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Abstract: Satellite-borne opto-electromechanical instruments preserve both optical systems and
mechanism properties; the former has a strict requirement for temperature, and the latter has a
complex structure and is constantly moving. This is a challenge to the test validation of the thermal
characteristics. A case study of the indirect validation method of the thermal design for the optical
communication terminal is presented. The indirect validation method may be utilized to predict the in-

orbit temperature through the thermal analytical model, which is corrected using temperature data in
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the thermal balance test. The thermal balance test and model correction have been made. Very good
correlation was demonstrated between the computed results of the proposed model and the measured
test data; a deviation of 81% is less than 5 ‘C. Thus, the model is appropriate for use in validation of
thermal design. Comparing the thermal analytical results to the flight results, the deviation of 81% is
less than 4 ‘C. This demonstrates the accuracy and the effectiveness of the indirect validation method,
and the method meets the application requirements of optical communication terminals on satellites.
The proposed indirect validation method greatly reduces the difficulty of thermal testing and is of
certain reference value to altitude-varied and high temperature precision opto-electromechanical
instruments.

Key words: opto-electro — mechanical instrument; optical communication; thermal balance test;

thermal model correction
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Tab.1 Thermophysical properties of optical antenna used in thermal model
o/ /
(kgem ) (Wem'-K" (J-kg'-C ") (BOL/EOL)
1 ( / ) 2530 1.6 800 0.01 0.01/0.5
2 ( / ) 2200 1.4 891.7 0.01 0.01/0. 04
3 1 900 117 921 /
4 4 500 5.4 678 0. 85 0.85 U .0
5 2 800 170 921 N
6 8 400 398 386
7 0.35/0.55 0. 67
8 F46 0.15/0. 4 0.68
9 0.95 0. 85
10 OSR 0.135/0.22 0.79
11 0.25 0. 05

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.

cnki.net



1744

26

3.1

(@Y

(2)

3

4

(5

i
B4

%

3.2.2

AR L

OB EIR A

(

(

3.2
N 3.2.1

GRS E VE o

[eFFa |

|

R [
D L
J

6)
7
, 2 o
<100 K, <1X10° Pa)

o

X AR AU

Fig. 2 Thermal balance experiment system
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Tab. 2 Test cases
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Tab.3 Comparison of test data and analysis results “C
1 20. 2 21.1 22.1 22.4 21.8~31.6 20.5~28.2 22.0~27.2 20.3~21.8
2 19.7 20.5 21.9 22.8 21.5~30.6 20.3~27.8 21.7~26.6 20.2~21.2
3 19.1 20.3 21.7 22.1 21.2~28.7 20.2~27.5 21.3~26.8 20.3~22.0
22.1 23.2 23.3 22.6 21.6~44,0 16.0~37.0 21.6~29.8 16.8~22.9
1 20.0 20.6 23.1 23.1 23.3~27.9 21.0~24.0 23.0~27.6 22.1~23.0
2 18.6 20.3 22.7 22.5 22.3~26.7 21.5~23.2 22.1~28.4 21.7~23.5
3 19.9 20.7 22.9 22.3 22.6~26.8 21.2~23.0 22.5~26.9 21.3~23.6
24.7 25.9 24.0 24.2 23.7~26.8 23.8~26.3 22.6~26.5 23.5~26.1
5.0 4.4 18.2 21.0 20.7~26.8 18.5~26 22.6~26.5 23.2~26.4
18.0 23.9 24.9 25.8 24~26.5 23.7~25.8 23.4~33.7 23.3~31.1
13.5 18.3 25.9 25.0 24~26.5 24,0~25.7 23.4~26.4 23.6~26.3
u 22.7~30.0  27~29.8 25.4~29.8 28.1~33.5 27~31.5 27.5~37 27.0~33.2 27.7~37.8

0] 10.3~15.7 14.1~18.9 24.3~25.8 22.7~26.0 21.7~31.4 22.5~29.4 23.6~37.3 22.6~32.6
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Tab.4 Comparison of fight data and analysis results cCH
2017 4 20 2017 20
1 22.7~54.4 21.5~52.6 22.7~48.8 21.7~48.0
2 22.6~51.8 20.8~50.0 22.6~49.8 20.9~47.1
3 21.9~51.1 20.9~49.3 21.9~49.7 21.0~47.5
22.8~66.5 22.0~66.3 22.9~66. 2 22.0~62.8
22.2~52.3 21.0~48.4 22.3~50.4 21.0~45.6
21.4~52.3 20.9~47.1 21.3~51.4 20.9~45.4
22.6~51.5 21.3~50.3 22.7~49.7 21.4~46.1
23.5~35.8 23.8~36.4 23.5~35.2 23.9~36.7
23.4~26.5 23.9~26.1 23.4~26.7 23.6~26.0
23.4~38.8 24.0~36.8 23.4~41.4 23.9~37.2
22.0~38.0 24.0~37.6 22.0~35.0 23.9~36.2
U 27.0~38.2 27.9~42.6 27.0~39.1 27.9~42.6
O 23.6~45.1 23.0~44.4 23.5~42.3 23.3~41.4
4 ,
,81% 4 °C,
6 OC b
’ ° ° )
(3
b
b b
@)
6

(2)
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