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Thermal design of one space gas monitoring sensor and

test validation
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Abstract: The structure layout of one space gas monitoring sensor is very compact. There are eight optical lens,
eleven electronic devices and two motors staggered in the small-scale space. There were so many calorific
equipments with long working hours and large power consumption, and their temperature control requirements
were not consistent with the optical lens, the number of which was also large. Furthermore, one of the two
motors was a two DOF turn motor during operating. These above characteristics make thermal design of the gas
monitoring sensor a great challenge. To effectively solve the difficult problems of the gas monitoring sensor
thermal design, combination of multy design methods were adopted. The thermal behavior of the gas monitoring
sensor components were systematically managed based on the idea of thermal management to save thermal
control resources. Indirect thermal control technology was used on the optical lens temperature control to
guarantee meeting the high precision and stability requirement. Heat dissipation of the two DOF turn motor was
achieved by radiation cooling, by which flexible rotating table could be avoided in the cooling path, so that

thermal control system reliability could be improved. Finally, structural and thermal integrated design was applied
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to make sure the requirements of those above thermal design fully guaranteed in structure. The results of thermal

balance test show that all components temperature meet the requirements no matter under cold case condition or

hot case condition, and optical lens have high temperature stability throughout the life cycle. The maximum

temperature fluctuation of all optical lens is less than 1 C under the same case condition. High precision thermal

control of optical lens are obtained under the condition of multiple heat source and complex working mechanism.
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indirect thermal control
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Fig.1 Structure layout of gas monitoring sensor
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Fig.2 Payloads' deployment on satellite
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Tab.1 Heat consumption and operating time of

calorigenic equipments

Calorigenic Stand by Observation Calibration Otriﬁr:téﬁg
equipments mode/W mode/W  mode/W .
orbit/min
Electric device 1 11 11 11 102
Electric device 2 0 3 3 68
Electric device 3 0 0.3 0.3 63
Electric device 4 0.9 1.2 1.2 102
Electric device 5 0.9 1.2 1.2 102
Electric device 6 0.9 1.2 1.2 102
Electric device 7 0 0 4 3
Electric device 8 0 20 20 63
Electric device 9 0 0 21.1 3
Electric device 10 8 8 8 102
Electric device 11 0 4 4 52
Voice coil motor 0 2 2 52
Stepper motor 0 1.7 1.7 52
Mirror Frame Magnetic
. Voice coil cylinder Rotor seat
motor
AT rotation” a
axis Support
Stepper
motor

T Rotor coil
CT rotation axis

3 ik 7 A0 RHE B R B

Fig.3 Schematic diagram of lens 7 components and voice coil motor
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Tab.2 Temperature control requirements of gas

monitoring sensor components

Temperature requirement/ °C

Components
Operating time Non-operating time
Optical lens 7 1943 197
Optical lens 1-6,8 20£2
Voice coil motor of optical lens 7 0-85
Stepper motor of optical lens 7 —10-80
Electric device 1,2,7-11 -10-45
Electric device 3—6 0-20
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Fig.4 Thermal control scheme of gas monitoring sensor
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Fig.5 Heat dissipation schemes of electronic devices 1-2 and 7-11(E:

electric device)
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plate

312 wF&&3~6

HL 88 3 ~ 6 TR & BRI ROHAR /N B
RSN b, T RN, AR 0.000 17 m?, T #4
B HRe M B RSN L, BN & RER 15 HeA T 2
(] A AR BH A K o Ry B AT PR 0 e AT A2 5 AR T =2 TR
(A BB, 45 48 A T AR, XTI 3 ~ 6 SRR
TEHEAT A BT 98, A6 PN ARG I e B S 20 e, 3
— 05 A AT SR W — 1A, ) — T 5 A& b
T IEE R AT 5 A S 2 T I ik v ARG =
0.001 m*, HL P4 3~ 6 BT £ K 7 FR .

Adding heat ~ Conducting copper sheet  Adding heat Conducting copper sheet gz

shell [ felement] W shell element| | she

6 E5 '\ E4 B3
Heat insulation Heat pipe

K7 R 3 ~ 6 B SR A (B -LT s Ot Bish)

Fig.7 Heat dissipation schemes of electronic devices 3-6(E: electric
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Fig.8 Heat dissipation schemes of voice coil motor
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Tab.3 Thermal boundary conditions of gas monitoring sensor on orbit and simulation methods of these conditions

during ground test

Thermal boundary conditions

Simulation methods during ground test

Vacuum and space cold black background

Use space environment simulator

Design simulation tool of satellite platform, which is shown in Fig.9, Fig.5

Thermal environment on satellite platform

Control the temperature of simulation tool according to the given temperature boundary of satellite;
Cover simulation tool surfaces facing gas monitoring sensor with MLI and put heating circuit on

surface of the MLI to obtain orbit heat flux absorbed by MLI

Orbit heat flux

Heat consumption of calorigenic equipments

Use infrared heating cage and flux sensor to abtain heat flux incidenting to the entrance of earth baffle;
Put heating circuit on MLI surfaces and radiator back surface to obtain orbit heat flux absorbed by them

Calorigenic equipments of gas monitoring sensor operate during test according to the normal working

mode on orbit

F4 RWTHR
Tab.4 Operating conditions of test

Case Orbit heat flux

Temperature boundary

One orbit working mode of satellite/C

Cold case Minimum heat flux throughout the life cycle

Hot case Maximum heat flux throughout the life cycle

Standby mode =5

Standby mode—-calibration mode—

observation mode—standby mode 4

0413007-7



i E ok A2

% 4 3

www.irla.cn

% 49 A

Gas monitoring

L - .
e installation area

Ko TET-HRH T4

Fig.9 Simulation tool of satellite platform
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Fig.10 Temperature curves of main components on gas monitoring sensor under hot and cold case condition
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Tab.5 Summary of test results(Unit: C)

Components Cold Hot Teml?erature
case case requirement
Optical lens 1 18.8-19 20.4-20.9 2042
Optical lens 2 20.8-21.020.8-21.0 2042
Optical lens 3 19.6-19.8 19.8-20.0 2042
Optical lens 4 21.3-21.521.0-21.3 20+2
Optical lens 5 19.9-20.0 19.9-20.1 2042
Optical lens 6 20.2-20.520.5-21.1 2042
Optical lens 8 19.1-20.0 20.4-21.2 2042

Optical lens 7

16-16.6 19.1-20.3

Operating time19+3
Non-operating time19+7

Electric device 1 9.2-12 14.2-19.1 —10-45
Electric device 2 19.8-20.4 26.7-27.3 —10-45
Electric device 3 8.4-9.7 9.5-12.4 0-20
Electric device4 ~ 8.8-10.0 9.9-12.8 0-20
Electric device 5 8.7-9.9 9.9-12.7 0-20
Electric device 6 8.4-10.0 9.5-12.8 0-20
Electric device 7 2.6-4.5 17.1-21.7 —10-45
Electric device 8 4.8-6.5 20.1-24.2 —10-45
Electric device 9 4.5-6.6 20.0-24.1 —10-45
Electric device 10 11.1-12.522.3-26.0 —10-45
Electric device 11~ 9.1-10.8 19.0—-24.8 —10-45
Voice coil motor  14.4-16.3 17.9-35.6 0-85
Stepper motor 18.5-18.6 28.7-35.9 -10-80
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