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Multi-objective complementary control of permanent magnet
synchronous motors

ZHANG Guilin, XU Shuliang, LIU Haotian
(College of Electrical Engineering and Automation, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract; To address the challenges of high-performance tracking control for permanent magnet synchro-
nous motor under model uncertainty, external disturbances, and measurement noise, along with the limi-
tations of a single control structure, a robust control method was proposed that combines tracking and dis-
turbance rejection capabilities. Initially, the system’ s nominal model and multiplicative uncertainty mod-
el were established using the sinusoidal frequency-sweeping identification method. A PI controller was de-
signed to achieve high tracking performance, while an H_ controller was developed to mitigate the effects
of model uncertainties and enhance system robustness. Subsequently, integrating the Pl and H_ control-
lers within a multi-objective complementary control structure, a robust controller was formulated, effec-
tively resolving the conflict between system robustness and optimal performance. Finally, experimental re-
sults demonstrate that the multi-objective complementary control method reduced the adjustment time un-
der no-load conditions to 83.8% of that achieved with the H_ controller, and when subjected to a2 N + m
load, the speed drop was 48.7% of that observed with the PI controller, effectively integrating the dis-

turbance rejection capability of the H_ controller with the tracking performance of the PI controller.
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Fig.1 System model identification configuration
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Fig. 3  Open-loop frequency characteristics of speed

and fitting curve
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Fig.5 Formulation of multiplicative uncertainty
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Fig.6 Modeling of multiplication uncertainty in servo

systems
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Fig.7 Multi-objective complementary control structure
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