JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 14 No 6, 06004(6pp) (2022)

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 14 No 6, 06004(6¢c) (2022)

Design and Conception of Platform that Allows to Connect Different Solar Panels

and Loads through a DC-DC Buck Converter
Abdelkader Saidil:2*, Boubekeur Azoui!, Chaouki Ghenai3, Farid Lekmine?

1 Electrotechnics Department, College of Technology, LEB Laboratory, Batna 2 University, Algeria
2 Abbes Laghrour Khenchela University, Khenchela, Algeria

3 Sustainable and Renewable Energy Department, College of Engineering, Renewable Energy Laboratory, Sharjah

University, UAE

(Received 29 August 2022; revised manuscript received 21 December 2022; published online 27 December 2022)

A step-down converter-based solar system was designed to reduce and stabilize voltage through ad-
justable PWM control. To power different loads, we applied a constant voltage to charge the battery
throughout the charging time and with good efficiency, even if the solar panel was subjected to shadows or
other disturbances. We created a platform to connect photovoltaic (PV) modules to the loads via a DC-DC
buck converter with a voltage of up to 38 V and a maximum current of 5 A with a power of 75 W, as well as
the voltage at the output up to 36 V. Our results are that we can use three solar panels and attach them to
the platform, then place the battery as a load, fix the value of PWM on the converter, and make various
measurements on a normal day and a disturbance day. We created an embedded system based on the Ar-
duino ATmega328p microcontroller and sensors to measure different parameters such as voltage, current,
power, temperature and monitor the voltage value on the load. Also, an algorithm was implemented in the
processor to measure different instantaneous parameters, including the panel values (Vpu, Ipy, Pr), as well
as the buck parameters (Vo, I, P,) using current sensors and tension. This work makes it possible to moni-
tor various instantaneous electrical quantities at the panel and load levels and to acquire real-time data
for various parameters, also connect the platform to a computer via a serial port to send data and save it

using a microcontroller, and then read the data into a PLX-DAQ spreadsheet.
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1. INTRODUCTION

With the increasing capacity of solar power plants
to supply electricity to the main grid, there is a need to
develop grid-level energy storage solutions. These solu-
tions would provide the necessary flexibility for elec-
tricity networks to reduce the impact of the disparity
that occurs in the intensity of wind, sun and other ob-
stacles [1, 2].

The importance of the MPPT (Maximum Power
Point Tracking) regulator plays a major role in stabiliz-
ing the output voltage of the step down through the use
of the most famous techniques such as HC (hill-
climbing), P & O (perturb & observe), INC (Incremental
condition) and others, which leads to controlling the
duty cycle in order to feed or charge the battery at a
constant voltage, by the implementation of a step-down
converter, which ensures the stability of the tension at
the output of this inverter, and in a constant state with
good results and an efficiency curve [3-5].

The photovoltaic (PV) conversion chain will be op-
timized through a static converter (SC) controlled by
potentiometer adjustment [6]. It can be represented by
the synoptic diagram in Fig. 1. The Arduino UNO
board's microprocessor receives the measurements of
tension current and power parameters from two sen-
sors. The data obtained during the acquisition process
is saved and plotted in real time in the PLX-DAQ Excel
spreadsheet [7]. We started to describe the solar chain
as shown in Fig. 2. The test equipment can work with
simply controlled settings, when we used 3 panel types:
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two Welion panels (P-5 W) installed in parallel, a TO-
TAL ENERGIE (TE400) 40 W panel, or a Canadian
Solar Inc. panel (CS4-55 W) and different sensors, one
module for reducing the tension of DC-DC buck con-
verter type, which feeds the battery load, when we can
adjust with a potentiometer to fix the voltage in the
output of this step-down.
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Fig. 1 — Block diagram of a solar chain with a DC-DC buck
converter, battery load and processing unit

Fig. 2 — Synoptic diagram of the measuring bench for PV
modules in the solar chain
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We also relied heavily on various sensors, which we
will mention as follows:

o Two current and tension sensors (INA219) for
measuring the current and tension at the input
and output of the converter;

o PWM DC-DC buck converter or step-down module
that allows to fix the value of the output voltage
using PWM. Capable of driving a 5 A current in
the load with high efficiency, tension up to 38 V in
the input and up to 36 V in the output [8, 9];

o LCD 16 x 4 display with I2C module interface;

o Relay DC-5V, to cut off the battery supply when
the battery is charged or in the absence of lighting;

o METAMA battery type (FM-6V-5AH);

o Rheostat (load).

