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Numerical Investigation of On-orbit Thermal Characteristics
for Cube Satellite with Permanent Magnet Attitude
Stabilization Method

Soo-JIn Kang* -+ Hyun-Mo Jung** - Hyun-Ung Oh***

ABSTRACT

Passive attitude stabilization method has been widely usde for attitude determination and
control of cube satellite due to its advantage of system simplicity. The permanent magnet
installed on the cube satellite passively controls the attitude of the satellite such that the
satellite is aligned with the earth magnetic field. In this paper, on-orbit thermal behavior of
the cube satellite with the permanent magnet attitude stabilization method has been investigated
through on-orbit thermal analysis. THe orbit profile obtained from the aforementioned attitude
control method has been reflected in the analysis. The analysis results indicate that the thermal
design proposed in this study is effective for satisfying the temperature requirements of the

commericial mission equipments.

Key Words: Theraml Design, Thermal Analysis, Permanent Magnet Stabilization, Hystersis

Damper, Cube Satellite
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Fig. 2 Location of Permanent Magnet
and Hysteresis Damper

Fig. 3 Orbit Profle of Cube Satellite by

Using Permanent Magnet Attitude
Stabilization
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Table 1. Orbit Parameters for Thermal Design

Parameter Orbit Condition
Worst Cold Worst Hot
Orbit Type Sun-Synchronous(Circular)
Inclination angle 97.78
Altitude(km) 600
Period 5801.23sec
Solar Flux[ w/m?] 1287 1420
Albedo 0.3 0.35
IR Flux[ w/m?] 227 245
Date Summer Winter
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Table 2. Subsystem Temperature Limits

Operating Temperature
Component s )
Range[ C]
Solar Cell -100 ~ +100
Camera -20 ~ +60
Communication -40 ~ +85
EPS -40 ~ +85
0BC -40 ~ +85
Battery -10 ~ 450
Out side : MLI
(Camera) ‘Om side : White paint

(Y Panel)
Out side : MLI
(Upper Panel)

In side - Black paint
(Cube Inside)

(a) External Configuration

Camera

Solar Cell

Communication
Board

(b) Internal Configuration
Fig. 4 Cube Satellite TMM
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(me), . thermal capacity of node 1
T,T; : temperatures of node i (or j)
: linear conductance between
K nodes ¢ and j = k A/L
* radiation conductance between

Gyf D and = Ai
nodes ¢ and j = Ai F};
k © thermal conductivity
© cross sectional area through

4 which heat flows

L * length of between nodes

A, . surface area

F;  t view factor between nodes
@ cny  absorbed environmental heating
@.;n; - internally generated heat

Q;"ad = €UA5 T4

€ © emissivity of the surface



-2

oo
op

SENAHT

Xl

!
ol

=
=)

e

o : Stefan-Boltzmann constant
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(a) Hot case

(o) Cold case
Fig. 5 Example of Thermal Map Obtained
from Normal Operation Condition
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Table 4. Temperature Margin w.r.t the Worst Condition

. Cold .
Operating Hot Ope. Margin
Non—Ope.

Component Temp; 7 . 7 . w.r.t w.r.t
Range[C] mm[c] max[C] Tmin[ec] Tmax[oc]

Solar Cell -100 ~ +100 -40 +85 +60 +15

Camera -20 ~ +60 -12 +12.5 +8 +47.5

Communication -40 ~ +85 -16 +40 +24 +45

EPS -40 ~ +85 -9 +24 +31 +61

0BC -40 ~ +85 -12 +29 +28 +51

Battery -10 ~ +50 -2 +19 +8 +31

Table 3. Thermal Analysis Results for 4 Cases

Non-Operat ing Operating
Component Cold case Hot case Cold case Hot case
Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax
Solar Cell -40 +45 -25 +80 -40 +45 =20 +85
Camera -12 +2 -9.5 +8 -6 +7.5 -4 +12.5
Communicat ion -16 +10 -12 +12 +15 +38 +17 +40
EPS -9 +6 -6 +9 +6 +21.5 +9 +24
0BC -12 +7.5 -8 +10 +8 +27 +11 +29
Battery -2 +5 +2 +9 +9 +16 +11.5 +19
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