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Abstract

In this paper, a power electronic converter which is composed of two converters — bidirectional AC/DC converter and Series

Active Power Filter (SAPF), is discussed. Structural schemas and ways of operation of control systems of converters, which are used
to eliminate non sinusoidal parts of the network source voltage, are presented. At the same time, the control used stabilizes the value
of the voltage feeding the load. Taking in consideration the combined functions which the device executes, it may be called Unified

Voltage Conditioner — UVC.
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I. INTRODUCTION

Achievements of Power Electronics make possible the
creation of different power electronic converters applicable in
so-called Flexible AC Transmission Systems (FACTS).
Classified survey of properties of such converters is made in
[1]. The following converters are more well-known: Static
VAR Compensator (SVC), Thyristor Controlled Series
Compensator (TCSC), Static Synchronous Compensator
(STATCOM), Unified Power Flow Controller (UPFC), Static
Synchronous Series Controller (SSSC), Interline Power Flow
Controller (IPFC), Convertible Series Compensator (CSC), etc.
Several applications of these converters are presented in [2]-[5].
Comparative analysis between STATCOM and SVC, when a
wind generator is used, is presented in [6]. Optimal control of
Dynamic Voltage Restorer (DVR) is presented in [7].
Combination of the achievements of Power Electronics with
those of informational technologies has brought the creation of
Active Power Filters (APF) [8], [9]. Also, a Bidirectional
Converter with a high power factor applicable in photovoltaic
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generator is discussed in [10]. Voltage Conditioner Plate
(VCP) is proposed to monitor the deviations in power quality
of the network voltage [11]. APF operational principles, which
are based on monitoring of transitory values of voltage and
currents of supply network, might be used creating also others
similar converters intended to improve the quality of electrical
power which is meant for “sensible” consumers. Moreover, the
common operation of shunt and series active power filters
joined in so-called Unified Power Quality Conditioner (UPQC)
is known [12]-[14].

The converter discussed in the paper has the following
features: 1. It eliminates the distortions in the voltage of the
source so that the consumer is fed with sinusoidal voltage
with a very low harmonic coefficient. 2. It compensates
changes in the source voltage value so that the consumer is
fed with voltage with stabilized value. Or generally —
compensates disturbances in the value and harmonic
spectrum of the source voltage and the consumer is fed with a
sinusoidal voltage with a stabilized value. As it is seen, the
converter performs functions both of the active power filter
and AC voltage stabilizator, because of that, it might be called
“Unified Voltage Conditioner — UVC”. In the paper, a
single-phase topology is examined. The results obtained
might be used also in implementation of three-phase UVC.
“Unified Voltage Conditioner —UVC” consists of two
converters — Bidirectional AC/DC Converter and Series APF.
Part II illustrates the block schema of the proposed UVC and
includes its operational principle. The power schema of a
single-phase topology is put in Part III. Also, in this part,
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Fig.1. Block schema of Unified Voltage Conditioner — UVC.
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Fig. 2. The flow of active power when the first harmonic of the network voltage is equal to the stabilized value.

mathematical equations are derived and graphical results,
connected with the design, are presented. Part IV includes
structural schematics of control systems of the two converters
and illustration of their operation. Experimental results are
given in Part V.

II.  PROPOSED CONVERTER AND ITS OPERATION

Fig.1 displays the structural schema of Unified Voltage
Conditioner — UVC. It consists of two converters -
Bidirectional AC/DC Converter — BC and Series Active
Power Filter — SAPF. Each of the converters has its own
control system.

The bidirectional converter BC maintains stable value of
the intermediate DC voltage U, across the capacitor C, .

