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ABSTRACT: This paper presents a simulation of a simple control scheme for a three-phase shunt active filter to
remove harmonics and reactive power compensation of the non-linear loads. A 3-phase voltage source inverter bridge
with a dc bus capacitor is used there as an active filter (AF). A PWM current control is used to generate the gating
signals to the AF. Source reference currents are calculated from load currents, dc bus voltage and source voltage. The
command currents for AF are calculated using source reference currents and load currents. A three- phase diode
rectifier with resistive loading is used as non-linear load. The validity of scheme is shown by simulation results.
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I. INTRODUCTION

In recent years both power engineers and consumers have been giving focus on the “electrical power quality” i.e.
degradation of voltage and current due to harmonics, low power factor etc. Nearly two decades ago majority loads used
by the consumers are passive and linear in nature, with a few non-linear loads thus having less impact on the power
system. Solid state power converters are widely used in applications such as adjustable speed drives (ASD), static
power supplies and asynchronous ac-dc links in wind and wave generating systems. These power converters behave as
non-linear loads to ac mains and inject harmonics and result in lower power-factor and efficiency of the power system.
However, due to technical advancement in semiconductor devices and easy controllability of electrical power, non-
linear loads such as SMPS, rectifier, chopper etc. are more used.

The power handling capacity of modern power electronics devices such as power diode, silicon controlled rectifier
(SCR), Insulated gate bipolar transistor (IGBT), Metal oxide semiconductor field effect transistor (MOSFET) are very
large, so the application of such semiconductor devices is very popular in industry as well as in domestic purpose.
Whilst these advantages are certainly good but there lies of such excessive use of power electronic devices a great
problem, i.e. generation of current harmonics and reactive power in the power system network. As a result, the voltage
at different buses of power system network is getting distorted and the utilities connected to these buses are not
operated as designed.

The harmonic current pollute the power system causing problems such as transformer overheating, voltage quality
degradation, rotary machine vibration, destruction of electric power components and malfunctioning of medical
facilities etc. Conventionally, passive filters were the choice for the elimination of harmonics and to improve power-
factor. These passive filters have the disadvantages of large size, resonance, and fixed compensation. In the last couple
of decades, the concept of active filters (AF) has been introduced and many publications have appeared on this subject
[5-7]. Many control concepts, such as instantaneous power theory [1,2] notch filters [3], and flux based controllers [4]
have also been introduced. Most of these control schemes require various transformations and are difficult to
implement. This paper presents a simple algorithm to achieve the control for AF. To provide clean power at the
consumer-end active filter (AF) is used. Several approaches, such as, hybrid filters and multistep inverters are reported
to reduce the size of active filters [8]. In AF, the main objective is to maintain sinusoidal unity power-factor supply
currents (by shunt AF) to feed active power to the load and to meet the losses in the AF. These two components of
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active power can be computed from load currents, dc bus voltage and supply voltages. From the measured active power
required by the system, reference unity power-factor supply currents are derived. By subtracting load currents from
these reference supply currents, compensating currents of the AF phases are obtained. The study is based on a 3-wire
3-phase system. The familiar 3-phase uncontrolled rectifier with resistive loading is taken as a non-linear load. The
steady state and transient performance of the proposed control scheme is found quite satisfactory to eliminate the
harmonics and reactive power components from utility currents.

II. SYSTEM CONFIGURATION

The basic system blocks of the conventional parallel AF are shown in Fig. 1. The AF is composed of a standard 3-
phase voltage source inverter bridge with a dc bus capacitor to provide an effective current control. A PWM current
control is used to provide quick response of the AF. The non-linear load is a dc resistive load supplied by 3-phase
uncontrolled bridge rectifier with an input impedance and resistor on the output. Because of resistive loading the
uncontrolled bridge rectifier draws pulsating non sinusoidal currents from ac source. It also draws reactive power from
the mains depending upon the load magnitude and its parameters.

