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ABSTRACT

Use of Renewable energy sources for power produdsioncreasing day by day. In this paper FuzzyridleNetwork is
proposed to get regulated power from the renewalnergy sources. A stand-alone hybrid power germmasiystem
consisting of solar and PMSG with AC load is desdyin this paper. Additionally P & O algorithm f&olar and Hill
climbing search algorithm for Wind are used as tloatrol logic for the Maximum Power Point Tracki(lgPPT). The
proposed controller for inverter is intended to geke load voltage and frequency as constant regasdof the renewable
power generation. Comparative Simulation resultthviiuzzy logic controller for inverter show theeetiveness of the

proposed controller.
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INTRODUCTION

The industrial revolution brings a significant imgement in the human ability to extract more energyn naturally
available resources such as oil, coal, and gasgusecthey are cheap, abundant, and easy to haweshis way of
harvesting energy in the 2tentury becomes not efficient due to the expansfamergy demand across the world and the
occurrence of global warming, which claimed thataoting and using vast amounts of fossil fueltaeeleading cause of
it. In recent years, renewable energy resourcesSjRiEe becoming the world focus and grabbing tkenadn of many
governmental organizations. Researchers considemable energy sources the promising energy soaroigst the fear
of natural resource depletion and environmentaleissuch as high levels of €@nd other harmful emissions. Some of
the other reasons comprise advantages like aburdailability in nature, eco-friendly and recyclabSolar and wind
energy are the world’s rapid growing energy resesircompare to all renewable energy sources. DigtibGeneration
(DG) is a replacement for centralized power gef@maplants. Along with the use of DGs, by addingitBgy Energy
Storage (BES) the reliability of RES can be imphv&he environmental conditions can change rapidiyexample
photovoltaic system is ideal for the places hawvimgre illumination levels and wind power systemdsdl for locations
having favourable wind flow conditions [3]. It istber way to use the hybrid source power systenttwls probable to
endorse that hybrid stand-alone electricity geimmmasystems are usually more reliable and lesdyctsdn systems that
depend on a single source of energy [2]. The saanf characteristic of hybrid power system inclidgystem reliability,

operational efficiency [1].
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In a PV system, a solar cell alone can produce pofvé to 2 watt [5]. The solar cell is modelled two diode
model [6]. The solar cells are connected in seaied parallel to form a PV panel or module. The Pvduoles are
connected in series and parallel to form a PV amayrder to generate appropriate amount of powhus a PV system
consisting of PV array, Maximum Power Point TrackiMPPT) boost converters, and Wind power systensisting of
wind turbine, PMSG, rectifier and MPPT boost coteeis integrated into Solar Wind hybrid power syst(SWHPS).
The efficiency and reliability of the SWHPS maimlgpends upon the control strategy of the MPPT boasterter. If the
MPP is not tracked by the controller the power daswill occur in the system and in spite of windl avolar power

availability, the output voltage of the hybrid st will not boost up to the required value [7].

In the wind energy system, wind is used to geneedgetricity. Wind energy system includes wind tods,
which converts the kinetic energy in wind into macical power. For RES especially the variable spsied energy
conversion systems, includes (PMSG) generator, wbém convert mechanical power into electricitye Tutput of wind

power is not stable, it is variable.

A multi-pole PMSG connected to power converter barused as direct driven PMSG in locations with {eiwd

speed there by eliminating the gearbox which adeight, losses, cost and maintenance [4].

If the MPP is not tracked by the controller the povtosses will occur in the system and in spitevimid and solar
power availability, the output voltage of the hybsystem will not boost up to the required valuke Dutput voltage of
the PV and Wind power generation are quite lowaspgared with the desired operating level. So, dhigput voltage is
brought to desired operating value using Boost edrmy with MPPT controller at each source. The mrbgic of the
MPPT controlled boost converter for the Wind poweneration and PV based generation are selectébeobasis of
implementation and robustness of the Hill Climb®8kgHCS) and Perturb & Observe (P&O) algorithnpexgively. This
paper deals with the simulation and control of {®¥d) hybrid systems including energy storage lbptb@nnected to the
AC load. Study of modelling and simulation on thetie PV/wind/battery hybrid system is carried awhder
Matlab/Simulink environment.

