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RESEARCH ON DUAL PMSM SYNCHRONOUS CONTROL
BASED ON ADAPTIVE INTEGRAL SLIDING MODE
CROSS-COUPLING

ABSRTACT

With the development of permanent magnet materials, permanent
magnet synchronous motor (PMSM) has gradually become a research
hotspot and is widely used in emerging fields such as electric vehicles,
robots and rail transit, which makes the working environment of the mo-
tor more and more diversified and complex, and has higher requirements
for PMSM control accuracy and power output, and the mechanical sensor
IS more expensive and the maintenance cost is high. Therefore, this article
studies the sensorless control of PMSM and the synchronous control of
dual motors, and proposes a dual PM SM synchronous control method
based on backstepping robust control, sensorless control with improved
tracking differentiator and adaptive integral sliding mode cross-coupling
control.

In the dual-motor system, if the speed of the dual motors is not syn-

chronized, it is easy to cause the instability of the equipment and increase
1l
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the failure rate of the system. Therefore, it is of great significance to re-
duce the synchronization error of the system for the dual-motor system.
The control effect of a single motor will also affect the synchronous con-
trol accuracy of multiple motors, so this article first studies the sensorless
control of a single motor, and then studies the synchronous control of two
motors. For sensorless control, this article studies the motor system from
two aspects: controller and observer. Firstly, in order to improve the con-
trol accuracy of the motor, a speed controller based on backstepping ro-
bust control was proposed. The current loop and velocity loop are con-
trolled by backstepping robustness, and the stability of the control system
Is proved by the Lyapunov function. In the velocity controller, the Track-
ing Differential (TD) is introduced to compensate for the external dis-
turbance of the system for feedforward observation, which improves the
anti-interference ability of the system. The simulation model is built in
Matlab/Simulink and compared with Pl control and backstep control, and
the results show that the proposed method can well solve the problem of
excessive overshoot of PMSM speed, and still has high speed tracking
accuracy in the case of sudden load change. Secondly, in order to improve
the speed and position estimation accuracy of the motor, the improved
tracking differentiator is used to estimate the speed and position infor-
mation of the motor, and compared with the sliding mode observer and

the expanded state observer, the sensorless control strategy is verified by

v
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simulation to have high observation accuracy. Then, in order to realize the
synchronous operation of the two motors, a speed compensator based on
adaptive integral sliding mode cross-coupling control was proposed. In
order to solve the problems of low accuracy and weak anti-interference
ability of traditional cross-coupled control, this method introduces sliding
mode control based on adaptive approach law on the basis of cross-
coupling control, and applies the proposed single-motor control strategy
to the dual-motor synchronous control system. The simulation results
show that the adaptive integral sliding mode cross-coupling stepwise con-
trol strategy has a good synchronous control effect, and can improve the
anti-interference ability and stability of the dual-motor system. Finally, an
experimental platform for motor control system is built, and the experi-
ments verify that the designed sensorless control strategy can improve the
observation accuracy of the system, and the dual-motor synchronous con-
trol strategy can suppress the system jitter and improve the synchroniza-

tion accuracy and anti-interference ability of the system.

KEY WORDS: PMSM, sensorless control, backstep control, sliding
mode control, tracer differentiator
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