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In this research, the study theory of system includes the use of an important source of renewable energy sources
(solar source) and linking this system with an electrical load. The world is witnessing a significant rise in fossil fuel
prices since the ending of the 20th century and now, this rise in price increases with the decrease in inventory day
after day. Therefore, it turned that the field of attention to researchers of power generation to expand in non-
conventional energy sources (new and renewable energy sources).

New and renewable energy is inexhaustible in use because they rely on renewable natural resources. The mathe-
matical model is an important part of the detailed study for PV systems. As well as study models for photovoltaic sys-
tems via the MATLAB/Simulink, this programming environment contains many models for renewable systems intended
to perform simulation and analysis.

Solar cells system needs to apply the MPPT algorithm due to the instability of external circumstances such as so-
lar radiation and temperature.

At a constant temperature of 25 °C, as the radiation level increases, the current and voltage of the module in-
crease, this leads to an increase in output power. At a constant radiation level of 100 W/m2, as the module tempera-
ture increases, the current increases and the voltage decreases, this causes the output power to decrease. The maxi-
mum power is reached at 17 V and 3.5 A by the MPPT method. The Perturb and Observe algorithm is used to achieve

maximum power.

Keywords: PV module, MPPT algorithm, voltage source multilevel inverter, mathematical modeling.

Introduction

olar panel generation becoming and more
S main as a renewable power foundation as it

offers many advantages over other sources
such as not being polluting, incurring no energy
costs, requiring small preservation and emitting no
sound. PV panel still has comparatively low change
efficiency, so, controlling Maximum power point
tracking (MPPT) for a solar panel is important in
a photovoltaic system [1]. The amount of energy
generated by a photovoltaic panel depends on the
panel voltage used [2]. The PV Maximum Power
Point (MPP) depends on the climatic rays and tem-
perature. From the PVV-I and V-P characteristic
curves, the unique duty point at which the maxi-
mum possible power is generated can be deter-
mined. In MPPT, the photovoltaic system operates
at maximum efficiency. Therefore, several algo-
rithms have been developed to determine MPPT
[3, 4]. Others have used a new three-point weight-
ing method that avoids the problem of fluctuations
in the perturbation and observation algorithm that is

often used to track the maximum power point, solar
energy that can be gained by with a photovoltaic
panel is able to change sunshine to electricity, the
price of PV unit is still expensive and greatest
power point of power is easily changed by sur-
roundings factors such as solar rays, temperature,
load, etc. In addition, to get solar energy as much as
potential form PV module, the process of maximum
power point PV module must be controlled because
the alteration efficiency of the PV module is very
low [5]. PV array needs sturdiness control concern-
ing parameter variation due to non-linear character-
istics. Forwarded a study and implementation of
real-time Estimate - Perturb-Perturb algorithm for
max power point tracking control in the photo-
voltaic system [6]. The MP and O algorithm re-
cover the P and O algorithm at the cost of speed
reply to changes of irradiance. In a new system,
named the Estimate - Perturb-Perturb algorithm
was forwarded through the authors, which dis-
played a good performance. Perturbation - Observa-
tion and PID controllers are used in this work to
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improve the PV panel performance and tracking the
maximum power under the weather conditions such
as radiation and temperature [7-9]. A comparison
between simulation and experimental results ac-
cording to the Perturbation - Observation algorithm
as well as the PID controller algorithm was per-
formed [10].

Mathematical sample of PV panel

The solar cell is the constitutive element of PV
arrays, it is essentially a p-n semiconductor connec-
tion shown in Figure 1. The V-I special equation 1
gives equation of a solar array [11].
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Fig. 1. PV mathematical model of the PV panel
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where V, I - current and voltage for output PV
panel; R, R, - resistance of the panel in series and

parallel; g - electronic charge;/ . - light generated

current; Iy - reverse diffusion current; »n - factor for
dimensionless; &k - Boltzmann constant; 7, -
temperature in Kelvin.

The cell parameters are shown in the table 1
[12, 13].

Table 1. Photovoltaic panel parameters [14]

Panel number 1
Dimension (cm) 158x8.08x4
Maximum power (W) 200
Open circuit voltage (v) 45.62
Maximum circuit voltage (v) 37.26
Maximum circuit current (A) 5.37

Wight (Kg) 15.5
Short circuit current (A) 5.66

Perturbation and Observation (P&O)

Algorithm

This algorithm is based on producing a slight
perturbation by the system; the perturbation causes
a change in the solar module power [15]. If the
power is increased, the perturbation must be kept
on in that direction, otherwise, reverse the perturba-
tion direction [16, 17]. The power of the panel

starts decreasing after reaching the peak value for
a certain period that is why the perturbation re-
verses its direction. At steady-state case, the system
oscillates about the peak power point. When the
power reaches the peak value, the power variation
will be small [18-20]. The flowchart of the P&O
algorithm of the maximum power tracking isshown
in figure 2, where V(n), I(n) and P(n) - are the cur-
rent-voltage, current and power of the PV panel
respectively [21].

