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Modeling 1llumination on the retina of the pilot’s
eye during piloting in complicated meteorological
conditions in MATLAB environment

Yu. Kvach
National Aviation University,
Ukraine
E-mail: juli_k74 @ukr.net

Abstract - The modeling of fragments of a light-signal pic-
ture in the conditions of a sharp time deficit at the stage of vis-
ual piloting of an aircraft in complex meteorological condi-
tions is considered. It is proposed to identify potential risks
through modeling in the MATLAB environment, so that in
case of necessity to toke measure for reduction of occurrence
probability of aviation event due to a management by reliabil-
ity of the light-signal providing. A tool is proposed for model-
ing the illumination on the retina of pilot's eye from aero-
drome fires in the MATLAB interface, taking into account the
coordinates of observer, meteorological conditions and of ad-
jacent efficiency aerodrome fires for management possibility
by a risk with reducing it to an acceptable level in order to
prevent aviation events. The presented toolkit in the MATLAB
environment takes into account the factors influencing the ob-
servation during the visual search of aerodrome fires of light
signal systems from the meteorological range of visibility,
which shortens the time to determine the illumination created
on the retina of the eye from the aerodrome fire, as well as
determine the contribution of remote light sources for general
information to get the pilot's visual sensations during ap-
proach in difficult meteorological conditions. The metric of the
pilot’s visual sensations during the approach in difficult mete-
orological conditions remains actual problem. Therefore, it is
possible to simulate a light-signal picture in the MATLAB in-
terface for the convenient use of tools for determining the vis-
ual search of aerodrome fires at civilian aerodromes, taking
into account coordinates of the observer approach during and
the atmospheric transparency.

Key words - observation, modeling of fragments of a light
signal; visual search, recognition of lights at the aerodrome,
reliability of light and signal support, risk management,
probability of an aviation event, illumination on the retina,
visual sensations, operability of aerodrome lights, acceptable
level, difficult meteorological conditions, dominant factors,
meteorological visibility range.

I.  INTRODUCTION

The urgency of the safety of aircraft flights comes to the
fore, because each aviation event gets a great resonance in
society and is associated with large material losses for air
carriers and aerodromes.

The experience of investigating aviation events indi-
cates the need to apply a system approach to the problem of
flight safety in order to prevent aviation events.

The statistics show that most aviation events occur at the
stage of visual piloting, namely during the approach of the
aircraft, or on the flight. Visual piloting is the most difficult

phase of the flight, since the load of the aircraft crew at this
stage is maximal. In flight mode, the pilot performs the
functions of the supervisor, while the main control actions
are performed by on-board equipment. During visual pilot-
ing, the pilot constantly receives data from various sources,
processes them and gives out commands - all this happens
in a three-dimensional environment that is constantly
changing, and in a time-deficit conditions. The pilot expe-
riences a particular load at the approach stage, ie at the end
of the flight, when fatigue is felt through sound loading, vi-
bration, psychological pressure, etc.

It is from the decision-height after establishing a visual
contact, the flight is carried out guided by ground land-
marks, which are the fires of the light-signal system of the
aerodrome. If, at the time of establishing the visual contact,
the light signal system will be in a state of refusal, the crew
will not be able to establish its position in the air with re-
spect to the runway, or visual contact may be erroneous.

II. OVERVIEW OF EXISTING CLASSIFICATION
SYSTEMS

Current normative documents [1] give recommenda-
tions for the determination of the limiting illumination val-
ues on the retina of the eye and the law on determining the
visibility range taking into accounts the complex meteoro-
logical conditions.

The circular ICAO [2] contains instructions on the prac-
tice of observing the range of visibility in the runway and
the transmission of information about it with specified un-
resolved questions regarding the total effect of a set of lights
caused by their fusion through the intervals and angles un-
der which they are observed by the pilot.

III. PROBLEM STATEMENT

According to the standards of the International Civil
Aviation Organization (ICAO), the landing of airplanes in
terms of difficulty is divided into three operational catego-
ries (I, II, IIT), each of which has a certain range of visibility
on the runway and decision height at landing [1, 2]. In fig.
1 it is proposed developing visual contact with the ground
in the process of decline in according to the III category for
the visibility of runway less than 400 m and the angle of
glissade 3°.

The visible area of the earth's surface is limited on the
one hand by the angle of the screening of the ground by
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frame glazing airplane cabin (150), and on the second hand
by the range of visibility of fires. Visual contact is consid-
ered to be reliable if the pilot sees at least 150 m of the
earth's surface or its landmarks (fires) [2]. As can be seen
from Fig. 1, the first visual contact occurs in these condi-
tions on height of 50 m when in the field of view of the pilot
at night the external part of the approaching fires reaches
900 m from the start of the runway. As the glide path de-
creases, the visual area of the fires increases and reaches its
maximum magnitude of about 400 m at the moment of con-
tact.

The image (Fig. 1) of the visual disclosure of the light
signal system is a geometric model, but without taking into
account the factors that determine the effectiveness of the
visual search:

- brightness of the background;
- transparency of the atmosphere;
- Condition of the observer's adaptation;

- Search time.
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Fig. 1. Geometric dimensions at the final stage of approach: R is
visual range to the most remote fire of area; h is the height of level
of the pilot's eye; d is the distance from the end of the visible area to
the runway threshold

In night conditions and dense fogs (landing airplane for
II and III categories), the second component has an
advantage - it determines both the background brightness
and the observer's adaptation. Thus, aerodrome fires are the
objects of search, which determine the conditions of the
visual work of the pilot.

In accordance with [1], the visibility of the fires depends on
the limiting illumination on the retina of the eye, which is deter-
mined by Alard's law:

E = (I/R?)*tR (1)

where E is the illumination created by the lighting device at a dis-
tance R; 1 is specific transmittance of the atmosphere (transmit-
tance of atmospheric layer thickness of unit length); R is the dis-
tance between the light-signaling device and the observer.

If the illumination of the retina of the eye is equal to the limit-
ing illumination, (it is the minimum illumination which causes the
visual sensation), then the studied fire can be seen and the distance
R is the visual range of the visibility of this fire. The value of the
minimum illumination used to determine the visual range of the
visibility of light signals depends on the brightness of the back-
ground against which a light signal is observed.

According to the current normative documents, the criterion
of aerodrome fire failure of the light-signal system is a reduction
of light intensity by more than 50%, which for different subsys-
tems of aerodrome fires will be 10000 to 1250 cd (for categorical
light-signal landing systems) and 100 to 50 cd (for non-categorical

60

systems). At the same time, the values of light intensity, calculated
by the expression (1) for the worst, but admissible observation
conditions for this category of landing system will be lower. This
means that light signals will be observed at the distance exceeding
the distance of the required visual contact. It is clear that the excess
of light intensity of fires beyond the limit value is explained by the
desire to increase the safety of flights.

Consider that the visual system gives a person up to 90% of all
accepted information. Obtaining information about the outside
world with the help of vision can always be considered as a se-
quential or simultaneous solution of the problem. Such problems
may be related to search and location of the object. Under certain
conditions, the eye cannot separate the object. In this case, it is
said that the object is below the threshold of visual perception and
the probability of observation is zero. Under other conditions, the
eye instantly clearly recognizes the object - in this case, the prob-
ability of observation is 100%. It is clear that there is an area be-
yond which one can speak about this or that degree of probability
for the correct solution of the visual problem. That is, the solution
of the visual problem is possible in cases when the conditions of
visibility exceed the threshold values of illumination on the eye
apple of the observer, which in our case is the pilot of the aircraft.

The term "visibility" of the object has a fairly broad interpre-
tation and is related with meteorological conditions, in particular
with atmospheric optics, light engineering, physiological optics,
and others.

It is known that the visual perception of point light sources,
which includes aerodrome fires of the light-signal system, is de-
termined by their shine. The location of the aerodrome fire is most
often known if the aerodrome fire is located in some line of sight.
To find the object related with its search, the shine of the point
object should be greater than the threshold value of Eqr=2-108 1x
at a brightness of the background of 10 cd / m?, and the more the
probability of its finding, the less search time.

Dependence of threshold illumination from the brightness of
the background is a continuous function approximated by the ex-
pression:

10g Eutr = 0,05 (log Lbgr)? + 0,57 1og Log: - 6,66 )

where Enr is threshold illumination, 1x; Ly is the brightness of the
background, cd/m?.

