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DEVELOPMENT AND RESEARCH OF A MATHEMATICAL MODEL
OF A SOLAR PHOTO CONVERTER WITH AN INVERTER FOR
CONVERTING DIRECT CURRENT TO ALTERNATING VOLTAGE

Abstract. This article presents a mathematical model of photovoltaic systems. For the analysis of energy
processes in autonomous power transmission systems, it is now advisable to use computer simulation methods. The
use of a simulation model makes it possible to provide an energy balance in an autonomous power transmission
system with specific energy characteristics of ground and buffer sources of energy and a time scale from the power
consumption of the load. This allows you to influence the energy characteristics of transmission systems to ensure
the energy balance in the system in terms of temporary changes in the energy characteristics of energy sources, as
well as the impact on the energy characteristics of the systems of transmission parameters such as solar energy.
lighting, temperature, time of year, etc. This model is described by the current-voltage characteristic (CVC) at a
given temperature, and the lighting conditions are the basis for calculating the parameters of the photoelectric energy
in a wok. A new inverter was also designed and researched to convert direct current into alternating voltage, which
allowed saving from 18.5% to 35.19% of expensive solar photo converters.
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1.Introduction

Solar cells in the production of electricity from renewable energy sources, is now developing rapidly
and soon will be increased overall use [1]. For example, small solar cells used in watches, calculators,
small toys, radios and portable TVs. While large objects are combined into modules and are used to
supply the power system [2,3].

A solar cell is an electrical device that converts light energy into electricity using the photoelectric
effect. The main material used for the production of solar cells is silicon.

I. The design and manufacture of silicon solar battery Large blocks of molten silicon carefully
cooled and solidified is made from cast ingots of polycrystalline silicon square. Polycrystalline silicon is
less costly than single crystal and are less effective [4,3,5]. Solar battery consists of the following
elements [6,7,8].

e Silicon wafer (mono- or polycrystalline) with a p-n junctions on the surface.

e Front and back contact; front contact must have the correct shape to make the most of the incident
radiation.

e Antireflection layer - cover the front surface. There are three major types of solar cells.

e Single crystal formed on a silicon crystal with a homogeneous structure. The basis for the
formation of cells that are suitable silicon-sized blocks.

e They are cut into plates whose thickness is about 0.3 mm. Photovoltaic cells achieve the highest
levels of performance and life [4,6].

e Polycrystalline are comprised of many small grains of silicon. These solar cells are less efficient
than single crystal. The production process is simpler and have lower rates [4,6].
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e Amorphous (thin film) - produced by incorporating multiple layers of silicon on the surface of
another material, such as glass. In these solar batteries, we can not distinguish individual cells.
Amorphous solar cells are generally used in small devices such as calculators and watches[4,6,9,10].As
the metal contacts are made, the solar cells are interconnected by flat wires or metal ribbons, and
assembled into modules or solar panels [7,11,12]. If the lower flow resistance of the current, the output
current is a multiple of the current cell panel and associated with parallel connections of elements and
modules. Similarly, the output voltage of the module depends on the amount series-connected cells and
modules [3,13]. Photovoltaic solar cell generates electricity only when it is illuminated, electricity is not
stored [13].

The current-voltage characteristics of the cell are shown the output current PV generator, depending
on the voltage at the set temperature and lighting [2.14]. Short circuit current (ISC) - the output current of
the photoelectric. Generative at a given temperature and irradiance, PMPP - point MPP (Maximum Power
Point) is [2,6,15]. The output voltage is heavily dependent on the temperature of solar cells: increase
results in a lower operating temperature and efficiency of [2,9].

The inverter is an inevitable component of the photovoltaic module.

There are many inverters available on the market. The cost of these inverters is a bit high due to the
microcontroller-based SPWM generator [17,18,19]. In the article [20], researchers devoted to the design
and construction of an inverter with a power of 100 W, 220 V and 50 Hz. The system is designed without
a microcontroller and it has a cost-effective design architecture. The elementary purpose of this device is
the conversion of 12 V DC to 220 V AC.