At the same time, the converter input current |. is

maintained always sinusoidal and it is in phase with or
displaced at 180° of the source voltage Ug . Therefore, the

converter operates either in rectifier mode or in inverter mode
but always with a power factor approximately equal to 1. At
voltage U, tendency to decrease below the set value for
stabilization, the value of the input current, which is in phase
with the source voltage, increases. Furthermore, the
consumed active power in rectifier mode increases and the
value of U, also increases. Alternatively, at voltage U,
tendency to increase above the set value for stabilization, the
value of the input current, which at the beginning is in phase
with the source voltage, decreases. Furthermore, the
consumed active power in rectifier mode decreases and the
value of U, also has to decrease. Nevertheless, if the

voltage value continues to increase that is due to a transfer of
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Fig. 4. The flow of active power when the first harmonic of the source voltage is higher than the stabilized value.

energy towards the C,; from the series active power filter.
Then the input current of bidirectional converter alters its
phase and becomes displaced at 180° of the source voltage
U, and the current value gradually increases. Thus, the BC
operates in inverter mode and the energy from the capacitor
Cy returns towards the source. This process causes a
decrease in the value of the voltage U, becoming near to
the value of the stabilization. Therefore, the BC controls the
flow of the active power towards or from UVC maintaining
unchangable the value of the intermediate DC voltage U,

and also it operates with power factor equal to 1.

Series active power filter — SAPF maintains the voltage
across the load U, to be of sinusoidal waveform and to be
equal to the preliminarily set value for stabilization. For this
purpose the filter control system monitors a preliminarily set
reference sine wave. The output voltage of the filter U,
contains higher harmonics that compensate harmonics of the
source network voltage. Besides, dependent on the difference
between the value of the first harmonic of the network
voltage Uy and the value of stabilization, the output voltage

U, contains also first harmonic in phase with or displaced
at 180° to the voltage U .
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: : : : : : : the first harmonic of the network voltage is equal to the
0B stabilized value. The first harmonic of the voltage U. is
05§ equal to 0. In the two converters there is loss power P g,
P SRR Gtin- which is ensured from the source network by the bidirectional

; converter BC operating in rectifier mode. This loss power
B3Ry exists in all operational modes and it is also displayed in all
02 the following figures.

Fig.3 displays the motion of the flow of active power when
0.1 the first harmonic of the source voltage is lower than the
stabilized value. In this case, the first harmonic of the voltage

Fig. 6. Graphical relationships used to determine the power of
SAPF corresponding to the equation (7).

LA

Fig. 7. Graphical relationships of the load voltage corresponding
to the equation (8).

Fig.2 displays the motion of the flow of active power when

U, is in phase with the first harmonic of the voltage Ug,
and the sum of the two harmonics gives the value of the
voltage for stabilization. Using Unified Voltage Conditioner —
UVC, active power P, is ensured toward the consumer. The
bidirectional converter BC operates in rectifier mode
ensuring the flow of active power, shown in Fig.3, through
the system of the two converters.

Fig.4 illustrates the motion of the flow of active power
when the first harmonic of the source voltage is higher than
the stabilized value. In this case, the first harmonic of the
voltage U is displaced at 180° to the first harmonic of the
voltage Uy, and the difference between the two harmonics
gives the value of the stabilization voltage. Using Unified
Voltage Conditioner — UVC active power P, from the
consumer towards the source network is ensured. The
bidirectional converter BC operates in inverter mode ensuring
the flow of active power, shown in Fig.4, through the system

of the two converters.
As it has been mentioned, in the three cases, besides the

stabilization of the value of the first harmonic of the load
voltage also filtering of the high harmonics of the source
voltage by the series active power filter is ensured.

Therefore the voltage U contains these high harmonics.
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Their interaction with the load current determines the reactive
power Qg and the distortion power of the active power filter

CH2+500mY M 500ms

Fig. 11.
current — CH2 in rectifier operational mode.

D: . Fig.2, Fig.3 and Fig.4 illustrates the flow of these

powers. As it is seen, the flow is ensured by the existence of
the capacitor Cq in the intermediate DC side.

III. POWER CIRCUIT AND BASIC EQUATIONS

Fig.5 displays the power schematic of Unified Voltage
Conditioner — UVC.