The basic function of the proposed control scheme of parallel AF is to compensate harmonics and the reactive power
needed for the load so that the ac supply give only the sinusoidal balanced unity power factor currents. The desired AF
currents are calculated by sensing the dc bus voltage, load current and source voltage. The PWM current controller
generates the switching signals to AF devices to force the desired currents into the AF phases. With this control
scheme, the AF meets harmonic and reactive current requirements of the load. The AF connected in parallel with the
load, also enhances the system efficiency as the source does not process harmonic and reactive power. The active filter
(AF) is a popular approach for cancelling the harmonics in power system. The main component in the AF is the control
unit.

Fig. 2 shows the proposed control scheme of the shunt AF [5]. The ac source supplies the fundamental active power
component of load currents and another fundamental component current is to maintain the voltage across capacitor to a
desired value. The later component of source current is to feed the losses in the converter such as switching loss, ohmic
loss, capacitor leakage loss, etc. in the steady state and to maintain the stored energy on the dc bus during transient
conditions such as sudden fluctuations of load etc. This component of source current (I*smd) is computed using dc bus
capacitor value (Cq,), average voltage on dc bus (Vg) and a chosen reference voltage of the dc bus (V*dc) The
fundamental active power component of the load currents (I Smp) is computed using sensed load currents and Voltages
The total reference source peak current (I sm) 18 computed by taking sum of components (I gmp) and (I smd)- The
instantaneous source reference currents (1 sas ’*gb and i ) are computed using the peak value (I gm) of current and unit
current templates (us, Uy, and uy.) derived from sensed source voltages. The command currents of the AF (1 car 1 cp and
i".) are computed by taking the difference between instantaneous source reference currents (i spand i) and sensed
load currents (iy,, irp and iy.).

The PWM current controller is used over the reference AF currents (i*ca, i*cb and i*cc) to obtain the gating signals to the
devices of the AF. On the basis of proper shaping of compensating currents the value of AF inductance (L.) is selected.
With high value of L. compensating currents do not track reference currents and low values of L. will produce large
ripples in compensating currents. The AF meets the requirements of harmonic and reactive components of load currents
locally, resulting in sinusoidal unity power factor source currents under fluctuating conditions of load in the system.

The system consists of ac source, non-linear load, the AF and the simple control scheme. The components of the
system are analysed separately and integrated for development of the complete model for the simulation.

Control Scheme
The operation of the control scheme has been explained in the previous section. The governing equations for the

different blocks are deduced in sequence.
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Fig. 1 Basic Building Block of Active Filter

Peak Source Current Estimation

The peak source current (I*Sm) has two components estimated as follows. The source active component corresponding
to the load (I*Smp) is computed from the average load power (Ps). The instantaneous power Py is,

P, = Vsaipa + Vspirp + Vsc (D

Here, i, i1 and i, are three phase sensed load currents and vy,, vy, and v, are the sensed three-phase source voltages
and under ideal conditions these can be expressed as:

Vsp = Vgm(sin wt)

Vsp = Vgm(sin wt — 21/3) 2)

Vse = Vom (sin wt + 21/3)

In Eq. (2), Vg is the peak of source voltage and w is the frequency of the ac mains in rad/sec,

Ps = (3/2)Vsmlsmp 3

The peak fundamental unity power-factor source current component (Igy,,) can be estimated using Ps and V;, from Eq.
(3). The second component of source current (I*smd) is to maintain the average voltage on the dc bus at a constant value,
overcoming the switching, ohmic and capacitor losses in the AF. The computation of Iy, is based on the following
logic. A reference dc bus average voltage (V'y. ) is assumed. By sampling the actual dc bus voltage the average (V) is
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computed over the one sixth period of supply frequency (Ty). The energy difference corresponding to V'y. , and Vi
over the Tx, is :

Aedc = e(*ic —€4c = Cdc [(Véc)z - Vc%c]/2 (4)

