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Abstract: In order to study the dynamic characteristics of free-floating satellite antenna with joint clearance, the joint
clearance model is established based on a thorough geometric description of eccentricity vector. Then, the contact forces are
evaluated by using the nonlinear spring-damp model and the friction forces are calculated by using modified Coulomb’ s fric-
tion law. Furthermore, the contact-impact criterion is used to transform the geometric constraints into force constraints, and
no topology changed through adding and/or deleting kinematic constraint equations in the system to facilitate the global sim-
ulation. Finally, the dynamic response of satellite antenna system is analyzed in consideration of the ideal joint and the joint
clearance respectively. The simulation results indicate that antenna pointing accuracy is seriously affected by the existence
of joint clearance. It can cause high peaks on the kinematics and dynamics characteristics of system due to contact-impact
forces. However, the existence of non-linear damping in joints makes contact-impact forces smaller. The journal and the
bearing are in continuous contact finally. The conclusion would have important academic value and engineering significance
for satellite antenna pointing accuracy analysis,
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Fig.1 Model of revolute joints with clearance

B | AT, B SRR B OB e %

e,;,' = r; - ’}: (1)

Kb, P P AN RAIRR XY FRRN, RUEL
AT

r=r+As"%, (k=1iy) (2)

oo A, AR s Mk kRO B B

B R D e, = yeley il 50 % B

n, EHTFHAMEE, 5 p, F p, HEL KR b

n, =e;/e; 3)

y y Ty

I 2 B, SRE S H R AR T, AR

8; = e; —¢; (4)
A c; WHESRAE B,
W Q.0 ik i ik j mEA s, W
M=r,+As?+Rn;, (k=1ij) (5)
K R, HHEMBE LR
AT '@ SHER MM, LUK
s 0.0, KEK
R=r+As{+Rn;, (k=ij) (6)

2 BN bR BEIBRE R
Fig.2 Revolute clearance joint modeled as colliding bodies

KT FI R F R Rk, DA R R W ok i R
FEHE I ShR R , UK TR 4 0 35 ) A R
V, MtIE X EE V,;

V, = -rn, v, = (-, (T)
b e, AL ER, W@ n S EiER 90°18 3,

RS R R, AR F,
M EEE S F, 8 AR, MMM e i 595
F, 75 m, Mg 01 F, h5E m 5 50%

F,=F,+F =-F, (8)

m, = (f =2 )ff = (o -y, (k=) (9)



L AUR

R A% R RRB TR R R KRR TR

2253

1.2 R8I R R
AT B BT B e BRI BT | A k4
N ATHAERMEREREEHEEARET R
RS RERL, G 3 BT, R4 S 60 Hertz HEAY,
I RE e SRR A R AU RE LK
AT RIERBRE LSRRGS 220 BER D
B RESKAR 33 ) 7 S B4 2 fioh ) oR B R R 4
fib Bl PR P A R, — BRI A B R LA
HREWANAR, AR I KA 0 B
B AR IRE , H SOk RS F, R
(K&; +Ds;) 8,=0
F,, = { y y y
0 8; <0
Heb Ko HBiE MM f, D8, ARpE SR BB 7,
8; M &; R R BRE B EE ; 548 Hertz 1
ISR n HX T2 BRI L 5;K 1 D 53 B RR B
188 4 S 280 A I 2 FOBELE R 3K

(10)

B3 e R
Fig.3 Contact force represented by a nonlinear

spring-damper approach

- 3R(10) Y FRGE RN K RO TR A
RSB JLRHIE R Y B 1, R R R4 ) 5
WA IR AR, B 4 R 48 ) K8 T
ERAMATER SRR EHERR S BB &
D SIRE ARAEMRIEA XK AR (11)3F
BiRE:

Ko 4R _0.75K(1 -cf)sn
T 3wk k) T T v i

(11)
KH: R = RR/(R, +R)h, = (1 -42)/(=E,),i
=1,2;R, MR, /A R A BHEM AR E 2 E, My,
43 B R R A 5 B4 IR B RIEMA e e, MRS

BRI E REG, AR PHEE,

YEER e 2 A ST SR B S,
PR YIRS F,, T REW HIWT IR 3 K6
ST 1, 8] B AL AR U0 1 BE 48 AR B R FRE I
#) Coulomb EE{EHERI )1 EHE H AT AR K «

v
F, =—l“dCan';’_ (12)

AH: p, AREBER co WABBERK 0, K
AT AR o

2 AREREABNEHREHHFED

EREBREHFEED N TRERR.

