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Coordinated coupling control of tethered space robot for considering
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Abstract: According to the tracking optimal trajectory control problem of the tethered space robot(TSR) for approaching the
target, a coordinated coupling control method for considering releasing characteristics of the space tether is proposed. This
method considers the dynamic characteristics of releasing tether, the releasing velocity of tether can be taken as planning
input towards optimal trajectory planning, and the releasing mechanism torque can be seen as one control input. The 6-
DOF coordinated coupling controller is designed with the help of thruster control input and releasing motor control input for
tracking optimal trajectory and desired attitude. It is easy to impose and achieve engineering application for the auxiliary
control of the space tether by utilizing the proposed method. The simulation results show that the TSR can track optimal
trajectory accurately, and the terminal error is 0.1 m. Furthermore, the TSR can track the desired attitude effectively, and
the error is £0.2°.
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Bl N2 i 5 1R EHL A% A 5T (0 2 B8 7 A 1R A A

0 —1. 1,
REMERRNG L, ML= 1, 0 1, |, B
1, I, 0
D Iﬂ%é%?&ﬁ#iﬂ’]ﬁ*?%ﬁ%ﬁ T, \TLARR A
T, = 1*°Ci[0 0 —F)T. (54)
223 6 HHEHAMASIERSRENE
%€ X Lyapunov PR %[
= %STS, (55)
X2 (55) KT, 135
/= 8T8 =57+ A¢e) =
STf(z,2,t) + D+ ug — &y + Aé). (56)
H#2(53) FON (56), 15
V =ST(E+ A¢é) =
ST[—KS — esgn(S) + D — Dysgn(S)] <
- STKS<o. (57)

Hi 20 (57) A1 Lyapunov £ 5 M B8 7 &1, 1Z A3 R 4t
A R I AR e . AR TR AR AR 2 ) B AR, A5 N AE B Ut
A RE A AT RE A RHIR. KOBUK, i R
e BROR, FHRERR. RIS K K 80N e 7T LUAI 55 EHE.

7% [A] 22 408 JEONL A4 00K 50y FELUATL 8 R 2 o e e e
S K, il Kg g, 156 1E S50 0% (/- F PD
EH AR,
3 HEGEST

WA &5  BARER—RHE L, FHTFE
Jii & 92000 kg, #RAEMLA N0 & 50kg, 7% [A] & 48
BIWITE 4K 1) = 0.01 m, WIEETRAR I [y = 2m/s,
WIUE B R A ] g = /4 rad, WIEERERIANA By =
O rad; K EAENLAE N GO K TR S HON 1 =
lo =13 = 0.8m, [ R G EAEN A NEEL S, =
ly =0m, [, = —04m; WHENH/MENIRENF +
0.02F (F J AR HE T8 77); #RAENLE N W46 2
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KR FIER A RBBIUFIE R % ANEANAR S 967

B o = 010 = Yo = 7/12rad, FEVEHLER N B2
LM d1g = 01 = thig = Orad;
8 —0.0025 —0.00032
I=1| —-0.0025 8 —0.00086 | ;
—0.00032 —0.000 86 8
A = diag(0.03, 0.03, 0.03, 0.2, 0.2, 0.2);
K = diag(0.1, 0.1, 0.1, 0.5, 0.5, 0.5);
e =diag(1, 1,1, 1,1, 1)e
ey %5 R HE J1 38 9 15N, #RAEHLES A P 52 (K 31 855
Tk
sin(£2,t) x 1073 N,
1.2sin($2,t) x 1073 N,
1.1sin(£2,t) x 1073 N,
[3cos(£2,t) +1] x 107° N - m,
[1.5sin(42.t) + 3cos(§2,t)] x 107> N - m,
[3sin($2,:t) + 1] x 107° N - m;

Dy

Tt - BR

0.0015 + 0.05N,
0.0015+ 0.05N,
0.0015+0.1N,
0.00004 + 0.001N - m,
0.00005 + 0.001N - m,
0.00004 + 0.001 N - m.

H AR EUIE S 50 25 0] F & PUE S 80P HUE &
N 622 km, I HE AU A A 200, FHAE ARG N 0°, HiE
1A 9 10°, L %0 0°; FLIE AU 43 730 4 0.002°
0°. EHIZHK, = 0.1, Kq = 0.1, R4 MW ZHL
FEA = 25997N, I, = 7.72¢ kg -m?, ~ =1, d =
0.33mm, wg = 0.06m, L; = 300m,D; = 0.04m,
Cy=2e5 C, =00, T, =0.00034N - m.

