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Abstract: To decrease the single installation point acceleration response RMS(Root Mean Square) of a
micro-satellite for earth observation, this paper presents a topology optimization method for satellite
primary load bearing structure to minimize the acceleration response RMS, Firstly, the design scheme
of the entire satellite is analyzed by finite element simulation. The results suggest that the acceleration
response RMSs of some component installation points are too large and failed to meet the design
requirements. By sensitivity analysis, it points out that the backplane is a key element for the
acceleration response RMS of Gaussian random vibration. By adopting the method of topology

optimization for a continuous body, the satellite model is optimized and a new model that fully meets
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the design requirements is obtained by taking the acceleration response RMS as an objective function

and the volume as a restrict condition. Finally, both the finite element simulation and Gaussian

random vibration are performed. It indicates that the parameters of new satellite primary load bearing

structure meet design requirements, and among them, the acceleration response RMSs of some key

component installation points like star sensors, storage battery and source controllers have reduced at

least 23.3%, 10. 6%, 11. 3%, respectively. These results verify the feasibility and effectiveness of

the proposed optimized topology.

Key words: micro satellite; primary load-bearing structure; topology optimization; random vibration;

experimental verification;
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Fig. 1 Flowchart of optimization design
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Tab.1 Vibration test condition
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Fig. 2 Finite element model of satellite structure
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Tab. 2 Results of finite element analysis
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Fig. 3 Flowchart of topology optimization method
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Fig. 4 Finite element model for optimization
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Results of topology optimization

Fig. 5
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Fig. 6 Satellite soleplate models before and after optimizing
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Tab. 3 Results of finite element analysis after optimizing
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Fig. 7 PSD analysis curves of single mounting point
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Fig. 8 Placement of random vibration test

[ ——— | - [RVI5.10.5839]
E e e I i cwmre

LogMag/Hz

1.0n} 1 { . H 167,847

1

0 1 | ] [ |

10.0n} b I HXXX random(z)__Measurementd
100.0pt I v 135 88

0. =
500 1000 ® 1.0k 2.0k
Frequency/Hz

(a) B SRR AR 22 2 . PSD 3 36 i 1 1t £&

(a)PSD test response curve of star sensor mounting point

1.0 e
100.0m ﬁ/_/wﬁf B i
e e ﬁ%@ﬂ/
N 1.0m i . 3 1
2 106.0n [RVSS.79837 "’m
s 10.0u i
=  1.0u
2 100.0n
= 10.0n !
1.0n XXX random(z)__Measurement10
100.0p X:356.038
10.0p ¥:0.540 506
7200 100.0 = 1.0k 2.0k
Frequency/Hz

(b) & H 2225 55 PSD 336w 7 il 28

(b)PSD test response curve of accumulator mounting point

1.0 e
100.0m 1 | T
M 1.0m 1 - {
Z100.0u} ] | [RMS:8.170 83 N RN
@ 10.0uf 1 R | -
g 1.0uf e I e
100 0n}f
— ](])_gn I
AnE | XXX random(z)__Measurement9
I(]Jg_gp: [ lx62s.61
IU{[}({)}E | | Y:0.478 064
T200 100.0 "ok 2.0k

" Frequency/Hz
Co) WL YR 428 1) 245 22 286 0 PSD 3050 1 7 il 2%
(c)PSD test response curve of PUM mounting point
P9 gt B2 e Ry By 3 4% 8 BE (PSD) 3 36 45

Fig. 9 Test results of PSD acceleration response



3190 ﬁ%%

T TR

5 23 &

x5 KESSTHEILL

Tab.5 Data comparison of test and analysis

A 5 43 B %) H
Sii/Hz R/ Hz  R2/%
Y ] — B A 85.3 83.53 2.1
X ] — B i 4 89. 4 90. 39 1.2
Z i) — By 43 8 248. 4 262. 4 5.3
WEBZAA I 5 43 BT 45 R X L
PR 1 B (gD
Jm REURE L B TR T 4%

ot R RE 0 i W RE 0 M R RE
X 6.6 6.38 3.3 12.6 14 13 81 89 10
Y 4.8 4.2 14 10.4 9.5 9.5 7.1 6.32 12
Z 2.162.35 8.1 1.96 9.5 3.2 1.921.81 6.1
BEALIR 3158 5 0 45 R 3 b
FAIL 2 2 o R o R 3 05 AR A/ Grms
i BRRUES il R R A
ot R RE 0 M WE RE 0 M R RE

