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Abstract: This paper presents the voltage regulation of hybrid power system with the inter connection of PV system, wind energy
conversion system. The voltage regulation is done with the help of fuzzy logic controller and zeta converter through simulations using
MATLAB / SIMULINK. In the proposed system the solar energy and wind energy is combined to produce electrical energy. Then power
electronic converters are used for the conversion of ac to dc and dc to ac. In which a control circuit is designed using fuzzy logic controller
for gate signals for the voltage regulation of the hybrid energy system. Then the hybrid energy system is connected to the grid from which the
energy is supplied to the loads. The voltage regulation is done for both AC and DC loads.
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1. Introduction

According to many renewable energy experts, a small
"hybrid" electric system that combines home wind electric and
home solar electric (photovoltaic or PV) technologies offers
several advantages over either single system[1]. In some
countries wind speeds are low in the summer when the sun
shines brightest and longest. The wind is strong in the winter
when less sunlight is available. Because the peak operating
times for wind and solar systems occur at different times of
the day and year, hybrid systems are more likely to produce
power when you need it. The major advantage of solar / wind
hybrid system is that when solar and wind power production
are used together, the reliability of the system is
enhanced[3].The ZETA converter topology provides a positive
regulated output voltage from an input voltage that varies
above and below the output voltage. It is also used to
regulating an unregulated input-power supply.

Fuzzy logic has rapidly become one of the most successful of
today’s technology for developing sophisticated control
system. With it aid complex requirement so may be
implemented in amazingly simple, easily minted and
inexpensive controllers. The past few years have witnessed a
rapid growth in number and variety of application of fuzzy
logic[9]. The application range from consumer products such
as cameras ,camcorder ,washing machines and microwave
ovens to industrial process control ,medical instrumentation
,and decision support system .many decision-making and
problem solving tasks are too complex to be understand
quantitatively however ,people succeed by using knowledge
that is imprecise rather than precise . Fuzzy logic is all about
the relative importance of precision .fuzzy logic has two
different meanings .in narrow senses, fuzzy logic is a logical
system which is an extension of multi valued logic but in
wider sense fuzzy logic is synonymous with the theory of
fuzzy sets.

2. System Description and Modeling

In hybrid power systems, a number of renewable energy
generators and storage components are combined to meet the
energy demand of the power system. It mainly includes PV
generators and wind generators, the others sources of electrical
energy can also be added to meet the energy demand. It is
essential to know the energy demand and the resources
available at that site before developing a hybrid power system.
The energy planners must study the availability of solar
energy, wind, and other potential resources at that site. This
will help them to design what kind of hybrid power system
will be suitable to meet the demand. In this paper, a brief
technical description of some of the different hybrid power
system configurations is considered in Figl.
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Figure 1: Smart Grid Layout

A. Modelling and Design of a Photovoltaic Module

The circuit of the solar cell model, which consists of a
photocurrent, diode, parallel resistor (leakage current) and a
series resistor; is shown in Fig. 3. According to both the PV
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cell circuit shown in Fig. 3 and Kirchhoff’s circuit laws, the
photovoltaic current can be presented as follows,

Iv=[lgc — lo exp® ¥ FT -1]-(Vd/Rp) ]
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Figure 2: Single Diode Model of a PV Cell

electric charge = 1.6 x 10*°Coulombs,

K is Boltzmann’sconstant = 1.38 x10 °J/K,
F is the cell idealizing factor,

Tc is the cell’s absolute temperature,

vd is the diode voltage,

and Rp is the parallel resistance.

The photocurrent (Igc) mainly depends on the solar irradiation
and cell temperature,
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Figure 3: Single diode PV equivalent circuit

According to both the PV cell circuit shown in Fig. and
Kirchhoff’s circuit laws, the photovoltaic current can be
presented as follows

I=1Ipv—1Io [exp (V +RsIVta) — 1] — (V +RsIRp)

Ipv= photovoltaic current

lo= saturation current

Vt= NS k T/q, thermal voltage of array
Ns = cell connected in series

T = is the temperature of the p-n junction
The output current from the photovoltaic array is
Using suitable approximations,
I=Isc—1Id

Id =10 (eqVdKT-1)

I=1Isc—1o (eq (V+IRsnKT)

Where, | is the photovoltaic cell current,

V is the PV cell voltage,
T is the temperature (in Kelvin)

B. Wind Power Generation System

The wind power generation system is equipped with variable
speed generator. Apart from the wind generator, wind power
generation system consists of another three parts namely, wind
speed, wind turbine and drive train.

Wind turbine model

A wind turbine converts Kinetic energy in a moving air stream
to electric energy. The wind turbine model is implemented
depending upon the Tip Speed Ratio (TSR) and Cp
coefficient. The tip-speed ratio is defined as:

A=oR/v

e Power in wind is proportional cube of wind speed
P=050.A.V:Cp
Where,
o = Air density
A = Area swept by blade
V = Wind speed

o A wind turbine can only extract a part of the power from the

wind,which is limited by Beta.

o This fraction is described by the power coefficient Cp which

is the function of blade pitch angle (B) and tip speed ratio
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Figure 4: Block diagram of proposed system

C. Power Control System

1. Photovoltaic control system

MPPT algorithms are necessary in PV applications in order to
obtain the maximum power from a solar array because the
MPP (Maximum Power Point) of a solar panel varies with the
irradiation and temperature. The incremental conductance uses
the PV array's incremental conductance dl/dV to compute the
sign of dP/dV.