Solar Photovoltaic Modules (SPM) are popular in agriculture. For a lot of small farms, the main
source of electrical energy is electric generators driven by Internal Combustion Engines (ICE), since
installation of electrical networks is economically unprofitable. In these conditions, SPM are
economically and environmentally promising, since it does not require the consumption of fuels and
lubricants does not harm the environment. Determination of the main SPM operating parameters in 2
modes is considered in this research. In the cases when the panels oriented towards the sun (tracking
mode) and in a stationary state with orientation to the south (without tracking mode). The dependences of
current, voltage and power on time and density of solar radiation were measured. Accordingly, the voltage
and current of Transportable Photovoltaic Unit (TPU), the charging current and the voltage of the
batteries, the voltage at the output of the inverter, the temperature and humidity of the outside air and the
electrical energy consumption by the electric receivers were recorded. The study of the TPU operation
showed that the mode of orientation to the sun increases the daytime power generation by 25, ..., 33% in
comparison with the fixed installation of Solar Panels (SP). The analysis showed the discrepancy between
SP passport data and the experimental results. The decrease in electricity generation was 14% compared
to the expected estimates [21]. The advent of unique technologies of the developing Solar Energy (SE),
actual energy, faces economic and environmental problems. The main obstacle to the widespread use of
SE is the low value of the average annual efficiency of known solar installations. In a sharply continental
climate, they are exploited only in the warm season, about 6-7 months. Known combined systems, where
additional conventional water heaters duplicate the operation of solar units, require additional costs for
energy carriers. These disadvantages are not offered by the integrated system of SE use. In the article, the
system was studied using the example of a cattle-breeding farm. The new system performs these
functions; it recycles heat, organizes their movement and accumulation, and smooths out the uneven SE.
The main components of the system are: Solar Power Plant (SPP), milk cooler, climate unit, Heat Pump
(HP), the battery heat, automatic control system, and device heating and hot water. The main goal, i.e.
lower cost of the energy produced and the elimination of the uneven SE, compared to the known SPP, is
achieved through the flow of energy from the sources mentioned above [22].

2.Model Solar Battery

Photovoltaic generators for direct conversion of solar radiation into electrical energy, collected from a
large number of series-connected photovoltaic solar cells (solar cells), are called solar cells (SC). Modern
Security generate significant light on electrical power and are used both for power spacecraft (SC), and
for many terrestrial autonomous devices for different purposes. Solar panels are made up of tens or
hundreds of thousands of individual solar cells connected in parallel, in series in order to provide the
required voltage and current ratings.
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Figure 1 - Equivalent circuit of a solar cell

Figure 1 shows an equivalent circuit of the solar cell of substitution (SE). It is described by the
following expression [16]:

U
Iny =1o(W) = Iy - [equk%_ 1] o Uyy =

kT loW)-Iny
| (1

Where Iy - current through an external load, I, - reverse saturation current, q - electron charge, T -
the absolute temperature, ° K, k - is Boltzmann's constant, Uyy- voltage at the output element,
I - current of minority carriers generated by the light (photocurrent).

Influence of irradiance on the FE value Uyy value expressed by the formula [13].

Io(W) =W-1I, (2)
where W - Illumination SE.

Figure 2 - The full-scale model of the solar panels
3

Fig. 3. The solar power systems:
1-inverter; 2- battery;3-controller
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3. Inverter to convert DC to AC voltage

The objective of this study is to reduce the load on the power supply with maximum efficiency and
increase the term of stability, simplify the design of the device, reduce the cost and expand the scope of
their use in industry.

This task is achieved by the fact that when turning on the PWM controller that regulates the width of
the pulses 1 to the logic elements 3, 4, the maximum sequence of gates of field-effect transistors is
achieved.

As shown in Figure 1, the device has a PWM controller that regulates pulse width 1, voltage regulator
2, with field-effect transistors connected 3.4, to convert from DC to AC, capacitors 5, to filter the input
voltage, diode bridge 6, transformer consisting of primary and secondary windings 7, switch 8, housing 9,
you can use any material, plastic, iron, aluminum.

