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Verification of Torque Disturbance Modeling of CMG Gimbal
and Its Torque Ripple Reduction using Feed-Forward Control

Junyong Lee’ and Hwasuk Oh

Department of Aerospace and Mechanical Engineering, Korea Aerospace University
Abstract

In this study, the generating of torque regarding the Control Moment Gyro (CMG) is proportional to the
angular velocity of gimbal. This is the case because gimbal affects the attitude control of the satellite
directly, and it is necessary to reduce the incidence of torque ripple of gimbal. In this paper, the cause of
the torque ripple of gimbal is reviewed and mathematically modeled by assuming the friction imbalance of
bearing, the magnetic field and the phase current imbalance of the motor. We are able to confidently estimate
the modeling parameters of gimbal disturbance using a constant speed test, and then analyze the influence of
applying feedforward control to our modeling. Additionally, the simulation results show that the torque ripple
and angular velocity fluctuations are reduced when apply this modeling to the identified study parameters.
Finally, we present the disturbance reduction technique using our disturbance modeling.
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Fig. 1 Structure and Torque Generation of CMG
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Fig. 2 Misalignment of Bearing
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Fig. 3 Fluctuation of Magnetic Field
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Fig. 4 Fluctuation of Input Current
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Fig. 8 Generated Torque Re-sampling with Gimbal Angle Fig. 11 Magnetic Field Magnitude with Gimbal Angle
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Table 1 Estimation Results of Disturbance

Modeling Parameter

Parameter Estimation Result
Ky 0.67
Xy 0.39
Ky, 0.22

Tu~Twm | 0.08 | 0.05 [-0.03]-0.02
Ay~ Qpp 0.1 1.78 0.31 2

K. 0.48
Tor™ Tea 0.3 -0.09 0.03
Qo™ Oy -0.29 0.4 -0.22
l 0.02
r 0.0675
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Fig. 18 Generated Torque with Feed-Forward Control
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Table 2 Torque & Speed Fluctuation with

Feed-Forward Control

Torque Gimbal Rate
(mNm)[std] | (rad/s)[std]
3.22 0.052
Data
[0.36] [8.5e-3]
Feed-Forward 3.22 0.051
Control [0.21] [5.6e-3]
Fluctuation
42% 34%
Reduction(%)
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