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SIMULATION OF INDUSTRIAL SOLAR PHOTOVOLTAIC STATION
WITH TRANSFORMERLESS CONVERTER SYSTEM

Purpose. Creation of a detailed model of a solar photovoltaic station with a converter system based on a cascaded multi-level
inverter with the MPPT (maximum power point tracker) function to investigate its operating modes in distributed power systems.

Methodology. To carry out the research, the paper used the methods of system synthesis, mathematical and computer model-
ing to create photovoltaic station models and components; a physical experiment in obtaining thermal characteristics of the pho-
tovoltaic module Solarday SDM72 360 W, modern power theories for synthesis of the vector control system of a multi-level in-
verter.

Findings. the Matlab-model of solar photovoltaic station with transformerless 29-level cascade voltage inverter is synthesized.
The model confirmed the serviceability and efficiency of the converter system and the power plant as a whole. An algorithm is
proposed and an MPP tracker with volt-ampere characteristics of the photovoltaic module, which corresponds to the maximum
power extraction, is synthesized on the basis of the algorithm. The algorithm was validated by the model for any solar radiation
intensity.

Originality. The total mathematical model of the photoelectric module, which accounts for its energy and heat characteristics,
is obtained and can be used for simulating the operation of any computer model of the photoelectric converter under Matlab/
Simulink/SimPowerSystems environment.

Practical value. The model results indicate the prospects of industrial implementation of transformerless multi-level converter

systems to be used in the structure of powerful solar photovoltaic stations.
Keywords: PV module, solar photovoltaic station, multi-level inverter, converter system, M PP tracker

Introduction. Considerable interest in renewable energy
has contributed to the creation of a new segment in the elec-
tricity sector, which is growing rapidly and is affecting the
power industry and its development in many countries of the
world. Solar photovoltaic stations, as the most common ex-
ample of renewable energy, hold the leading growth rates due
to the modular construction principle and facilitate the con-
struction and operation of such facilities under favorable cli-
matic conditions [1]. The modular topology of photovoltaic
stations makes it possible to scale installed power from a few
hundred watts up to a gigawatt and higher [2, 3].

Grid-based industrial solar power plants (SPP) with in-
stalled power exceeding a few megawatts are the most com-
mon. In this segment, leading manufacturers offer various
technological solutions to provide the efficient delivery of so-
lar-generated energy to the power grid. The modern develop-
ment of production of powerful high-voltage semiconductor
devices and converters based on them makes the implementa-
tion of various circuit design solutions possible for grid con-
nected solar power plants. Despite this, the most traditional
approaches to converter systems in industrial photovoltaics
have been adopted, owing primarily to the lack of systematiza-
tion of new technical solutions proposed in recent scientific
publications. There is therefore a significant problem today in

© Tugay D.V., Korneliuk S. 1., Shkurpela O.O., Akimov V.S., 2021

the research on the characteristics, development and reporting
in the scientific literature of new promising types of semicon-
ductor power converter devices for high-power grid solar
plants. One such converter is a cascading multi-level voltage
inverter.

Literature review. The analysis of scientific publications
shows that in the given power range, the most traditional solu-
tions are the use of low-power string inverters (Fig. 1, a) [2, 3]
or powerful grid tie inverter |2, 4, 5] (Fig. 1, b) to connect ar-
rays of photovoltaic modules to the industrial network. The
special feature of the organization of the power transmission
systems in this case is the combination of the AC-side convert-
ers or the DC-side arrays of PV modules and the use of a net-
work transformer for galvanic isolation of the 380 V and
6(10) kV networks [2]. An alternative is a power plant design
combining arrays of single-phase alternating current photo-
voltaic modules [6, 7], allowing for high output voltage quality
[8, 9]. This principle underlies many forward-looking topolo-
gies [10, 11], including those with an asymmetric structure
[12], one of which is the use of a high-voltage multi-layer cas-
cade converter without a network transformer (Fig. 1, ¢) [13,
14]. The absence of a transformer means that it is possible to
connect solar power plants directly to the 6(10) kV grid or to 35
or 110 kV district substations through 10/110 kV high voltage
step-up transformers. Furthermore, the cascading principle of
the inverter build up makes it possible to solve a number of
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Fig. 1. Simplified circuit of photovoltaic stations:

a — with string inverters; b — with a single powerful inverter; ¢ —
transformerless circuit

