xZERWNZFE R

Journal of Deep Space Exploration

w2 % W3
2015 4£ 9 H

Vol.2 No. 3
September 2015

MRFESZEHEFNESHINERES S NMH

KL, M, RERER, AER, FR
LB A MR A AR 0 L S T 110136)

B AT XA AR F R, BT — R R R 2 5 2 ] TR S g A BA TR R R 4 T B R B e A Y
Tk, BT /A —H &R L, fuAs B H 3 B a9 IR =R BRI OF JE S0 T 4w A TL 2 AR I8 B3 ) 2%
B LY R T UK RO TR T3 A L 2R % 55 = (8B A 2 A BAJE 2 4 10 42 ) 0 5 R 4% DA 22 60T 5 1) A 9 B
s B e BT T 3 R TR W B R R #%  F AE Matlab/Simulink BREE R AT 05 B0 EG . D5 B R R AR
T AT A AN 2 B 3 Y B 6 (s TRD R 0 7 D EL O B WL A 19 5 258 A 7 AT 4538 Rl Y 8 T TR BT T % 07 R AT LA

N T 52 A 2 A BRI T A R 3 BRAL 55

K BN WATs SR W E; RAUE

FESES: V1 X#kFRiRAS: A
DOI:10. 15982/j. issn. 2095-7777. 2015. 03. 016

0 51 B

Bt 5 4 th 5L K S 20 0 B8 s 0 K 4 TR AT 55 45
FG WA BEAT 46k 4 [m0 i B 25 Bk 23 181 RE F o xoF A 26
VNS ) Bl | 7N S S 1 0 e 2 R[5 R £}
W RA LZW . H Al E AN X2 [ R
R4 B0 09 B AT A0 oA =2 s — S IR ML A o
ORI A SRR B PLMUE B s 2 A i
FEMLARE L 24 T8 5 2 () 1f 28 2 B A7 4 3R AR
TRARTERGE LR &R E RN
Z TR X2 [ AT AR . =R A R
EX W i 5t I NN :- - s L v o w5 K
AU gE L BUAE IR A AR B AR O T T R
G AT R A T B A DR Y RS T R
AR .

FUL R 2 4 BA S T 20 T2 90 AEARER HAY L &
— A [ AR /N TR SR R R A B P &R
A3 A P [ 4 A A A — R UL K B L
T T FH AT A 2 36 1 DA R A B e 2 b O AR5 T
HUBR RIS . E PAhEEXT T A R R Gk
B RAT R I LA R BAE 4G A8 T AR 2 st (AR
A LR 8 5 A R R R TR i AR AT A AR 1
HE.

AR K LK i T2 TR R R — A R AR 2
— PR A RN NIE EAY R fEH/ H — H R

Wi B 7:2015-04-10 &0 H#1.2015-06-17

XEHS: 2095-7777(2015)03-0283-06

L, B W0 58 DA G BN QAT Ao A58 =X 2 2 30 2 () 0
BTl e A IR = R PR B TR R R R BH R e H
F6F Gt BASUL K A 094 FH D75 57 2 BA T L A X 2 3l
Bl 1AL SRS 43 B R BH R H LA A 1 K FH
JCH Ty B2 T LLIAR S i K A 5 A B 4 BA R
13 BT E A g (45 i SR . AR 2ot — B R A5
R B4R A, 90 B DN R 2 S ) R i H
B, BEE X A3 (8] 0 Fr 1Y 4 AR Bl . R JS 7R Matlab/
Simulink FREE T R 47 52401 {5 E . 45 FAE B X Fh 7 2
JE AL AT A] LR S B g B TR 4 4R 2 ] i 1
S %
1 BEHNXITHHHFEERER

/A —HRTH L, Sk 8 H 5l o5 b,
i AT K e F0 23 (1R R CT T fRTRR 6% ™) 0 i) 32 3]
K BH A A ZR 094 AR L5 S AR /D % R 44
PR TT A G| SR DA 2 . P B R R = AR ) R
4 B 1 25

1) 75 [A] ®AT #4% 19 BT f AH X 5| 3 RS2 /N, mT LA
22 W I J5T A FNXT 5 | A 1 5

2) W 5| Fy A Be JL s S e i RS s

W] #e AR A g AR AT LR RUAE A — A (R 28 PR
Ml P = 4Kk [n] B (circular restricted three-body
problem, CR3BP) R 5T .,

TR A 9 BN RATHF 5 M2 0 5 T B 1Y 6



284 2 RN 4

F NN E SR 118 3h ¢ R AR S AL L B LN
TRE I U B ) X AT AR i (=1, 2,
Byeee ) MU B 55 0 1 105G 2 LA O B A 9 BA
RATHY RN . AL 1 TR Y S ] AR bR R L R
A/ H— H R B B0 AR R Y S, o Bl 1
mp,y WEE T 2 .2 R E T REMIR P,
5 oy WA F R . ms Flomp 2538 8 H00E
PIAS 5] 3 2 R TR B BT 5 &R i
mpmy 2N T G BAE R 5 g BA TP A A B
TAE, [F BB BN Gnp Zme<<imp<<mng)
s 5 RARBZ . Sy 7 RLT o5 A0 A
I AL A Grms=1— s Gmr—#

FEAH AR 2 B v, 2 g B T8 B2 3] 5k A= (6] 8 R oy
HE AU 2 2 1 T BILIE S ’lﬁﬁlj\ﬁ/ﬁﬁ, fi] H0 FE
XPH AT PR, BT RIR AWz 5. L, 73
SRS B A PR | ) SR AR 22 T ) B8 g il 2 g A
o AR H ) v =1,/ IRARFFALE . B [ 2R
M my Mloms Z AR, L, WERR L, 53] mg
HYFEE .

A ;
y my
MR mp
N 23 [ A
s/
. \
7
Ve // \ \dpr
dFS Va / d'\\
/ / FE
e / \
PN \
Y i/ H X
=
L 2 o L | JSmg L,
s %77777771 7777777 »%e77>

F 1 Robtn

Fig. 1 Coordinate of system
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Fig. 2 Coordinate of solar sail
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Fig.3 Trajectory error of followers formation control
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Fig.5 Trajectory of followers in three dimensional space
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Control and Application of Mixed Formation of Spacecraft and Space Debris

ZHANG Wenhao, WEN Xin, YUAN Laohu, LIU Jiafu, LI Wei

(College of Aerospace Engineering, Shenyang Aerospace University, Shenyang 110136, China)

Abstract:In order to solve debris removal problem, a capture method of mixed formation of spacecraft and
space debris is proposed. Firstly, the restricted three-body circumstance near the L, point of Earth/Moon-Sun is
analyzed and the relative dynamics model of formation satellites is established. Then, a control strategy. using
sunlight pressure as the spacecraft and debris formation reconfiguration force, is proposed so that achieving the
purpose of approaching debris by follower satellites. Lastly, a linear quadratic optimal controller is designed and
simulated by Matlab/Simulink. The results show that the method can help control followers achieve the target track
(location of space debris) , while the change of the solar sail attitude is kept under control. Therefore, it proves that
the method can applied to the debris removal problem in complex space environment.

Key words: formation flying; dynamics model; space debris; reconfiguration; optimal control
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