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Abstract: This paper demonstrates an enhancement of power quality in grid integrated systems
with the help of the proposed control strategy for voltage source converter based active power
filters. The Shunt Active Power filters (SAPF) are extensively utilized in modern grid integrated
systems to diminish the power quality concerns associated with it. The SAPF is one of the various
power filters, which has better dynamic performance. The SAPF requires an accurate control
strategy that provides robust performance under source and loads unbalance conditions. The
proposed control scheme is responsible for generating the gate signals to activate the operation of
Voltage Source Converter (VSC) based Active Power Filter. Thus, the performance of mitigation
of harmonics of source current principally depends on the adopted algorithm. The present paper
represents a performance study of a control scheme to mitigate power quality issues in the grid
integrated system. The proposed system is modelled and simulated in MATLAB-Simulink in
Simpower system block set.
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1 Introduction

HE modern distribution  system

facing severe power quality
concerns, enlarged utilization of power electronic-
based loads such as electric Arc furnace

These Power Electronics based loads inject the
current harmonics into the system, which affects the
lifespan and performance of the proposed system [1-
13]. To nullify the injected harmonics, it is needed to

uninterrupted power supply (UPS), Computer power
supply and adjustable speed drives (ASD) etc.
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install the harmonic filters at the point of common
coupling in the proposed test
model.There are several proven technical options
available to nullify the power quality issues in the
system; the shunt connected active filters have
proved to provide better dynamic performance [1, 3-
15]. The effective performance of voltage source
converter based shunt active filter depends on the
applied control scheme for the creation of gate
signals for SAPF. Few control strategies mentioned
in [11, 6, 14] providing good performance for
balanced load conditions, for unbalanced load
conditions that performance is not satisfactory. The
proposed control strategies in [7, 8] can solve this
particular problem in the projected system. This
paper demonstrates a study of the proposed control
strategy to nullify the power quality problems in the
proposed integrated system.
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Fig. 1 The basic test model for harmonic mitigation in a grid-tie system.

This paper managed as follows section 2 presents
current harmonics mitigation schemes along with the
description of the proposed test model section 3
demonstrates the control strategies for the generation
of gate current signals, Section 4 and 5 indicates the
result analysis and conclusion parts respectively.

2 Test Model for Harmonic Compensation

The proposed test model for harmonic
compensation as depicted in Fig. 1 consists of the
main power circuits and DC link voltage control
unit. The Voltage source control based active filter
for harmonic compensation is connected in shunt
with a grid integrated system. Because of their
dynamic characteristics, the shunt active power
filters are the featured trend for harmonic mitigation
in the proposed electrical distribution system.

The shunt active power filter consists of the DC
bus capacitor and interfacing inductor injection
compensating current with desired magnitude and
phase shift for the mitigation of current harmonics in
the grid integrated proposed system. The relation
load
compensation current is given as follows:

between main current, current and

IL = IS + ICom
leom =1, — Is

6]
)

The injected Complex power by the shunt active
filter in the grid-tie system can be expressed as
follows:

3)
The interfacing inductor and DC bus capacitor

can be designed with the help of the following
equation for harmonic compensation.

Scom = Vilcom

V3my,
L= “)
12ma fslcrpp
Lyis  interfacing  inductor,  f; switching

frequency, icpp is ripple current, m is modulation
index and a is overloading factor.

1
Ecdc{(vdzc - decl)} = K{gvph(alph)t} (5)

In this proposed research work, the shunt active
filter is acting as a current injector for mitigation of
the current harmonics developed by the nonlinear
load [1, 3, 12, and 16] in the grid integrated system
with the help of the control strategy the active filter
is improving the load factor.
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3 Control Strategy for Reference Current
Generation

It is very important that the generation of gate
signals in the proposed work, which activates the
dynamic operation of an active filter in the grid
integrated system. The DC link voltage PI controller
is responsible for the generation of the gate signals.
The DC Bus capacitor which is located on the DC
side of the VSC is utilized as an energy storage
element for both supplying required reactive power
the load and voltage regulation at PCC [4, 6, and §].
In grid tie test model. For normal operation no power
will pass through to the power converter, hence an
average DC voltage of the converter DC capacitor is
kept as a constant value [12].

During abnormal operation (power unbalance),
an error power can be injected by the active filter,
which creates voltage fluctuations at the DC link
capacitor. Now it is clear that the flow of active
power in the system can be done based on the
average value of the DC capacitor voltage. Fig. 2
depicts the complete internal structure of the DC link
voltage PI control circuit.

