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Abstract - A Power quality problem is an occurrence of
nonstandard voltage, current or frequency that results in a
failure or a mis-operation of end user equipments. Utility
distribution networks, sensitive industrial loads and critical
commercial operations suffer from various types of outages
and service interruptions which can cost significant financial
losses. With the increase in load demand, the Renewable
Energy Sources (RES) are increasingly connected in the
distribution systems which utilizes power electronic
Converters/Inverters. This paper presents a single-stage,
three-phase grid connected solar photovoltaic (SPV) system.
The proposed system is dual purpose, as it not only feeds
extracted solar energy into the grid but it also helps in
improving power quality in the distribution system. The
presented system serves the purpose of maximum power point
tracking (MPPT), feeding SPV energy to the grid, harmonics
mitigation of loads connected at point of common coupling
(PCC) and balancing the grid currents. The SPV system uses a
three-phase voltage source converter (VSC) for performing all
these functions. An improved linear sinusoidal tracer (ILST)-
based control algorithm is proposed for control of VSC. In the
proposed system, a variable dc link voltage is used for MPPT.
An instantaneous compensation technique is used
incorporating changes in PV power for fast dynamic response.
The SPV system is first simulated in MATLAB along with
Simulink and simpower system toolboxes.
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1.INTRODUCTION

Power electronics devices are widely used in different
fields and for different practical applications. The expansion
of their field of applications is related to the knowledge of
the device behavior and of their performances [2]. One of the
most interesting field of application is load compensation, i.e.
active filtering of load harmonics, load unbalance and / or
load power factor compensation. Both items require a
proper drive of power electronics apparatus. The harmonic
components in current and voltage waveforms are the most
important among these. Conventionally [4]-[6], passive
filters have been used to eliminate line current harmonics.
However, they introduce resonance in the power system and
tend to be bulky. So active power line conditioners have
become popular than passive filters as it compensates the
harmonics and reactive power simultaneously [1]. The active

power filter topology can be connected in series or shunt
and combinations of both [8]. Shunt active filter is more
popular than series active filter because most of the
industrial applications require
compensation. Different types of active filters have been
proposed[10] to increase the electric system quality; a
generalized block diagram of active power filter is presented.
Active power filter continues to attract considerable
attention Because of sensitivity of consumers on power
quality and advancement in power electronics.

current harmonics

Generally, current controlled voltage source inverters are
used to interface the intermittent RES in distributed system.
Recently, a few control strategies for grid connected
inverters incorporating PQ solution have been proposed. In
[3] an inverter operates as active inductor at a certain
frequency to absorb the harmonic current. But the exact
calculation of network inductance in real-time is difficult and
may deteriorate the control performance. A similar approach
in which a shunt active filter acts as active conductance to
damp out the harmonics in distribution network is proposed
in [4]. In [5], a control strategy for renewable interfacing
inverter based on - theory is proposed. In this strategy both
load and inverter current sensing is required to compensate
theload current harmonics. Among these events, harmonics
are the most dominant one. The effects of harmonics on PQ
are specially described in [4]. According to the IEEE
standard, harmonics in the power system should be limited
by two different methods; one is the limit of harmonic
current that a user can inject into the utility system at the
point of common coupling(PCC) and the other is the limit of
harmonic voltage that the can supply to any customer at the
PCC. DG interconnection standards are to be followed
considering PQ, protection and stability issues [6].

2.SYSTEM DESCRIPTION

The proposed system consists of RES connected to the
dc-link of a grid-interfacing inverter as shown in Fig. 1. The
voltage source inverter is a key element ofa DG system as it
interfaces the renewable energy source to the grid and
delivers the generated power. The RES may be a DC source

or an A source with rectifier coupled to dc-link. Usually, the
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fuel cell and photovoltaic energy sources generate power at
variable low dc voltage, while the variable speed wind
turbines generate power at variable ac voltage. Thus, the
power generated from these renewable sources needs
power conditioning (i.e., dc/dc or ac/dc) before connecting
ondc-link [6]-[8]. The dc-capacitor decouples the RES from
grid and also allows independent control of converters on

either side of dc-link.
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Fig-1. Schematic of proposed renewable based distributed

generation system
2.1. DC-Link Voltage and Power Control Operation

Due to the intermittent nature of RES, the generated power
is of variable nature. The dc-link plays an important role in
transferring this variable power from renewable energy
source to the grid. RES are represented as current sources
connected to the dc-link of a grid-interfacing inverter. Fig. 2
shows the systematic representation of power transfer from
the renewable energy resources to the grid via the dc-link.
The current injected by renewable into dc-link at voltage

level V4. can be given as

Pres

lac1 = =
T Vac 1)

Where PRES is the power generated from RES.
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The current flow on the other side of dc-link can be
represented as,as used as a dc/dc converter to step up the
low dc voltage to a medium- voltage level, which effectively
reduces the cable losses at the collection system .

va PG’ + PLoss

Iaez = =

Vae Vac (2)

Where Pinv, Pc and Pioss are total power available at grid-
interfacing inverter side, active power supplied to the grid
and inverter losses, respectively. If inverter losses are
negligible then Prgs= Pc.

