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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MICROPROCESSOR CONTROL SYSTEM
FOR SOLAR POWER STATION

Abstract. In this article, there has been developed a microprocessor control system that provides synchronous
operation of a solar power station with an electric grid. It is shown that, in practice, the voltage in the mains does not
correspond to a pure sinusoid and has distortions to which the output voltage of the inverter must be adapted.

Keywords: microprocessors, control system, solar power station, inverter, power network, synchronization,
voltage.

Currently, the electricity voltage does not correspond to a pure sinusoid and has distortions that occur
when using semiconductor converters (controlled rectifiers, power converters, converters and other
devices). Therefore, inverters of solar power plants must be adapted to the power grid.

The scientific novelty of this work is the development of a microprocessor-based inverter control
system for a solar power plant that transforms electricity into an energy grid. It should be noted that the
microprocessor control system of the inverter reacts instantly to changes in the mains voltage, excluding
emergency modes. At the same time, solar cells are saved and the maximum transformation of the electric
power of the solar power station into the power grid. Thus, the development and practical application of
the microprocessor control system is an actual problem.

In most inverters existing to date, the output voltage is formed by a circuit that produces rectangular
pulses in the form of a meander at the output. This is sufficient for working in an autonomous mode, but
not suitable for working together with the power grid. To correct this shortcoming, there are two principal
ways to improve the inverter output voltage curve by the circuit:

- the pulse width modulation of the output voltage curve;

- the amplitude-pulse modulation of the output voltage curve.

Figure 1 shows a stepped voltage form close to a sinusoid with amplitude-pulse modulation [1].

In this work, there was developed and presented [2, 3] a scheme of a multilevel inverter with
amplitude-pulse control, where each of n sources of direct voltage (solar cells) are connected in series and
through n switching keys are connected to a bridge inverter with a common load. In this work it is used
amplitude-pulse control in such a way that a multilevel voltage is provided at the output of the inverter,
which is close in shape to the sinusoid (figure 1).

Figure 2 shows a block diagram of the organization and connection of a multilevel inverter that
allows tracking and synchronizing the output voltage of the inverter with the voltage of the city network in
order to maximize the energy of solar cells in the grid.

To connect a power inverter to an industrial network it is very important to achieve synchronous
operation of the inverter with the power network. For this, it is necessary to fulfill all the requirements for
parallel operation of electric power sources (generators, inverters) and the power grid, which are expressed
by the following conditions:

fi=fo U =Ug x=m, (1
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where f; and f. — respectively, are the frequencies of the source of electrical energy and the power system;

U; and U, — respectively, are the voltages of a source of electrical energy and a power system; X — is an
angle between the vectors of voltages U; and Uc and the order of rotation of the phases of the sources of
electrical energy must be the same.
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Figure 1 — Stepped voltage form close to sinusoid
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Figure 2 — The block diagram of the inverter's synchronization with the power grid

To fulfill the condition of synchronization of the inverter voltage with the mains voltage, a pulse
former was developed. Sync pulses have a periodicity equal to the period of the AC network and are
designed to control the frequency and phase of the AC voltage at the output of the inverter.

To synchronize the mains voltage with the voltage of the inverter, there has been developed a device
that generates the front of the synchronization pulse at the time of alternating current polarity in the
industrial network. A scheme for converting and matching the network voltage level with the level of the
multistage inverter voltage has also been developed.

Figure 3 shows the developed circuit of the microcontroller control system of the inverter. For the
inverter control system, it was decided to use the Atmel microcontroller of the Mega family. This micro-
controller has three 8-bit data I / O ports, which meets the management requirements. The control system
was developed in the software environment Code Vision.
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Figure 3 — The scheme of the microcontroller control system

For accuracy of compliance with the commutation angles, the minimum performance is 12 MIPS that
the microcontroller AVR of the ATMEGA series can be made by connecting to a 12 MHz crystal oscil-
lator. Programming was performed in the AVR Studio 4 environment, in the programming language C.

Figure 4 shows the scheme of the synchronization block of the inverter with the power grid. The
microcontroller synchronizes with the external network and calculates the sine period. For this, the
microcontroller reads pulses from the synchronization block. In this case, it uses two blocks with
optocouplers to calculate the timing of the synchronization. The input SYNCRO 2 receives pulses from
the optocoupler U10, which is connected to the external network through the lowering resistance R63
(figure 4). At the input SYNCRO _2, a pulse is produced for each half-period of the input voltage.

In the scheme of the synchronization block of the inverter with the power grid, there is determined
the time point of the positive and negative half-cycle of the mains voltage. In order to calculate the exact
time of the sinusoid transition from the positive half cycle to the negative half and back, there are used
pulses arriving at the input SYNCRO 1.