X 6.48 7.3 11 7.657.97 4 5.615.95 5.7
Y 7.988.55 6.7 7.927.66 3.3 8.648.86 2.5
Z 11.1410.58 5.3 9.06 8.8 3.1 8.45 8.17 3.4

S &k

[1] &=8. AN TDERHEMEHEAR] LF HE
T 4£,1999,7(5):16-21.
GUO Y G..
technology [J]. Opt. Precision Eng. s 1999,7(5);
16-21. (in Chinese)

[2] %4k 4K &, M Pleiades #IH7 8 — 10 & g /N 10
BHEARKREL] ¥EE%,2013, 2(6):9-19.
XU W, PIAO Y J. Analysis of new generation

Modern small satellite and its related

high-performance small satellite technology based on
the Pleiades [J]. Chinese Optics, 2013,2 (6):9-19.
(in Chinese)

(3] &Hm.2&®, RFEOCHFEENDET G5

ik — AL BT ] R H % T42,2018,21(12) .
207-214.
GU S, LIU CH Y, JIA X ZH. Integrated design of
bus and payload structure of small optical remote
sensing satellite [J]. Opt. Precision Eng. , 2013,
21(12): 207-214. (in Chinese)

(4] w3z, AL, F ETHRELEHH RN
()R X i R A (VR I f - R -
HE T42,2013,21(7): 1803-1810.

LIU SH T, HU R. ZHOU P, et al.. Topologic op-

timization for configuration design of web-skin-type

5 TR AR SO R OC o M B 5 Ik 3 il 5
B R 22 R ZAE 10 20 LA A B e iR 25 1 100
~ 1500 Z 18] A TAREOR . £5 b Tk A SO A
PR TARE TR A HERA

AR SCFI A BR T8 43 BT 2944 %o 55 Xof it 03000 /N T3
BHEAT T A WRIC o ARG 7 B 8 R s T T
B AL 2 Jon 3 32 ey 7 ¥4 AR (1) AR R AR T
MRAEZ B oe T TR R 1 458 Ak 3t
2 PR 2K 5 A BR T o A vl g0, TR R ) 2
PAE R ST S C R R S i L N 2 e e L
1) L SRR L L Tt | R R R AR L
S0 i AR Ry i (=< = 7 1 1 (T
23.3%.,10.6% .11. 3%, &5 F A SCHE I Bt
7 A AT .

ground structure based large-aperture space mirror
[I]. Opt. Precision Eng., 2013, 21 (7): 1803-
1810. (in Chinese)

(6] = F4 413K, 2 48, %, 25 [ AR AL 3 52 58 58 19 40 b
et [T, + Bk 5.2010, 6(3):239-244.

LIU X M, HE B,SHA W, et al.. Topological light-
weight design of primary mirror in space cameral J].
Chinese Optics, 2010,6(3):239-244. (in Chinese)

(6] Efhz.,dmE%E, 35 2E%,F. SHEMEILEG BT
M A R RS AR [T, AL X % & =, 2012, 33
(6):67-73
WANG W ZH. GAO W J, GUO CH L. et al..
Topology and size optimization technologies applied
in structure design of space camera [J]. Spacecraft
Recovery & Remote Sensing, 2012, 33(6) :67-73(in
Chinese)

[7] DIAZ A R, KIKUCHI N. Solution to shape and to-
pology eigenvalue optimization problems using a
homogenization method [J]. Int. J for Num. Meth.
In Eng. ,1992,35(7) :1487-1502.