Consider that at the stage of visual piloting, for a sure visual
contact of a pilot with a light-signal system, aerodrome fires
should create in the plane of the eye apple the illumination which
is not lower than the threshold. The distance to the fires at the be-
ginning of visual piloting depends on many factors, but the number
of these values is reduced to four depending on the category of
radio-lighting equipment landing. The influence of the factors of
atmosphere transparency is taken into account by the value of the
specific transmittance, which varies from 0.9 to 1033,

The obtained information can be considered with the help of
vision as a series of problems of search and finding of the object,
recognizing it by a number of features (form, color, presence of
details, etc.), that is, visual problems.

It is clear that there is an area for which one can speak about
this or that degree of confidence of the correct solution of the vis-
ual problem. The main factors determining the visibility of aero-
drome fires in their visual search in the atmosphere are:

«  contrast of the object of observation with the back-
ground;

*  light power of the fire; angular field of overview;

*  search time; transparency of the atmosphere;

*  object speed; probability of detection;

+  state of observer adaptation.
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Presence of other objects in the line of sight also affects the
detection of the considered object etc.

The probability of detecting point objects is determined by the
expression [3]:

P=1-exp (- (ab*E?t)/(2 B)> L"), 3)

where P is probability of detection; a is coefficient characterizing
the individual characteristics of the observer. According to the re-
sults of experiment for binocular vision follows that

apr = 2,6°10' deg? (cd / m?)?Ix? s°!, for monocular vision
am=1,8210"deg ? (cd / m?) 2x 2 s°!; E is illumination in the plane
of the eye apple of the observer from the point source of light, 1x;
t is search time, s; 2f is the angular field of the search, deg; L is
background brightness, cd / m?; n is a coefficient depending on the
brightness of the background and is calculated by the empirical
formula:

n=0,6+0,1-lg L “4)

within brightness change:
103 cd / m? <L <30 c¢d / m?,
if L> 30 cd / m? then n = 0.75;
if 10° ¢d / m? <L <1073 c¢d / m? then n = 0.3.

We can determine the necessary illumination in the plane of
the eye apple, if we specify some values of the listed quantities
and then using the inverse squares law we may find the observa-
tion distance of the fire on which it fire will be detected with prob-
ability P.

IV. PROPOSED ALGORITHM OF AIDED CLASSIFICATION OF
GROUND OBJECTS

To solve this complex task, a toolkit using the interface
MATLAB [4, 5] is proposed to determine the illumination
created by a separate fire or group of aerodrome fires of
aerodrome light systems, depending on the input data (Fig.
2) [6]:

1) coordinates (X, Y, Z) and angles (V, G) of the
location of aerodrome light signal fires on the runway;

2) photometric data of aerodrome light signal fires by
calling ies-files of respective fires [7];

3) coordinates of the observer position in relation to the
light-signal picture for determining the length of the
trajectory between the light emitter and the receiver;

4) parameters characterizing the complexity of
meteorological conditions with indicating the background
brightness  (Lpock), ~ atmospheric  transparency and
meteorological range of visibility.

Toolkit allows to get:

- illumination, taking into account the cosine
dependence created by aerodrome fires on the pupil of the
observer (Eo);

- illumination by Allard, created by aerodrome fires at
the observer's pupil (Ea);

—-— | L - LE=. .-
e g g [ o = 1
= : = - = t_ T [
= -1 % e L e
] = [
B e = e, o B _—|d-_ ||.F.'I--'l_|-|'!'i

Fig. 2. Toolkit for determining the visual recognition of light-
signal systems element of aerodromes, depending on the glide path
angle of piloting, individual characteristics of the observer,
transparency of the atmosphere.

- total illumination created by aerodrome fires at the
pupil of the observer (E) with the definition of minimum,
average and maximum value;

- the threshold value of illumination, which allows to
estimate the visibility of aerodrome fires, depending on
complex meteorological conditions;

- a graphic representation of the illumination from each
individual aerodrome fire (Fig. 3);

- graphic representation of illumination from a group of
aerodrome fires;

- graphic representation of the direction of radiation of
aerodrome fires (Fig. 4).

[

K- -
W u

Fig. 3. A graphic representation of the illumination of the studied
fires

Fig. 4. The created graphic image of contribution of targeting
individual fire with corresponding light intensity at the observer
targeting aerodrome fire to the pilot's retina
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Graphic images of the orientation of a separate aero-
drome fire or a group of fires with a corresponding light in-
tensity on the observer allows to make conclusions about
their contribution to the overall picture of visual perception
by the pilot.

v

Thus, the presented toolkit in the MATLAB environ-
ment takes into account the factors influencing the observa-
tion during the visual search of aerodrome fires of light sig-
nal systems from the meteorological range of visibility,
which shortens the time to determine the illumination cre-

ated on the retina of the eye from the aerodrome fire, as well
as determine the contribution of remote light sources for
general information to get the pilot's visual sensations dur-
ing approach in difficult meteorological conditions.

Thus, the modeling of the illumination created on the
retina of the pilot's eye takes place taking into account the
brightness of the background, on which individual fires or
a group of fires, depending on the location coordinates and
their photometric characteristics, in the complex meteoro-
logical conditions are recognized.
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MoeroBaHHs OCBITJIEHHS Ha CITKIBIII OKa MUJIOTA I Yac
NUJIOTYBAHHA B CKJIQJIHUX METEOPOJIOTITYHUX YMOBAX Y
cepenoBuil MATLAB

IO. M. KBau
HarmionaneHuit aBianiiiHuii yHIBEPCHTET,
VYkpaina

PosrnsHyTOo MOemOBaHHS ()parMEHTIB CBITIIOCUTHAIFHOT KAPTHHU B YMOBAX Pi3KOTo Ie(ilnTy Yacy Ha eTali Bi3yalbHOTO MiJIOTY-
BaHHs TOBITPSHOTO KOPalOJIsl B CKIATHUX METEOPOJIOTIYHUX yMOBaxX. [IpOMOHYEThCS MOYKIIMBICTh 1ICHTH(IKYBATH MOTEHIIHHI PU3UKH
IIIIXOM MojieroBanHs B cepenoBuiii MATLAB, 1106 B pa3i HeOOXiTHOCTI BXUTH 3aXOiB U 3MEHIIICHHS HMOBIPHOCTI BUHHUKHEHHSI
aBialiifHOT MOJIT 3a paXyHOK KepyBaHHsI HaJiHHICTIO CBITJIOCUTHAJIBLHOI CHCTEMOIO aepoapoMy. BUKOpHCTaHHS IHCTPYMEHTY B iHTep-
¢eiici MATLAB no3BoJIsI€ IPOBOJINUTH MOJICTIOBAHHS OCBITJICHOCTI, CTBOPIOBAHOI Ha CITKIBII OKa MiJIOTa Bil aepOAPOMHHX BOTHIB 3
ypaxyBaHHSIM MiCIIe3HaX0/DKEHHs (KOOPIUHAT) CIocTepiraya, METeOpOJIONiYHUX YMOB 1 PO3MIIIICHHSI CYCiJHIX aePOIPOMHHX BOTHIB AJI5
MOJKJIMBOCTI YIPABITiHHS 1 3HIDKCHHS PU3UKY 10 IPUHHATHOTO PiBHIO JUIs 3anmo0iraHHs aBiamiiHux moxii. [Ipencrasinenuii iHCTpyMeH-
tapiii B cepenounii MATLAB BpaxoBye noMiHy04i (hakTOpH, IO BITTMBAIOTH HA CIIOCTEPEIKESHHS IT1]] Yac Bi3yaJbHOTO TOIIYKY aepo-
POMHHX BOTHIB CBITJIOCUTHAJIBHUX CHCTEM B 3QJIEXKHOCTI BiJl METEOPOJIOTIYHOI JaTbHOCTI BUIMMOCTI, 10 J03BOJISIE CKOPOTHTH Yac Ha
BH3HAUYCHHSI OCBITJICHOCTi, CTBOPIOBAHOI Ha CITKIBIIi OKa BiJl a¢pOJPOMHOIO BOTHIO, a TAKOXK BU3HAYMTH BHECOK BiJIaJICHHX JUKEpeI
CBiTJIa Ha 3aranbpHy iH(GOpMaIlilo A OTPUMAHHs 30pPOBUX BIYYTTIB MiJOTA IiJ] Yac 3aX0/y Ha MOCAIKY B CKIaJHUX METCOPOJIOTIUHHX
ymoBax. MeTpuka 30pOBHX BiIIYTTIB ITi/l 4ac 3aX0/y Ha II0CA/IKY B CKIaIHUX METECOPOJIOTTYHUX YMOB 3QTHIIAETHCS aKTyalbHOI0. ToMmy
HaJaHa MOXKJIMBICTh MOJEJIOBATH CBITIIOCUTHANBHY KapTuHy B iHTepdeiici MATLAB ais 3pydHOr0 BHKOPUCTaHHS IHCTPYMEHTApio
I1[0/I0 BU3HAYCHHS Bi3yaJbHOTO MOLIYKY aepOJPOMHHUX BOTHIB Ha aepo/ipoMax LUBIIBHOI aBiallii 3 ypaxyBaHHSAM KOOPAMHAT IIPH 3aXO0i
HAa MOCaJIKy CIIocTepiraya i mpo3opocti atMmochepu.

