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DEVELOPMENT AND CALCULATION OF PARAMETERS OF THE
LABORATORY LAYOUT OF THE MOBILE PHOTOVOLTAIC STATION

Abstract. The paper describes the development of a laboratory model of a mobile photovoltaic station, as well
as calculations of the parameters of the photovoltaic station. To date, obtaining energy from renewable sources is
becoming a priority task for all countries in the world. Consequently, the relevance of the work is obvious: the
development of a working model of a photovoltaic station based on the developed laboratory model will allow
delivering cheap electricity to remote arcas of our country during field works and agriculture. And also when
carrying out seasonal and regular road repairs, where fuel generators are often used. Solar power stations are able to
successfully replace fuel generators, despite the high price of silicon polycrystalline solar cells. When we use fuel
generators, there is a constant fuel consumption for bringing the plant into operation, which has a number of
drawbacks, from the production of greenhouse gases, noise and short service life due to motile working parts. The
novelty of the work is the development of a transported power plant with a power of 3 kW, in contrast to existing
stationary solar power plants of high power and low-power portable installations. The paper presents a three-
dimensional model of a solar power plant and a description of structural blocks. Also in the methods of connecting
solar cells and output characteristics in combined ways of connecting solar panels work are shown.
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1. INTRODUCTION

Central Asia, including the Republic of Kazakhstan, is a region with high potential for the use of
solar energy in the production of electricity. To date, the structure of the country's primary fuel and energy
resources is dominated by oil and gas. The share of renewable energy sources in the Republic exceeds one
percent. These indicators are negligibly small compared to those of more developed countries, using the
energy of alternative sources [1-3]. Today the role of alternative energy in the world is very important.
This is proved by modern discoveries and achievements of science on the way to obtaining clean
ecological energy.

Advances in the field of direct conversion of solar energy into electric in terrestrial conditions on the
basis of semiconductor crystals are largely determined by the creation of cheap and technological methods
for obtaining highly efficient solar cells [4-6]. Therefore, there is a constant search for new physical,
technical, technological ways, the study of which should contribute to the successful promotion of the
creation of efficient semiconductor photoconverters. The use of systems of direct conversion of solar
radiation into electrical energy throughout the world is based almost on 90% on silicon photoconverters
(FP). Their efficiency is reached in laboratory conditions up to 25% -26%, industrial output provides ~
20% on monocrystals, and 16% -18% on polycrystals [7]. However, the practical use of such attractive
energy sources has its own, and very significant, difficulties associated with uncontrollability and low
density of energy flows. This, in turn, generates a high cost of used energy. In this regard, renewable
energy sources are still used mainly in autonomous power systems of low power, although there are
successful projects for their use in grid electricity as backup and unloading power plants.
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Today many countries in Europe and Asia are actively using solar power plants on a city scale [8-10].
Such large power plants, along with wind power stations, are able to compete in the near future with
traditional thermal power plants. However, in practice, situations often arise where an energy source is
needed in the field conditions. For example: in remote arcas when workers are carrying out construction,
repair work, in agriculture with seminomadic cattle breeding, tourist walks. In such cases, it is advisable
to use low-power mobile solar power plants.

2. THE CONCEPT OF SOLAR POWER PLANTS

2.1. Solar power plants

The sun is a source of renewable energy that can be converted into electrical energy directly or using
steam turbines, where the thermal energy of the Sun goes to expand the gas, which drives steam turbines,
converting mechanical energy into electrical energy. Obviously, for mobile power plants it is advisable to
use direct energy conversion using photovoltaic converters. However, to date, the efficiency of solar cells
made of polycrystalline silicon does not exceed 18%. To meet the electricity needs of settlements, the area
of the power plant should be several tens of square meters. The problem of location, optimization of
power and area is a priority in the design of solar power plants. Another disadvantage of solar power
plants is the lack of generation of electricity at night, while most of the energy consumed falls precisely
on the evening time of the day. Therefore, it is necessary to consider ways of accumulating electricity for
its further use.

Thus, we obtain the following universal units for any solar power plant: solar cells (1), voltage
converters (controller) for stable battery charging (2), rechargeable batteries (3), voltage converter
(inverter) for stable operation of the consumer (4) and the consumer itself (Figure 1).