K1 3 (a) ATERE G IR HI1E DL T BRAENL A8 A AE
AT B HUIEAARR RN BB CE. T OUE H, R
2% ] 28 408 TEON LKA R P 1) 8% B Bl o8 s o) 77 32 v DA
ERAENLAE N ORI 1 e D 0 2 oy A it b i 3
Z HbALE, BARTEE T I AR o2 /INE Bl i 25 i R
5, B A i 28 RS P AE 40,1 m 2 J8, 755 4 42 I RS i B2
K. 3 (b) AR LR K I L, A BRARRE K B R
B BN R RIS B R s (B AR LR A, W DLA H, S
B 2 K 5 AR 48 AR A — B, T B 2R 40 R ISR A 42
HESEYT

Bl 4 () AHEAENLEE LS M AR 1L, 7T LUE H,
(IR INEN N SSTRVRyINE  Fesetilppr (325 )
PATE 50 s 78 BBl 9 W06 22 75 15° BRI & I ER A5 45 0°.
TR R, BRAENLES N IRRIE 3 2 2 3 2% [a] R4E5K
VAR R/ WAL ENEZ N i a7 AR SN 0h AL R AR E Y e N

o[ A K ‘
01 S R
r—— 4
=) 7 M A
£ 20 va
[N
10}
0
ol t. |
10 kA ‘
e S
= 0\
C VN
73350-200-150-100 -50 0 50
x/m
(a) AEVLES NP G E ST H bR
PO —mmmmer
200+ === SRk L\'BZ/,,/
e 150¢ pd
= Y
100+ /
sof /
’I
) A —
0 50 100 150 200 250 300
t/s

(b) IR RAFEBOCLEL
3 BENEARERNERE

16
liEA D,
. 12 - RALA A0,
3 4 - REESEASY,
<
< 4
0
0 50 100 150 200 250 300
t/s
OR 1ZIEIN T LI
0.1
I
z o
S -0l X7 A 8
ey 7 YA S 4
s - AR

0 50 100 150 200 250 300
t/s

(b) A A
El4 BENFALRSEHELRE

B JNEEAAE TR T RS REES FRE
R G 1) PR BRI AOR, K FEAE £0.2° 2 (0], B4 ()N
BENLEE N BB G AL, 7T LLE H, 70~
30s N, BEVENLAR N BRG] I AE £0.25N- m 2
[A], 7E.30s 2 J5 LA EH 1 B WE T %, W0~
30s A HRVEHLAE NS A B 51, 30s R AENL
PNIILEM OB T R LREM, i
X551 4 (a) XS R

Bl 5(a) A 2 40 R TR A4 3K 21 H AL 6 46 (1 8 4L,
AT LLE H, 7E RSP GG B B, TR R S AL b i 4%
il 745 R FFAE 0.02N- m, I 2B #i sk /N a4, e 4%
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* R ¥ 30 %

il Je 1, BREh ] JIAEAE £2mN- m 2 [8] 550, K 5(b)
NONHET A HE BRI R ER, 1~6 5 5K
e B Bl HLBLBK Bh 7 0 e (R 4% ) R AR ML A & H
PRI I BIE £ A B 3, AT UAE 1S ) B4 T £k
FRAE £1N 2 [H], 2 5 3fE 77 48 4E F7 DR FFAE £1.5N Z [,
3 GHE IR S ORFELE LIN Z10), 4 54 S84 S 4R
FRAE £1.2N 20, 554 7y 84 T IR FFAE £0.15N 2
[, 6 5 4 ) 3 3 PR HFAE £0.7N Z I8l 7E 6 M E T
e R EE B AL FEVE T, BRAEPLES ik 2] 1 iR
R A e A e BR IR B S 25 AT ) Y.
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(b) AL 1A
B 5 BRIENSAESERBERARE

4 4 ®

1) 32— Fh s ) 48 R ML A A BRESE I H bR it
3T P PIM R L S A P 0 v, TR T R T
RS GIR A I L R LS Yk =9 IR AL )
HERLAE S % 7 B4 7 B SE B T RS R I
PR

2) 47 H £ R 2 R 2 o) 7 ¥ B T 4 R P
) B 44T 0 B, 523 () R AR Bk a0y sUAR Ll
5T TR

3) X Db VR A A B B4 ) SR EAT T B 1 S
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