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Abstract— The present modern power system is getting

more complex and dyanamic day by day.This Daynami
changens can be effictively handeled by
Renewable sources to the grid. Renewable energy sourc
and non linear loads connected to grid have adverse effec
on the power quality of the system. This paper presented
Cascaded Fuzzy Neuro contrdbased Active Power

Filter(APF) to improve the power quality of the Grid at

source side.the model avoids the usage of battery b
replacing with solar energy unit(SEU).This unit serves the
power to the load during power fluctuations and outages

from grid sde.The paper also compares performance o

proposed model with different controllers based APF using

MATLAB/SIMULINK
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In the present modern world, power sector is one of the key
factors which affect the economy of a country. Increasing
population and living standards demands excessive power
from the utility. These issues lead to developing new
sources of energy which keeps pollution and global
warming as the main criteria. To cope up with these issues
renewable Energy Sources are developed [1].

Integration of a renewable energy unit’s to the grid
have much effects on the power quality of the system [2-3].
The injected harmonics in the line are mainly due to
nonlinear loads connected and wind energy unit’s causes
requirement of reactive power on the line. Utility and
consumer equipment will be affected by power quality
abnormalities. This makes the power quality is more
important at all levels of usage of electricity[1]. These
power quality problems should be addressed so as to provide
reliable and quality power .which eliminate these power
quality issues while integrating renewable Energy Units
(REU’s). Different variety of control strategies are proposed
and implemented[4-5].Traditional passive LC filters have
been used for harmonic suppression [6]. But due to
resonance problem and poor dynamic performance of LC
filters, Active Power Filters are involved [7]. The model
presented here uses a cascaded Fuzzy-Neuro controller
based APF for improving the power quality.

The proposed model performs 1) reactive power
compensation, 2) Unity Power Factor at Common
connecting Line (CCL), 3)Source current harmonic
reduction at CCl,4) active power supply to the load during
grid outage.
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Fig. 1: Proposed model block diagram
The paper is organized as, the proposed model is
described in Section 2, the control scheme is described in
Section 3, Section 4 presents supporting simulation results
and Section 5 concludes the proposed model.

The topology presents effective integration of wind and
solar energy units to the grid. Here wind energy unit is
integrated to the grid at CCL through the transformer. The
Solar energy unit is used in place of battery [8] to maintain
the DC link capacitor voltage and also to supply the active
power to the load during power fluctuations. This makes the
model to use REU’s very effectively. Fig.1 shows the
proposed model block diagram.

PROPOSED SYSTEM DESCRIPTION

A. SolarenergyJnit

The solar unit consists of PV cells, Maximum Power Point
Tracking unit (MPPT)[9]. and DC-DC converter as power
conditioning is required before connected to DC link [10-
11]. Here the solar unit is designed with MPPT which
produces maximum output power.

Pev = Vpy * lpy 1)

B. WindEnergy Unit

The wind energy system consists of induction generator and
turbine. The power output of wind system depends on
characteristics of wind turbine generator and speed of the
wind [12].The induction generator based wind system
output power is

Pwind:—pTERz(b (2)
Where Vying - Speed of the wind, R - radius of rotor, p - Air

Density,
The wind and mechanical power are related by egn. (3).

®)

Puwind = ——
The mechanical-torque is given by in (4)

4)

Trnech =

Copyright© IJRT$www.ijrts.com 23



Effective Grid Interfaced Renewable Sources with Power Quality Improvement using CascadedNawrzycontroller

(URTS/Vol3/Issuel2/Nov.2016)

C. Proposed Model Working

From the Fig.2, the solar unit is connected to the DC link of
the APF. This APF is connected to grid line at CCL where
wind system and non linear loads are connected. The power
quality is maintained by the APF which is controlled by
cascaded Fuzzy-Nuero controller .The APF injects the
current based on the control strategy .This current cancels
the hormonic part of source current and compensates the
required amount of reactive power.Here, inverter acts as
inductor and absorbs the current hormonics[13].The
conected SEU at DC link of APF provides the required
Vdcref
_]_ 3-LIG IGBT

amount active power during fluctuations[14].
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Fig. 2: Detailed diagram of proposed system
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D. Grid Synchronization Rules