In addition, the block calculates the time of the positive and negative half-cycle of the sinusoid. After
calculating the time of the input voltage period, the step-on time is calculated. To do this, the analogue
comparator inputs compare the voltage of the stage and the voltage of the external network and when the
external voltage becomes greater than the step voltage, the value of the timer counter is recorded. Taking
into account the value of the counter in the timer, the next voltage stage of the inverter is switched on in
subsequent counts.
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Figure 4 — The scheme of the synchronization block

After completion of reading and comparing, the inverter goes into the basic mode of operation strictly
according to the countdown timer. In this case, the external voltage is monitored by the comparator. If the
interrupt of the comparator occurred before the timer has tripped, then the step countdown time decreases,
otherwise the run time of the step increases. In order that no false alarms occur, the minimum operating
time of the stage is set.

RIGOL

CH1 2.00v CH2Z 2.00v 2.000ms

Figure 5 — The oscillogram of the output voltage of the inverter and the power grid during synchronization

In this work there have been made a microcontroller control system circuit and a synchronization
block circuit. There have been carried out experimental studies of the operation of the inverter with the
power network. Figure 5 shows an oscillogram of the output voltage of the inverter and the power grid
during synchronization. As can be seen from the voltage oscillogram, the microcontroller control system
ensures full synchronization of the output multistage voltage of the inverter with the power grid. In this
case, six voltage levels are used. Thus, it was possible to realize the theoretical positions (figure 1) in
practice (1) of synchronization of the output multistage voltage of the inverter with the power grid.
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H. T. Ucembeprenos, K. H. TaiicapueBa, ¥. O. Ceiinanuesa, B. B. Jlannjibuenko
K. 1. Corbae arsinnarsl Kazak yITTHIK TEXHUKAIBIK 3€pTTEy yHUBEpCHTETIO Anmatbl, Kaszakcran
KYH DJEKTPCTAHIIUSACHIH BACKAPYFA APHAJIFAH MUKPOITPOIIECCOPJIBI )KYWUE

AnHoTanusi. FeuibiMu Makaaga MUKpOIIPOLIECCOPIIbI Oackapy xkyiieci exuenred. O xyiie KyH 2JIEKTp CTaH-
LUSICBIH JJIEKTXKeTIciMeH Oipre CHHXPOHIBI JKYMBIC iCTEyiH KamTamacchl3 ereni. Toxipubene KepceTireHuei,
ANEKTPIKENTICl Ta3a CHHYCOMJAaHbl OepMeiijii oHele KeITereH OypMmanaHynapbl Oap, sSFHH MHBEPTOPABIH LIBIFBIC
KEpHEYyiH CHHYCOUaFra KeNTIpy KaXKeT.

Tyiiin ce3mep: Muxpormpoueccopiap, Oackapy Xyieci, KyH SJIEKTp CTaHLHUSCHI, WHBEPTOP, JHEProxedi,
CHUHXPOH/IAY, KEpHEY.

H. T. Ucembeprenos, K. H. TaiicapueBa, ¥. O. CeiinanueBa, B. B. JlannjibueHko

Kazaxckuil HallMOHAIBHBIN HCcen0BaTeNbCKUil TexHuueckuii yausepcuteT uMm. K. M. Carnaesa,
Anmartsl, Kazaxcran

MHUKPOITPOIIECCOPHASI CHCTEMA YIIPABJEHUS 1)1 COJTHEYHOM JEKTPOCTAHIIUM

AnHoTanusi. B crarbe pa3paboraHa MHUKpOIPOLIECCOPHAs CUCTEMa YIPaBICHHUS, KOTOpas OOECIeunuTh CHH-
XPOHHYIO PabOTy COJIHEUHOH 3JIEKTPOCTAHIIMH C 3JIEKTPOCceThI0. [loka3aHo, YTO Ha MPAKTUKE B DIIEKTPOCETH HAIPs-
JKCHHUEC HE COOTBETCTBYET ‘il/ICTOﬁ CUHYCOMJEC U UMECT UCKAXKCHUSA, K KOTOPBIM HeO6XOZ[I/IMO alaliITUpOBATH BbIXOA-
HOE HANpsHKEHUE HHBEPTOPA.

KaioueBble ci10Ba: MUKPOIPOLECCOPBI, CUCTEMA YIIPABICHHS, COJIHEUHAsI DJIEKTPOCTAHIINS, HTHBEPTOD, SHEPIo-
CeTh, CHHXPOHHU3AIIHS, HATIPSHKEHHE.
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