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Thermal design and test for space camera on inclined-LEQO orbit

Yu Zhi, Meng Qingliang, Yu Feng, Nie Yunsong, Zhao Zhenming, Guo Nan
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: A novel earth observation space infrared camera has been successfully launched into orbit by a test
satellite. The inclined-LEO orbit for the camera is not a sun-synchronous orbit, and thus the variation of external
heat flux for the space load is extremely complicated. In order to guarantee the camera operating stably in orbit,
high temperature stability for the optical system and the load-carrying construction and large power pulse tube
cryocooler of low temperature infrared detector are both required. The complicated orbit heat flow and high
stability thermal control indexes brought a big challenge for the thermal design. Based on the thermal control
index and the space environment, the characteristic of the thermal design was analyzed and the team proposed a
set of measures to meet the targets, like attitude maneuver, indirect radiant thermal control and coupled radiating
surface. The thermal balance test result and in-orbit temperature data both indicated the thermal stability of the
optical system was better than +0.3 °C for each orbit within the temperature level of (1842) °C. Results shows that
the thermal design is reasonable and practicable, and the space infrared camera works in good condition in orbit.
Key words: space infrared camera;  thermal design;  thermal balance test;  in orbit test;
inclined-LEO orbit
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Fig.l Schematic diagram of the camera configuration

N T BROG R R GEAE R B U B AR I LR
JE, BRSO A B AR AR E . ARIE G R
B8N 200 BT, e B 32 R BR8] BE AR AL AN 15 G
5 pum, & SR DB AR AFIL T 1/302, H X5 AR L
PR THEAREOR, LR 1,

FANLZREAE T R+Z AR, b TR AN, LR M
AL 22 2 1T 5 B 3 Bl ol —5~25 °C, 3 o7 g A1 IR N
—90~90 °C (K FHMAHR i B2 AR 1L 93 °C). AHAL A FA A
E TR AW HA L, R TAER S HLIIEE 130 W,
FEHL TAE B 100 W, JE 45 B . 24 0k $4FE 43 BT Lt b
1:2.

bt A AR AL SRS T A S B AR B AR
BB WHHIAE 55 e A

(1) BB SRR AL 2%, TR A T HEE K. %
FABLTAE FARBU AR BE , 763817 F 4 R, A
DIG5 P TE T P A 7 PR E A, i RS P =Bl R e

20200332-2



s Gk A2

www.irla.cn

xz1HENEE

AR ERRIREX

Tab.1 Thermal control index of the camera main components

Components Thermal control index
Baffle —100-80 °C
Main load bearing structure 10-24 °C

Main mirror, second mirror, third mirror
Focusing mirror
Pulse tube, refrigerator

Dewar components

(18+2) °C, stability better than +0.3 °C/orbit
(18+1.2) °C, stability better than £0.3 °C/orbit
—35-15 °C, stability better than £5 °C/orbit

>28 °C (Heating decontamination stage)
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Fig.2 Periodic heat flow with different £ angle (normal attitude)

o 400 ;

: =

: L . side

E 350 : 75313‘3
L —+

g 300 - iZside

& a—t—q

< 250 1 - "

Q v -

éx 200 AT .

E 150 ¢ « Y ]

5 oot e, |

o L e

<

5 50 oA e

> a— A

< 0 A L L ' n N b4

-80 -60 —40 -20 0 20 40 60 80
P

3 RPFREISMATR G p MR TR 3 REHEZ)

Fig.3 Periodic heat flow with different  angle (attitude maneuver)
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Tab.2 Thermal balance test cases

Case Orbit external thermal flux Temperature boundary Operating mode
Case 1 Minimum Low temperature boundary Heating decontamination mode
Case 2 Minimum Low temperature boundary Standby mode
Case 3 Maximum High temperature boundary Normal operation mode
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Fig.7 Temperature variation curve of optical system in orbit
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Tab.3 Temperature data of thermal balance test and in orbit
Thermal balance test/°C
Components In orbit temperature/°C ~ Temperature stability/°C-orbit ' Index satisfaction
Case 2 Case 3
Main mirror 18.6-18.7 19.3-19.6 18.7-18.9 <+0.3 v
Second mirror 18.3-18.6 18.3-18.5 17.8-18.2 <+0.3 J
Third mirror 18.8-18.9 18.9-19.1 18.7-18.9 <+0.3 v
Focusing mirror 17.8-18.1 18.4-18.8 18.2-18.7 <£0.3 J
Baffle 3.8-4.4 6.3-10 7.6-12.3 - v
Main load bearing structure 16.8-19.7 17.2-20.4 17.1-20.2 - \
Refrigerator compressor -32.8--31.9 -13.2--11.8 —23.6-—-18.3 <+5 v
Refrigerator hot end -32.2--314 -18.7--11.6 -15.8--11.5 <+5 v
3 ?E 'i,/k} space camera on GF-4 Satellite [J]. Spacecraft Recovery &