2.2. Control of Grid Interfacing Inverter

The control diagram of grid- interfacing inverter for a 3-
phase 4-wire system is shown in Fig. 3. The fourth leg of
inverter is used to compensate the neutral current of load.
The main aim of proposed approach is to regulate the power
at PCC during:
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Fig-3. Block diagram representation of grid-interfacing
inverter control.

1) Pres= 0; 2) Pres < Total load power (P1) ; and 3) Prgs > Py..
While performing the power management operation, the
inverter is actively controlled in such a way that it always
draws/ supplies fundamental active power from/ to the grid.
If the load connected to the PCC is non-linear or unbalanced
or the combination of both, the given control approach also
compensates the harmonics, unbalance, and neutral current.
The duty ratio of inverter switches are varied in a power
cycle such that the combination ofload and inverter injected
power appears as balanced resistive load to the grid. The
regulation of dc-link voltage carries the information
regarding the exchange of active power in between
renewable source and grid. Thus the output of dc-link
voltage regulator results in an active current (Im). The

Renewable vector template as [9]-[11]
Sources
DTa = SlIl.(lg) (3)
Fig-2.DC-Link equivalent diagram
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The actual dc-link voltage (Vqc) is sensed and passed through
afirst-order low pass filter (LPF) to eliminate the presence of
switching ripples on the dc-link voltage and in the generated
reference current signals. The difference of this filtered dc-
link voltage and reference dc-link voltage (V*4c) is given to a
discrete- Pl regulator to maintain a constant dc-link voltage
under varying generation and load conditions. The dc-link
voltage error Vgceer(n) at nth sampling instant is given as:

Vjc'_‘rr(n) = L;lt[-;ﬂ B Vd‘-‘(“)' (6)

The output of discrete-PI regulator at th sampling instant is
expressed as

Im(n) = Im(n—l) + KPHYU’rdccrr(n) - Vclccrr(n—l))
+Kﬂh¢-.{/::lmrr(n) (7)

Where Kpvgc = 10 and Kiac = 0.05 are proportional and
integral gains of dc-voltage regulator. The instantaneous
values of reference three phase grid currents are computed
as

I; =1, U, (8)
Ig - Im . U—b (9)
I: = I'm. ' U—c- (10)

The neutral current, present if any, due to the loads
connected to the neutral conductor should be compensated
by forth leg of grid-interfacing inverter and thus should not
be drawn from the grid. In other words, the reference
current for the grid neutral current is considered as zero and
can be expressed as

I, =0 (11)

The reference grid currents ( ["a, I'bl’c and I'n) are
compared with actual grid currents ( Ia, Ib,Ic and In) to
compute the current errors as

Loerr =1, — I (12)
Iher =1 — Iy (13)
Ly =17 — 1. (14)
Lyerr =1, — I,,. (15)

These current errors are given to hysteresis current
controller. The hysteresis controller then generates the
switching pulses (P1 to Pg) for the gate drives of grid-
interfacing inverter. The average model of 4-leg inverter can
be obtained by the following state space equations

A _ (Vlm-'a. - Kz)
dt L:-_ih (16)

Al yn _ (Vlrwb - Vb)

dt L, (17)

d e _ (-ﬁnw - Vc)
dt Lsn (1 8)

The switching pattern of each IGBT inside inverter can be
formulated on the basis of error between actual and
reference current of inverter, which can be explained as:

If Tinva < (I*inva-hp), then upper switch Sywill be OFF (P1 =0)
and lower switch S4 will be ON (P4=1) in the phase “a” leg of

inverter.

If Tinva > (I*mva-hy), then upper switch S; will be ON (P; =1)
and lower switch S4 will be OFF (P4=0) in the phase “a” leg of
inverter Where hb is the width of hysteresis band. On the
same principle, the switching pulses for the other remaining

three legs can be derived.

3.RENEWABLE ENERGY RESOURCES

Renewable energy resources are the ones that are
persistently available and renewing itself with the time.
Industrialization and increasing world population has
remarked the use of renewable energy resources. Solar
power, wind power, biomass, tide power, wave power,
geothermal power is known ones.

3.1 Solar Power: Solar panels are the medium to convert
solar power into the electrical power. Solar panels can
convert the energy directly or heat the water with the
induced energy. PV (Photo-voltaic) cells are made up from
semiconductor structures as in the computer technologies.
Sun beam is absorbed with this material and electrons are
emitted from the atoms that they are bounded. This release
activates a current. Photovoltaic is known as the process
between beam absorbed and the electricity induced. With a
common principle and individual components, solar power
is converted into the electric power. Solar batteries are
produced by waffling p-n semiconductors. A current-volt
characteristic of the PV in the darkness is very similar to
that of diot. Under beam, electron flow and current occurs.
In closed-loop, PV current passes through the external load.
While in open-loop, the current completes the circuit
through the p-n diode structure [4]. Solar batteries can be
represented with an equivalent circuit of a current source,
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a resistor and a diot in parallel, and an external load-
resistor [5], as seen in Figure 4.

