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1. INTRODUCTION

The rapid trend of industrialization of nations andreased interest in environmental issues has led
recently to consideration of the use of renewabten$ such as solar energy. Photovoltaic (PV) gd¢ioeris
gaining increased importance as a renewable saluedo its advantages such as the absence ofdagl ¢
little maintenance, no noise and wear due to alesehmoving parts etc. Photovoltaic sources ard usgay
in many applications such as battery charging, m@enping, home power supply, swimming pool heating
systems, satellite power systems etc. They havadiiantage of being maintenance and pollution Ifnee
their installation cost is high and in most apgimas, they require a power conditioner for loatkiface.
Since PV modules still have relatively low conversiefficiency, the overall system cost can be reduc
using high efficiency power conditioners which,addition are designed to extract the maximum péessib
power from the PV module. A controlled power intexd between solar cells and grid is required ty thee
power fed to the grid [4] as per the load condgioBut in India, the rural areas suffer from tharsity of
electrical power throughout the day. This papeculises one such scheme wherein a controller ciogsaft
a boost converter and a line commutated inverter been used to interface the PV array to grid with
provision to track maximum power from the solaragrrHence a control circuit is needed for maximum
power transfer from the solar cells to the gridtladl time [3], [7].

2. PROPOSED SCHEME
The block diagram schematic of the proposed schesmsieown in Figure 1. It consists of an array of
solar panels interfaced to the utility grid througlboost converter and single phase SCR bridgaitiithe
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DC voltage from the PV array is sensed and givethnéoboost converter which steps up the voltagde¢o
required DC level. The duty cycle of the boost anter is controlled through a PI controller in feedback
for giving constant output voltage. The raised Diftage from the boost converter is converted toushg

SCR bridge circuit to interface with the grid.
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Figure 1. The block diagram schematic of the pregdacheme

The SCR bridge circuit is operated as line comnagtanverter by keeping the firing angle above
90°. One input to the PI controller is from the actaaitput voltage from the boost converter and the
reference voltage (260V) is given as another inBased on this reference voltage the modulatioduby
cycle is carried out. The inverter is provided wittntroller for feeding maximum power to the gritithe
time. The actual power,Rnd the reference powef.fare compared and the difference between these two
powers is given as input to the controller. Thepatibf the controller modifies the firing anglertonimize
the error. The PV array in the proposed schemeisisnsf two solar panels of 80W, 21V, 5A each,
connected in series. A single-phase utility grid280V, 50Hz is considered, to which the output fud t
inverter is connected.

2.1. Boost converter
The boost converter shown in Figure 2. is usedep-8p the voltage obtained from the PV panel to
equal the reference voltage (260V). The outputagmtof the boost converter is given by

1
Vo =\, 00O 1)
(1-9)

whered = duty cycle of the boost converter ang=Mnput DC supply.

By varying the duty cycle, the output voltage canwaried above ¥ The introduction of the boost
converter eliminates the step-up transformer betvibe inverter and the grid thereby reducing thst o
the system and also eliminating the losses prodbgete transformer leakage inductance.[5]
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Figure 2. Circuit of the boost converter
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2.2. Controller for boost converter

For getting the constant output voltage (260V) frtme boost converter, the duty cycle of the
converter is automatically adjusted using PI cdlgran the closed loop.The actual output voltagenf the
converter i is compared with the reference voltage.VThe error voltage Mo is used for the variation of
the duty cycled of the converter.The error voltage is given toRheontroller. The PI controller output s
compared with the sawtooth wave (500KHz) in a camamet which gives the gate pulses for the converter
The PI controller output is given by

Ki
Vo= EP +000 ]( Vet — Vac) 2
S

where K, and K are proportional and integral gains respectively.
In the proposed scheme, the proportional and iategmtroller gains (K= 0.25 and K= 1) have
been chosen by trial and error method for gettiregdutput voltage of 260V from the boost converter.