SCrPAR IR AR B B 2 1 Y SRR LA B T
PERE MR R R 2R, 20#T 1 MIHLERF BT 8 41 55 14
RN R o TR BT T AR UIURE [ B Y S AR
AR AL, T I SR BT 90 T A S8 AR B R, i 2 T A
PR TR, BRIR T #E R TRE R . AL
FAEBLT D7 S8R I B S L IO TR 5 R R
SR, G B A R MR B . AL AT A R A
TR AT IR B R R W, B RGBS BT AT, AR
G T AL T R BILAE AR BT B8] 0 0 0 L B8 K

N Je SETEARBBUR B B 18 15 47 1O 2 1 SR 42 1t
T TR S%,

B33k

[11  Yang Xun, Xu Shuyan, Li Xiaobo, et al. Influence of

temperature gradient on thermal stability tolerance of large
aperture reflective mirror [J]. Infrared and Laser Engineering,
2019, 48(9): 0916003. (in Chinese)

[2] Zhi Xiyang, Wang Dawei, Tan Fanjiao, et al. Analytical method
of temperature effects on

space infrared optical system

Performance [J]. Infrared and Laser Engineering, 2015,
44(S1): 1-7. (in Chinese)

[3]  Yu Shanmeng, Liu Ju, Yang Jinsong, et al. Thermal design and
simulation for off-axis space optical remote-sensor [J]. Infrared

and Laser Engineering, 2011, 40(8): 1521-1525. (in Chinese)

[4] Yu Feng, Xu Nana, Zhao Yu, et al. Thermal design and test for

[10]

[11]

[12]

20200332-6

Remote Sensing, 2016, 37(4): 72-79. (in Chinese)

Li Qiang, Kong Lin, Zhang Lei, et al. Thermal design and
validation of multispectral max width optical remote sensing
satellite [J]. Optics and Precision Engineering, 2020, 28(4):
904-913. (in Chinese)

Ning Xianwen, Zhang Jiaxun, Jiang Hai. Extreme external heat
flux analytical model for Inclined-orbit hexahedral satellite [J].
Journal of Astronautics, 2008, 29(3): 754-759. (in Chinese)
Zhang Hao, Cao Jianguang, Wang Jiang, et al. Analysis of
satellite's extreme heat flow in inclined orbit [J]. Aerospace
Shanghai, 2018, 35(1): 36-42. (in Chinese)

Ning Xianwen, Zhao Xin, Yang Changpeng. Optimum design
method of combined type radiator for inclined-orbit satellite [J].
Spacecraft Engineering, 2012, 21(5): 48-52. (in Chinese)
Huang Jinyin, Zhao Xin, Ma Huitao, et al. Optimal design for
the radiator of hexahedral small/micro satellite [J]. Spacecraft
Engineering, 2013, 22(6): 48-52. (in Chinese)

Li Yuanjie, Jiang Haijian, Chen Hui, et al. Consideration on
thermal control for rotatable antenna on inclined-Leo sate-
llite [J]. Aerospace Shanghai, 2012, 29(3): 65-68. (in Chinese)
Song Xinyang, Gao Juan, Zhao Zhenming, et al. Application of
indirect thermal control technology for constant temperature
control of Hr optical remote sensor [J]. Spacecraft Recovery &
Remote Sensing, 2015, 36(2): 46-52. (in Chinese)

Shen Chunmei, Yu Feng, Liu Wenkai. Thermal design of one
space gas monitoring sensor and test validation [J]. Infrared and

Laser Engineering, 2020, 49(4): 0413007. (in Chinese)


https://doi.org/10.3969/j.issn.1007-2276.2015.z1.001
https://doi.org/10.3873/j.issn.1000-1328.2008.03.004
https://doi.org/10.3969/j.issn.1673-8748.2012.05.015
https://doi.org/10.3969/j.issn.1007-2276.2015.z1.001
https://doi.org/10.3873/j.issn.1000-1328.2008.03.004
https://doi.org/10.3969/j.issn.1673-8748.2012.05.015
https://doi.org/10.3969/j.issn.1007-2276.2015.z1.001
https://doi.org/10.3969/j.issn.1007-2276.2015.z1.001
https://doi.org/10.3873/j.issn.1000-1328.2008.03.004
https://doi.org/10.3969/j.issn.1673-8748.2012.05.015
https://doi.org/10.3873/j.issn.1000-1328.2008.03.004
https://doi.org/10.3969/j.issn.1673-8748.2012.05.015

	0 引　言
	1 相机热控系统设计
	1.1 相机概述及热控研制任务分析
	1.2 外热流分析
	1.3 热控系统设计
	1.3.1 间接辐射控温
	1.3.2 散热面耦合散热
	1.3.3 其他热控措施


	2 地面试验验证及在轨飞行验证
	3 结　论

