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Abstract—The continuous increasing use of power electronic
device in power system creates pollution issues in the system.
Most of the power quality issues is power system are due to the
use of nonlinear loads as they introduce current harmonics in the
system. These loads will continue affecting the quality of power
system which can cause problems such as low power factor,
distortion of wawe shape of supply due to introduction of
harmonics. The traditional method for mitigation of harmonics
current due to non-inear load that is use of passive filter is
proving to be insufficdent because of more use of power
electronics device in ewery field and also due to some
disadvantage of them such as problem of resonance with the
impedance of network. So new approaches were deweloped to
mitigate the effect of harmonics in power system due to non-
linear load current, out of which active filters got the attention of
engineers for solutions of power quality problems. Shunt active
filters are efficient devices to solve for problems related to
current harmonics and series active filters are capable to solve
problems related to woltage harmonics. Shunt active filters
compensate for current harmonics by injecting equal but
opposite compensating current. the system with rectifier is
simulated and instantaneous power theory (p-q theory) for shunt
active power filter is validated for harmonic reduction.

Keywords— Power Quality; Harmonics; Active Power Filter;
Hysteresis Current Controller; Instantaneous Power Theory.

I. INTRODUCTION

In modern electrical system, there has been a suddenincrease of
nonlinear loads, such as power supplies, adjustablespeed drives etc.
These nonlinear loads draw non-sinusoidalcurrents from supply and
causes distortion called harmonics.These harmonics further causes’
problems such as voltagedistortion, overheating of equipment,
excessive neutralcurrent, poor power factor etc. Traditionally,
passivefilters have been used for harmonic improvement due to less
cost. The performance of passive filter is not muchsatisfactory due to
variable load and operating conditions. T herefore, the active power
filters have emerged as moreefficient solution to the harmonics. The
key advantage ofactive filters over passive filter is their superior
response tovarying loads and harmonic variations, additionally; a
singleactive filter compensate more number of harmonics,
andimprove/mitigate other power quality problems such as flicker,
sag, swell[1]

Active power filters (APFs) has emerged as an alternatesolution to
passive filters (PFs). For variable harmonic order, magnitude and/or
phase angle of nonlinear loads, active elements may be used as an
alternative of the passive filter to provide dynamic compensation.
This is due to the time dependent harmonic spectrum (e.g. adjustable

speed drives) or may be caused by change in the system
configuration of nonlinear loads. The active power filters (APF) have
series or parallel topology depending upon the type of harmonic
sources. [3]

APFs compensate undesirable harmonic currents by providing
compensation to it. The compensation is equal and opposite to the
harmonics produced by harmonic components of the nonlinear loads.
APFs are expensive as compared to passive filters and are feasible
for higher rating systems. The main disadvantage of active filters is
its higher rating, which can be up to 80% of load in some typical
applications; therefore it is a costly option for power quality
enhancement in many situations. Moreover, a single APF might not
afford a complete solution in many realistic applications due to the
presence of voltage and current harmonics. For such cases, combined
filter design consisting of both passive and/or active filters, called
hybrid power filter (HPF) is preferred [1,2]

Active power filters (APFs) are workable alternative fortraditional
passive filters to improve power factor and reduce harmonics in
power system. Several APF topologies (series,parallel), including
hybrid (active & passive) power filters (HPF), are designed and
implemented to meet IEEE 519harmonics standards. The
topologyselection depends upon total harmonic distortion, power
ratingand cost of passive filter components, power factor, filterlosses,
switching losses, capability to provide harmonicisolation between
load and supply, control complexity.This paper represents a shunt
active power filter (SAPF) usinginstantaneous power theory for
reference generation. Theproposed SAPF compensates the harmonic
component bygenerating reference and controlling signals by
comparing theload current and source current.[3,5,6]

Il. SHUNT ACTIVE POWERFILTER

The problem that is introduction of harmonics current due to the
nonlinear loads in power system. In this chapter we will study
solution to this problem that is Active filters. Firstly classification of
active filters is done based on topology and location of connection
with power system. Active filter are efficient solution for problems
related to voltage and current harmonics. Also they are capable to
compensate for reactive power and improve power factor. Due to this
reason active filters are also known as active power line conditioners.
One of the important facts of active filters is the type of control
method that is implemented for active power controller. Performance
of active filter depends on the selected method for generating
reference compensating currents. Active filters will generate the
reference currents that will be used for compensation of harmonics
current. These currents will be used to generate the switching signals
and these signals will be applied to electronic converter by use of
appropriate switching control technique.

One of the important facts of active filters is the type of control
method that is implemented for active power controller. Performance
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of active filter depends on the selected method for generating
reference compensating currents.