Simulink of the Photovoltaic system

Photovoltaic array connected to a 25 kV network
through a DC-to-DC boost converter and a 3-phase
3-level voltage converter. Maximum Power Point
Tracking (MPPT) is realized in the boost converter
using a Simulink model using the technic of the
neural network technique [22].

The contains of the average modelis

PV array delivering a maximum power of
(100 kW) at (1000 W/m?) sun irradianc and Aver-
age model of voltage source converter. The voltage
source converter 500-260 V (DC-AC) and keeps
the unity power factor [23].

Figure 3 shows a Simulink diagram of a pro-
posed system that uses a solar panel and a buck
DC-DC converter controlled by an MPPT control-
ler. The system is used to produce three output
voltages and currents.

Results and Discussion
The proposed PV module was Simulink by using
dialogue box from block Libraries in MATLAB.

The results are as follows:

e Figure 4 shows the /- V, P - V and P - I char-
acteristics for different values of solar irradiation
(400, 700 and 1000 W/m?) at constant temperature
(25 °C),when the irradiation increases, the power
and current increase as shown in fig. 4, a, b respec-
tively.

e Figure 5 shows the /- V, P - V and P - I char-
acteristics for different values of temperature (25,
35 and 45 °C) at constant irradiation (1000 W/m?)
Here, when the operating temperature increases, the
power and output voltage decreases as shown in
Figure 5, a, b. The value of power is 60 W at tem-
perature 25 °C, and decreases when the temperature
increases.

e From the PV characteristics, we can observe
that there is a point at which the power output is
maximum, which gives the maximum efficiency. In
the Standard Test Conditions, itwas found that the
proposed PV Emulator produces the maximum
power at 60W with voltage 17 V and current 3.8 A
with increasing irradiation at a constant tempera-
ture. For comparison, according to the datasheet, at
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Standard Test Conditions, the MSX-60 solar mod-
ule produces the maximum power 60 W with the
voltage at the maximum power of 17.1 V and cur-
rent of 3.5 A.

e Figure 6, a, b shows the continuous level of
theV,, and I,, values respectively, that is fed to
MPPT controller to produce the switching signal
of the required duty cycle as shown in Figure. 6, ¢
to control the DC-DC buck converter to achieve
maximum efficiency. The output of MPPT is

a signal for two operating conditions, the duty In-
terval (T,,) and the freewheeling mode (7). How-
ever, these MPPT pulses more convenient for
regulating the output voltages of the Buck DC-DC
converter.

For this proposed design, the module formed by
connecting 36 PV cells in series. The output voltage
can be calculated by multiplying the cell voltage by
the number of the cells, while the total current is
equal to the cell current (Fig. 7).

Read I(n)and F(n) from panel
and calculate p(n)

'

Delay p(n)and F{n) by n —1
instant p(n -1).v(n -1)

.

AV =V (2)-V(n-1)
Ap = p(n)-p(n-1)

Bl =l

T

(e | |

T

| o |

Fig. 2. The block diagram of the algorithm “Perturbation and observation” method

Enhanced P&O Algorithm

Saturation
[0..1]

PV array1

Duty cycle genaration1

Fig. 3. Model of solar PV emulator utilizing buck converter
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Fig. 7. Simulink results for output currents and voltages
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Figure 7 shows the simulated waveforms of
three output voltages and currents, here approxi-
mate values of the first output voltage of circuit is
9 V and current is 2 A, the second output voltage is
about 5 V and current is about 1 A, and the third
output voltage is about 2.2 V and current is about
0.5 A.

Conclusions

A Matlab/Simulink model for the PV solar panel
with Multiple Outputs DC-DC Converter control-
ling by MPPT Technique was developed and pre-
sented in this paper. The PV system module is de-
sign depending on the circuit equations of solar cell
model. The electrical characteristics (P - V, I -V
and P - [ curves) are achieved for the solar module
that explains its dependence on the solar radiation
and atmospheric temperature. When temperature
remains constant at 25 °C, and the radiation in-
creases, the current and voltage of the cell model
increase, this leads to an increase in the output
power. In addition, when the radiation level keeps
constant at 100 W/m” and the cell temperature in-
creases, the current increases, but the voltage de-

creases, this leads to reduce in output power.