Figure 4 - Inverter to convert DC voltage to AC

Assembly and manufacture of the device is as follows. A PWM controller regulating pulse width 1 is
connected via voltage regulator 2, and capacitors 5, for filtering and limiting the input voltage, followed
by connecting field-effect transistors 3, 4, screwed to passive cooling, to prevent heating, and with parallel
connection of the secondary winding transformer 7, the primary winding is connected directly to the diode
bridge 6, with the connection to the input voltage circuit of the switch 8, with the subsequent location in
the housing 9.
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Figure 5 Schematic diagram of the inverter
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The operation of the proposed device is as follows. When the input voltage is connected, with the
switch 8 connected to the input voltage circuit, the current is fed to the PWM controller that controls the
pulse width 1, through the capacitors 5, to filter the current, and the voltage regulator 2, then connect the
field-effect transistors 3, 4 screwed to the passive cooling, to prevent heating, and with the parallel
connection of the secondary winding of the transformer 7, the primary winding is connected directly to
the diode bridge 6, with the connection to the input voltage circuit of the switch 8, followed by p As
position in the housing 9.

According to the developed method of rational use of solar photo converters, calculations were
carried out for a three-phase conversion system for various inversion schemes. According to calculations,
it was found that with a three-phase conversion system, it is possible to save from 18.5% to 35.19% of
expensive solar photo converters.

LTt} I 1 ] 1 1 1

i ; ; : i
0.005 0.01 0.0186 Doz 0025 D.03 Q035 Tt

1- Output step voltage curve; 2- perfect sine curve

Figure 6 - The output voltage of a three-phase five-step model

In accordance with the graphical analysis, it can be asserted that with a three-phase load, as the steps
grow, a voltage curve can be obtained that is close to a sinusoid.

4. Result

During the research, the following are recorded: the voltage and current of the FCM, the charging
current and the voltage on the batteries, the voltage at the output of the inverter, the temperature of the
outside air (from +5 to +35 0C) and the humidity of the outside air, and the electric power consumption of
the electric receivers of the connected load.

In the experimental studies we used: a solar radiation meter SM-206, an ammeter and a DC
voltmeter, a UT206 multimeter, a Saiman electric energy meter, a CENTER-350 infrared thermometer,
and an MES-202 meteorometer. The measurement of solar radiation was carried out with a portable SM-
206 instrument with an accuracy of + 5% (measuring range 0.1 ... 399.9 W / m2, temperature - with an
infrared thermometer CENTER-350 with an accuracy of + 2% (measuring range -20 + 5000C) And the air
humidity were measured with a psychrometer MV-4M with an error of + 4% and a meteorometer MES-
202, the limit of the permissible value of the absolute error of the pressure measurement is not more than
+ 0,3 kPa in the temperature range from 0 to 60 0 C. Overall dimensions were measured with a tape
measure of metal PM with an error = 0.5 mm (measuring range 0 to 10m, the division price is Imm) and a
metal ruler (length 1m) with an error of + Imm.

The diagram of the connection of devices and equipment during laboratory-field testing is shown in
Figure 1.
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1-PV panel; 2- controller; 3- rechargeable battery; 4- inverter; 5- diodes; 6 - direct current ammeter;
7 - DC voltmeter; 8 - the counter of electric energy; 9 - solar radiation meter; 10 - a weather meter

Figure 7 - Scheme for mounting equipment and connecting devices

We are implementing the mathematical model of SE. As an example, we choose an SE with the
following characteristics:
Uy, = 0,45B,
Iy, = 4,54,
Iy = 2,045-107%4

The circuit that realizes the volt ampere characteristic of the solar cell described by the expression (1)
is shown in Fig. 2. It allows one to estimate the influence on the operation of such parameters as the
illumination level of the solar cell (nominal value W = 1360 kW / m » 2), the ambient temperature
(Nominal value K =298 K), as well as the angle of incidence of the light flux (nominal value 0 =90 ° ==
/ 2 rad).
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a - current-voltage characteristic, b — volt watt characteristic
Fig. 8. Characteristics of the SE, described by the equation (2)

