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Abstrach Active filtering of electric power has now most computai o n resources of a mi
become a mature technology for harmonic and reactivenust be devoted to generating PWM signals. Tasks could be
power compensation in twaire (single phase), thregire  segregated by a combination of microprocessor and DSP. A
(three phase without neutral), and feure (three phase DSP handles the PWM generation while the processor feeds
with neutral) ac power networks with nonlinear loads. Thishe DSP - required information. Although it method
paper presents the simulations of Field programmable gatesolves samplingate pr@blems, it complicates design [7].
array (FPGA)- based single phase hybrid active power FPGA is a Programmable Logic Device (PLD),
filters of two different configurations using Xilinx system comprising thousands of logic gates. Some of them are
generator The former one with the hybrid combination of combined to form a configurable logic block (CLB). A CLB
series active power filter and shunt passive filter is designesimplifies highlevel circuit dsign. SRAM or ROM defines
to mitigate the distortions in source voltage and sourcsoftware interconnections between logic gates, providing
current due to the voltage source type harmonic load and tHiexible modification of the designed circuit, without
latter one with the hybridombination of shunt active power altering the hardware. Concurrent operation, less hardware,
filter and shunt passive filter is designed to mitigate theeasy and fast circuit modification, comparatively low cost
harmonics in source current due to the current source tygder complex circuitry and rapid prototyping make it the
harmonic load favourite choice for prototyping an Application Specific
Keywords: Xilinx System Generator, Voltage Source Type Integrated Circuit (ASIC). The advent of FPGA technology
of Harmonic Load, Series Activ€ower Filter, Current has enabled rapid prototyping of the digital system [10].
Source Type Harmonic Load, Shunt Active Power Filter,

Shunt Passive Filter, PWM, FPGA, Power Quality Il. TYPES OF NONLINEAR LGADS
The various loads in domestic consumer voltage distribution
. INTRODUCTION system (DCVDS) may be linear as well as nonlinear. The

Pulse width modulation techniques have been intensivelgonlinear loads present in DCVDS are classified into two
researched in the past few years. Methods, of variousain categories. They are current source type of harmonic
concept and performance, have been developed antbads and voltage sourcge of harmonic loads.

described. Their design implementation depends O voltage Source Harmonic Loads:
application type, power level, semiconductor devices used in" 9 .

the power converter, performance and cost criteria, ailhe voltage source type harmonic loads are having diode
determining the PWM method. rectifier with smoothing capacitor in their output circuit. The

Two classes of PWM ethniques have been harmonic amplitude of these loads is highly affected by the

identified: optimal PWM and carrier PWM. The optimal iImpedance of the acd®. Such loads are more common in

PWM technique for producing switching pattern is based o?CVDS. The loads falling under this category are

the optimization of specific performance criteria [4]. In thisCOmputers, electronic lamp ballasts, compact fluorescent
case, the switching patterns are calculated a priori for giveldmp (CFL), video monitors, television (TV) sets, etc. A

operating conditions and are then stored in memory {igpk bridge rectifier with resistance (R) and capacitor (C) in

tables) for use in real time. Higher gain, from overparallel in the output circuit. The ac side of the rectifier is

modulation, is possible when compared with theconnected in series with a smoothing inductor.

conventional PWM scheme. However, considerablgs cyrrent Source Harmonic Loads:

computational effort of solving nonlinear equets to derive

the switching angles, the large memory required to store thEhe appliances usmg.Thynstor converters. are the current
information for various modulation indexes and the>°CUrce type of harmonic loads. The harmonics are gederate

relatively sophisticated control to allow smooth transientfrom the switching operation. The loads falling under such

pattern changes, are considered to be serious practic‘:’;{'iuegory in DCVDS are motor drives, transformers, air

difficulties [5]. Most analogue circuits implementing PWM C(_)nditioning devices, re_frigerator, etc. A_briqlge rectifier
contr ol schemes are based V}gtlﬁ resiiane (B)ranl 'rBjUCtgra(Ll%'ﬁ' PEGP N éhglpufpldth i
strategies. More recently, a switching strategy propose(ﬂ:,'rcu't'
referred to as dAregul ar s a ﬁ)ling(‘), is considered
number of advantages when implementigitally. They are Il.~ SINGLE - PHASE HYBRID CONFIGURATION OF SERIES
immune to noise and are less susceptible to voltage and ACTIVE FILTER AND SHUNT PASSIVE FILTER
temperature changes, hence, the digital implementation [@he single phase hybrid active filter is shown in Fig. 1. In
9]. this configuration, the passive filter bypasses the current

Generation of PWM gating signals requires a highharmonic component, according to the desigwalue of the
sampling rate, for widdandwidth performance. Therefore, passive element.

t o h a
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The active filter acts as a voltage compensator andccuracy depend on the number of samples defining a sine
a harmonic isolator for the source and for the load. Voltagevave cycle and their resolution.