Figure 1- Block-diagram of solar power plant

As for mobile power plants, the requirements put forward for them besides the optimum area and
output power, and the accumulation of energy, are mobility and ease of operation.

2.2. Structure of mobile power plant

Modern mobile power plants can be classified according to the output power, design and method of
the sweep, as well as by electricity consumers. Low-power portable solar power plants with a small
capacity of batteries serve to charge mobile devices, such as tablets, telephones and laptops. Solar power
plants of higher power are designed for more powerful consumers, for example, construction tools or
household appliances.
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Figure 2 - General view of a three-dimensional model of a mobile power plant

Figure 2 shows a three-dimensional model of a mobile power plant. The solar panels are located on a
four-wheel basis. The mechanism of uniaxial orientation to the Sun is provided. In the lower part are
located batteries, battery charge controller and inverter.

The most important devices in the structure of mobile power plants are inverters and battery charge
controllers. Inverters serve to convert DC to AC, which is necessary in the field, if we want, for example,
to boil water with an electric kettle. Battery charge controllers serve to stabilize voltage and current when
charging batteries to increase their service life.

3. RESULTS AND DISCUSSIONS

The power of solar power plants directly depends on solar panels. For calculation, solar batteries with
a nominal power of 250 W were chosen. Short-circuit current I, = 7.9 A, idling voltage U; =40 V, current
at maximum power I,, =7 A, voltage at maximum power U, = 32.5 V (Figure 3).
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Figure 3 - Volt-ampere characteristic of a solar battery

For the construction of the current-voltage characteristic of a solar cell, there is a well-known
formula:

4Usg
Isg = Ipc — Iy <e kT — 1) (1)
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where Isg is the output current of the solar cell, Ipc is the photocurrent, which, with an open circuit, is
equal to the short-circuit current, I, is the saturation current of the solar cell, q is the electron charge, Ugg
is the output voltage of the solar cell, which, with an open circuit, is equal to the idling voltage U, , k is the
Boltzmann constant, and T is the absolute temperature in Kelvin. If the solar cell consists of identical
solar cells, the equation of the current-voltage characteristic will look like (1), only with high voltage and
high current, and will look like (2):

4Ypc
IC9=MIPC_MIO <e kTN _1> (2)

where M is the number of elements connected in parallel, N is the number of elements connected in
series. In our case, the number of elements connected in series is 60. At the same time, the voltage of each
solar cell is ~ 0.5 V, and the current is about 7.5 A.
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Figure 4 - The ratio of voltages and currents for different ways of connecting solar panels

When designing a power plant, the question arises of how to connect solar panels. For the calculation,
12 identical solar cells with a power of 250 W were taken. Figure 4 is a graph showing the relationship
between voltages and currents for different ways of connecting the batteries. Point 1 corresponds to the
highest current intensity and the lowest voltage of 94.8 and 32.5, respectively, when all twelve solar
panels are connected in parallel. Another extreme point with coordinates 15.8 A and 195 V is point 5,
corresponding to the connection of all panels in series. Point 2 corresponds to a connection in which solar
cells are connected in pairs in series, and the resulting 6 pairs are connected in parallel. The current is 47.4
A, the voltage reaches 65 V. At point 3, three batteries are connected in series, and the blocks formed are
connected in parallel. Voltage rises to a value of 97.5 V, while current continues to decrease falling to a
value of 31.6 A. Accordingly, at 4 point, four batteries are connected in series, and the resulting blocks are
connected in parallel. Here the current is 23.7 A, and the voltage is 130 V. The power plant capacity is ~ 3 kW.

To date, helium accumulators are becoming increasingly popular. In our case, we chose a battery with
a nominal voltage of 12 V, a capacity of 200 Ah, the internal resistance of which is 3.6 mOhm, the
number of charge-discharge cycles is 1200 units. The minimum and maximum charge currents are 20 and
40 A, respectively. The connection of the batteries depends on what the customer is trying to achieve. At
high loads, the current output should be maximum, but most often such devices are connected for a short
period of time; on the contrary, low-power consumers such as light bulbs or refrigerators have low
consumption, but they should increase the capacity of the battery pack by connecting the batteries in
parallel.
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4. CONCLUSION

