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Abstract
This paper represents the three phase Photovokgtem connected with variable load in a standalomale’s mathematical
modeling using MATLAB/ Simulink environment. Thetesy consist of a PV Array, Boost converter, thpbase inverter and its
control to maintain load in standalone mode. Thek¥ systems at the college site is under the stittlya variable inductive load of
30kW which has to be fed by PV system in continmoode .This paper gives analysis of each componants/stem while
maintaining the load. The constant and boosted Ditage is obtained with the help of boost conveftem PV Array. The three
phase IGBT inverter PWM control scheme is propdsé to normalize the voltage imbalance during aklé load.
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1. INTRODUCTION

This paper represents modeling and simulation arfidsilone
Photovoltaic system. The work has been carriedoout 40
kW PV system. The main structure of PV Array systism
shown in the Fig. 1.It consists of PV Array of caippa40 kW,

DC to DC boost converter, three phase IGBT Invettaree

Phase variable load and PWM controller for invertarthe

standalone mode normally for low range applicaiiorerter

is directly connected with utility mains. In thigype of

configuration boost converter is connected befareiter to
maintain the input voltage. Due to the variation saflar

radiation throughout the day or season, variabléage and
power is obtained from Array [3]. So we have empldypC

to DC boost converter which boost up the voltagevel$ as it

makes the voltage level constant. In domestic liasitan it is

called charge controller, feeds required voltage smooth
operation of inverter.

PWM

l CONTROL
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BOOST INVERTER
CONVERTER LOAD

PV ARRAY

Fig-1: Block diagram of three phase variable load cotete
PV Array System

The power conditioner devices are most importamt tfds

application [2]. The smooth output waveform is resbd
therefore proper firing pulse generation must batrdled

carefully. This paper represents the PWM controinekrter

which is having Pl controller integration that iapable of
producing the smooth output voltage and currentefawm.

Moreover it also maintains the unbalancing of thadl This

paper also gives the idea about balancing the lepitsented
by suitable wave forms of 40kW standalone system.

2. MODELING OF PV ARRAY

The PV cell comes in mono crystalline, polycrystedl and
amorphous material built. Here polycrystalline ttlicture is
selected 100 W module connected in series and Iglaral
combination so that an array made from this coméiian can
produce output power 1.2kW [4]. Total 40 array egstis
taken to achieve 40kW of power with suitable seres
parallel configuration. In a single module 36 cebse
connected in series to get 22 V open circuit celtage. The
mathematical model of PV cell is represented byugent
source with a diode connected in parallel as shiowirig. 2.
The intrinsic series resistance; Rhose value is very small
.The equivalent shunt resistance which has a viglyValue is
Re. Applying Kirchhoff's law to the node whelg, diode, R
and R meet, we get the following equation for the
photovoltaic current:

I =1y = IRp = Ly ceeeeieeeeeeieieeaiet e 1)

[ =Iph—1o [exp (%) - 1] — [(%)] ................... (2)
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Fig-2: PV Cell model

1= Myl = Myl [exp (- + nl) | [ 3)
e = Iy [ 2] exp (2 [2 = 2] (4)
E, = E;(0) — % ................................................ 5)
Ion = User + Ki(T = To)] e (6)

Where, Iph is the Insolation current, | is the Qeltrent, § is
the Reverse saturation current, V is the Cellagdt Rs is the
Series resistance, Rp is the Parallel resistanée,is the
Thermal voltage (KT/q), K is the Boltzmann consta is
the Temperature in Kelvin, g is the Charge of ktteon[1].
On the basis of above equation the simulink maglerépared
shown below:
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Fig -3 : Simulink Model for PV Array

3. BOOST CONVERTER

The module generates dc voltage under all condiifosolar
radiation. The generated voltage is low moreov&mitist be
constant at the input level of inverter [7]. So meed a boost
converter device which boost the voltage as welt &iges to
maintain constant boosted voltage. The PWM at a&dfix
frequency is the main key to get regulated supglige
generally used switching devices are BJT, MOSFETGE&T.

The minimum oscillator frequency should be abou fithes
longer than the transistor switching time to maxieni
efficiency.