compensation is by injecting to the line, thepimse

Determination of carrier frequency is the first step

voltage. The harmonic isolation is also by the seriesin design, neding precise calculation of clock frequency.
compensation, behag as active impedance, not causingThe carrier frequencyfd) was decided to be 19.2 kHz, the

voltage drop for the fundamental component, but forcing thelecision based on various factors such as inverter topology,

current harmonic component to pass through the passiacoustic radiations, type of power switching devices used

filter. Thus, the active filter improves both the filtering
characteristics of the passive filter an@ ghower factor of

the load, by compensating the reactive power required bgomponents can be moved to high orders. However, at high

and the limitation of peripherabmponents. Higlfrequency
operation is better than a lefnrequency one as harmonic

the load [9].Fig. 2 is the block diagram of the active power frequency, switching stresses and power losses increase [9].

filter control.
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Fig. 1: System configuration of the hybrid active filter
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Fig. 3 shows the developed triangular wave from
an updown counter and some peripheral logates.
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Fig. 3: Pattern of a carrier wave

The counters are clocked by the help of Xilinx
System Generator.The main clock frequency f)

A sinusoidal reference waveform is compared withmultiplied modulating signal as shown in Fig. 4.

a triangular carrier waveform, to generate gate signals fa

t he 1 nvert &he amwplitwevoftthe imedslating

wave (the reference waveform) is obtained by multiplying a

sample based fixkamplitude sine wave with the amplitude

of a variable processed signal, which, in shape and i

amplitude, is the key

comparing with a reference DC value, the DC bagacitor
voltage.

A. PWMGeneration:

The control of the active filter is digitally implemented in
Xilinx FPGA controller. PWM generation is achieved by an

par ¢
voltage control. The processed signal is extracted b

determines the ydown counterdéds rate o
decrement. When theounter starts upounting and goes to
maximum, some logic gates monitor it and generate a signal
for downcounting; similarly, when the counter reaches
minimum counting value, the monitoring logics interrupt the
counting and the ctngdreaian. c ha
The process repeats continuously
The carrier frequency relates with the main clock
frequency and the ugown counter, through:
FE . (1.1)
Where:
f. = Carrier frequency
fax = Main clock frequency
n =Bit size of the updown counter
Every step of the carrier wave is compared with the
CAHErWeNe Modulating signal
SN
,Jf LLL‘HJI S ouf

PWMM

i

s

Fig. 4: Pulse generation technique
I'n its

Time

SPWM generator. However, the real time generation of (g with a correct frequencyc4), for the output designed.

sine wave through FPGA is time consuming. Itlerefore,

inappropriate in PWM applications to calculate themyst be done such that when the carrier value is less than, or
a's equdl ® Yihe driocRilatingesibal thé BWM dltpu® kevRlad

modul ating wave values,

Comparison between the carrier and the modulating signal

An alternative approach is to store the sine values in thgiGH and when the carrier value is greater than the
look-up table, which is programmed in permanent memorymodulating value, the PWM output level is LOW. This

The sine valuesra calculated first by this method. Memory process is continuous. Every 10 ms, the process repeats. For

requirements, operation efficiency and output waveforny fourswitch bridge, two sets of owff-phase pulses are
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needed. To develop the two sets, the PWM pulse train mupty i theory, dqi transformation, multiplication with sine
be logical- AND, with two sets of continuous 10 ms ON function and Fourier transform can be used. In this paper,
and OFF pulses, exactly opposite in phase, synchronized multiplication with sine function method is used for

phase with one complete cycle ofdpwn counting. extraction of reference current.
IV. SINGLE PHASE HYBRID CONFGURATION OF SHUNT V. SPECIFICATIONS OF THESYSTEM
ACTIVE FILTER AND SHUNT PASSIVE FILTER The system @rameters are shown in Table 4.The source

The single phase hybrid active diltis shown in fig. 5. In  voltage wave shape is detected from the source end before
this configuration, shunt passive filter consists of tuned LGhe active and passive filter lusing voltage measurement
circuits that are used to suppress harmonics in powend the source current is detected at the source end before
system. Shunt passive filters exhibit lower impedance at thihe active and passive filter by using current measurement.

tuned harmonic frequency than the source impedars. T The capacitors are selected from the rated value
diverts the harmonic current to the tuned filter therebyand the inductances are designed. For a higher value of
reducing the harmonic currents flowing into the source. indudance it produces the noise and humming sound, which
! I Non-linear Load may produce more loss. A lot of trail tuning makes it
Lie — —t — possible to adjust the inductance value for the better
T 8 * harmonic compensation.
The specifications of single phase distribution
Ac Passive, gl I Shunt Active Filter system, high pass fillesgries active filter and shunt active
Mains filter filter parameters are designed as follows:
T N —_|_ Source and Load Parameters
= = J _-|—:|' Voltage (RMS Value) 162.6 V
Power source frequency | 50 Hz
Ir | Iy I T I I Source impedance indgctan 3 mH
v To gfgt;;g e Source impedance resistan{ 0.8Y
Control als Drtve Load inductance 3H
T 7 Load capacitance 100 gF
Vo' T Load resistance 200Y
deref Vi

Table 1 Specifications of Single Phase Distribution System
Passive filter parameter
Inductance | 0.2125 H
Capacitancg 75 uF
Resistance| 100Y

