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solar declination is 8.8

2.5 h after midnight
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is built, and temperature variations of the optical antenna are calculated. According to the analysis results
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Impact of Midnight Solar Intrusion on Temperature of Satellite-Borne Laser

the midnight solar intrusion has more influence on the temperature of the main mirror
and the secondary mirror than that of 0° solar declination. Effects of the midnight solar intrusion on the temperature
OCIS codes

of the optical antenna can be effectively reduced by using the optical antenna sunlight avoidance strategy. When the
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by choosing a time combination of start time being 2.0 h before midnight and stop time being
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Communication Antenna and Design of Sunlight Avoidance

Institute of Telecommunication Satellite, China Academy of Space Technology, Beijing 100094, China

Geostationary orbit (GEQ) satellite-borne laser communication antenna suffers from solar intrusion near
1

iiing
midnight every day. In order to analyze the influence of midnight solar intrusion on the temperature of the optical

,
antenna, a thermal analysis model of the laser communication terminals on the geostationary communication satellite

when the
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Fig. 1 Schematic of the optical antenna structure
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Fig. 2 Finite element model of the optical antenna
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Table 1 Thermo-physical properties of the optical antenna used in the thermal model

Thermal conductivity Specific heat

Part Material ~ Density /(kg/m®) . Solar absorptance Emissivity
/LW/(m+K) ] /[J/ (kgeC)H]
Primary
. (front/back) 2530 1.6 800 0.01 0.01/0.5
mirror
Secondary Fused quartz
2200 1.4 891.7 0.01 0.01/0.04
mirror (front/back)
Magnalium 1900 117 921
Outer surface of
Telescope multilayer 0.35 0.67
tube/baffle insulation blankets
F46 film 0.15 0.68
Flat paint 0.95 0.85

i T, BT, B Ry IR AR S5 T =T, ot IBFTE] e, AT 050 LU E; R
SERE% REL D ARG T R g NI g one 5 B IR A

T8 X 05 J3E 37 2R gt BsF 7 SRS DX S8R P 194 SRy R B e ST PR R 4 R B8 ST A =2 L 8 A o 2 RS S B
TR A BR 25 43 05 8 Qb o R AR T RR O 48 B S 85000 | 5 Joxt RS 78 11 3R ik

P L3k AR v i 52 R R B O AS R T BT IR B IR S I 45 R AL O B R AR R B AR i
T v ) T AR Al R X LA BIS AT ) A2 AN AT e T R RS IR TR R . R R R RB SR
A R BRYE AR S R R B Bl R PO (B 1 A8 AT A T R[] L 26 B B S —8.87,07, +8.8° = Rl T A7 1143,
X T T DAIA A 2 R BH G AR B 4 k2 ity TR R S i 1) v i T, Herp p=0°H AR (RO 4 B LR T
BAEP WA AR K I 3R B 52 X 72 min, K BH G A S M35 8 — 4 i /M ; = £8.8°/F il {7 L E A
Z M BR B 52 DX (R 52 ) [R) B R PO A A 3k B e /ME . TR B E — AN BLE R (24 D pARAE

FEANAT T 5 A AR b AN B8 b Bk 1 P 1 K B G LS S BB K B Y B R B R b R 21 4 R . 8
S —8.8°,0°, +8.8° = T {0 fufT FH 118 O IF 8 BB A A B A R AL 43 Ry 1395,1379,1362 W/m’

W A5 R B S T SR 1) S 25 A3 4R O vk R AT 3 AR SSORS BE T 0.05 °C L B A R A s 2 5 SR 2 Ml O
T WIIR IRy 22 °C L, R BRI M RS A M 4 SR FUR AN — A JEL I S 0 3 AR s

4 ZR57H8

P 3 FIPE 4 45 tH T B g O+ 8.8° R , 5 Ul 7 47 40 7 A1 L3 0 490 T W e A B OF: 0 5 A 10
AL, B 9 0°F - 8.8° it BLAE 0 A B AT, K BFL WG 30 3o 308 50 58 0 SR 5 02 0 80 2 0 0 B
P L, FE p= 0% HEAEFEH BRI IX . = B U B8 B 9 60 T 32 01 K BFL UG B 5 P 8T 64 miin s T 7E p= £8.8°
B2 0 A P 6 A F T 0 55 A R A 0 R B 9 7 A U (4 T S B B (8, 76 R & /6 KT
S AR S 1 B B 5 B 4% P T A G LS H 0,

1106002-3



h =] 74 ot
04 2 — Y 18
x 1Y% :00 '
\ —— 3= & 14+
E 03l | p=+8.8 E ]
5 Il E10[
S0zt {4 =
g L] 06
0.1 ;g = r
K 02}
0
. . . . . . . . —0.2 . : : : . . ' :
o 1 2 3 4 5 6 7 8 0o 1 2 3 4 5 6 7 8
Time /(10* s) Time /(10" 5)

ES R X b N E A B
Fig. 3 Solar heat flow evolutions of the

primary mirror
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Fig. 4 Solar heat flow evolutions of the secondary
mirror protective cover
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Fig. 5 Highest temperature evolutions of

the primary mirror
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Fig. 6 Temperature difference evolutions of

the primary mirror
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Fig. 8 Highest temperature evolutions of the primary mirror under different maneuver angles
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Table 2 Relationship of continuous working time and maneuver start/stop time h

Maneuver start time Working time Maneuver stop time Working time

before midnight before midnight after midnight after midnight
1.0 10.1 2.0 5.6
1.5 10.2 2.5 6.0
2.0 10.0 3.0 5.8
3.0 9.0 3.5 5.7
4.0 8.0 4.0 5.3
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Fig. 9 Solar heat flow evolutions of the secondary

mirror protective cover with sunlight avoidance
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Fig. 11 Temperature difference evolutions of the

primary mirror with sunlight avoidance
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Fig. 10 Highest temperature evolutions of

the primary mirror with sunlight avoidance
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Fig. 12 Average temperature evolutions of the

secondary mirror with sunlight avoidance
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