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Design and Verification of Restraint Release Mechanism for Flexible Solar Cell
Wings in Mengtian Lab Module
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Abstract: The flexible solar cell wing has been successfully applied in China's Space Station for the first time. It is
one of the most complex and difficult mechanical and electrical products in the space station system. As a key
component of the flexible solar cell wing system, the mechanism is used to realize the protection of the flexible solar cell
wings in the ascent stage andunlock andrelease the flexible solar cell wings in the orbital section. Therefore, the success
of the space mission depends heavily on the proper functioning of the restraint release mechanism. Based on the task ,
this paper introduces the structure . principle , design. simulation and application in orbit , and analyzes the technical
characteristics and key technologies. The ground verification and in-orbit flight have verified the correctness and
rationality of the design for the restraint release mechanism , and provided a novel and reliable solution for the multipoint
and large-area repeatable compression and unlocking for the Chinese spacecraft.
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Fig.1 Schematic diagram of the restraint release mechanism

for the flexible solar cell array
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Fig.2 Schematic diagram of the working principle of the

restraint release mechanism
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Fig.3 Schematic diagram of the working principle of the

bilateral four-bar mechanism
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Fig. 4 Structure of the bilateral four-bar mechanism
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Fig.5 Geometric diagram of the unilateral four-bar

mechanism
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Fig. 6 Theoretical analysis results of the torque transfer

of the four-bar mechanism
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Tab.1 Driving torques of the bilateral four-bar mechanism

- e A LA DY
WA B | 5 H@%Lﬁ_
fe K% S /(Nem) 21.86 21.48 43.34

A 249 R LG 1 9 16 X R R iR T A A, 2
[F1] 3k 552 36 o 202 P L 24 SRR R ML A = 2 50 Y i AT
HLA H R SR S %M 2 130.02 Nem, [ B 2% & %]
i By JEE AL 07 RO S RS T B QT I R 4 ) A
0.2 Nom, 5256 ff 2 M 32 29 OB OMLAG 1A B 119
3 1A /N T 136.82 Neom, I M 48 ) 6 4 5 R
INT 2 0 R SR D024 SR ML A 3K 2 g R N
je P

L= (2)
M ¥

o M, O R N m M g o8 18 N-m.

H 2 (2) AR 45 225 [ 3 552 56 i 232 M 3 24 o e L
T4 (4 8K 5l I3 % M, W A /N T 410.46 Nemo UL, 7
BE— KR 1 IR By i g A, DA R A 5 oK

3.2 WanfEEhAHFIRIT

25 [] il 52 3 i 22 M 32 24 o] RS ML A 3K Bl A%
Bl A L L 1) S LR | 22 G A S
R, T AN B 7 B R o AR SRR IR Sl 4% 3
EERCRC Y N == R e N N e
BT A LR S 5 T AL B BT T A R R PR RE L AT X
BB A ST LS (B AR NI B A] ST 5 R A
14 25 ST 2y e AV BRI I, (8 T S5 SR i HE T B i .

% P A

AL

7 KHEB RN ERZNESA M

Fig. 7 Driving mechanism with large torque and high stiffness

3.2.1 %ok Bkt

VOB DS NI A W Nt L i e |
SRR ML FH U T #5 OR FH 22 AT A U T A R I
U A AR T 28 . % B AT AL R
K NGW BT AL i A7 5L 0 7 i FL A 45 ) 1 o
Sy F 22 9 R B P SRR A 2 SRR TIOAL A R
BT oK o[RBT B s LA A% ShoRG B R
AR AR BE F1, AR SCR FH AT 52 BG4 S0 i v R 3
T o A5 XBS-100 7 471 18 I8 el o # , ki & 145 20nT



IR PNEIE S

112 AEROSPACE SHANGHAI (CHINESE & ENGLISH)

95 40 % 2023 4E45 5 41

ik 30 LA |, R #iE 7 ok Hoaz e PR e S Ik, AR ik
TH A5 2] 25 (] 3k 22 Pk 38 24 R LAY P 22 G 2
W E A 9 000, % i BE 77 465 N-m.
3.2.2 A% Xt

Ji& F¥ 24 SRR LAY T, T R UE AT 5 R 5K R A
FEE IR A SRR B AR R R B i#E
FE“BE 8070 B R AR UE . H 220 38 249 R P A 72
R B B N B B S AE s AT B B, ME 2 B —
ek A OE 7 B LR L TSRS WA N SR 1 7 e S R r
2 R AL e R A 1 B ) E 24 SRR LAY
A% Sl e b 3 b ) ) S ATLRG B 1k SR 3 i A
JE BB s gl SRR AT 55 156 58 Al

A ST SR FH 1 335 1w 1] 20 AL A4S S — AR ORI 1E

joint_S05 LGO3

Zhou 03

joint S06 LGO3

SXB 7705 zpou

I A% Bl 5 30 1) H B RS BT ALY AN A
HA i 2 B8 1 5 L oL R AN 46 R B0 A DL AT TR I
A L AL St v B ) 2l g, G R AT R e 1 BRI O
o T EEE  ELAS o BT U, x4 o SR 4 £ A
HAHEEAE .

4 fFE KRBT

41 EBEHF-HIAZHESTREIE

MR 7 i (BT SR R IE Bl -8 )
20 B, F AR 0 LA AT o SR Adams 1
7 2% PR K BH b B 24 SRR ML A A B A R ik
TR B ) 24 ALY, ELR R W) R RS WK 8
FIF7R o

joint_S03 LGO3

Zhou_02

8 ARBHNBENZ-FHAEHEER

Fig. 8 Kinematics and dynamic simulation model of the restraint release mechanism
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mechanism
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Tab.2 Simulation results of the restraint release mechanism
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Fig. 11 In-orbit deployment of the flexible solar cell wings

for the Mengtian lab module
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