L

Fig -4 : Circuit Diagram of Boost Converter

The Fig. 4 shows a step up or PWM boost conveiter.
consists of a dc input voltage source Vin; boostugtor L,
controlled switch T, diode D, filter capacitor Gydathe load
resistance R When the switch S is in the on state, the current
in the boost inductor increases linearly and tteeldiD is off
at that time. When the switch S is turned off, ¢hergy stored
in the inductor is released through the diode &dhtput RC
circuit. The transfer function for boost conveiiter

Ls
e

Ve
G(S) = TOD*W ............................ (7)

1
(1-D)2 " (1-D)2R

The equation (7) shows transfer function of the gboo
converter model. The load current feedback to tidugtor
switching helps to maintain the output at requilecel based
on this technique boost DC-DC model is represebtgolw.
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Fig-5: Simulink Model for DC to DC Boost Converter

4. INVERTER MODELING

The new technology now a day’s using module coratect
inverter which has gained good popularity but im owdel it
is centralized power inverter [9]. The PV arrayguoes DC
power and therefore when a standalone system csrdai AC
load. So needs conversion of AC power which isead by
power inverter. For producing desired voltage waxmaf gate
triggering of inverter must be controlled in acdaeranode
[11]. For producing PWM output we require a modulgt
signal, which is sinusoidal wave and triangular &ag carrier
that controls the switching frequency of switchesedi for
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conversion control. ThePWM Generator block, which
generates pulses for the carrier-based puigéh modulation
(PWM) systems. It fires the sedbmmuted devices (FET
GTOs, or IGBTSs) of any phase, or a combinationaaf three
phase bridges.
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Fig -6: Gate Pulse Generati

The number of bridge arnthat we want to control actual
decides the number of pulses generated by the |
Generator blockFor three Arm Bridge we have to genel
pulse 1, 3 and 5 to fire upper devices and pulsdsa?d 6 fire
the lower devices. Therefore giulses are geerated for a
three-arm bridge.

First we compare the triangular wave with refere

waveform accordingly that pulseseagenerated as shown

Fig. 6.The reference signal can alsogeeeratd from a signal
connected at the input of the PWiMbck. Using thisoption

we can fed the error voltagebtained by comparing load b

voltage with reference voltage)f load side which is to b

balanced. e PWM Generator needs one reference sign

generate the pulses for a single- or a-amm bridge, or it
needs a threphase reference signal to generate the pulse

a threephase bridge (single or double bridi The proposed
model uses this techniquehd variable load is concted at
the output of inverter, hendhlere is variation in voltay, this

can be normalised with thé&nductor current and voltag

control methodology purpose@or controlling the output ¢

inverter RL branch is added at output side Is to control
voltage feedback throughverter gating contri [11].

The voltage at # output of inverter is fed back to t
controller, where it is compared with reference bus volta
The error is then controlled and normalised througk
controller. The proper tuning of the proportionatlantegratol
gain is done by initial assumptionThere are two types
waveform generation control schemes ufsedyrid-connected

inverters Voltage control and Current cont [12]. Voltage
and current controlled inverters look quite diffgren a sul
20ms time scale. On a longer time scal.e. seconds)
however, inverters used for injection ofergy from a PV
array directly into the grid are controlled as powseurces.e.
they inject “constant” power into the grid at clog®e unity
power factor. The control systems constantly maor
incoming power from the PV array and adjust the mitage
and phase of the ac voltage (voltage controlled) omrent
(current controlled) to export the power extradien the PV
array[13]. The output from PI controller is within the u
tolerance band and to make it alternate proportitmaus
voltage the PLLBIlock is used with zero angles set to gene
unity power factor output from inver helps to set it in
maximum active power deliveri mode. Since this is the unit
reference signal generated given to the PWM genelbddck
which then produces firingulses accordingly.

