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Design and positional accuracy test of the orbital motion simulator

for space laser communication

Zhao Yingxiu, Yang Yang, Liu Wei
(School of Opto—Electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In order to simulate the effect of orbital motion on the laser communication terminal’s PAT
system performance, a high precision one dimensional turntable was developed. GEO-LEO and LEO -
LEO satellite relative motion angular velocities were analyzed, and the requirement of turntable’s angular
velocity range was proposed accordingly. Based on the digital control technology, compound control and
high level input cascade compensation were used to achieve the stable control with super-low speed. To
meet high precision demand in angular location accuracy measurement, the influence of adjustment and
alignment error in test procedure was studied. According to the results, the max turntable angular velocity
was 2 (°)/s; the angle position measurement error of adjustment and alignment error could be ignored; the
actual turntable position precision was superior to 2.5”. The turntable meets the requirements of high-
precision and low-speed for the orbital simulation of space laser communication terminal.
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Tab.1 Input parameters used for satellite relative

angular motion simulation

Hy/km io/(°) Yol (°) Aa/(°)
Satellite A 42 157 0 0
GEO-LEO 10
Satellite B 6 771 43 20
Satellite A 6800 98 0
LEO-LEO 15
Satellite B 6 771 43 20
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Fig.2 A satellite’s angular velocity respect to B in LEO-LEO

communication
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Fig.3 Distance between satellite A and B in LEO-LEO

communication
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Fig.4 Statistical histogram of angular velocity in LEO-LEO
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Tab.2 Angular position accuracy measurement value

Angle/(°) Encoder reading  x axis reading/(") y axis reading/(") Deviation/(") M\c]):l]iic/e;t”i)o " Revised error/(")
0 -10 1.35 10.5 - 0 0
15.652 173 91 11397 570 1.1 6.5 -0.25 -0.4 0.15
31.304 347 83 22795139 2.15 1.95 0.8 -0.7 1.5
46.956 521 74 34192 694 0.8 -0.55 -0.1 -0.45
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Continued Tab.2

Angle/(°) Encoder reading X axiz reading/(") Y axiz reading/(") Deviation/(") M\(:gfec/?,,i;) " Revised error/(")
62.608 695 65 45 590 256 0.75 2.45 -0.6 -0.4 -1
78.260 869 57 56987 815 1.05 16.45 -0.3 0.4 -0.7
93.913 043 48 68 385 410 1.45 7.7 0.1 0.1 -1.4E-16
109.565 217 4 79782 975 1.35 14.8 0 -0.1 0.1
125.217 391 3 91 180 522 1.45 18 0.1 0.2 -0.1
140.869 565 2 102 578 069 2.05 9.75 0.7 -0.2 0.9
156.521 739 1 113 975 635 1.6 12.05 0.25 0 0.25

172.173 913 125373 207 1.3 9.7 -0.05 0 -0.05

187.826 087 136 770 765 1.45 9.3 0.1 0.1 -1.4E-16
203.478 260 9 148 168 320 0.7 7.5 -0.65 -0.3 -0.35
219.130434 8 159 565 906 -0.5 7.2 -1.85 0.3 -2.15
234.782 608 7 170 963 476 0.95 16.3 -0.4 0 -0.4
250.434 782 6 182 361 027 0.25 3.45 -1.1 0 -1.1
266.086 956 5 193 758 610 1.3 6.5 -0.05 -0.2 0.15
281.739 130 4 205156 176 0.9 13.3 -0.45 0 -0.45
297.391 304 3 216 553 734 1.05 23.1 -0.3 0 -0.3
313.043 4783 227951 317 1.15 6.3 -0.2 0.2 -0.4
328.695 652 2 239 348 845 2 12.3 0.65 -0.1 0.75
344.347 826 1 250 746 454 1.8 6.5 0.45 0.2 0.25

360 262 144 005 1.25 12.7 -0.1 0 -0.1
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