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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.
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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:

f1=fc; U =Ug x=m, (D
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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; & — 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
iverter 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.
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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. Hcem0eprenos, K. H. Taiicapuera, Y. O. Ceiinamesa, B. B. lannisvenko
K. H. Corbacs arsrHmars! Kazak YITTHIK TCXHHKABIK 3CPTTCY YHHBEPCHTETIO AnmmaTsl, Ka3akctan
KYH DJEKTPCTAHIMACHIH BACKAPYFA APHAJIFAH MUKPOIIPOIIEC COPJIBI )KYHE

Annotanmus, FrubiMA MaKamaga MEKPOTIPOLICCCOPITBI OacKapy kyHeci enaenarcH. O Kylie KYH 3JICKTpP CTaH-
IUSICHIH JJICKTXKETICIMEH OIpre CHHXPOHABI JKYMbIC ICTEYIH KaMTaMacChl3 eremi. TakipuOenae KepCeTUITCHICH,
JNMEKTPIKEIIC] Ta3a CHHYCOMIAHBI OepMEHIl KOHEAE KONTEeTeH OypManaHyiaapsl Oap, SFHH HHBEPTOPABIH IIBIFBIC
KCPHCYIH CHHYCOHIAFA KETIPY KAXKCT.

Tyiiin ce3mep: MHKpompoueccopmap, OacKapy JKyHeci, KYH 3JICKTP CTAHIMACH, HHBCPTOP, SHCPTOXKCII,
CHHXPOHZAY, KCPHEY.

H. T. UcemOeprenos, K. H. Taiicapuera, Y. O. Ceiinamesa, B. B. lannis4enko

Kazaxckuii HamHOHATBHBIH HCCICI0BATEIBCKHN TeXHIUCCKIH yHuBepcuteT uM. K. M. Carmacsa,
Ammatsl, Kazaxctan

MHUKPOIIPOILIECCOPHASI CUCTEMA YIIPABJIEHHUA A1 COTHEUHOM DJIEKTPOCTAHIIAA

Annoramus, B cratee pazpaboTana MHKPOIPOLECCOPHAS CHCTEMA YIPABICHHS, KOTOPAs OOCCICUHTH CHH-
XPOHHYIO PAbOTY COMHCYHOMN 3JICKTPOCTAHLHMH C JIICKTPOCETHIO0. I10KA3aHO, UTO HA IMPAKTUKS B HJICKTPOCCTH HAIPSI-
JKCHHC HEC COOTBCTCTBYCT YHCTOH CHHYCOHIAC U UMCCT HCKAKCHHUA, K KOTOPBIM H606XO£[I/IMO AganTupoBaTh BBIXOO-
HOC HAMPSUKCHHUE HHBEPTOPA.

Kiio4uenpie ¢J10Ba: MEKPOTPOLECCOPBL, CHCTEMA YIIPABICHHUS, COTHCUHAS HJICKTPOCTAHIMS, HHBEPTOP, IHEPTO-
CCTh, CHHXPOHH3aUWA, HAMTPSHKCHUC.

Information about authors:

Isembergenov Nalik Turegalievich, Doctor of Technical Sciences, Professor, Kazakh national research
technical wuniversity named after K. 1. Satpayev, Almaty, Kazakhstan, isembergenov@mail.ru;
https://orcid.org/0000-0001-7631-888 1

Taissariyeva Kyrmyzy Nurlanovna, PhD, senior lecturer, Kazakh national research technical university named
after K. I. Satpayev, Almaty, Kazakhstan; taisarieva@mai.ru; https://orcid.org/0000-0002-1949-4288

Seidalieva Ulzhalgas Omirtacvna, Master of Science, doctoral student, Kazakh national research technical
university named after K. I. Satpayev, Almaty, Kazakhstan; jalgasa@mail.ru

Vladimir Danilchenko, Master, Kazakh national research technical university named after K. 1. Satpayev,
Almaty, Kazakhstan; vladimirsan@list.ru; https://orcid.org/0000-0001-5030-8220

REFERENCES

[1] Issembergenov N., Taissariyeva K.N., The research of the “Solar panels — commutator — inverter — load” system with
the pulse-amplitude control // PROCEEDINGS OF SPIE Photonics Applications in Astronomy, Communications, Industry, and
High-Energy Physics Experiments. 2014. Vol. 9290. P. 92903H-1-7 (Scopus, Web of Science).

[2] Issembergenov N., Taissariyeva K.N. The multilevel on IGBT transistors for transformation of slar energy to the electric
power // Bulletin of National academy of sciences of the Republic of Kazakhstan. 2015. Vol. 2, N 354. P. 183-186.

[3] Issembergenov N, Kasymov A.O., Moldakhmetov S.S. Multilevel inverter based on level switch and H-bridge. ARPN
Journal of Engineering and Applied Sciences. VOL. 10, NO. 16, SEP TEMBER 2015. (Scopus).

[4] Taissariyeva K., Issembergenov N. Experimental studies of a prototype model of the multilevel 6KW-power inverter at
supply by 12 accumulators / PROCEEDINGS OF SPIE Photonics Applications in Astronomy, Communications, Industry, and
High-Energy Physics Experiments. 2016. Vol. 10031.

[5] Kucheruk Volodymyr, Katsyv Samuil, Glushko Mykhailo, Wéjcik Waldemar, Tomasz Zyska, Taissariyeva K. Deter-
ministic chaos in RL-diode circuits and its application in metrology / PROCEEDINGS OF SPIE Photonics Applications in
Astronomy, Communications, Industry, and High-Energy Physics Experiments. 2016. Vol. 10031.

[6] Frede Blaabjerg. Control of Power Electronic Converters and Systems. First edition. 2018. Vol. 1.
ISBN 9780128052457,

[7] Mohan Undeland Robbins. Power FElectronics: Converters, Applications, and Design, third edition.
ISBN-13: 978-1118880944, IEEE Press Series on Power Engineering, 2014.

[8] Jean Pollefliet. Power Electronics, first edition, ISBN 9780128146439. Academic Press, 2017.

— 111 =—



