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Abstract:

The use of rotating vectors in the matrix converter naturally causes the value of the common mode voltage to zero, and
this is the reason why they have gained special importance. Using these vectors alone, in addition to complexity,
increases torque ripple and current harmonics in direct torque control. To solve this problem, virtual vectors are used,
but using virtual vectors alone will increase the switching frequency. Therefore, in the proposed method, both rotating
vectors and virtual vectors will be used. In this method, the virtual vectors are placed in line with the active vectors, and
the rotating vectors rotate clockwise and counterclockwise alternately in the coordinate plane. The set of these vectors
can be uniformly distributed in the coordinate plane. Therefore, the use of both types of rotating and virtual vectors will
reduce the switching frequency in addition to reducing torque ripple and current harmonics. The simulation results
show the efficiency of this method.
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1. Motivation of the work

Permanent magnet synchronous motors (PMSMs) have
gained significant popularity in industrial applications
due to their high power density, fast dynamic response,
simple structure, stable parameters, low noise, and high
efficiency. The use of direct torque control (DTC) in
PMSM drives powered by matrix converters has become
prevalent due to its high control performance for flux and
torque, independence from motor parameters, lack of
need for pulse width modulation, simple structure, and no
requirement for transformation to a rotating reference
frame [1]. However, matrix converters face challenges,
particularly with common-mode voltage (CMV), which
can cause shaft voltage, leakage current, and bearing
current. These issues can lead to noise, electromagnetic
interference, and potential damage to electronic devices
in power converters. To address this, various software
and hardware methods have been proposed to reduce
CMV [2]. Among these, the use of rotating voltage
vectors in matrix converters has gained special
importance due to their natural ability to produce zero
common-mode voltage [3]. This research focuses on
developing a novel method for direct torque control of
PMSMs using matrix converters, aiming to reduce torque
ripple and current harmonics while maintaining the CMV
reduction benefits of rotating vectors. The proposed
method combines virtual vectors derived from rotating
voltage vectors with a new switching table, potentially
leading to reduced switching frequency, lower switching
losses, and improved overall performance. This approach
seeks to maximize the converter's voltage capacity
utilization while ensuring the availability of suitable
voltage vectors in all control regions.

2. Contributions

This study introduces a novel approach to direct torque
control (DTC) for PMSMs using matrix converters,
offering significant advantages over existing methods.
The proposed technique combines rotating and virtual
voltage vectors in an innovative switching table,
optimizing vector utilization and maximizing available
voltage capacity. This strategy reduces switching
frequency and losses compared to conventional methods,
while minimizing torque ripple and current harmonics. A
key feature is the introduction of a zero voltage vector,
created by summing three balanced vectors, which adds
an extra hysteresis level in torque control. This element,
previously avoided due to common-mode voltage
concerns, further enhances torque ripple reduction. The
comprehensive approach optimizes vector selection
based on 60-degree distributions, addressing limitations
of previous techniques and potentially offering superior
overall system performance.

3. Procedures

The new approach improves direct torque control of
permanent magnet synchronous motors using matrix
converters by creating a novel switching table that
combines virtual and rotating voltage vectors. It reduces

switching frequency and losses while maximizing
converter capacity utilization. The method strategically
uses rotating vectors where sufficient and adds virtual
vectors when needed, based on 60-degree distributions.
Uniquely, it incorporates a zero voltage vector by
summing three balanced vectors, adding an extra
hysteresis level in torque control, which was previously
avoided due to common-mode voltage concerns. This
comprehensive strategy aims to optimize vector
selection, reduce torque ripple and current harmonics,
and enhance overall system efficiency and performance
compared to conventional methods.
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Figure (1): Control block diagram of the proposed method -
Direct torque control using rotating and virtual vectors

4. Findings

The proposed method for DTC of PMSMs using matrix
converters presents significant improvements over
conventional approaches. Key findings include the
achievement of zero common mode voltage, which is
crucial for reducing electromagnetic interference and
motor bearing currents. The new approach demonstrates
a substantial reduction in torque ripple, with only 30%
ripple compared to the conventional method's 5 times
higher ripple. Additionally, the THD of both input and
stator currents is reduced, with input current THD
decreasing from 18.2% to 13.89% and stator current
THD from 16.08% to 14.02%. The method also shows
enhanced dynamic performance during speed and load
torque changes, maintaining stability and accurate
tracking of reference values across a wide operating
range.

These improvements are particularly significant as they
address several critical challenges in PMSM control
using matrix converters without requiring additional
hardware, thus reducing system complexity and cost. The
efficient switching strategy, combining rotating and
virtual vectors, optimizes vector selection and maximizes
converter capacity utilization. The method's ability to
operate stably across various speed and load conditions,
including sudden changes from no-load to high load (up
to 200 N.m), enhances its applicability in diverse
industrial settings. By offering smoother operation,
potentially longer motor life, and improved overall
system efficiency and flexibility, this research makes a
valuable contribution to the field of motor control. The
proposed approach could lead to significant performance
improvements in various industrial applications where
PMSMs are used, making it a promising advancement in
electric drive technology.
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5. Conclusion

The proposed method for the permanent magnet motor
drive utilizes direct torque control and a matrix converter
based on rotating and virtual vectors. The use of rotating
vectors alone increases torque ripple and harmonics in
the input and stator currents because there are certain
time intervals when a suitable voltage vector for
switching does not exist. To address these issues, virtual
vectors are used, which alone increase the switching
frequency because two voltage vectors are used for
switching in each duty cycle. Therefore, we
simultaneously use rotating and virtual vectors, which not
only reduce the switching frequency and consequently
the switching losses, but also reduce the total harmonic
distortion compared to the conventional method. The
steady-state and transient performance of this method is
as good as the conventional method. Simulation results
show that in this paper, the torque ripple in steady-state is
30%, which is 0.2 times that of the conventional method.
Moreover, using this method, the stator current
harmonics are reduced to 14.02%, whereas in the
conventional method, this ripple is 16.08%. Thus, both
the electromagnetic torque and stator current parameters
have improved, indicating the effectiveness of the
proposed method.
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