The AF attempts to draw this energy difference Aey.from ac mains through unity power-factor current with a peak
value of I 4, over the same interval T,. This energy relationship can be expressed as

Aegc = (%Vsm ;md) Tx (5)

From Eq. (5),I*Smd is obtained. When V*4. Well chosen, under steady state operation V4. will never become equal to
Vg, but I'g will established to a fixed value as demanded by the losses in the AF The total peak source current from
equations (3) and (4) is:

Igm = I;mp + Isma (6)

Source Reference Currents Generation

Harmonic free unity power-factor, 3-phase source currents may be estimated using unit current templates in phase with
source voltages and the computed peak values. The unit current templates are derived from equation (2) as:

Usa = Vsa/Vsm

Ush = Vsb/Vem 7

Use = Vse/Vsm

The reference 3-phase source currents are estimated as:

i5a = IsmUsa

ity = iimUsp 3

sk ik
1SC - lsmusc

Reference AF Currents Generation

The three-phase AF reference currents are calculated using the reference source currents in Eq. (8) and the sensed load
currents as:

lta = Isa — lpa

Iep = Isp — ILb 9)

e .
Iee = Ise — ¢

PWM Current Controller
This current controller takes the three phase AF reference currents as input signals and generates gating signals for
PWM-VSI of AF. The equation (9) gives these three phase AF reference currents.

III. PERFORMANCE OF SYSTEM

Performance characteristics of the AF system with proposed control scheme are given in Figs. 2-4 illustrating the
steady state and transient behaviour at different loads. Fig. 2 shows the source voltage, three-phase source currents,
load current and dc bus voltage when a load of 10 ohm is used across rectifier diode.

In steady state condition the simulation time is taken as t=0 to t=0.1 sec with constant load. The load current and source
current is shown in Fig. 2. The AF inject the compensating current in system, which results in compensation of source
current. The compensating current containing only the harmonic current, which is introduced to the power system due
to non-linear load but in opposite phase. It is clear from the Fig. 2 that, the waveform is sinusoidal with some high
frequency ripples. The DC voltage across capacitor is also shown in Fig. 2.For transient state, during the period t=0 to
t=0.05 sec R, parameter of the nonlinear load is set as 15 Q. From t=0.05 to 0.1 sec the load parameter is changed to 7.5
Q. The corresponding load current and source current waveforms obtained are shown in the Fig. 3. Fig. 3 indicates that
after 0.05 sec the load current magnitude is changing as the load is changing and settling very quickly. The AF supplies
the compensating current for source current compensation. The capacitor voltage during transient period is nearly same
as the steady period is shown in Fig. 3.
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Fig. 4 shows the THD analysis of load current and source current. Simulations of integrated control circuit of AF are
conducted with steady state and transient conditions. The results obtained show that the source current has minimised
harmonics with shunt AF. THD analysis shows that PWM current controller has good performance for reduction of
harmonics. FFT analysis of the active filter calculated the THD of the load current and source current. Here THD of
source current has minimized to 2.81% which is less than 5%
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Fig.2 Steady State Performances of AF i.e. Source Voltage, Load Current, Source Current and DC Voltage
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Fig.3 Transient Performances of AF i.e. Load Current, Source Current and DC Voltage
Selected signal: 5 cycles. FFT window (in red): 3 cycles
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Selected signal: 5 cycles. FFT window (in red): 3 cycles
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Fig. 4 THD analysis of (a) Load Current (b) Source Current
IV. CONCLUSION

In this paper, the performance of the shunt active filter is analysed by simulation in MATLAB/Simulink using a
simple technique for minimizing harmonics and compensating reactive power in the power system. The performances
of shunt active power filter with PWM Current Controller are verified with the simulation results. From the results; it
clearly indicates that, the current ripple is less by using PWM Current Controller. The transient response and steady
state performance of this controller has been evaluated. The THD of the source current after compensation is 2.81%
with PWM Current Controller which is less than 5 % proving the validity of scheme.
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