(2958124 - 00

INFRARED AND LASER ENGINEERING

IR EPUE LS MEN IR BT R BE
TRUBAE TE AR
Thermal design and validation of a geosynchronous orbit infrared camera

Xu Nana, Yu Feng, Zhou Zhenhua

TELR 2 View online: https://doi.org/10.3788/IRLA20210056

FRAT BRI AN

Articles you may be interested in

B ARG FLLMEPL ARV BT
Thermal design of all-optical path cold chain based on transmission—type cryogenic optical infrared camera

LIANSGIOE T RE. 2021, 50(5): 20200345-1-20200345-8  https://doi.org/10.3788/IRLA20200345
FARPUBRHE A LA RGBT 5 IR

Thermal design and test for space camera on inclined—LEO orbit

LT A SO TR, 2021, 50(5): 20200332-1-20200332-6  https://doi.ore/10.3788/IRLA20200332
BRI PE AR 2525 [RARBLI SN T3

Computation of external heat fluxes on space camera with attitude change in geostationary orbit

LIANSGIOE T RE. 2019, 48(6): 604001-0604001(9)  htps:/doi.org/10.3788/TRLA201948.0604001
H K IR) BB LT AL PSR S A OB R

Thermal radiation stray light integration method of infrared camera in geostationary orbit

LTINS TR 2020, 49(5): 20190457-20190457-9  htps:/doi.org/10.3788/IRLA20190457
B [ AR M ISR T K S ik

Thermal design of one space gas monitoring sensor and test validation

LTHMSHOE TAR. 2020, 49(4): 0413007-0413007-10  https:/doi.org/10.3788/IRLA202049.0413007
BRI ARTFE A 2 21 A1 R 455 PH R P T

Thermal design of ultra—large diameter in—orbit assembly infrared telescope sunshield

LIANSGHOE TR 2019, 48(12): 1214001-1214001(6)  hitps://doi.org/10.3788/IRLA201948.1214001


http://www.irla.cn/article/doi/10.3788/IRLA20210056
http://www.irla.cn/article/doi/10.3788/IRLA20200345
http://www.irla.cn/article/doi/10.3788/IRLA20200332
http://www.irla.cn/article/doi/10.3788/IRLA201948.0604001
http://www.irla.cn/article/doi/10.3788/IRLA20190457
http://www.irla.cn/article/doi/10.3788/IRLA202049.0413007
http://www.irla.cn/article/doi/10.3788/IRLA201948.1214001

% 50 %% 9 3 NGt TR 2021 % 9 A
Vol.50 No.9 Infrared and Laser Engineering Sep. 2021

b BX L 3 IE 2T SN AR AL R T R BEE
PR, T R, R R e

(L T E AR THT, LT 100094;
2. AMAFERFEARLTTELEZEE, LT 100094)

B B MAMNYHRGRI, MAEMEZRBEAKTRREAEMEREZIRZ, LMo
TN B A B BARIR E . TAE T IR L HE G Lo SN AP L E A RERE A Je , ML S R s
KAk 2 2] KRR, A KA &, A Aue #3232 R TR K ABIR . S e kbt v
Jrﬂ #tfﬂ;%% EABAINURAL E K, KRR E &8 5 XA RIS 2R Hon, F 2T A%
# A (20£3) °C A, /J#a#m@rkﬁm%ﬂj‘lﬂf YT 20h TR 4%F¥ KR 33 A AR
&rajxifb!‘: FHBE AR BB E 80K AT, i B A XK BREE K, @K AR AN
KATHIEE N, AALEY %Mﬁiy’tfré\iﬂ'fﬂ, A JG B AL SRR S A AR IR R T A R
KR HAxkit; SHEREE; RIT; MR WERkFRabduE
FESES: V4435 NHKFRRRS: A DOI: 10.3788/IRLA20210056

Thermal design and validation of a geosynchronous orbit infrared camera

Xu Nana'?, Yu Feng'?*, Zhou Zhenhua'*

(1. Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China;
2. Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijing 100094, China)