2. PARAMETERS OF A SOLAR PV SYSTEM
We consider various components of a solar system.
2.1 Modeling of the PV Generator

A PV cell is a photodiode; it can be represented by a
circuit in Fig. 3, and it is a simple model. Taking into
account the connection resistances and leakage cur-
rents, based on the ideal model, we can represent a
GPV by the diagram, also called the four-parameter
model [4, 10].
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Fig. 3 — Equivalent circuit of the four-parameter model

The expression of the total current can be given as
I=1,-1,-1,. (1)

The photocurrent Ips is the light generated current,
also known as the short-circuit current Iy, K, is the
temperature sensitivity, G is the solar irradiance and is
calculated as [3, 5]

Isc zﬁ[l‘scr +Ko (71' _T'ref):| . (2)

The expression of the diode current is given as:
q(V+R]I)
Idzlo[e KL, —l], 3)

where Io is the saturation current, ¢ is the electron
charge (¢ =1.6-10-19 C), K is the Boltzmann constant
(K =1.38-10-23 j/k), T¢ is the cell temperature (K), and
Vr=kTcq is the thermal voltage (V). The expression of
the total current can be written as [3, 4, 8, 10]:
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Table 1 — Electrical parameters of each PV module for the
three panels used

Values of different PV modules

Variable Welion TOTAL Canadian

(P-5W) ENERGIE Solar Inc.

2 panels (TE400) (CS4-55)
Pur (W) 5W 40 W 55 W
Voc (V) 11.1V 21.8V 21.6V
Isc (A) 0.62 A 2.5 A 3.48 A
Vur (V) 9V 17.3V 172V
Iup (A) 0.56 A 2.3 A 3.2A

2.2 The Influence of Irradiation on the Panel

This panel can be subjected to perturbations from
the shading, wind and deflection of the sun.

We keep the temperature 7 =25 °C constant and
apply irradiation perturbations by varying the sunlight
(G) from 200 up to 1000 W/m?2 [4, 5], the results ob-
tained are illustrated in Fig. 4.
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Fig. 4 — Influence of solar radiation on (a) I-V and (b) P-V
characteristics of PV panel under MATLAB for Total (TE400)

3. BUCK CONVERTER

A buck converter, also known as a series chopper, is
a switching power supply that converts a DC voltage at
the input into another DC voltage at the output with a
lower value. The buck chopper's or step-down mathe-
matical model is created by applying Kirchhoff's laws to
the basic chopper schematic (see Fig. 5) and the opera-
tion of this converter can be divided into two switching
sequences based on the state of the switch Q and diode
D [7]. The scheme of the buck converter is given in
Fig. 5 [2, 4].

During a period of time 7, two switching modes can
be expressed: the first mode Q: ON and D: OFF and the
second mode Q: OFF and D: ON shown in Fig. 5 [2, 12].
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Fig. 5 — DC-DC buck converter, we can split its operation into
two sequences depending on the state of the switch Q and D

chopper Filter

The output voltage is calculated by the average value
(6))

where T is the repeating period (7' = 1/f), f is the chop-
ping frequency, ton is the switch-on time, and a is the
conduction duty cycle, a = ton/T [12].

The dynamic chopper equations are presented for the
following state variables: inductance current iz, capaci-
tor output voltage v, or w, and input voltage vin.

When x=[x, x, x3]=[v, i, v,], Wecan put

1 1 1
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2 1
dv, ——iv +—1 0, ——Lv +Li
d ¢, ° ¢ * T c Gt
di:—lv0 +ivm = 41 :—lvo +£vm (7
dt L° L L
do, __d; 1, 5, =—23 + 1y
dt C1 L Cl in in Cl L Cl in

The equation of state can be written in the following
form:
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A well-designed buck converter has a high efficiency
(up to 95 %) and offers the possibility of regulating the
output voltage.