Kniouosi cnosa - cnocmepesicenss;, MOOENI06AHHA PPAeMeHmMi8 CEIMI06020 CUSHALY, Bi3YANbHUL NOWLYK, PO3NIZHABAHHS 602HI8 HA
aepoopomax, HaOIHICMb CEIMIOCUCHAILHO20 30A0e3NeUeHHs, KePYBAHHS PUBUKOM, UMOBIPHOCMI SUHUKHEHHS asiayitinoi nodii,
OC8IMNIeHHICMb HA CIMKIgYi OKa, XOposi Giouymmsl, Hpaye30amHicms AaepoOPOMHUX B0HIE, NPUUHAMHUL PIGeHb, CKIAOHI
MemeoponoSiuHI YMOBU, OOMIHYIOUL (hakmopu, Memeoporo2iuHa OANbHICIb UOUMOCHIL.
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Asynchronous phase rotor motor in reactive power
compensator mode

Yu. Kovalova

O.M. Beketov National Univer-
sity of Urban Economy in
Kharkiv, Ukraine
E-mail: kovalova.jv@gmail.com

Abstract - reactive power compensation remains an im-
portant factor for energy keeping. Usually, kondenser banks
are used for compensation, the disadvantage of which is the
difficulty of regulating the capacitance value with variable
consumption of reactive power. For smooth regulation of
reactive power, synchronous motors and semiconductor stat-
ic compensators are used. But the search for using other al-
ternative means of reactive power compensation remains
relevant.

As an alternative compensator for reactive power, the ar-
ticle proposes the use of an induction motor with dual power
supply. This problem is solved in two stages. At the first
stage, a theoretical analysis of the process of generating reac-
tive power by a dual-supply induction motor is considered.
With dual power supply, a sinusoidal voltage is supplied to
the stator, and a direct voltage is supplied to the rotor. In this
case, the rotor winding turns into a DC electromagnet, which
rotates synchronously with the rotational magnetic field cre-
ated by the fixed stator windings

The magnetic field of the rotor winding moves relative to
the stationary stator windings with the speed of the moving
magnetic field of the stator. Their magnetic axes coincide
because the engine is idling. To justify the reactive power
generation mode, vector diagrams of the stator and rotor
voltages and currents were compiled for three dual-supply
asynchronous motor operation modes: 1) reactive power con-
sumption mode, 2) non-consumption mode and 3) generation
mode.

At the second stage, a power circuit and a control circuit
for a dual-supply asynchronous motor are developed. The
power circuit includes a phase meter in the stator electric
circuit to measure the phase angle of the stator current from
voltage, an ammeter of the electromagnetic system to meas-
ure the magnitude of the stator winding current. The rotor
circuit includes additional active resistors for accelerating the
motor to under synchronous speed, a direct cur-rent electro-
magnetic relay that measures the magnitude of the electro-
motive force of the rotor winding. A thyristor rectifier with
feedback on the rotor winding current has been adopted as a
direct current source.

A relay circuit has been developed for controlling a dual-
supply induction motor. Experimental research have been
carried out to determine the dependence of the stator current
and its phase shift relative to the stator voltage on the value
of the rotor winding current.

According to the results of the experiments, a graph of
the dependence of the stator winding current on the value of
the direct current of the rotor winding is constructed. From

V. Kovalov
National Technical University
“Kharkiv Polytechnic Institute”,
Ukraine
E-mail: j.k@scientist.com

V. Feteev

O.M. Beketov National Univer-
sity of Urban Economy in
Kharkiv, Ukraine
E-mail: kovalova.jv@gmail.com

the graph it follows that with increasing rotor cur-rent, the
stator current changes. First, the stator current decreases to
a minimum value and then increases. This means that the
type of stator current varies from inductive to active and to
capacitive.

Thus, the use of an induction motor for generating re-
active power has advantages over capacitor banks, as it al-
lows its smooth controlment. But the power loss for generat-
ing reactive energy is greater than for capacitor banks.

Keywords - induction motor, phase rotor, duble supply,
reactive power, compensation

I FORMULATION OF THE PROBLEM

Reactive power compensation remains one of the im-
portant factors for energy conservation. Typically, capaci-
tor batteries are used to compensate for reactive power, the
disadvantage of which is the difficulty of adjusting the ca-
pacity for variable reactive power consumption. Synchro-
nous motors and semiconductor static compensators pro-
vide traditionally smooth reactive power control. But it
remains relevant to use other alternative means of reactive
power compensation.

II.  ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

In [1-3] the analysis of electric drive modes for realiza-
tion of their energy saving properties is carried out, but the
possibilities of an induction motor as a generator of jet
power are not considered. Generation of reactive power by
an asynchronous motor with a phase rotor occurs in dual
power mode, when a sinusoidal voltage is applied to the
stator windings, and an adjustable DC voltage is applied to
the rotor windings. In [4-6], the analysis of the components
of the power balance in networks with nonlinear load and
methods of reactive power compensation. In [7], an analy-
sis of the energy-saving properties of an induction motor
with a short-circuited rotor when powered by a semicon-
ductor frequency converter. In [8-10], a theoretical analysis
of the reactive power compensation process with the use of
active filters based on inverters was carried out.

III. THE PURPOSE OF THE ARTICLE

Theoretical substantiation of the principle of generating
reactive power by an asynchronous motor with a phase
rotor, development of a control scheme and experimental
study of the dependence of the stator jet current on the di-
rect current of the rotor.
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IV. BASIC RESEARCH MATERIALS.

The goal is solved in two stages. In the first stage, the
process of generating jet power into the grid is considered.
With dual power supply, the stator is supplied with a sinus-
oidal voltage and a constant voltage on the rotor. In this
case, the rotor is converted into a direct current electro-
magnet, which rotates synchronously with the rotating
magnetic field of the fixed stator windings. The magnetic
field of the rotor winding moves relative to the fixed stator
windings with the speed of the moving magnetic field of
the stator. Their magnetic axes coincide because the engine
is idle. Consider the point in time when the south pole of
the rotor is below the north pole of the stator (Fig. 1). The
magnetic flux of the rotor intersects the fixed stator wind-
ing of phase A and induces in it the electromotive force
(EMF) of rotation of the rotor, which according to Fara-
day's law is E,=Cg¢,w,. The EMF of the rotor is directed
opposite to the voltage of the network, since it is created by
the south pole of the magnetic field of the rotor relative to
the magnetic field winding of phase A of the stator. The
equilibrium equation of the stator phase is of the form

U—E =R 1o+ jX, I, ()

where U, — stator phase winding voltage;

I, — the current in the stator winding from the rotor
EMF;

I, — the resulting stator current as the vector sum of the
stator current and the current from the rotor EMF;

Xy = X5 + Xy — the resulting inductive resistance of the
stator phase winding as the sum of the main and the scatter-
ing.

CAB

_ O6woTka potopa %\
N
%\ |
YT

Fig. 1. Simplified section of the engine

Equation (1) corresponds to the vector diagram in Fig.
2, where the stator current is shown as the vector sum of its
active and reactive components I = I, + Igp.

