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MECHANICAL ANALYSIS AND CALM CONTROL OF DUAL-ARM SPACE ROBOT FOR
CAPTURING A SATELLITE Y
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Abstract As the technology of space science develops rapidly, space robot system is expected to capture the non
cooperative satellite on-orbit. Space robot with dual-arm obviously has more comparative advantage in this respect com
pared with the one with single arm. Because of the complicated condition in outer space it makes the dynamics and contrc
problems related to satellite-capturing operation by space robot system with dual-arm to be extremely complicated, anc
there are some unigue characteristics, such as, nonholonomic dynamics restriction, change of system configuration, tran
fer of linear momentum, angular momentum and energy, topology transfer from open to closed loop system, and the
constraints of closed-loop geometry and kinematics during satellite-capturing operation. In this paper, the dynamic evolu-
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tion for space robot with dual-arm capturing a spin satellite and calm control for unstable closed chain composite systen
are discussed. At first, with the Lagrangian approach, the dynamic model of open chain space robot with dual-arm before
capture operation is established, and dynamic model of satellite is derived by Newton-Euler method. On that basis, base
on the law of conservation of momentum and the law of force transfer, the imfiact &fter collision of space robot with
dual-arm to capture the target is analyzed and solved by the process of integration and simplification, and the suitable cay
ture operation strategy is given. Closed chain constraint equations are obtained by the constraints of closed-loop geomet
and kinematics of closed chain system. With the closed chain constraint equations, the composite system dynamic modt
is derived. For the unstable closed chain composite system after the capture, the fuzayttdl scheme for calm motion

is designed. The fuzzy logic system is applied to overcome the influence of uncertainty part and the gobostrbl

item is used to eliminate the approximate error, to guarantee the tracking precision. The global stability of the system is
proved by the Lyapunov theory. The weighted minimum-norm theory is introduced to distribute torques guaranteeing that
the cooperative operation between manipulators. At last, numerical examples simulated the response of collision are use
to verify the dficiency of the control scheme.
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Fig.1 Dual-arm space robot system and target system
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Fig. 2 Dual-arm space robot with closed chain after the capture
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3 (33) MK (34) HhaT A, LRSI HI AT B
FARTG, R il , KR NG
%, sy e

TL
TR

- EQT (QEQ") ' (59)

Forh, E € R®® R RRIEE B .
3 HEME

3.1 ZAEREHHERERY
A1 3z 3h 10U 25 [l HLds N R Gedli 3k H b
RERE .
XUE 2 Bl N AR GNES HOERCY : dy =

1.062m d. = 05m,dr = 05m, |; = 2m ( =
1,2,4,5), I; = 0.5m (j = 3,6). & AIEN m =
200kg Moag = 50kg, m = 10kg ( = 1245)

m; = 25kg (j = 3,6). & LR TEA A .
50 kg m?, lipad = 20kgm?, 1; = 5kg-m? (i = 1, 2,4,5),
=2kg-m? (j = 3,6). y1 = 2791 rad y, = 0.349rad.
OB 2% [ AL N Al R IR 46 e 7 Ay

=[0.3m 03m O 120 -60C°

-60° 60° 60° 60°]T

Btttk B ARVIG I FE (A Vioag = 0.4 mys, L7
MRS xo HIIIEAA A 6, G1FE 1 FTR. BEfRAT
Epdi el B (9) 3RAF, (HJE TR SERRE DL R
Wk R T B (L A LUORE 3RS, O T RERS T Vs
2[R LS N R GE 52 Al ks J (RS, 3 B 4 i
xjj L. I ERG 2 FE U AkIN [A] 24 At = 0.1,

Tk T B IR T ¥ i SR A o g ) A AR TR
EIT 5 e 73 (S0 T S T T N RO s Sy I B = W
w281 il JE IR g e R¥ KoK BRI J1 ok
F e R, g mTI ALl nys, J5 7 TR N B
F 925 3. 6 A7 24 N-m, F0Ath 4 TR0 N, U
PiEANTEE WK LR, GRF RSN, %
AR TALIE BAT — 52 I A E S Gload = 0.31ad's
T, 2 B f5 i B 403K 2 TR,