The shunt topology is more popular as compared to others due to
its performance and easy implementation. The shunt APF injects
harmonic current in opposition to the load harmonics so as to cancel
the effect of harmonics in the system as shown in fig. 1. The
instantaneous power (p-q) theory is used for current reference
generation and is implemented in Simulink. [4,7]
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Fig.1 Schematic of Shunt Active powerFilter[8]

I1l. THEINSTANTANEOUSPOWER THEORY

Various techniques are purposed for generation of reference
current in shunt active filter. These techniques detect harmonics
current in the load and then calculate compensating current which is
then injected with the help of voltage fed converter and hysteresis
control. [10, 11, 12]

A. Instantaneous power theory (p-q theory)
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Fig.2 Basic block diagram of SAF

“The Generalized Theory of the Instantancous Reactive Power in
Three-Phase Circuits", also known as instantaneous power theory or
p-q theory was proposed by Akagi in 1983. It is valid for steady state
and transitory operation and it is based on the instantaneous values
with or without neutral wire for three phase power system. Firstly the
three phase voltages and current are transformed to a-B-0 coordinates
with the help of Clark™s transformation then the instantaneous values
of active and reactive power are calculated. The values of

compensating current from the values of active and reactive power
are then calculated using Inverse Clarke’s transformation. The block
diagram for applying p-q theory is shown in Fig. 2.

B. Control Method Based in p-q Theory

For a threephase three wire balanced electrical power system, we
measure the mains voltages (Vsa, Vsb, Vsc) and the mains current
(lla, 1b, llc) which are then transformed into a-f reference frame
according to the following equations:[12,13,14]
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The p-q theory introduces the instantaneous imaginary power,
which is a new quantity and corresponds to the instantaneous reactive
power. The instantaneous active and reactive power in matrix form is
calculated via the following equation:

[Z] ["gﬁ " [q] e (3)

The instantaneous values p and g can be expressed as the sum of
the dc and ac components. Equations (4) and (5) give the
instantaneous values p and q respectively.
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Where,

D, qare the dc components of instantaneous active and reactive power
respectively,
P, Gare the ac components of instantaneous active and reactive power
respectively.

The expression of current in the a-f reference frame as an
instantaneous power function is given by the following equation:

i) _ 1 [V« Vg
[iﬁ]_m[”ﬁ e [q] ................................................... (6)

Through the use of the p-q theory, the harmonics components and
the reactive power of the non-linear load can be compensated. This is
achieved using a low pass filter. Therefore, the reference current of
the active filter in a-f reference frame is:

iz,a_ 1 Va P]

By using the inverse transformation, we can calculate the reference
currents in a-b-c reference system.

ic 1 0
iip|= J@/3)|-1/2 V3/2 [f”] e (8)
i, ~172 V3y2/lep

Currents i; include all the harmonics and the fundamental
harmonics with ® degree phase shifting.[9]

C. Advantages of p-q Theory
» Itis inherently athree-phase system theory.
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» It can be applied to any three-phase system (balanced or
unbalanced, with or without harmonics in both voltages
and currents).[9]

» It is based in instantaneous values, allowing excellent
dynamic response.

» lIts calculations are relatively simple (it only includes
algebraic expressions that can be implemented using
standard processors).[8]

» It allows two control strategies: constant instantaneous
supply power and sinusoidal supply current.[15]

D. Hysteresis Current Control

The hysteresis band current controller for active power filter can
be carried out to generate the switching pattern of the inverter. There
are various current control methods proposed for such active power
filter configurations, but in terms of quick current controllability and
easy implementation hysteresis current control method has the
highest rate among other current control methods. Hysteresis band
current controller has properties like robustness, excellent dynamics
and fastest control with minimum hardware. The two-level PWM -
voltage source inverter systems of the hysteresis current controller
are utilized independently for each phase. Each current controller
directly generates the switching signal of the three phases. In the case
of positive input current, if the error current e(t) between the desired
reference current i) and the actual source current iacqair €xceeds the
upper hysteresis band limit (+h), the upper switch of the inverter arm
is become OFF and the lower switch is become ON as shown in the
Fig.3[11]

1) Adaptive Hysteresis Current Controller: In spite of several
advantages, the basic hysteresis technique exhibits several
undesirable features, such as uneven switching frequency that causes
acoustic noise and difficulty in designing input filters. The hysteresis
band current controller is composed of a hysteresis around the
reference.

Line current. In equation (1), the reference line current of APF is
referred to as s, and Measured line current of the APF is referred to
as ‘1’. The difference between i and iref is referred to as d.
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Fig.3 The block diagram of the hysteresis current control

The switching logic is formulated as follows:

If 3 >HB upper switch is OFF (S1=0) and lower switch is ON (S4=1).
If & <-HB upper switch is ON (S1=1) and lower switch is OFF
(S4=0).

The switching logic for phase b and phase c is similar as phase a,
using corresponding reference and measured currents and hysteresis
bandwidth (HB).

2HB

0.5V,

-0.5V,.

