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2.1

Spxyz! oxyz'
Rio= R(Q)R(ig) R(O), (3a)
OXYZ Sixyz
Rio= R(- OYR(- i1))R(- Q), (3b)
cos @ - sinQ 0 1 0 0
R(Q)=|sinQ cosQ O, R(ij)= |0 cosij - sing|,
0 0 0 sing  cosy
cosh — sinf 0 (4)
R(6) = |sinf cos O (j = L1),
0 0
(3a) (3b) (4 (2)
X = r{— ry
y= ri( 60+ &Qcosiy), (5)
z= ri( 6isinf— & QeosOisiniy),
ay(1- 612} af(1- e%)_
=1y eicosf1’ o1y efcosf
(9) : . ()
x = 8a— ajcosfide,
y= ai(cosii6Q+ dw+ OM + 2sinfi6e), (6)
z= afsin( O+ f1)61 — cos( @+ f1)sinid Qf
(6) , )
, (6) ,
)
x= 8a- ai(ecosMi— eicosMy),
y= al(cosii6Q+ 6@+ OM + 2ersinMi— 2eisinM1), (7)
z= alfsin( @&+ M)6i — cos( @+ f1)sini10 &Qf,
M , (7 :
x= D- Acos(nt+ a),
y= B+ 2Asin(nt + a), (8)

z=— Ccos(nt+ a+ Y),
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a= M+ arctan
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Useful Relative Motion Description Method for
Perturbations Analysis in Satellite
Formation Flying

MENG Xin, LI Jun_feng, GAO Yun_feng
(Schodl of Aerospace, Tsinghua University, Beijing 100084, P. R. China)

Abstract: A set of parameters called relative orbital elements were defined to describe the relative
motion of the saellites in the formation flying. With the help of these parameters, the effect of the
perturbations on the relative orbit trajectory and geometric properties of satellite formation can be eas-
ily anadyzed First, the relative orbita elements are derived, and pointed out: if the eccentridty of the
leading satellite is a small value, the relative orbit trajectory is determined by the intersection between
an elliptic cylinder and a plane in the leading satellite orbit frame reference; and the parameters that
describe the elliptic cylinder and the plane can be used to obtain the relaive orbit trgjectory and the
relative orbita elements. Second, by analyzing the effeds of gravitational perturbations on the relative
orbit using the relative orbital elements, it is found that the propagation of a relative orbit consists of
two parts: one is the drift of the elliptic gylinder; and the other is the rotation of the plane resulted
from the rotation of the normal of the plane. Meanwhile, the analytic formulae for the drift and rota-
tion raes of a relative trgiectory under gravitational perturbations are presented. Finally, the relative
orbit trajectory and the corresponding changes were analyzed with resped to the J 2 perturbation.

Key words: satellite formation flying; relative orbital element; gravitational perturbation; drift rate;
rotation rate



