82 . . . . ISSN 2076-2429 (print)
IMpaui Oxecbkoro noniTexHiyHOro yHiBepcutety, 2022. Bur. 2(66) ISSN 2223-3814 (online)

INFORMACION TECHNOLOGY. AUTOMATION

THO®OPMAIIMHI TEXHOJIOT'Ti. ABTOMATHM3AIIIS

UDC 621.341.572; 004.942

O. Lopakov,

V. Kosmachevskiy,

Y. Babych, PhD, Assoc. Prof.,
V. Tigarev, PhD, Assoc. Prof.,
M. Babych, PhD, Assoc. Prof.

Odessa Polytechnic National University, 1 Shevchenko Ave., Odessa, Ukraine, 65044; e-mail: kedrodessa9@gmail.com

MATHEMATICAL MODELING OF THE
MPPT-CONTROLLER FOR RENEWABLE ENERGY
SOURCES ON MOSFET TRANSISTORS

O. Jlonaxos, B. Kocmauesckuil, FO. Fabuu, B. Tieapes. M. ba6buu. MatemaTnune monenioBaHHsi MPPT-kontpoaepa nias
BiIHOB/IIOBaHHUX JuKepes eHeprii Ha Mosfet-rpan3ucropax. V wiit craTTi po3nIsIHYTO HaTYpHI BUIPOOYBAaHHS Ta MPAKTHYHY peasti3aliito
HU3BKOBOJIBTHOI CBITJIOAIOHOT CUCTEMH OCBITJICHHS 3 BiJHOBJIIOBAaHMMH JDKEPEIaMH CHEprii B aBTOHOMHOMY 00’€KTi Ta po3poOKy Mozeni
ONTHMAJIBHOTO YIPABIIHHA TEMIIEPaTYpOI0 B aBTOHOMHOMY O0’€KTi. A TaKox po3poOKa METOLy KOMIUIEKCHOIO YIPAaBIiHHSA CHCTEMH
@IIEKTPOIIOCTAYaHHs 3 BHUKOPHCTAaHHAM Smart KOHTpoIepa eHepro3adesleueHHs aBTOHOMHOro o0’ekTa. [l peamizanii MaTeMaTHYHOL
MOZieli BUKOPUCTOBYBaJocs: Iporpamue 3abesnedenns Simulink 1 Sim Power Systems Bi3yalbHOrO MOZEMIOBAHHS, IO BXOAUTH Y IAKET
MatLab. BuxopucranHs nmporpaMHOro 3abe3rneueHHs J03BOJII€ MOJICIIOBATH CKIIAJHI eleKTpu4Hi cucteMu. [lepeBaroro BUKOpHCTAHHS i€l
MIPOrpaMH € TOEHAHHS METOIB CTPYKTYPHOTO Ta iMITallifHOTO MOJICNIOBAHHS, 1 TaKuWil MiaXin 3a0e3nedye rHy4YKiCTh CUCTEMH IIiJi MOJEIb,
110 PO3POOIISETHCS, 3HAUHO CIPOIILYE MOAENb, OT)KE, IiIBUILYE MBHIKICTE 00UMcaeHb. [Ipu po3poOliii cucTeM KepyBaHHS TEMIIEPaTypolo B
NPUMIIEHHI BHHHUKA€E PsiJ MPoOJIeM, TaKHX SIK BU3HAYEHHS 4Yacy, HEOOXITHOTOo JUISl ITiIBHIIEHHS TeMIIepaTypy sl 3a0e3NeUeHHs 3alaHuX
3HA4Y€Hb JI0 IMOTPIOHOTO MOMEHTY, BHOIp alNrOpuTMy pETYIIOBaHHS TEMIEpaTypd Ta BH3HAYEHHS HapaMeTpiB OOpaHOTO aaropuTMy.
3aBnaHHs BHOOpPY 3aKOHY YNPABIIHHSA Ta TUIY PEryjsTopa IOJISTae y BUOOPI TakoOro perynsTopa, sSKMid 3a MiHIMaIbHOI BapTOCTI Ta
MaKcHMaJIlbHOI HaJlifHOCTi 3a0e3medyBaB O 3a/1aHy AKICTh perymoBaHHs. Y Iiit cTaTTi BUOIp OyB 3pobienuit Ha PID-perynsrop Tak sk mpu
cTpubKonoAiOHOMY 3MiHI perynpoBaHoi BenuuuHu PID-perynstop B mo4aTKOBUII MOMEHT 4acy HaJa€ HECKIHYEHHO MUTTEBO BEJIMKHUI BILIHB
Ha 00’€KT PEry/ioBaHHS, MOTIM BEJIMYMHA BIUIMBY PI3KO HaJa€ 10 3HAUYCHHS, IO BU3HAYAETHCS MPOIOPLIHHOK CKIIAJ0BO, MICIS 4Oro
NOCTIffHO TOYMHAE HAJABAaTH BIUIMB iHTErpanbHOi CKIagoBOi peryistopa. Ilepeximaumii mpoumec B PID-perymsTopax Mae MiHIMaJIbHI
BIIXMJICHHS 33 aMIUTITYJIOI0 1 YacoM mopiBHAHO 3 P- i Pl-perynsaropamu (To0TO Hai01IbII BUCOKA HIBUAKOIS).

