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Satellite Attitude Control on Reaction Wheel Low-Speed Region
Jun-Won Son* and Young-Woong Park**

Korea Aerospace Research Institute* ' **
ABSTRACT

Reaction wheel shows nonlinear torque response on low-speed region due to friction.
Thus precise satellite attitude control on this region is hard to achieve. Previous research
tries to solve this problem, by compensating friction or applying dither command.
However, due to difficulties of drag torque modeling or frequent zero wheel speed
crossing, these methods are not suitable to apply on the real satellite attitude control. To
solve this problem, we propose the attitude controller gain adjustment method based on
the attitude error.
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Table 1. Wheel Friction Measurement
Env. Test Friction
Initial Performance 1.00
Thermal Vac. (High) 0.75
Thermal Vac. (Low) 1.42
Final Performance 0.92

Table 2. Wheel Speed Error

Pulses / Rev. Speed Error
18 26.67 RPM
108 4.44 RPM

Table 3. Estimated Friction Value

Fv
1.00+Fv

Fc
1.00+Fc

Real

Estimated Friction 1

(using real speed) 0.91-Fv

1.02+Fc

Estimated Friction 2
(using measured speed)
(108pulses/rev)

Estimated Friction 3
(using meausred speed)
(18pulses/rev)

0.71+«Fv | 0.40+Fc

1.70«Fv | —-4.06+Fc
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Fig. 1. 1-axis control diagram

Table 4. Satellite and RWA Configuration

Description Value
Satellite Inertia 1000 kg - m?
Max Wheel Torgue 0.254 Nm
Max Wheel Momentum 50 Nms
Max Wheel Speed 4000 RPM

Table 5. Controller Gain

Kp Kd Ki |_limit
PID 0.0045 |0.1056 |0.00004 |10
PD-1 0.0045 |0.1056 |0 0
PD-2 1.0313 |1.6249 |0 0
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