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Thermal design of all-optical path cold chain based on

transmission-type cryogenic optical infrared camera

Wang Yang, Meng Qingliang’, Zhao Zhenming, Yu Feng, Zhao Yu
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: A transmission-type cryogenic optical infrared camera works in IGSO, the space thermal environment
of which is complex and changeable. As a part of the cryogenic optical system, the all-optical path needs the high
requirements of temperature gradient and temperature stability, which brings challenges to the design of thermal
control system. The key points and difficulties in the thermal control design of camera were analyzed in detail
according to the temperature requirements of the camera in orbit and the characteristics of the heat flow outside
the space. The cooling process of cryogenic optical system was realized by the heat transfer of low-temperature
heat pipe and the radiative cooling, and the high-precision temperature control of the cryogenic optical system
was realized through the high-efficiency thermal protection, thermal isolation and indirect radiation temperature
control technology. The results of thermal balance test show that the temperature of each optical component all
meets the requirements, and the temperature uniformity and stability of the optical lens are high under the imaging
case. The maximum temperature difference between the optical lenses is less than 1 K, and the maximum
temperature fluctuation is less than 0.3 K. High precision temperature control of optical lens in complex internal
and external thermal environment is realized. In the heating decontamination case, the thermal resistance of the
low-temperature heat pipe is increased at room temperature by using the characteristic of “thermal switch” for the
low-temperature heat pipe, and the requirement of heating decontamination of optical lens can be realized through

small control power consumption.
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Fig.1 Schematic drawing of the camera configuration
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Tab.1 Temperature demands of the camera

Temperature requirement/K

Components
Image case Decontamination case
Cold shield 210+5 31345
Optical lens 21045, axial temperature difference less than 5, temperature fluctuation less than +0.5 313+5
Filter 21045, temperature fluctuation less than £0.5 313+5
Lens of Dewar Less than 235, temperature fluctuation less than +0.4 313+3
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Fig.5 Schematic diagram of active temperature control system
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Tab.2 Statistics of heating circuit

Threshold/K
Power/W

Components

Image case  Decontamination case
Cold shield 60 205+0.3 313+0.3
Lens barrel 40 210+0.3 313+0.3
Cold window 20 210+0.3 315+0.3
Filter 20 21040.3 313+0.3
Dewar 20 210+0.3 313+0.3
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Tab.3 Operating conditions of test

Case Orbit heat flux The state of thermal control ~ Temperature boundary of satellite/K
Image case Maximum heat flux throughout the life cycle Image model 273
Heat decontamination case ~ Minimum heat flux throughout the life cycle Decontamination model 273
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Fig.6 Temperature curves of lenses under thermal simulation image and decontamination case condition
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Cold window 210.3 3115 0 7
Filter 210.9-211.1 310.9 7.1 9.2
Lens of Dewar 225.9-226.4 312.7 0 4.2
Radiator 192.8-193.4 240-240.5 -

313 K, B TR EE 29k 240 K, 32 3h 45 iR 44 al % s
AMETIFEN 53.7 W, ZBE I 5ok aE R4t n
JE B8 i A TR A, b A IF I O R H R T AR IE
TP B 2 o0 2.7 KIW, It 5 T 3 RS 3 I Al i
BH . RISk Ol 2 TR T A, R AR ]
TEESE L R 170~230 K, FE A IS ET , VS TR
250 313 K, eI, PV N 2008 T PSR A 2SSl

SR AR, BV J0 R MR A T A A, LA A
BELIE i, A3 1 PRTF SRR L, BR AR T HEALL S &
GEMAE G P s AL

3 & ¢

RO LN SR QE BN SR S e
R YL BRI K, SCHP TR TARPLI AR BT

20200345-7



ISk A2

www.irla.cn

%54

% 50 %

(14 ASURITHE i, I 5 T4 B BOR | IR 5 45 Ui
BAR . RGBT R | AR B R KA IR AR
BE AR S — R R ER, B 523 TR
ARG BERBETT o OE AR g0 45 SRR
BT, JbaE B VW B B UG R IR
(210+5) K W BEFE bR, #1 BBl 2/ T 235 K 2
SR, e am i ) 250 RN T S K #oR, & B R
VU s 4 75 R N 35/ T 0.3 K I 25880,
S  FR G0 BE R AL (313+5) KB K,
H i PG P A 5 R T A 8 BT MR, e 4
WA 3 B 55 35 2.7 K/W, IR 24 3R 45 7 7 FA M2 T
FEAL R 53.7 W,