Solar energy is gaining an increasing consumer market. In addition, the use of solar panels as portable
power sources is becoming more and more popular. To use electricity for domestic and other purposes in
remote areas or in emergency situations, portable power supplies are needed. Until recently, this market
was dominated by portable fuel generators. However, their short service life, constant fuel costs, noise and
waste products are becoming less attractive to consumers. In this regard, mobile solar power stations are
able to completely displace gasoline and diesel generators from the market. Our work is devoted to the
development of a mobile power station and the results obtained during the work can be used in future
when designing various portable autonomous systems.
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MOBWJIBAI ®OTOJJIEKTPJIK CTAHIIUAHBIH
3EPTXAHAJBIK YJTICIH JAVBIHIAY KOHE ITAPAMETPJIEPIH ECEIITEY

AnnoTtammst. By sxympicta MOOMIBAI (POTOINEKTPIIIK CTAHIMSHBIH, 3CPTXAHAJbBIK YATICIH JAHBIHAAY Typasl
JKa3BUTFAH, COHBIMCH KaTap (DOTORICKTPIIK CTAHIAA APKBLTBI OHACICTIH MAPAMETPIICPIIH SCCITCYICPi KOPCCTLATCH.
Kazipri xe3a¢ KanmblHA KCATIPUICTIH KOPCK KO3IHCH JHCPTHA iy QJICMHIH OapibIK eiacpi YIIiH OackM MOceie
6oxpim Oapa xartblp. JKYMBICTBIH ©3CKTUNITL: JAHBIHOANATHIH 3EPTXAHANBIK YJITIHIH HETi3iHAETI (DOTO3IEKTPIIK
CTAHIMSHBIH >KYMBICTBIK MOJCIIH acay, Oi3/iH exiMI3IiH IaaFai OpHATIACKAH >KePICPIHAC OPICTIK MKYMBICTAP MCH
aybUIIAPYAIIBIUIBIFBIH JKYPTI3TCH KE37C ap3aH 3JCKTP SHEPTHACHIH anyFa MYMKIHAIK Ocpexi. CoHBIMEH Kartap
MAayCBIMIBIK JKOHE KE3CKTI KO JKOHICY KYMbICTAPBIH MKYPIi3reH Ke3¢ KAHAPMAKIBI TCHEPATOpIap KUl KOITAHbI-
nagpl. KpeMHMIN MOTMKPUCTAILIABIK KYH OaTapesIapbIHBIH SKOFApBl OAFrachlHA KAapaMacTaH, KYH JJICKTPOCTaH-
ISUIAPB]  SKAaHAPMAMIBI TCHEPATOPIApIAbIH OPHBIH AayBICTBIpyFa KaOinerti. JKaHapMaiisl TeHEpaTopiIapabl
KOJIAAHFAH KE31C OHBI JKYMBICTHIK KAIIBIHA KEATIPY VINIH YHEMI KON MeJIIepiac j>KaHapMaH >KyMCaNaabl, O
JKBUTBDKAWIIBIK TA34aPAbIH IOBFYBL, MIYBLT YKOHC MKYMBICTHIH JKBUDKBIMAJIEI OONIKTCPi VINIH YHEMI 3KCILTYATALHA
OCCPIHCH KYMBIC ICTCY MEP3IMIHIH a3ABIFBI CCKII KEMITUTKTEpre ue 00mambpl. JKYMBICTHIH JKAHATBLIBIFB KOFAPHI
KyarThl CTAI[MOHAPIIBI KYH 3JIEKTPOCTAHIMIAPEI MCH a3 KyaTThl KOHAaprbuIapaaHoenck 3kBT KyaTst 6ap TacsIMan-
JAHATHIH 3JICKTPOCTAHINS JANBIHIAYFA HETI3ACHATCH. Bynm >KyMBICTa KYH 3JCKTPOCTAHUMACHIHBIH YIN OJIICMIL
MOJEIIi MEH KYPBIIBIMIBIK OOKTAPABIH CHMATTaMachl kepcerinreH. COHbIMEH KaTap »KYMBICTA KYH OaTepesaapbiH
KOCY oiCTepi MCH KYH OaTepesIapbiH KOCYABIH OIPIKTIPiITeH 0iCi Ke31HACTI MIBIFRIC CHITATTAMATIAPHI KOPCCTLITCH.