F 1 NEAEHEWMN LR (BT AEE)
Table 1 Impact fect of diferent angle (target without angular velocity)

Direction 6, Velocity of composite syster *

Forcgtorque of end-ffectorsF

(0,0.00550,0.06,0.12,

o0
0.06,0.06,0.12, 0.06)"
- (0.008,0.004 7,0.0035 0.04,
0.123 0.1,0.036 0.31, 0.233)]
- (0.001,0.003 9 0.05,0.058
0.06,0.025 0.066 0.19, 0.15)"
- (0.001 4 0.003 0.06,0.049,

0.028 0.053 0.06,0.19,0.16)"

(0,400,0,0, -40Q 0)"
(~200,36441, 0,200 —36441, 0)T
(-28884, 28884, 0, 28884, —28884, 0)T

(~36441,200,0,36441, —200,0)T
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Table 2 Impact fect of diferent angle(target with angular velocity)

Direction 6 Velocity of composite systerg Forcgtorque of end-fectorsF
0.002 1,0.00340.0094 0.068 0.168
o ( ! 4 4 B 4 (0,520,240 0, -28Q 240)
0.19360.13240.297 2 0.258)
(0.00290.00270.01290.0709 T
60° (—200,46641, 240, 200, —26641, 240)
0.134,0.137 6 0.124 0.24,0.191)
0.00330.00180.01430.06
45 ( 3 8 3 & (—28284, 40284, 240,28284, —16284, 240)"
0.107,0.10830.126 7,0.228 50.169 O)
(0.00350.00070.0154 0.057, -
30° (—36441 320,240, 36441, -80, 240)

0.07630.08060.01340.23,0.157 5

M 1 K3k 2 /ER J1xf bl AR 6, 0K,
il P EOR A E TR A R AR 1 R 2
HOR BN R : 0 8RN, B2 bt Ja I 90
E B S AU R o 4 ot 0o K4 1Y g 4
SIS b IR R AT B, S Y FH I R AR B L A
T OLLR A 5 RN TR AT 1) ) B B AR A4 1)
T B BNIX P 51, BEAT XU IR RS 5 i 7 )
(1) S 9 L R B H
3.2 FH A EEH

TERZZZAN, JRT E A BRA (Wrks i 1L
AR MRS (Ul AE 77 K), AT
AR

Qioad = 6o + 01 + 62 + 03

CURZE R S OGO BT DL, AT G A o
ST E ). BB B Br AR A S T A
WAL, = A RO R ] DUIRTS AR & 06T
FO IR A

DI IR WA SR AL 2 R A3k H AR 4
B, on WA 300, BT THaghE el T RS
L5 b THT (38 45 75 2 S0 A B T THI R 5 R, 4
WbFAT BEAZ LA Z I IRE.

PR S AAOSSHOEICY - Q) = diag(1Q10), kyj =
1, kyj =1, p = 0.05, 1 =0.005, 7 = 0.02.

A5 L N A8 i T T 220 A T ), 4 ) 2
KA AE 2 s BRI ]G JE BhfEdlds, ¥ RS A
PHIHRE I AR E, B R LAY 18 s,

Kl 3~ K 5 A sl fE, Hh SRS MR
iR 2 i SR SRR 7 1 O 2 . 1 3 R Ak 2K
fr iR ZE WS B0, PIAR 2228 2 1] BT AR (1) JE 25
200, [ 4 J BB 5 A AT HLBIRES G4 iR ZE WSl
B, PRS2k 2 ) BT AR I # E 25 B0°. ) 145
R, WUEE YL N R B a, Bk, B

FFr=ae T — e IR 1 S8 8. WaltfE b s 2 s Ja5 it
24 to, Sier BT B S B 5o i, Tk
FHLE to IS ZITR B A4 3R G0 R B8R 2338 SR #R T O
IR ARy

O =[60 6] OF] =[2.7° 1355° —825° -393°

65.3° 58.7° 69.9°]
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Fig. 3 Attitude angle tracking errors of base and load with control
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Fig. 4 Joint angle tracking errors of left arm with control
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0, =[0.0220 01267 —-0.1700 01658
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AT T Al RSl ) s A o A, AP EE R L
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Fig.6 Motion of base attitude and joint angles with control
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