Knouosi crosa: MPPT-kouTponep, PID-perynstop, solar panel, DC-DC converter, piBHsSHHS TeruioBoro 0anaHcy, linear transformer,
Mosfet

O. Lopakov, V. Kosmachevskiy, Y. Babych, V. Tigarev, M. Babych. Mathematical modeling of the MPPT-controller for renewable
energy sources on Mosfet transistors. This article discusses field tests and practical implementation of a low-voltage LED lighting system
with renewable energy sources in an autonomous facility and the development of a model for optimal temperature control in an autonomous
facility. The method of complex management of the power supply system using the Smart controller of the energy supply of the autonomous
object is also considered. To implement the mathematical model, the Simulink and SimPowerSystems software for visual modeling included
in the MatLab package was used. The use of this software allows you to simulate complex electrical systems. The advantage of using this
program is the combination of methods of structural and simulation modeling, and this approach provides the flexibility of the system for the
model being developed, greatly simplifies the model, and therefore increases the speed of calculations. When developing indoor temperature
control systems, a number of problems arise, such as determining the time required the temperature to rise to provide the set values to the
required moment, choosing the temperature control algorithm and determining the parameters of the selected algorithm. The task of choosing
the control law and the type of controller is to choose such a controller, which at minimum cost and maximum reliability would provide the
specified quality of regulation. In this article, the choice was made on the PID regulator, since with a jump-like change of the regulated
value, the PID regulator at the initial moment of time has an infinitely large influence on the object of regulation. Then the magnitude of the
influence drops sharply to the value determined by the proportional component, after which the integral component of the regulator begins to
exert its influence constantly. The transient process in PID controllers has minimal deviations in amplitude and time compared to P and PI
controllers (i.e., the highest speed).

Keywords: MPPT-controller, PID-regulator, solar panel, DC-DC converter, heat balance equation, linear transformer, Mosfet

1. Introduction

The total installed capacity of small wind power worldwide has reached 443.3 MW, and the total
installed capacity of large wind power in the world has reached 240 GW. Small wind energy accounts
for 0.18 % of large wind energy in various countries of the world. To date, Germany ranks first in
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terms of installed wind power capacity, followed by Denmark, Spain, the United States of America,
and India. Development is also growing rapidly in France and China. In Denmark, 28.1 % of the coun-
try’s needs are provided with electricity due to wind turbines, in China 1...2 %, in the USA it
is 3...4 %.

