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Abstract

The research documented in this PhD thesis refers to the innovative control techniques
for the Three-phase Voltage Source Converter in three applications: a current controlled
inverter feeding an induction motor; an active rectifier used as grid interface stage and a
three-wire active filter compensating highly distorted currents. The use of the VSC in
applications characterised by such a wide range of voltage and current waveforms is due to

the availability of advanced design and control techniques.

The VSC allows the conversion of energy from a dc source to an ac one and viceversa.
The standard configuration of this converter employees six power devices with turn-off and
bidirectional current capabilities. Two of these switching devices in series form a leg across
a dc bus with a dc capacitor. The common point is connected to one of the ac phases
through a mainly inductive impedance. The dc voltage across the capacitor is used to
generate an ac voltage through the complementary switching of the devices of each leg.
The control of the switching can be made through the modulation of the width of the
devices on/off state on a period (Pulse Width Modulation).

Through the control of the ac voltage it is possible to get the ac current control. Then
through the ac current control, the dc bus level could be regulated in relation with the

device connected on the dc bus.

The design and control of the VSC in the three chosen applications are introduced in
Chapter 1 of this thesis. In all the applications the digital control techniques both of the dc
voltage and of the ac current have been tested. They can be classified as follows: linear
such as Pl-based or dead beat-based, non-linear and fuzzy logic-based. The first group
allows an exact study of the dynamic and stability of the system needed especially when an
ac LCL-filter is used. The second one allows fast and easy controls needed in low cost
commercial drives. As for the third group, the fuzzy logic is based on the use of particular
sets which allow an element, differently from what happens in traditional logic, to partially
belong to more than one of them, as described in the Chapter 2. Fuzzy logic offers the
possibility to design a non-linear controller on the basis of the knowledge of many non-well

defined relations among the variables of the system, and suitable of optimal performances
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in several working conditions. The fuzzy logic based controls presented in this thesis are

particularly relevant to the design criteria.

In Chapter 3 the current loop, the inner loop of the Field Oriented Control of the
induction motor drive is investigated. The inverter's current control is responsible of the
harmonic content and of the reference tracking of the stator currents. A good control allows

a high efficiency of the converter and an optimal operation of the torque and speed loops.

The current control is crucial also in the active rectifier field studied in Chapter 4. The
active rectifiers are designed to obtain sinusoidal ac currents, unity power factor and
controllable dc voltage. One of the limits of the active rectifier is due to the cost, thus it
arises the industrial interest for sensorless applications. Another limitation is due to the
harmonic pollution caused by the switching, that can disturb other EMI sensitive equipment
on the grid. One of the most interesting solutions is the use of a LCL-filter on the ac side.
This needs a step-by-step procedure for the filter design, the selection of the passive or

active damping and the verification of the system’s dynamic and stability.

An interesting alternative to the use of the active rectifiers is the use of active filters.
The most used type is the shunt configuration described in Chapter 5. Its control could be a
high demanding task especially if highly distorted currents have to be compensated.
Moreover the polluting currents depend on the considered non-linear load thus it is
proposed the use of virtual instrumentation for analysis and simulation of load oriented
compensation solutions. Moreover also a fuzzy control could offer the possibility to track

sudden slope changes due to highly distorted currents.

In conclusion the use of a simple and reliable conversion structure such as the VSC
needs advanced design and control criteria to be used in many applications characterised by
different goals. This PhD thesis exploits the digital control in the Z-domain and the fuzzy
logic to face problems related to stability, dynamic and compensation of the system non-

linearities.
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