We propose the step-down shown in Fig. 6, capable
of driving loads up to 5 A with high efficiency and a
fixed frequency of 180 kHz. We can adjust the potenti-
ometer to fix the voltage at the output of the converter
depending on the relationship (5) [9, 13].
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Fig. 6 — DC-DC buck converter of XL.4015 module with PWM
adjustment allows to connect an input voltage up to 38 V
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Table 2 — Parameters of the DC-DC buck converter [9]

Parameters Variables and Units Values
Input voltage Vin (V) 4 to 38
Output voltage Vour (V) 1.25 to 36
Output current Lour (A) max 5
Output power Pour (W) 75
High efficiency (%) up to 96
Switching frequency f (kHz) 180
Dimensions (cm) 54x2.3x1.5

4. BATTERY LOAD

Batteries have become extensively used in many
fields nowadays, as they are found in all cars and
emergency generators to store electrical energy (DC),
and not only these things but also widespread in homes
and small, medium and large projects to store energy
produced by solar panels for use at night and in winter
1,2, 8].

The DC-DC buck converter module has applications
where the input voltage is higher than the output volt-
age. In our project, the input voltage Vo is up to 20 V
for three panels applied to the converter input. As for
the output of the converter, we set the tension on the
value cycle used to charge the battery.
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Fig. 7 — Charging characteristics of the battery (6 V, 4.5 Ah)
[14, 15]

Table 3 — Characteristics of the charging battery METAMA
FM-6V-5Ah (T, = 20 °C)

Stand-by use Cycle use
Voltage regulator 6.75t06.90 V | 7.20 to 7.50 V
Initial current 1.5 A max

5. EXPERIMENTAL PROCEDURES

Three types of PV generators are used in the uni-
versity laboratory (Welion type P-5W, total power mod-
el type TE400-40W, Candian solar Inc. model type CS4-
55W) to supply the platform (Fig. 8).

Fig. 9 shows how to get the data acquisition or DAQ
with a microcontroller, it allows to receive quantitative
data according to the period, it can be voltage, current
and many variables. Everything can be viewed on a PC
directly or saved to be analyzed later [7, 16].

Then the prerequisites are to have the Arduino and
Excel software, as well as hardware ATmega328p [7].

06004-3



A. Saipi, B. Azoul, C. GHENAIL F. LEKMINE

Fig. 9 — The measurement bench and Excel PLX-DAQ table
displayed on the monitor in real time, with data saving and
plotting curves of different parameters
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Fig. 10 — Platform designed to measure the data packet (at the
output of the panel Ly, Vi, Ppw and at the output of the convert-
er I,, Vi, P,), we can also measure radiation and temperature

6. RESULTS AND DISCUSSION

We achieved the results by exploiting three types of
solar panels as mentioned earlier (Fig. 8), where we
charged the battery using the measurement bench and
first used software and hardware to program the mi-
crocontroller and then an PLX-DAQ excel spreadsheet
to save data. As for the electrical components, they are
on the platform and are shown in Fig. 10 [16]. The
graphics represent a simulation of instantaneous val-
ues that were taken in a data table. Fig. 11 represents
various instantaneous values of solar panel tensions
Vv and the constant value (Vo= Vioar) at the battery
level under stable normal conditions.

The first battery charging occurs in a direct way,
i.e., solar panel — converter — battery, where the step-
down DC-DC lowers the tension, whose value is up to

J. NANO- ELECTRON. PHYS. 14, 06004 (2022)
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Fig. 11 — V-V, curves measured under radiation (750 W/m?2)
with total energy panel, at the battery terminal we fixed
Viau = 7.20 V, hour 10:58 — 11:33, and date 15/05/2022

21V at the converter input, to a fixed value that we
appoint it by adjusting the potentiometer value
Vo=17.20V at the output, and this is the maximum
voltage to charge the battery, as shown in figures be-
low. The values on the time axis represent instantane-
ous values of about 1 s.

The measurement enables us to have several uses
such as battery monitoring, information storage, data
reading and the relationships of each of the instanta-
neous input and output values for current, voltage, and
power. We also compared the three panels on the char-
acteristics of each under good weather conditions
(Fig. 11), as well as when the weather is disturbed by a
change in solar radiation (Fig. 12). The experiments
gave good results despite our lack of total energy ex-
traction, and the efficiency of this system is shown in
maintaining a constant output tension in the region of
the operating curve.

