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Analysis and Study on the Impact of Rapid Link Establishment of Interstellar

Laser in External Heat Flux Environment
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(Shanghai Institute of Satellite Engineering, Shanghai 201109, China)

Abstract: As one of the important means of data transmission between satellites, laser communication has a direct impact on
the performance of the constellation system due to its fast and stable link establishment ability. The laser communication terminal
relies on a high-precision optical tracking system to achieve continuous and stable pointing of the signal beam to the target satellite.
However, space environmental factors can interfere with the pointing accuracy of laser terminals, and their influence can reach the
level of milliarcsecond measurements. The deformation of the satellite structure caused by thermal expansion, cold contraction and
stress changes during the satellite operation in orbit leads to the rigid displacement of the laser terminal pointing accuracy compared
with the reference position of the satellite platform. In this paper, based on the application background of the rapid and stable chain
construction of inter-satellite laser communication links, the finite element analysis method is used to study the pointing error caused
by the thermally induced deformation of the laser terminal datum and the satellite platform star sensitive datum. By analyzing the
installation reference error caused by the thermal deformation of satellites at different orbit altitudes, the variation law of laser
communication link pointing error is obtained, which provides an analytical basis for the rapid and stable chain construction, and
provides a design reference for the module layout and overall thermal control of the whole satellite.
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Table 2 The model uses a material parameter table

g E/GPa G/GPa A o/MPa pl(kg/m®) A
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Fig. 5 Temperature contours and thermal deformation contours of optical heads under 7 working conditions in one track
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Fig. 6 Temperature contours and thermal deformation contours of 7 operating condition star sensors in one orbit
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Fig. 13 Temperature contours and thermal deformation contours under 12 working conditions were selected during the 24 h period

of winter solstice
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Table 5 Pointing error of the optical head relative to the star

sensor
X BAURGAE ek . HeIn iR/
fi il R 1101 F T
T/ /" mrad
ZFE1h 201.7312 111.600 8 229.296 1.111 7
ZZFE3h 211.24 111.116 9 235.368 1.141 1
ZFE5h 212.8795 103.8704  230.600 4 1.118
X% 7h 220.216 5 104.611 3 232.87 1.129
£%9h 215.581 1158422  235.690 5 1.1427
Z%11h 207.336 5 1214028  230.704 2 1.1185
A% 13h 196.050 2 122.874 4 214.924 6 1.042
A% 15h 180.447 5 121.308 3 191.654 6 0.9292
K E17h 177.784 8 102.069 8 175.771 8 0.8522
ZZE19h 175.258 95.7417 169.167 4 0.820 1
K ZE21h 173.257 5 95.009 3 169.583 4 0.822 2
K ZE23h 182.689 6 101.113 7 186.928 7 0.906 3
1.4
< 13 =1.33E0
s
£ 12 \;{‘ﬂ LI3EO, 1120
g 1(1) {o7E0 1IEO 11260 14E0 N 1.04E0
%09 2.53E-1 246E-1
£ 08 23261 ;;3.2313-1
0.7
05%@“0&\%&»‘0»%%‘0&»%%
N AN AN AN NI NS NG
& N NN NN Y )
N NS BB BB

working condition
B 14 AZRFNZ ST E RS LI SR LTS A
Fig. 14 Comparative analysis of the optical head pointing
error of high-orbit satellites at different times of the

winter solstice
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