From Fig. 6we can observe Pulse 2,4and 6 are complen
of pulses 1, 3 and 5 respectively. Note that, enttke pulse
generated by the Synchronize-Pulse Generator block, the
pulses generated by the PWM Generator block akariable
width. The inverter Bnulink model contains three phe
IGBT Inverter connected with three phase variabkedl The
Simulink model is made with the help of SimPowestsy
tool box. As Shown in thiig. below inverter is connected
with three phase ingtive branch which is further conneci
with load. In this control scheme the Line voltagedue of
load is taken first with the help of voltage measuent block
to give input to thénverter control system.
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Fig-7: PV Inverter Connected with Three Phase Varii
Load
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The subsystem of inverter csists of three main portions first
part is voltage measurement block system. This vol
measurement block system has three phase voltagsunee
from load side as the load varies our voltage ntadrivaries
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Fig-8: Pl Controller of Inverter Controller Subsystem

This voltage measurement block system has threesepha
voltage measured from load side as the load variesoltage
magnitude varies. This measured voltage is dividgdrm of
phase voltage, line to line voltage and RMS valokephase
voltage. The line to line values of the voltagauged here to
measure the voltage variation of load and the RidlBes are
used for maintaining the magnitude as per the redui
condition. The second block is controller; it ig theart of the
inverter scheme employed. The detailed descrigsoshown
below. The V*LL rms gives the value of referencédtage line
to line, which we have to maintain across the gudl load
.The V*LL is taken from the grid side, which is the
multiplied with the RMS value of the Load side phasltage.
The obtained value is again compared with the valite. The
obtained signal is then given to three phase Plrolber. The
values of proportion gain and integral gain isteetormalise
the values of voltage, which is compared with unput
signals sothat it will help to maintain the outpot the
inverter. The PI controller produces unit referersignals
whose output is limited betweenl to 1.5. The sigi#hined
from the PI controller is DC value, which doesnintain the
sinusoidal component. In order to make this a perfe
sinusoidal values of unit magnitude, a PLL blockaken to
match the bus sinusoidal voltage and frequency. e is
set to 50 Hz and zero degree so that it can produnity
power factor active power. Therefore, we can sat thur
inverter produces the maximum power in this modbee T
discrete PWM generator compares the unit ref sidaso
signal with the triangular wave which then helpfulgenerate
the firing pulses as describe in the above PWM Netin
article.

5.MODELING OF VARIABLE LOAD

The charge controller and inverter model propose@ Imeeds
to be investigated for variable load condition. Mally in
standalone mode it is quite difficult to manage géar
fluctuation of voltage to control. The three phaseiable
model is proposed here to investigate the behasfoPV
system in case of variable load condition. Thedtplease load
model is made here with the help of three phasésiéad
connected with the help of three phase circuit keeaEach
load consists of 10 KW, 1000 VARs load. The switchiime
of breaker is set according to the requirementis way we
obtain the three phase variable load. So the ciertidesigned
for proposed system has to be tuned for this kiindaoiable
load by properly managing the reactive power. Tlogleh is
simulated for 5 sec the timings for breaker ongeisto 0.1 to
0.2sec so the load of 10KW, 100VARs is disconneatdtiis
time event. Similarly for breaker two is set toal2 sec and
for breaker three it is set to 3 to 4 seconds.
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Fig-9: Three Phase Variable Load Subsystem

6. RESULTSAND DISCUSSION
6.1 PV Module

The PV module generates DC voltage under varyimglition
of solar radiation. For Fig. 3 showing the value suflar
radiation at different solar radiation conditione wan obtain
the desired output for |-V and P-V curve. The didfa
parameters of PV module is short circuit curred#54, open
circuit voltage 22.2V, current at Pmax 4.95A, vgiaat Pmax
17.2V. From the Fig.10 we can observe that wherarsol
radiation is increased the output values of voltagd power
is increased. The power level is increasing as shkr
radiation is increased as graph shown in Fig. 16il&ily the
current output is also increasing to maximum vadidge at
maximum radiation level.
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Fig-11: I-V Characteristic of PV Module

Fig. 12 shown below is obtained in the conditionewtsolar
radiation is at its peak the charge controller gifieed voltage
800 V. The fixed level of voltage is desired foroper

operation of inverter. Therefore we get constanivgro of

32kW approx. This voltage helps to generate therefks
output from inverter.
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Fig-12: Power Output from Charge Controller

