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Thermal control study of the 2D gimbal servo mechanism of GEO

satellite—borne laser communication terminal
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2. National Key Laboratory of Tunable Laser Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The 2D gimbal servo mechanism of the satellite—borne laser communication terminal, which is
a pointing-regulating mechanism with high precision, has a strict requirement of temperature level and
uniformity at the working time. The acute change of the orbital heat flux is the external factor that
induces the temperature volatility. The thermal control scheme of the 2D gimbal servo mechanism of the
GEO satellite-borne gimbal-type laser communication terminal was proposed. In the scheme, the structure
design and material selection based on the structural/electrical/thermal concurrent design, active tracking
temperature control, thermal dissipation and insulation design were all used to realize the precise control
of the stability and uniformity of the temperature field of the space 2D gimbal servo mechanism with
large scale and high precision. Meanwhile, the scheme was verified by both the thermal simulation and
experiment test. The results show that the temperature range of the servo mechanism’s core component is
from 22.3 C to 34.6 C and its temperature difference is less than 4 ‘C in the whole lifetime on the
working orbit.
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Fig.1 Schema of laser communication terminal’s 2D gimbal
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Tab.1 Heat flow distribution and temperature

control indicator of the 2D gimbal servo

mechanism
Operati
Component Heat flow terrll)eerjrlz:t(l)lr;e Temperature
P /W P uniformity/C
range/ C
Floor beam of U frame 0 0-50 None
+X Stand of U frame 0 10-50
* <+2
—X Stand of U frame 0 10-50
O frame 0 10-50 =+2
Azimuth—drive motor 1-6 1-6
A<=+2
Azimuth coded disc 2.5 10-50
Pitch-drive motor 0.5-4 10-50
A<z2
Pitch coded disc 2.5 10-50
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Fig.2 Schema of the tracking temperature control process
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Fig.3 Thermal balance experiment system
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Tab.2 Experiment cases

) . Boundary
Case name Space heat flux condition Work mode D 455 3L B K 1 7 2426 °C 3l 7Y , B 2
No export of e 2 CLAN , A7 fir A9, Bl OSR PR =Bk, 32 4h
Transfer orbit None -5C azimuth and e s . . .
pitch axes PR R W 2 A ML B AR Ak Y Bl 24.0~36.1 T,
Equinox BOL 24 h Low output of 7 E T 5 B AR AV B 24.1~35.4 C L 2% F IR BRI IR
B BOL e heat x0T A g gy L R RO 220 1.5 7 B R

Rued oupue FRTEIRE T H R 22 A 2 3.3 TLAPY 015 D
. Equi EOL 24 h .
Equinox EOL qs];;nc(;xheat flux 35T of azimuth and L T B AR Ak Y5 ] 24.0~31.2C , AIRFAVR it 95 3L B AR Ak
pitch axes
‘ i 7 24.2~28.3 C, 5 1k BRER #22 8 wF R0 HL AL 5
Summer Summer solstice Rated output . . - . B
solstice EOL EOL 24 h space 35T of azimuth and o K 2= 64%,%@3&&&/%%’:&%}% ,—%‘
heat flux pitch axes PG 2 ] S I AE 3.1 Ll o .
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Tab.3 Statistical table of the temperature of motors and coded discs(Unit:“C)

Transfer orbit Equinox BOL Equinox EOL Summer solstice EOL
Component Temperature ~ Temperature =~ Temperature ~ Temperature = Temperature = Temperature = Temperature = Temperature
range uniformity range uniformity range uniformity range uniformity
Azimuth-
. 24.1-26.2 24.0-26.0 24.0-35.8 24.2-36.1
drive motor <111 ®<115
* <20 * <20 o< . o< )
Azimuth =3.2 =3.3
. 23.8-26.0 24.1-26.7 24.1-34.5 24.1-35.4
coded disc
Pitch-drive
23.7-26.1 24.0-26.0 23.9-27.3 24.1-33.7
motor ®<6.4
* <20 <20 ®=<25 ’
: O =31
Pitch coded
23.9-26.2 24.2-~26.1 24.2-26.8 24.2-28.3
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