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Fig. 1 Taiji gravitational wave detection program

SLISATFRISEAL, AT S R R AR R A%
R B X O B T OO P ) 255 AR T
&%, T IR =A% BRI T T2 1 = 413 50 7K 3 I8
KU T 51 AR S RN . ESERR TR, Bk
Bl R JEBR 0 51 3B R INAE S5, T 75 R 22 8] T % B
) =230 0 R T R R R O R R, B RG 2
X IE = A G BA R AR ARG 2 PR R I R

SCRR[2 1198 HY 1 AT 55 3 2 A ox T 2 BA O RS e 28 22
R ORBERE2) , HEAERERILEL EA
o TR R R A R R, K ORI KA
—fahxo

SC1

IS

WP A AR

SC2 SC3

K2 g BARRE PR bron 3

Fig. 2 Diagram of formation stability index
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Table 1 Formation stability index of Taiji mission
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Formation Design of for Space Gravitational Wave Detection Based on
Second Order CW Equation

JIAO Bohan"?, DANG Zhaohui"’

(1. School of Aerospace, Northwest Polytechnical University, Xi’an 710072, China;
2. National Key Laboratory of Aerospace Flight Dynamics, Northwest Polytechnical University, Xi’an 710072, China)

Abstract: To solve the problem of arm length divergence of space gravitational wave detection formation based on CW
equation in two-body nonlinear gravitational field, a formation configuration design method based on second-order CW equation was
proposed. Firstly, the differential form of the second-order CW equation was derived, and the approximate analytical solution of the
second-order CW equation was obtained by perturbation method. Then, the non-existence of circular flying orbit was proved, and the
divergence reason of the nominal configuration based on CW equation was analyzed. Secondly, based on second-order CW equation
and the energy matching period condition, the formation configuration optimization model was constructed with the phase angles of
the spacecraft as optimization variables, and the multi-constraint configuration optimization method based on the global optimization
algorithm and the pattern search algorithm was established. Finally, the optimization results were verified by simulation based on the
Taiji mission. Simulation results show that the proposed optimization method can reduce the average error of formation arm length to
0.32% and the maximum error to 0.44 %.

Keywords: space gravitational wave detection; second order CW equation; formation design; perturbation method; Taiji

Highlights:

e The approximate analytical solution of the second order CW equation is obtained based on the perturbation method.

e Non-existence of perfectly circular relative orbits under the second order CW equation is proved.

e The reason for divergence of the nominal configuration based on CW equation is analyzed. It is shown that the breaking of the
periodic condition is the main reason for the divergence of the configuration.

e A formation optimization method based on second-order CW equation is proposed. By selecting the spacecraft phase angle as
optimization variable, the optimization of arm length and breathing angle is realized on the basis of only considering the arm length as

the optimization index.
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