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1.

Introduction

Nowadays permanent magnet synchronous motors with sinusoidal field-distribution are
one of the most commonly used types of motors in the field of servo- and robot drives.
This can be contributed to the fact that these motors have a very high power-density and
from the point of view of the construction they are perfectly suitable for motion control
applications requiring high-precision.

One the most promising methods for controlling the electromagnetic torque of permanent
magnet synchronous motors is called the direct torque control with space vector
modulation (shortly: DTC-SVM).

In my dissertation the overload-capabilities of the DTC-SVM method are examined
which is an issue that has not been investigated yet. During my research I have proven
the followings:
1. The DTC-SVM has poor overload-capabilities.
2. The DTC-SVM has severe instability-problems during overloading.
3. The overload-capabilities of the DTC-SVM are heavily dependent on the speed.
Also, I have managed to find out the reasons for these problems.

In order to eliminate the overload-capability problems of the DTC-SVM I have developed
new DTC-SVM methods which have the following features:
1. The new methods have far more superior overload-capabilities compared to those
of the original method.
2. The new methods are stable during overloading.
3. The new methods are capable of practically the same excellent torque-control
dynamic performance as the original method.
4. The torque-ripples produced by the new methods are practically identical to those
of the original method.

The new methods have been validated by means of mathematical simulations carried out
in Matlab-Simulink environment. The simulation investigations were based on the space
vector equations of the motor and the differential equations describing the drive system.
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The new DTC-SVM methods have effectively increased the overload-capabilities of the
drive system. This results in a significant reduction of costs and provides us the feasibility
of a more space-saving mechanical construction of the whole system. In addition, the
increase in overload-capabilities results in a significantly increased dynamic torque which
leads to a remarkably increased dynamic performance of the servo system and thus
making a much faster positioning possible.

In the dissertation the aforementioned research results are presented and summarized. The
fields of applications for each method are also given. The structure of the dissertation is
as follows:
1. A short introduction of permanent magnet synchronous motor drives and that of
the direct torque control.
2. Introduction of the DTC-SVM and a survey of its literature.
3. Presentation of my own research results regarding the DTC-SVM, investigation
and analysis of the overload-capabilities of the DTC-SVM, which is an issue that
has not been investigated yet.
4. Presentation and analysis of my newly developed DTC-SVM methods.
5. Summarization of my new scientific results. The fields of applications of my
newly developed DTC-SVM methods and the areas that can be subjected to
further research and development are also given.
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2.

New scientific results

Thesis 1
I have proven that during heavy overloading the original DTC-SVM suffers from severe
instability-issues and the maximal overload-capabilities of method are significantly
dependent on the speed of the motor. I have demonstrated that these problems occur
because of the improperly created reference signal for the load-angle controller and the
absence of the stator flux amplitude controller.
In order to eliminate the aforementioned problems of the original DTC-SVM I have
developed a new DTC-SVM method which has significantly better overload-capabilities
than those of the original method and its overload-capabilities are practically independent
of the speed of the motor. The new method is called the Modified DTC-SVM (shortly:
MDTC-SVM).
The new method remains stable even with overloads exceeding its maximal overloadcapabilities. In addition, the new method has the same excellent dynamic torque-control
capabilities as the original DTC-SVM method and there is no significant difference
between the two methods from the point of view of the torque-ripple generated.

Publications assigned to the thesis: [J1], [C1], [C3]

Thesis 2
In order to further improve the overload-capabilities of the MDTC-SVM I have developed
a new DTC-SVM method. This new method is called the Improved Modified DTC-SVM
(shortly: IMDTC-SVM) and it has far more superior overload-capabilities compared to
those of the original DTC-SVM method and even compared to those of the MDTC-SVM.
This progression has been achieved by using a new stator flux amplitude reference
controller and a new reference controller, by improving the load-angle controller and the
stator flux amplitude controller and by applying an adaptive voltage vector calculator
instead of a standard one.
The new method remains stable even with overloads exceeding its maximal overloadcapabilities. In addition, the new method has the same excellent dynamic torque-control
capabilities as the original DTC-SVM method and the MDTC-SVM while there is no
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significant difference between the three methods from the point of view of the torqueripple generated.

Publications assigned to the thesis: [J3], [C1], [C2]

Thesis 3
In order to reduce the computation requirements of the IMDTC-SVM and to simplify its
control structure and to make the tuning of the complete control system easier I have
developed two simplified forms of the standard IMDTC-SVM method. These methods
are called the Improved Modified DTC-SVM Simplified Form XY (shortly: IMDTCSVM SFXY) and the Improved Modified DTC-SVM Simplified Form DQ (shortly:
IMDTC-SVM SFDQ).
Although the simplified forms have somewhat lower overload-capabilities than those of
the standard IMDTC-SVM method, their overload-capabilities are still superior to those
of the original DTC-SVM method and the MDTC-SVM. The simplified forms require
much less computation than the standard IMDTC-SVM and are remarkably simpler in
structure. The tuning of the complete control system is significantly easier only in the
case of the IMDTC-SVM SFXY because in this case there are much less parameters to
tune.
The simplified methods remain stable even with overloads exceeding their maximal
overload-capabilities. In addition, the simplified methods have the same excellent
dynamic torque-control capabilities as the original DTC-SVM method, the MDTC-SVM
and the IMDTC-SVM while there is no significant difference between the five methods
from the point of view of the torque-ripple generated.
Finally, I have given some important aspects about the generalization of the new methods
for other motor types.

Publications assigned to the thesis: [J2], [J4], [J5], [J6], [C2]
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3.

Practical applications of the new methods

The new methods can be effectively used for increasing the dynamic performance of
servo- and robot drives. The increased dynamic torque makes a more rapid speed-control
and a much faster load-torque compensation possible. In addition, the drive is capable of
handling much heavier loads.
In those drive systems where the maximal overload-capabilities and/or the maximal
dynamic performance are the most essential requirements the IMDTC-SVM is the
recommended method.
In those applications where reduced computation-requirements and simpler control
structure are also important factors the utilization of either the IMDTC-SVM SFXY or
the IMDTC-SVM SFDQ or the MDTC-SVM is recommended. The choice should be
based on how much compromise the user is willing to make in overloadcapabilities/dynamic performance.
The MDTC-SVM resembles the most to the original DTC-SVM method, therefore in the
case of „conservative” users – if the requirements of the user in means of the overloadcapabilities and the dynamic performance of the servo system are fulfilled – this is the
recommended method. If there is a need for increased overload-capabilities and/or
increased dynamic performance then the application of either the IMDTC-SVM SFXY
or the IMDTC-SVM SFDQ is recommended. The choice should be based on the needs of
the user. The IMDTC-SVM SFDQ has somewhat better overload-capabilities while the
tuning of the complete control system in the case of the IMDTC-SVM SFXY is much
easier.
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