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Fig.1 Assembled spacecraft after capture target satellite
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W B A0S O A AT e
o1 diag(&) ) )
(1>V3_ s SO[K1s+(K2+diag(sig(s)P) )slg(s) J
(52)

diag()
diag(sig(s)")
A8 (50) AT, V, <0, 7] RUARIEAT B A a) e 84
M ky,= 16,/ ]s, |">0 mF, A s, |" < |68, | /k,, I
WLk, S K, SR/ INRRIEAEL. DR U B AR A FR B (1]
WISERN X | s || =( 1811 /k,) " =A,.
diag (6
diaiis; )s]
jif; S 1E 5 R V) <0, =
(50) ATA1, V<0, AT LLAF-IEA BRI ] e 8.
Wk =18,/ s[>0 WA |5, | < |8, |7k, , Hirfr,
k, 72 K, BB/ NRFEE. R I A AR A PR A R] Y
WeSBIIXTE] || s (| =C 161 /k)=A,.

BN K, + N IEEHERE, U V) <0,

(Z)Vg =—STSO[Kzsig(s)P+(K1+

(53)

fihn K, +

A)) J5 , AE?T 5 Terminal #HEH A .
s=e+Bsig(¢)"=0,|0|<A
R

e,(1)+(B;=0,/sig(¢,)")sig(e;)" =0 (55)

4 B—( 6, /sig(6)7) >0 i, 3 (55) k% 5
Terminal A5 101 A7 45 AH [8] B9 T 2 PRt A7 6 0 5k
JEE B R 2 AT BRI [1] A PR ST X 1]

e | <aB)1,

le,|<Ble, |"+|0,| <AA+A=2A

(HIEEE)

PRI, H 2038 9% T A S 1 90 vl 0, R G
ZEWCS T2 WA R R Ge i . I et 1 48 il 53
23X (31) FIABTR o B0 P 28 X 48 UM A 1y B BT A
2 (33) , DA R e s il 4 5 (32) Wl A 2880l 42 i TR
B VR ZR G0 R b o BT B Y iR s B

3 (AEXE

BRI 1 B nAS RIALBUE 2R 505 03k B bs

TR RS AR AR , TR AR A il 43 e
ST AR SCH 4 Sk X (3 1) AR o

2R F S BT (33) , DL B R i
3 (32) FEATEE ) EL S50, WEHLE B,(i=1,2)
o, AR B 3m, X5 0, SR CHLEAKR L
0, BN L.5m MU B, MBLLETT 0, 1
W N 2m WU B, AR TR PR oo 15 561y
0, MIFEES N 1. 5m. £ 53K J57 e FVEE i 4H 2350 8
m,=40kg,m,=2kg,m,=1kg;I,=34.17kg - m* I, =
1.5kg + m*, 1, =0.75kg - m*; Hix D2 EN
mp=2kg, FUL B KR 1, = 1kg - m’.

D FLI AR B SRR HT H A T A
v, =1m/s v, =-1m/s M w, = 1rad/s, H.25 RIHLRE
R Ui B A A AR 58 O AR R AR IS (R
P iy H AR TR A it Kb O B s R R IR
BRI Y N Z %0 B el 30 f B
fih AR e ot S e T 2B R R s Y D A R
§ 2.2 WAL N SRR .

£,=0.3,£,=0.02,p=0.55,¢,=0.15,

£,=0.25,¢£,=0.25,56,=0.2,

B=diag[ 0.5,0.5,0.5] ,K,=diag(15,15,15),

K, =diag(30,30,30).

(54)

(56)
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FUZZY NEURAL NETWORK SLIDING MODE CONTROL FOR
ASSEMBLED SPACECRAFT AFTER CAPTURE TARGET SATELLITE "

Liang Jie'> Qing Kaiyu'" Chen Li’
(1.School of Astronautics & Aeronautics, University of Electronic Science and Technology of China, Chengdu 611731, China)
(2.China Aerodynamics Research and Development Center, Mianyang 621000, China).
(3.Department of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract This paper discusses the stability control problem for assembled spacecraft of space-based manipulator
and target satellite after capturing operation is completed. The dynamical model of the space-based manipulator
system is derived by Lagrange formula, and based on the coupling momentum and impulse transfer during opera-
tion process of space-based manipulator to capture the target satellite, the mathematical models which are suitable
for the design of control system for free-floating space-based manipulator to on-orbit capture floating satellite are
established. Using the above mathematical model, a nonsingular terminal sliding mode control algorithm based on
fuzzy neural network is proposed. The mentioned control algorithm needs neither to parameterize the dynamic
equations of the system linearly, nor knows any system parameters. Due to the use of self-learning capability of
neural network to modify control rules of fuzzy control and membership functions, the fuzzy neural network can re-
duce the number of fuzzy rules in the identification of system parameter, and it may be more adapted for practical
application of space-based manipulator system to on-orbit capture. Eventually, a complete analysis on the stability
and the performance are performed by using Lyapunov theory. The correctness and applicability of the control

scheme are manifested by comparison of simulation and experimental results.

Key words assembled spacecraft, capture target satellite, collision dynamics modeling, fuzzy neural net-

work, nonsingular terminal sliding mode control,  space-based manipulator
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