Fig. 5: System configuration of the hybrid active filter
In principle, the characteristics of the shunt passive

filters are determinedybthe impedance ratio of the source
and the filter. Shunt active power filter compensate current
harmonics by injecting equal but opposite harmonic

compensating current. In this case, a simple control scheme Table 2 Specifications of High Pass Filter
for harmonic and reactive power compensationnofi - Active PowerFilter Parameters
linear load is proposed. Proposed APF consists of two major Inductance (AC low pass filter] 0.2701 H
parts; power circuit and control circuit. Power circuit Capacitance (AC low pass filte] 150 pF
comprises a voltage source single phase converter that Switching frequency 19.2 kHz
works bidirectionally in two modes; inverter and charger, Transformer coefficient 1.0

an energy storage pacitor at the DC side and a filter DC side capacitor 500 uF
inductor with internal resistance at the AC side. Control Table 3 Specifications of Series Active Power Filter
circuit is implemented using FPGA based Xilinx blocks. Active PowerFilter Parameters

The reference current estimation is achieved by sine Smoothing Inductanc{ 4.75 mH
multiplication theorem and the gating signals are ggted Smoothing Resistanc| 7 0

by using Xilinx based Hysteresis controller. DC side capacitor | 600 uF

_The shunt active power filter operates as a current  Taple 4 Specifications bShunt Active Power Filter
source injecting the harmonic components generated by the

load but phase shifted ljtﬁ(f. This principle is applicable VI. SIMULATIONS AND RESULTS
to any type of load considered armonic source. Moreover, . . . - .
with an appropriate control scheme, the active power filtefi9- 6 shows the simulation circuit of single phase

can also compensate the load power factor. In this way, tHiistribution system antig. 7 shows the source voltage and
power distribution system can treat thenlinearload and € source current before compensation by active and
the active power filter as an ideal resistor. passive filters. Fig. 8 and fig. 9 show the harmonic spectrum

of the source voltage and source current without
A. Referencé&ource Current Estimation: compensation respectively. Fig. 10 shows the Simulation
In order to determine harmonic and reactive component dliagram of Hybrid configuration of series active filter and

load current, reference source current generation is needediunt passive filter. Fig. 11 and fig. 12 show the simulation
Thus, reference filter current can be obtained when it i€ircuits of SPWM generator and Carrier signal generator
subtracted from total load current. For teet filter ~ respectively. Fig. 13 shows the source voltage and the
performance, generation of reference source current shouturce current after agpensation by active and passive

be done properly. For this purpose, several methods such #éers. Fig. 16 and fig. 17 show the harmonic spectrums of
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the source voltage; the THD, 0.41% and source current with  Fig. 9: Harmonic Spectrum of Source Current before

compensation; the THD, 3.24%. compensation
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Fig. 13:Waveforms of Source Voltage and Source Current
after compensation
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Fig. 16: Harmonic Spectrum of Source Voltage after
compensation
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Fig. 17: Harmonic Spectrum of Sme Current after

compensation
. . Ve ls
Configuration (%THD) | (%THD)
Before compensation 5.59 103.62
After compensation by passiv

filter only 4.73 23.64

After compensation by active 0.41 304

and passive filters

Table 5 Total Harmonic Distortion

Fig. 18 shows the simulation circuit of single phase
distribution system and fig. 19 shows the source voltage and
the source current before compensation by active and
passive filters. Fig. 20 and fig. 21 show the harmonic
spectrums of the source voltagedasource current without
compensation respectively. Fig. 22 shows the Simulation
diagram of Hybrid configuration of series active filter and
shunt passive filter. Fig. 24 and fig. 25 show the simulation
circuits of Reference Source Current Estimation and
Hysteresis Controller respectively. Fig.26 shows the source
voltage and the source current after compensation by active
and passive filters. Fig. 29 and fig. 30 show the harmonic
spectrums of the source voltage; the THD, 1.18% and source
current with compesation; the THD, 4.17%.
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Fig. 18: Simulation Diagram of Single Phase distribution

system with Current source type Harmonic Load before
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Fig. 21: Harmonic Spectrum of Source Voltage before

compensation

Signal 1o analyze

Source Current
T

I i L
001 00 0 004 008 0.06 007 0m 009 01
ime (¢)

FFT analysis

Fundamental (50Hz) = 0.7897 , THD= 43.88%
100 T T T T

&0

40

Mag (% of Fundamenta)

n L s L L L
0 2 4 6 8 10 12 14 16 18
Harmonic order

Fig. 22: Harmonic Spectrum of Source Current before
compensation

Fig. 23: Simulation diagram of Hybrid configuration of
shunt active filteand shunt passive filter

Fig. 24: Simulation diagram of Reference Source Current

Estimation

Fig. 25: Simulation diagram of Hysteresis Controller

after compensation

Fig. 26: Waveforms of Source Voltage and Source Current

Fig. 27: Waveform of Compesating Current

Fig. 28: Waveform of Current drawn by Load

Fig. 29: Harmonic Spectrum of Source Voltage after
compensation

Fig. 30: Harmonic Spectrum of Source Current after
compensation

Configuration Vs (%THD) | 15(%THD)
Before 1.28 43.88
compensation
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