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R REMBRERARTIE, BLTRUESHREN S FER. A Hertz flis Mg
THEHIETARNRERELXR, 250 AR AR AR 07 B 5T R R i
fEdi ). HEERE, BR TR EEMATEEES AR RS ER.

Xidin TEAHEMmE £ofEds FN-FEReINF

1 5]

ifll3

BAr, MIRSBERABETEAR, ETRENERB RS, W5 ENZEHEX
VEEESh At A S T U ARHE Saint-Venant f ¢, 3R, Rt
R B F R, EEYARAMERNLBMERE, #E AL SRARS, 54
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ASCHR T PEKHEMMEES SEGIRPN-ZR/E3 1%, H Jourdain #EAR
SIREMARBHEAR T EIH T RESERENON-RB G NETE A Hertz fi
BN E S T RN REBRENRR, B, BEERTREEE, XHET ik
TERMEER AR X RHEEBPEEE IR PN R R T R AT E
B A ERRA YRR

2 FZHZEREHESEFRIR

BRMWARE N AR, A3EA B (i =1,2,---,N). K1, EERIHY Bs
B RAES alilE. BEHEPERE—EMN, HE Bo M Bs LR RIHA uHlv,
mE 1R BYEXNSER e, e 5 e HME Bo 5 Bs WREIE. 4 M v EEEXTE
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M orp, RE d AERMEST SOHEMAE. ol pho ARER 1, v HXNESIBIRRK
RBER, utul#p v ORBEE. & rh, v ra,rs d HBIH rh 5 10,7, d TR
PEAMRR T IABKREE, oo, ul Bl oo, ug 5804 pho, ubt F pho,ul TERBHE e & €
THIMIREE, Aa, Ag X e® 5 e RTHEMENH M RERE, N

d=rh —rj =71, + A.(pl + u;“) — 15— Ap(pho + ug)

=ra + Aalply + B1as) - rs — As(pgs + 8] ag). (1)
Heh, BF B2 58N B, F By EREET IS, aa,ap 514 Ba 1 By HA

AR

1 EarfrBReERS R

Fig.1 Flexible multibody system with impact

xR (1) k2, 7E

d = Biva — Bjvp. @)
He,
va= (g wi a3)T, wp=(} wj ag)7, (3)
By=(1s -ph @), Bg=(Is —pp @p) (4)
Hufv kg
dT(t —At)-d(t) <0 F1 [|d(t)]| <e (0<e<1) (5)

mf, Yk AR ER T MAIRRERRE T, HEWEN B. 5 Bs, fFHR
B R 0 5 v. AitfJE, & Hertz EH, HARE SN

|F| = k6%/2, (6)

Hep, BMNERE F SERGHILFBRIAEER, o AEGLHREER. it
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K, y ABBIRIIE, Gp, Go AEHEERE. Fib, B TEETENR
§W = f6y™(GEBY, - GIBL )d. (11)
S RG XA y AR A BARRENE ) T 497 X %
f'=f(GIBY -~ GIB-")d. | (12)
RYEsh 1% HFEE Jourdain AF 43R 4 [
YT (-Zy+2z+f¥) =0, (13)

e, ZAWBRSEKT R, = A7 XAk STHARES, BTUIMERART
BREFE, RERRSER) SCRIRXT TR RGER YA, X CABRER T 7% 2
AR RERB FFE R, LU R R DI M FER SRS AR GE AR
FHRENELEXTEN

O(y,t) =0. (14)

I Lagrange 3T [ p, ISR RAMIBY 122 5 1EH

Zy+O.p==z+fY
(15)
O(y,t) = 0.
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LYREFEINR, EHEE B 5HIK B2, W B: 521K Bs, R4 Bs 59
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2 WAREHHESEE

Fig.2 Contact-impact of the plates
B3 (a) 84 A; (b) B B
Fig.3 Joint A and Joint B

F£1 MEERBY
Table 1 Inertia properties of each body
Wi RE /kg ERE /(kgm?) FOMEE /m
9.637 2.382 x 107! 2131 x10~% 1.151x102
B; 15.001 2.382 x 10~1 6.945 —3.806 x 1072 —5.725 x 101

2.131 x 1073 —3.806 x 1072 1.658 x 10! —1.518 x 103

1.880 x 10} 1.104 x 107! —1.787 x 103 —1.445 x 103

Bz 17480 1.104 x 107!  1.819 x 10'  2.255 x 10~2 —8.600 x 10~
~1.787 x 1073 2.255 x 10~3  3.699 x 101  —1.027 x 103

1.823 x 10! 1.319 x 10~1  1.236 x 10~% 9.040 x 10—3

B3,B; 16630 1.319x 107! 1685x 10! —9.725x 107% —8.775 x 10~1
1.236 x 1078 —9.725 x 10~% 3.508 x 10'  1.842 x 1078

