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Fig. 1  Full deployment case of flexible solar array
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Fig.3  Solar Array and its constitution
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Fig.4 FEM model of flexible solar array
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Fg.5 Principles of tension mechanism and equivalence model
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Table 1 ~ Primary modes of flexible solar array
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Case Mode description Frequency ( Hz)
First deployment case First bending mode 0.28 Fig. 6 In plane bending moment of lifting mechanism
First twist mode 0.54 (first deployment and docking case)
First swinging mode 0.33 -
Full deployment case First bending mode 0.08
First twist mode 0.12 °
First swinging mode 0.09
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(first deployment and docking case )
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Table 2 Loads of main components for flexible solar array

In plane Out of plane Axial
. . ) Torque
Components Bending Bending Force (Nm)
Moment (Nm)  Moment (Nm) (N) m
Lifti
Hing 1846. 8 1249.7 350.8  23.5
Mechanism
Extensi
Hension 1326.0 983.0 258.9  27.7
Arm
Down Developing
and Locking 557.7 158.7 201.0 35.0
Mechanism
Up Developing
and Locking 112.9 2.4 124.8 5.9
Mechanism
Down Tension
_ _ 103. _
Mechanism rope 03.6
Up Tensi
p ension _ _ 53 . O _

Mechanism rope

b S TIAURA A JREATLAA) i PR 25 R R e
KAE ARTIUR B4 b 7 e AR R H BRAE Sk L Tt 32
— YIRS B XL 00, 6 THILR A0 R AILAL
1 T 5125 0 o R AEL ) ) BRAE S 1 i v 3 58 42 R T
RESHAUTOL; b AR RITBUE B B (i
BN R RV 7 i R AEL Y Y B A SR i o 3 — U

FTPIRZS X U0, 5K AU 48 28 5K 7 e KR H B
FEZ AN A b 3R 2 RO ARAS A X% T 0.

XFRL S5 RIEAT 04 Al AT LR 4518 : A2k
IR n] AR ), d1 TS i i 3R A R A R AR AR
HLBH @A, PR BEASIE e b 2 T 00 14 iofr o B il i
AR T B RS SRl , SEPRS 5 EE R e R Y 2SO
ARARZ XA I AT SR SN Z5
Bk 77 [ st ) S e 3R A IR B
] B R A3 [ ) S A5 R AR B T 1) b ik R
HLFZE R i T oK B BRI, 45 A4 AT 7 A Y Tk ir
15 PG TR SRS SIN AT EEAR /DN, 336 W e 2 255
t it se e n LIS Bk B s RAE LT — H
b SRRDIRAS W 1 AT SCH R RO AR R4
T LRAEAL AL PG 5 BRPE A IE B 1

4 #Hig

A 3 %ot e ] s i) 3ty 2% 1 i 3 2 8 B T A Ji
o, S B AL AR R T RS RN
B —FEAEACRERL, I M A NASTRAN BpFxt 52
VL3 2 AL T DL AT 1R A A,
XS EE R B B AT 45 T SRR i 3 A
BHLBD 00T 2% S BERR AL F B fe KA

XA RIE— 22 0T W], SO 3R A 1R
BRI ) TR Al BERTAT 09, JF HL A X % a] o
PR S BT MBS BB SER W T 518, 7]
I, AT A2 5 T DI O Sk e i 32 45 M B A
5 HERAZ AR A

Z % X W

1 Wu S C, Ghofranian S. Anomaly simulation and resolution
of international space station solar array deployment. In:
Proceedings of SPIE, Modeling, Simulation, and Verifica-
tion of Space-based Systems II, Orlando, 2005 :38 ~47

2 Jones P A, Spence B R. Spacecraft solar array technology
trends. IEEE Aerospace and Electronic Systems Magazine,
2011, 26(8) :17 ~28

30 T MURAR S S BOR A A AP R 3RS R
3%, 2003, 30(4):1 ~6 (Qu G J. Development and chal-
lenge of spacecraft and dynamics technology. Siruciure &
Environment Engineering, 2003,30(4):1 ~6 (in Chi-
nese) )

DS 19507 R b e DA R < P el L R W

~



234 B oo 5o #H o W 2014 4E45 12 4

MR, W ZR U < WG AR Tk K 2% 1 At , 1990 : 108 ~ 144 (in Chinese) )
(Qu G J, Shao C X. Study on dynamics modeling of space 8 XUREAL, A7 WUR, T3S, a5 [a) K BH Ha Ith [ A9 % e BAR
station. A Ssurvey of Space Station Engineering, Harbin: Kt HiRes THE,2012, 21(6) :112 ~118 (Liu Z Q,
Publication of HIT, 1990:108 ~ 144 (in Chinese) ) Yang S L, Pu H L. Development and trend of space solar
5 DRHmE. 25 A1 T AR BH R th B 1) 8l g 2 Tl . 1 array technology. Spacecraft Engineering, 2012,21 (6):
iR, 1999, 2:1 ~6 (Qiu R Q. Dynamics of a large flexi- 112 ~118 (in Chinese) )
ble solar array of space station. Aerospace Shanghai, 1999, 9 EH, THEZR, DXMHL MRS WAL s 2
2:1 ~6(in Chinese)) Pk BF 5T 0 . 2 S, 2006, 36 (2) 233 ~ 238
6 Mg, EHEE. RFEEKMB RS SEOTE. ¥ (Wang W, YuD Y, Ma X R. Advances and trends of non-
FAFE T2 B4 (AR BRI , 2003, 16(4) ;33 ~ 36 linear dynamics of space joini-dominated structure. Ad-
(Tao J Z, Lei Y J. Model characteristics analysis of large vances in Mechanics, 2006,36 (2):233 ~ 238 (in Chi-
flexible solar panel. Journal of Hunan Institute of Science nese) )
and Technology ( Natural Sciences) , 2003 ,16(4) :33 ~36 10 R, F5, R, a5 [a) il KA B Bh 1) 2F 0o
(in Chinese) ) iR TR s E s R R R, 1996,6:29 ~ 37
7 ZIRPE,TIR S, MRS, 23 ) S50 3 A I AR BH HL (WuD L, Wang Y, Wen R. Some problems on the dy-
M RBFSE. iR, 2003,4:10 ~ 14 (Li R X, Wang namics of large deployable mechanisms for space station.
Z Y, Xiao J, et al. Study on technology of large area solar Chinese Space Science and Technology, 1996 ,6:29 ~37

array in space lab. Aerospace Shanghat, 2003,4.10 ~ 14

ON-ORBIT LOAD COMPUTATION AND ANALYSIS OF FLEXIBLE
SOLAR ARRAY FOR CHINA SPACE STATION

Liu Fang" Guo Qiwei Wu Song Xiao Yuzhi
(Aerospace System Engineering Shanghai, 201109  Shanghai, China)

Abstract In order to ensure the huge energy for normal working of China Space Station and less weight costs in
launching, China Space Station adopted the large area flexible solar array ( LAFSA) design scheme. The LAFSA
has complex structures and extremely low frequency, and bearing loads produced by multiple large maneuver pro-
cedure in orbit running, so the strength check and parameter design for each load-carrying component become
very important segments for the mission§ success or failure of China Space Station. This paper established a sim-
plified linear modal for the flexible solar array of China Space Station from the perspective of engineering applica-
tions, and computed the loads of every important component of the flexible solar array in on-orbit large maneuver

procedures, which can be used as the instruction for strength check and lightweight design of the LAFSA.

Key words china space station, flexible solar array, deployable mechanism, load computation, modal

synthesis method
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