W43 % T ooE % Ok Vol. 43, No. 7
2016 4 7 J CHINESE JOURNAL OF LASERS July, 2016

OK BR3P PO e i 15 R 2 ks e P i o3 1
WEG TR REE £ & A4k

Hh [ = ) B R B S i TR R, db AT 100094

WE  HIKE L HE (GEO) £ MO 15 2 o 4 JT M 45 4, HOGI AR RELWER T T EM AN, =2 278 R ZU 1 = 1)
SN R W OGS RS G IR Z R M 7E A B LAR I 4 RAUA 4~6 h, 3T 30 AR JLal, 8 o %) K
FH B B BT I 55 2 Ta] S0 A B 52 I, BICHE R B AR E T L 0T TR R DT 4 A 19 B O R MR R 4R R 3 AR 8 Tk Ak
B R PR 280 G B P 2 B0 Al it A 6 2 O B 3 S 3R e v L WROBOR A, O B P L S 3R TH 21 A0 & I R 1 8 v e 22
Ko R EIRKBAE LA B, O i85 K4 R B T 4 K AL IR R b, T B 4 R bl I BE 98 AR i I T AT 3k
12 h, 35 A A T AR B ) 43 0 S LAk 5 28 CRR R BHED 19 3 £ A 2 4%,

KR OLE(E; R KA, LR kit

FESES TKIi21 MEEFRIRAS A

doi: 10.3788/CJL201643.0706002

Analysis of Thermal Stability of Laser Communication Antenna Influenced by
Optical and Thermal Properties of Solar Window
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Abstract The geostationary earth orbits (GEQ) satellite-borne laser communication terminal is of an open-type
structure and the laser communication antenna is uncovered out of the satellite. The effective operation time of the
antenna is only 4 to 6 hours per day due to the strictly alternate orbital heat flux changing. The solar window is
designed to weaken the effect of the orbital heat flux and to improve the thermal stability of the laser communication
antenna based on existing thermal control technology, and the optimal design of the optical and thermal properties is
obtained by the finite element analysis method as the thermal properties of the laser communication antenna is most
stable. The solar window has a larger solar transmission, smaller absorption and larger infrared emissivity for inner
and external surfaces. The laser communication antenna secondary mirror can meet the temperature index on whole
day and the main mirror can be used for 12 hours per day by utilizing the optimal designed solar window. The
effective operation time of the secondary mirror and the main mirror are twice and triple respectively as much as the
time of the basic case without the solar window.
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Table 1 Temperature control requirement for laser communication antenna

Primary mirror Secondary mirror
Working mode Temperature Temperature Temperature Temperature difference
range uniformity range from primary mirror
Preparation mode 23 C£2°C <2.5°C 23 C+x4 C <6.0 C
Capture, tracking, communication mode 23 C£2 C <2.5°C 23 C+£4C <6.0 C
Maintenance mode 23 Cx2°C <2.5°C 23 C+4C <6.0 C
Sleep mode 23 °C+10 C 13~60 C
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Fig. 2 Orbital heat flux on instrument board of laser communication antenna
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Fig. 3 Test spectral curve of solar window'® (wavelength between 600 nm and 1600 nm)
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Fig. 5 Finite element model of laser communication terminal. (a) Without solar window; (b) with solar window
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Table 2 Simulation cases of thermal analysis

) Active thermal Thermal
Stage Working mode 5 Remarks
control boundary /°C
) Operating for 24 h The worst hot case, end
Summer solstice Open 40 .
per day of life
) . Operating for 24 h The worst hot case, end
Spring equinox Open 40 )
per day of life
) ) The worst cold case,
Transfer orbit Inoperative Open —5

without external heat flux
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Fig. 6 Average temperature evolutions of primary Fig. 7 Average temperature evolutions of secondary

mirror over time for basic scheme simulation mirror over time for basic scheme simulation
and ground test in the worst cold case
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Table 3 Simulation results of optimization design schemes for solar absorption and transmission of solar window

Serial Emissivity Emissivity Solar Effective operation time (h/day)
Case  number of external of internal ] Transmission Primary Secondary Both primary and
of scheme surface surface absorption mirror mirror secondary mirror

1 1-1 without solar window 12 8 6
1 1-2 0.04 0.04 0 0.178 6 10 6
1 1-3 04 0.04 0.04 0.138 6 10 6
1 1-4 0.04 0.04 0.059 0.119 6 10 6
1 1-5 0.04 0.04 0.089 0.089 6 10 6
1 1-6 0.04 0.04 0.119 0.059 6 10 6
1 1-7 0.04 0.04 0.178 0 6 8 6
1 1-8 0.8 0.8 0 0.178 12 24 12
1 1-9 0.8 0.8 0.059 0.119 10 18 10
1 1-10 0.8 0.8 0.089 0.089 10 18 10
1 1-11 0.8 0.8 0.119 0.059 10 16 10
1 1-12 0.8 0.8 0.178 0 10 16 10
1 1-13 0.8 0.04 0 0.178 8 14 8
1 1-14 0.8 0.04 0.089 0.089 8 14 8
1 1-15 0.8 0.04 0.178 0 8 12 6
2 1-1 without solar window 12 8 6
2 1-2 0.04 0.04 0 0.178 8 12 8
2 1-4 0.04 0.04 0.059 0.119 8 12 8
2 1-5 0.04 0.04 0.089 0.089 8 12 8
2 1-6 0.04 0.04 0.119 0.059 8 12 8
2 1-7 0.04 0.04 0.178 0 8 10 8
2 1-8 0.8 0.8 0 0.178 12 24 12
2 1-9 0.8 0.8 0.059 0.119 12 24 12
2 1-10 0.8 0.8 0.089 0.089 12 24 12
2 1-11 0.8 0.8 0.119 0.059 12 20 12
2 1-12 0.8 0.8 0.178 0 12 16 12
2 1-13 0.8 0.04 0 0.178 8 14 8
2 1-14 0.8 0.04 0.089 0.089 8 14 6
2 1-15 0.8 0.04 0.178 0 8 12 6
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Table 4 Simulation results of optimization design schemes for infrared emissivity of solar window

. L Lo Effective operation time (h/day)
Serial Emissivity Emissivity

Solar Both primary
Case  number of external of internal Transmission Primary Secondary
absorption ) ) and secondary
of scheme surface surface mirror mirror )
mirror
1 1-1 without solar window 12 8 6
1 1-2 0.04 0.04 0 0.178 6 10 6
1 2-1 0.2 0.04 0 0.178 8 12 8
1 2-2 0.5 0.04 0 0.178 8 12 8
1 1-13 0.8 0.04 0 0.178 8 14 8
1 2-3 0.8 0.2 0 0.178 8 16 8
1 2-4 0.8 0.5 0 0.178 8 20 8
1 1-8 0.8 0.8 0 0.178 12 24 12
2 1-1 without solar window 12 8 6
2 1-2 0.04 0.04 0 0.178 8 12 8
2 2-1 0.2 0.04 0 0.178 8 12 8
2 2-2 0.5 0.04 0 0.178 8 12 8
2 1-13 0.8 0.04 0 0.178 8 14 8
2 2-3 0.8 0.2 0 0.178 10 20 10
2 2-4 0.8 0.5 0 0.178 12 24 12
2 1-8 0.8 0.8 0 0.178 12 24 12
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Fig. 8 Maximum temperature evolutions of primary Fig. 9 Maximum temperature evolutions of
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