We test the solar battery consisting of 3 elements connected in series. In this case, the voltage at the
output of the U NA SB is determined by the formulaUy, = Uygs = Uyy * N, where N is the number of
solar cells connected in serieslyy = Iygq = Iyy-
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a - current-voltage characteristic, b — volt watt characteristic
Figure 9 - Characteristics of the circuit shown in Figure 4

As can be seen from Fig. 9, the idling voltage of the SB is 3 times greater The open circuit voltage of
the solar cell (see Figure 3) => the model is compiled correctly.

V. CONCLUSION

Comparison with experimental data, processed by MATLAB, and with the characteristics of the PV
panels, provided by manufacturers, has shown that the model implemented in MATLAB/Simulink can be
an accurate tool for the prediction of energy production. A PV system model, using the same equations
and parameters as in MATLAB/Simulink to define the PV module and characteristics, has also been
developed and implemented in domestic consumers in agriculture to study load flow, steady-state voltage
stability and dynamic behavior of a distributed power system. A comparison between both simulation
models, implemented in MATLAB/Simulink and domestic consumers in agriculture , has shown a good
similarity. That means that this work can be used for further development of tools for DER components in
a distributed network. The developed mathematical model of the solar battery makes it possible to
evaluate the influence on the characteristics of the SB both internal factors (U,,, I;,), and external (W, T,
o). The model is designed for design of SES. The results of testing the model confirm its operability.

M. Kanumongaes, M. AxmerxkanoB, M. Kynenoaes

TYPAKTBI TOK AMHBIMAJIbI KEPHEYTE TYPJIEHAIPY YIUIH TYPJIEHIIPTIIITIKIEH KYH
OOTOIJEMEHTTEPIHIH MATEMATUKAJIBIK MOJEJIIH 93IPJIEY KOHE 3EPTTEY

AnHoTanusi. Byn Makanama (OTOBOJIBTAMKAIBIK JKYHEIEPIiH MaTeMaTHKaIBIK Mozeiai Oepiared. Jlepodec
SHEPreTUKAIIBIK JKYHelepAeri SHepreTHKalbIK MPOLECTEepAl Talfay YIIIH KOMIIBIOTEPIIK MOAENBIEY 9IICTEepiH
KOJIIaHy YCBHIHBUIAJbl. Mojenbiey MOJENIH MaianaHy aBTOHOMIbI DJIEKTP OJHEpPIrHsChIH Oepy JKyleciHzae
SHEPreTUKANIBIK Tere-TeHAIK KaMTaMachl3 eTyre MYMKIHIIK Oepezl jxoHe sHeprusHblH Oydepiik ke3nepi MeH
JKYKTIH SHEPrUsSHBI TYTBIHYBIHBIH YaKbITIIA INKAmackl. Byid KyaT Ke3[epiHiH JHEpPreTHKAaJlblK CHIATTaMajapbl
OolibIHIIa yakpITIIA e3repicrepre OalIaHBICTHI JKyHederi SHeprusi TEHrepiMiH KaMTaMachl3 €Ty YIIiH
TPAHCMHCCHSUIBIK KYHENepAiH SHEPreTHKANIBIK CUMaTTaMalapblHa, COHIal-aK, TpaHcopMmaTop mapaMerpiepi
JKYHeNepiHiH Heprust CuIaTTaMalapblHa acepl CHAKTBI, KYHHIH JHEpPIus. >KapbIKTaHABIPY, TeMIepaTypa, KbUI
YaKBITHI JKoHE T.0. Byt Mozens Oepinren Temreparypana aFrbIMIarsl KepHey cunarramackiMe (CVC) cumarranaisl,
a SKapbIKTAaHIBIPY JKargaimapbl (OTOIIEKTPIIK DHEPTUSHBIH MapaMeTpiepiH ecenTey Ke3iHae Heri3 Ooiajbl.
CoHpaii-aK jkaHa TOK TYPJICHIIPTIIITI aliHbIMAaJbl KEpHEyre ailHanJbIpy YIIiH O3IpJeHTeH JKOHE 3epTTelil, Oy
18,5% -nan 35,19% kpiMOaT KyH (DOTOIIEMEHTTEPIH YHEMIEYre MYMKIHAIK Oepi.

