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Satellite Formation Flying with J, Perturbation

ZHANG Yu-kun DAI Jin-hai
College of Aerospace & Material Engineering National Univ. of Defense Technology Changsha 410073 China
Abstract  As to the formation flying with the reference satellite running on the circle orbit the J, effect is analyzed. On this ba-
sis a method is presented which can greatly mitigate the breakage of the J, term by adjusting the semi-major axis of the flying-around
satellite. Furthermore the cost required for formation-keeping is evaluated under impulse assumption. Numerical results show that satel-
lite formations with semi-major axis adjustments will last much longer and save much more fuel.

Key Words formation flying orbit design ./, perturbation orbit control

12
3-5
1.1
45 1
2
3 a e I o 2 M

* 2001-08-29

863 863-2-5-2.4

1975-



b 7

f u=w+f c h Ao =0,-0, 0o
e.=0 w, =0 A, =0 Ae =¢, A1 AQ Au
1.2
3
800km J>
J>
J2 6

m =0 e=0 =0
Ep:—ZAcosizfQ a e 1

%&:AScoszi—l =f, a e 1 :
UM =n+A3cos?i-1V1-e*=fy a e i
A=31nR>/ 4p> R, n=v pu/d p=a l-é
e 0 O=w+M
w M
9:w+M:n+A[(50052L‘_1) + (3cos?i = 1) v l—ez] =fo a e i 2
1 2 Jo Q 0 a e 1
AQ AD
AY=Q; - O, =3fg/da Na + Afq/fq/de Ne + Ofg/ Ai 3
NG =0,-0.=3f/da Na+ Sfy/de Ne + Ofy/dt Ai
1 2
[Pfa/0a =7Acosi/a Ofqg/de = —8aecosi/p Ofp/l =2Asini
Hfi/oa=~3n/ 2a ~TA/ 2a -+ [(Seosti— 1) + (eosti - 1)V/1- o] )
U :
[19fs/ Oe = Aaecosi/p [4(5c052i—1) +3(3cos?i = 1) v 1—62]
Eef@/ai: — Asin2i(543v 1= ¢2)
a e 1 e.= 0 Aa=0 3
.3, R R . ..
A.QEJZn ?SIHLAL AN) = -6J,n ?SIHZLAL 5

=M -AYW =AY T 0=00,-DNp=00 T 6
0

o0 80

ox oz
oy A !
SO 50 C Fig.1 Relation between drift of orbital

elements and relative position



8 2002 2
Ay =a 0Qcosi + 60 7
Az=a - 0Qsinicosu 8
5 6 J o0 &9
¥ 2 z
2 J>
2.1
Y 7 Ay =0
dcosi + 80 =0 9
e=0 Aa #0 3
. R’
A.Q:%]zn ﬁ(%cosi %+sini- Ai) 10a
. R’ R}
AO = —%n 1+%J2(TB2 2cos2i + 1 %—6]2n ﬁsinZi' A 10b
10 9
14J,R, > asin2i ,
Aa = - A 11
T T4+ TR Beo2i 41
11 Aa Al
2 300km 2300km 0°  180°
Ao i 1900 o g
2 Aa/Ai 3 K
Fig.2  Plot of Aa/Ai Fig.3  Plot of the coefficient K
2.2
Aa z AQ AQ
A'{]Aa=0 Aa
AQ= 1+ K -AQM:O 12
K Aa AQ 5 10a
ke Looss Do 1 _ 49J,R.* cos2i +1 -
T2 T siniAi T T 44+ 7J,R> 3cos2i+1
K K
Aa 0~3%



b 9

8 z 0~3%
3
J2 o 60
6
d0 rsinu
LT e T 14
de na’~' 1 - esini
dg 1| o[2r, eV 1-ePcosf r)ev1-e’si - dO)
30=n— l[S(2r+e 1 - e“cos _rl1+ 2 wf—comi‘ﬂ 15
t nae a 14+ 1= &2 p 1+«/Tez t
S T W S w S T
W
14 15
o o0 u= +90° o0
r
00 00N
/ 2
AVs= - na(i/1- ) 30 + cosi 30 17
21-e + 2-¢ v 1-¢
6 o0 o9 16 17
Aa
9 o0 00 16
4
4 &
N % ” “ 0,, H
1km
1 Aa =
0 J2 5
685 5 y o5
11 Aa g .
= —0.001707km 6 "
5 6 Na ], o
H4 42 ] oz oO4 -t =08 [+ [{E]
x/km 1 fkm
3 Aa
Aa :0 ]2 4
00 o0 2.8039 x 1072 Fig.4 Formation flying under 2-body assumption
-1.4418 x 10°*
0.002755m/s 0.008093m/s AV 0.01084m/s
47.6093m/s Aa Jo o0 &9 2.7811

x 1073 -1.9016 x 1077 0.002733m/s AV



2002 2

10
12.0033m/s Aa 1/4
o0
1
DA .02 2 22 o4
clkm
)
03
£ . £ g g
. 5
! 04 D3 o 02 Dp4 a4 02 o 02 a4
xlkm x/km
5 Ba=0 6 I, Aa
Fig.5  Formation flying with J term A =0 Fig.6  Formation flying with J, term  Aa 0
1
Tab.1 Orbital elements for formation flying
a km e i ° Q ° w ° f°
7378 0 50 100 0 0
7378 + Aa 0.00006777 50.0048 100.0062 315 45.0015
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