Ir-Isp<0

Fig. 2. Vector diagram of voltages and currents in the mode of
consumption of jet power

The magnitude of the rotor EMF is less than the net-
work voltage, and therefore the engine consumes reactive
power. In this case, the angle of shear current from the
voltage behind ¢>0. With a further increase in the direct
current of the rotor the EMF of the rotor increases and be-
comes equal to the stator voltage. In this case, the current in
the stator winding from the rotor EMF is equal to the reac-
tive component of the stator current, that is, the motor con-
sumes the active current I, and does not consume reactive
power from the network, as shown in the vector diagram in
Fig. 3

RSISB

Us| |-Er

¥Y=0
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I Isp

Ir-Isp :O

Fig. 3. Vector diagram in stator winding reactive power compensation
mode

As the rotor current increases further, the rotor EMF
becomes larger than the stator EMF, and the current created
by it becomes larger than the reactive component of the
stator current. The resulting current is ahead of the voltage
phase, ie the induction motor generates jet current into the
network, as shown in the vector diagram in Fig. 4.

-j X SIS<
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Fig. 4. Vector diagram in jet power generation mode
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Thus, an induction motor with dual power can operate
in three modes: to consume reactive power, not to consume
and to generate it in the mains.

In the second stage, the power scheme and control
scheme of the dual-power induction motor are shown,
which are shown in Fig. 5 and Fig. 6. The power circuit
includes an automatic switch QF1, measuring devices:
phase meter pel and ammeter pAl, asynchronous motor
M1. An additional active support R1-R6, a time relay coil
KT3, a controlled rectifier UZ1, the output of which the
ammeter pA2 and a relay coil KA.

Starting the engine is a circuit control by pressing the
button SB1, then triggered magnetic actuator KM1 and its
power contacts KM1 connects the stator of the motor to the
network.

~3808

P rrr
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Fig. 5. Power scheme

L 4

o ~ 3808 o}
SB7 SB2 KM1T
[ H»—QD—D—@
KV
—e
KA
— KM2
KM4
J
KT3
K12 —
KT
»—/
KM1 L
KT1 KV
e
KT3.1 — KM4
-
KT2.1 — KM3
uz1
N
LA
KM1.3 M K72
\4\ u

Fig. 6. The control scheme

Its KM1 block contact supplies voltage to the KT1 time
relay coils and the KV voltage relay, and the KM1.3 block
contact opens the K2 time relay coil circuit. The KV volt-
age relay is triggered and by its contact KV shunts the SB1
button. The magnetic field of the stator winding induces
electromotive force (EMF) in the rotor windings and trig-
gers the KTZ time relay, which with its KT3.1 contact acti-
vates the magnetic actuator KM4 coil under voltage, the
power contacts of which connect the rotor winding with
additional resistors R1-R6. Torque appears and the rotor
starts accelerating, increasing angular velocity. With time,
the anchor from the core of the KT2 time relay drops out
and closes its KT2.1 contact in the circle of the KM3 mag-
netic actuator coil. After the KM3 is triggered, its KM3.1
contacts shunt additional resistance R4-R6, the engine con-
tinues acceleration according to the second artificial me-
chanical characteristic. As the rotor speed increases further,
the EMF of the rotor decreases and at a speed value of
about 95% of the synchronous speed, the anchor of the
KT3 relay drops away from the core. This closes the con-
tact KT3.2 in the circle of the coil magnetic actuator KM2
and opens the contact KT3.1 in the circle of the coil mag-
netic actuator KM4, power contacts KM4.1 which discon-
nect the supports R1-R6 from the rotor winding circuit, and
block contacts KM4.2 close the power circuit of the KM2
magnetic actuator coil. After KM2 is triggered, its power
contacts connect the rotor windings to the output of the
thyristor rectifier VZ1, a constant current appears in the
rotor circuit and the induction motor goes into dual power
mode. The KA current relay is triggered, and by its contact
the KA is bypassing the contacts of the SB1 button. Then,
with time delay, the time relay KT1 triggers, opening its

DOI: 10.33042/2079-424X-2019-2-55-63-67 65



&

ISSNp 2079-424X, ISSNe 2415-3923

L 4

“contacts KT1.1 in the circuit of the coil of the voltage relay
KV, and its contact KV is opened. If, in the time interval,
the KT1 relay KA2 relay does not work, ie, the motor rotor
does not reach at a synchronous speed, then its breaking
contact de-energizes the voltage relay coil and the motor
disconnects from the network.

On the basis of the developed scheme, experimental
studies of the dependence of the stator current on the rotor
current, which is shown in Fig. 7.

7
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Fig. 7. Experimental graph of the dependence of the stator current on
the direct current of the rotor

The graph shows that as the rotor current increases, the
stator current decreases and the value of the rotor current
7A compensates for the reactive component of the stator
current and consumes only the active current.

V. CONCLUSIONS

On the basis of the theoretical substantiation of the
principle of operation of a double-powered asynchronous
motor with phase-fed rotor, vector diagrams were obtained
for three modes of operation of an asynchronous dual-
power motor: 1) jet lag mode with lagging power factor; 2)
full reactive power compensation mode with one power
factor; 3) reactive power generation mode with ahead pow-
er factor. Circuit diagram for control of dual-power induc-
tion motor and dependence of stator current on rotor cur-

rent. The use of an asynchronous motor with a phase rotor
for generating reactive power has advantages over capaci-
tor batteries because it allows its smooth regulation. But the
power losses for the generation of reactive energy are big-
ger than for the capacitor batteries, so feasibility study is
needed.
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JIBUT'YH 3 aCHHXPOHHUM (ha3HHUM POTOPOM B
PEKUMI1 KOMIIEHCATOpa PEaKTUBHOI MOTYKHOCTI

1O. B. KoBannoBa

XapKiBCbKUH HAIlIOHATBHHN
YHIBEpCHUTET MiCHKOTO TOCIIO-
napctsa iMm. O.M. bekerona,
Ykpaina

B. M. KosannoB

KommneHcaniss peakTUBHOI MOTY)XKHOCTI 3aJIHIIAETBCS BAKIUBUM (AKTOPOM eHeprozdepekeHHs. 3a3Buuail i KOMIIEHcAIlil

Hamionaneanii TeXHIYHAN

yHiBepcHuTeT "XapKiBCHKHUHA

MOJITeXHIYHUH iIHCTHTYT",
YkpaiHa

B. M. ®arees

XapKiBCbKUI HaIliOHATBHHNA
YHIBEpCHUTET MiCHKOTO TOCIIO-
napctea iMm. O.M. beketosa,
VYkpaina

BHKOPHCTOBYIOTh KOH/ICHCEpHi OaTapei, HeOMKOM SKHX € TPYAHOINI PEryIioBaHHS BEJMYMHU €MHOCTI IPH 3MIHHOMY CIOXKHBaHHI
pEeaKTHBHOI TOTYXHOCTi. 11 IUIABHOTO pETYTIOBAaHHS PEAKTHBHOI MOTYKHOCTI BHKOPHCTOBYIOTHCS CHHXPOHHI JABHUTYHH Ta

HATIBIIPOBIIHUKOBI CTATUYHI KOMIIEHCATOPH. AJle MOUTYK BHUKOPHCTAHHS IHIIMX ATEPHATUBHUX 3aCO0IB KOMITEHCAIll pEeaKTUBHOL

HOTy)KHOCTi 3aJIMIIAETHCA aKTYaJIbHUM.
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B SIKOCTi aIbTEPHATHBHOTO KOMIICHCATOPA PEAKTHBHOI MOTYKHOCTI B CTAaTTi IPOMNOHYEThCS BHKOPHCTOBYBATH ACHHXDPOHHHI
JBUTYH 3 HNOABIHHMM [DKEpesioM jKuBJIeHHs. Ha mepiuomy eTami po3riisiiacThesi TEOPSTHYHUI aHali3 mpolecy reHepanii peakTHBHOT
MOTY>KHOCTI aCHHXPOHHHMM JBUTYHOM TOJABiiHOTrO XuBNeHHs. IIpn monBiiiHOMy »KMBIIEHHI J0 cTaTtopa NMOJAEThCS CHUHYCOiganbHa
Harpyra, a 0 poTopa MOoAaeThes MpsiMa Hanpyra. Y I[bOMY BHIIAJKy 0OMOTKA POTOpA MEPETBOPIOETHCS HA €IEKTPOMArHiT MOCTIHHOTO
CTPYMY, SIKHii 00€pTa€ThCs] CHHXPOHHO 3 00EPTOBHM MarHiTHHM IOJIEM, CTBOPEHHM (iKCOBaHHMH 0OMOTKaMH CTaTopa.