The results of the experiments show graphs of the
system’s response at different stages of atmospheric
changes to battery charging, ensuring battery protec-
tion from overcharging and deep discharging, as well as
through the algorithm applied in Arduino, in addition
to improving the efficiency of the PV generator.
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Fig. 12 - (a), (b) and (c) respectively show the LI, Vp-Vo,
and Pp-P, curves measured under radiation (770 W/m2) with
perturbation shading and wide. We used a Canadian panel to
see the reaction of the output voltage V, if perturbation affects
it. On the battery terminal, we fixed Viar = 7.20 V, hour 13:17
—13:51, and date 28/05/2022
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Jusaiin i kKounennia mrargopmu, AKA JO3BOJIAE 3’€JHYBAaTH Pi3HI COHAYHI maHeJ Il TA HABAaH-
TaskeHHd Yepe3 NoHM:KyuYnil nepersoprosauy DC-DC
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CoHsyHa cuCTeMa Ha OCHOBI IMOHMIKYIOYOro IIepeTBopoBada 0yJsia po3podseHa IJis 3MEeHIIIeHHsS Ta cTabi-
Jmisarii Hampyru 3a momomoromn peryiaboBanoro PWM kouTposto. JIjis sxMBIIeHHS pI3HUX HABAHTAKEHb MU
3aCTOCYBAJIHM IIOCTIMHY HALIPYTY JJISI 3apsiKaHHs baTapel IPOTIroM yChOTo Yacy 3apsiPKaHHs Ta 3 XOPOIIIO0
e)eKTUBHICTIO, HABITH SKIII0 COHAYHA IIaHeJb OyJia B TiHI a0o miamaBaJiacs 1HIIUM Ilepemkogam. Mu cTBo-
puu mwiatdopmy I 3'equaHHa (oToesnekrpuanux (PV) MonyiB 3 HaBaHTAMKEHHAMHA dYepes MTOHUKYIOUMI
neperBopoBad DC-DC 3 mampyrowno mo 38 B i makcumansuum crpymom 5 A 3 moryskrictio 75 Br, a Takom
BHX1THOIO Hampyrowo 1o 36 B. Hamrl pesysapraru mossramoTs y TOMY, III0 MH MOKEMO BHKOPHCTOBYBATH TPH
COHSTYHI OaTapel Ta IPUKPIIUTH iX 10 1IaTdopMu, IOTIM PO3MICTUTH OaTapero ik HaBaHTaKeHHsI, 3adikcy-
Batu 3HaueHHss PWM Ha neperTBopioBadyl Ta IPOBOAUTH Pi3HI BUMIDIOBAHHS Y 3BHYANHUI JeHb 1 IeHb 3 Iie-
pemkomamu. Mu crBopuiu BOymoBaHy crcTeMy Ha ocHOBI MikpokonTposiepa Arduino ATmega328p i naTuu-
KIB [IJIsT BUMIPIOBAHHS PI3HUX ITApaMeTpiB, TAKUX SK HAIPyra, CTPYM, IIOTYKHICTh, TeMIIepaTypa, 1 MOHITO-
PHHIY 3HAYEHHs HAIPYTH HA HAaBaHTasKeHHI. KpiMm Toro, B mpoiiecopi peasi3aoBaHO aJIrOpUTM JJIsI BUMIPIO-
BaHHSA PI3HUX MHUTTEBHMX IapameTpis, Brioudaroun sHadeHHS maHedl (Vpu, I, Pp), a Takox mapameTpn
samxenus (Vo, lo, Po) 3a 10moMOromn JaTYUKIB CTPYMy Ta Hampyru. PoGora [103BoJIsse KOHTPOJIIOBATH PisHI
MUTTEB] €JIEKTPUYHI BeJIMYNHY HA [TaHEeJ Ta PIBHAX HABAHTAMKEHHS Ta OTPUMYBATHU JAHI B PEAJIbHOMY Yaci
IJI PI3HUX IIApaMeTpiB, 4 TAKOMK IIIT eJHATH ILIAT(OPMY 10 KOMITI0TEepa Yepes MOCIIIOBHUM IOPT IJIA Hal-
CUJIAHHS JAHUX 1 30epeskeHHs IX 3a JI0IIOMOT0I0 MIKPOKOHTPOJIEPA, 1 IIOTIM JIJIsI 3YNTYBAHHS JaHUX B €JIEKT-
pouuy tabmuiio PLX-DAQ.

Kimouosi cnosa: PV manesns, [lormxkyiounit nepersoproBay, Arduino Uno, 36ip nanux, PLX-DAQ.
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