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Direct Torque Control of Permanent Magnet Synchronous
Machine

Yaohua Li

Abstract

This thesis presents the direct torque control (DTC) for the permanent magnet
synchronous machine (PMSM).

The DTC has the advantages of faster torque and flux regulation, robustness to rotor
parameters variation, elimination of the current regulators and PWM generators.
Furthermore, all the controls are carried out in the stationary reference frame, so the
coordinate transformation and continuous rotor position information are not required. In
the future, the DTC may become the next generation of AC motor control schemes. But
the DTC for PMSM also suffers from some problems: the use of zero voltage vectors,
torgue ripple caused by the switching table and variable switching frequency and so on.
The main aim of this thesis is to solve these problems.

In this thesis, the effects of voltage vectors on the PMSM DTC drive are analyzed. New
switching tables are developed. The control of the amplitude of stator flux, torque angle
and torque for the PMSM DTC drive are discussed. The voltage vector selection
strategy of the PMSM DTC drive is given.

This thesis testified that the use of zero voltage vectors to increase the amplitude of
stator flux and decrease torque can't satisfy the control of stator flux and zero voltage
vectors can’t be used in the PMSM DTC drive when the PMSM operates as a brake.

The change of torque isn’'t always consistent with the change of torque angle, so the
switching table can’t always satisfy the control of torque and will cause torque ripple.
More useful voltage vectors can be generated by the additional use of the two-phase
connection to optimise the switching table in order to suppress torque ripple, but it will
bring the commutation torque ripple.

The angle between the voltage vector and stator flux determines the increasing or
decreasing effect of the voltage vector on the amplitude of stator flux and torque angle.
The control principle of torque of PMSM is proposed. Based on the voltage vector
selection area for the PMSM DTC drive, the voltage vector selection strategy is
developed and the space vector modulation (SVM) is used to generate the applying
voltage vector. Compared with the switching table, the voltage vector selection strategy
can decrease stator current and torque ripples and fix the switching frequency.

All of these are verified by simulation and experimental results for a surface PMSM and
an interior PMSM.
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