Fig.4 Current and voltage waveform with hysteresis band current
controller

In case of Adaptive HCC, the rate of change of the line current
vary the switching frequency, therefore the switching frequency does
not remain constant throughout the switching operation, but varies
along with the current waveform. Furthermore, the line inductance
(that interfaces inverter and PCC) value of the APF and the capacitor
voltage are the main parameters for determining the rate of change of
line currents. Fig.3.2 shows the PWM current and voltage waveforms
for phase-a. The currents ‘i,” tends to cross the lower hysteresis band
at point Q, where S1 is switched on. The linearly rising current (i,+)
then touches the upper band at point P. [15]
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V. SIMULATION AND RESULTS Sl

The proposed electrical power network was simulated on the (¥ (N &
computer with MATLAB/Simulink. Parameters of the electrical :
power system are given by table I.

Tablel1l-1 SYSTEMPARAMETERS
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Source Voltage 415V ) sise
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Reference Dc Voltage 800V

4 6 8 10 12 14 16 18 20

piy i ’_“ Harmonic order
A@En—ﬂﬂfwﬂ LD_ \_‘!_“ *J . . .
s © = DD___ D_L Fig.9 FFT analyses For Non-Linear Load without SAF
Mo ﬂ:‘ 7 tﬂ J L _E“ A ““"“%“““ B. Simulation result with connecting SAF
jﬂ* : J - . _~‘ _~‘ - D | ¥ J E 7 ‘ l Sourrtllolmgr ‘ i
o m ol T = |0 AVAYAVAVATAVAVAYATAVAVATAVAY
8 Bk AANANANAANA AN A KA A A
— Ao | L RAWANANAWANAWAWANAWAWANAW AWA WA
= é % %"5 g‘W» [ \\ /
| =
e Fig.lOSoufcé Voltage

Fig.5 Simulink model of Rectifier R-L Load With SAF

‘a | dpha
(3w Wi\ sz Time(Sec)
I Fo=50Hz|
(s = o T . Fig.11 Source Current with SAF
° Filter RR T I*Ca
cerel Jon . I°C sgha —1* C algh " €
] |_siohz I*C alpha| I* C alpha. I'Ca c
s ; uwwywwwmwm\wwwmwwﬂ’m
@_wawpna— B tete Gain ros—w{T) “6 I m
® Adtive-Reacive Power \ beta I'Ch Tlmi(Sec)
“ vm;l> r FE beta |l G beta y ; : I Cb I
vc ¥l e @m YN YT IV ki h l TN J\ll.hM\Jnl\A A
¢ d RN AL T v"rrvw v v rrww”vw[rwv Ad
Clarie ) Compenssting | inyerse claras transformation g 1 L L L 1
02 02 oA 02% 028 03 0R 0u 0'.16 DZB 04
Time(Sec)
. I'Ce
Fig.6 p-q Control Strategy g [ ; : . ‘ . :
§ olnnsar boanad e st igon an kin af inn atlinn addhanadiinn anlian
S O A R I IS Y R S Y
A. Simulation result without connectlng SAF . it L \ I i 1 I \
Source Voltage| 02 02 04 026 0% 03 032 034 0.3% 038 04
Time(Sec)
IV N MMM NMMNMNMMN M MY Fi
3 g.12 p-q Output Current (Ref Current)
A AN N A A A AN A A A A A /\
IWANANAWANANAWANAWAWA AW A

M

0z 023 T 027
Time(Sec)

/\ﬁ

Voltage
Bt B B .o
M>“<

F|g 7 Source Voltage



National Conference on Emerging Trends in Computer, Electrical & Electronics (ETCEE-2015)
International Journal of Advance Engineering and Research Development (IJAERD)
e-ISSN: 2348 - 4470 , print-ISSN:2348-6406,Impact Factor:3.134

FFT anlysis

Fundamental (90Hz) = 13.92, THD=6.19%
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Fig.13 FFT analyses For Non-Linear Load with SAF

C. Total Harmonics Distortion Result
Table 2-2 %THD RESULT

Before connecting Shunt
Active Filter(SAF)

After connecting Shunt
Active Filter(SAF)

28.86% 6.19%

V. CONCLUSIONS

A shunt active power filter has been investigated for power quality
improvement. Various simulations are carried out to analyze the
performance of the system. Here | have done the simulation of Non-
linear load. Simulation results show that the use of nonlinear load
injects current harmonics in the system. The THD in case of
nonlinear load are 28.86% From the simulation it can be conclude
that shunt active filter is a useful device for compensation of current
harmonics due to non-linear loads. The THD due to non-linear loads
can be brought to limits according to IEEE standards by using shunt
active filter.

This paper presents the p-qtheory as a suitable tool to the analysis
of non-linear three-phase systems and for the control of active filters.
The implementation of active filters based on the p-q theory are cost-
effective solutions, allowing the use of a large number of low-power
active filters in the same facility, close to each problematic load (or
group of loads), avoiding the circulation of current harmonics,
reactive currents and neutral currents through the facility power lines.
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