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ДосліДження впливу струмів вищих гармонік  
на розрахункове навантаження мережевої сонячної 

електростанції потужністю 30 квт 

Purpose. To estimate the magnitude of the influence of currents of higher harmonics on the electric load of an 
object with nonlinear electrical receivers, which receive electricity from the inverter of a network solar station. 

Methodology. Measuring and modeling the processes in the electrical network revealed the presence of higher 
harmonics from the network solar power station, nonlinear electric devices and determined the effect of their impact 
on the electric load.

Findings. The depth of influence of currents of higher harmonics from the inverter of the network solar electric 
station, nonlinear electric devices on the magnitude of the electric load due to the additional heating of the current 
parts is estimated, which should be taken into account in each case in real conditions.

Originality. It lies in the experimental study of the spectrum of the higher harmonics of the inverter solar station, 
of the individual nonlinear electric receivers, the depth of their influence on increase in electric power losses in elec-
tric networks and electric devices, which cause their additional heating compared to the course of sinusoidal current.

Practical value. The resulting experimental measurements of the spectrum of higher harmonics of inverters, elec-
trical receivers can serve as information for the creation of future databases. This can be used for defining the calcu-
lated loads, which will contribute to the prevention of overheating of electrical networks. 
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Introduction. Widespread use of network solar elec-
tric station requires careful study of their impact on the 
parameters of the electrical network, the estimated load. 
This is due to the generation of higher harmonics by in-
verting DC from solar panels to alternating current of 
50 Hz for the consumer. Professor Pivnyak G. G. notes 
that the energy of the Sun is not only inexhaustible and 
free, but, without doubt, more environmentally friendly 
than any type of human access to energy [1]. Professor 
Zhezhelenko I. V. warns that the distortion of the sinu-
soidal voltage, current leads to the negative influence of 
higher harmonics on the elements of electrical networks, 
electrical receivers, security system, and others. [2]. The 
scientist Prakhovnik A. V. emphasized that the network 

stations enter the market of high energy, which provide 
electricity at the light part of the day, and at other times 
the power is received from the traditional network [3]. Pro-
fessor Lezhniuk P. D. gives practical advice on simulating 
the loading of electrical networks by cubic splines, which 
is important for the power source power dissipation [4].

Analysis of the recent research and publications. Many 
scientific works are devoted to the harmonic analysis of 
the output voltage, the current of inverter sinks for various 
linear and nonlinear electric devices in real time [5]. The 
results of experiments with different types of inverters are 
presented [6]. Pulse-frequency modulation control sys-
tems for high harmonic filters are used to improve the 
quality of electric power [7]. The improvement of electric 
power quality is shown using a shunt active power filter 
[8]. Harmonic suppression devices based on inductive-
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capacitive elements are connected directly to the inverter 
[9]. With the current control of the inverter parameters, 
the harmonics of the lower order are eliminated [10].

unsolved aspects of the problem. At the same time, the 
issues of the influence of distorted sinusoidal voltage, 
current on increasing the load of the electric network 
remain inadequate attention in the mentioned and simi-
lar studies. This is important for the proper choice of its 
section, switching and protective devices, and other ele-
ments of the power supply systems. 

Objectives of the article. The purpose of the study is to 
analyze experimentally obtained spectrum of higher har-
monics, which generates inverter of a network solar elec-
tric station, separate nonlinear electric receivers as well as 
to define processes in the system power supply, the degree 
of influence of harmonics on the additional estimated load 
of the electric network using mathematical modeling. 

In order to achieve this goal, the following tasks were 
addressed in the work: 

- to select a functioning network solar power station, 
the corresponding tools and schemes of organization of 
effective research for obtaining reliable results;

- to experimentally obtain the spectrum of higher 
harmonics generated by the inverter of the solar power 
station and individual nonlinear electrical devices;

- to carry out mathematical modeling of processes in 
the electric network from the inverter to the electric de-
vices;

- to determine the degree of influence of higher har-
monics on the estimated load of the solar power station 
due to the additional heating of the elements of the pow-
er supply; 

- to provide recommendations for reducing the cal-
culated load by suppressing the influence of higher har-
monics on electromagnetic compatibility in power sup-
ply systems. 

The experimental base of the study is based on the 
equipment of a 30 kW network solar power station, which 
operates in Odesa with coordinates 46°29'08'' N and 
L 30°44'36''. 