problems, among which is the provision of an individual MPP
tracker for each cell of the converter and ensuring symmetrical
phase loading by the SPP generated current [13].
Disadvantages of using a common high-power converter
include, for instance, different operation modes of the con-
verter system cells [15] due to the large area of the power plant,
especially in the case of variable weather conditions (clouds,
precipitations, and others). Computer modeling using Mat-
lab/Simulink/SymPowerSys [14, 16] is a reliable tool for ac-
counting such factors. In addition, powerful software com-
plexes allow performing simulation of complex electric power
complexes’ operation in different operating modes, which
greatly simplifies their development at the design stage.
Unsolved aspects of the problem. The literature sources dis-
cussed above point to studies on individual characteristics and
peculiarities of the operation of transformation systems based on
multilevel cascade inverters in the structure of solar photovoltaic
stations [3, 13, 14, 16]. The most commonly used models were
basic blocks and solutions offered to Matlab users [14, 16].
Moreover, a review of the information sources revealed the lack
of detailed models of the proposed converters that would enable
to assess their performance in different operating modes of the
distributed power system, considering not only the energy but
also the thermal characteristics of photovoltaic cells [13, 14, 16].
The use of low-power laboratory samples [4] and their
simulations [17] does not allow for a full assessment of the ad-
equacy of the data obtained as well as for the extrapolation of
the experimental results to powerful industrial systems.
Therefore, the common problem that remains to be solved
consists in obtaining a detailed simulation model considered
in the conversion system operation, allowing a comprehensive
assessment of the prospects for its implementation.
The purpose of this paper is to create a detailed model of a
solar photovoltaic station with a converter system based on a

cascaded multi-level inverter capable of maximum power
point tracking (MPPT) to study its operation modes in distrib-
uted power systems.

To reach the goal, the following sequence of objectives
should be pursued:

- to develop a detailed solar photovoltaic module model
that takes into account the electrical and temperature charac-
teristics of the photovoltaic unit;

- to implement the MPPT algorithm;

- to synthesize the intermediate PV array model with a
voltage inverter, which performs the function of the MPP
tracker;

- to create a complete model of the SPP based on the mul-
tilevel cascade inverter and to test its performance.

Results. Using the Matlab model, we will consider a pho-
tovoltaic station circuit with a rated power of 8.4 MW (Fig. 2).
The conversion system of the power station consists of 42 sym-
metrical inverter cells (14 per phase), which schematically re-
peats the arrangement of the 29-level cascade multi-level volt-
age inverter for the high-voltage frequency-controlled electric
drive [18].

A photovoltaic array of solar PV modules with the installed
power of P, =200 kW is connected to the network through
each cell. The array is formed by 576 Solarday SDM72 360 W
modules [19, 20], which are included in N, = 18 parallel series
with N, = 32 series connected modules per each (Solar Array

— Solar Array C14). Each of the DC photoelectric arrays is
connected to a constant-voltage single-phase bridge transistor
inverter (A1-C14). The inverter cells are combined in series
circles (14 cells per converter phase) and are connected to the
electric grid through a high-voltage inductance reactor of
5 mH. Thus, the voltage in the direct current link of the in-
verter cell (output voltage of the photoelectric array) is pro-
portional to the 1/14 phase voltage of the industrial network to
which the SPP is connected. The generation and distribution
of control impulses on inverter cells is carried out by the vector
control system of the converter (Control System), which is
carried out using forward and backward coordinate transfor-
mations (abc-dq0), which additionally implements the MPPT
controller function. To efficiently filter the high-frequency
component of the output currents, a small capacitor battery
(C_C_K) with a capacity of 300 uF is connected to the grid
clamps.
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Fig. 2. Matlab-model of the photovoltaic station with rated
power of 8.4 MW based on the 29-level transformerless cas-
cade voltage converter
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The array configuration can be calculated by the following
ratios
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where k = 1.25—1.5, Uy, is the current value of the linear volt-
age of the power grid to which the power plant is connected; n
is the number of the converter cells; V,,,, is the PV module
voltage at the point of maximum power extraction; P, is the
power plant rated power; P,, is the PV module power; Cris the
temperature coefficient corresponding to the decrease in max-
imum power; 3, is the temperature coefficient of the module;
T.in 1S the minimum operating temperature of the PV module
(in winter); 7, =25 °C is the nominal temperature; Tp;c=20 +
+ 1.389 - (NOCT - 20) - (0.9 - n,,) is the temperature of the
photoelectric cell under normal conditions; 1, is the PV mod-
ule efficiency.