Tttt RGBT T G LA AL A B
RGBT, JLAROT- i 50 25 SR B0 AR ot 2
FR G IE B AG R0rE, W AR AR B
ARG B HAREIEE RGBT SO 5 g6t T
T RGN T AR

S 3k

[11 Zhu Jianbing, Pan Yanpin. Application and development of
spaceborne cooling technology for aerospace infrared remote
sensor [J]. Vacuum & Cryogenics, 2003, 9(1): 6-12. (in
Chinese)

[2]  Yin Limei, Liu Yingqi, Li Hongwen. Cold optics technology to
achieve high-accuracy infrared detection [J]. Infrared
Technology, 2013, 35(9): 535-540. (in Chinese)

[3] Kvamme E T, Jacoby M, Osborne L. Opto-mechanical design
for transmission optics in cryogenic IR instrumentation [C]/
SPIE, 2008, 7010: 70100Z.

[4] Chou Shanchang, Rao Peng, Zeng Jin. Research on supporting
structure of cryogenic infrared optical lens [J]. Infrared, 2019,
40(6): 1-6. (in Chinese)

[S] Zhang Zhuo, Zheng Guoxian, Su Yun. Obsevations and

inspirations of cryogenic spectrometer in deep space explor-

[10]

[11]

[12]

[13]

[14]

[15]

20200345-8

ation [J]. Space Electronic Technology, 2018, 15(5): 77-82. (in
Chinese)

Zhou Chao. Opto-mechanical design for a cryogenic IR sys-
tem [J]. Infrared and Laser Engineering, 2013, 42(8): 2092-
2096. (in Chinese)

Coradini A, Capaccioni F, Drossart P, et al. Virtis: An imaging
spectrometer for the Rosetta mission [J]. Space Science
Reviews, 2007, 128(1-4): 529-559.

Lu Yan, Liu Enguang, Xie Rongjian. The development of low
temperature optical technology in the infrared space observation
abroad[J]. Vacuum & Cryogenics,2011(S1):530-536.(inChinese)
Viviano C E, Moersch J E. Using THEMIS data to resolve the
discrepancy between CRISM/OMEGA and TES modeled
phyllosilicate abundance in Mawrth Vallis [J]. Icarus, 2013,
226: 497-509.

Ma Ning, Liu Yi, Li Jiangyong. Review on key technologies of
infrared cryogenic optics [J]. Laser & Infrared, 2017, 47(10):
1195-1200. (in Chinese)

Wang Zhaoli, Liang Jingtao, Zhao Miguang. Thermal design for
lens mount of a cryogenic refractive optics [J]. Cryogenic, 2018,
3:30-34. (in Chinese)

Wang Hongliang, Guo Liang, Xiong Yan. Thermal design of
ultra-large diameter in-orbit assembly infrared telescope
sunshield [J]. Infrared and Laser Engineering, 2019, 48(12):
1214001. (in Chinese)

