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ABSTRACT:

This paper shows the method of improving the power
quality as well as power factor using shunt active
power filter in the power system, which is caused by
nonlinear loads. The Shunt Active Power Filter (SAPF)

injects a suitable compensating current at a point of

common coupling (PCC) so that the harmonics present
in the line are cancelled out and the sinusoidal na
of voltage and current waveforms are restore

current control (HBCC) technique for the genera
firing pulses to the inverter. This system is simul3
using MATLAB/Simulink and the

age in powers system.
erheating of neutral wire,
sed equipment, resonance etc.
filters were used to solve the

Causes like, low powe
damaging microprocesso
Traditionally, L-C passi
problem of harmonics to filter out current harmonics to get
sinusoidal supply current. Passive filters are classified as
single tune filter and high pass filter. Passive filters have
following disadvantages a) Resonance with the source

very good results to reduce
he power semiconductor
s a lot. Active filters solve
dustrial area as well as utility
active power filter working

harmonics.
ed the active

eration of refgrence current. With the development
various technologies results the lowering of harmonics
elow 5% as specifies by IEEE. In this paper Bang Bang
ence current generation method has been used [2].
e many current control technologies for active
power filter, but the Hysteresis current controller is proved
0 be very efficient in terms of fast current controllability
and it also very easy to apply when compared to other
method like sinusoidal PWM. We can detect harmonics in
two ways or two main forms first in time domain and
second in the frequency domain the paper deals with Fast
Fourier Transform (FFT) to find harmonics in frequency
domain. Other frequency domain techniques are discrete
Fourier transform (DFT); recursive discrete Fourier
transform (RDFT). Our main target is to reduce THD of
supply current with the help of hysteresis band current
controller. There are two type of hysteresis Current
controller namely, adaptive hysteresis current controller
and fixed band current controller. This paper deals with the
use of fixed band hysteresis current controller [2]. The
model of shunt active power filter using hysteresis current
controller has been used in mat lab/Simulink. Results have
been successfully retrieved from model and followed by
conclusion.
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The proposed Shunt Active Power control scheme is used

for power quality improvement and it has following

objectives [7-8-9].

e Unity power factor at the source side.

e To mitigate the harmonics.

e Todiscuss effect of harmonics arising due to nonlinear
load

e Tosimulate 3 Phase 3 Wire Shunt APF in
MATLAB/SIMULINK

e Design Bang Bang Reference current Generation and to
achieve fast dynamic response

e Design of hysteresis current controller

e Experimental validation of simulation work
This paper is organized as fallows. The Section II

introduces the power quality issues and its consequences.

The Section III describes the working of shunt Active Power

Filter. The Sections 1V, V, VI describes the control scheme,

system performance, Results and conclusion.

II. POWER QUALITY ISSUES AND ITS CONSEQUENCES:
A. Voltage Variation:

The voltage variation is directly related to real and
power variations.
The voltage variation is commonly classified 4
« Voltage Sag/Voltage Dips.

« Voltage Swells.

e Short Interruptions.

« Long duration voltage variatig

The voltage flicker issue dg yariations in

voltage fluctuation
impedance, and p

limited contribution.

pid switching gives a large
nic current compared to the
ut the output current will
have high frequency curfent and can be easily filter-out.

reduction in lower orde
line commutated convert

C. Consequences of the Issues:

The voltage variation, flicker, harmonics causes the
malfunction of equipments namely microprocessor based
control system, programmable logic controller; adjustable
speed drives, flickering of light and screen. It may leads to
tripping of contractors, tripping of protection devices,

amplitude of

stoppage of sensitive equipments like personal computer,
programmable logic control system and may stop the
process and even can damage of sensitive equipments. Thus
it degrades the power quality in the grid.

