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Adaptive chaotic synchronization of
permanent magnet synchronous motors with nonsmooth air-gap

ZHANG Xing-hua, DING Shou-gang
(College of Automation, Nanjing University of Technology, Nanjing Jiangsu 210009, China)

Abstract: A synchronization control method is proposed for the chaotic system of the permanent magnet synchronous
motor(PMSM) with nonsmooth air-gap. First, the model of the PMSM in the rotor-field-oriented frame is transformed
into a simple dimensionless form via the multi-time-scale transformation, and then the chaotic behaviors of the PMSM
are analyzed by means of the phase portrait and the bifurcation diagram. The period-doubling bifurcation is considered
the major cause for the PMSM to be chaotic. Finally, by employing the Lyapunov stability theory, we design an adaptive
controller for realizing the chaotic synchronization of the PMSM. Numerical simulation results confirm the correctness of
the theoretical analysis and validity of the proposed method.
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Fig. 2 Bifurcation diagrams of PMSM
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Fig. 3 State trajectories of PMSM chaos synchronization
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Fig. 4 State error curves of PMSM chaos synchronization

6 45i&(Conclusion)

ARG T —Fh AR A R BRK G R 20 LR VR
X NITRER VAR Z ah e DA < b & AP SR IR
T A BEAT 43 M 1) At _E, SR FLyapunovia & V£ 7
1%, WIFPMSMYR T R G 11 B & N #5128 0 R 5 s
BV 7GR D LR VE R ST R D ). 3 oy

BT FESCAEL O B 45 R W% 5V Al S BLPMS MR &
LT IR .

& % 3k (References):

[1] PECORA LM, CANOLL T L. Synchronization in chaotic system[J].
Physical Review Letters, 1990, 64(8): 821 — 824.

[2] CHEN S H, LU J H. Synchronization of an uncertain unified chaotic
system via adaptive control[J]. Chaos, Solitions and Fractals, 2002,
14(2): 643 — 647.

[3] TAN X H, ZHANGJ Y, YANG Y R. Synchronizing chaotic systems
using backstepping design[J]. Chaos, Solitions and Fractals, 2003,
16(1): 37 —45.

[4] PARJH, KWON O M. A novel criterion for delayed feedback con-
trol of time-delay chaotic systems[J]. Chaos, Solitions and Fractals,
2005, 23(2): 495 - 501.

[5] AEF. HeT SOBUR A 26 AL FOTRVE R Ge IR A4 ) 75 2 0. 4 B
24412, 2006, 55(12): 6248 — 6252.

(ZHU Zhiyu. Synchronization control based on feedback precise lin-
earization[J]. Acta Physica Sincia, 2006, 55(12): 6248 — 6252.)

[6] 28, KU, BRI A2 Bl HLAR GE AN NP AN 30 1T A
FEBID). PS5 A, 2002, 19(1): 53 - 56.

(LI Zhong, ZHANG Bo, MAO Zongyuan. Entrainment and migration
control of permanent-magnet synchronous motor system[J]. Control
Theory & Applications, 2002, 19(1): 53 — 56.)

(71 2, ARHENS. AL IR E sl p L i 3)) 4 3 2 R 1R D). 4%
HIFEE 5 M H, 2005, 22(4): 637 — 640.

(LI Jie, REN Haipeng. Partial decouling control of chaos in perma-
nent magent synchromous motor[J]. Control Theory & Applications,
2005, 22(4): 637 — 640.)

[8] SHUNIJIITO, TATSUOa NARIKIYO. Abrasive machining under wet
condition and constant pressure using chaotic rotation[J]. Journal of
the Japan Society for Precision Engineering, 1998, 64(5): 748 — 752.

[9] CHAUKT, YE S, GAOY, et al. Application of chaotic-motion mo-
tors to industrial mixing processes[C] /Proceedings of the 39th IAS
Annual Meeting, Conference Record of the 2004 IEEE. Seattle: IEEE,
2004, 3: 1874 — 1880.

[10] WG, WRAEFN, EERE. FI T AL S kA7 5 20 e LRl Je 42
. P LR AR, 2004, 24(12): 156 - 159.
(ZHU Hailei, CHEN Jihe, WANG Zanji. Anti-control of chaos in
induction motor drives by time delay feedback[J]. Proceedings of
the Chinese Sociaty for Electrical Engineering, 2004, 24(12): 156 —
159.)

[11] NEYRAM HEMATI. Dynamic analysis of brushless motors based
on compact representations of the equations of motion[C] // Proceed-
ings of the 28th IAS Annual Meeting, Conference Record of the 1993
IEEE. Phoenix: IEEE, 1993, 1: 51 - 58.

[12] MARINO R, TOMEI P. Nonlinear Control Design: Geo metric,
Adaptive and Robust[M]. New Jersey: Prentice Hall, 1995.

Y @A

KM (1963—), T3, Wi, 2%, Hur R o5 2 1%
Bl E I RG], E-mail: zxhnjut@163.com;

TR (1981—), 53, WL B4R, H 73205007 2 Wy
1L3))45 i, E-mail: tibetpoppy @ 163.com.