HYBRID RENEWABLE SYSTEM

The block diagram of PV-wind hybrid power systensligmwn in Fig. 1. The hybrid generations consisPhbétovoltaic

based generation, Wind Power Generation, Batteojtage regulated inverter and AC load.

bepe DCDC
.
; : L Cﬂ?‘."l.'ﬂ"ff LamEne = ]
I n FPM3G Rertifier i
| [ g U ey SO |
f % 4 1 Sl -] f
—p [ra——— - = N Il | .-'
—_— Hl—l-l—l. [ -/I ] -] ..'_ .I_'_
-""-,_ [ T s S N v
b \__j'_' — g AL
J- I‘--
A
i e = VO
==l | ;
i A _.'.-9:]&
T — =} —
—J —_a ]
B i
f"’} JAFverter
bamit

Figure 1: Block Diagram of PV-Wind Hybrid System.
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Perturb and Observe MPPT Algorithm for P.V. Array

Perturb and Observe (known as P&QO) algorithm, showiig, is used in this project for maximum powexcking of the
P.V array. This method involves perturbation of ¥altage, V, and observing the change in power wtp. If the
perturbation in one direction increases the powgpwt of the P.V. array, then the same directiorpefturbation is

continued.

Otherwise, the direction of the perturbation isemsed. Thus, it is a continuous process of seaycfdn the

Voltage on the power Vs. Voltage (P-V) curve, whictreases the power output of the P.V array [12]

W

Figure 2: Description of P&O Algorithm for MPPT.
Hill Climb Search MPPT Algorithm for Wind Turbine

The HCS algorithm for MPPT control logic implemerda for the wind power generation system is shawfig. 3.
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Figure 3: Sub-System Implementation of MPPT controfor Wind Power System.

The inputs to the controller are Voltage, curremij speed of PMSG. Using the speed and voltagelsgnipe
reference current is calculated. It is comparedh Wie current measured, and the error is utilipecbmpute the duty cycle

of the power electronic switch in the boost corsenivhich controls the operation of wind power gatien at MPP.

Voltage Regulated Inverter Design

The inverter plays a crucial role in the hybrid poweneration. The load voltage, frequency is otiet and maintained
consistent using an inverter in stand-alone opmmatihe suggested Voltage regulated. Inverter mmistthe output

voltage and frequency constant irrespective of ghan wind speed, solar irradiation levels, andlloanditions.
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Figure 4: Power Generation of the Hybrid System undr Varying Wind Speed and Radiation.

The rectified and boosted D.C. voltage from the.RaMd wind is applied as input to the inverter. Shieematic
diagram of Voltage regulated inverter is shownig4

MODELING AND CONTROL OF HYBRID SYSTEM
Case 1: Fuzzy Logic Voltage Regulated Inverter

In the Fuzzy Implementation of Mamdani, FLC is stdd, and the inputs of the FLC are error and chamgrror.
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Figure 5: Block Diagram of FLC Voltage Regulated lwerter.

They are computed by considering the inverter galtitne and have been calculated as output. Rigliéated the

sub-system implementation of the algorithm usingCHor Voltage regulated inverter from the solar avigeneration
system.

The rules for the Mamdani FLC implementation aimitated, as shown in Table.

Table 1: Rule Base for FLC Implementation
DE/E|NL INM| NS | Z | PS |PM |P.L.
NL | PL| PL| PL| PL| Z Z Z
NM | PL| PL| PM| PM| Z Z Z
NS | PL| PM| PS| PS| NM NS | NM
Z PL| PL| PS| Z| NS| NM NL
PS |[NM| PS| PS| NS NL | NL | NL
PM | Z Z Z |[NM|{NM | NL | NL
PL 4 Z Z | NL|NL | NL | NL

Impact Factor (JCC): 5.6125 NAAS Rating 2.96
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Case-2 FNN Voltage Regulated Inverter
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Figure 6: Block Diagram of FNN Based Controller ofVSl.

