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ABSTRACT

Design and Performance Verification of MEMS-based
Variable Emissivity Radiator for Spacecraft Thermal

Control System Radiator

Han Sung Hyeon
Advisor : Prof. Kim Tae Gyu, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

Recently, MEMS-based louver and shutter variable emissivity radiators have
been developed to achieve the efficient thermal control by varying their emissivity
according to the temperature condition. However, they are still problematic to be
applied for space missions because they consume the power continuously to
maintain the intended emissivity and their actuating parts are weak in terms of the
mechanical strength. In this study, to overcome above drawbacks, we proposed a
MEMS-based variable emissivity radiator, which can change the emissivity
property according to the polarity change of electrodes by using electric charge of
the silicon powder. The radiator was placed in the vacuum chamber to minimize
the effect of convection heat transfer. The thermal control performance was
evaluated by measuring temperature differences between two modes at the high
and low temperatures. The temperature was recorded by an infrared (IR) camera.
The IR thermographs at the hot and cold cases. The temperature difference at two
cases. When the plate on which the radiator is attached is fixed to 53°C, the
temperature at the closed mode was 45.6°C because of the high emissivity. On the
other hand, at the open mode, the radiator temperature was 52°C because of the
low emissivity. Overall, the radiator temperature at the open mode tended to be

higher than that at the closed mode. The temperature difference between two
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modes at the hot case was 64°C. At the cold case where the radiator temperature
was 10°C, the radiator temperature at the close mode was 13.1°C, whereas it is
6.2°C at the open mode. Thus, the radiator temperature at the closed mode was
higher than that at the open mode. The temperature difference between two modes
was 6.9°C. Based on the results, it is suggested that the operating concept and
thermal control performance of the MEMS variable emissivity of radiator proposed
in the present study was verified at the open and closed modes, respectively. In
this study, the effectiveness of the performance tested the MEMS-based variable

emissivity radiator.
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TFig. 1 Configuration of OSR [2]
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Fig. 2 SRD on the spacecraft MUSES-C [3]
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Fig. 5 Configuration of MEMS radiators thermal model
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Table. 1 MEMS variable emissivity radiator material
Parts Material Emissivity Remark
Struclzllﬁgl/%eads Silicon 0.7 Highsgrfl;(sjzivity
Kaptone layer Kaptone 04 Low SEI{I%;SCS;WW
Bottom layer Quartz glass 0.95
Heat plate Aluminum 0.2

Table. 2 Thermal and optical properties of radiator materials

Material Therm(a‘lzlv/cr?lri(llg)ctivity Emissivity Absorptivity
Silicon 350 0.7
Quartz 12 0.95

Aluminum 120 0.2

—_ 1 5 —_
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N Open
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Close
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i

Open Close
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Fig. 6 Result of thermal analysis on MEMS variable emissivity radiators

Table. 3 Analysis result of MEMS variable emissivity radiator

Part Aver. temperature ( °C ) Radiator mode
Silicon Beads 44776 Closed
Kaptone layer 52.31 Open

Heat plate 53 -
—_ 16 —_
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Fig. 7 Simplified mathematical model of the variable emissivity radiator
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Fig. 9 The effective emissivity of the MEMS variable emissivity

radiator for open mode

_19_

Collection @ chosun



Frame structure layer

PR lithography pattern

Al deposition

! ore |

Lift off

Bottom layer

PR coating

== [

PR lithography pattern
[
Pt/Ti deposition
. [ |
Lift off

Low emissivity surface coating

Assembly

Frame structure layer UV bonding

Charged body loading

I....:

Upper layer bonding

N silicon wafer [ Photoresist
Quartz glass NN P¢/Ti electrode
B :luninum ] Kaptone layer

Fig. 10 Fabrication process flow of MEMS variable emissivity radiator
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Fig. 12 Configuration of silicon bead
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Fig. 13 Experimental setup for the function test of the variable
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Fig. 14 Operation result of MEMS variable emissivity radiator from closed

mode to open mode
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Fig. 15 Experimental setup for the thermal test of the variable emissivity radiator
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Fig. 16 IR images of the variable emissivity radiator for the hot and cold case
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Table. 4 Thermal test and thermal analysis result of MEMS variable

emissivity radiator

Radiator mode Test name Temperature ( °C ) Difference ( °C )
IR thermal test 45.6
Closed mode 0.9
Thermal
analysis a1
IR thermal test 52
Open mode 0.32
Thermal
analysis 52.3
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_33_



sz Plate
temperature
(53°C)

.

=Ed

+» |Open mode low
3..emrssivity area (36°C)

Closed mode high
emissivity area (36°C)

Terperoture [C1. Tice O =ec

Fig. 17 Result of thermal analysis on MEMS variable

emissivity radiators
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Fig. 18 Experimental setup for the thermal test of

the variable emissivity radiator
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29 19 IR images of the variable emissivity radiator for

w/0 cover to with cover
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Table. 5 Thermal test result of MEMS variable emissivity radiator

Spot number Spot point temperature (°C ) Difference (°C )
Spl Sil. Powder (w/o mesh) 413
Sp2 Sil. Powder (with mesh) 39.7 v
Sp3 Kaptone (w/o mesh) 48.6
Sp4 Kaptone (with mesh) 41.6 7
Sp3 Plate 50.1 -

Collection @ chosun
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