Given the maximum system voltage in the DC link Uy,
is conventionally defined by the manufacturer of photovoltaic
equipment for various types and series of PV modules (for in-
stance, for the Solarday SDM72 360 W PV module it is
1500 V), the number of converter cells can be calculated by the
ratio

UDC max

Taking into account (1), the number of serially connected
modules in the photoelectric array is determined by a simple
ratio

o

UDCmax .
Vmpp |:1 +(Trnin _Tn)BT:|

The PV module model is synthesized according to its electri-
cal and thermal characteristics by the procedure proposed in [13].

The converter is connected to the 10 kV network without a
power transformer, through the reactor Ls.

The Matlab-model of the PV module implements the so-
lution of the current-voltage characteristic equation by the
procedure described in [13] and corresponds to a detailed
equivalent circuit, based on which the output current of the PV
module can be determined by the ratio

§=

[ oV, +I'R) }
[p:[ph_lo e rEnT ] —Ixh, (2)
where 1, is the photoelectric current
Ly =[1,+k(T —298)]i; 3)
r o 1000
1, is the saturation current
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1, is the reverse saturation current
1, (T -298)
n= qV,k,(T-298) ®)
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1, is the shunt resistor current
V +1,-R
= M’ (6)
Rsh

where [, is a short-circuit current, A; V. is the open circuit
voltage, V; V, is the working voltage of the PV module, V; k; =

= 0.04 is the temperature coefficient of short-circuit current
reduction for a photocell at a temperature of 25 °C and the
energy flow density of 1000 W/m?, %/°C; k, = 0.3 is the tem-
perature coefficient of the open circuit voltage reduction for
the photocell at the temperature of 25 °C and the intensity (or
power intensity) of the solar radiation of 1000 W/ m?, %/°C; T
is the current temperature, K; 7, is the nominal temperature,
K; Eis the solar radiation intensity, W/m?; g = 1.6 - 107 is the
elementary electric charge, C; n = 0.546 is the indicator of the
diode idealization; K = 1.38 - 1072 is the Boltzmann constant,
J/K; Eq = L1 is the semiconductor band gap, €V; n, is the
number of serially connected photovoltaic cells in the module;
R, =0.309 is series resistance, Q; R, = 415.405 is shunt resis-
tance, Q.

The difference between the model considered in this work
and the one proposed in [13] is that the temperature coefficient
kv is taken into account to construct volt-ampere characteristics.

Characteristics such as /., V,., E, T, ng, k;, k, are the most
decisive for the photomodule. The unit settings window sets
these characteristics for the photo module type Solarday
SDM?72 360 W used for shaping the photovoltaic arrays of the
solar power plant.

Fig. 3 shows a comparison of the voltage-ampere charac-
teristics of the solar photovoltaic module constructed using
the Matlab model with the characteristics stated by the manu-
facturer for this type of PV module. Analysis of the obtained
characteristics confirms the adequacy of the model developed.

The calculated volt-ampere characteristics of the photo-
electric converter according to relations (2—6) are used in an
adjustable current source, whose terminals are output to an
external electrical circuit. The voltage sensor on the current
source terminals measures the current value of the operating
voltage of the PV module, which is used to calculate the oper-
ating current through the feedback circuit.

As is well known, the energy characteristics of a photovol-
taic converter largely depend on the current surface tempera-
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Fig. 3. Volt-ampere characteristics of the Solarday SDM72
360W PV module:

a — given in the manufacturer’s catalog [19]; b — obtained using
the Matlab-model for different specific power values
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ture, with the increase of which the generation of electrical
energy decreases. Therefore, to obtain the thermal character-
istics of the selected Solarday SDM72 360 W PV module and
assess the temperature impact on its operation during the cre-
ation of the Matlab-model, a laboratory experiment was con-
ducted.

Fig. 4 shows photographs of the laboratory facility, with
which temperature characteristics were obtained.

The test bench consists of a PV module type Solarday
SDM72 360 W, two load rheostats and two powerful lighting
fixtures with halogen lamps (rated power of one lamp is 2 kW),
simulating a solar radiation source. The following tools were
used for measurements: two digital multimeters MY75, used as
a voltmeter and ammeter, respectively, digital luxmeter WT81,
contactless infrared digital pyrometer ThermoSpot Pocket,
digital oscilloscope SDS1022D.