PROPOSED METHOD
Fuzzy Neural Network

Fuzzy neural networks (FNN) are neural networksuzizy neurons. These networks have as main chaisiittethe
synergic collaboration between the fuzzy theory aedral networks, generating models that integteereatment of the
uncertainty and interpretability provided by fuzystems and the learning ability provided by nenedvorks[10].
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Figure 7: General Structure for FNN Controller.
SIMULATION RESULTS

The model can be designed in MATLAB/simulink andatdissed with fuzzy neural network controller angizfucontrol

systems. Input sources are both solar and wind.

Solar irradiation 1000(w/m2) with temperature aguinsource it converts electrical energy by usingtmlled

current and voltage source blocks. Wind energy ge¢ed by the PMSG at different wind speed levels.

Battery devices are applied for energy storagegeem@nd it is charge and discharge when the irgures is in
off condition.

Observe the below figures those are generatedebfutzy logic controller and fuzzy neural netwoylstem; the
conventional method fuzzy control devices givegh®rs in both output voltage and current waveforimghat time, it is

observed that the total harmonic distortion (THE)reased and obtained number of power losses.

The proposed method an integrated fuzzy neural ar&twystem (AIFNN) control and remove the occurring
errors and produce the clear output voltage anteouwave forms compare to conventional method AINN theory

was better then compare to conventional fuzzy logittrol method.
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With Fuzzy Logic Control System Outputs
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Figure 8: VSI Output Voltage Source.
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Figure 11: Vdc Voltage Source.
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Figurer 12: Wind Power.
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Figure 13: Wind Power.

Impact Factor (JCC): 5.6125

Figure 10: Power Generation of the Hybrid System uder Varying Wind Speed and Irradiation.
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With Fuzzy Neural Network System Outputs
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Figure 14: VSI Output Voltage Source.
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Figure 15: VSI Output Current Source.
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Figure 16: Vdc Voltage Source.
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Figure 17: Power Generation of the Hybrid System Uder Varying Wind Speed and Irradiation.
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Figure 18: Solar Power with Irradiation.
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Figure 19: Wind Power.
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The PV power generation branch characteristicsaaadysed. Fig.7 shows the voltage with MPPT colarol
under different irradiances. It verifies that thé power generation branch can readily perform tHePNT and achieve the
maximum output power at a given irradiance; fig 18,shows the output current and voltage for theSBMvind system
with HCS algorithm MPPT controller. It can be clgasbserved that the MPPT controller plays a kdg io the hybrid

power system.

In order to reduce the losses and to improve tfieiexicy and performance of the fuzzy neural hymydtem a
faster MPPT controller is required. In the firsseduzzy with Pl voltage regulated inverter thepaottitvoltage is unstable
with disturbance in frequency compared to the AlFMiMage regulated inverter shows in fig 5 anddigrhe power flow
in the second case provide the power efficiencythadhdvantage of fuzzy neural network algorithradatrol the inverter
and the stability of system compared to the fuzith Rl voltage regulated inverter.

Table 2: Comparison of Fuzzy Logic Controller and Nural
Network Methods

S Fuzzy Logic Neural Network
ource

Controller System

Output Output

\Voltage 120V 150V
Current 12A 15A
DC Voltage 800V 850V
Battery Voltage 820V 850V

CONCLUSIONS

Nature has provided sufficient opportunities to kiad to make best use of its resources and stilintaa its

attractiveness. In this context, the proposed fumayral network system with hybrid PV-wind systerovides an elegant
integration of the wind turbine and solar PV toragt optimum energy from the two sources. It gis&ompact converter
system, while incurring reduced cost. The proposeuntroller of inverter for wind—solar hybrid systeconsiderably
improves the performance of the power system ims$enf enhanced generation capability. The compera#sults show

the advantages of proposed controller.
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