The proposed control scheme consists of a three-
phase sine wave generator and PI controller for the
generation of gate signals to activate the operation of
the active filter [1, 5, and 7]. The actual capacitor
voltage is compared with the reference voltage
values. The peak value of supply current is obtained
from the PI controller and later multiplies with
the unit vector in face unit vector in phase with
respective source voltage for the voltage for
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generation of voltage generation reference currents
[1,9, 10, and 13]. The generated reference currents
and actual currents are compared at the hysteresis
band for generations of gate signals [17, 18, and 19].
To Keep DC link voltage as a constant value for
effective harmonic compensation, the PI controller
is utilized effectively. The PI controller error voltage
is computed as:

Verr = Vac — Vdc—‘ref (6)

The reference currents for three phases can be
computed as:

L, =1Ug, (7
I3, = 1Ug, (®)
Ise = 1.Usc ©)

where the unit vector for phases a, b and ¢ can be
computed [1, 3, and 12] as follows:

Vs
Usa = 37 (10)
sm
Ven
U = 3 (1)
sm
Vec
U.,. = — 12
o= (12)

where V},,, Va, Vb and Vc are given as follows:

Vom = {(Vi2 + V3, + V2)}/2 (13)

Va = VmSin(wt) (14)
21

Vb = VmSin(wt—?) (15)

Ve =VmSin (wt + ?>
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Fig. 2 Block diagram representation for proposed control scheme.
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Fig. 6 Nonlinear load current for phase-a in three-phase abc system.

4 Simulation Result Analysis

This segment indicates the MATLAB
simulation results of a proposed test model for power
quality enhancement using an active filter. To reach
the capital load demand the current is supplied from
both the main grid source and green energy source
called wind form as shown in Fig. 1. The generated
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current harmonics by the nonlinear load will be
completely mitigated by the shunt active filter in the
grid integrated system. Table 1 indicates that the
various parameter values considered for the
MATLAB simulation study for nullification of
current harmonics in the proposed research work.
The single-phase source voltage (Vs) is indicated in
Fig. 3.
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Fig. 4 and Fig. 5 depicts the simulation results of of shunt connected active filter. So that PF is
source current and compensator  current improved from lagging PF to Unity PF. The THD
respectively. The active filter is allowed to operate value is reduced from 27% to 4% which is within the
from 0.1s as shown in Fig. 5 for mitigation of current IEEE Standard level. The following Table 2
harmonics generated by the nonlinear load. From indicates the performance analysis of Active Filter in
Fig.4 It is clear that before time t=0.1s am (an active the grid-connected system.
filter Tllll‘l’led Off) the source. current is affected by Table 1 System parameter specification.
harmonic current and from time t= 0.1s the source SN R

) ) ) ’ . No. Parameter Specifications

.cu’rrer'lt is free fro'm harmonics. "ljhe Active filter is . Source Voltage 15V 50 s
injecting the de;lred }:ompensatmg currents from ) Line Parameters R=0.19Q.L-005mH
0.1s onwards.' 'S ow that the current har@on}cs a?e 330 kVA, 415 V, 50 Hz,
completely mitigated from 0.1s as shown in Fig. 4 in )

L 3 Wind Generator N=1500 rpm, P=4, R,=20Q,
the grid-tie system.

. T . . L~=0.06 H
Fig. 6 indicates the MATLAB simulation results .
. . 4 DC Bus Capacitor Va=T150V, Cy. = 10 mF.

of load current. Because of its nonlinear

. . 5 Interfacing ind; L) L;=125mH.
characteristics always the load draws the nonlinear n' e ac'mg inductor (L) / o
current. Fig. 7 indicates the MATLAB simulation 6 Distorting Load 109, 12 mH.
results of a wind generator which is connected with Table 2 performance analysis of STATCOM.
a gr'ld—tle system to rea.ch thF load demand. Fig. 8 Measuring Factor S"FV/;;"h(?(I;tI\/I With Statcom
depicts the phase relationship between the source
voltage and source current. It is clear that before % THD in Source Current 27% 4%
0.1s there is no desire phase relation between the 1.0 (Unity

Power Factor (PF) 0.9 (Lagging PF)

source voltage and source current. PF)

From 0.1s onwards both Vs and Is have desired
phase relation with the help of active operation
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Fig. 7 Wind generator current for phase-a in three-phase abc system.
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Fig. 8 The phase relationship between source voltage & source current for phase-a in three-phase abc system with & without
STATCOM.
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5 Conclusion

This paper indicates the dynamic operation of a
shunt connected active filter for elimination of
current harmonics in the source current due to
nonlinear load. The harmonic distortion is one of the
major power quality issues which is associated with
PE-based loads (nonlinear loads), which draws non-
sinusoidal current and creates power quality
problems in the grid-tie system. The proposed active
filter completely mitigated the current harmonics
with the help of a DC link voltage controller. It is
confirmed that the DC link voltage PI controller is
the superior one and can obtain the desire THD value
for source currents. The proposed control strategy
has been stimulated to demonstrate the effectiveness
of the shunt connected active filter using the
MATLAB Simulink platform.
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