It does this using an expression derived from the condition
that, at the maximum power point, dP/dV = 0. Beginning with
this condition, it is possible to show that, at the MPP dl/dV
=I/V. Thus, incremental conductance can determine that the
MPPT has reached the MPP and stop perturbing the operating
point.
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If this condition is not met, the direction in which the MPPT
operating point must be perturbed can be calculated using the
relationship between dI/dvV and I/V. The algorithm is
simulated by writing the algorithm in M-file. The subsystem is
shown in below figure
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Figure 5: Subsystem Implementation of incremental
conductance algorithm

D. Double Brige Rectifier and ZETA Converter

Due to the variations in wind speed, the output power of the
wind turbine induction generator experiences variations in
frequency and amplitude. Therefore, a controllable ac/dc
converter is used to smooth the wind turbine output power
before being supplied to other electronic devices.

The ZETA converter topology provides a positive regulated
output voltage from an input voltage that varies above and
below the output voltage. It is also used to regulating an
unregulated input-power supply. Zeta converter is a fourth-order
DC-DC converter made up of two inductors and two capacitors
and capable of operating in either step-up or step-down mode.

E. Fuzzy Logic Controller

Fuzzy logic expressed operational laws in linguistics terms
instead of mathematical equations. Many systems are too
complex to model accurately, even with complex mathematical
equations; therefore traditional methods become infeasible in
these systems. The fuzzy logic controller has three main
components

a. Fuzzification

b. Fuzzy inference

c. Defuzzification

Figure 6: Subéystem Implementation of FLC along with
ZETA converter

Fuzzy logic linguistic terms are often expressed in the form of
logical implication, such as if then rules. These rules define a
range of values known as fuzzy membership functions. The
inputs of the fuzzy controller are expressed in several linguist
levels. As shown in the table,

Table 1: Fuzzy Control rule

Error (e)

NB NM NS ZE PS PM PB

NB NB NB NB NE | NM NS It
& MW N8 | NB | NB | NM | NS | ZE PS
c NS NB NE | NM NS 3 PS PM
g
gc ZE NB NM NS ZE PS PM PB
]
£
~ PS NM NS ZE PS PM PB PB
PM NS ZE PS PM PB PB PB
PB It PS PM PB PB PB PB

These levels can be described as Positive big (PB), Positive
medium (PM), Positive small (PS) Negative small (NS),
Negative medium (NM), Negative big (NB) or in other levels.
Each level is described by fuzzy set.
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Figure 7: Seven levels of fuzzy membership functions

3. Simulation and Analysis of Results

In this overall simulations shows the integration of solar and
wind energy system, constant 0.5 refers input current to the
PV panel and 85 is the insolation of the PV panel which can
be varied due to the change in climatic condition. PV Module
requires the input current and insolation. The Output of the PV
panel given to the controlled voltage source.
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Figure 8: Simulink model of hybrid power system

Controlled voltage source- Convert the Simulink input signal
into the equivalent voltage source. The generated voltage is
driven by the input signal of the block. Source type is AC.

The output voltage and current from the solar panel is the
input to MPPT and Here the MPPT is designed to give the
Gate pulse to the switch used in DC-DC Boost converter.
Incremental conductance Algorithm tracks maximum Power
under rapidly varying condition. Obtain duty cycle by its
algorithm and feed to the PWM block to generate require gate
pulse for Boost converter.

Figure 9: Input Current and Voltage from solar panel

Based on the simulation result voltage range from 0-114V and
the current value nearly 115A obtained from the solar panel.
Hence this is given as an input of Boost converter and also to
MPPT.

Boost converter (step-up converter) is a DC-DC power
converter with an output voltage greater than its input voltage.

Boost type dc-dc converter is used to feed the power generated
by the PV array to the load .The input of Boost converter is
about 114V but the gained output voltage ranges from 550-
600V is simulated using MATLAB.

Figure 10: Output waveform from Boost converter

Zeta converter is used to regulating an unregulated input-
power supply. Regulated output voltage obtain from the zeta
converter ranges from 450-500V to feed the load.
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Figure 11: Output waveform from ZETA converter

Figure 12: Simulated Inverter voltage waveform
Simulated inverter device which produces a multiple step
sinusoidal AC waveform is referred to as a sine wave inverter.

Here current and voltage waveform is simulated by using
MATLAB/SIMULINKk.

Figure 13: Simulated inverter current waveform

4. Conclusion

The results show that obtaining Maximum Power by using
MPPT-Incremental conductance method. And also by DC-DC
Boost converter, the voltage level is gained to feed the load.
DC-DC converters (Boost) are analyzed with a view of their
use in PV (photovoltaic) systems, as the photovoltaic
generator exhibits non-linear characteristics due to the change
in environmental condition and load variation. As the
efficiency of PV panels is low it becomes mandatory to extract
maximum power from the PV panel at a given period of time,
hence the load voltage is maintained constant. Regulated
voltage is obtained by using zeta converter under fuzzy logic
controller.
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