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On-orbit Thermal Analysis of Pico-class Satellite STEP Cube Lab.

for Verification of Fundamental Space Technology

Soo-Jin Kang, Heon-Woo Ha and Hyun-Ung Oh*
Space Technology Synthetic Laboratory, Department of Aerospace Engineering, Chosun University

ABSTRACT

STEP Cube Lab. classified as a pico-satellite has been being developed by SSTL(Space
Technology Synthesis Laboratory) in Chosun University. Its main mission objective is to
perform the on-orbit verification of core space technologies, which will be the potential
candidates for future space missions. In this paper, to guarantee successful mission
operation of the cube satellite under extremely severe space thermal environment condition,
the system level thermal design and analysis has been performed. The effectiveness of the
design has been verified through on-orbit thermal analysis of cube satellite.
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Fixed Emittance
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GPS Antenna

I/F Panel . N
Variable Emittance
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MEMS Thruster
IF Board
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(b) Bottom Side View

Fig. 1. Configuration of STEP Cube Lab.
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Fig. 2. Orbit Profile of STEP Cube Lab. by
Using Permanent Magnet Attitude
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Table 1. Orbit Parameter of STEP Cube Lab.

Orbit Condition
Parameter
Coldest \ Hottest
) Sun-Synchronous
Orbit Type (Circular)
Inclination angle 97.78
Altitudelkm] 600
Period 5801.23sec
Solar Flux[W/m~2] 1287 1420
Albedo 0.30 0.35
IR Flux!W/m”"2] 227 249
Season Summer Winter

Table 2. Allowed Temperature Range of
STEP Cube Lab.

Allowed
; Temperature

Sl Rangel[C]
Tmin Tmax
Comm. Board -30 +60
UHF Antenna Board -55 +100
UHF Antenna =70 +70
GPS Antenna Board -40 +85
GPS Antenna =70 +70
Hysteresis Damper - +460
Magnet - +80
OBC -40 +85
I/F Panel -40 +85
EPS =40 +85
Solar Cell -100 +100
Battery -10 +60
CPV - +80
Mechanism -20 +60
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Fig. 3. Configuration of STEP Cube Lab.

Table 3. Thermo-optical Properties

[tems ol J5) Remark
a €
Alodined_Al 0.35 0.07 Structure
GaAs 0.68 0.70 Solar Cell
FR4 0.6 0.6 PCB
Glass 0.1 0.9 CPV
Thermal
MLI 0.46 0.81 HW
Variable
Emittance 0.2 (5] Payload
Radiator
Fixed
Emittance 0.1 0.8 Payload
Radiator
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(a) Mission Mode of STEP Cube Lab.
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(b) Emergency Mode of STEP Cube Lab.
Fig. 4. Heat Dissipation Profile
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Fig. 5. Contour Map of Radiator (a: Emergency
Cold Mode, b: Hot Nominal Operation
Mode)

Table 4. Thermal Analysis Results of Fixed/
Variable Emittance Radiator

Cold Nominal Hqt
; Nominal
Tpr 0 Operation Operation
Radiator Mode Mode
Tmin Tmax Tmin Tmax
Fixed -64 +3 -68 -35
Variable -52.5 +33 -575 +28

Table 5. Thermal Analysis Results of
MEMS Thruster

Worst Cold without MLI with MLI
Case Tmin Tmax Tmin Tmax
MEMS
Thruster I/F -90 +20 | -175 | +25
Board
MEMS
Thruster -90 +22 -21 +1.3
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Table 6. Thermal Analysis Results of STEP Cube Lab.
Emergency Cold Nominal | Hot Nominal
: Cold Operation Operation Margin
Part Unit Mode Mode Mode
Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax
Comm. Board -146 | +1.6 -13 | +175 -7 +19.2 | +154 | +40.8
Comm. UHF Antenna Board -38 | +115 | 374 | +118 | =325 | +215 | +17 | +785
UHF Antenna -59.5 +5 -60.5 | +55 | =555 | +155 | +10.5 | +54.5
GPS Antenna Board -9.6 -2 -6.5 +6 -1.6 +8.7 | +304 | +76.3
GPS Antenna -36 +44 | =365 | +45 -42 | +485 | +335 | +21.5
ADCS Damper 202 | +29 | -205 | +25 | -205 | +105 | - r:?goh
Magnet =701 | =691 | 695 | -6.85 | -2.44 | -2.35 - +82.4
C&DH OBC -14 | +10.8 | -126 | +122 | 74 +20 +26 +65
I/F Panel -22 +10 | -284 | +86 | 245 | +14 | +155 | +71
EPS -146 | +94 | -13.7 | +10.5 -8 +175 | +254 | +67.5
Power Solar Cell -38 +13 | -376 | +148 | -33 | +245 | +62 | +755
Battery 24 | 24 | -15 | +34 | +45 | +104 | +7.6 | +49.6
CPV -63 -23 -63 | -22.8 | -59.8 | -13 - +93
Mechanism +8.6 +97 | +757 | +8.63 | +4.25 +6 +24.3 | +50.3
_ Fixed -64 +3 -64 +3 -68 -35 - -
Payload Radiator = fable | 525 | +33 | 525 | +33 | 575 | 28 | - -
MEMS I/F Board | -17.5 | +25 -16 +4 -104 | +122 - -
Thruster Thruster 21 +13 | -19.8 | +2.3 -14 | +13.6 - -
zb Aol dig A" B g8y d3E ", 2 £
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