The main elements of the network solar power sta-
tion with a power of 30 kW and schemes for conducting 
research on a sunny day of September 4, 2017 are shown 
in Fig. 1.

Solar Panel TALESUN TP660R-260W polycrystal-
line (production of China), power 260 W, voltage x. x 
37.8 V, nominal current 8.51 A, short-circuit current 9.16 A, 
rated operating temperature from -45 to 60 °С. 

Network Inverter HUAWEI SUN2000-36KTL (man-
ufactured in China) with a power output of 36 kW, effi-
ciency of no less than 98.6 %, operating temperature 
from ‒ 25 to 60 °С. It contains 4 MPP trackers for level-
ing the heterogeneity effects of the power generation field, 
integrated intelligent monitoring of 8 strings, protective 
switching offsets, protection against overvoltage, short cir-
cuit, earth faults.

The study was carried out using Elspec Technologies' 
Elspec G4500 BLACKBOX Portable Elspec Technolo-
gies Portable (Israel's Production) Elspec Technologies 
Company. 

Software for this analyzer, the PQSCADA Investiga-
tor from Elspec Technologies (Production of Israel), ef-
fectively processes a large number of parameters that are 
instantly displayed on the PC monitor.

Information that comes from one or more measure-
ment points is displayed on one synchronized hour-an-
gle axis. This allows you to observe a clear and instant 
graphical interpretation of the complex processes occur-
ring on the network.

Presentation of the main research. The solar panels of 
the network solar station convert the radiation energy of 
the sun into a direct current, which, by means of the in-
verter, is converted into an alternating voltage of the elec-
trical receivers, typically 0.38/0.22 kV.

The inverters make distortion of the sinusoidal volt-
age, which can be observed using the Elspec G4500 elec-
tricity quality analyzer, which joins the circle to the coun-
ter from the solar station (Fig. 1).

Acceptable values   of voltage distortion, current are 
set by special standards for conversion devices, inverters 
used for solar power stations. 

According to DSTU IEC 62040, the total harmonic 
voltage distortion coefficient of THD for inverters up to 
8 % is allowed, which is determined by the formula

i
i

U
THD

U

2

2

1
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∑

Fig. 1. The main elements of a network solar electric station with a power of 30 kW and the research scheme
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where Ui is the mean square voltage value of the ith har-
monic; U1 is the basic harmonic.

The value of the individual coefficients of distortion 
of the nth voltage of the IHD inverter is determined in the 
following way

n
n

UIHD
U 1

100% ,= ⋅

where Un is the mean square value of the voltage nth har-
monic.

The results of measuring these coefficients for the in-
verter showed that their values are within acceptable lim-
its (Fig. 2).

However, additional losses ΔPn relative to losses ΔРnom 
for the main frequency (50 Hz) in the electrical equip-
ment in the presence of higher harmonics and interhar-
monics will depend on its parameters and the degree of 
voltage distortion is

n n
n

nnom

P U
k

P U
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∞  

=  
Δ  
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nom

where kn is the coefficient dependent on the distortion of 
the voltage and electrical sine current.

Additional power losses n
ADPΔ  by the current of the nth 

harmonic in the induction motor are determined by the 
formula

²n
st .n .P r r( ) 23 ( ),Δ = +nAD rot nI

where I
st n rot nr r. .,  are active resistance of the stator and the 

rotor to the frequency of the nth harmonic. 
The additional total electrical load, that is, the loss in 

asynchronous motors, caused by the generation of high-
er harmonics, is determined by the formula
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where KI(n) is the multiplicity of the current of the nth har-
monic to the first one. 

The additional electric load, that is, the loss in trans-
formers, caused by the generation of higher harmonics, 
is determined by the formula

mn
T I n k n

n
P I r k( ) 2

( ) ( )
2
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Δ = ∑

where rk is the short circuit resistance of the transformer 
at the industrial frequency; k(n) is the coefficient taking 
into account the increase in the resistance of the short-
circuit over the higher harmonics so

k(5) = 2, 1, k(7) = 2, 5, k(11) = 3, 2, k(13) = 3.7.
However, when connecting nonlinear electrics such 

as air conditioners, PCs, fluorescent lamps, microwave 
ovens, and others to the inverter output, there will be fur-
ther distortion of the voltage and current in the network.

An example of the study of the effect of higher harmon-
ics current on the calculated electrical load of the condi-
tioner SENSEI ECO-i FTE-23MR series [11‒13] is given. 