SMART technologies are widely used in the field of telecommunications, in control and monitor-
ing systems. The abbreviation of the word SMART means specific, measurable, achievable, relevant,
timed. Smart technologies are a complex combination of control and management technology that
provides an autonomous object with the necessary quantity and quality of energy. At present, the ac-
tive use of renewable energy sources in many developed countries of the world is accepted as a vital,
strategically necessary resource that ensures the promising development of the economies of these
countries. According to forecasts, the share of renewable energy (solar, wind, tidal, solar energy, etc.)
in global energy consumption will increase annually and will reach 30 % by 2030, and 50 % by 2050.
However, despite promising results, alternative energy sources have not yet found the level of optimal
compliance with the expectations of the mass consumer.

There are different types of WU blades (wind turbines) that are designed for optimal electricity
generation and for them it is enough that the wind speed is 3 m/s [1]. One of the most important prob-
lems in the use of renewable energy sources in the power supply system is the significantly non-
constant value of the power generated by the solar battery, the wind turbine. The use of renewable en-
ergy sources [2, 3, 4] in the power supply system has been widely developed today in Europe, the
USA, Japan, South Korea, China, Norway, Canada and other countries [3, 4, 5].

Currently, all developed countries are switching to the use of renewable energy sources such as
solar [5] and wind [6], and the use of biomass is only becoming widespread. The largest manufacturers
of solar panels are Yingli Green Energy (China), FirstSolar (USA), Trina Solar (China), Suntech Pow-
er Co. (China), Canadian Solar (Canada), Sharp (Japan), JASolar (China), Jinko Solar (China ), Sun
Power (USA), Hareon Solar (China), Hanwha Solar One (China), Kyocera Solar (Japan), Rena Sola
(China), Rec (Norway), Tianwei New Energy (China) [3, 4].

2. Analysis of publications and statement of the problem

Modern solar installations are equipped with advanced technologies, the article [8] suggests sun-
tracking installations on which solar panels are attached, which ideally should convert the sun’s radia-
tion as much as possible, but in reality there are problems with software security and an incomplete
control system of the solar battery itself and its controller. There are also problems of lack of power to
power a particular building with a solar battery and suboptimal SP illumination. Solar batteries gener-
ate a direct current with a voltage of 24V. In order to use this current, a voltage converter is required.
In a lighting system using LEDs [9 — 13], it is possible to use low-voltage voltage [14] without using a
voltage converter.

Mostly all LED fixtures are powered by 24VDC at the input, but in all countries it is powered by
110V, 220V and 230V. An inverter is installed in the LED device itself, which converts the received
voltage to 24V.

Solar battery controllers provide optimal battery charging, but due to the lack of control and mon-
itoring of the controller operation, the batteries are not fully charged only for heating and hot water
supply [15 — 18].

In many works, wind turbines are combined with a diesel generator or a battery, and in these
works, the installation itself is mainly calculated without automating the process of generating and
consuming energy, methods for calculating a wind generator when operating at low wind speed
are given.

In scientific papers [19, 20, 21], it is proposed to use the MPPT (Maximum Power Point Tracker)
controller to control the wind turbine at low wind speeds. The obtained simulation results show that,
regardless of the inclination and power of the turbine, this method provides a greater opportunity to
control the wind turbine regardless of wind speed. The active and reactive power of the turbine stator
is regulated. The results obtained can be used. The disadvantage at the nominal wind speed of the pro-
posed scheme limits the speed of rotation of the blades.

The analysis of the data [22] revealed that regardless of the technical and operational characteris-
tics of various models of solar panels with an area of 0.2 m?, the power of the module will be about
10W. The voltage at maximum load is approximately 24...25 V, the short circuit current is about 500
uA, the weight of this module is 2 kg, where the efficiency is 60 % and the service life of the plate is
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25 years. Regardless of the comparatively low efficiency of the solar panel, it is an efficient source
among other renewable energy sources and autonomous power sources [23]. The power of solar radia-
tion at the entrance to the earth’s atmosphere is 1366 per m-.