MarHiTHe noje 0OMOTKH POTOpa PYXA€THCS BIAHOCHO HEPYXOMHUX OOMOTOK CTaTopa 3i MIBUAKICTIO PYXOMOTO MAarHiTHOTO MOJIS
cratopa. IX MarmiTHi oci 36iraroThcs, TOMy IO ABHTYH MpAIiO€ HA XOIOCTOMY XOAy. JIns oGIpYHTYBAaHHS PEXHMY TeHepalii
PEaKTUBHOI MOTYXHOCTI OyJM CKJIaJeHI BEKTOpHI JAiarpaMy Hampyrd Ta CTpyMy cCTaropa Ta poTopa Uil TPbOX PEXHUMIB pobOTH
ACHHXPOHHOTO JIBUTYHA 3 MOJBIHHNM JXHBJICHHSIM: PEXKUMY CHOKUBAHHS PEaKTUBHOI MOTY)KHOCTI, PeXXUMY HE CHOXKHUBAHHS Ta PEXKAMY
reHeparii.

Ha npyromy etami po3poGIIsIFOTECS KOO XKUBJICHHS Ta KOJO YIPABIIHHA UISl aCHHXPOHHOTO IBHI'YHA 3 MOABIHHUM JKUBICHHSM.
Po3po6iieHO perieiiHy cxeMy Uil YIpaBJliHHS AaCHHXPOHHHMM JIBUTYHOM 3 MOJABIMHHM jkHBIeHHsM. [IpOBeIEHO eKcrieprMEHTaIbHi
JOCTIKEHHS [T BU3HAYCHHS 3aJICKHOCTI CTPyMY cTaTopa Ta Horo (pa3oBOro 3CyBY BiIHOCHO HAIPYI'H CTATOpPA BiJl BEMYUHU CTPYMY
00MOTKH poTopa.

3a pe3ynbTaTaMH eKCIIEPUMEHTIB 1o0YIoBaHO rpadik 3alIeXHOCTI CTpyMy OOMOTKHM CTaToOpa BiX BEJIMYHHH IIOCTiHHOTO CTPyMy
00MOTKH poTopa. 3 rpadika BUILIMBAE, IO 31 30UIBIICHHSIM CTPYMY pOTOpa CTpyM craTtopa 3MiHIoeThes. CrodaTtky cTpyMm craropa
3MEHIIYETHCS 10 MiHIMAJIBHOTO 3HAUCHHS, a MOTIM 30UbIIyeThes. Lle o3Havae, Mo THIT CTpyMy CTaTOpa 3MIiHIOETBCS BiJ iHIYKTHBHOTO

JIO aKTHBHOI'O Ta 0 €EMHICHOTO.

TaxnuM 4MHOM, BUKOPUCTaHHS aCHHXPOHHOTO JIBUI'YHA JUIsl TeHEpyBaHHS PEaKTHBHOI MOTY)KHOCTI Mae mepeBard Iepex Oarapasmu
KOHJIGHCATOPIB, OCKLIBKY JO3BOJISIE HOTO IUIaBHE YIIPABIIiHHS.

Knrouogi crosa - acunxponnuii 0ucyn, gpaznuii pomop, noosiiine JHCueieHH s, PeaKmueHa NOMYICHICMb, KOMREHCAYIs.
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Abstract — Experimental confirmation of mathematical
models is one of the aspects of the scientific process. This
article discusses the design of an experiment with a wind
turbine, which was built using the mathematical model
described in [7, 9] and implemented in the form of the
“Aerodinama” software package [8].

The software package ''Aerodinama' implements the
calculation according to the ''Theory of a real windmill"
presented by prof. G.Kh. Sabinin in [9]. According to the
calculation results, the geometric parameters of the turbine
were obtained, as well as the design drawings were obtained.
Then a physical model of a wind turbine was made and
installed in real natural conditions. For wind turbines, a 400 W
permanent magnet generator was selected and manufactured.
Efficiency of the generator is accepted 80%. For the wind
turbine rotor, a three-blade propeller with a profile of blades
BRUXEL 36 was used. The average annual wind speed is
accepted as 3.5 m/s, and the maximum - 25 m/s.

To control wind turbine performance, a logger was
developed based on the Arduino Nano microcontroller board
version 3.0 and a set of several sensors. The Hall sensor KY-
003 Hall, ACS712 30A sensor and DS18B20 sensor. Wind
speed was measured using an analog anemometer with an
electromagnetic system, and was controlled by the output
voltage level. Current data was collected on a memory card
and duplicated on a display. Measurement step - 1 sec. The
following data was tracked: wind speed; speed of the working
shaft of wind turbines; voltage at the output of the rectifier
unit; rectifier output current; power and temperature of the
generator.

The collected data was imported into the MS EXCEL
software for processing. The results of data processing are
presented in the form of graphs.

The experimental data obtained confirm the accuracy of
the algorithm chosen for the development of the mathematical
model.

Keywords — aerodinama, wind turbine, blade, mathematical
model, calculation algorithm, experiment, logger.

I. INTRODUCTION

Mathematical modeling is a powerful and useful tool for
engineers to use in many branches of science and technology.
The digital model allows calculating or verifying the
parameters of the sample without making an experimental
model. This approach saves a lot of time and significantly
reduces the financial burden on the development of wind
turbines.

E-mail: 19ivan2010@ gmail.com

E-mail: tugaydmytro@gmail.com

A key indicator of the performance of a wind turbine is
the utilization factor of wind energy. This parameter is
determined by both the aerodynamic and geometric
characteristics of the propeller blades. The task of the
theoretical calculation of the wind turbine is to optimize the
characteristics in order to increase the power of the wind
power installation. The mathematical model of the wind
turbine operation makes it possible to perform such
optimization with high reliability. The complexity of the
practical application of the mathematical model of the wind
generator is that the processes occurring are described by a
system of differential and nonlinear equations containing a
large number of parameters [1-6]. And yet, in order to verify
the correctness of the simulation, it is necessary to
manufacture a prototype wind turbine and conduct certain
tests.

II. PARAMETERS OF THE MATHEMATICAL MODEL

The calculation performed using the “Aerodinama”
software was used for testing [7]. Get acquainted with the
calculation by the link [8].

The following parameters selected for the

calculation:

were

— Net Power: 400 W

— Average annual wind speed: 3.5 m/s

—  Maximum wind speed (storm): 25 m/s

—  Number of blades: 3 pcs

—  Mast height: 15 m

—  Starting moment of the generator: 0.49 N-m

—  Generator efficiency: 80%

—  Direction of rotation: Right

—  Profile type: BRUXEL 36

As a result of aerodynamic calculation, the following

parameters of the wind turbine have been obtained:

—  Diameter of wind turbine: 2.55 m

—  Wind power utilization: 0.46

—  Starting wind speed: 1.5 m/s

—  Turnovers at rated wind speed: 340 rpm

— Revolutions at maximum wind speed: 1412 rpm

—  Estimated torque on the generator shaft: 11.2 N-m

—  Storm torque on the generator shaft: 193.3 N-m

— Estimated force of frontal pressure on the wheel:

170N
—  Frontal force with maximum gust: 12.14 kN
—  Wind turbine power during a storm: 28.58 kW
The design characteristics of the turbine impeller,

obtained in the form of graphs (fig. I):
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Fig. 1. The design characteristics of the turbine impeller

A cloud of points has also been obtained describing the
blade model in the coordinate system centered on the
working shaft of the wind turbine. The point cloud was
loaded into the SolidWorks software package and a 3D

a)

model of the blade was built (fig. 2a). Using the drawing
function from the model in the SolidWorks software
package, drawings have been obtained for the manufacture of
a wind turbine (fig.2b):

Fig. 2. 3D model and drawings of a wind turbine blade.

III. PHYSICAL MODEL

According to the drawings, the wind turbine (fig. 3) has
been built with the following parameters:

—  Diameter of the wind turbine: 2.64 m

—  Number of blades: 3 pcs

— Mast height: 17.20 m

—  Starting moment of the generator: 0.49 N-m

Mechanical protection of wind turbines was carried out
by bringing the plane of the wind turbine in a plane parallel
to the direction of the wind. The safety device was
configured to shut off the wind turbine at a wind speed of
about 8 m/s. The operation of the electric generator is aimed
at charging the batteries through the charging device.

