5506 TR, 2011, 40(7): 1294-1298.

Xu Wei, Wu Qingwen, Zhai Yan, et al. Optimal design and
analysis of long circular reflector subassembly in the space
optical remote sensor [J]. Infrared and Laser Engineering,

2013, 42(3): 752-757. (in Chinese)

[13]

[14]

[15]

[16]

WHE, R, BE, F S EDLF B K R R B
PRI 5 48T 0], 040 50 TR, 2013, 42(3):
752-757.

Wang Yongxian, Wang Bing, Ren Jianyue, et al. Improvement
of carbon fiber support structure and topology optimization
design of space camera [J]. Infrared and Laser
Engineering, 2009, 38(4): 702-724. (in Chinese)
FRSE, B AR, 55, A5 A WLAK 2 2k 32445 1 ot
LARIMEABETT 9], L0505 3HO6 T/, 2009, 38(4): 702-
724.

Cao Diansheng. Topology optimization of scanning mirror of
UV to near—infrared hyperspectral detector [J]. Infrared and
Laser Engineering, 2014, 43(11): 3813-3819. (in Chinese)
SRS ¥ S AN =B i s3I VESE iR R RN Rl g
[J1. ZLAM 506 T2, 2014, 43(11): 3813-3819.

Qi Guang, Xu Yanjun, Liu Binggiang. Lightweight structure
design for SiC/Al supporting plate of space mirror [J].
Infrared and Laser Engineering, 2014, 43 (7): 2214-2218.
(in Chinese)

FEOt, VFHEZE XA SR . 25 MUARAL S 9 B2 SiC/AL T3 i
AL A A BT (0], 4040 5 ok TR 2014, 43(7):
2214-2218.

Maeda Y, Nishiwaki S, Izui K, et al. Structural topology
optimization  of structures  with

vibrating specified

eigenfrequencies and eigenmode shapes [J]. Int J Numer

Methods Eng, 2006, 67: 597-628.