The diagram of the harmonics generated by this con-
ditioner is shown in Fig. 3.

The magnitude of the power that causes the addi-
tional load of the wiring to the air conditioner relative to 
the heating of the main harmonic (50 Hz) of current is 
determined as follows. 

As is known, the approximate value of the active value 
of the active power in the presence of the first and the high-
er to 40th harmonics, is calculated for the formula, W

 n n
n

P P P I R I R
40

2 2
1 1

2
.

=

= + Δ = +∑  (1)

In general, the given formula (1) allows us to approx-
imate the loading modes (W) in the electrical wiring, for 
example, the conditional group #1 (Fig. 4), made by cop-

Fig. 2. The result of measuring the harmonic voltage spec-
trum at the output of the inverter

Fig. 3. Amplitude spectrum of harmonics of current load of 
a conditioner of series SENSEI ECO-i FTE-23MR

Fig. 4. Characteristic scheme of group networks with volt-
age of 220 V of the object
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by which the section of conductors, security devices, and 
other units will be selected [13].

The oscillogram of the load current of the solar sta-
tion inverter by phase A in normal operating mode on a 
sunny day is shown in Fig. 5.

Measured with the help of the quality analyzer, the 
amplitude current spectrum in phase A at the output of 
the HUAWEI SUN2000-36KTL inverter to the elec-
tricity meter is shown in Fig. 6.

Exceeding the conductor temperature relative to the 
environment will be represented by a differential equation

 n J n
dJI k R C AJ
dt

2 ,= +  (8)

where Jk J1 ,= +a  a is the temperature coefficient of re-
sistance; J is the temperature of overheating of the con-
ductor; Rn is resistance of the conductor by current of 
the nth harmonic at 20 °С; С is thermal conductivity of 
the conductor; A is the coefficient of heat transfer of the 
conductor heat to the environment, which according to 
all allowable values   for the conductor has the form

allow allow
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2
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Taking into account the above, the time of heating 
the conductor is determined by the formula
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allow allow
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On the basis of the values   of the heating dynamics of 
the conductor with resistance z, for any time you can find 
the maximum averaged over 30 minutes. (half-hourly 
maximum), that is, the estimated load by the formula
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Fig. 5. Oscillogram of load current of the inverter by phase A

Fig. 6. Amplitude current spectrum in phase A at the out-
put of the inverter HUAWEI SUN2000-36KTL

per wire in the cross section of 2.5 mm2, 5 m in length, 
r = 0.0074 Om/m, from the electric shield to the air con-
ditioner, under the influence of the 1st (3.5 A) and high-
er, up to the 25th harmonic, as follows

The final power from the occurrence of higher har-
monics from the 2nd to the 36th will amount to 0.071 W, 
which exceeds the rated current of 3.5 A for the funda-
mental harmonic by 7.6 %. 

Simulation of the current dynamics in the standard 
group voltage networks in 220 V of any object will help 
to detect the additional heating of the wiring from the 
emergence of higher harmonics generated by the invert-
er, nonlinear electric receivers (Fig. 4).

As a rule, the standard electric network is executed 
by the brands of VVP (ВВП) with copper zigzags of the 
corresponding section, which are laid under the plaster. 

Mathematical models of differential equations describ-
ing electrical processes in circles by the action of the 1st 
to the 40th harmonics have the following form
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where R, L are active and inductive supports of the elec-
trical network for individual harmonics and areas marked 
by the corresponding indices; e, i, u are electromotive 
force, current and voltage for individual harmonics and ar-
eas marked with appropriate indexes.

As the inverter generates higher harmonics and avail-
able nonlinear electric receivers, the network will be heat-
ed further, which will increase the current in the circles 
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The obtained values   of each of the harmonics of cur-
rent will allow the above method to determine the excess 
of the heating temperature of the wiring over the environ-
ment, that is, to find an additional increase in the calcu-
lated load on the electrical network, which depends on its 
parameters, the rate of return of heat by the conductor en-
vironment, the presence of nonlinear characteristics of the 
electrical receivers, and the properties of the power supply.

Measures to reduce distortion of sinusoidal current in the 
network. Reducing distortions is carried out by applying ac-
tive, passive LC filters that are tuned to a certain order of 
harmonics, separate transformers with a winding connec-
tion Δ/Y with zero, which prevents the entry of 3th harmon-
ics into the secondary winding, the activation of magnetic 
synthesizers for protection against distortion, active air con-
ditioners generating the harmonics of opposite signs.

