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g Photo- Voltaic
(PV) array system and Wind Hybrid Electric Power System (HEPS) interface to @l®ystem. In this paper
the combined generation of electricity improved the power quality of the syst efierally in low radiation
PV array system inverter gives the lower voltage then the rated voltage which &#cts the power quality. So,
in this paper we are considering the combined generation of electricitysl ®and solar energy taking into
account all radiation, temperature, wing speed and variation of the and during the day. The paper
presents the design and analysis PV/Wind Hybrid Electric Power Sy% n MATLAB.

Index Terms— Grid, Power Quality, Photovoltaic, Wind Tur?in@nerator.

IntrodE E
Day by day energy demand increases all over t Id. Presently 80% contribution to world energy
supplied from the conventional energy sources w111 harm the environment. So there is a need for
renewable energy sources that will not har environment. Some surveys indicate that the demand will
increase by three times in the world by 20

PV and wind energy system are t Qpromlslng as future energy technology. D. Hansen et. al. [2]
presented a number of models or hng and simulation of stand-alone PV system with battery bank
verified against a system 1nstal%t Risoe national laboratory. The implementation has been done using
Matalb/simulink.

So, the objective of thi er is to present modeling, simulation, design and analysis DC/AC converter and

Generally all the resea aven 't modeling and simulation of PV/Wind Hybrid Electric Power Systems.
its controller fo @1ed Hybrid Electric Power System.

In this pape @re considering combined PV-array System and Wind energy system because Solar and
wind ener e nondepletable, site-dependent, non-polluting, and potential sources of alternative energy
option y countries are pursuing the option of wind energy conversion systems; in an effort to

j heir dependence on fossil-based non-renewable fuels. Also, presently thousands of photovoltaic
Wployments exist worldwide, providing power to small, remote, grid-independent or stand-alone
appMations.

The proposed PV/WES HEPS composed of four design variables: (WTG's), PV arrays, batteries and grid-
linked substations. The design of a PV/WES HEPS based on political and social conditions and uses trade-
off /risk method. O. Omariy, et. al. [3] the DC coupled PV/WES HEPS discussed, control and management
strategies that applied to a simulation model of an example of this type presented. Yart Najem and Méndez
Herndndez [4] simulation models of the PV/WES HEPS verified with measured data in a real system located
near the department efficient energy conversion of the Kassel University. But most of the researches haven't
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modeling and simulation of PV/Wind HEPS at the point of connection of operation in details. So, the
objective of this paper is to present modeling, simulation, design and analysis DC/AC converter and its
controller for PV/Wind HEPS.

I. Description of The Scheme
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Fig. 1. Schematic diagram Grid connected Hybrid Schegg 1= Wind Turbine, 2- Induction Generator, 3- PV

Array, 4-Three Phase VSI, 5-Grid E

The Proposed schematic diagram is shown in Fig.1 Where the wind-driven Induction generator is integrated
with the grid when the wind-speed is gre an cut-in wind speed. The three-phase currents of the
inverter are detected and compared withaJ® drresponding phase current references individually. The PV
array voltage is fed to a three-phase,si )Current-Controlled Voltage Source Inverter (CC-VSI). This CC-
VSI is connected to the grid throu%nductor. The controller for the inverter varies the inverter current
to follow a reference current.

The resulting current err
an Average Current Mo
time and is capable o

irectly used to generate the desired firing pulses for the inverter through
roller (ACMC). This is a current control technique that has fast response
rting wide range of power circuit topologies. The wind and PV generators can
individually supply, to the grid and the control of the inverter meets the reactive power requirement
of the inductio@ator. It should be noted that in the absence of the grid, the proposed scheme can
supply power@ nsumer by altering the current control of the inverter to simple SPWM operation. In
such operay three- phase fixed amplitude, fixed frequency supply obtained from the simple SPWM
inverte the local grid to which the IG is kept integrated.

Q A. Proposed System Model

The proposed system model is shown in Fig.2 represents the PV array and Wind Hybrid Electric Power
System connected to 50 Hz, 22kV Electric Utility Grid. In this the PV array is connected to DC/DC Boost
converter, DC/AC Inverter, LC filter and 400/2000V, 5000kVA transformer [5].Wind Turbine Generator is
connected to Electric Utility through a variable frequency PWM boost rectifier, DC link, constant frequency
PWM Inverter, LC filter and 400/2000kV, 500kVA transformer [6]. Load is connected to 22kV bus bar
through a step down transformer.
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Fig. 2. Proposed System Model of PV/ & connected to Grid

B. Model DQ\iEption

The proposed model description is explained b@r he power obtained by the PV system is applied to
DC/DC Boost Converter. This feed the DC, acitor link with a maximum power point tracker. The
variables which will be sensed for the con@of PV system are PV solar cell array current IPV, DC link
voltage, Vdcpv, inverter filter output cu@ Ifpva, Ifpvb, Ifpvc, load phase currents ILa, ILb, ILc and load
phase voltages Va, Vb, Vc. The vari ch will be sensed for the controller of

WTG are DC link voltage, Vdcyaverter filter output currents linvaw, linvbw, linvew, load currents ILa,
ILb, ILc and load phase vo a, Vb, Vc. To provide the active filtering function, the filter output
currents are controlled t that the utility line currents and load current are sinusoidal and in phase
with the phase voltage. filter output currents are also controlled to pass power from the PV/Wind
HEPS to the load and . The DC link voltage, Vdcpv and Vdcpw must be controlled to be higher than
the peak line v t \ he EU. The proposed system control scheme for the system under study usually
uses the Insta . . Reactlve Power Theory, IRPT. The load currents and load voltages are sampled and
transformed e two-axis of3-coordinate system and then into the rotating dq-coordinate system. IRPT
uses the @r nsformation, as in (1) to generate two orthogonal rotating vectors o and 3 from the three-
phase a, b and c. This transformation is applied to the voltages and currents and so the symbol x is

[1.

