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Topology Optimization of Sensor Brackets for Small Satellites

WANG Ruizian, FENG Zhenwei, MA Lingxi, SHAN Tilei, ZHANG Yang, LIU Zhijia
(DFH Satellite Co. , Ltd. , Beijing 100094, China)

Abstract: To satisfy the lightweight design requirements of the thin-walled titanium sensor brackets of small

satellites, the topology optimization method is to manufacture sensor brackets by 3D printing. The topology

optimization constraint conditions are the stiffness no less than 200 Hz and the minimum bracket weight. The

material distribution model is generated after topology optimization. The shape optimization and morphology

optimization method are used to smooth the material distribution, and the sensor brackets with optimized

topology are produced. A finite element analysis demonstrates that the mechanical stiffness and strength of the

designed sensor bracket meets the requirement. The sample piece is manufactured by Ti6A14V (TC4) laser

selective melting (SLM) and the manufacturability is verified. The weight of the designed bracket is 80%

lighter than the thin-walled titanium casting bracket.
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Fig.1 Topology optimization workflow of star sensor bracket
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Fig.2 Basic model of combined star sensor bracket
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Fig.4 Topology optimization model of star sensor bracket
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Fig.5 Topology optimization design model of combined

star sensor bracket

3 BEHXRAFESH

AR FMEAL BT ) — ARk B OSSR R ] Mise/
Patran F 4 #E47 A B 70 A AN 45 52 b 31, O fiff FH 3@
FH 45 44 23 7 %% #F Misc/Nastran #E 47380870 A
B 56 A A i o S AR AT T AN R AR B

(1) R FH LA PE3EIR B ST IR oy S M ok &5
R G, R AR BT Rl

(2) R RLR FH o s B4

(3) 7E B 5 S B8 4 % T b 0 BT A 3% 422 8 ke
Ab 352K FH MPC 29 38, DA AL B0 S0 20 M 3

(4) A BROTHE Y (1 30 B Sy AR S R 5 4
A 2 25 THT A9 ST A T S R Ak SR FH [ S 2 3R

S AR A PR G AR R L 6, ) 4 T
57 5914~ \BRLJG 27 6314,

BEHCORBE I R mE 1R, BHEK
203 Bk 294.72 Hz, W K T 100 Hz #9 NI &

B R 3 B B B ey R R TR R St R

F6  AHEIAH ROGH Y

Fig.6 Finite element model of star sensor bracket
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Table 1 Results of star sensor bracket modal analysis

B i /Hz

— 294.72
332.21
341.46
375.23
409.92
468.20
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Table 2 Random vibration test condition of small satel-

lite subassembly
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Uodll s YE N
10~95 +6 dB/oct +6 dB/oct
95~130 0.45¢"/Hz 1¢*/Hz
130~200 —14.7 dB/oct —13 dB/oct
200~600 0.055¢"/Hz 0.16¢*/Hz
600~2 000 —15dB/oct —15dB/oct
B R 8.5 Grms 13.6 Grms
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1.52+007
7.60+006
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Fig.7 Von Mises stress nephogram
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Fig.8 3D print sample piece of combined star sensor bracket
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