ISSN: 2277-9655
Impact Factor: 1.852

[Ahmed, 2(12): December, 2013]

| JESRT

INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH
TECHNOLOGY

Simulation of Regulated Power Supply for Solar Photo-Voltaic M odel
Mushtag N. Ahmed AL -Duliamy™?*, Mojgan Hojabri*, Hamdan bin Daniyal*
Ali Mahmood Humada®

"Faculty of Electrical and Electronics Engineeribigjversiti Malaysia Pahang, Pekan, Pahang, Malaysia

’Electrical Engineering Department, College of Eegiring, University of AL-Anbar, Ramadi,Iraq
mushtagalduliamy@uoanbar.edu.iq

Abstract
This paper presents the simulation of regulatedvbDi@ge source. The DC source main supply is do\ar
model which produce unstable output voltage. Thdehs done such that the input parameters arkghieand the
temperature and the output is the unstable volt@ige. output current is important parameter to achi@ccurate
output voltage, that current is measured and fatleanput of the model to be used for equatioruatan. Voltage
regulation is needed to make the generated voltagble. A simple buck converter with PID controllesed to
regulate the output voltage. SIMULINK is used tmslate the overall system. Simulation result isegito verify

the operation of the model.

Keywords: Photovoltaic of KD205GX-LPU Model, Buck Converidoltage Regulation, PID Controller and
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Introduction

Renewable energy sources are getting day after
day more attention in the world. Among them, the
photovoltaic (PV) panels, which offer many advaetg
such as requiring a little maintenance, do notytelthe
environment. On the other hand, renewable energy
sources, such as solar energy systems, attract more
attention because they provide a greater oppoytdait
generating electricity.

There are many factors that affect the efficiency
of solar cells, such as temperature, insolatiom/iglot
spectral characteristics, dirt, and shadow and 80 0
Insolation changes on panel's solar cells are dabge
rapid climate changes such as cloudy weather aigka
in ambient temperature, which can reduce the output
power of PV. In other words, the producing ener§yo
PV cell is related to its operational and environtaé
conditions [1,2]. The PV systems often consist & P
generator (cell, module, array), storage devicesnefgy
(like batteries), and power conditioning elements.

Actually, one of the advantages of using
photovoltaic systems (PV) is not to put any kind of
emissions to nature. As is well known, that phottaio
system (PV) produces DC electricity when the suntlig
fall on it directly. So that DC power can be tramséd to
AC power using an inverter to run the local loa8f [n
other words, some electronic converters are usegketo
electricity from the PV cells. The device used hist
research for the purpose of voltage regulation miek

converter. As well as to control the flow of energythe
system, including the highest point of maximum powe
tracking (MPP). Buck converter is characterized &y
high efficiency Step-Down (DC / DC) converter swiitc
This converter uses a transistor witch, typically a
MOSFET, to pulse the modulation width of the voltag
into an inductor. Rectangular pulses of voltag® iah
inductor result in a triangular current waveform.

The aim of this paper is to produce a PV model thase
Shockley diode equation. The PV model is used garia

of regulated power supply. Buck converter is usethe
regulator with PID controller for voltage regulatior hat
means, a PV model can be utilized in any simulation
studies such as solar power systems.

Solar Cell Modélling

Basically, there are two kinds of PV model like
single-diode model and double-diode model. The type
was used in this paper is single-diode model, lmothe
Figure 1 below.
Ideal Photovoltaic Cell

The equivalent circuit of the ideal photovoltaic
cell is shown in Figurel. The basic equation frdrme t
theory of semiconductors [4] that mathematically
describes the |-V characteristic of the ideal pkoliic
cell is:
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I= Ipv,cell — Lo cen [e(qV/aKT) - 1] 1)

Where L, .1 is the current generated by f
incident light (it is directly proportional to th&un
irradiation), Id is the Shockley diode equatil,, . is the
reverse saturation or leakage current of the digde the
electron charge (1.60217646 10-19C), K is the
Boltzmann constant (1.3806503.0-23J/K), T (Kelvin)
is the temperature of therpjunction, and (a) is the dior
ideality constant.
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Figure 1: Photovoltaic cell of Single-diode model.

Photovoltaic Cell M odelling

The basic equation (1)of the elementar
photovoltaic cell does not represent thé tharacteristic
of a practical photovoltaic cell. Practical cellse
composed of several connected photovoltaic celiisthe
observation of the characteristics at the terminélghe
photovotaic cell requires the inclusion of additiol
parameters as shown in Figure 2.

voltage
source

(0, Isc) MPP

“'—mp. !mp}

current
source

v
Figure 2:Photovoltaic cell of |-V Characteristic.

The fowling equation describes the practical pholiaic
cell parameters:

V+Rgl V+Rgl
I= Ipv,cell - Io,cell {EX]’) [?:] - 1} - {R_ps} (2)
Where:
* Ipycen and I, are the photovoltaic ar
saturation currents of the array

e V= NS% is the thermal voltage of the arr

with Ns cells connected in series.
In equation. (2) Rs is the equivalent series resis of
the array and Rp is the equivalent parallel rescs:
This equation originates theM-curve seen in Figure ;
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where three remarkable points are highlighted: ts
circuit (0, Isc), maximum power point (Vmp, Imphnd
open-circuit (Voc, 0).