In a Three Phase balanced system, the source RMS value
can be computed from the phase voltages (Va, Vi, V) and is
denoted as Vy, given by eqn. (5)

V= {2/ 3(Vaz"'vbz"'vcz)}m ®)

Unit vectors are computed using source voltages
and the values of unit vectors given by eqn. (6)

Va=—,Vp=—,Vp=— (6)
The reference currents generated are calculated
using unit vectors given by eqn. (7)
L=V, b =1*Vy, I =1*V, (7)
Here, | is proportional constant of corresponding

phase filtered voltages. Due to this, grid current becomes
sinusoidal [15].

I1l. CONTROL STRATEGY

In this model, harmonics injected due to nonlinear loads and
reactive power demands by the wind system at CCL are
compensated by Fuzzy-Neuro controlled APF. The control
scheme is as shown in Fig.3. The actual and reference DC
link voltages difference is controller. Fuzzy-Neuro
controller smoothen this difference and sends the signal for
reference current generation. Now Hysteresis current
controller develops the pulses to APF based on the
difference between reference and actual source currents [16-
17]. In the APF the switching function of Phase-A is given
by
HB < (I, - 1,) »Sa=0 and
HB > (I, - 1) —>Sa=1 (8)
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Fig. 3: Control scheme
Hysteresis current controller generates the required
firing pulses to the inverter.The injected current by the APF
cancels the harmonics in Source current and compensates
the reactive power at CCL. Due to the compensation APF
brings the unity power factor at CCL.

A. FuzzyNeuro Controller

Conventional PI controller proposed in [18].Here the Fuzzy-
Neuro combination [19] effectively tunes the error signal
between reference and actual dc link capacitor efficiently
and send the signal for reference current generation to
suppress harmonics in the current at CCL.Fig.4 shows
Cascaded Fuzzy — Neuro Controller.
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Fig. 4. Cascaded Fuzzy —Neuro Controller

The fuzzy controller [20-21] consists of Fuzzifier,
inference engine and defuzzifier blocks. The fuzzifier
transforms the crisp sets into fuzzy sets. The rules have been
written by considering seven linguistic variables which are
shown in Fig.6a & 6h. The defuzzifier finally converts the
fuzzy outputs into actual output space
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Fig. 5: Simulink model of proposed system
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Fig. 6a: Fuzzy Membership functions
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Fig. 6b: Fuzzy Rules
Here a two layer neural network has been
considered to have effective tuning of error signal along
with fuzzy controller. Fig. 6 (c) shows two layer neural
network which has considered.
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Fig. 6¢: Neural network

IV. SIMULATION RESULTS

The proposed Cascaded Fuzzy Neuro controlled APF
Simulated in MATLAB/SIMULINK.

The Simulink model of proposed system is as
shown in Fig.5.Here two renewable sources are connected to
the grid in an effective manner. The Simulink model of SEU
is shown in Fig.7.This produces constant DC voltage of
800v to the DC link.

rramance corstant

Fig. 7: Solar Energy Unit

The parameters used for the proposed model are
described in Table 1.

