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Active Power Line Conditioner Topologies and Control Strategies in
e Electrified Railways and Three-Phase Four-Wire Distribution Feeders
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The power quality plays an important role in all areas of power generation, transmission and
distribution for the economic operation of the power system and greenhouse gas reduction, The power
quality problems are generally known as the deviations in voltage, current, frequency and temperature

from their nominal values. This dissertation deals with power quality improvement devices for the

electrified railways and three-phase four-wire distribution systems.

In the Chapter 1, the important of power quality is discussed from the ecofiomic point of view
using European power quality survey. The survey shows that poor power quality such as voltage dips
and swells, harmonic and unbalanced condition costs European business more than €150 billion a year.
The standards, recommended practices, guidelines and requirements from the various organizations are
presented for the good power quality. Then the power quality improving devices, passive power filter
and active power filter (APF), is reviewed with their advantages and drawbacks. The APF has
multi-compensation characteristic and good in dynamic response. The aims of researches are to propose
a hew active power quality compensator (a single-phase APF) for the electrified railways and to
propose a new active load balancer (a three-phase APF) for the three-phase four-wire distribution
systems. '

Chapter 2 describes two main power quality problems, harmonic and unbalanced condition in
voltage and/or current. These two power quality problems directly effect on the distribution equlpments
as well as the consumer loads. The analysis methods, the limitation and recommended practices
regarding the harmonic and unbalanced condition are presented. Then adverse effects of harmonics and
unbalanced condition in distribution systems equipments such as transformers, cables as well as the
consumet appliances are discussed in details. -

In the Chapter 3, the power supply system and the power quality problems in the electrified railways
are described. Electrified railways use single-phase power feeders for locomotives and generate
harmonic current under unbalanced load condition. Therefore, active power quality compensator
(APQC) was installed in Nagano Shinkansen since 1997. Many researchers proposed APQC with lower
power switching device than the original one. But one-leg of the switching device of APQC needs

higher current rating than others. Therefore a half-bridge inverter based APQC topology is prop'osed to |

reduce the power devices current rating. The proposed APQC topology was confirmed with
simulation and experimental results. The proposed APQC topology can reduce power devices current
rating with good compensation characteristics. But the same control strategy in the previously proposed
method was used in the proposed APQC. The previous control strategy requires the instantaneous
power calculation steps for the active load current detection, and therefore a new simpler control
strategy is strongly required for the APQC.,

A new simple constant DC capacitor voltage control strategy for the half-bridge inverter based
APQC is proposed in the Chapter 4. The basic principle of constant DC capacitor voltage control
strategy for the APQC is discussed in electrified railways. The constant DC capacitor voltage control




can detect effective active load current. Thus, active-reactive calculation blocks of load currents are
reduced in the proposed method. The proposed constant DC capacitor voltage control strategy is
confirmed by simulation and experiment under harmonic and unbalanced load condition. Simulation
and experimental results shows that the proposed control strategy can achieve good compensation
characteristics, and calculation time of control program was reduced. . L

Chapter 5 discusses about active load balancer (ALB) in three-phase four-wire distribution
systems. The main power “quality problems in three-phase four-wire distribution systems are
unbalanced load condition and reactive power requirément. The various power circuit topologies for the
ALB in three-phase four-wire distribution systems are detail. Simulation results shows that four-leg
topology based ALB has superior compensation characteristics in three-phase four-wire distribution
systems. For the control strategy of the ALB, the instantaneous active-reactive power theory is widely
used. The three-phase active, reactive load currents can be detected by this theory. This theory based
control strategy, however, requires a significant amount of calculation steps. Therefore, a new constant
DC capacitor voltage control based strategy for the ALB is proposed to reduce active current detection
steps in the control strategy. The basic theory of constant DC capacitor voltage control strategy for the
ALB under unbalanced load condition is discussed in detail and confirmed by the simulation.
Experimental model of the ALB in three-phase four-wire distribution systems was also constructed and
tested. Experimental results show that constant DC capacitor voltage control strategy achieves good
compensation characteristic. The loss analysis of the distribution transformer is performed with/without
the ALB. The experimental results show that the transformer loss can be reduced by using the ALB.

The relative power rating of the ALB with the distribution transformer (system) is a key
design factor in practical applications. A reactive power control strategy is proposed in the Chapter 6 to
reduce the power rating of the ALB. The basic principle of the reactive power control strategy with
constant DC capacitor voltage control is discussed for the ALB. The proposed reactive power control
strategy was confirmed with both simulation and experiment. Simulation and experimental results show
that source power factor can be controlled using proposed control strategy in three-phase four-wire
distribution systems. Then the relationship between the power rating of the ALB and source side power
factor (reactive power amount) is discussed with theoretical calculation, simulation and experimental
results. The calculated value, simulation and experimental results show that controlling the source-side
reactive power (power factor of 0.9) can reduce the ALB power rating by 26% compared to the source
side unity power factor control.

The utility try to improve the power quality using compensation devices because the
distribution loss can be the same or even higher than in transmission area. In the Chapter 7, the power
conditioning devices in distribution areas are summarized. The proposed active power quality

| compensator topology and control strategy for electrified railways can reduce the size, weight and

volume. Therefore, the proposed APQC is suitable for practical application. The active load balancer
(ALB) with the proposed constant DC voltage control strategy is simple and has good compensation
characteristic in three-phase four-wire distribution systems. Moreover, the reactive power control
method can adjust source side power factor providing reduction of the ALB power rating. Therefore,
our proposed method is simple, refiable and cost effective in three-phase four-wire distribution areas. In
Chapter 5, the reduction of transformer loss was analyzed using the ALB. But the distribution line and
consumer load efficiency were not analyzed. Therefore, the overall loss analysis should be done in the
future. In addition, the Chapters 5 and 6 examine the ALB under linear unbalanced load conditions. But
the non-linear consumer loads become increasing. Therefore, the proposed control strategies in
Chapters 5 and 6 should be verified under non-linear (distorted load) condition in the future.
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