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Optimum structural design for collimation frame of space-based

two-dimensional turntable
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Abstract: Space-based two-dimensional turntable is the main load-bearing structure of space photoelectric
detection equipment, and the collimation frame is the key support component of turntable, so its stiffness
characteristics are vital for the performance of turntable. In order to decrease the mass and improve the
stiffness performance, the structure of collimation frame was topologically optimized based on the variable
density theory by finite element software -MSC. Patran/Nastran. Modal shape of collimation frame was
regarded as the deformation of model under the thrust. The model was optimized with stiffness maximization
as the objective function, the ratio of residual volume as the constraints. The results show that the model
weight after optimization is lighten 1.32kg and the first-order natural frequency increases 14.5 Hz compared
with the model of experience design. The maximum deformation is relatively reduced by 22.4% and the

maximum stress value is relatively reduced by 42.6% under the action of gravity in the Z direction and the
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statics characteristic of model are increased significantly in the other directions. The dynamic characteristics

of the collimation frame are improved significantly with the weight reduction. Modal experiment was done

for the optimization model and the results indicate that the finite element analysis is correct. Therefore, it is

feasible to use the method of topology optimization to design the structure of collimation frame.
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Fig.1 Rough shape of collimation frame
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Fig.2 Mesh model of collimation frame
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Fig.3 Density distribution of optimal model
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Fig.4 Optimal model of collimation frame
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Fig.5 Model of experience design
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Tab.1 Modal analysis results for two kinds of

structure forms

Mode order 1 2 3 4

Optimal design/Hz 270.0 272.3 287.2 288.8

Experience design/Hz 255.5 258.0 267.1 269.1

Change rate 5.7% 5.5% 7.5% 7.4%

7-001
0-001
3-001
5-001
8-001
1-001
4-001
.36-001
.89-001
1.42-001
9.42-002

— N NWWDLARAUKBOV
WOooOWININDDRN

(a) fofeicit
(a) Optimal design

S113003-4



rohligor T2

% S14#

www.irla.cn

% 46 %

5-001
5-001

N
S
S
=

6-001
7-001

8-001
8-001

Y
=3
(=]
—_

LubwbbmGbion
ey
SO
S3S
==

9-002

(b) ZEyveit
(b) Experience design
[ 6 BREZR— R iR B

Fig.6 First order modal vibration of collimation frame
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Fig.7 Connection diagram of experimental equipment
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Tab.2 Deviation between modal test results and the

finite element analysis results

Frequency/Hz
Mode No. Mode shape Deviation
FEA Test
1 Bend 270.0 264.7 2.0%
2 Bend 272.3 266.1 2.3%
3 Torsion 287.2 295.1 -2.7%
4 Torsion 288.8 297.3 -2.9%
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Fig.8 First order modal vibration of test
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Tab.3 Static analysis results for two kinds of

structure forms

MaXH'num Maximum stress/MPa
deformation/pm Mass
Index
/kg
X Y VA X Y VA
E .
PEMIENCE 541 230 581 110 050 1.5  30.40
design
Optimal
. 5.21  2.10 4.51 0.82 0.44 0.89 29.08
design

Change rate 3.7% 8.7% 22.4% 25.5% 12% 22.6% 4.3%

48 %

P

it

S

FAR S, R MSC.Patran—Nastran 4% {4
X RRAELL AT T ML L, Db E R A As 2 5
PR R R T 1.32ke, SEPL TR,
K Solidworks FR A4 XF L Ak S o AR D RN 28 3 U 145

S113003-5



aoh gk T2

www.irla.cn

% S14

% 46 %

WA T =44, I H A F MSC.Patran-Nastran X
TIRUHEAT T #5122 3 AT RS A B, R LU A5 SR 3R,
TEAA T I (W E s BEAE T, BERU B 5 ) 5 4y
PEERA BB UHAE Z Ty ), A E e RE o 2R
Y 28 U BE TR de KAZ I S AR XS I/ T 22.4%
e K TE AR XTI /N T 22.6% . — B [ A 5%
255.5Hz #2555 270 Hz, 4285 T 5.7%, i PR 7 AH
XFI B AR, RS AR Y Y BT A A
T 30Hz LA E, A WACARAE AL B34 T T 45 M Y 3
SHE

WEFEEs KR ML TTHRE A8 Pt | o
W e B MR A . St Mt T B AL
R VO RIAUAR LY BT AR BRARRE S ) e
PR HORSS B IS B, I, M A
WIS VISE AT, 5 DS 3 A e, it
BT B e 5 B SO TR HAME

B3 30k
[1] Wang Ping, Zhang Guoyu, Liu Jiayan, et al.

Topologyoptimization design for inner frame of airborne

electro-optical ~ platform  [J]. Journal of Mechanical
Engineering, 2014, 50(13): 135—141. (in Chinese)
[2] Xia Tianxiang, Yao Weixing. A

survey of topology

optimization of continuum structure [J]. Advances in
Aeronautical Science and Engineering, 2011 (1): 1-11, 55.
(in Chinese)

[3] Li Chang, He Xin, Liu Qiang. Design and topology
optimization of space camera frame fabricated by high
volume fraction SiC/Al composite material [J]. Infrared and
Laser Engineering, 2014, 43(8): 2526—2531. (in Chinese)

[4] Liu Zhongyu, Zhang Tao, Wang Ping, et al. Topology
optimization design for main frame of infrared seeker’ s
stabilization platform [J]. Infrared and Laser Engineering,

2016, 45(2): 0218001. (in Chinese)

(5]

(6]

(71

(8]

[91

[10]

[11]

(12]

[13]

S113003-6

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)

Wang Kejun, Xuan Ming, Dong Jihong, et al. Design method
of reflector component structure of space remote sensor [J].
Infrared and Laser Engineering, 2016, 45 (11): 1113001.
(in Chinese)

Liu Xiumin, He Bin, Sha Wei, et al. Topological lightweight
design of primary mirror in space camera [J]. Chinese
Journal of Optics and Applied Optics, 2010, 3(3): 239-244.
(in Chinese)

Wang Wei, Yang Wei, CHang Nan, et al. Topological
optimization system of variable density method based on
finite element software[J]. Journal of Machine Design, 2008
(5): 5=8. (in Chinese)

Li Lin, Wang Dong, Tan Luyang, et al. Optimization design
and test for bracket of star sensor in micro-satellite [J].
Optics and Precision Engineering, 2016, 24(6): 1352-1358.
(in Chinese)

Guan Yingjun, Xin Hongwei, Zhao Guijun, et al. Topologic
optimization design for main supporting structure of space
camera [J]. Optics and Precision Engineering, 2007, 15(8):
1157-1163. (in Chinese)

Wang Zhi. Design of collimation frame structure for lunar-
based extreme ultraviolet camera based on carbon fiber
reinforced plastics[J]. Chinese Optics, 2012, 5(6): 590-595.
(in Chinese)

Long Kai, Jia Changzhi, Li Baofeng, et al. Patran 2010 and
Nastran 2010 Finite Element Analysis from Entry to the
Master[M]. Beijing: China Machine Press, 2011. (in Chinese)
Yang Hongtao, Jia Jigiang. Finite element modality and
stiffness analysis of airborne electro-optical platform inner-
gmibal [J]. Computer Simulation, 2005, 22(11): 311-314. (in
Chinese)