Series Active Power Filter — SAPF consists of transistors
VT1-VT4, as well as inductance and capacitor L.,C .

The Dbidirectional converter consists of transistors

Source network voltage — CH1 and source network
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VT5-VT8, as well as inductance L .
The calculation of the total power of SAPF depending on

the load power and the load harmonic coefficient is of interest.

The harmonic coefficient is defined as follows:

J2u
K, =12 (1)

H ™ U1

The series active power filter eliminates higher harmonics
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Fig.15. Parameters of load voltage when Unified Voltage Conditioner - UVC operates.

of the source voltage and the load is fed by sinusoidal voltage

whose effective value is equal to a preliminarily set one.
Therefore:

U, =U,; =const )

If the effective value of the output voltage of the SAPF, the

set value of the first harmonic and the value of the nth

and U

according to the operational principle, the following equation
is valid:

harmonic are U, , U, respectively, then

n o

U2 =, -U,f +3U? 3)
n=2

Let us mark the ratio of the effective values of the
reference voltage (the set value) to the first harmonic of the
source network voltage with k:
Y

U,
then from (3) and (4) it is derived:

Up =U,4/(k=1) + K3 5)

“4)

The ratio of the total power of SAPF S g to the total load
power S is:
g_uﬁ[(k—l)%l(f,]-lz_(k—1)2+Kf|
s? [UzlJriUnz]lz 14K}
n=2

(6)

Fig.6 and Fig.7 display graphical relationships
corresponding to the following equations:

S k—1) + K}

se_ [l ek o

S 1+ K],

UL UlR 1
ZL_ZR .
U U \1+K; ®

The obtained equations (7) and (8), as well as Fig.6 and
Fig.7 allow to determined the total power of a series active
power filter, as well as the change of the effective value of
the load voltage compared to this of the source network

voltage, when the harmonic coefficient of Uy is known.

IV. CONTROL SYSTEMS

The following methods are applicable to control APF-s -
pulse-width modulation, sliding mode control,
hysteresis-control, Fuzzy logic control, genetic algoritms[15],
[16].

Similar methods are used in control of UPQC-s [17]. In this
paper a PI-controller and hysteresis-control are applied. Fig.8
displays a block schema for implementation of the control
system  of AC/DC  Converter. The
hysteresis-current control method similar to those applied at
Shunt APF [18], [19] is used. The value of the intermediate
DC voltage across the capacitor is continuously monitored

Bidirectional
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Fig. 16. Parameters of load voltage when UVC does not operate.

through Voltage Transducer VTr2. The result of its
comparison to the reference value U, is an input signal to
the proportional-integral regulator PI. Through VTrl the
voltage of the source network is monitored, while using the

low passed filter LPF the first harmonic is separated from the
source network voltage. The zero crossing moments of this

first harmonic coincide with those of the voltage U, . After
the multiplication of the separated first harmonic with the
output signal from the Pl-regulator, a reference sine wave

I for the source current is generated. Depending on the

sign of the output signal of the PI regulator, this wave is in
phase with or displaced at 180° to the voltage Ug .
Using Current Transducer CTr1, the transitory values of the

current |, consumed by the bidirectional converter are

monitored. These values are compared to the values of the
reference sine wave I, . The result from the comparison

using hysteresis comparator controls the drivers for the
transistors of the bidirectional converter.

Fig.9 illustrates block schema to implement the control
system of Series APF [20]. The transitory values of the

voltage of the source network Ug are monitored through
Voltage (VTr4). Thus, a

synchronization of the control system to the source network
voltage is ensured. From the output voltage of VTr4 using

Transducer 1 continuous
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low pass filter (LPF), the first harmonic of the voltage is
separated and its value is stabilized. Thus, reference sine
wave for the load voltage U, is generated. The load voltage
transitory values are monitored through VTr3 and they are
compared to those of the reference sine wave. The result of
the comparison through a hysteresis comparator (C) controls

the drivers for the transistors of the bridge schematic of the
Series APF.