The experiment was set up as follows. The lighting fixtures
were placed so as to achieve the most uniform distribution of
the light flux on the PV module surface. The level of illumina-
tion at the control points of the surface was monitored by a
digital light meter WT81. The ThermoSpot Pocket digital non-
contact pyrometer was mounted and fixed on a rack between
two luminaires so that the temperature in the center of the PV
module to be continuously monitored during the experiment.
The Ry =40 Q load resistance was set using rheostats. Before
the experiment, the laboratory room was ventilated and then
heated to exclude convective airflows, the current temperature
at the central point of the photovoltaic module, the idle volt-
age and short-circuit current during nominal operation of
both light sources were measured.

The photovoltaic module was then coupled to the load
rheostats, which switched the unit to steady-state conditions,
under which it operated throughout the experiment. To elimi-
nate the observer influence on the measurement process, the
readings of the measuring instruments were recorded by syn-
chronized digital video cameras.

Fig. 5 shows a comparison of the measurement results with
the results of a computer experiment conducted using the
Matlab-model of the Solarday SDM72 360 W PV module,
presented as the dependences of the power output on the tem-
perature when changing the latter from 25 to 55 °C.

As can be seen from Fig. 5, the obtained experimental data
are highly correlated with the results of computer simulation,
which makes it possible to use the synthesized Matlab-model
of the Solarday SDM72 360 W PV module to build a simula-
tion model of SPP.

The payback period for the capital costs of building a solar
power plant will depend on the annual amount of electricity
generated. Therefore, many network inverters have a maxi-
mum power selection function (MPP) [13, 16]. To implement
this mode, an M PP tracker was synthesized, the Matlab mod-
el of which is shown in Fig. 6. The tracker performs two basic

Fig. 4. Appearance of the laboratory facility used for experi-
mental measurements

45 ikid

44
43% Pep
4
41
40
39
38
37
36

0,
35 LC

25 30 35 40 45 50 55
Fig. 5. Dependences of the power output of the Solarday
SDM72 360 W PV module on the temperature according
to the experimental results (P,,) and computer simula-
tion (Pmod)
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Fig. 6. Matlab-model of the M PP tracker

functions: tracking the point of maximum power with regard
to the volt-ampere characteristic of the solar module and en-
suring the dynamics of transition between the said characteris-
tics during natural changes in solar radiation intensity during
the solar module operating time.

The Matlab-model, which implements the algorithm of
MPP tracker, consists of a node for maximum power point
tracking and nodes for adjusting the system to change the
solar radiation intensity. The maximum power point track-
ing node, in turn, consists of a MinMax Running Resetta-
ble, a logical operator greater than or equal to (> =), which
compares the modulus of the current value of the measured
power output with the maximum power output value that
comes from MinMax Running Resettable, the Integrator,
and inverting logic operator (NOT), which is used in the
feedback loop of the integrator to account for system’s tran-
sients. Units T1, T9 are used to set the appropriate delays in
the input and output circuits of the MinMax Running Re-
settable unit.

The maximum power point tracking node operates as fol-
lows. The logic operator (> =) compares the current value
modulus of the measured power at the output of the solar pho-
tovoltaic module (or photovoltaic array) with the maximum
value of the measured power output stored in the memory cell
(MinMax Running Resettable unit) supplied to the corre-
sponding input of the logical operator with a delay T1 + T9. If
the conditions of this inequality are met, a logic unit is set at
the output of the logic operator unit and an integrator is start-
ed, which increases the value of the reference signal for the
DC/DC step-down converter or for the transistor inverter that
regulates the capacitor voltage. Thus, the controller operates
with a nonlinear drooping section of the photoelectric con-
verter volt-ampere characteristic, while the working point is
raised by this section.

The movement of the operating point is accompanied by a
decrease in the output voltage and an increase in the output
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current of the PV module, while the value of the output power
increases. The increase in output power will be maintained
until its maximum value is reached, which will lead to a viola-
tion of the inequality in the logical operator unit (> =), which
will switch and change to logical 0 state. Changing the state
will stop the integrator (Integrator unit) and switch the invert-
ing NOT unit from the logical 0 state to the logical unit state.
The final switching will slightly reduce the calculated reference
signal, which adjusts for the inertia of the step-down converter
after stopping the integrator, stabilizes the maximum value of
power at the output of the photoelectric converter and pre-
vents the inverter from overturning.

