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Abstract: The precision control of a micro-momentum wheel in micro-satellite was researched based on
a sliding mode control algorithm. On the basis of the whole control system framework, the dynamic
model of the micro-momentum wheel was analyzed. Combination of the ideal model and consideration
of the interference factors such as ripple voltage, the uncertainty of friction coefficient, and
disturbance torque, the dynamic model of micro-momentum wheel was improved. Then, sliding mode
control algorithm was designed, and simulation control rate parameters were optimized. Through
MATLAB simulation, sliding mode control and conventional PI control were compared for the torque
control and speed control. Finally, a micro-momentum wheel prototype was designed. The simulation
results show that the speed control precision of the microomomentum wheel based on sliding mode
control is 0.5 r/min and it can accelerate from 0 to 2 000 r/min in 18 s, both are much better than
that based on PI control. Experimental results demonstrate that the speed control precision of the
micro-momentum wheel based on sliding mode control is ==0. 9 r/min and it can accelerate from 0 to

2 000 r/min in 26 s. These results indicate that sliding mode control algorithm effectively overcomes
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the control interference factors of the micro-momentum wheel and improves the speed control

precision, shortens the acceleration time.
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Fig. 1 Control system structure of micro-momentum wheel
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Fig. 2 Ideal model of micro-momentum wheel
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for micro-momentum wheel
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Model parameters of micro-momentum wheel

Tab. 1

experimental system
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Tab. 2 Speed control precision in different values of
control rate parameter
k
¢
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1 0.62 0.83 0.92 1.04 1.12 1.20 1.31
2 0.53 0.62 0.68 0.80 0.89 1.02 0.98
3 0.35 0.50 0.53 0.59 0.68 0.79 0.78
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5 0.27 0.38 0.42 0.45 0.52 0.58 0.55
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7 0.21 0.28 0.32 0.35 0.41 0.46 0.42
8 0.20 0.29 0.31 0.32 0.35 0.41 0.41
9 0.19 0.26 0.28 0.29 0.32 0.40 0.39
10 0.17 0.20 0.24 0.25 0.30 0.36 0.36
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Tab. 3 Acceleration time in different values of control
rate parameter
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Fig. 6 Speed control curve of micro-momentum wheel
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Fig. 7 Fluctuation of steady speed
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