III. WORKING OF SHUNT APF:
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Fig. 1: Basic Scheme of shunt

ter

opposition and injects it back to the line so as to cancel out
e current harmonics introduced by the nonlinear load.

present in the line current, generating the reference current,
producing the switching pulses for the power circuit,
generating a compensating current and injecting it back to
the line as shown in fig.1

IV. CONTROL SCHEME:

The control scheme approach is based on injecting
the currents into the grid using “bang-bang controller.” The
controller uses a hysteresis current controlled technique.
Using such technique, the controller keeps the control
system variable between boundaries of hysteresis area and
gives correct switching signals for Shunt APF operation.
The control system scheme for generating the switching
signals to the Shunt APF is shown in Fig. 2. The control
algorithm needs the measurements of several variables
such as three-phase source current iszz;, DC voltage Va.,
inverter current i;z;. with the help of sensor. The current
control block, receives an input of reference current
i*sa5c and actual currentiszs- are subtracted so as to
activate the operation of Shunt APF in current control mode

[2].
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ON/OFF switching signals for MOSFET of Shunt APF are

from gource derived from hysteresis controller.
The switching function 5, for phase ‘a’ is expressed as (4).
unit vector
U“,Uﬂuw ESE = {E‘SE - HE] - 54:= 0
v ( iso= ("5, —HE) = 5.=1 (4)
de Sabc | LS
P Iﬁ N I: — 55 Where HB is a hysteresis curr; and, similarly the
S switching function 55, 5¢, ed for phases “b” &
Volage Limter ;| S <
Vd,:ref contraller Sabc V. SYSTEM PERFO
The proposed co imulated using SIMULINK
Fig. 2: Control system scheme.
verter Operation
A. Grid Synchronization: grid from
In three-phase balance system, the RMS voltage source ; ; aused by the
amplitude is calculated at the sampling frequency from the _ “phase inverter is

source phase voltage ( Viz.V:5.V:; ) and is expressed, as

sample template ¥, sampled peak voltage, as in (1). ence current is simulated

oice of narrow hysteresis
improves the current quality
e current band depends on the
the interfacing transformer

1

z /1
Vo = S02 + V3 + )}

The in-phase unit vectors are obtained from AG
phase voltage and the RMS value of unit
Ugg. Ugp. Uy as shown in equation

The in-phase generate aveform may be lost on both sides in the system. The
inverter output voltage under Shunt APF operation with
load variation is shown in fig. 3. The dynamic load does
affect the inverter output voltage. The source current with
and without APF operation is shown in Fig. 3 and 4. This
shows that the unity power factor is maintained for the
source power when the APF is in operation. The current
waveform before and after the APF operation was analysed

onization for Shunt APF. This -
vourable as compared with & AAARAARAARAR DAL

connection for the
method is simple, robu
other methods [4].

B. Bang-Bang Current Controller s e
Bang-Bang current controller is implemented in =
the current control scheme. The reference current is %
generated as in (3) and actual current are detected by f“ 1
current sensors and are subtracted for obtaining a current | | I I I |

error for a hysteresis based bang-bang controller. Thus the T

Fig. 3. THD spectrum without filter
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Fig. 4. THD spectrum with filter

The Fourier analysis of this waveform is expressed
and the THD of this system at PCC without APF is 30.89%,
as shown in Fig. 3. The power quality improvement is
observed at point of common coupling, when APF is placed
in the o.per:.itlon a'F 0.3' sec and s.ource current waveform is ith Output LCL
shown in Fig. 4 with its FFT. It is shown that the THD has
been improved considerably up to 0.25%. The above test
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load with the energy storage through the batterie _ _ 60, no. 12, pp. 5400-5410, Dec.

VI. CONCLUSION:
This paper presents the APF-based control s

Tain “New Hybrid Power Conditioner for Suppressing
onnected syst

rmonics and Neutral-Line Current In Three-Phase Four-
Disgribution Power System”, IEEE  transactions on

for power quality improvement in gri
and with non linear load. The g

Design of High Performance Shunt Active Power Filter With
Output LCL Filter,” IEEE Trans. Ind. Electron., vol. 59, no.
3,pp. 1443-1452, march. 2012.

4|Page