Tipek co3aep. KyH Oatapesnapsl, MOOHIBA1 3TCKTPIIIK CTAHIIATIAP, AKKYMYIITOP, HHBCPTOP, KOHTPOJLICP.
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PA3ZPABOTKA H PACUET HAPAMETPOB JABOPATOPHOI'O MAKETA
MOBHUJBHOU ®OTOIJIEKTPHUYECKOU CTAHIIUHN

Annotramusa. B pabotre ommcana pa3paboTka 1abOpPaTOPHOTO MAaKeTa MOOWIBHOH (DOTORICKTPHICCKON
CTAHIIHH, a TaK K¢ TOKA3aHBI PACUCTHl TMAPAMETPOB pa3padaTeiBacMON (DOTOIICKTPHUCCKOH CraHmuu. Ha
CeFOI[H}IH.IHI/Iﬁ JACHb NMOJTYyYICHUC DHCPIUU U3 BO300HOBJIIEMBIX HCTOYHHKOB CTAHOBHTCS HpHOpHTeTHOfI 332[3‘161\/'1 BCCX
crpaH mupa. CIeI0BaTEIBHO, AKTYATIbHOCTh PA0OTHI OUCBHAHA: Pa3padoTKa paboucH MOACTH (POTOIICKTPHUCCKOH
CTAHIIMH HA OCHOBE Pa3padaThIBAEMOro JTa00PATOPHOTO MAKETA MO3BOJIHT JTOCTABILITH ACMICBYIO 3JCKTPOIHEPIHIO B
OTJAJICHHBIC YYACTKH HAIICH CTPAHBI MPH MPOBCACHHUH ITOJICBEIX PA0OT M BSACHHH CCIIBCKOTO XO3MHCTBA. A TaK e
Ipu OPOBCACHUHU CC30HHBIX H OUCPCAHBIX AOPOKHBIX PEMOHTHBIX pa60T, TAC 4aCTO HCIOJB3YHOTCA TOIUIMBHBIC
reHepatopbl. COJHEYHBIC 3ICKTPOCTAHIMA CIOCOOHBI YCIICIIHO 3aMCHHUTH TOILTHBHBIC TCHEPATOPHI, HECMOTPS Ha
BBICOKYIO IEHY KPEMHHCBBIX ITOJUKPHCTAJIMYCCKAX COJHCUHBIX Oarapeif. [IpM HCHONB30BAHHH TOIIMBHBIX
TCHCPATOPOB MPOUCXOOUT TMIOCTOSTHHBIH pacxond rOprovucro Al NPUBEACHUA YCTAHOBKH B I[efICTBHe, I/IMGIOH.[GI\/II pan
HEIOCTaTKOB, HAYMHAS C IPOM3BOJCTBA MAPHWKOBBIX TA30B, IIyM M MAIbIH CPOK CIYXOBI IIPH ITOCTOSHHOH
JKCIUTyaTAllHH H3-32 MOJBIDKHBIX padoumnx uacteil. HoBu3HA paboTHI 3aKm04acTCs pa3paboTKe TPAHCTIOPTHPY CMOiH
3JEKTPOCTAHLIUU MOIIHOCTHIO OT 3 KBT, B OTIHYHE OT CYIISCTBYIOMMX CTAMOHAPHBIX COTHEYHBIX JICKTPOCTAHIIHH
BBICOKOH MOIIHOCTH M MAJOMOIUHBIX IOPTATHBHBIX YCTAHOBOK. B paboTe mpeactaBicHa TpeXMEpHAs MOACTb
COJTHCYHOH 3JICKTPOCTAHIIHA H ONMUCAHAC CTPYKTYPHBIX O10KOB. Tak ke B paboTe MOKA3aHBI CHOCOOBI COCTHHEHHS
COJIHCYHBIX 6aTapeI71 M BBIXOOHBIC XAPAKTCPUCTUKH IIPH KOM6I/IHI/Ip0BaHHI>IX crnocobax COCOAUHCHHUA COJTHCUYHBIX
TAHETCH.

Kmrouernie cioBa. ComHeuHBIC Oarapen, MOOHWIBHBIC 3JICKTPHUYCCKHC CTAHIUH, AKKYMYJTOpP, HHBEPTOP,
KOHTPOJLIED.
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