X X
°l Pt a2 a2 | P oW
ix |=./ _ _ X, )
ol Valo 32 a2 |'®
X X
|_B_| I c
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The instantaneous active and reactive powers p and q are calculated from the transformed voltage and
current. Then the reference compensating currents have been determined as in (2).

L * M7 7
5 L G )
[ [V V, |lg +a B
3 v 2+V2 I_ P 1 py Cw

a P

In a balanced three-phase system with linear loads, the instantaneous real power p and imaginary*adN\er
are constant and equal to the three-phase conventional active power P, and reactive MIX 0
respectively. So, the inverse park transformation is applied to i« * and if* and this gives the o urrents
in standard three-phase form, as in (3) [5], [6], [7].
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O Fig. 3. Simulink diagram of PV/WTG HEPS connected to Grid
O

FigWg€ 3 shows the Simulink diagram of PV/WTG Hybrid Electric Power System.

The total power load level is 4 kw. A per phase load current for a duration 0.4 sec. The variation of the
generated voltage from hybrid PV/WGT according to radiation and wind speed variation is shown in figure
4. The proposed model has a purely sinusoidal controlled ideal voltage source at the inverter terminals.
Figure 5 shows the line currents and DC link voltage of PV.WTG System. Figure 6 shows the rotor and
stator currents of Induction motor which is acting as a load. Figure shows the electromagnetic torque of
Induction Motor.
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Fig. 7. Electromagnetic Torque of Motor as load to PV/WTG System
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III. Experimental Results

A. Prototype Model Circuit
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Fig. 8. Prototype Model Circuit of PV/WTG Hy ;ectric Power System

B. Circuit De@tl’on

Hardware system includes the following equipmentss nction of each equipment is explained in below.

PV Array:

A number of PV panels connected in nd/or in parallel giving a DC output out of the incident
irradiance. Orientation and tilt of els are important design parameters, as well as shading from
surrounding obstructions.

Wind Turbine Generator: 6

This is installed on top a:i tower, collects kinetic energy from the wind and converts it to electricity
that is compatible wit e's electrical system.

Charge contro@

It controls$ bank charge and discharge reasonable and safety.
Bagisg @ nk:

W be a single battery or multiple batteries connected together to create essentially one large battery of
the required voltage and amp-hour capacity. In some ways the battery configuration and capacity are the
most important electrical power decision to make, and a wise choice can help guarantee a steady supply of
electrical power as well as a system that is simple to operate and maintain.

Inverter:

A power converter that inverts the DC power from the panels into AC power.
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Loads:

Stands for the network connected appliances in the building that are fed from the inverter (AC loads), or
from the battery bank (DC loads).

Battery Level Indicator Circuit:

A Battery Level Indicator is used for the battery for purpose. A circuit that lets you know the battery
level of a device from the number of LEDs that are glowing. It uses ten LEDs in all. So if three LEDs glgmg it
indicates battery capacity of 30 per cent. the battery-level indicator function is integrated wiﬂ@r
functions, here only one comparator IC (LM3914) does it all. .
gased on

the current-division rule. So it divides the battery level into ten parts. The circuit deriges er supply
for its operation from the battery of the device itself. It uses ten LEDs wired in a 1 mode. The use of
different colored LEDs makes it easier to recognize the voltage level on the basis calibration made.
Red LEDs (LED1 through LED3) indicate battery capacity of less than 40 per @ range LEDs (LED4
through LED6) indicate battery capacity of 40 to less than 70 per cent an% LEDs (LED7 through
LED10) indicate battery capacity of 70 to under 100 per cent.

The LM3914 uses ten comparators, which are internally assembled in the voltage divider @(
e pow

D1 prevents the circuit from reverse-polarity battery connection tenth LED glows only when the
battery capacity is full, i.e., the battery is fully charged. Whe attery is fully charged, relay-driver
transistor T1 conducts to energies relay RL1. This stops the c§rg through normally-open (N/O) contacts

.
.
The brightness of the LEDs can be adjusted by varying the value of EX\QZ between pins 6 and 7. Diode

of relay RL1. For calibration, connect 15V variable, regulat Wer supply and initially set it at 3V. Slowly
adjust VR1 until LED1 glows. Now, increase the input vol 0 15V in steps of 1.2V until the corresponding

LED (LEDz2 through LED10) lights up. E
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Fig. 9.Battery Level Indicator Circuit
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Fig. 10. Experimental setup of PV/WGT Hybrid Elec@sﬁer System

Figure 10 shows the experimental setup of combined PV array and urblne Generator Hybrid Electric
Power System. The power obtained from the PV array is given to@ erter to convert into AC power. The
power obtained from the wind turbine generator is AC. Thege powers are combined to drive the AC
Load. g ¢

Power from Winds@ine Generator:

The wind fan may rotate in clockwise or anti c™®kwise direction. So the power generated from wind
generator may be positive or negative, in o get the positive power polarity corrector is connected to
the wind turbine. This converts the A er into DC power. Wind power may not be constant so a

regulator circuit is connected and t% ted power is given to charge the battery.

PV Array: b

The power from the PV a C. This DC power is given to charge the battery. So the power from both

the sources is in DC thj ower is given to the charge the battery. Here the battery is acting ac Electric

grid. The power from arged battery is given to the inverter to convert the power into AC.
Conclusions

We cond=$ at the combination of PV/Wind Hybrid Electric Power System interface to grid was
model simulated in Mat lab/Simulink. Designed the DC/AC converter, designed the control circuit

verter for all radiation and wind speed have been studied and proposed. From the above results
lude the total harmonic distortion at local bus was within acceptable limits.
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