DOI: 10.33042/2079-424X-2019-2-55-68-72

Fig. 3. Wind turbine.
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IV. MEASUREMENT TOOLS following are the block installation diagram and the

The basis for the measurement tool - logger, is the appearance of the device. (fig. 4.
Arduino Nano microcontroller board version 3.0. The
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Fig. 4. Assembly block diagram and appearance of the logger.

The data were saved to a memory card using the Micro  measured wusing an analog anemometer with an

SD SPI module. With an interval of 1 second, the following
data were recorded:

—  Turnovers of a working shaft of the screw, rpm

—  Wind speed, m/s

—  Voltage at the output of the rectifier unit, V

— Rectifier output current, A

—  Power, W

—  The temperature of the winding of the generator, °C
— Date

— Time

Turnovers were measured using a Hall Sensor Module
KY-003 Hall with 6 magnetic contactors. Wind speed was

electromagnetic system based on the output voltage level.
The voltage at the output of the rectifier unit was measured
using a voltage divider. The current was measured using an
ACS712 30 A sensor. The temperature of the generator
windings was measured with a DS18B20 sensor.

The data were saved in a file format .txt as a string with a
separator | (vertical bar), each new record was separated from
the previous one through the end of line symbol. Also, the
current state of the wind turbine was displayed.

V. DATA PROCESSING

For convenience of processing, the data were placed in
the EXCEL program. In Figure 5, a fragment of the file is
shown.
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Fig. 5. Log file fragment.

In the above example, it is seen that the values of wind
speed and speed or power do not have a clear and direct
relationship. For example, we can see that 150 rpm in lines
207, 211, 213 and 214 correspond to different readings of
wind speed 2.54, 2.73, 3.22 and 2.83. This difference in
readings is due to the inertia of the mechanical system of the
wind turbine.

However, the variation in wind speed readings has a
small range, which allows for a large enough plot to build

graphs of wind turbine speed dependence on wind speed.
Based on the fact that when building graphs, the power is
indicated as a mechanical quantity, and in the data log it is an
electrical parameter, we do not take into account the power
graph for comparing the results.

A data log was processed in Microsoft EXCEL software
and a graph of wind turbine speed versus wind speed was
plotted. Fig. 6 shows a graph of the processed data in

comparison with the calculated parameters.
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Fig. 6. Graph of wind turbine speed versus wind speed processed and calculated.

The insignificant non-linearity of the graph in the figure
to the left is explained by the influence of the electrical load
on the generator operation, which, in turn, gives an additional
load to the wind wheel. However, it can be clearly seen on
the graphs that the data obtained correspond to the calculated
parameters.

CONCLUSIONS

The experiment conducted on the created 400 W wind
turbine installed unit confirmed the validity of the
mathematical model used in the “Aerodinama” software
package [7]. The reliability of the model is confirmed by a
comparison of the calculated and experimental performance
data obtained during the tests of the wind power installation.

The errors of the mathematical model are associated with
the neglect of additional parameters that affect the operation
of the wind turbine. These parameters include the effect of
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the consumption of electric energy on the rotational speed of
the wind wheel.
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ExcriepumMeHTanbHe MIATBEPKECHHS MAaTEMaTUYHOT MOJIEITI
BITpoTYypO1HU BEY

C.I. Kopuentok

XHYMT im. O.M. B IL JimiTpien A.B. Tyraii
N Cron® Meskypedencrx, XHYMT im. O.M. Bekerosa,
VYkpaina ‘ ]

Pocis Vkpaina

ExcniepyMenTanbHe MiITBEPPKEHHST MaTeMaTHYHHUX MOJEJeH, 1€ OJUH 3 acHeKTiB HayKOBOTO IIpolecy. Y NaHii cTaTTi po3riisiHyTa
MMOCTAaHOBKAa EKCIEPUMEHTY 3 BITPSAHOI TypOiHOIO, AKy MOOyJOBaHO 3 BHKOPHCTAHHSM MAaTeMaTHYHOI MOJewi, omucaHid B [7, 9] i
peari3oBaHOi y BUIIIAI IPOrpaMHOTO KOMIUTEKCY "Aeponunama" [8].

TIporpamumii komiuieke "Aepomunama', peanizye po3paxyHok 3rigHo "Teopii peansHoro BiTpsika" npencrasienoi npod. I.X. CabiHin B
[9]. 3rimHO pe3ynbTaTiB po3paxyHKy OyJ0 OTPUMAaHO F€OMETPHYHI MapaMmeTpu TypOiHH, a TAKOXK OTPHMaHI KOHCTPYKTOPCHKI KPECICHHS.
Jani Oyno BHTOTOBIEHO Ta BCTAHOBJICHO B PEATPHHUX NPHPOJHUX yMoBax (ismuHy moxens BiTporypOinu. Jmst BEY Oymo obpano Tta
BUTOTOBJIEHO TEHEpaTop Ha MOCTiHHWMX MarHitax, moryxHictio 400 Bt. KKJ| remeparopa mpumitaato 80%. s poropa BEY
BUKOPHUCTOBYBaBCS TpuionaTeBoi rBUHT 3 mpodinem snomareir BRUXEL 36. Cepennpopidna MIBHAKICTH BITpY HpHiHATa K 3,5 m/c, a
MaKCHUMasbHa - 25 M/c.

Jns xoHTpomo mokasHukiB BEY, Oymo pospobneno norep Ha 6a3i mmata MikpokoHTpoiepa Arduino Nano Bepcii 3.0 i HaGopy
JIEKUTbKOX AaT4nKiB. A came matumka Xona KY-003 Hall, natunika ACS712 30A i marunka DS18B20. [lIBuakicTs BiTpYy BUMIiproOBaiacs 3a
JIOTIOMOTOI0 QHAJIOTOBOTO aHEMOMETpa 3 eJISKTPOMAarHiTHOI CHCTEMOIO, 1 KOHTPOJIIOBaIacs 3a piBHEM Hampyru Ha Buxofi. IToTouni naHi
30mMpaincs Ha KapTi mam'sti 1 gyGmroBanucst Ha aucrureil. Kpok BuMipiB - 1 cek. BincrexxyBamucs Taki JaHi: MIBUAKICTH BITPY; 00epTH
po6ouoro Baia BEY; Hanpyra Ha BUX0zi 00Ky BHIPSIMIISTYa; CTPYM Ha BUXO/I BHIPSAMILTYA; OTYXKHICT 1 TeMIlepaTypa reHeparopa.

3i0pani xani Oyno immoproBaHo B porpamuuii komiuiekc MS EXCEL. Pesynsratn 00poOKHM JaHUX MPEICTABICHO y BUIIIAL rpadikiB.

OTpuMaHi eKCIIepUMEHTANBHI JaHi MITBEPAKYIOTh TOYHICTh alTOPHTMY, 0OPaHOTO JJIS PO3POOKH MAaTEMAaTHIHOT MOJIEIT.