For simplicity, equation (2) describes the sir
diode model presenteid Figurel. This model offers
good compromise between simplicity and accuracy
and has been used by several authors in previoussy
sometimes with simplifications but always with thasic
structure composed of a current source and a pk
diode [6-10].

Datasheets of photovoltaic arrays often pro
the following information: the nominal op-circuit
voltage Voc,n, the nominal sharircuit current Isc,n, the
voltage at the maximum power point Vmp, the curia
the maximum power point Imp, e open-circuit
voltage/temperature coefficient KV , the sl-circuit
current/temperature coefficient Kl , and the maxin
experimental peak output power Pmax,e.
information is always provided with reference tce
nominal or standard test conditic(STC) of temperature
and solar irradiation. The \I- characteristic of th
photovoltaic device shown in Figure 2 depends an
internal characteristics of the device (Rs, Rp) am
external influences such as irradiation level
temperature. The lighteperated current of tt
photovoltaic cell depends linearly on the solaadiation
and is also influenced by the temperature accorttr
the following equation [11,12]:

Ipv = (Ipv,n + KIAT)GEn (3)

Wherel,, , is the lightgenerated current at the
nominal condition (usually 25C and 1000W/m2), T ="
— Tn (being T and Tn the actual and nomi
temperatures K), G(W/m2) is the irradiation on
device surface, and Gn is the nominal irradiatibn
addition, to mprove the photovoltaic model whi
described in the previous section [13], look edqraf4)

lo = (lien + Kihy) /{[22c=2T] — 1) (3)
Where:
* Ign is the nominal shc-circuit current .
*  Vyen is the nominal ope-circuit voltage.
« K; is the shortircuit current/temperatul
coefficient.
e Ky is the opereircuit voltage/temperatu
coefficient
e 'V, is the thermal voltage of the arr
e ApisT=T-Tn (being T and Tn the actual a
nominal temperatures

Implementation of Proposed PV M odel
SIMULINK is an environment for mu-domain
simulation and ModeBased Design for dynamic a
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embedded systems. It provides an interactive gcap
environment and a customizable set of block lils
that allow design, simulate, implemt, and test a varie
of time-arying systems, including communications,
controls. SIMULINK is used to implement the solav
model.The model is formed using the above equa
(2), (3) and (4) using MATLAB/SIMULINK. The
forming of the equations shown in Figure 3. The rest
of the model will be a value which needs to be ested
to electrical parameter. Controlled voltage souscesec
to convert the generated value to proportionalagstas
shown in Figure 4. The output voltage of the sys
shown in Figure4 is unregulated.

Fredud? FunmtioThauaniil
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Figure 3: MATLAB/ Simulink of photovoltaic
mathematical model.
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Figure4: SSIMULINK PV modd.
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Buck Converter Model

There are three types of switching m{DC/DC
converters, buck, boost, and b-boost. The buck mode
is used in this article to regulate output voltafy{®C/DC
converter forms an integral part of a PV systemthW@it
DC/DC converter no system is design
Circuit Description

The basic DC/DCconverter uses a pair
switches, usually one controlled (e.g. MOSFET) and
uncontrolled (i.e. diode), to achieve unidirectiopawer
flow from input to output. One capacitor and ¢
inductor are used in the converter to store andstea
energy fran input to output. They also filter or smo
voltage and current. The buck converter circuigchan is
shown in Figure5.The DC/DC converters can have
distinct modes of operation:Continuous conducticde
(CCM) and discontinuous conduction mode (Dt In
practice, a converter may operate in both modes;hy
have significantly different characteristics. THere, a
converter and its control should be designed base
both modes of operation.

IRF150 k. &

1¥1
+ A - & \L iy

e 12

in

Figureb: Circuit diagram of buck converter.

Circuit Operation

When the switch is on, as shown in Figure6,
a time duration DT, the switch conducts the indu
current and the diode becomes reverse biasedrasu#s
in a positive voltage V=V, — V, across the inductor.
This voltage causes a linear increase in the inod
current IL. When the switch is turned off, as showw
Figure7. | continues to flow because of the induct
energy storage. This current now flows throughdioele,
and [ = -V, for a time duration (-D) T until the switch
is turned on again, as shown in Figu

i

gl &) L ow oz

Figure6: Switch on for atimeduration DT.
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Figure7: Switch off for atimeduration (1-D) T.
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Figure8: Switching waveforms.

Analytical expression for Vo/Vg, Ai;, ,and Av,
Assumptions made about the operation of
converter are as shown down:
e The circuit is operating in the stea
state.
e The circuit is operating in the CC
e The capacitor is large enough to assi
a constant output volje
e The components are ide

By equating the integral of the inductor voltageiowne
time period to zero yields.