Min Guirong. Satellite Thermal Control Technology[M].
Beijing: China Astronautic Publishing House, 1991. (in Chinese)
Wang Yang, Meng Qingliang, Guo Nan. Application of a
multimode thermal control method on space optical remote
sensors [J]. Spacecraft Recovery & Remote Sensing, 2020,
41(3): 79-85. (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)


https://doi.org/10.3969/j.issn.1006-7086.2003.01.002
https://doi.org/10.11846/j.issn.1001_8891.201309002
https://doi.org/10.11846/j.issn.1001_8891.201309002
https://doi.org/10.3969/j.issn.1672-8785.2019.06.001
https://doi.org/10.3969/j.issn.1674-7135.2018.05.012
https://doi.org/10.3969/j.issn.1007-2276.2013.08.029
https://doi.org/10.1007/s11214-006-9127-5
https://doi.org/10.1007/s11214-006-9127-5
https://doi.org/10.3969/j.issn.1001-5078.2017.10.001
https://doi.org/10.3969/j.issn.1000-6516.2018.04.006
https://doi.org/10.3969/j.issn.1009-8518.2020.03.009
https://doi.org/10.3969/j.issn.1009-8518.2015.02.007
https://doi.org/10.3969/j.issn.1009-8518.2015.02.007
https://doi.org/10.3969/j.issn.1006-7086.2003.01.002
https://doi.org/10.11846/j.issn.1001_8891.201309002
https://doi.org/10.11846/j.issn.1001_8891.201309002
https://doi.org/10.3969/j.issn.1672-8785.2019.06.001
https://doi.org/10.3969/j.issn.1674-7135.2018.05.012
https://doi.org/10.3969/j.issn.1007-2276.2013.08.029
https://doi.org/10.1007/s11214-006-9127-5
https://doi.org/10.1007/s11214-006-9127-5
https://doi.org/10.3969/j.issn.1001-5078.2017.10.001
https://doi.org/10.3969/j.issn.1000-6516.2018.04.006
https://doi.org/10.3969/j.issn.1009-8518.2020.03.009
https://doi.org/10.3969/j.issn.1009-8518.2015.02.007
https://doi.org/10.3969/j.issn.1009-8518.2015.02.007
https://doi.org/10.3969/j.issn.1006-7086.2003.01.002
https://doi.org/10.11846/j.issn.1001_8891.201309002
https://doi.org/10.11846/j.issn.1001_8891.201309002
https://doi.org/10.3969/j.issn.1672-8785.2019.06.001
https://doi.org/10.3969/j.issn.1006-7086.2003.01.002
https://doi.org/10.11846/j.issn.1001_8891.201309002
https://doi.org/10.11846/j.issn.1001_8891.201309002
https://doi.org/10.3969/j.issn.1672-8785.2019.06.001
https://doi.org/10.3969/j.issn.1674-7135.2018.05.012
https://doi.org/10.3969/j.issn.1007-2276.2013.08.029
https://doi.org/10.1007/s11214-006-9127-5
https://doi.org/10.1007/s11214-006-9127-5
https://doi.org/10.3969/j.issn.1001-5078.2017.10.001
https://doi.org/10.3969/j.issn.1000-6516.2018.04.006
https://doi.org/10.3969/j.issn.1009-8518.2020.03.009
https://doi.org/10.3969/j.issn.1009-8518.2015.02.007
https://doi.org/10.3969/j.issn.1009-8518.2015.02.007
https://doi.org/10.3969/j.issn.1674-7135.2018.05.012
https://doi.org/10.3969/j.issn.1007-2276.2013.08.029
https://doi.org/10.1007/s11214-006-9127-5
https://doi.org/10.1007/s11214-006-9127-5
https://doi.org/10.3969/j.issn.1001-5078.2017.10.001
https://doi.org/10.3969/j.issn.1000-6516.2018.04.006
https://doi.org/10.3969/j.issn.1009-8518.2020.03.009
https://doi.org/10.3969/j.issn.1009-8518.2015.02.007
https://doi.org/10.3969/j.issn.1009-8518.2015.02.007

	0 引　言
	1 相机热控设计
	1.1 相机概述及控温指标
	1.2 相机热设计任务分析
	1.3 热设计方案
	1.3.1 光学系统制冷
	1.3.2 高效热防护
	1.3.3 高效热隔离
	1.3.4 主动控温设计


	2 热仿真及热平衡试验验证
	2.1 热仿真
	2.2 试验方案
	2.3 结果分析

	3 结　论

