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Tab.1 Initial mean orbital elements of modules
85 a/km  ¢/1070 /) /) /() M/
FEH 7 355,31 0 99.37 50.27 0 0
MAEH 1 7 355.31 6.797 8 99.37 50.34 0.0111 0
MAEHL 2 7 355,31 6.797 8 99.43 50.24 239.99 120
ML 3 7 355,31 6.797 8 99.31 50.24 119.99 240
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Tab. 2 Revised values for mean orbital semi-major

axis of deputy modules

A da./m
1 0
2 6.384 3
3 —6.384 3
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Tab. 3 Initial osculating orbital elements of modules

with original &
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TR
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MABLH 3

e/107% /(D 0/C)  w/C) M/

7.364.05 4.286 2 99.36
7364.07 11.0950 99.36

50. 27 0 0
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50.24 278.56 81.44

7.364.04 5.9413 99.42
5. 50.24  81.48 278.51
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Tab. 4 The difference between revised and unrevised osculating orbital elements of deputy modules

PNCEN Aa/m Ae Ai/ () AQ/ () Aw/ (%) AM/ (%)
1 0 0 0 0 0 0
2 6.376 7 —10 1 9.8X10°¢  —1.8X10° 1  —7,1X10°° 7.1X10°5
3 —6.376 7 10710 —9.7X107%  —1.4X10° 1 —7.1X107° 7.1X10°7
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Fig. 1 Relative position error of formation configuration

without J2 perturbation
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Fig.2 Three-dimensional trajectory of formation

flight with revised & for J2 perturbation
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Space circular formation configuration design of fractionated spacecraft
based on difference of mean orbital elements for J2 perturbation

ZHANG Shuo', WU Guo-giang”'*

( 1. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology
Dalian 116024, China;

2. School of Aeronautics and Astronautics, Dalian University of Technology, Dalian 116024, China )

Abstract: Fractionated spacecraft is a virtual spacecraft system which is constituted by wireless
connection. The space circular formation configuration design as the chief module at the sun-
synchronous orbit for J2 perturbation, has great significance of meeting the needs of energy transfer
and data exchange accurately between the modules, and its application requirements. To begin with,
relative motion model is established through the difference of mean orbital elements between deputy
module and chief module, and the design steps of the space circular formation configuration are given.
The J2 invariant perturbation conditions are no longer applied, so the revised formula is proposed
through the quantitative analysis of J2 perturbation. The initial formation configuration is determined
by converting the revised mean orbital elements to the osculating orbital elements at the initial time.
The nonsingular novel quaternion orbital elements are used to analyze J2 perturbation, and the efficacy

of the design method is demonstrated by the results of simulations.

Key words: J2 perturbation; mean orbital elements; fractionated spacecraft; space circular formation



