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Fig.2  Schematic diagram of locking mechanism
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Fig.3 Kinematic description of mutibody system

X1 23X I] ¢ SR— YR T2, I

DAZRE UL rT AT 380 2 o i 2 A 38 AR e o

#=B"y (2)

i’ =B"y+w" (3)
Horpr

v=[F" " d]" (4)

B'=[1, 5" A®"] (5)

w' =wap” +20AD " d (6)

Xh w=[o, o, o] ZIF3HHEHEE LR
Wi, (%) 32K () BARR T I v ) SCHUBEFE v Ry
I S0

FET AR IR B BRI B 1 RS
IR

ov" (-my w+f " )=0 (7)

Hrvm, w, f™ f‘/\ WFR AT B ) SUI5
Tijjﬁ\f‘X%jJ@ﬂf‘Xf}{ﬁ/ﬁﬁ.

m=Y m"B"B" (8)

w = Z m” B w” (9)

fx[ — Z B[’I‘FI’ (10>

f“=(0" 0" (Cd+Ka'")" (11)
Horpc, MK, 53510 Z2 AR I BE [ AR 25 BHL
JEBE ST T8 H AR PER, i T SCAR AR ST
K(7) TGN,

—my+f=0 (12)

SFEA n MEERERENDIRN RS, RS
8l 1 2F T R A N

{Z ?H:FE} (13)

Hi M=diag(m,,---,m ), V=[v,",---v," 1" F=
U £, Gy R AR R,y 2
TN EE T FRAT I, A, JEAHN Y Lagrange 1.

3 EfphnbEEE

2 fh il 45 )RS AR SR A 7 0k — Ay =28 i 3
L G Y AR R A BT
VO T WA 1 e i Bl 1 AE Bl A O
A R A e T, T RCRAR R ER R T ik
ANBETHE M A3 B I ) 3 7 5 i Sl ) O 4T
Tl A3 7 AT B A B] A AR 32 i A 12405 1% I8 2%



404 B N

5 of W %

2018 4E55 16 4

ik DX S5 AR T | o 2 ik DX 3t Jin— A4~ 53 55 BELJE )
TER IR Rl T, PRl ) S2 AR ] i A
IR AR R PR AR, W LA N B B ) A
HAOR it R 13 4 B0 ) i B s AR A FROT T 12
DU X 4 b FH ARG A A3 | e A R 422 ot
B T Ak X, PR o e 24 T it fn 3] 42
fih SRS b %7 R B e, (H 5 A L
AT TSR AR e TT AL Bl ) 2 0 LR RO A
3R AR SCR T Sl A ) J5 10 Sl ST 2 ikl i A AL,
oW BRI 18300 Hertz $ il

J=kd" (14)
o & SZ il R AR 6 SRR AR FE kRN
FEfbAr B RN RINIEEE, n RORBEHEREL R 7% &
filf s 1k i P Y BB B FEHY, Lankarani 1 Nikravesh! '
i PR TIX— KR 3 T E AR,
3(1-¢*) &

=k (14—

) (15)

X8, %éﬁﬁ‘ﬁi%ﬂﬁﬁﬂﬂ‘%ﬂ AR T R 1208 R
VRO 2R BRI Y R 2 45 FE 07 AR VR,

TERVUEH A BIE B E B AR v, 8 A A Y T
B, W55 R L N A B i A b vk 1)
AR AT Hertz A58, U] 7 3 31 % FHAB 1E 1 128 BE
i3RIt

4 (HEZH

H1T Hertz 22 2P A4 AW & HOFEBR-BK
R 10 A5 LR fi] B L AR B AR A2 ik 1] 250 o AT A A
itk 1T JE T AL B8 ) e o 22 SR AN [ ity S5 B8 A T
B — RO AR 2 [A] A4 ik, 422 o I 32 7 22 B 5L B
T 2 6. AR SC 300 SR AN [ 42 f DO 32 Rl 438 45 %
(WL 1) NHATOTE 0T, AF R S B B X
TSR, 28R IR B % (CCL) FBER 4%
RO e Ay B R F AR BT RE R SR 7
LN Gear FiE.