Tyiiin ce3mep: KyH Gatapesichl; TOK KEpPHEYIHIH CHIIaTTaMalIapbl; MaTeMaTHKAIIbIK MO/Jielb; MatLab.
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M. KaaumoanaeB, M. Axmer:kanoB, M. Kynenoaes
WuctutyT nHpOpMannoHHbIX U BEMUCINTENbHBIX TexHonoruii KH MOH PK

PA3PABOTKA U UCCJEJJOBAHUE MATEMATHYECKOMW MOJIEJIU COJTHEYHOT' O
®OTOHNPEOBPA3OBATEJISI C UHBEPTOPOM JJISI IPEOBPA3OBAHMS
INOCTOAHHOI'O TOKA B IEPEMEHHOE HAIIPSI')KEHUE

AnHoTtanusi. B naHHOH crartbe mpeacTaBiieHa MaTeMaTH4ecKass MoAenb (OTOdIeKTpHuecKux cucreMm. s
aHaJIM3a DJHEPreTHYECKHX IIPOLECCOB B aBTOHOMHBIX CHCTEMax »JJIEKTpoIleperadyn ceiddac 11eraecoo0pasHo
WCTIONIb30BaTh METO/BI KOMITBIOTEPHOTO MOAEIHpOBaHWs. VICronp30BaHHE HMUTAMOHHON MOJENH IO3BOJISET
o0ecrieunTh IHEPreTHIECKU OaJaHc B aBTOHOMHOW CHCTEME Tepejadll SHEPTUH ¢ KOHKPETHBIMH SHEPTETHIECKUMHU
XapaKTePUCTHKAMHU Ha3eMHBIX U Oy(epHBIX HCTOYHUKOB SHEPTUH U ILIKAJIOH BPEMEHH OT MOTPEOIIIEeMON MOLTHOCTH
Harpy3ku. DTO IO3BOJAET BIUATH HA DHEPIETHYECKHE XAPaKTePUCTUKH CHCTEM Iepenadu, 4ToObl 00ecreduTh
SHEPreTUYeCKHi OaJaHC B CHUCTEME C TOYKHM 3PEHUS BPEMEHHBIX H3MEHEHMH 3HEPreTHYECKHX XapaKTEPUCTUK
WCTOYHHMKOB DHEPTHH, @ TAK)KE BIMSHHUS HA SHEPreTHUECKHUE XapaKTePUCTUKH CUCTEM IIapaMeTpOB Iepeiauu, TAKUX
KaK COJIHEYHBIH DHEPIHs. OCBEILEHUE, TEMIIEPATypa, BpeMs rofia u T. J. DTa MOAENb ONUCHIBAETCS BOJIBT-aMIIEPHON
xapakrepuctukord (CVC) mpu JaHHOW Temmeparype, M YCJIOBHUS OCBELICHHs SBISIFOTCS OCHOBOHM Ui pacuera
napameTpoB (OTOIEKTPHUUECKOH 3Heprun B Boke. HoBbI MHBepTOp OBUI Takke pa3paboTaH M HMCCIENOBAH JUIs
npeoOpa3oBaHMs MOCTOSHHOTO TOKa B IIEPEMEHHOE HANPSDKEHHE, YTO MO3BOJIMIIO COKOHOMUTH OT 18,5% mo 35,19%
JIOPOTUX COJIHEYHBIX (hoTONpeoOpasoBareiei.

KiroueBble €j10Ba: COJNHEYHBIN AJIEMEHT; BOJBT-AMIEPHbIC XapaKTCPUCTHKH; MaTeMaTH4ecKas MOJEIb;
MatLab
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