The nodes of the system adjustment to change the specific
power of solar radiation respond to changes in natural illumi-
nation by the signal Eph. If the current signal has decreased or
increased relative to the previous value, then for a short time
(determined by the delay T2 or T3) one of the logical operators
starts (> — in case of signal decrease) or (< — in case of signal
increase). The logical unit at the input of the operator blocks
(>) and (<) switches the keys S1—S4, which results in resetting
the integrator and cleaning the memory cell that stores the
maximum value of the measured power (MinMax Running
Resettable block). The control system is then returned to the
working condition and a new maximum power value is
searched using the above algorithm.

In the first step, the algorithm and the proposed MPP
tracker model were tested using the Matlab-model of the So-
larday SDM72 360 W PV module. The Table shows the results
of the maximum power point tracking at different solar radia-
tion intensity values.

The development of a full-scale model of the solar photo-
voltaic station with a converter system based on a multi-level
cascade voltage inverter with MPP function should begin with
the synthesis of an intermediate model of one converter cell.
Let us replace the inverter cell with a three-phase transistor
inverter, which supplies 1/42 of energy produced by the pow-
erful solar power plant to the industrial network.

The model is composed of a photoelectric array of solar
modules, which are arranged in 18 parallel rows (strings) of
32 PV modules type Solarday SDM72 360 W in each. The in-
stalled power of the array is 200 kW. Capacitor C is connected
in the DC circuit, whose voltage is maintained within the fol-
lowing limits

(1.25..1.5)v20,,,
¢ 14 '

A power inverter implemented according to a three-phase
bridge circuit on IGBT transistor base is connected to the DC
link. The inverter alternating current link and the power supply
network are connected through an inductance reactor.

The key element of the model is the inverter control sys-
tem, which implements the MPPT function (Fig. 7). The
model is derived from vector principle of control shaping,
which applies the coordinate conversion of modern power
theory, namely abc — dq0 and inverse transformations of
dq0 — abc coordinates [21].

The control system operates as follows. At the input of
the coordinate conversion units (Discrete 3-phase PLL,
abc_to_dq0 Transf), the scaling amplifier receives informa-
tion from sensors on the instantaneous voltage values in the
three-phase supply line u,, u,, u,, where conversion of the
latter occurs

Table

Test of maximum power point tracking algorithm using the
Matlab-model of the Solarday SDM72 360 W PV module

E,j., W/m? 200 400 600 800 1000
Py W 68.56 | 142.8 217 289.4 | 360.7

MPPT controller
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Fig. 7. Photovoltaic station inverter control system model
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Simultaneously, the MPP tracker (MPP tracker unit)
calculates the V), voltage problems according to the algo-
rithm considered, which corresponds to the maximum pow-
er point tracking, which, through the scaling amplifier, en-
ters the input of the comparison unit with the projection of
the voltage vector on the p axis — u,. The difference signal is
received at the input of the proportional-integral controller
(Discrete PI Controller_p unit), whose output is connected
to the input of the unit of inverse coordinate conversion
(dq0_to_abc Transf). If the power plant is to be involved into
the reactive power regulation in the grid, the input of the co-
ordinate transformation unit (dq0_to_abc Transf) must also
receive a signal from the proportional-integral controller
(Discrete PI Controller q unit) for the voltage vector com-
ponent on the ¢ axis. Otherwise, this power port can be dis-
connected.

The operation of the inverse coordinate conversion unit
(dq0_to_abc Transf) is described by the following relations

x/zcose

! 2sine
3 N3

laref

;|_| sinB, _cosb, sinb,  coso, id*}
bref | T . 5
AN A AR A D

cref sin®, cosO, sinB, coso,

VNN

where
iy k.- h”d\ KidEphJ' % _Eph”d "
“UP 1000 1000 10007;7{ " ” 1000 |~

K.
iq*z(uq,ef—uq) o0 quj(uq,ef—uq)dt,

i

where K,,, K, K4, Kiq are proportional and integral ampli-
fication coefficients of the two PI-controllers respectively;
T; is the integration period; K, = 1/(0.5V,. - N,) is the coef-
ficient.
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The phase current reference of the inverter is obtained af-
ter a phase comparison of the reference current with the mea-
sured currents of the grid in the feedback circuit

I z'mf + ingvK0
iyo | = ey TV Koy |-
i Iy T1.V,, Ko

Synthesis of the Matlab-model of solar photovoltaic sta-
tion with a transformerless multi-level voltage inverter (Fig. 2)
is the final simulation stage, summing up the results of the
three previous stages.

