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Multiple impulsive trajectory optimization of satellite

formation reconfiguration under J, perturbation
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Abstract; Arming at the formation reconfiguration problem for the elliptic reference orbit under J, perturbation, a multiple impulsive trajectory

optimization strategy was developed on the basis of the Gauss variation equation and with the objective function of minimal fuel consumption. A

relative dynamics equation using the orbital element difference was derived, in which the J, perturbation and the coupling effects between in-plane

and out-of-plane relative movements were considered. The hybrid approach of the genetic algorithm and the sequence quadratic programming was

proposed to optimize the total velocity increment. The simulation results show that the hybrid approach is effective, and can obtain the feasible

solution efficiently. Since the J, perturbation and elliptic reference orbit are considered in the study, the approach has some reference significance

for the trajectory optimization of space mission.
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orbital element differences
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i/(°) 634349 -1.0831E-3  4.3361E-3
() 112 1.5409E-2  7.1228E-2
w/(°) 0 -1L6134E-2 -6.3572E-2
M/(°) 0 9.2428E-3  3.171 8E -2
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Tab.2  Optimization solutions of three impulses

WF k B % 1 /s Tk A,/ (©) AR AN, HEEHAE Av,/ (n/s) B R/ (/)
1 16 718.356 274. 155 2 [ -1.372,0.106,2.484]
2 82 723.319 238.864 10 [ -0.881, -1.127,1.478] 8.220
3 95 614.302 285.649 2 [ -1.576,0.719, -2.836]

R3 L, BHTERARKKENENHERGIT

Tab.3 Statistical results of fuel-optimal multiple-impulse formation reconfigurations under J, perturbation

Jr s R B R/ Av/ (m/s)

JiSLE 1 gE! WS/ %
&/ TN FEfE i
2 8.239 22 8.240 57 8.239 56 0. 000 40 100
3 8.213 64 8.224 87 8.221 53 0.003 45 100
4 8.161 53 8.219 30 8.208 05 0.018 46 100
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Tab.4  Optimization solutions of two impulses

W k W20 ¢,/ BROPPERR w,/(°)  HRSREECAN, B E Av,/(m/s) S FEIE R/ (m/s)
1 89 376.765 274.787 14 [ -4.123,0.263, -6.180]
2 5199.311 223.964 0 [ -0.291,0.589, —0.466 ] 240
RS 4B UKRBER
Tab.5 Optimization solutions of four impulses
T k W% ¢,/ BRUPVE R w,/(0)  HRSEECAN, HEE R Av,/ (m/s) BRI R/ (m/s)
1 16 592.786 259.004 2 [ -0.141, -0.971, - 1.780]
2 41 054.099 273. 606 4 [0.349, -1.034, - 1.886]
3 76 629.552 230.339 [ -1.053, -0.695, -1.207] 520
4 89 593.915 280.045 2 [0.547, -1.049, - 1.905]
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Tab.6  Optimization solutions of multiple impulses with

the orbital inclination of 10°

W BORERBBIE gy
: Noax KN Av/ (m/s)
2 14 8.786
3 14 8.751
4 14 8.743
3 0 8.913
3 6 8.832
5 g
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