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Fig. 1 Schematic diagram of space gravitational wave detector configuration
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Table 2 Geocentric orbital formations optimization results
LR x/km ylkm z/km v/ (kms™) v/ (km's™) v/ (km-s™)
SC1 92 047.1199 —27 807.151 4 27 585.698 4 0.776 716 1.138 833 —1.443 746
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Fig. 2 Geocentric orbit formation arm length variation between spacecraft
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Table 3 Effect of position error on configuration of geocentric orbital formation

HE B Ly,/km Ly3/km Lyykm g/ (°) 6,/ (©) 6y () vi/ (m's™) viy/ (ms™ vy (ms™)
i ¥iE 173 671 173 313 173 518 60.056 2 60.262 8 60.174 0 0.0557 0.011 4 0.037 1
bRk 480 416 430 0.2348 0.278 3 0.243 1 1.653 9 22871 2.586 0
Yl ¥iE 173 479 173 261 173 352 60.025 9 60.151 2 60.078 3 0.0299 0.006 9 0.0221
PR 237 306 280 0.1720 0.1379 0.154 6 1.658 2 2.286 3 2.5713
-~ Bl 173515 173283 173358  60.038 4 60.1718 60.081 8 0.0332 0.0127 0.024 7
b2 291 341 307 0.192'1 0.168 1 0.1709 1.648 5 2.2863 2.5583
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Table 4 Effect of velocity error on configuration of geocentric orbital formation
Jifl %0 Lpkm  Lgkm  Lykm 6y () 6/ () 6y (©) vi/ (ms) viy/ (m'sD vay/ (m's D
& S]] 173274 173236 173212 60.013 60.035 59.999 0.003 37 0.008 23 0.015 4
PRt 2= 94.690 88.485 151.185 0.0393 0.052 6 0.0790 1.532 2.260 2.327
bir S]] 173274 173209 173218 59.997 60.03 4 60.002 0.000 140 0.000 28 0.0162
RAEZE  109.917  116.087  156.526 0.057 5 0.061 4 0.0820 1.530 2.262 2.334
T #iid 173 284 173 221 173 158 60.004 60.04 0 59.967 0.004 51 0.003 82 0.005 38
bRz 68.165 77.058 107.058 0.031 4 0.0379 0.047 9 1.527 2.261 2.329
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Table 5 Heliocentric orbit formation parameters to be
optimized and their value ranges

Rt % A VG L
Di 0.999~1.001 AU
i 0~2n rad
Bi 0~2n rad
®i 0~2n rad
e 0~0.01 —
f 0~2n rad
d 0~365.25 d
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Table 6 Heliocentric orbital formations optimization results
v~ x/km y/km z/km v/ (km-s™) v/ (km's") v/ (km's')
SC1 —135509 841.3148 —59 413 755.7399 —27 127 784.8190 12.868 444 —24.492 132 —10.608 043
SC2 —133 979 739.8282 —60 820 480.983 1 —25744263.4251 13.077 963 —24.520 132 —10.871 339
SC3 —135019 533.7890 —58 772 873.3314 —24 762 996.6427 12.858 996 —24.798 799 —-10.521 874
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Fig. 5 Heliocentric orbit formation arm length variation between spacecraft
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Fig. 6 Heliocentric orbit formation spacecraft breathing angle
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Fig. 7 Heliocentric orbit formation relative velocity between spacecraft
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Table 7 Effect of position error on configuration of heliocentric orbital formation
77 If) 25 Ly,/km Ly3/km Ly3/km 61/ () 6/ (°) 6y (°) v/ (ms™) viy/ (ms™) v/ (ms™)
. BE 2506 187 2505722 2494 521 60.177 60.218 59.974 0.470 0.438 0.756
(ENL]
i 13 570 19292 13 040 0.463 0.465 0.315 3.183 3.501 2.465
W BN 2500 827 2500 142 2494 247 60.069 60.096 59.835 0.043 —0.001 0.051
b2 6941 3465 3464 0.156 0.216 0.154 1.366 0.727 0.725
- ¥E 2501034 2500376 2494247 60.073 60.101 59.841 0.042 —-0.006 0.051
L
i 6389 3057 2 840 0.148 0.205 0.140 1.268 0.669 0.611
*8 EEIREX B OHIERAE BRI
Table 8 Effect of velocity error on configuration of heliocentric orbital formation
T Lyy/km Ly3/km Lyy/km EGD) 63/ (°) 0y (©) v/ (ms™) viy/ (ms™) vyy/ (m-s™)
. ¥E 2502011 2501 009 2499 651 60.110 60.136 59.879 0.043 —0.006 0.053
1A
AN 8 886 5128 4954 0.187 0.255 0.180 1.783 1.053 1.080
o ¥E 2509311 2507501 2494 461 60.217 60.310 60.034 0.489 0.515 0.940
)
i 16 761 15078 14 440 0.431 0.445 0.366 4.101 2.805 2.821
T e 2501205 2 500 446 2494 877 60.084 60.109 59.847 0.045 —0.004 0.049
Y2 1A
i 6395 3103 2910 0.149 0.206 0.141 1.277 0.705 0.663
£9 (HEEGIIEE FaEPEM MR . FOREE Ry W], Bt dE T 05 Y
Table 9 Comparision of simuilation results TCHEUGR BN BN S35, R DA RN 3\ T O R AR
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Optimal Design of Stable Configuration of Space Gravitational Wave Detector

Based on Dual Quaternion
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Abstract: To ensure the stability of the orbital configuration of the space gravitational wave detector, the design and
optimization method of stable formation configuration of the large-scale spacecraft in space was studied. Considering the influence of
the sun-earth-moon gravitational field on the formation configuration, the earth, the moon, and three spacecraft were regarded as a
formation for research in the heliocentric coordinate system. Based on dual quaternion, the natural/artificial celestial body dynamics
model was established, and the space gravitational wave detection system model with and without a central celestial body was
uniformly described. The parameters to be optimized based on genetic algorithm were given, and the optimization objective function
was designed. Simulation results show that the detector meets the stability requirements of the orbit configuration within one year
without orbit control.

Keywords: spacecraft formation; orbital configuration; dual quaternion; genetic algorithm

Highlights:

e An optimal design method for stable configuration of large-scale formations is proposed.

e The initial time of the orbit is considered as one of the parameters for global optimization without prior value.

e The proposed method is universal and suitable for configuration optimization design of spacecraft formation configuration with

and without a central celestial body.
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