The structure of the multi-level converter control system
follows the previously considered structure of the vector con-
trol system of the ordinary three-phase bridge voltage inverter
with the MPPT function (Fig. 7), but its operation has been
extended by the system for distributing impulses to inverter
cells of the converter, the operation of which has been ana-
lyzed in detail in [18].

The pulse distribution system presents a symmetrical
structure, formed by 42 single-item PWM cells (14 cells per
phase) operating at a constant modulation rate, their opera-
tion being shifted by an angle in time

ny T

"5
where n; =1, 2, 3, ..., k— 1, k is the number of cells in the in-
verter phase.

The PWM generator generates vertical levels of high-fre-
quency saw-toothed voltage “0+ 1” and “0 — 1” and compares
them with the reference input signal. Pulse reallocation to
transistor cells is performed according to the switching Table
[18].

Fig. 8 shows the oscillograms that demonstrate the Mat-
lab-model of a photovoltaic station with a rated power of
8.4 MW based on a 29-level transformer-free cascade voltage
converter. The oscillograms are obtained by changing the solar
radiation intensity from 1000 to 500 W/m?>.

The analysis of Fig. 8 gives an idea of the correct operation
of the solar power plant model, both in the steady state and in
the transition mode. The control system performs the jumping
variation of the solar radiation intensity in a pronounced way;
the algorithm of maximum possible power point tracking finds
the required output power value, which makes it possible to
increase the operation efficiency of the power plant equipment
and to reduce the period of repayment of capital investment on
its construction. Studies confirm the significant advantage of
multi-level schemes in obtaining qualitative indicators of elec-
trical energy generated for the electric network, i.e. network
currents are symmetric, sinusoidal (THD, < 5 %) and are in
antiphase with the corresponding phase voltages.

Conclusions.

1. The key structural advantage of the converting system
operating circuit of the distributed SPP based on the multilevel
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Fig. 8 Timing of the output power of the SPP when the inten-
sity of solar radiation change from 1000 to 500 W/m?

cascade voltage inverter in comparison with known technical
solutionsisthe absence of the network transformer 10(6)/0.4 kV.
Of course, this advantage is partly offset by the need to use a
high-voltage grid reactor, but given that traditional inverter cir-
cuits likewise require the use of grid-side induction reactors (in
most cases the transformer-leakage inductance is not sufficient
for the correct converter operation), the proposed solution is
very promising from the point of view of recouping investments
in the construction of industrial SPP.

2. In the Matlab/Simulink/SimPowerSystems environ-
ment, a Solarday SDM72 360 W PV module model with real
electrical and thermal characteristics is synthesized. The de-
pendence of the PV module output capacity on the surface
temperature of the module has been tested using a laboratory
unit. It is established that both the calculated and experimen-
tal characteristics obtained correspond to the characteristics
stated by the manufacturer.

3. An algorithm is proposed and an MPP-tracker with
volt-ampere characteristics of the PV module corresponding
to the maximum power extraction is synthesized based on the
said algorithm. The algorithm was tested using the above
model and proved to be effective for all solar radiation inten-
sity values.

4. A model of the solar power plant with a converter system
based on a three-phase transistor voltage inverter simulates the
operation of a single cell of the multi-level converter. The
model allowed testing the algorithm for maximum power
point tracking (MMPT) of the photoelectric array to be gener-
ated by 576 Solarday SDM72 360 W PV modules.

5. Synthesized is the Matlab-model of solar photovoltaic
station with transformer-free 13-level cascade voltage inverter
with rated power of 8.4 MW in the maximum power extraction
mode. The model confirmed the efficiency and effectiveness
of the converter system and the power plant as a whole. Model
results show the prospect of future commercial application of
transformerless multi-level converter systems to be used in the
structure of powerful solar photovoltaic stations.