V. EXPERIMENTAL RESULTS

Laboratory model of a single-phase version of UVC is
studied —Fig.10. In it both converters are implemented using
bridge schematic, transistors MII 75 — 12A3 are used. The
value of the intermediate DC voltage Uy, is 360V, and the
inductance L. - 2.5mH. The elements of Series APF have
the following values: Ly - 2mH, Cp - 5 uF . The power
of the transformer Tr is 700 VA, which permits to the
Series APF to compensate changes in the value of the input
voltage (source network voltage) +£15% around 230V at a
consumer power to 3kVA. The output voltage (the input
voltage for the consumer) is maintained to 230V £2%
regardless the load type. Simultaneously, the Series APF
permits the non sinusoidal parts of the input waveform to be
compensated to 15%. In the range to 3kVA Bidirectional
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AC/DC Converter maintains power factor K, higher than

0.98 both in rectifier and inverter modes, regardless of the
load type. The experimental study shows effective operation
of UVC with different linear and non-linear loads. Fig.11 and
Fig.12 display oscillograms illustrating the operation of
Bidirectional AC/DC Converter in rectifier and inverter
operational modes, respectively.

The result shows the sine waveform of the source network
current, which is either in phase with or displaced at 180° to
the voltage of the source network.

Fig. 13 illustrates the reaction of UVC at unsteady change
of the value of the source network voltage about 20% in
direction of its decrease and its increase within the interval of
about 3s. The time span on X-axis is 10s. Therefore, one can
see the change of the maximum value of the sinewave of the
voltage within the discussed interval without seeing the sine
itself. The control and regulation systems of both converters
of the UVC and their operational principles allow the change
of the voltage towards the consumer to be significantly lower.

Fig. 14 displays results for parameters of load voltage —
value, harmonic spectrum, total harmonic coefficient, when
the Unified Voltage Conditioner — UVC does not operate. The
effective value of the voltage is with about 13% lower than
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the nominal one. The harmonic coefficient is 4.5% and the
fifth harmonic has the highest value. The distortion in the
voltage waveform is typical for the cases when non-linear
consumers, such as wuncontrolled rectifiers with
active-capacitive type of load, are connected to the source
network..

Fig. 15 displays the data obtained when Unified Voltage
Conditioner — UVC operates. It is seen that the effective
value of the voltage for the consumer is stabilized to 230V —
1.2%, and also there is decrease in the value of all harmonics
leading to the total harmonic coefficient of 1.6%.

Fig. 16 displays parameters of load voltage — value,
harmonic spectrum, total harmonic coefficient, when UVC
does not operate. The effective value of the voltage is about
10% higher than the nominal one, the harmonic coefficient is
3.2% and the fifth harmonic has the highest value. The
distortion in the voltage waveform is typical for the cases
when non-linear consumers, such as uncontrolled rectifiers
with active-capacitive type of load, are connected to the
source network.

Fig. 17 displays the data obtained when Unified Voltage
Conditioner — UVC operates. It is seen that the effective
value of the voltage for the consumer is stabilized to 230V +
1.2%, and also there is decrease in the value of all harmonics
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leading to the total harmonic coefficient of 1.8%.

VI. CONCLUSIONS

In the paper Unified Voltage Conditioner — UVC is
discussed. This schema removes non sinusoidal parts of the
source network voltage waveform and the value of the
sinusoidal voltage for the load is stabilized. Structural
schematics are included and algorithms of operation of the
control systems of bidirectional AC/DC converter and Series
Active Power Filter — SAPF, included in UVC, are illustrated.
To determine the total power of a series active power filter and
the change of the effective value of the load voltage, analytic
equations are derived and also graphical relationships are
included. The results put in the paper may be used in design of
three-phase version of UVC.
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