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Table 1  Input parameters for simulation

Input parameters values
n, 3
n, 2
l/m 1.2
l,/m 0.6
d/m 0.3
d/m 0.05
d/m 0.1
m,/kg 900
J/(kg -+ m%) 615
m/kg 300
J/ (kg - m?) 36
FUN 0
F/N 0
M/(N +m) 0
PN 500
G/(m* s kg™") 6.67 x 107!
M /kg 5.965 x 10**
R./m 6.371 x 10°
h/m 4 x10°
w/(m?® - s72) 3.979 x 10
n/(rad - s71) 1.132 x 1073
b/m 500
a/m 1000
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DYNAMICS OF SPACE PLATFORM LAUNCHING SERVER
AND OPTIMAL DOUBLE PULSE RENDEZVOUS™

Han Yanhua'"™ Li Weikang'  Zhang Yong™’

(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)
(2. UAV Research Institute, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
(3. Key Laboratory of UAV Technology, Nanjing University of Aeronautics and Astronautics, Ministry of Industry
and Information Technology, Nanjing 210016, China)

Abstract The paper studies the two-body coupling dynamics between the space platform and server while
launching process, as well as energy saving optimization of the double pulse control of the server during rendez-
vousing and docking to the target satellite. Firstly, the space platform forms an orbiting relationship with the tar-
get satellite, keeping its launch tube axis aiming at the target satellite. After receiving the launch command, the
server shoots out from the launch tube. The Kane method is used to establish the platform-server two-body dynam-
ics model. Due to the effect of the coupling of the two bodies, the attitude of the platform is perturbed, causing
the server unable to accurately aim at the target satellite while separating the tube. Two velocity pulses are ap-
plied to the server through its small rocket engine. The initial pulse occurs at the moment when the server is sepa-
rating the tube, changing its course to ensure accurate rendezvous with the target satellite; the end pulse occurs at
the moment when the server rendezvous to the target satellite, reducing its relative velocity to zero to achieve soft
docking. The optimization index is the least energy-efficient, that is to minimize the sum of the squares of the two
pulse amplitudes. The paper summarizes it as a nonlinear programming problem. Under the condition that the
rendezvous flight time is small compared to the period of the platform orbiting the target satellite, the average an-
gular velocity of the orbiting flight can be regarded as a small parameter, and the canonical perturbation method
can be used to obtain the first-order approximate solution of the nonlinear programming. Then the optimizing iter-
ation process is started from the approximate solution as its initial guess. Finally, a numerical simulation verifica-

tion is carried out.

Key words multi-body dynamics, Kane method, on-orbit service, C-W equation, rendezvous and doc-

king, double pulse guidance, small parameter perturbation method
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