6.2 Simulation of Boost Converter

The output voltage from module is variable dc aarso
radiation changing in nature. The boost convertews in
Fig. 5 having different values of input given aduntance 10
mH, capacitance 1pF, initial capacitor voltage 80@\put
voltage 735.5 V and reference current is 4.5 A. therabove
given values we have obtain Fig. 13 in which thedbed

voltage obtain 800V. The graph is Linearly incragsivithin
narrow range of voltage magnitude which shows tat
voltage is boosted and will be remaining stablehimitthat
range of magnitude means 800V.The inductor curcentrol
is employed the graph we get 4.5A inductor switghtarrent
and the plot for Switching control is given in Hig&15.

a0 T

799.998 - =

a e

iiiiiiWmmwmmmwwmwmwwmmwmwrrmww |

15
1ME(SEL)

VOLTAGE(V)

Fig-13: Voltage Output from Charge Controller
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Fig-14: Inductor Current Control of Charge Controller
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Fig-15: Switching Control Signal of Boost Converter

6.3 Inverter Simulation Results

We are using three phase IGBT inverter connectel thiree
phase variable load of 30kW. The inverter has iteno
controller as discussed above which maintains thpub .The
IGBT is used for inverter has various values foaré No of
bridges arm is 3, snubber resistance 10000 ohnts,
capacitance, Ron le-4, Forward voltage 1V, the emlfor
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PWM generator are carrier frequency is 4000 Hz,parime
20e-6, modulation index 0.85and input voltage i9\80Ve
have simulated it in discrete time simulation méatetime 5e-
5 sec and obtain the various plots as shown b&levoutput
can be varied according to switching frequencyirsgttThe

PV Array system can produce power of 40 kW. We have

connected 30 kW load. We are getting 25kW of actioeer
and 1kVARs reactive power from the simulation. We a
getting this kind of result because we have usae kieree
phases R-L load connected with the help of thresseltircuit
breaker. Each load consists of 10 KW, 1000 VARslloa
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Fig-16: Active and Reactive power from PV inverter todoa

The switching time of breaker is set according tee t
requirement in this way we obtain the three phasgakile
load. The model is simulated for 5 sec the timifigsbreaker
one is set to 0.1 to 0.2sec so the load of 10KVOVARS is
disconnected in this time event. Similarly for tkeatwo is
set to 1 to 2 sec and for breaker three it is®8ttb 4 seconds.
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Fig-17: Voltage from Inverter to Load.

Fig. 17 shows the voltage output from inverter vee some
spike in the voltage wave form at switching inssamhen load
are thrown by operating the breaker. When suddenotien of
load occurs at that particular switching instant yery less
time (in microseconds) voltage rises. The voltagefarm is
smooth throughout the rest of the region showsrobtiat is
giving good performance.

CURRENT(A)

Tlmsz(ésc)
Fig-18: Current from Inverter to Load

Similarly we are getting the corresponding Curneateform

Fig. (18) we get sag at the same instant i.e.tduke sudden
rejection of load of 10kW at a time normal valuecafrent is
60A but when load is cut off the magnitude of cotrés

reduced by 25A.
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Fig-19: Voltage Output from Inverter under Varying Load
Condition

In the varying load condition when the load varig®e
magnitude of voltage and current varies for stalpleration of
system the voltage magnitude must stable in 1 Fdje we
are getting voltage that goes on stabling at L2 P.

CONCLUSIONS

The aim of this paper is to provide insight inte timodelling
of a standalone PV system. The model of PV arrayosB
converter, Inverter & its control, Variable loadrepresented.
The simulation result of each system is discusdedame
discrete simulation time specified. In this modehximum
power should be achieved by getting maximum saldiation
condition. In conventional system a single PV medig
connected to a dc - dc converter and the outpthefic — dc
converter is connected to the inverter finally irtee feeds the
Load. The control scheme given here can be a goldien
of economic model. It offers a simple way to stutie
performance for utility interface applications.ist simple to
implement and capable of producing satisfactoryusiidal
current and voltage waveforms. This paper inclulisching
control of the system according to inverter contusing Pl
controller to track the maximum power point accogdio the
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variation of load The proposed system components ma

are

implemented in Matlab/Simulink environment

interfaced with SimPower yStem toolbox. The system h
very good behaviour fahree phase variable load mc
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