The management of inverter systems that correct the 
work of various rows of solar station modules is improved. 
Improving the quality of electricity at the output of invert-
ers is due to the use of advanced pulse-width modula-
tion systems. 

Reducing the effect of higher harmonics can occur due 
to the ordering of the electrical receivers with nonlinear 
characteristics, as well as the implementation of their sup-
ply by separate lines or from individual sources, etc.

Conclusions. The proposed methodology and exper-
imentally obtained results of the research are the basis 
for evaluating the influence of solar station inverters, in-
dividual electrical receivers on increasing electric power 
losses due to the distortion of sinusoid current, the volt-
age causing negative and, in some cases, dangerous situ-
ations in electrical networks due to the generation of higher 
harmonics.

This will serve as the basis for developing an appro-
priate database of individual EPs for the properties of dis-
tortion of current, voltage and measures to improve the 
quality of electrical energy. An important direction for 
further scientific research on this topic is to estimate the 
magnitude of losses from higher harmonics not only in 
conductors of electrical networks, but also in power trans-
formers, electric motors, electrical receivers elements, and 
power supply systems from renewable energy sources.
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мета. Оцінити величину впливу струмів вищих 
гармонік на електричне навантаження сонячної стан-
ції, об’єкта з нелінійними електроприймачами, що 
отримують електроенергію від інвертора мережевої 
сонячної електростанції.

методика. Експериментальним вимірюванням і 
моделюванням процесів в електричній мережі ви-
явлено вміст у ній вищих гармонік від інвертора со-
нячної електростанції, нелінійних електроприйма-
чів об’єкта, визначена величина їх впливу на розра-
хункове навантаження. 

результати. Оцінена глибина впливу струмів ви-
щих гармонік від інвертора сонячної електростан-
ції, нелінійних електроприймачів на величину елек-
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тричного навантаження за рахунок додаткового на-
грівання струмовідних частин, яке повинно врахо-
вуватись за конкретних умов.

наукова новизна. Полягає в експериментальному 
дослідженні спектрів вищих гармонік інвертора ме-
режевої сонячної станції, окремих нелінійних елек-
троприймачів, ступінь їх впливу на збільшення втрат 
електроенергії в електричних мережах, що виклика-
ють додаткове нагрівання в порівнянні з протікан-
ням синусоїдального струму.

практична значимість. Отримані експерименталь-
ним вимірюванням спектри вищих гармонік інвер-
торів мережевих сонячних електростанцій, електро-
приймачів, об’єктів можуть служити інформацією для 
формування відповідних баз даних. Це може вико-
ристовуватися для визначення розрахункового елек-
тричного навантаження, що сприятиме запобіган-
ню перегрівання електричних мереж.

ключові слова: мережева сонячна електростан-
ція, інвертор, вищі гармоніки, нелінійні електроприй-
мачі, розрахункове навантаження

цель. Оценка величины влияния токов высших 
гармоник на электрическую нагрузку солнечной стан-
ции, объекта с нелинейными электроприемниками, 
которые получают электроэнергию от инвертора се-
тевой солнечной электростанции. 

методика. Экспериментальным измерением и мо-
делированием процессов в электрической сети выяв-
лено содержание в ней высших гармоник от инверто-

ра сетевой солнечной электростанции, нелинейных 
электроприемников объекта, определена величина их 
влияния на расчетную электрическую нагрузку.

результаты. Оценена степень влияния токов выс-
ших гармоник от инвертора сетевой солнечной элек-
тростанции, нелинейных электроприемников на ве-
личину электрической нагрузки за счет дополнитель-
ного нагревания токопроводящих частей, что долж-
но учитываться при конкретных условиях.

научная новизна. Состоит в экспериментальном 
исследовании спектров высших гармоник инверто-
ра сетевой солнечной станции, отдельных нелиней-
ных электроприемников, степень их влияния на уве-
личение потерь электроэнергии в электрических се-
тях, которые вызывают дополнительный нагрев по 
сравнению с протеканием синусоидального тока. 

практическая значимость. Полученные экспери-
ментальным измерением спектры высших гармоник 
инверторов сетевых солнечных электростанций, элек-
троприемников, объектов могут служить информаци-
ей для формирования соответствующих баз данных. 
Это может использоваться для определения расчетной 
электрической нагрузки, что будет способствовать 
предупреждению перегрева электрических сетей. 
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