In the article [24], the author presented a new concept for the formation of a control system in
distributed energy based on Smart technologies. The concept of distributed energy is based on a varie-
ty of energy sources and distribution networks, which implies the presence of many consumers pro-
ducing heat and electricity for their own needs, as well as directing surpluses to the general network.
The author has developed an algorithm for the operation of the control process based on SMART in-
formation.

In scientific works [25, 26, 27], it is proposed to use SMART technologies in buildings to ensure
a comfortable microclimate and energy supply of the facility without loss of generated energy. When
implementing SMART technologies, automation of the processes of the energy supply system was not
considered.

In the article [28], SMART technologies are applied to street lighting using solar panels. The au-
thors propose intelligent control in the urban lighting system. In this work, the controller is of func-
tional importance, which ensures the optimization of the control of the energy street lighting system.
This lighting control system is designed for 230V voltage.

The articles [29, 30, 31] reflect the issues of traditional energy. The authors propose to use RES
(Renewable Energy Source) with elements of a SMART system, and the authors propose a method for
detecting inefficient energy use in smart buildings. The data mining system was developed using the
synthesis of information received from sensors.

In the study [32], the authors describe the energy integration management system of smart meters
for electricity consumers in Smart Meters (SM). The SMs are connected to a SCADA (Supervisory
Control and Data Acquisition) system that controls a network of programmable logic controllers
(PLCs). The SCADA system and PLC network integrates various types of information coming from
several elements of SMART technologies present in modern buildings. For implementation, pro-
grammable controllers are used, a communication channel has also been developed that provides data
exchange between the SCADA system and the Matlab software. The study [32] describes only the
control of the controller.

3. Unresolved problem area

In the articles discussed above, the authors approach solving the problems of introducing intelli-
gent systems into the power supply system of an autonomous object, using different software, and
solving individual tasks and subtasks. The lighting system uses double energy conversion, which leads
to significant energy losses.

According to the literature review of existing sources, it has been established that, at present, the
management and control of the electrical circuit of the power supply system of autonomous objects are
not fully considered. The article considers the energy supply system, due to the use of alternative en-
ergy sources, the algorithm for managing the energy supply system has not been finalized.

The work proposes a matrix conversion of the current of solar batteries. The article presents the
structure of solar power plant based on a matrix current converter of a solar battery, a method for cal-
culating the energy balance in an autonomous power supply system is given. The source of energy
supply is the sun and the battery, which cannot provide the full power supply of an autonomous object,
and only transistor switches of the solar battery with a special circuit are controlled.

4. The purpose of the work

1. Development of an optimal SMART technology for monitoring and managing the power sup-
ply systems of an autonomous object. At the same time, the object of study is the power supply system
of an autonomous object;

2. Modeling of automation systems for power supply of an autonomous object;

3. Development of a model for optimal control of the desired temperature in an autonomous object.

5. The method of integrated management of the power supply system using SMART control
management

As a result of the analysis made, a standard block diagram of renewable energy management was
applied, the power supply system in Fig. 1.

The scheme in Fig. 1 implements the control of the operation of a renewable energy source and the
power supply system of an autonomous facility. Depending on the required amount of electrical energy
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at a certain point in time, the control system controls -
- . . ) IF e

the energy generation of installations operating on RES As[ [u
RES. To control the system, it is necessary to know T
the required amount of electrical energy, which is cal- N
culated depending on energy consumers. Energy con-
sumers include household appliances, lighting system, cS
heating system, climate control system, fire safety <_|_
system, office equipment, audio and video equipment, { ICU
and others. Together they add up to a load. _)_|’

In this paper, it is proposed to use a low-voltage PSS
lighting system for research and modeling. As a re-

sult of the studies, it was found that the voltage gen-
erated by the solar panel is equal to the voltage of the management control and power supply system:

LED lamp and is 24V. RES - renewable energy source, AB — battery,
For the study, a structure was assembled, con-  cs _ control system, PSS — power supply system,

sisting of a solar panel, a converter, a battery, an ICU — information collection unit
LED device, a voltmeter, an ammeter and a wattme-
ter. An electrical circuit with measuring instruments
was assembled, which is shown in Fig. 2. The number of operating batteries depends on the amount of
power required by the autonomous object and on the time of day. We choose solar panels of the fol-
lowing characteristics (one solar panel):

— maximum power 400 W,

— short circuit current 2.98 A;

— open circuit voltage 22.3 V;

— voltage at maximum power 18.3 V;

— current at maximum power 2.73 A,

— dimensions 500x80000.

Fig. 1. Structural diagram of renewable source

— 220V : 24V i

- Lo | I i
+/A\\ — 1 + /A\\ — ° 1

~ B2(U): - B3 LED

Ui converter U, i Us i

Fig. 2. General scheme of system measurement

The energy source is the solar panel of the joint venture, the voltage and current were measured be-
fore and after the converter and converter. Fig. 2 is an AC to DC voltage converter. To implement the
mathematical model, the software Simulink and SimPowerSystems for visual modeling included in the
MatLab package were used load, battery, solar and wind turbine (Windturbine) current sensors, battery
voltage sensor, information acquisition unit (ICU) and power supply. The block diagram of the SMART
technology for controlling the power supply system of an autonomous object is shown in Fig. 3.

The control system controls the power switches using a driver located in the SPKCP (solar panel
key control panel) and WT (wind turbine) and SLKCD (switching load key control device). The
switching of keys is carried out in such a way that one pair of batteries or two pairs at once can be
connected to the solar battery, depending on the charge of the batteries. In emergency situations, the
power supply system of an autonomous object is carried out from batteries or a wind turbine. In case
of emergencies at night, when the battery charge decreases, an alarm signal is generated, which is sent
to the SMART center. In turn, the SMART center switches the facility’s power supply to another type
of renewable energy source.
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Fig. 3. Block diagram of SMART system management technology power supply of an autonomous facility

The battery charge level is organized according to the principle of subordinate voltage regulation
AB, the block diagram of which is shown in Fig. 4. In normal operation, the principle of operation of
the PSS power supply system is based on maintaining a sufficient power level on the battery buses by

switching sections of the SP. Key management is organized according to the principle of subordinate
voltage regulation AB, the block diagram of which is shown in Fig. 4.

AT, i IHi i'so Uit

Unmax ly Al
m
@ Regulator ® Current regulator || E"€"9Y  |Ung

Unmin WUne) f(Al, Alg) 25&2%5

Fig. 4. Structural diagram of the subordinate regulation of the battery voltage

The main voltage regulation circuit on AB is shown in Fig. 4. Based on the voltage level AB, the
regulator Iy (Uag) generates a signal Iy, which is a current setting for subordinate control loop. The Iy
regulator (Uag) seeks to maintain the AB voltage within the range of specified values
Unmin<Uag<Unmax. When Uag reaches the maximum value Uyax, the 1U signal is set to zero and this
mode is called AB charge maintenance. When Ug decreases to the Uy value, the Iy signal is set to a
value quantitatively equal to the maximum allowable charging current AB and it is called charge AB.

During the operation of the power supply system of an autonomous object, in Fig. 4, a disturb-
ance in the form of a load I or parameters of the volt-ampere characteristics of the solar panel (ISC,
UIDLE) lead to a change in the battery current by an amount Al relative to the installation current Iy.
The current regulator seeks to suppress this deviation so that it does not exceed the maximum allowa-
ble value AlZ and generates the corresponding signal m for switching keys K; and K,. A block dia-

gram of a solar panel was built on Fig. 5. The power supply system of an autonomous object consists
of a solar panel and a wind turbine.
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Fig. 5. Structural diagram of the solar panel in Simulink, which is part of the MATLAB package

The protection of the battery (Accumulator Battery) from overvoltage, when converting (Con-
verter) voltage from 24 V to 220 V, is provided by the protection unit (ProtectionUnit) of the battery
shown in Fig. 5.