The maximum power achieved at voltage 17 V
and current 3.5 A with MPPT technique. The Per-
turb and Observe algorithm is used for achieve
Maximum Power Point. The regulator outputs of
buck converter controlling by the signal feds from
MPPT controller are achieved successively.
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MartemaTH4yecKkoe MOAeJUPOBaAHNE H KOHTPOJLIEP 15 (POTOIIEKTPHUECKOH CHCTEMBI ¢ MCII0JIb30BAHUEM

aaroputma MPPT

X. A. Hcca, acnupant, CeBacTONOJIBCKUN rocy1apcTBEHHbIN yHIBepcuTeT, CeBacronoins, Poccus
X. . Moxammeo, acnupant, CankT-IleTepOyprckuii momutexHmdeckuit yanepcureT [letpa Bemmkoro,

Canxkr-IlerepOypr, Poccus

JI. M. A60anu, aciupant, CeBacTOIONBCKAN TOCYAapCTBEHHBIN YHUBepcuTeT, CeBacTomnounb, Poccust
A. I'. Ane Baupmanu, actmpant, CeBaCTONONBCKHAN TOCYAapCTBEHHBIN YHUBepcuTeT, CeBacTomnounb, Poccus
M. Ixawum, kanauaaT GU3NKO-MaTeMaTuueckux Hayk, CeBacTONONBCKUI ITOCYIapCTBEHHbIH YHUBEPCHUTET,

Cesacromoub, Poccust

Teopuﬂ CUCMEMHO20 UCCNIeO08AHUS BKIIOHACN UCTONIb30BAHUE BANCHO20 UCTOYHUKA 80300H06I1EMOU 9Hepeuu —

CONIHEUHOU paouayuy — U Cea3bleaem My CUCMEMY C 3JIeKmpudeckoll nazpyskou. B mupe nabarooaemcs 3nauu-
MeNbHbLL POCM YeH HA UCKOnAeMoe Moniueo, ¢ konya 20-20 6eka u 00 HACMOAWE20 8PEeMeHU IMA MeHOeHYUsI NPOo-
00dICaemcst, npu IMOM 3ANACHL MPAOUYUOHHO20 OPSAHUYECKO20 MONAUBA NOCMOSIHHO COKpawaiomcs. B cesasu
€ d9MuUM GHUMAHUE ucciedogameneii 8 0O1ACmU bIPAOOMKU INEKMPOIHEPSUU COCPEOOMOUEHO HA BONPOCe PACUIUpe-
HUSL UCTIOIb308AHUSL HEMPAOUYUOHHBIX UCTNOYHUKOS IHEP2UU (ATbMEPHAMUBHBIX U 60300HOGISIEMBIX GUOOE IHEP2ULL).

Hogas arnbmepnamusnas snepeemuxa sS81semcst HeucHepnaemou 8 UCNoab308aHUL, NOMOMY YMO OHA NOLASAEMCs]
Ha 60300H06IsIEMbLE NPUPOOHDBIE pecypcbl. B dannom uccredosanuu npedcmasieno noopobHoe OnUCanue ucnob306a-
HUsl homoanexmpuieckux npeobpazogameneti U CUCMEM € PA3IUYHBIMU MUNAMU COTHEYHBIX diemenmos. Mamema-
muuecKkast MoOeb SIGIAEMCs BANCHOU YACMbIO HOOPOOHO20 UCCAe008aHUsL homodrekmpudeckux cucmem. Hccaredosa-
Hue mooenu ghomoanekmpuyeckux cucmem evinoanero 6 MATLAB/Simulink.

Tpu mamemamuyeckom MOOeIUPOBAHUU CUCIEM COTHEYHbIX MOoOynell ucnoav3oean areopumm MPPT u3z-3a ne-
CMadUILHOCU BHEWHUX YCI0BUL, MAKUX KAK COTHEUHOe U3NYYeHue U memMnepamypa.

Ipu nocmosinnoti memnepamype 25 °C, npu ygeauueHuu uziyyenus mox u Hanpsicenue MooyJis yeeauuusaomcs,
umo npusoOUM K yeenuuenuio evxoOHoii mownocmu. Ipu nocmosmunom yposue usiyuenus 100 Bm/m’, npu noswlue-
HUU MeMnepamypobl MOOYJisl MOK YEEIUYUBAENCSl, A HANPSJICEHUE YMEHbUAENCS, MO NPUBOOUM K YMEHbULEHUIO Gbl-
X0OHOU mMowHocmu. MaxcumanoHas mowHocms oocmueaemcs npu Hanpsisxcenuu 17 B u moke 3,5 A no memody
MPPT. J{na 0ocmudicenus MaKCUManibHOU MOWHOCIU UCnoab3yemcs anreopumm Perturband Observe.

KaioueBsbie ciioBa: Qotosnekrpuieckuii Moayis, anroput™ MPPT, MHOroypoBHEBBIII HHBEPTOP MCTOYHHUKA HAIps-
JKEHHSI, MAaTEMaTHUECKOE MOJETUPOBAHHUE.
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