[ividt= [°"V,dt+ [TV dt=0 (5)
= (Vg—V,)DT+ (-V,)(1 —D)T=0 (6)

V, = DV, or Vo/Vg =D @)
Assuming a lossless circuitP, = P,
Therefore;
Volg = Vol (8)
Io/1g= Vg/V, =1/D 9)

For a buck converter, it is obvious thgt= 1,
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Aip == [V, dt (10)

= % [shaded area under wavefoiV;, (Area A)]
(11)

1
={(Vg=Vo)DT}  (12)
FromAi;, we can obtaif, i, andip, max

iLmin = I — Azi&iL,max =1L+ Azi (13)

To obtain the average an inductor current, we Gantle
relationship:

I, =1,=V,/R (14)

The pealpeak output voltage rippAV,. From the
information of the capacitor currd., we can obtaiV,.

AV, = AV, = % [icdt (15)
% [shaded area under wavefo

ic]
11T Aiy,

Therefore;

A,
Av, = —
o 8

*fx C (16)

Photovoltaic Parameters of Multicrystal Type

The Multicrystal KD205G:-LPU module was
chosen for modeling; it has 54 series conne
Multicrystal cells. The keyspecifications are shown
table (1). MATLAB program is used to modulate thé
system circuit diagram, as shown in Figure13 belbke
model parameters are used by the equations listetia
previous sections. The program calculates the ouir
using typical electrical parameters of the module sas
(Isc, Voc), Irradiation (G), and Temperature

Tablel: Typical electricalparameters of kd205gx-Ipu
module under standard test conditions

Maximum Power (Pmax) 205W(+5w/- Ow)

Maximum Power Voltage (Vmp)| 26.6 V

Maximum Power Current (Imp) | 7.71 A

Open Circuit Voltage (Voc) 33.2V
Short Circuit Current (Isc) 8.36 A
Max System Voltage 600 V

Temperature Coefficient of Voc | -1.20 e-1 V/C

Temperature Coefficient of Isc | 5.02 e-3 A/C

The resistance (Rs=0.22), ideality diode a=1.3, and tl
resistance (Rp=415.405 are considered in the mod
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They make the solution for the current I, equaiibna
nondineal problem, that be solved using numer
methods.lterative solution of Rs amp is used in thi
program to find their values [13].

Results and Discussion

The parameters that determine the operation
solar cellreflected in their characteristic curvk-V and
P-V. For the calculation of two families of curves
shown n Figures 9 and 10, the temperature st:
constant at 25 °C varying the irradiance (400, &I
and 1000 W/m2) generating a type of curves. Figfe
and 12 show the irradiance is maintained constat®@0
W/m? changing the temperature (25, 50 an °C).

Figure9 shows PV voltage against PV cur
plot. The current curves depend on the irradic
changing. On the other hand, voltage is going totam
almost constant and it is not going to vary mudthoaigh
increases irradiation.

IV curwe for KD205GH-LPU Moduls

=it | —— G=E0n(Wimd) & T=25(C)
1 ——— G=400(WImD) & T=25(C)

Tubchile Cruvent (T)

o IS IIG Muiisl Vot 2%‘_‘ 2‘5 3‘0 33
Figure9: I1-V Curvefor KD205GX-LPU Modulewith G =
400, 600, 800, and 1000 & T=25.

The efficiency of the solar cells falls when tengiare
increases, as shown in FigurelO, due to the deriek

the open circuit voltage.

IV curve for KD203G X-LPU Modul=
10 T T ! —— G=1000(W/m2) & T=23(C)
——G=1000(W/m2) & T=50(C)
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Figure 10: 1-V Curvefor KD205GX-LPU M odulewith

G=1000,and T= (25, 50, and 75).
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In this case, the influence of the temperature loa
voltage can be seen in Figure 11. The greater textye,
the smaller voltage. Also, the power decreases thi#
increase of temperature.

BV corve for KD205GX-LEU Module
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Figure 11: P-V Curvefor KD205GX-LPU M odulewith
G=1000 and T= (25, 50, and 75).

The influence of the Irradiation variation,
constant temperature, as shown in Figure 12.Thans;
the higher irradiation, the major MPP will be obtd in

the photovoltaic module.

B-V curve for ED203G X-LPU Module
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Figure 12: P-V Curvefor KD205£X-LPU M odulewith
T=25,and G=(400, 600, 800, and 1000).

Finally, buck converter as a regulator volte
the converter output voltage V(t) is a function tbe
switch duty cycle D, a PID control system is us#tht
varies theduty cycle to adjust the output voltage
follow a given reference Vr =50 v. Figure 13desesilthe
PV model and a simple converter feedback systere.
output voltage is sensed using a measurement &
source and compared with an accurate dc rece
voltage Vr. The resulting error signal is passaduph a
PID compensation network. The PID voltage produx
switched voltage waveform that controls the gatehe!
power MOSFET. The duty cycle D of this waveforn
proportional to the PID voltagef this control system is
well designed, then the duty cycle is automatic
adjusted such that the converter output voltag®visl
the reference voltage Vr, and is essentially inddpat of
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