F 1 AEEHESET 3h 7150 5 R b
Table 1  Comparison of dynamic responses with

different contact parameters

Contact stiffness Contact index Max contact force Response frequency

kE(N/m) n (N) (Hz)
le7 1.5 931 0.167
le8 1.5 2419 0.317
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P 4 AR ECHERUE e i o R/ N2 R A
[F) W1 8 il ) IR 21 T3 1 rPL 5 R MR
it P T AR TR ) T R W IO R, oF = 2% il et
7 FET 5345 nl LAAS 2 WA R 0 i 3605, [R]RE 51 T
F1H.

3000 - ——k=1¢7N/m, 7=1.5
=« =}=1e8 N/m, r=1.5
2500 — = k=1e8 N/m, n=0.9
Z 2000 ’\ A
T hApoa
8 ,”hp‘ #Hlﬁ_“n
] "l' i |ﬁ| YK [‘
< i ,!;qh i TRy
8 ol M l;il | it Rt g
8 r k '- . ‘ hl | || L “ ‘!
500 \Y l
0
1 n 1 1 1 " 1 n 1 2 J
30 35 40 45 50 55
Time [s]
4 MREREEE T
Fig.4 Contact force on the root hinge
0.8 - —k=1€¢7 N/m, n=1.5
— - =k=1e8 N/m, n=1.5
— = k=1e8 N/m, n=0.9
Q)
E
T
c
@
2
3
kS
2
53
o
°
>

3I0 315 4Io 415 . slo ' 5I5
Time [s]
P 5 MR S P s T PRI 7 17 F) 5 2

Fig.5 Velocity of tip midpoint of the outer plate in the vertical direction

M1 Tu%bﬁ il 3 2 B0 1 BN (S Wi )
TEARE ) B RN 3B 23 5 B 28 SE iR 3 R, TR
eI E Al 1 2 O AT T SR I O ok
B

5 RAUENNZHERRE

P 6 45 1 g o B 48 2 H0HE AT R BH PR it
W3l 32 SR TT Bl g 2 LR S B e AR 22 50 ik
YBURE AR P 2 5 K55 2 8, 04T R B v b B 14 e I
%ﬂ%ﬁmxﬁﬁ%ﬁiﬁ SRIE R BUE = 1 8l ) 215 LA
SR TG HL AR e, A Bl g 2 e 7 ) 9 3R, P
%ﬁﬁﬁ%(@ﬁi%ﬁﬂz}: AR S I A Y R R AT L
R T F AR VR fh il 13 2, PR R AT
A0 B, HRVBIE 5 3l 12 05 B AR5 S



55

B K A5 R BH PR Y 4 R 5 B e e 4 22 1R 8l 2 03 A 465

FHHEATUAR 5: | SR W 07 LIS I e BB il 4 2 002
iR PIE S RAE SRR iR

Yes

Rigid body

Modeling by FEM software

v

Model reduction

L]

Rigid-flexible coupling model [

Yes -
No Numerical
Simulation

Yes

Setting contact parameters

v

Numerical simulation

Y

Frequency analysis after locking

atisfied with experimenta

results?

Simulation results -

o JITHUE RS 10 R R B
Fig.6  Schematic diagram of dynamic simulation strategy

of deployment and lockingprocess

A SR R SE A v | S50 75 80 28 J K FH HE,
TR 25 A B B A5 A 0. 17Hz. th 36 1 AT 45, K BH Ha b
Wi Jre FE RN A 3l 77 27 5 L B Al 43 2 500 5 B & =
1x10'N/s, 8% n=1.5.