Rg

Fig-4. Equivalent circuit of solar battery

4. MATLAB MODELEING AND SIMULATION RESULTS

To verify the proposed control approach to achieve the
multi function of four leg inverter simulation study is carried
out using MATLAB/Simulink.Here simulation is carried out
in different cases 1). Implementation of 4-Leg VSI with
Balanced Linear Load Condition 2). Implementation of 4-Leg
VSI with Un-Balanced Linear Load Condition 3).
Implementation of 4-Leg VSI with Balanced Non-Linear Load
Condition 4). Implementation of 4-Leg VSI with Un-Balanced
Non Linear Load Condition

Case 1: Implementation of 4-Leg VSI with Balanced
Linear Load Condition

et

]

Fig-6 Matlab/Simulink Model of Proposed 4-Leg VSI with
Balanced Linear Load Condition

Fig.6 shows the Matlab/Simulink Model of Proposed 4-Leg
VSI with Balanced Linear Load Condition using
Matlab/Simulink Platform.

t't'?A'“"'A’a'&'b'&'o’t"t’a'&’t’a’imﬁ SRS
oy (VY v(‘,‘\'(“"' YV

'."fii;:‘;i; w

t’t’M’s’& W&W& a'o’

Fig-7 Source Current, Load Current, Inverter Injecting
Current, Grid Voltage

Fig.7 shows the Source Current, Load Current, Inverter
Injecting Current, and Grid Voltage of Proposed 4-Leg VSI
with Balanced Linear Load Condition. At t=0.1s, the grid
interfacing inverter is now connected to network. Fig.7
shows the grid current starts changing to sinusoidal
balanced from balanced nonlinear current. At this instant,
active power injected by the inverter from RES is shown in
Fig.6. The load power demand is less than the generated
power and the additional power in fed back to the grid.

Case 2: Implementation of 4-Leg VSI with Un-Balanced
Linear Load Condition

e

Fig- 8 Source Current, Load Current, Inverter Injecting
Current, Grid Voltage

Fig-8 shows the Matlab/Simulink Model of Proposed 4-Leg
VSI with Balanced Non Linear Load Condition using
Matlab/Simulink Platform.
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Fig-9 Source Current, Load Current, Inverter Injecting
Current, Grid Voltage

Fig.9 shows the Source Current, Load Current, Inverter
Injecting Current, and Grid Voltage of Proposed 4-Leg
without VSI with Balanced Non Linear Load Condition, due
to non linear load our source parameters distorts. At t=0.1s,
the grid interfacing inverter is now connected to network.

Fig.10 shows the Source Current, Load Current,
Inverter Injecting Current, and Grid Voltage of Proposed 4-
Leg VSI with Balanced Non Linear Load Condition, due to
non linear load our source parameters distorts, but
compensator compensates the harmonics and maintain
sinusoidal nature. At t=0.1s, the grid interfacing inverter is
now connected to network and the compensation is done
from t=0.2s to t=0.4s
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Fig-10 Source Current, Load Current, Inverter Injecting
Current, Grid Voltage
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Fig-11 FFT Analysis of Source Current of Proposed 4-Leg
without VSI with Balanced Non Linear Load Condition

Fig.11 shows the FFT Analysis of Source Current of Proposed
4-Leg without VSI with Balanced Non Linear Load Condition,
we get 30.37%.
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Fig.12 FFT Analysis of Source Current of Proposed 4-Leg
with VSI with Balanced Non Linear Load Condition

5. CONCLUSION

As conventional fossil-fuel energy sources diminish and
the world’s environmental concern about acid deposition and
global warming increases, renewable energy sources (solar,
wind, tidal, and geothermal, etc.) are attracting more
attention as alternative energy sources. This paper presented
a control of Three phase Four leg grid interfacing inverter
improve the quality of power at PCC for a 3 phase 4 wire
system applied to various load conditions, here we preferred
balanced as well as unbalanced load conditions with linear &
non-linear load. It has been shown that the grid interfacing
inverter can simultaneously be utilized to inject power
generated from RES to PCC and to improve the quality of
power at PCC. Thus the proposed controller precisely
manages any variation in real power at dclink and effectively

feeds it to the main grid. The current harmonics caused by
non linear load connected at PCC are compensated effectively
such that the grid currents are always maintained sinusoidal
atunity power factor. This approach thus eliminates the need
for additional power conditioning equipment to improve the
quality of power at PCC. Thus the load neutral current is
prevented from flowing into the grid side by compensating it
locally from the fourth leg of the inverter.The performance of
proposed single stage grid interfaced SPV system along with
harmonics compensation, power factor correction, and grid
currents balancing has been found satisfactory and meeting
IEEE standards.
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