Kniouosi cnosa — aepoounama, eimposa mypoina, nonamo, MAmemMamuiHa Mooeb, areopumm po3paxyHKy, excnepumenm, iozep.
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3acTOCYBaHHSI CY4aCHUX METO/IIB PO3PaXyHKIB
CHEKTPUYHUX CUCTEM

K.B. Aryn
XapKiBChKUIT HAITIOHABHUH YHIBEPCUTET MicbKOTO rocronapcersa imeHi O.M. beketosa,
VYkpaina
E-mail: kata3140@gmail.com

AHoTaNisi — PO3KPUTO CYTHiCTbL MeTOdy 3MiHHHUX CTaHY,
SIKUI 103B0JISIE HA0YHO Ta PAliOHAJbHO OMHMCYBATH €JIeKT-
POMArHiTHI npouecu B eJeKTPUYHUX cucTemax. Takmii min-
Xi Aa€ MOXKIUBICTH 03HAHOMUTHCEH i3 OCHOBHUMM 3aKOHAMH,
110 3aCTOCOBYIOThCSl B eJIeKTPH4Hiil iH:KeHepii, Ta o3Halio-
MHTHCH i3 CyJACHUMHM MaTeMaTHYHHMH MeTOaMH, SIKi MOK-
Ha peaji3yBaTH 3a [JONOMOIOK KOMII'IOTePHUX HpPOrpam.
3MiHHI cTaHy IBOr0 MeTOAYy - Iie HANPYrd KOHIeHCATOpa Ta
cTpymu B inayktopax. [lpoagemoHcTpoBanumii y craTTi MeToa
pealidyeTbes y Takiii mocjaigoBHOCTI Iiii: cmoyaTky ¢opmy-
€TbCsl opieHTOBaHUi rpagik, 3 sikoro BUOUPAETbCS 1epeBO,
HA OCHOBI sIKOro GopMyeThbCsl TONOJIOTiYHA MATpHUA ''KOH-
Typ-rijika". BukopucroBywouu cpopMoBaHy MATPHLIO paui-
OHAJBHUM CIOCO00M, (hOpMY€ThCA CHCTEMa TONOJOTiYHUX
PiBHSIHB, SIKa ONMHCYE BiHOCHE PO3TALIYBAHHS €JeKTPHYHHX
ejleMeHTiB y cuctemi. OTpuMaHa cucTeMa JONOBHIOETHCS
CHCTEMOI0 KOMIOHEHTHHUX PiBHSHb, L0 XapaKTepH3yIOThb
MOBEJiHKY KOKHOTO eJ1eMeHTa, B3SITOI0 OKPeMO BiJ cHCTeMH.
HacTynHuM KpPOKOM PpO3IVIAHYTOro Metroay € ¢opMyBaHHsI
CUrHAJbHOTO rpagy. By3namu takoro rpady € crpymu ta
HANpyru, a mnepegadi rijiok BiamoBixawTh KoedimieHTam Yy
TOMOJIOTIYHOMY Ta KOMIIOHEHTHOMY piBHsiHHsX. Ha ocHoBI
rpady curHajuy cKJaaaeTbcs BizyajibHa moaeib B MATLAB.
Hactynni 6;10ku 0y BUKOpHCTaHi 115 popMyBaHHS Moje-
Ji: cymMaTOpH HANPYrd Ta CTPYMY 300paskeHHsl, MHOKHUKH,
NiACHIIOBAYi Ta KOHCTAHTH /s BigoOpakeHHS CHCTEMHMX
napameTpiB, iHTerpaTopiB, BipTyajJbHHX OCHUJIOCKOMIB IJIsI
MOHITOPHMHIY €J1eKTPOMATHITHHX NpoueciB B eJeKTPUYHil
cuctemi. /g nmosinmenHs cnpuifHATTA MaTepialy B cTaTTi
HABOAWTHCS NPUKJIAN, SIKHil 1aB MOKJIHMBICTH pamioHaJbHO
CKJIACTH HeOoOXiHy cucTeMy piBHSIHBL i 4iTko chopmyBaTn
rpa¢) CUTHAJIy eJIeKTPUYHOI CHCTEMH YeTBEPTOro MOPSAKY, i
chopMoBaHa MojeJb J03BOJUJIA OTPUMATH AiarpamMu vacy
3MiHHHX CTaHy, IKi JeMOHCTPYIOTb aIeKBATHICTH MO eTi.

Knwuoei cnosea - memoo 3minnux cmawny, 6i3yansHa
Moodenb, CUZHANBHUI 2pag), mononoziuni ma KoMnouenmui
Ppienanns.

1. ITOCTAHOBKA ITPOBJIEMU

JlocniUkeHHST €JIeKTPOMarHiTHUX TPOLECiB B eJeK-
TPUYHUX CHCTEMax IPEJCTaBIsiE COO0I0 CKIAIHY 3a1ady
IIPU TPOSKTYBAaHHI Ta aHaNi3i EJIEKTPOTEXHIYHUX KOM-
IJICKCiB, sIKa TIOB’s3aHA 13 BUCOKMMH TOPSIKAMHU TaKHX
cucreM [1-4]. Taki oOCTaBMHU NPEACTABISIIOTH PSI TPYI-
HOIIIB TIpW HAaBUYaHHI CTYJEHTIB, SIKi MMOB’s3aHi i3 cHpwii-
HATTSAM Ta BIOPAIKYBaHHSAM iHQopMalii cTOCOBHO po-
3paxyHKiB elNeKTpHIHHX cucteM. Komm toTepusamnis y4u6o-
BOrO TpOIECy BUMara€ HOBHX CYYacHHX ITIXOIB, sIKi 3
onHi€] CTOPOHW HAJAOTh KOPWCHI HABUKH, a 3 IHIIOI
3BUIBHSIIOTH CTYACHTIB B/l 3HaYHOT KUIBKOCTI PO3paxyHKIB,
SKI  MOXYTh BHMKOHYBAaTHM KOMII'IOTEPHI IPOTPaMH.
YHiBepcaTbHUM CIIOCOOOM  JIOCHIJKEHHST  €TIEKTPUIHHUX
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CHCTEM € BUKOPHCTAaHHS Bi3yaJbHOTO MOJCITIOBaHHA 3a
JIOTIOMOTOI0 ~ Cy4YacHMX  KOMIT'IOTEPHHX  IIPOTrpam
MATLAB/Simulink a6o VisSim [5 — 10], mo 6a3yeTbes Ha
(opMyBaHHI CUTHAJIBHUX IrpadiB eNISKTPUYHUX CHCTEM.

II.  META CTATTI

Po3kputTs cyTHOCTI MeTOAy 3MIHHUX CTaHIB U1 Gop-
MYBaHHS Bi3yaJbHOI MOJENI, L0 JOCII/KY€E eleKTpoMar-
HITHI TIPOLIECH B €IEKTPUYHHUX CHCTEMax IS 3aKPiIUICHHS
i MOTIMOJICHHST 3HAHb CTYJCHTIB BHIIMX HABYAJIbHHUX 3a-
KJIaIiB.

III.

EnexTpomarHiTHi npolecy, o NPOTiKalTh B €IEKTPH-
YHUX CHCTEMaxX OIHCYIOThCS TOHOJIOTTYHMMH 1 KOMIIOHEH-
THHMHU PIBHSHHSMH, SIKI Pa30M YTBOPIOIOTH NOBHY CUCTEMY
piBHsaHb. Tomomoriyai piBHSHHSA 0a3yIOTBECA Ha 3aKOHAX
Kipxroda i onmucyoTh B3a€MHe pO3TalllyBaHHs €JIEMEHTIB B
cucrteMi. KOMIOHEHTHI PiBHSHHS OIMUCYIOTH 3B'I30K MiXK
CTPYMOM Ta HAIPYro0 B €JIEKTPUYHOMY €JIEMEHTI, B3sTO-
My OKpeMo BiJ cucteMu. TakuM YHHOM, 10 KOMIIOHEHTHHX
PIBHSIHb BIJIHOCSTH PIBHSIHHS, CKJIaJeHI 3a 3akoHOM OwMa,
Ta nudepeHmianbHi ad0 1HTerpaibHi PIBHIHHS, IO OMUCY-
I0Th MPOLIECH B PEAKTUBHHX EJIEMEHTaX.

BUKJIAJT OCHOBHOI'O MATEPIAJTY

Jns popmaizarii ckiagaHHsS TOBHOI CHCTEMH PiBHSHB
iCHy€e paliOHaJIBHUIM MiaXiA, OCHOBaHMN Ha (opmyBaHHI
Opi€HTOBAHOTO rpady eNeKTPUYHOT CHCTEMH 3 TOJATbIINM
OTPUMaHHIM TOIOJIOTIYHOT MaTpHUIll «KOHTYp-BiTKa» abo
F—marpui.

