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1. INTRODUCTION

In recent years, an increase of number of critical equipment of electrical power
has been observed. In these consumers, disturbances of quality of the electrical power
leads to going out of normal operation mode and quite recently also to damages.
Problems, arising into this kind of equipment, are scrutinized in [1-4].

Implementing of active power filters (APF) to improve quality of electrical power
is a prospective solution and an object of quicken interest. In general, these filters are
shunt and series with respect to the load (fig.1.). Shunt filter changes its current i, (t)

in such a way that in every time moment it compliments load current i, (t) and in
result source current ig(t) is sinusoidal and in phase with source voltage (i.e. power
factor is closed to 1). During the operation of a series filter, its voltage u. (t) is added
to source voltage ug(t). The result is supply voltage of the load u(t) with a required

quality (value, waveform, without distortions). Dependent on the number of phase,
these filters are single-phase and three-phase (for three wire and four wire source
voltages).

Different features concerning implementation and operation of series APF as from
the standpoint of power schematic and regarding a control algorithm are studied in
[6-8]. Comparison among different algorithms is made in [9,10]. Problems that arise
during supplying of different loads and quality of network voltage are the study topic
in [11-13]. Special attention is paid to protections while using series APF in [14].
After scrutinized analysis of the reported questions concerning these filters in
different references, an idea to use sliding mode control into series APF to follow
source voltage arises.
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Fig.1. Block schema of connections of shunt and series APF

2. AIM OF THE STUDY

The authors’ aim is to study single-phase series APF using computer simulation
with the purpose of investigating possibilities to implement such a filter that is
control according to the given algorithm.

3. BLOCK AND SIMULATION MODELS

Fig.2 displays the block schema on which basis the simulation model is made. It
includes source voltage (with disturbance quality in general), source of reference
sinusoid that is in phase with the source voltage. In addition, there are hysteresis
comparator and drivers used to control the filter. Load might be arbitrary, but in this
particular case, an uncontrollable rectifier with an active capacitive load is used. This
load is chosen, because many of the supply blocks without power factor correction of
critical equipment contain such rectifier in their input. The supply voltage to the
rectifier 1S monitoring using bias connection in every time moment and passing to
compare it with reference sinusoid. Then dependent on the difference between them,
stated with a certain hysteresis, power switches of APF are switched over. These
switches over are perform in such a way that the reference sinusoid is followed
continuously.

Fig.3. displays created model based on the block-schema. Bridge schematic of
APF performed by IRF150 is used. There is also a possibility to use half-bridge
schematic of filter. Supply DC voltage, simulated using ideal source, may be got by
means of separate converter connected to supply network, or using another source,
for example accumulator battery in combination with fuel cell or photovoltaic panel.
Into the other diagonal of the transistors bridge, high band LC filter is connected. The
transformer, shown at fig.1.B., is simulated using voltage source control by voltage.
A source of this kind is used also to monitor input load voltage. The load is
uncontrollable rectifier with active-capacitive load. Output signal of the simulated
transformer for bias voltage connection is compared with reference sinusoid. The
result from this comparison reacts upon hysteresis comparator. Transistor drivers are
simulated using the above mentioned sources.

Dependent on the need the supply load voltage to increase above or decrease
under reference sinusoid, diagonal connected pairs of switches are properly switched
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on. These switches on depend on a way of which the coils of the transformer are

2006

connected (fig.1.b.).

The supply voltage with disturbance quality is simulated using ideal sinusoid
source upon which periodical impulse distortions are putted. It is clear, that a
simulation of different change of voltage quality and operating with different loads is
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possible. The simulation is made by MicroSim 8.0.
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4. RESULTS

The results of the computer simulation show the possibility to implement series
APF using the mentioned algorithm. Several problems that may arise in realization of

Fig.3 Simulation schematic
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this kind are connected with construction of the elements, models as ideal converters
voltage — voltage (fig.3). The output transformer of APF has to have a width
frequency band starting from network source frequency and limited from above till
100kHz. This put serious requirements to the transformer performance for high
powers. The monitoring devise of bias voltage connection has to have the same
frequency band, but to make possible monitoring of the voltage, which changes with
a rapid speed — over 500V/ us.
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Fig.4. Simulation results when the filter is performed as bridge schema.