Abstract: With the improvement of the camera resolution, it is necessary to improve the temperature level and
temperature stability of the main body of the camera and to cool the detector to a lower temperature for infrared
camera. However, the thermal environment of the geostationary orbit space is complex, the optical system of the
camera is exposed to light for a long time and there has no long-term shadow side, which brings great challenges
to the thermal control design of the camera. Combined with the characteristics of the geostationary orbit thermal
environment and the imaging requirements of the camera, the shield & thermal cover were adopted to effectively
shield the influence of the external heat flow, so as to control the temperature of the main optical system within
(204£3) °C, which provided temperature guarantee for the camera imaging time not less than 20 h/d. The high-
efficiency heat insulation technology and high-efficiency heat dissipation technology were also adopted to control
the detector below 80 K, which met the temperature requirements of the detector at imaging mode. The ground
test and on-orbit data show that the thermal control design of the camera is reasonable and feasible, which
provides a strong support for the subsequent high-precision temperature control of the high orbit infrared camera.
Key words: thermal design;  high-precision temperature control;  thermal cover;  infrared camera;

geosynchronous orbit
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Tab.1 Internal heat source distribution of the camera
Components Heat load/W Working time
Optical path switching and focusing motor, etc 15 Short time (1-2 min/d)
Focal plane circuit box 2 Long time (>20 h/d)
Video processor 18 Long time (>20 h/d)
Power box 15 Long time (>20 h/d)
Refrigerator 50 Long time (>20 h/d)
Shimmer focusing and circuit box 10 Short time (<5 min/d)
&2 AVESEHREER

Tab.2 Temperature demand of the camera components

Temperature requirement

Components
Survival case/°C Imaging case/°C
Baftle <100 <100
Main bearing structure >0 20+3
Main optical system >12 2043
Rear optical system >12 20+£5
Hot end and compressor of the refrigerator —20-23 —20-23
Video processor and power box —20-55 —20-55
Shimmer circuit box 0-50 0-50
Thermal cover mechanism 0-70 0-70
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Fig.2 Variation curve of solar radiation heat flux on +Z side
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Tab.3 Ground test cases

Cases Space heat flow

Boundary Working mode

Survival case 0

Low temperature case Initial stage of vernal equinox

High temperature case Final stage of summer solstice

Low temperature

Low temperature

High temperature

Survival mode, all the heat sources are off
Standby mode, only the refrigerator is on

Imaging mode, all the heat sources are on

TR T 20194F 12 A &5, B s —4,
WA T R HOE R AR T, R HE R E
AR T A E E @R TR, 3 4 0

AT 6 4 54 LR A U S0, ARATL A 2% B 2 3 2
L 2R, R 2 R S TR LA R — B
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Tab.4 Temperature date of ground test and on- orbit

Transfer orbit (Survival mode)

Geosynchronous orbit

Components

Ground test temperature/°C ~ On-orbit temperature/°C

Ground test temperature/°C ~ On-orbit temperature/°C

Main mirror 13.59-13.62 13.5-13.9 17.75-19.91 17.7-20.6
Secondary mirror 14.2-14.22 14.3-14.6 18.68-20.08 18.5-21.5
Main bearing structure 15.02-15.33 15.1-15.3 20.01-21.99 20.0-20.7
Rear optical system 13.8-14.2 14.3-14.4 18.6-20.6 19.2-20.0
Compressor —2.37--2.35 —2.8--25 5.44-8.44 3.5-6.5
Hot end —3.58--3.56 -4.16- -3.9 8.33-13.05 4.9-6.8
Video processor -3.17--3.15 -3.2--28 1.95-14.52 1.5-13.5
Power box —4.1--4.0 —4.0--3.9 1.12-6.73 0.6-5.4
Shimmer circuit box 14.7-14.9 14.5-14.7 19.79-27.67 19.4-27.5
Thermal cover mechanism 4-14 6.7-12.7 10.2-24.1 8.0-22.1
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