The findings of the publication were obtained in the frame-
work of the state budget research work 53-73/19 “Develop-
ment of Scientific Fundamentals for Introduction of Intelli-
gent Energy Efficient Power Supply Systems SmartGrid”,
No. DR 0119U001072.
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MoaenoBaHHS MPOMHCIOBOL
COHSAYHOI (POTOEIEKTPHUYHOI CTAHIIL
3 0e3TpaHc)OpMATOPHOIO MEPETBOPIOBAJILHOK
CHCTEMOI0
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Meta. CTBOpeHHS IeTalbHOI MOJIei COHSYHOI (oToe-
JIGKTPUYHOI CTaHIIl 3 MEepeTBOPIOBAIILHOIO CHUCTEMOIO Ha
OCHOBI KacKaJTHOTO 6araTopiBHEBOTO iHBepTOpa 3 (QYHKITIEIO
MPPT nns nocnigkeHHs ii peXXuMiB poOOTU B pO3MOAiJIEHUX
CHCTEMaX eJIEKTPOTIOCTAYaHHSI.

Meroauka. 151 mpoBeaeHHSI AOCIiIKEHHS B pOOOTi BU-
KOPHWCTOBYBAJIUCST METOIN CUHTE3Yy CUCTEM, MaTeMaTUYHOTO
11 KOMIT'IOTEPHOTO MOJIEIIOBAHHS il Yac CTBOPEHHS MOJe-
JIeit (poToeseKTpUIHOI CTaHIIi Ta ii eeMeHTiB; (Gi3MIHOTO
€KCITepUMEHTY T/l Yac OTPUMAaHHS TEMJIOBUX XapaKTePUCTUK
(doroenexkrpuunoro momyiio Solarday SDM72 360W; cygac-
Hi Teopii MOTY>XHOCTI /IS CHHTE3Y BEKTOPHOI CUCTEMMU KEPY-
BaHHS$I OaraTopiBHEBMM iHBEPTOPOM.

Pe3ynbratu. CuHTe3oBaHa Matlab-Monenb COHSIYHOL
doToenekTpuyHOi  cTaHIii 3 0Oe3TpaHcHOpMaTOPHUM
29-piBHEBUM KacKaaHWM iHBEpTOpPOM Hampyru. Mopenb
MMaTBepAUIa Tpale3IaTHICTh i e(heKTUBHICTh pOOOTH Tepe-
TBOPIOBAJILHOT CUCTEMM Ta €JEKTPOCTaHIii B Lijomy. 3a-
MPOTIOHOBAHO AaJTOPUTM i CHMHTE30BaHO HAa MOTO OCHOBI
KOHTpOJIep MOLIYKY poO0YOi TOUKM Ha BOJbT-aMIIEPHUX Xa-
pakTepucTUKax (poTOMOMIYJISI, 1O BiAIOBiIae BinOopy Mak-
cuMaJibHOI MOTYKHOCTI. IlepeBipka aaropuTmy 3a 10MOMO-
roro Mojesi MiaTBepauaa HOoro mpaies3naTHiCTb 3a Oylb-
SIKUX 3Ha4€Hb iHTEHCUBHOCTI MOTY>XHOCTi COHSIYHOTO BM-
MPOMiHIOBaHHSI.

HaykoBa nHoBu3zHa. OTprMaHa MOBHA MaTeMaTUYHAa MO-
nenb hOTOENEKTPUIHOTO MOYJISI, IO BPaXOBYE OTO eHep-
TeTUYHI i TEMJIOBi XapaKTEPUCTUKHU Ta MOXe OYTU BUKOPUC-
TaHa JUIS iMiTallii poOOTH OyIb-SIKOT KOMIT'IOTepHOI Moei
(oTtoenekTpryHOrO MEepeTBOPIOBaYa B cepenoBuili Matlab/
Simulink/SimPowerSystems.

IIpakTuyna 3HaunmicTs. Pe3ynbraTi MozeII0BaHHS CBifl-
yaTh MpO TEepCHEeKTUBHICTb MPOMMUCIOBOI peasizailii 0e3-
TpaHchOPMATOPHUX OaraTOPiBHEBUX TMEPETBOPIOBATBLHUX
CHCTEM IS iX BUKOPUCTAHHS Y CTPYKTYPi TTOTY>KHUX COHSTI-
HUX (DOTOETEKTPUUHUX CTAHILIIA.

KimouoBi cioBa: ghomoesexmpuunuii mooyanv, consuna ¢ho-
moeneKmpuyHa cmanyis, 6aeamopieresuil iH6epmop, nepemaeo-
proganvia cucmema, MPP koumponep

Recommended for publication by V. G. Yagup, Doctor of Tech-
nical Sciences. The manuscript was submitted 22.02.21.

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2021, N2 5 79





