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Abstract In order to solve the problem of frequency stability and transmission accuracy decrease
caused by temperature fluctuation during on-orbit operation of an extravehicular load equipment, a high-
ly efficient thermal control scheme is proposed which bases on passive thermal control as the main ap-
proach and active thermal control as the auxiliary method. The scheme employs a single-phase liquid
cold plate as the main heat dissipation surface, and 10-unit multi-layer insulation components for com-

prehensive encapsulation. High thermal conductivity materials are utilized to achieve efficient heat con-
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duction. Simultaneously, heating sheets and TEC semiconductor ceramic sheets are used for precise tem-

perature control. Through finite element simulation analysis of temperature distribution under both high

and low temperature conditions and optimization design, the temperature variation of key components is

controlled within 40.5 K. The ground constant-temperature thermal balance experiment and the in-or-

bit data results indicate that this scheme effectively suppresses the interference of temperature fluctua-

tions on the load equipment, significantly improves the overall temperature uniformity of the equipment.

It enables photodiodes and other sensitive devices to operate within the optimal temperature range (25-

50°C). The temperature change rate of temperature-sensitive devices on the extravehicular load equip-

ment is better than 0.1 K-min ', meeting the on-orbit stability requirements of high-precision time-fre-

quency transmission systems. It can provide an important reference for the thermal control design of

similar space load equipment.
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Temperature control requirements of key components of laser time-frequency transmission load

Key device name

Operating temperature range/°C

Optimum operating temperature
range (thermal control target)/°C

FPGA -55~+125
Diode -55~+65
Timepiece —95~+65
Optical module —40~485

Power module -55~+125

EMI filter -55~+125

~45~+85

25~+50
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Table 2  Selection of thermal physical property parameters of the thermal model
Number Materials Spedféji?lt .I?][;acity/ Ther?&;.i‘?i&lﬁ;vity/ Density/(kg-m )
1 Stainless steel 477 14.9 7900
2 TC4 411 6.8 4440
3 2 A12 924 151 2780
4 3 A21 1092 181 2730
5 7075 2810 960 140
[§ Quartz glass 800 14 2200
7 Polytetrafluoroethylene 1000 0.24 2200
8 6061 953 155 2700
9 Multi-layer insulation component — — —
10 Fr4 600 10 1687

B ZREGAMRA R HN0.03.
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Table 3  Selection of contact thermal resistance in the thermal model
Number Name Contact form CS;E?ZEJ;??;,E??Z?%
1 Between frames Apply thermal grease 1000
2 Power module and installation base plate Apply thermal grease 1000
3 Filter and installation base plate Apply thermal grease 1000
4 Heat dissipation plate and casing Apply thermal grease 1000
5 TEC heat dissipation bracket and housing Apply thermal grease 1000
6 Heat dissipation plate and timer Insulating heat-conducting pad: 1 mm —
7 Heat dissipation plate and optical module Insulating heat-conducting pad: 1 mm —
8 Heat dissipation and FPGA Insulating heat-conducting pad: 1 mm —
9 Reflector and upper cover plate TC4 (2.5 mm) —
R4 MIMBTEERERERETHRE
Table 4 Heat consumption of extravehicular payload equipment and components
and thermal resistance of the crust
Number Device type Packesing oo/ W s/ (K
1 FPGA BGA148 3 0.2
2 1553 Chip DIP70 0.5 6.8
3 Optical fiber 1553 SOP4 10 —
4 ACTEL CQFP84 0.4 3.8
5 Timer chip HTQFP 1.5 0.6
6 Comparator WQFN 0.37 3.8
7 Single-pole double-throw analog switch SOT-23 0.5 12.3
8 Level converter pMAX 0.7 17.0
9 DC/DC converter Welded hermetic 4.5 1.1
10 Total 21.47 —
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Fig. 5 Intensity of direct solar radiation reaching each orientation plane at f = 65.5° and g = 0°
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Table 5 Periodic average heat flux densities reached by each surface of the satellite
at different 8 angles (Unit: W-m *)

B/(°) Types of external heat flow +z +z z y +y
—65.5 Total external heat flow 188.3 353.3 198.7 114.2 537.1
Direct sunlight 91.1 94.2 94.8 13.9 424.5
Earth reflection 23.1 48.5 25.2 22.7 29.7
Infrared of the Earth 74.0 210.6 78.7 77.6 82.8
0 Total external heat flow 203.9 361.9 231.3 161.9 149.7
Direct sunlight 81.1 35.9 96.5 10.7 9.7
Earth reflection 53.8 115.8 59.4 67.1 60.7
Infrared of the Earth 69.1 210.2 75.3 84.1 79.4
65.5 Total external heat flow 217.0 358.6 215.2 634.1 133.3
Direct sunlight 118.2 99.5 113.7 524.8 29.4
Earth reflection 22.0 48.4 25.1 30.2 22.8
Infrared of the Earth 76.8 210.7 76.4 79.1 81.1
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Table 6  Analysis of operating conditions of extravehicular payload equipment

Temperature of the

Working condition B/(°) Coating life load installation Flight attitude Working mode
surface/C
High-temperature working —65.5 End stage 30 Three-axis stable flight Measurement mode
condition
Low-temperature working 0 Early stage 0 Three-axis stable flight Measurement mode
condition
Overall temperature distribution cloud map /°C (a) Detector temperature cloud map distribution / °C (b)

/ ///
2692 357

Cloud map of internal temperature distribution/ °C (c)
15.33 24.95
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Fig. 6 Temperature distribution under high temperature conditions
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Fig. 12 Telemetry data curve of diode’s thermal

control within one orbital pass
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