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Performance Investigation of Attitude Determination
Control for Cube Satellite Using Permanent Magnet
Stabilization Method

Heonwoo Ha* - Hyun-Ung Oh**

ABSTRACT

Passive attitude stabilization method has been widely used for attitude determination and
control of cube satellite due to its advantage of system simplicity. In this paper, permanent
magnet stabilization method for application of cube satellite attitude control has been introduced
and its performance with and without hysteresis damper system has been investigated through a
numerical simulation. The simulation results indicate that the permanent magnet stabilization

combined with hysteresis damper shows much higher stabilization performance than the system
without damper system.
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Fig. 1 Permanent Magnet and Hysteresis
Damper Set-up
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Fig. 2 Passive Attitude Control Using
Permanent Magnet Stablization
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Fig. 3 Hysteresis Loop Model
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Fig. 5 Simplified BH Curve of Hymu 80
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Table 1.Total Disturbance Torques at 600 km

Torque Source Amount(Nm)
Aerodynamic 4.0<10719
Gravity Gradient 2.1x107°
Solar Pressure 8.2x10710
Residual Magnetic 11x10°
Moment
Total 1.1x107°




48 ol % S SBRFAAEZEF A
Table 2. Magnet & Damper Specification angular ratei= 11° ~ -11° , yaw angular rate
, — = 90~ -8 B UERET. sid Ay ARt
Details Description o WA A Fig. 7 () o] 32w A
Permanent Magnet AINiCo-5 s Alm WAl Eo s golmm A]o] A 2Ho
Total Magnetic Flux 1.2 mT WS Bolalx Ea A|~E o4 srt 7as)
Total Magnetic Dipole | 0.5869 Am® A Eab 9SS o 2 o)
Hysteresis Damper Hymu 80
Coercivity 1.59 A/m s s i
Saturation 0.73 T
Remanence 0.35 T H
3. AIEoIM - =

o

A A A Y] A FEA TS sk
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2 Smart Nano-satellite Attitude Propagator
(SNAP)[7]1 0.2 88l om o2k ul =] ¢
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AA A 54 A8kl

= Satelite Description— — - Satelite Descripti
Mass 1 kg W Hysteresis Damper Mass 1 kg Wlo Hysteresis Damper
g 0001888 0 0 0001855 0 0
ertia Matric (kg2) 0 poorar | o nertia Matrix (kgm'2) "~ [ goo1ar o
0 0 |0.001941 ] 0 [0.001941
Satelite Axes: rol nitch _ vaw Satelite Axes: roll Dich _ vaw
Permanent Magnets (Am'2) 06 0 0 Permanent Magnets (Am'2) 0.6 0 0
[ Hysteresis Waterial (cm'3) 0 0075 | 0075 | | [Fiysteresis Wateral (cm3) 0 0 0
T T
L Coercivity (A/m) 153 L Coercivity (Alm) 153
|_ Remenance (Tesi) | 0.35 |_ Remenance (Tesls) | 035
L Saturation (Tesia) 0.73 L Saturation (Tesla) 073

Fig. 6 Parameter for Numerical Simulation
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