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Analysis and Optimization Design of Tetrahedron Formation
Spacecrafts in Highly Elliptic Orbits

AN Xue-ying XI Xiao-ning ZHANG Wei-hua YANG Le-ping
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073 China

Abstract Several space physics missions that are being designed or flown need spacecrafts flying in a tetrahedron configura-
tion about a highly elliptical reference orbit. At least four spacecrafts can separate space and time and measure the structural
and dynamic parameters of space environment along the mission arc. Based on the orbit element model of relative motion an
analysis was performed to study the influence of four reference orbit elements on the tetrahedron’ s quality factor and average side
length. On the assumption that one spacecraft runs along the reference orbit a tetrahedron formation optimization design model
was proposed whose design variables are fifteen relative orbit elements of the other three spacecrafts while objective function in-
volves the tetrahedron’ s quality factor and mean side length. Then this model is applied in phase I of Magnetosperic MultiScale
mission. The results show that a tetrahedron formation with better performance in the mission arc can be found through opti-
mization method while no control is exerted.
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Fig.2 Quality factor integral
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Fig.3 Average side length integral
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Tab.1 Osculating orbit elements of four spacecrafts in MMS tetrahedron

Ae Ai rad A0 rad Aw rad Afy rad
1 0.0000 0.0000 0.0000 +16.0000 %1075 —2.9000 % 103
2 =20.6000x 1073 0.0000 0.0000 +8.0000x107%  —1.5000x 1073
3 —6.9000x10°° —10.7000x 103 0.0000 +8.0000x10°°  —1.5000% 103
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Fig.4 Performance plot of the tetrahedron
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