Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(7):1791-1795

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

M odeling of solar photovoltaic cells and output characteristic
simulation based on Simulink

Guifang Guo®’, Xiaolan Wu?, Shigiong Zhou® and Binggang Cao*

School of Mechanical Engineering, Xi'an Jiaotongikémsity, Xi'an, China
2School of Mechanical and Electrical EngineeringaKiUniversity of Architecture and Technology, Xi'a&China
3School of Transportation and Environmental Scietenzhen Institute of Information Technology, Gdang,
China

ABSTRACT

The simulation model of PV array is presented om Iasis of PV array's physical equivalent circuitdaits
mathematical model by Matlab/Simulink. This simataimodel can be used to show the U-I output charastics

of the PV array under various irradiation levelscatemperatures condition. Meanwhile, this model barapplied

to cases of other powers flexible and used to sardyy's parallel and serial characteristics. Acabing to the
output U-I characteristics, the U-P curve of the &Vay is a single peak curve, which means thatRkearray has

a Maximum Power Point (MPP). Under partially shadednditions, the U-P curve of PV array has the
characteristics of multi-summit. The simulationuiés show that the irradiation changes mainly affise PV output
current, while the temperature changes mainly affee PV output voltage.
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INTRODCTION

Photovoltaic (PV) power generation is a reliabld anonomical source of electricity in rural ardags important to
operate the PV energy conversion systems near &xémmam power point (MPP) to increase the efficientythe
PV system. But the solar energy always varies imateously and the current and power of PV arrajesa
non-linearly with the terminal voltage, solar rdita, and temperature. So, the maximum power outpahot be
easily obtained.

As solar photovoltaic cells have significant noakin output characteristic, the photoelectric cosiearefficiency is
still very low. Therefore, so far the research ofput characteristics of photovoltaic cells is mportant topic in the
industry.

This paper proposes a mathematical model of P\ydraged on the principle of photovoltaic cells asthblish the
simulation model in Simulink. The output charactgci curve of the photovoltaic cells is obtainedhadlifferent
solar radiation and temperature. Thus, it canhayfoundation for in the following research of thaximum power
point tracking (MPPT)[1-3].

EXPERIMENTAL SECTION

Photovoltaics cells modeling
Photovoltaics cells characteristics
Output characteristics of photovoltaic cells arpresented as volt-ampere characteridtid, characteristics does

change with solar and temperature, narheffy(V,S ,T). Solar cells generate electricity by irradiationd ait

increases with increasing irradiation. Solar celis be regarded as constant current power supplghwalate to
the light intensity [4-5].
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The equivalent circuit of photovoltaic cell modglshown in Fig.1[6].
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Fig.1 The equivalent circuit of photovoltaic cell
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The model can be expressed as

=1, =1 Gexp Yt Ty gy YR "
Where

R,

———photocurrent(A);
|——reverse saturation curredi );
oq——electronic charge(1.6x18 C);
K——Boltzmann constant(1.38x18IPK);
T——absolute temperaturék);
A——diode factor
R——series resistofQ);
Rsr parallel resistor(Q),

Photovoltaic cells components manufacturers usumally provide to users the parameters: short dircuirentl
open circuit voltageV,, maximum power point of currerif,,, maximum power point voltag¥my, maximum
power P, under the condition of standard test to measures éspecially important for PV systems technical
personnel how to obtain the-1 characteristics according to the test data undféereht solar radiation and
temperature.

The engineering mathematics model for Photovoltaic cell§7-9]

The engineering mathematics model for PV is used teference radiation intensity and referenceiantb
temperature that is also called the standard textitons Ge—= 1000W/nf, T=25 C), thel-V equation of PV is
as follows:

| =1.{1-C[exp( )-1]} (2
2 Yoc
Where:
V., /V
, oc _ (3)
In(1—| /ISC)
C,=(@- mp)@xp[— ] (4
ISC C VOC

Therefore, the model can be established only bytitige technical parameters of PV, for examplertsticcuit
current | and open circuit voltagé, ., maximum power currenf,,, maximum power voltag¥py, then

C,andC, can be obtained according to the equation (3) dpd (

Based on the above analysis, the model for PVimunk is shown in Fig.2
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Fig.2 model for PV

RESULTSAND DISCUSSION

The output characteristics of photovoltaic cellsunder different irradiation conditions
Under standard test condition the temperafuie 25C, select irradiatiorS is 1000 W/, 800W/nf, 600 W/nf,
300 Wi/nf, in turn. Ther-U output characteristics of photovoltaic cells dreven in Fig.3.
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Fig.3 1-U curveof photovoltaic cellsfor four different irradiation levels

From the Fig.3 we can see that in same temperbaued the current is increased significantly with increasing of
irradiation level, while the voltagd has not changed much. So, the maximum power ot meet the change,
namely when irradiation increases, maximum outputent I, increased obviously and the maximum output
voltage Unp, changed small. As a result, the maximum power tpBifyp= ImppX Umpp @lso increased with the
increase of irradiation.
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Fig.4 P-U photovoltaic characteristic for four different irradiation levels

P-U photovoltaic characteristic for four differentadiation levels is shown in Fig.4. It can be obsdrthat while
the irradiation change is increased, the PV ouypputer is also increased. It is consistent with lteftom Fig. 3. It
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can be conclude that while the irradiation changesnly affect the PV output current, therefore thaximum
power point is increased.

The output characteristics of photovoltaic cellsunder different temperature conditions
Under irradiatiorS equal to 1000 W/ficonstant, set temperatufds in turn 50C and 25C, 15C, 5C. Then,P-U
curve of photovoltaic cells for four different teematures is shown in Fig.5.
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Fig.5 P-U curveof photovoltaic cellsfor four different temperatures

The curve from left to right is 50, 25C, 15C, 5C, respectively. From the Fig.5 can be seen thateimperature
changes mainly affect the PV output voltage.

When the temperature rises, the voltage fell siaBlt the temperature rises from'@25o0 50C, voltage fell more
obviously. As a result, the voltage change is ldhga the current change as the rise of temperafine maximum
output power meets also the relationship, so gk is very small.

Therefore, it can be conclude that the temperathamges mainly affect the PV output voltage, wttikeirradiation
changes mainly affect the PV output current.

The output characteristics of photovoltaic cellsunder partially shaded conditions

In case of partially shaded condition, the) curve of the PV array will have many gradient andlti-extreme
features. Series modules of PV array can causeréiff voltage peak due to sunlight change, whitedifferent
modules in parallel group will generate many currpeak. The model of PV arrays under partially sobhd
conditions is shown in Fig. 6.

U-P Graph1

Photovoltaic cellst

Fig.6 model of PV arraysunder partially shaded conditions

Fig. 7 shows-U curve andP-U curve for three PV arrays in parallel under péytishaded condition.
The simulation results show clearly that under iplyt shaded conditions, the-U curve of PV arrays has the
characteristics of multi-summit.
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Fig. 7 1-U curve and P-U curvefor three photovoltaic cellsin parallel under partially shaded condition

CONCLUSION

Output characteristic of photovoltaic cells is ooty related to its parameters but also associatddthe outside
irradiation and environment temperature. Basecherehgineering mathematical model of PV, the sitiariamodel
has been established using the Matlab/Simulink. $imeulation results proved the changing rule ofpatit
characteristic with irradiation and environment pemature. It can be conclude that the temperatumages mainly
affect the PV output voltage, while the irradiatidmanges mainly affect the PV output current.

In case of partially shaded condition, the) curve of the PV array will have many gradient andlti-extreme
features.
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