Because the frequency of the commented devices and of the power switches are
limited, the protection of over voltages connected with international standard IEC
1000-4-5 has to be keep on putting into practice using familiar passive methods.

The way to supply the power schematic of APF from the same supply network,
and to perform uninterruptible power supply to the load using the power schematis is
of great interest.
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1. Introduction


In recent years, an increase of number of critical equipment of electrical power has been observed. In these consumers, disturbances of quality of the electrical power leads to going out of normal operation mode and quite recently also to damages. Problems, arising into this kind of equipment, are scrutinized in [1-4].


Implementing of active power filters (APF) to improve quality of electrical power is a prospective solution and an object of quicken interest. In general, these filters are shunt and series with respect to the load (fig.1.). Shunt filter changes its current 
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Different features concerning implementation and operation of series APF as from the standpoint of power schematic and regarding a control algorithm are studied in [6-8]. Comparison among different algorithms is made in [9,10]. Problems that arise during supplying of different loads and quality of network voltage are the study topic in [11-13]. Special attention is paid to protections while using series APF in [14]. After scrutinized analysis of the reported questions concerning these filters in different references, an idea to use sliding mode control into series APF to follow source voltage arises.
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Fig.1. Block schema of connections of shunt and series APF



2. Aim of the study


The authors’ aim is to study single-phase series APF using computer simulation with the purpose of investigating possibilities to implement such a filter that is control according to the given algorithm.


3. Block and simulation models


Fig.2 displays the block schema on which basis the simulation model is made. It includes source voltage   (with disturbance quality in general), source of reference sinusoid that is in phase with the source voltage. In addition, there are hysteresis comparator and drivers used to control the filter. Load might be arbitrary, but in this particular case, an uncontrollable rectifier with an active capacitive load is used. This load is chosen, because many of the supply blocks without power factor correction of critical equipment contain such rectifier in their input. The supply voltage to the rectifier is monitoring using bias connection in every time moment and passing to compare it with reference sinusoid. Then dependent on the difference between them, stated with a certain hysteresis, power switches of APF are switched over. These switches over are perform in such a way that the reference sinusoid is followed continuously.


Fig.3. displays created model based on the block-schema. Bridge schematic of APF performed by IRF150 is used. There is also a possibility to use half-bridge schematic of filter. Supply DC voltage, simulated using ideal source, may be got by means of separate converter connected to supply network, or using another source, for example accumulator battery in combination with fuel cell or photovoltaic panel. Into the other diagonal of the transistors bridge, high band LC filter is connected. The transformer, shown at fig.1.B., is simulated using voltage source control by voltage. A source of this kind is used also to monitor input load voltage. The load is uncontrollable rectifier with active-capacitive load. Output signal of the simulated transformer for bias voltage connection is compared with reference sinusoid. The result from this comparison reacts upon hysteresis comparator. Transistor drivers are simulated using the above mentioned sources.


Dependent on the need the supply load voltage to increase above or decrease under reference sinusoid, diagonal connected pairs of switches are properly switched on. These switches on depend on a way of which the coils of the transformer are connected (fig.1.b.).


The supply voltage with disturbance quality is simulated using ideal sinusoid source upon which periodical impulse distortions are putted. It is clear, that a simulation of different change of voltage quality and operating with different loads is possible. The simulation is made by MicroSim 8.0.
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Fig.2. Block-schema
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Fig.3 Simulation schematic


4. Results


The results of the computer simulation show the possibility to implement series APF using the mentioned algorithm. Several problems that may arise in realization of this kind are connected with construction of the elements, models as ideal converters voltage – voltage (fig.3). The output transformer of APF has to have a width frequency band starting from network source frequency and limited from above till 100kHz. This put serious requirements to the transformer performance for high powers. The monitoring devise of bias voltage connection has to have the same frequency band, but to make possible monitoring of the voltage, which changes with a rapid speed – over 500V/
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Fig.4. Simulation results when the filter is performed as bridge schema.


