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Abstract: The gimbal servo system for a Control Moment Gyroscope(CMG) directly driven by a Permanent
Magnet Synchronous Motor (PMSM) was designed, and an Active Disturbance Rejection Control( ADRC)
algorithm with integral feedback was proposed. Firstly, the mathematic model for the CMG gimbal servo sys-
tem was built by using an oriented control strategy in shaft current i,=0. Then, the effects of both frictional
and alveolar torques on the performance of gimbal servo system were analyzed. A simulation system for gim-
bal servo system which used the ADRC as a speed loop was built up in Matlab. Finally, the hardware experi-
ments of fuzzy PI, ADRC and the ADRC with integral feedback were carried out. Test and experiments show
that the steady state accuracy is 0. 005—0. 012 rad/s when a step velocity of 0. 1—2. 0 rad/s is tracked by u-
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sing the ADRC. , and that is 0. 001—0. 005 rad/s and the crawling speed is 0. 003 rad/s when the step veloci-

ty of 0. 0—0. 1 rad/s is tracked by using the ADRC with integral feedback. Furthermore, the relative ampli-

tude error is 0. 55% and the phase error is 0. 099 78 rad, when the gimbal system tracks the 2sin(t) rad/s by

using the ADRC with integral feedback. The proposed gimbal servo system of CMG satisfies the demands of

high precision and robustness.

Key words: Control Moment Gyro (CMG) ; Permanent Magnet Synchronous Motor (PMSM) ; filed o-
riented control; Active Disturbance Rejection Control (ADRC) ; integral feedback
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Fig. 1 Servo control structure of CMG gimbal system
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using PIC in Matlab
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1  Statistics of steady-state accuracy using ADRC
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Betal
/rad ¢ s ! /rad ¢ s ! /rad ¢ s !
0.1 50 0.005 44 0.098 848
0.2 50 0.005 23 0.198 104 5
0.3 50 0. 005 24 0.297 927 24
0.4 40 0.006 22 0. 398 580
0.5 40 0.008 02 0.499 461 89
0.6 37 0. 008 84 0.599 502 37
0.7 34 0.010 49 0.699 437 88
0.8 31 0.009 99 0.799 517 26
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1.2 19 0.038 45 1.199 501 22
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1.4 13 0.015 92 1. 399 666 67
1.5 10 0.010 95 1.499 517 77
1.6 10 0.009 46 1.599 579
1.7 10 0.008 52 1.699 619 8
1.8 10 0.008 15 1.799 670 31
1.9 10 0.007 94 1. 899 589 26
2 10 0.007 9 1.999 470 84
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