The simulation shows that with a positive energy balance, the voltages on AB1 and AB2 are in
the specified mode of 24/220 V, and at the same time the full functioning of the load is ensured. With
a negative energy balance, the load operation stops when the permissible voltage value on AB1 and
AB2 is reached, while the PSS (power supply system) switches to emergency operation and charges
the batteries.

6. Development of a model for optimal temperature control in an autonomous object

Regulators with a linear regulation law according to the mathematical dependencies between in-
put and output values are divided into the following types:

— proportional (P-regulators);

— proportional-integral (Pl-regulators);

— proportional-integral-differential (PID-regulators).

The room temperature control loop in Fig. 6.

The air temperature is maintained by heating equipment, but is powered by solar panel energy.
The sensor T measures the room temperature, and then this value is fed to the comparison device CY
of the measured temperature value Ty and the setpoint Ts. Depending on the difference between the
set and measured temperature values, the controller P generates a signal that acts on the actuator M.
The actuator opens or closes the valve until the error approaches zero:

€= Tset - Tmeasured : (1)
A generalized structural diagram of the ACS is shown in Fig. 7.
gt * H y
Tsol oy p @ We(p) Wor(p)
T
. TS
HP

Fig. 6. Indoor temperature control: CY — comparing Fig. 7. Block diagram of the automatic control system
device; Ts is the set temperature; Ty is the measured (ACS): Wp(p) — controller transfer function; Wop(p) —
temperature value; P — regulator; HP — heating unit; transfer function of the control object (regulation);
T — temperature sensor; M — actuator TS — temperature sensor; g(t) is the set temperature
value; € — regulation error; y is the controlled value;
0 — temperature value measured by the sensor
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The transfer coefficient from mismatch € to output y is given by:

W(jw) =W, (p)Wo. (P) , )
where Wp(p) is the controller transfer coefficient;

Wop(p) is the transfer coefficient of the regulated object.

For modeling, analysis and synthesis of objects and automation, the problem of synthesizing the
ACS system for the air temperature in the room of an autonomous object is considered, the tempera-
ture inside the room should not exceed 27 °C. The structural diagram of the ACS is shown in Fig. 7.

To synthesize an ACS with a typical control law, it is necessary to describe mathematically the
components of its links. Let’s theoretically obtain a mathematical model of the room as a control ob-
ject. The value of the air temperature in the room 6 depends on the power of the heating equipment P
and the outdoor temperature 6y To obtain a mathematical description of the control object, infor-
mation from the field of heat engineering was used.

In the process of heating the room, one part of the heat output (heater) is spent on raising the tempera-
ture in the room, and the second part is dissipated to the outside by heat transfer through the walls. Mathe-
matical formulas, and represent the general heat balance equations and have the following form:

00
R=c2, @3)
P, =K0-0,), (4

where P is the thermal power of the heater, KW;
P, — thermal power, dissipated to the outside, kW;
¢ — heat capacity of the air in the room, kJ/(kgx°C);
S —wall area, m
k —the coefficient of thermal conductivity of the walls (enclosing surface), kW/(mx°C);
| — wall thickness, m.
Considering that the sum of these powers is equal to the power of the heated installation, we obtain:

20 Sk
P=cZ=+>22(0-0,). 5
p I( W) ()

Transforming this formula, we obtain a mathematical description of the control object under con-
sideration:

LP+9 _cl oo

=——+0, 6
S, s ot (©)
where cl/S,=T, time constant, s;

1/Sx=K — conversion coefficient, (°C/W), substituting we get these transformations:

00
K, +0, :TEH)' (7

This equation is a linear differential equation of the 1-st order. In automatic control systems,
there is a need for a controller that would generate an additional control action proportional to the rate
of deviation of the controlled variable from the set value. Therefore, our studies were carried out using
PID control. The differential component has the form according to the formula (8):

oe
“‘D ZTDE. (8)

PID controllers act on the control object in proportion to the deviation of the controlled variable,
the integral of this deviation and the rate of change of the controlled variable:
1 Oe
=K, ge+—|eot+T,— , 9
=Ko ot T, 2 (©)
where Tp is the differentiated time constant;
Ty is the integrated time constant.
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In terms of capabilities, PID controllers are universal. Using

them, you can get any law of regulation. Using formula (9), we will We(P)
draw up a general structural diagram and the regulation law of an ide- i
ideal PID controller. The scheme is shown in Fig. 8. € Wi(P) ->®——>

With a sudden change in the controlled value, the PID controller
at the initial moment of time has an instantaneous infinitely large ef-
fect on the object of regulation, then the magnitude of the effect drops
sharply to a value determined by the proportional component, after Wein(P)
\_/vhlch the integral c_omponent of_ the controller constantl;_/ t_)egms to Fig. 8. Structural diagram of the
influence. The transient process in PID controllers has minimal am- regulation of an ideal PID
plitude and time deviations compared to P- and Pl-controllers (i.e., controller
the highest speed). The PID controller tuning parameters are the con-
troller proportionality factor Kp, the integration time constant Ty and
the derivative time constant Tp. With increasing delay in the system, negative phase shifts sharply in-
crease, which reduces the effect of the differential component of the controller. In addition, the pres-
ence of noise in the measurement channel in a system with a PID controller leads to significant ran-
dom fluctuations in the control signal of the controller, which increases the dispersion of the control
error and wear of the actuator. PID-controllers make it possible to provide good control quality for
temperature control systems: control mismatch is less than 1 % of the set point, a short time to enter
the mode and low sensitivity to external disturbances. When digitally implemented, the PID law has
the form:

Wo(P)

ae, } 100%. (10)

= {Kpgi +— ZS Al sured T

U i=0 measured

Table 1
Values of the controller settings

Regulator type | Proportional band | Transfer ratio | Integration time constant | Differentiation time constant
P-regulator 2Pus 0.5Kps not available not available
PI controller 2.2Pus 0.45Kpg 0.83T not available

PID controller 1.67Pys 0.6Kps 0.5T 0.125T

Kps — proportional gain regulator; Pys — proportional component of the relative control range;
— is the operating time of the regulator

Based on the developed mathematical models, a solar panel battery charging circuit was assem-
bled in the Simulink and SimPowerSystems visual modeling software included in the MatLab pack-
age. This circuit is shown in Fig. 9.

The voltage of the solar panel and storage battery is selected between 12 and 220 V and was con-
verted to 220 VV AC at a frequency of 50 Hz.
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Fig. 9. Scheme of modeling a solar panel in the Matlab program
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7. Analysis of simulation results

As a result of modeling in the Simulink environment with different nominal voltages and a con-
verter, it was possible to choose the voltage of the battery and solar panel. According to the above cal-
culation method, in the second chapter of the solar panel, a model was compiled in the MatLab pack-
age, which consists of a current source PV1 connected to the battery through a separating diode VD.
A VM1 controller, GainRelay, is connected to the battery circuit to prevent overcharging of the bat-
tery. When the battery is charged from the solar panel to the set maximum voltage, the overcharge
prevention circuit connects the load transistor VT in parallel with the solar panel to absorb the excess
power of the solar panel. The battery is protected from overcharging by a relay regulator, which con-
sists of a Constant reference voltage setter, a Battery to Constant voltage comparison device - sum-
block, an error amplifier, a Gain regulator, a Relay relay block that controls VT. When the charge
voltage on the battery reaches 14 V, the VT key switches the solar panel.

