F O OFE W Vol.30  No.3
Journal of Astronautics May 2009

F30EE3M
2009 4 5 A

= [6] B 3 X & SR SRR

ANFH;, 2R, B K
CIRFAZ MR B SRR 5 T TR B, JE5 100191)

B OE: S B 3hX S B A AR B ) IR, 7 0 O AR 4 A s ) A B A R B A B0 O vk A 2
b IR E T SRS WER TS RN SEE WO RBITH s(0) = 05EF T s(0) » 0 “WEXE
BMR A BAEEEBE  EREREREENRENRE, A -1 EE" 2385 - EE", RLBE B
Ro WA ENR T 285 W 80 G4 1 1 vk B9 (A U746 T 8 3 | U0 60 ThD A 8 B 042 R 4 O B0 s BT X R R A R
W58 X R SR B AR, DA LB 77 X 0 SRS MR G T s | L A (PD) B iR AN AR R AR 5
BEHENERBCRERHEST THENRIE. ESREN ZRSBEEHRAEREA RFNIIS M RAERE,
XA B BE T R/, AL BRI SRR 1R , T EL AT LA ACK SRR S B, EIREHLE R B R

REW: X MEXMLERES; SREEH; BHEE

FESES: V448 X ERARIRAD A
DOI; 10.3873/j. issn. 10001328 .2009 .00. 030

0 3

i

2 A SR B B R AR — R AR
SMERGE, MHAFRE T, B WNE B
RIERH RN . BERSWES R —FIT Tt
FL& B 55 A9 22 1 SR WS 3 T 68 T SR # k) BT
WEGRE A A B 3h % RS, (HH AR U B B
BT AR A RN A RE

Bt X 5 3l B AE X oz B B0 4 o TR, A SCHE 4 4
A TR R R R T S A A Y B AR A R 7 ik
BB B P B, T SRR B 4 A% , T L AT LA
MRIEBAR BT BRI AR B 1w, SR E £
et XTI, = A S A SCRR P R BT SR 2
EPEYIIRMEAYESE Eo ST TR H T B RS
WER AT R, AR EEAWDNIIRE s, =0
s, = ORI BB I, AT AU SCHR[ 1 ]9 48 H 5977
HRSESWBREH B —MARE L. Ak (2148
T (78 A 2R A0 8% 3l (e A2 R BE ) ¥ 3l T RO 48R
AT RGER IR BRI 6l K % SCRRIL B A
T 77 5 R Ak PR T K 8 A 5 ) AG IR] B, 0 SCRR
(31, 1ELAR 20 oy R 0 A ooz 8 428 o I AL

SCHEESL T R X R BPE R R AR

W B #1:2008-07-01; &l H #]:2008-10-13

X E 45 :1000-1328(2009)03-1006-05

B FER B G H A B R T S EE R R
GO RI AR B O7 1 5 B S PR AR X AL B A B AR AL B
ZEFEAERZR, FHRERT ZREBHEELEN
A 35 B A PR B TG T U 4 T R o A R
BT s BT B HE R 0B 5 X R AR s W SRS
AR A P 3K , Lo BB o0 4 3 AL SR T AR AR
GEAR TR E HEAT T B B8R = g 2k A 4 A 2
RANPEREIFBEAT T 0 #T b =R M ik, 2
RS WA S B A U B SR A/, I8 B T 1 g
RORCR B & = 18] A S B TR A .

1 BRLHFERTHENEHAE

A AR R ox, v, z, JEFEHLER RO 0 BB ol A
HEHMIERZRR MERN € GEER A7) T (Hir ¥A7
ENSER BB R oxpyr 2, REMTH
P RATER IR0, ox, BHFE HAR RATERPLEF T A
FEPEEEMER, oy, T RHL, oz, MIEHT
HEVEHIFSHEMMMBARETFEALER, ME
1 iR

g =[x, y zI"H CHXMTHMAERE
xpypzy MM EWRRN, B CH5THERr /MNF
50Km, Bl r = (%% + 9% +2°)° <50km B, C #H



3

X BRI 23 (6] B B0 S SRR 1007

B1 B RTMASEESHE

Fig.1 Spacecraft modeling structure in target reference frame
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Fig.2 Structure of multi-slide-mode control
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Fig.3 Multi-slide-mode control law in phase plane
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Fig.4 The sketch map of docking process
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Fig.5 The phase plane of multi-slide-mode control in

directions of x , y and z
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Fig.6 The phase plane figure of slide-mode control

in directions of %, y and z
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Fig.9 Simulation curve of x, y and z in slide-mode control
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Multi-Slide-Mode Control for Automatic Docking of Space

LIU Sai-na, JIANG Yu-xian, ZHAO Xia

(Beijing University of Aeronautics and Astronautics, School of Automation Science and Electrical Engineering, Beijing 100191, China)

Abstract: Multi-Slide-Mode control method is proposed to solve relative position control problem of the final approach phase

of space automatic docking. It’s based on analysis of basic principle and design of Slide-Mode control method. The Multi-Slide-

Mode means a Slide-Mode movement road linked by different Slide-Mode areas gained from functions of and several . The state

points move from one mode to another along the movement road until reaching the destination finally. Several parts were shown in

detail including designs of individual switching surface and control law, link of switching surfaces. Designs of docking process

weakened couplings between docking state variable. The control effects and capabilities of systems designed by three different

methods were validated and compared. Those methods were Multi-Slide-Mode control method, proportional differential control

method and Slide-Mode control method. The simulations show that Multi-Slide-Mode control system has good dynamic quality and

performance . The least diverted velocity requirement of the system can not only economize fuel but also control state track to realize

the variety of state track.

Key words: Docking; Relative position control; Multi-Slide-Mode control; Change orbit velocity



