W28 %

H o= o2 4k
H ET AS

1
2007 4 1 ACTA AERONAUTICA ET ASTRONAUTICA SINICA Jan.

MEHS:1000-6893(2007)01-0167-06

—MRBRBENIERAAEMLILIZT T IE

REM WEE, AR TR

(1. M/RETA R DEFEARPEN, BRI B/RIE  150080)
(2. MyRE TR wH S5 E PO, BRI B/KE 150001

A Long-Time Stable Formation Optimal Design Method for Satellite Formation
WU Bao-lin', CAO Xi-bin', REN Zi-wu®
(1. Research Center of Satellite Technology, Harbin Institute of Technology, Harbin 150080, China)

(2. Control and Simulation Center, Harbin Institute of Technology, Harbin 150001, China)

OE. RINT OB KRR E R BT T s . AT HILL O BB I R A 55 SR B AR X S AR X
LML HROCFR L LR R 19 [ p AR X AL SO AR AR . A B AR ENRTE T, BT
25 2 5E BN X RS /N o DR AR B SR FH B I st A% B L A SR TR A S — o 1 2 R B A BE AL
FE T P — 2 57 2% ) S T 30 A7 7 45 3k 5 S5O S I 1 1 BRI o T O ) A, 4 — o i 1 3k 4%
BV 0 FLAE AR BRI A R O A 1 7 2 T 0 BUB 78 25 R 2 ) T Re g KR FR R E .

KR CATHREIT TR BOBMRALTIT; BEREE A HUE R

FESES V42 471 XEKFRIZAD: A

Abstract; To design a long time stable satellite formation for saving fuel is very important work, so an optimi-
zation method to design a long time stable satellite formation under various perturbations is derived. Firstly the
constraints between relative positions and velocities in Hill frame according to the specific mission are devel-
oped by using the Hill's equation. Secondly using the free relative positions or velocities as optimization varia-
bles, the optimization cost function is the sum of the relative mean orbit elements drift velocities under J, per-
turbation. The optimal algorithm used above is the modified genetic algorithm. The genetic algorithm can find
the global optimal values compared to other optimal methods, while the genetic algorithm also has some draw-
backs such as prematurity and evolution stagnancy in solving some difficult problems. So a modified genetic al-
gorithm is derived to overcome the drawbacks mentioned above. The simulation results show that the satellite
formation designed by the optimization method under various perturbations can keep stable for a long time
without any control.
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Fig. 1 The relative coordinate frame
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Table 1

The satellite orbit elements for circular formation

with 1 km radius

MEER FIAE MEERZE
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Fig. 2 The fitness value curve in the optimization
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Table 2 The satellite orbit elements for circular formation

with 10 km radius

HMIEER EENEY:) PEERZ %
a/km 7555 —2.959 445 1X107°6
e 1071 6. 500 608 7X 107"
i/ (" 48 5.281 993 2X107°
/(") 30 —26.225 357 3
/" 30 8.838 261 5102
M/ (%) 0 26.166 265 0
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Table 3 The satellite orbit elements for projected circular

formation with 1 km radius
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Fig. 5 Projected separation for the projected circular forma-

tion with 1 km radius
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