Because the frequency of the commented devices and of the power switches are limited, the protection of over voltages connected with international standard IEC 1000-4-5 has to be keep on putting into practice using familiar passive methods. 


The way to supply the power schematic of APF from the same supply network, and to perform uninterruptible power supply to the load using the power schematis is of great interest.


4. Acknowledgment


The results carried out in this work are part of results obtained during performance of Contract VU – TN – 116, between Technical University– Sofia and Ministry of Education and Science Bulgaria.


5. References


[1] Анчев М., М. Минчев, Системи за непрекъсваемо електрическо захранване, Авангард Прима, София, 2005.


[2] Куро Жак, Современные технологии повышения качества электроэнергии при ее передаче и распределении, Новости ЭлектроТехники, 1(31), 2005.


[3] Карв Шри, Активные фильтры гармоник, Электроснабжение № 4, 2004.


[4] Пронин М., Активные фильтры высших гармоник-направления развития, Новости ЭлектроТехники, 2(38), 2006.


[5] Петкова М., М. Анчев, Активни силови филтри – преспективнос средство за постигане изискванията на европейските стандарти за повишаване качеството на електрическата енергия”, сп. Енергетика, Бр.5, 2003.


[6] Akagi H., Y. Tsukamoto and A. Nabae, Analysis and design of an active power filter using quad-series voltage source PWM converters, Industry Applications Society Annual Meeting, 1988., Conference Record of the 1988 IEEE, Vol. 1, October 1988.


[7] Chiang S.Y. and K.T.Chang, A Multimodule Parallelable Series-Connected PWM Voltage Regulator, IEEE Trans. On Ind. Electr., Vol. 48, No. 3, June 2001.


[8] Da Silva S.A.O., P.F. Donoso – Garcia, P.C. Cortizo and P.F. Seixas, A Three-Phase Line-Interactve UPS System Impementation with Series-Parallel Active Power-Line Conditioning Capabilities, IEEE Trans. On Inds. Elect., Vol. 38, No. 6, November/December 2002.


[9] Da Silva S.A.O., P.F. Donoso – Garcia, P.C. Cortizo and P.F. Seixas, A comparative analysis of control algorithms for three-phase line-interactive UPS systems with series-parallel active power-line conditioning using SRF method, Power Electronics Specialists Conference, 2000. PESC 00. 2000 IEEE 31st Annual, Vol. 2, June 2003.


[10] Wang Zhaoan, Qun Wang, Weizheng Yao and Jinjun Liu, A Series Active Power Filter Adopting Hybrid Control Approach, IEEE Trans. On Power Electr., Vol. 16, No. 3, May 2001.


[11] Guazhu Ch., Lu Zhengyu and Q. Zhaoming, The Design and Implement of Series Hybrid Active Power Filter for Variable Nonlinear Loads, PIEMC 2000, China 2000.


[12] Han S.-W., S.-Y. Lee and G.-H. Choe, A 3-phase Series Active Power Filter with Compensate Voltage Drop and Voltage Unbalance, IEEE, ISIE 2001, South Korea, Pusan, 2001.


[13] Karthik K. and Quaicoe J.E., Voltage Compensation and Harmonic Suppression Using Series Active and Shunt Passive Filters, Electrical and Computer Engineering, Canada, Halifax, March 2000.


[14] Moran Luis A., Ivar Pastorini, Juan Dixon and Rogel Wallece, A Fault Protection Scheme for Series Active Power Filters, IEEE Trans. On Power Electr., Vol. 14, No. 5, September 1999.


215



_1217324320.unknown



_1217670827.vsd



_1217671532.doc

[image: image1.png]oinacor

nA w
o1nagoe ot

o

o

IRF150

iRr1s™

e

]
e fwo e
q w
il o
o











_1217672590.unknown



_1217672158.unknown



_1217671193.doc

[image: image1.png]Reference
sinusoid

Cornparator with
hysteresis

etz

- Non-Linear Load 1

Drivers for M1 (M3) Drivers for M2 (M4)

u
"7 actve Poner

Filter











_1217324331.unknown



_1217324117.unknown



_1217324312.unknown



_1217324083.unknown