In a low-voltage circuit with a voltage of U, 10...24 V, a power transformer TV is used to in-
crease the voltage to 220 V Un, the transformation ratio will be 22...16. When modeling, a rectangular
converter was used with 50 Hz output voltage regulation according to the principle of pulse-width
regulation. A parallel resonant LC circuit connected to the converter through a TV transformer pro-
vides the sinusoidal voltage on the load. The inductance LP smooths the consumed current of the in-
verter, the inductance LH of an active-inductive load with an angle of 0.8 and a parallel-connected
transformer with capacitor C, forms a parallel resonant circuit. The load is connected to the capacitor
C, and has a sinusoidal voltage Ky<10 %, when the battery voltage is 220 V, the step-up transformer
TV is turned off.

The amplitude of the unfolding voltage of a symmetrical triangular shape Up=2 V with a refer-
ence voltage Upp=3.5V.

The following Fig. 10 shows the relationship between U, and U, with and without regulation.

Fig. 10 shows the characteristics of the converter with regulation by a solid line and without a
regulator by a dotted line. The following Fig. 11 shows the regulation characteristic of voltage 220 V
and harmonic coefficient Ky depending on the battery voltage from 10 to 14 V.

U, V Ky, %|U, V
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400 368 19k U/ 236 235
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Fig. 10. Characteristics of the converter Fig. 11. Regulation characteristics

Fig. 12 shows the load characteristic of the converter at a constant battery voltage of 10 V, which
was taken when the load changed from nominal to idle.

The following Fig. 13 shows the external characteristic converter, which is removed without reg-
ulation at a voltage of 14 V.
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Fig. 12. Load characteristic Fig. 13. External characteristic
of the converter of the converter without regulation
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To ensure stability in the classical amplitude regulation mode, we determine the value of the ref-
erence voltage and the amplitude of the sweeping voltage are shown in Table 2 and Fig. 14.

Table 2
Parameter results between reference and master oscillator voltage
Uy V 14
Uop+ Up 5
Uop, MV 15 2.5 35 4.5
Up, V 4 3 2 1
U,V 200 217 235 266
Ky, % 14.7 12.8 10 7.4
According to the harmonic criterion, 0 ,
Ky=10 % is acceptable, so we choose the ratios U%go\él(“iéoyp“"’ v 4r
— — — _ ) 266
U=235V, Upp=3.5mV and Up=2 V. - 14 4— 5 73
The results of modeling the control of the 12 217&.-—\/ UL
sol_ar panel using the classical am_plitude regu- 2001 10- 3 200 3[?\\5\ Kn
lation of the output voltage at the input voltage ~ 1°0F 8- > S L4
of the battery 14 V. 100 6 ) )
Conclusions 1 2 3 4 Vep, V

1. A mathematical model has been devel-
oped that allows you to control and optimize
the operation of a solar battery depending on
climatic conditions and on the degree of illumination;

2. The calculation of the low-voltage power supply system was carried out; a technique was pro-
posed that allows the efficient use of the energy generated by the solar panel without conversion loss-
es. When creating an automated control of energy supply and energy consumption of an autonomous
object, a mathematical model of optimal temperature control was developed,;

3. As a result of the simulation, it was found that with a positive energy balance, the voltages on
ABL1 and AB2 are in the specified mode 24/220 V, and at the same time, the full functioning of the
load is ensured. With a negative energy balance, the load operation stops at the moment the permissi-
ble voltage value on AB1 and AB2 is reached, while the EPS goes into emergency operation and
charges the batteries;

4. In the program Simulink and Sim Power Systems, which is part of the MATLAB package, a
simulation model for controlling the power supply controller of an autonomous object with elements
of SMART technology has been developed. This model allows you to really display the logic of the
solar panel and wind turbine;

5. A model for optimal control of the perceived temperature in an autonomous object has been
developed.

Fig. 14. Inverter parameters
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