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Modeling and research of infrared characteristics of space target

based on radiation dissipation
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Radiators used to maintain space target functioning normal were introduced. Operating mode
and working condition were presented. Current used space target infrared characteristics models were
summarized. With further analysis, the outside surface of space target were divided into common area and
radiator, and energy equations were built separately. Taking FY—-1C as an example, and taking account of
orbit, materials and structure, temperature field of the outer surface of space target was calculated using
finite element method. When dissipation power was 0 W and 100 W, the biggest temperature difference
of radiator was 51.49 C. Analyzing the temperature field with orbit, the illumination in entrance pupil of
detection system in a distance of 5 km was calculated. When space target was in the shadow of earth,
during which the radiation from earth or solar radiation reflected by earth was negligible because of the

big incident angle, the illumination of the space target differed by 1-2 orders of magnitude. When space
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target was under the sun, different dissipation powers can only affect the illumination of long infrared

spectra apparently, because of the reflected radiation of target.
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Tab.1 Orbit parameters of FY-1C

Satellite Radius/km Inclination angle/(°) Eccentricity Period/min

FY-1C 863 98.79 0.001 88 102.332

R 2 FY-1C & RTHSH

Tab.2 Structure and material parameters of FY-1C

Material parameters

Dimensions/m
Absorptivity Infrared emissivity — Specific heat/J(kg+-K)™' Mass density/kg-m™ Heat conductivity/W (m-K)™'
Body 1.42x1.42x1.20 0.2 0.87 0.001 09 1420 0.12
FY-1C
Panel 4.5x1.2x0.2 0.68 0.85 820 240 4.3
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Fig.1 Satellite on orbit diagram
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Fig.2 Change curves of temperature of heat dissipating radiator

with different dissipating powers
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Fig.3 Temperature distribution of target at three moments with different dissipating powers
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Fig.4 Tllumination in entrance pupil of detection system from
radiator of target(W/m?)
AEXS T ISR, B A AR IAR S5, AN [
TR AR ) R A YA S, 7R e B
TSP St 2 Ul INEBCRA ) 2R A AR E A e S R BE (145
i) (AN Rl BT 3T B ARR S RS A 22 53

4 & it

AR T 23 (8] AR RS OS2 JEA AT
ANTRI R ()l FH 45 . 7 BUAT 25 (8] B A 4 S e b A
RUAY LA b, 2% 8 a5 6] B FRER ST 823 (8] H Rsb
T 43— B DX IR X 3, I 591 ST A A
B DL FY=1C A, 4387 TR EAT R TR B
B AR SRR 15 A R 58 . 7 TPk B, R R
PRy R | A A S R B KA 22 41,65 A, AR DK
BB KA 22 4.48 %, Y HARAL T H BIX S, B
2R 187 B S A S 25 ) E bR 0O S R, ARk Dk
B, SR ST HEA H AR AR SRR S AR/ AR
B, R ST EEATE B B s e bR 0 R 2SR E
P B BSCHROT 25 0] B 1) s S R 1 A AR R s, 2%
S () H AR B, XF 2 8] H AR i ER0m A - 54 —
SEF B, FEAS RS B[R] — H AR 4T 2 0, af
L3 ad % 45 () E AR B X A I gE I H bR T AR
ARAS AT RIE g 23 o] AR 2 48 22 Wi — R B

SE

[1]  Sun Chengming, Yuan Yan, Zhang Xiubao. Modeling of
infrared characteristics of deep space target [J]. Acta Phsics
Sinica, 2010, 59(10): 7523-7530. (in Chinese)

VR, SR IRIE . AT R T & W HARZL A R
DT EIFSE (0], MRS 4R, 2010, 59(10) : 7523-7530.

0604003-6



9Nk TAE

www.irla.cn

% 46 %

[3]

[4]

Huang F Y, Shen X J, Li G, et al. Influence of background
radiation on space target detection in the long wave infrared
range[J]. Optical Engineering, 2012, 51(8): 086402.

Mao Hongxia, Li Xia, Wang Zhangye, et al. Modeling and
simulation on infrared imaging characteristics of space target
[J]. Infrared and Laser Engineering, 2012, 41(3): 563—-568.
(in Chinese)

BEE, FHE, LR, S0 BRI GRS
U5 EL[J].408 5#OE TR, 2012, 41(3):563-568.

Sun Chengming, Yuan Yan, Huang Fengzhen, et al.
Simulation of infrared radiation from outer space targets and
environment, and its generation technique of scene [J].
Infrared and Laser Engineering, 2007, 36(5): 607—610. (in
Chinese)

IV, e, TR, . 2 iE H bR S PR AL R T I
B L Hg s E L (0] 05 508 TR, 2007, 36(5):
607-610.
Wang Ying, Huang Jianming, Wei Xiangquan. Infrared
imaging simulation of space target in orbit [J]. Infrared and

Laser Engineering, 2015, 44(9): 2594—2597. (in Chinese)

[6]

[7]

[8]

[9]

[10]

0604003-7

FRL, WAL, BLAE SR, A E F AR TR BLAL S R T B ]
AN SHOET R, 2015, 44(9): 2594-2597.

Blake A M, Dr J Clair Batty. Predictive thermal analysis of
the COMBAT SENTINEL satellite [C]//16th AIAA, Utah
State University Conference on Small Satellites Proceedings,
2002: 295-306.

Volodymyr B, Stanislav Z, Jaroslav V, et al. Elaboration of
thermal control systems on heat pipes for microsatellites
Magion 4,5 and BIRD [J]. Applied Thermal Engineering,
2003, 23: 1109-1117.

David G G. Spacecraft Thermal Control Handbook Volume
1: Fundamental Technologies [M]. El Segundo, California:
The Aerospace Press, 2002: 209-211.

Fred E N. Directional reflectance and emissivity of an
opaque surface[J]. Applied Optics, 1965, 4(7): 767-773.

Lu Chunlian. Spacecraft target infrared and visible radiation
characteristics and its restrain methods [D]. Harbin: Harbin
Institute of Technology, 2010. (in Chinese)

JARRTE . MUK A% H BRZLANFIAT UL 48 59 45 1 K HC A O
WEEID]. Wy /RE: IR Tl R, 2010.



