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DISTANT SPACECRAFT FORMATION-FLYING IN HIGHLY ECCENTRIC
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ZHANG Heng , 'SUN Lan

(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: A new way to design distant spacecraft formation flying in highly eccentric orbits is proposed, which
simplifies the solution of the nonlinear equation of spacecraft relative motion rather than the equation itself. Under
the assumption of equal period, the exact trajecotry of a random elliptic orbit relative to a circular orbit is obtained.
The exact solution is expanded in Fourier series. It is proved that the term of single frequency is the dominant part
of the solution. A new formula for formation design of distant spacecraft in highly eccentric orbits is deduced. A
simulation of spacial circle formation is demonstrated. Design method with the new formula is explained step by
step and the result is validated by numeric calculation. Since the assumption of close and near circular orbits is not
used, the new formula is applicable to the formation design of distant spacecraft in highly eccentric orbits
contrasting with C-W equation design method and orbital element method.
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Table 1  Orbital parameters of virtual reference spacecraft

a/km €r b 2, @ Ip's
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42164.1697 0 0 0 0 0
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Table 2 Relative orbital parameters of four formation

spacecrafts
e Ip's A, Py Pr
1 018631 0 0313158 /2 -2
2 018631 -18986.1 0313158 /2 -0.186309
3 0.18631 -43082.0 0313158 /2 w2
4 0.18631 -67178.0___ 0.313158 -1/2 3.32790
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Table 3  Absolute orbital parameters of four formation

spacecrafts

a/km e iy
1 42164.1697 0.18631 0.313158133
2 42164.1697 0.18631 0.313158133
3 42164.1697 0.18631 0.313158133
4 42164.1697 0.18631 0.313158133

Q2 wy t/s

1 w2 -2 0
2 0.186309306 -2 -18986.0797
3 -1.57079633 -2 -43082.0422
4 -2 -67178.0047

-3.32790196
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Fig.2 Spatial circle formation
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