[8] PAN J, WANG D Y. Topology optimization of

truss structure with random response constraints
[J1. Jowrnal of Ship Mechanics, 2008, 12 (6):
973-985.

[9] AJLR.#FahZHEIHRALRRES 5 AHFR[D].

WA PR R, 2004,



11 B

55 I AN TR R D 25 A Bt 5 il g

3191

[10]

[11]

(12]

[13]

ZUO K T. Research of theory and application a-
bout topology optimization of continuum struclure
[D]. Wuhan: Huazhong University of Science and
Technology.2004. (in Chinese)
TR F RS A F. RIS B R
MUPR w47 5 X5 (1], & 20 5 o & .2011,30
(11 . 74-78.
DONG D Y, XIN H W, YANG L W, et al..
Random vibration analysis and its verification for
large aperture mirror component [ J]. Jouwrnal of
Vibration and Shock, 2011, 30 (11): 74-78. (in
Chinese)
g3, R S, F 4R, FL A [ AR AL ST 41 1 BE
PR Sh 43 BT SR DF 5T [ ], & %45 J& 5 4k, 2009,
21(16):5009-5017.
ZOU Y, WU Q W, DONG D Y, et al.. Research
on analysis and test of random vibration on tripodic
supporting structure of space camera [J]. Journal
of System Simulation, 2009, 21(16): 5009-5017.
(in Chinese)
RAO S S, ALk 2 [M]. 650 5 48 K% iR
#t.2009
RAO S S. Mechanical Vibrations [ M]. Beijing:
Tsinghua University Press, 2009. (in Chinese)
3§ e, T F LUK &% 58 BE LR 3l 0 43 B
(U], B = A 53K, 2002(1) £ 24-30.
HAN Z Y, QU G J. Wide-band random vibration

response prediction study of the spacecraft struc-

1EE @t

BMOEU988—) . B BRITEIGA L L
WhgEA . 2012 4F F AR b R 24 3R o
2N, BN FE/N TR R R Y
3% . E-mail: weilei0906@163. com

[14]

[15]

[16]

[17]

ture [J]. Chinese Space Science and Technolo-
gy. » 2002(1): 24-30. (in Chinese)

RE IR A AR BB LR 3 2 A 4 B
MBI R AR (T]. B R B F 5 85 m Ah %F,
2013,34(2):107-116.

ZHAO Y, ZHANG Y H, LIN J H. Summary on
the pseudo-excitation method for vehicle random
vibration PSD analysis [J]. Applied Mathematics
and Mechanics, 2013, 34 (2).107-116. (in Chi-
nese)

WA &, A5, LM%, 4. MSC Nastran 30 71 %
oA [ML Jb AT KA R A L 201 2.
TIANLS, LIXH, MAYF, etal.. MSC Nas-
tran Enchiridion of Dynamic Analysis [M]. Bei-
jing: China Water Conservancy and Hydropower
Press, 2012. (in Chinese)

3P LK T, RakF. SR EMEALZEARTT . A
X, 2007,24(8) - 1-4.

GUO ZH Z, ZHANG W H, CHEN Y Z. Review
of topology optimization design [J]. Journal of
Machine Design, 2007, 24(8) :1-4. (in Chinese)
EAERLCABELKRE S, OptiStruct & HyperStudy
wighal o AIM] dLET. o EPLA 1R
#t,2013.

HONG Q Q, ZHAO K, ZHANG P, et al..
Theory Foundation and Applied Engineering for
OptiStruct & HyperStudy [ M]. Beijing: China
Mechine Press, 2012. (in Chinese)

The

£ KA I EMRKEAN L
R BF AT L 1982 4F TR B K
ALK 7 BE 4R 45 2 L 2F 6L, 1991 4R
2001 4F T i [ B} 22 B AR O R B AL
5 0 BRI 5 T 43 ) AR AR AR L A
(Ve N ] B PR N g ]
)WF5E . E-mail: jing@ciomp. ac. cn

(RILEFE REWH AREHEH)