6 it

ARSCIENT T Z O BH R el I % O LA ) 22
G 2R R GE 8 1 E AR AR B B HEAE S SE PR
PRAEBH R Hertz £2 fih PSS 1 BT FIBTHE 2
) A AR AR, B T R IT B Axad R 1 3 g 4
FLATFTE T A [+ 2 s P 32 R ) i SRS 2R 58 8

PN L R, 45 R R B A S R S O ALY
i B R 7RIS 38 2 LR 2 BE Ja R LR3I
WA B i e T AR e BRI £ 2 M0 AT R FH L T
W P B 5 501 7 27 LA SR

2 £ X W

U 250 XK, dh . b0 W2 M R W 2R 5 2
TR BRI S 3l g 2 S 24, 2015,13(1)
6~11 (Li L, Liu Z Y, Hong J Z. Model reduction of rig-
id-flexible coupling dynamics. Journal of Dynamics and
Control, 2015,13(1) :6~11 (in Chinese) )

2 ST XEE K, kg . R AR K BH HA T ST i £
PR3 120 B, FRFAR, 2017,38(8) :35~42 (Shi )
B, Liu Z Y, Hong J Z. Multibody dynamics of deploy-
ment of solar arrays with large deformation. Journal of As-
tronoutics, 2017,38(8) :35~42 (in Chinese))

3 ARTUAN, EEIESE, IR AR URAR RME 2RSS BUE
fli g A o pr SR SR, R 5 PR, 2011, 38
(1):42~51 (ZouY J, Han Z Y, Bai Z G, et al. Impact
analysis and test verification of flexible multi-body space-
craft structures in the latching process. Structure & Envi-
ronment Engineering, 2011,38 (1):42 ~ 51 (in Chi-
nese) )

4 R 2RSS deat: REHE R
#t, 1999 (Hong J Z. Computational dynamics of multi-
body systems. Beijing: Higher Education Press, 1999 (in
Chinese) )

5  Pfeiffer F, Glocker C. Multibody dynamics with unilateral
contacts. Weinheim: Wiley-VCH Verlag, 2004

6  Wang J, Liu C, Zhao Z. Nonsmooth dynamics of a 3D rig-
id body on a vibrating plate. Multibody System Dynamics ,
2014,32(2) :217~239

7 Schichlen W, Seifried R. Three approaches for elastody-
namic contact in multibody systems. Muliibody System
Dynamics, 2004,12(1) :1~16

8  Flores P. Modeling and simulation of wear in revolute
clearance joints in multibody systems. Mechanism & Ma-
chine Theory, 2009,44(6) :1211~1222

9  Oliver J, Hartmann S, Weyler R, et al. A 3D frictionless
contact domain method for large deformation problems.
Computer Modeling in Engineering & Sciences, 2010, 55
(3):211~269

10 Chen P, Liu J Y, Hong J Z. Contact-impact formulation

for multi-body systems using component mode synthesis.



466 g % 5 & 6 ¥ W 2018 4E55 16 4

Acta Mechanica Sinica, 2013,29(3) .437~442 with hysteresis damping for impact analysis of multibody
11 Goldsmith W. Impact. London: Edward Arnold, 1960 systems. Journal of Mechanical Design, 1990,112(3) .
12 Lankarani H M, Nikravesh P E. A contact force model 369~376

MULTIBODY DYNAMIC ANALYSIS ON DEPLOYMENT AND
LOCK-UP PROCESS OF SOLAR ARRAYS"

Liu Zhuyong'®  Shi Junwei’ Wang Jianyao'
(1.Shanghai Jiao Tong University, Shanghai 200240, China)
(2.Shanghai Key Laboratory of Spacecraft, Shanghai 201108, China)

Abstract The dynamic analysis of flexible solar array generally treats the hinges between the plates as ideal hin-
ges, and applies the angle-dependent impact torque to simulate the locking process. In this paper, the multi-body
dynamics method is used to regard the inter-plate hinge as a body in the dynamic modeling. Considering the rigid-
flexible coupling effect of the solar array, the contact model of the locking pin and the locking groove is estab-
lished based on Hertz contact theory. Then, the dynamic simulation of the whole process of solar cell array loc-
king is realized, and the influence of the parameters in the contact model on the simulation results is studied. The
results show that the choice of contact parameters not only affects the size of the collision force, but also affects
the frequency response of the whole system after locking. Finally, the computational strategy of how to choose the

contact parameters for the dynamic simulation of deployment and locking of solar array is given.

Key words deployment system, lock-up impact, contact force, frequency, contact parameters
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