1.611 x 10! —1.604 x 10~2 —7.052 x 10~5 3.816 x 103

Bs 15.805 —1.604x 10~2 1,514 x 10} —2.135 x 10~5 —8.447 x 10~
—7.052 x 107% —2.135 x 107% 3.125 x 101 3.354 x 10~%

A TRE B 55MEREAREER, B Nastran NG Br REMBRATARIT
. REBEEAREREN, E8Y B RAR-H3OERY, B 31 MR, §F 3 BrasiE
PiE R4 10.4498 Hz, 16.7952 Hz F 17.7448 Hz. NAR B, R M-3R, B 68 4>
A, BT 3 MEES R 404 4.5820 Hz, 6.2080 Hz F1 12.3218 Hz. 8~ 4% Bs Fh—iK
B, RAM T - MR /7 3 S EHI RS 5% 4.6528 Hz, 6.3058 Hz 1 12.4652 Hz. 4}
W Bs RAE -8 HER, B 54 D19, BT 3 Wrp bR fIE MBS, 67 3 By
43 %4 1.1396 Hz, 2.9017 Hz 1 5.8096 Hz. A (6) i THEMAREE: MESHE,
8.08 x 10° N/m®%; AR [A} g, 1.4638 x 10° N/m®?. S} B RMEAERAMRISER 5118
I E ENE 4— B 7 iR,
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B4 Jp iSRS B s J5 ahiEd S
Fig.4 Impact force of Jo Fig.5 Impact force of J3

MEFRTLAE H, XTRIAEER Y4 ¢ = 14.979s B, Jo S AFIEKE, A
5044.84 N, Js, Ju FI Js AbiEh AR5 A {E % 5219.98N; 24 ¢ = 15.02s i, i HiEF
0, 4R, XRMEAERL, T, J5, Jy F1 Js ZhpiES A RFE T AXIRHEE, SHIEE
RMW, EhNEER, SEACET TREEARE. Xt =15.0005s &, Jo &b 1E
FgE(E, % 7140.73N; fEREF IR Js b HE S S BN IEME, BP ¢ = 15.0005s A,
F =3234.03N fl ¢t = 15.051 ff, F =1826.99N; 24 ¢t = 14.985s Bt, J, AbR9IED; Sk F)
WefH, X 5723.3N; Js AbiE T T BB IEME, BF ¢ = 14.956s B4 F = 1517.11Nt =
15.001s B4 F = 1586.05 N. 1+ 8B &5 LR, EETHIRED, RS I8 ZmR6e

T — 6000 : -
6000 — mmn ] — Rl
- o RMEEE, z o R
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© 4000 f =
S 3 <L
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£ g
0 T 0 . ‘ ;
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B 6 Jg abfEd B 7 Js AMES A

Fig.6 Impact force of Jy Fig.7 Impact force of J5

DI, B2 HXS Br BI¥E A HAIEAN 0.01429rad (WI4A#ERY 0.015 86 rad), Bs
HAXS Bz, By #AXS Bs, Bs 0% By KIF AR AELIA 0.02793rad (NIEHER 0.030 96 rad).
FEMRERT B, Bz ABXT B BIAER B AMEA 0.3497rad/s (RIAKEA 0.5629rad), Bs A
Xt Bz, By A%t Bs, Bs #0%f By (1 K B KEHPH 0.6732rad/s (HIfFHEEY 1.0836 rad).
WLUE Y, FTHABRE A AR AR NT NGRS, XREATEREGIES, MR
M BHEA, RAVESIEIRERT—RE AR REE, SRS U B&AR B f AR
AN, B, BARTERES G BT B M UM RN, AR TTLUE B, BT Bs, Bs, By
M Bs ZIEEFITLAREER, Tex WAL RRMAAER, B MHXt By, By AT
Bs 1 Bs #8% Ba BIHEXS ¥, ARXH M3 B KN (B A E AR
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RIGID-FLEXIBLE COUPLING DYNAMICS OF
SATELLITE SOLAR BATTERY

LIU Jinyang HONG Jiazhen
(Engineering Mechanics, Shanghai Jiaotong University, Shanghai 200030)

Abstract

In this paper, the rigid-flexible coupling dynamics of satellite solar battery with
multi point contact-impact is investigated. Based on Jourdain’s variational principle
and forward recursive formulation, the dynamic model of flexible multibody systems
with contact impact is established. According to Hertz’s impact law, the relation
between the impact force and local deformation is obtained. The contact-impact of
satellite plates is simulated by using rigid model and flexible model, respectively.
The time histories of the impact force, impact time are calculated to reveal the
coupling of the large overall motion and deformation.

Key words Satellite solar battery, Multi point impact, Rigid-flexible cou-

pling dynamics
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