S.No Parameters Ratings
1 Source voltage 3-phase415v,50HZ
2 Wind generator 150kw,12m/s
3 DC link voltage | Vc =800V C = 100pF
4 Solar energy unit 800V
5 Load 8ohms,12mH
6 | Source inductance 0.05mH

Table 1: Parameter Description

A. Steady State Analysis of the System:

The nonlinear loads are main responsible for inducing
harmonics in the grid current.Fig.8 shows

1) Steady State Analysis of the System

The nonlinear loads are main responsible for inducing
harmonics in the grid current.Fig.8 shows the APF injected
current into the CCL to cancel the harmonics. Before time t
= 0.1 sec Source current consists non linearities. After t =
0.1 sec, when APF is active, the non linearities are reduced
due to the injection of opposing current to the harmonics.
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Fig. 8: System Currents with Cascaded Fuzzy-Neuro
controlled APF a) grid current b) load current c) Injected
Inverter current d) wind current

2) UPF

The APF is connected at t = 0.1sec.Before this time both
voltage and current are deviated in phase. When APF is
connected, the voltage and currents are in phase, this brings
the unity power factor at Common Coupling Line (CCL)
and desired power quality norms are maintained .The in-
phase grid voltage and currents are shown in Fig.9(a).Here,
after = 0.1 sec voltage and currents are in phase due to the
APF injected reactive power required to the line.
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Fig. 9a: Voltage and Current waveforms with and without
APF
Fig. 9(b) shows power factor at CCL before and after APF is
active.
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Fig. 9b: Power Factor with and without APF

3) ReactivePower Compensation

The reactive power demand at the CCL due to the induction
machine used in the wind system and inductive loads, is
delivered by APF. Here he APF injects the reactive power
required and the active power produced by the solar energy
unit also. So the proposed APF performs power quality
operation and active power injector from SEU without
requiring additional powglfk&ck)‘rlglitioning equipment
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Fig. 10d:
Fig. 10: Active and Reactive powers at a) CCL b) Load c)
APF d) Wind Energy Unit
Fig. 10 shows that the reactive power required by
the load and WEU have been supplied by the APF.APF also
injects the active power from SEU to the CCL.
4) Standalone Operation
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Fig. 11: Load serving by the APF during Grid Failure
Here the grid failure occurs at t = 0.2sec. In this
mode the APF delivers the required active power to the load
from SEU. This proves that the proposed model dynamically
respond to the power fluctuations on the line and injects the
active power into the CCL. Fig.11 shows the stand alone
operation of APF.
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5) Harmonic reduction at CCL

The harmonic reduction is analyzed in three different
conditions. They are without APF, with Pl -APF and with
Fuzzy-Neuro controlled APF.

Casel: The % THD of the source current without APF are as
shown in Fig.12
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Fig. 12: THD = 26.54%
Case2: The APF is connected to CCL att=0.1 sec
After t = 0.1 sec the % THD of the source current with Pl
controlled APF is as shown in Fig.13
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Fig. 13: %THD = 2.78%

Case3: The APF is connected to CCL at t = 0.1 sec
after t = 0.1 sec the % THD of the source current with
Cascaded Fuzzy-Neuro controlled APF is as shown in
Fig.14
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Fig. 14: % THD = 0.4%

Parameters Without With pi With Cascaded
APF based APF | Fuzzy-Neuro APF
PF 0.86 1 1
%THD
Source 26.54 2.78 0.4
current

Table 2: Comparison of % THD for Various currents and
Power Factor for the three cases

From the Table -2 it is clear that the Cascaded
Fuzzy — Neuro controlled APF effectively reduces the
Harmonics at Grid common connecting line from 26.65% to
0.4% THD [22 -23].

V. CONCLUSION

The model presented in this paper efficiently eliminates the
harmonics and compensates the reactive power demanded at
CCL. Comparison with other traditional methods proves that
cascaded Fuzzy-Neuro controlled APF effectively reduces
%THD of Source current to the considerable level. This
model also serves the active power needed during the grid
outage through the solar energy unit connected at the DC
link of the APF.
The simulated results proves that the proposed
model dynamically performs the following activities,
1) Reactive power compensation at CCL.
2) Unity power factor at CCL.
3) %THD of source current at CCL is reduced from
26.65% to0 0.4%
4) APF injects the Active power from EU to the grid.
The APF avoids the additions power conditioning for solar
energy unit.
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