2.3. Analysisof Line Commutated Inverter

A single-phase fully controlled bridge convertepwsin in Figure 3. can be operated in two modes
namely rectifier and inverter modes. When the @iranglea is between Dand 90, the converter is said to
be in rectification mode and when the firing anglés between 90and 180, it is said to be in inversion
mode. In the proposed scheme, the converter ogeaatan inverter. The thyristors dnd T, are fired at
firing delay angle ofi° and the thyristors sland T, are fired at ¢+180Y. The direction of power flow can be
reversed by reversal of the DC voltage, the curdimction being unchanged. The delay armlenust be
greater than 90 In the present case, no extra effort is requiceslynchronize the inverter output frequency
with that of the grid supply[2]. This of course psssible only with SCR converters. The average wutp
voltage E.is hence given by,

1 o 2
Ese= 00 JE,sin8de=00 E,cos (3)
T 4 T
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Figure 3. Circuit of the single-phase fully conkedl bridge converter

2.4 Controller for Maximum Power Tracking
For extracting maximum power from the solar arridng firing angle of the inverter is adjusted insgd
loop.The reference power from the solar arrgyi®given by[1]

Prer= VmpX ImpW 4)
Here  Vpp= KiX Vo (5)
Imp =Ko X lge (6)
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where V. is the open-circuit voltage and.Is the short-circuit current of the PV array; &d K are
constants taken as 0.76 and 0.8 respectively.

The actual grid power ¢ is compared with the reference power and any niisme used to
change the firing angle of the inverter as follows:

A = (Pef — Ryig) [Kp+K(/S] (7)

The optimum values for Kand K have been arrived by trial and error method. & phoposed
scheme, the P and | controller gains are choser 3 and 7 respectively.

3. SIMULATIONRESULTS

The complete model of the proposed scheme is modaléMATLAB 7.1/simulink software. It
consists of blocks of solar array, boost convettiag commutated inverter, utility grid and closkabp
controllers.The DC link inductance together withobb converter acts as load on the line commutated
inverter.Dr.S.Arul Daniel andDr.N.Ammasai Gounden [6] have proposed a simulink model for the solar
array. This model has been used in the proposeztrszhThe parameters of solar array agg=/21.2V and
lsc = 5.17A; inductance 1= 3.4mH; for the boost converter; L = 1mH, C = 10B0R = 5@; for DC link
inductance R= 0.2, L, = 20mH;

The SCRs in the inverter are triggered in open loogle for different firing angles and the readings
of active power fed to the grid, DC link voltageCDink current and grid current were noted. Fromsth
readings, the firing angle corresponding to the imar power is determined. This is compared with the
closed loop readings and the results are furnigh@able 1. It is seen that both results agree wétbh other.

Table 1. Comparison of open loop and closed lospltg

Parameters Open loop Closed loop
Firing angle at which maximum 160 160.2
power occursy
Direct voltage, \(in V) -108 -119
Direct current, . (in A) 0.9 1
Grid current, §iq (in A) 1 0.4
Active power fed to grid, -70.5 -72.62

Pgnd (Iﬂ W)

The grid voltage and grid current waveforms arensshim Figure 4. The waveforms of DC link voltage
and the DC link current are shown in Figure 5. Téeseform for the power fed to the grid is shown in
Figure 6.
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Figure 4. Grid voltage and grid current
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Figure 5. DC link voltage and DC link current
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Figure 6. Active and Reactive power fed to the grid

CONCLUSION
A simple power electronic interface employing a $towonverter and line commutated inverter has

been developed for interfacing PV array with thegk#-phase utility grid. The simulation studies &deen
carried out to get the parameters such as actidere@active powers, DC link voltage and current #rel
firing angle corresponding to the maximum powereDu losses in the inductor, the output power gethée
grid is somewhat less. This can be increased legthe the inductor with low losses.

Nomenclature

Eq. DC link voltage (V)

lgc DC link current (A)

K, Proportional gain

K, Integral gain

L; Inductance (H)

L, DC link inductance (H)

V4 Input voltage to the boost converter (V)
V, Output voltage from the boost converter (V)
o  Firing delay angle for SCRs (deg)

d Duty cycle of the boost converter
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