(1) BEEXRAHMPARIE , REFEH ;

(2) DEAENEFRE, HZEMER;

(3) K45 Bh Bl B AV 1 e e e 5

(4) RESRImHIELE—E;

(5) AEBRZME IR,

REERIERE, B IEH X TTRR N - 6,458
2 BhEEEh, BER AR 6,,0, , REAR R 3 BN R
MIRR 3 TDEARBIRR 3, MIEXTTRTAR 3,
HATEAKEIRR 3, 1« BRI,y B0
el Bl AL (A0 4) ERTTAIR RS P,
JRRBERAERT i, fESTER T LIRR IS B
RORT 2 FERefE g, HEXT B4R,

WS B, RITHIBR S | FFIR, K79 @ E#
-1 0.0, KT i AR R IR L NI
TR REAERE 0, J8l i B TR %
WRKE.D, AW FOBIKRT i+ 1 RIFRKE p,
ARTIMERE,r, A RORE o, A BTG
M FRBELITR 3 K&

WA S fia, EEE K + 1 FEVEIER
BN, BRI PR 1B 3E R P g ) g —
W% AR
2.1 HEBEARER

BRRGATFEBRIBRZR , R Z93R, W R A
Lagrange JTAEX BBAKH ST @RI T

g ;
[:3 :”2]* [:] - [F;]’r [j]n (13)

AP, ZETEAKRRER H,:



2254 FHE 31 %
Iy € R = 2 (mJy)/w (20)
izl
Jn e R = [k, x (r; -p)) .k x (r; - p),
0,-,0] (21)
JRA' € R3"" = [kl 9k2’"'7ki907".’0] (22)
E, -p
JbeRé’(GE[ Pw],poz =p.-r (23)
A 0, E
1, Je c ben = [kl X (pe _pl)’"'¢kn X (pe _pn)
kl,kz,"',k"

Me BHRXRMHNEEY

Fig.4 Dynamic model of satellite antenna

E5 BRR&HIMNE
Fig.5 Topological graph of satellite antenna

(14)

H < B lin3 w;,fgil
s € =

~
wry, H,J

H e R® =Y (I +mryry) +1, (15)
i=1

w = i(mi) (16)
TEAKSERFABAREENS H,:
aexms[hﬂ (17)
Hwﬂ

H, e R = 2 (LT +m; ;Oi-,n) (18)
i=1
ERELEN H,
H, e R =Y (Jhldy+mdils) (19)

(24)
A r AR Er B UTRIERE &, KK 0 475 T8 L
& r, BB XEM O E,r, TREAREROHAL
B, p, WREHKIRME R E T, Jh i 3R
DR, e, BT EARKMKEEEIFRER,c,
HEBREMRBEE RN, F, T EAKET
ZANF BRI IIE s HEBREMXT T, AR
3 DR AR HAERE,J, A ARSR YRR LR,
F, HRBREKRMF 2571/ 5 115
2.2 BEMEBER
BEREBRBATERREN SR REEE S,
Xt F H— BB U, BT A4y o B B i, B
BTGB RS, EAERT B, XA
BHBRNEEMERRE, XHESHNTRES L
YIRS LRRMAAEAR Ko
(1) MIEHE Em, A hiZshet, M EE R
G IR R
{Hij +Kg+®,A=F
@d(q,t) =0
KB g A SCARFRFIRE  H B BRE AR 8- K
HERGRIERE ;@ HARTTE; @, AART R
AT SERE  F T L J1BE ;A 4 Lagrange Fe ¥ 51 Rk ; ¢
HEFE A

(25)

W AR LAY LR R
Dqg=-P =v (26)
AR BN
Dq=-(D49),9-20,49-D, =7y (27)

(2) LB EEmEN, ME SRR E
B, AR PIIA T SR LS
MR (10) MEEAERK (12), ERFFEMY
B BEELAER, MRS #ER N



101

PR 4 « K R R S R R B R 2255

{H¢'j+Kq+¢;f)¢ =F+F,
&(q,t) =0

K F, HiEme e EME=ER X hrq T
BT~ X hBIRE, & T 88 BR 5| 2 i 4% fd it 18 7
FEHE ST,

4 DAk SRl B A B R B B s B, X AR
FEAE by B, B2I) B 1 330 14052 3 S5 1R 1) 1 4
T, AR R, H BN R R B T2E
BREBA RS R B B, FRTE R i
B RS, SRR B R RE N1F N

H &)11q7 [F+F.
= 9
[diq 0 ]{A} { v } (2 )
RN 2 R IR R NS R BB 1%
AL A TR SR RS 1%, RS
—HRMEANTLAR RS RN L RITE,

3 mEREE RS B HI

ERREBIBRHZAN I EHELE, I TIEH
THE B BR R ) PR AR ) DA RN B A
Uit ss  HEWME N E - #/"” SaRE BT
KA R ER AT AT, REEE S B
SRAWEHEEWEHER, & 8(¢(s,))
8(q(t,.,)) A5 R e, Fe,,, BHEZIBE SR
fl X R SR I SEEIREE , F iR R

8(q(t,)) +8(q(2,,,)) <0 (30)

WAy iz o 1E B R (e, ,t,., ] RESFE—D
BHRETSEE N T BBV, T Y
BT 8BS SR, WSS RER, W R £ 5
fBt LR KM T BRE SRR A MH T, st
BHAMEFR—5 , RAS/PHRAIEKERIHE
WRETERVFEE A, M AT 1 ok 20 & Akpg e i)
HESHMERE (ER S X B, X E
BB 7)) o

4 BEES

ERXAH M TRAK Fohhh KLUXT
REFe Ere s, o R B 457658 — Mok o b
AER—RIE(INE 4) , 3558 1 582 Z [
FITERE SR, HE X T R AR AL, £
EYRSHNE L (EFREA) .

(28) -

%1 BHEXSYHMYHER

Table I  Parameters of satellite antenna
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