OpienToBanuii rpad (HOPMYETHCSA 3aMIHOIO KOXKHOTO
JIBOTIOJIFOCHOTO €JIEMEHTY peOpoM i3 BIJIIOBITHUM MO3Ha-
YEHHSM EJIEKTPUYHOTO EJIEMEHTY, IO 3HaXOAWTHCA MIX
BIZIMOBIJHAMH BY3JIaMH €JIEKTpUYHOI cxeMu. HactynHum
KpOKOM € BHOIp nepeBa B rpadi. JlepeBoM Ha3HBa€eThCS
3B’s13aHa CYKYIHICTh pedep, MO OXOIUIIOE BCi BY3JIM 1 HE
YTBOPIOE JKOJHOTO KOHTYpY. Pebpa, siki yBiIIIM 0 nepe-
Ba HAa3MBAIOThCS BITKAMH 1 300pa)KyIOTBHCS CYIUIBHUMH
JIHISMH, a BCl HII — Ha3WBAIOTHCS 3B SI3KaMU 1 300paxy-
IOTHCS TyHKTUPHUMH JiHIAMH. ICHY€e PiOpHUTET BKIIOUCH-
HSl €JIEKTPUYHMX €JIEMEHTIB JI0 BITOK UM 3B’SI3KiB B €JIEKT-
PUYHUX CHCTEMax: JI0 BITOK 0OOB’SI3KOBO BXOISATH JKepe-
Jla Hamnpyrd Ta KOHJAEHCATOpH, a JI0 3B’S3KIB — JDKepena
CTpyMiB Ta IHAYKTHBHOCTI. Pe3snctopm MOXyTh OyTn
BKJIFOY€EH] 1 JO BITOK 1 10 3B SI3KiB.

Ha ocHOBi opieHTOBaHOTO Tpady CKIAIAETHCS TOMOJIO-
riyHa MaTpHLsl «KOHTYp-BiTKa», B SIKIM CTPOKH BiAIOBina-
I0Th 3B’S3KaM JiepeBa, a CTOBMII — BiTkam. ®opmyBaHHS
MaTpuli BHKOHYETHCS IUIIXOM YTBOPEHHS OCOOJIMBHX
KOHTYPIB B JIepeBi, TOOTO JOTIOBHEHHSM KOHTYPY €ITMHUM
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38’ s13K0M. SIKILIO HaIpsIMOK BITKH CITIBIAJIa€ i3 HANPSIMKOM
3B’513Ka, TO B KOMIpIi MaTpuli HeoOXimHO 3amucatu +1,
SKIO HANPSMKU MPOTIIEKHI TO -1, SIKIIO BiTKa HE yBiHImI-
Ja B KOHTYp, L0 PO3IIISIAEThes, To 3anucytoTh 0 abo 3a-
JIUIIAIOTh KOMIPKY IMYCTOIO.

YTBOpeHa MaTpULsl «KOHTYP-BITKa» HaJla€ MOXKJIMBICTh
chopMyBaTH CUCTEMY TOIOJOTIYHHX PIBHSHb PaliOHATb-
HHUM CIIOCOOOM 13 BUKOPHUCT@HHSIM HACTYIIHUX CHUCTEM piB-

HSHb, 3aIMCAHNUX Y MaTpUIHIN GopMi:
V¥ —_FVe-:
I6 = FTI33 (1)

ne V*r1a I
CTPYMiB 3B’sI3KiB;

— BINNOBITHO BEKTOPH HANpyr Ta

V®Ta I° — BeKTOpH Hampyr Ta CTpyMiB BiTok; F' —

TPaHCIIOHOBAaHA MATPHLS KKOHTYP-BITKay.

Jlns oTpuMaHHS TIOBHOI CHCTEMH, CHCTEMY TOIIOJIO-
TiYHUX PIBHAHB JIOTIOBHIOIOTH CHCTEMOIO KOMIIOHEHTHHX
PIBHSHB.

3a3BrUy4ail 11 BUPIMICHHS TaKOi CHCTEMH 3aCTOCOBY-
€ThCS METOJ 3MIHHUX cTaHy [7]. OmHaK MEepeTBOPCHHS B
CUCTEMi piBHSHB U1 OTPUMAHHS PIiBHSHB Y HOpMAaNIbHIH
(dopmi aJIst 3aCTOCYBaHHSI METOLy 3MIHHUX CTaHY MOXYTb
OyTH IPOMI3IKUMH Ta MaTH CKJIaJHOIL.

JIyist cpoIneHHst 1 HA0YHOCTI Ma€e CEHC CKJIacTH rpad
B ocHOBHIH hopmi [6]. CyTHICTb TaKOro MiAXOAy IOJsirae
B TOMY, IO IUIOIIMHY MOJUISIOTh HA YOTHPH KBajapaHTa. B
BEPXHBOMY JIIBOMY KBaJpaHTI 300pakyrOTbCSI BY3IH, IO
BIATIOBIJAlOTh HANpyraM BITOK, B INIPaBOMY BEPXHHOMY
KBaJ[paHTi — BY3JIH, IO BiAIMOBIAIOTH HAIpyraM 3B’s3KiB,
B HIDKHBOMY JIBOMY KBaJpaHTI — BY3IIM, IO BiAIOBima-
I0Th CTPyMaM BITOK, B HIDKHbOMY IIPaBOMY KBaJpaHTi —
CTpYMH, IIO BiIMOBITAIOTH CTpyMaM 3B’si3KiB. [1o ropuzo-
HTaJIl BY3JH 3 €IHYIOThCS 110 3aKkoHam Kipxroda, mo Bep-
THKaJI — 33 JIOTIOMOI0I0 KOMIIOHEHTHHX PiBHSHb. By3u,
o BigoOpakaloTh CTPyM JKEpelia Hampyrd Ta Hampyry
Ha JDKepell CTpyMy € BUPO/DKEHHMH By3JIaMH 1 MOXYTb
Oytu He BimoOpaxeHi Ha rpadi, ajyke BOHU HE HECYTh KO-
pucHoi iHdopmaii.

Ha Bi3yanbHiit MoJieNi By3JH, IO BiAIOBINAIOTH ee-
KTPUYHUM BEJIMYMHAM 300paKylOThCS 33 JOIIOMOT0I0 00-
YHCIIOBAIEHUX OJIOKIB CyMaTOpIB, JDKepela eHeprii i ma-
paMeTpH CHCTEMH, a caMe OIOPH PE3UCTOPIB, IHIYKTUB-
HOCTI KOTYIIOK Ta €MHOCTI KOHJEHCAaTOpiB BinoOpaka-
I0ThCS 32 JOTIOMOTOI0 OOYHCIIIOBAIEHUX OJIOKIB KOHCTAHT.
Jiist miBUILEHHS! TOPSAKY MOXIIHMX BUKOPHCTOBYIOTHCS
oOuncmroBaneHI O670KM iHTerpaTtopu. s BimoOpaskeHHs
MaTeMaTHYHUX OTepaliil JiJICHHS Ta MHOKEHHS 3aCTOCO-
BYIOTBCS OJIOKM TIOMHOXYyBadi. Pe3ynsrati pobotu Mose-
JIi — 9acoBi AiarpamMu 3MiHHHX CTaHy, BiToOpa)karoTbCs Ha
BipTyanbHUX ocumiiorpagax Scope.

Jlns HaouHOCTI MeTOAa pPO3IIITHEMO BHKJIAJICHY Me-
TOJWKY Ha TPUKJIAIl EJIEKTPUYHOI CHCTEMH YETBEPTOTO
HOPSJKY, IO CKIIAJAETHCS 3 JDKEpesia HalpyTH, JoKepesa
CTPYMY, JIBOX KOH/IEHCATOPiB, ABOX KOTYIIOK iHIyKTHB-
HocTeH 1 aBoX pesuctopis (fig. 1).

Fig. 1. EnextpuuHa cuctema 4eTBEpTOro MopsaKy

Bubpane nepeBo Mae 4YOTHUPH BITKH 1 YOTUPH 3B’ I3KH
(fig. 2).
&

Fig. 2. JlepeBo rpada enekTpUIHOi CHCTEMH

3a nomomororo BuOpaHOro nepesa copmyemo F-
MaTpHI «KOHTYP-BITKa».

E G G K

R, -1 +1

F= L -1 +1
L |-1 -1 +1
J, +1

[Ticnst BUKOHAHHS MaTPUYHHMX OMNEpaliidi MHOXESHHS
3rigHo 3 hopmynamu (1) OTpUMaEMO CHCTEMY TOMOJIOTiY-
HHX PiBHSHb, IO CKJIAJA€THCS 3 YOTUPHOX PIBHSHB, CKIa-
nennx 3a I 3akoHoMm Kipxroda i gotupprox piBHSHB 3a |
3akoHOM Kipxroda

Loy =—1p —1,;
Loy =1 —1,;
Icz =—1,,;

I, =1, +1, +IJI'

Ve =V =Veis

Vi =Ver =Vios

Vie =V Ve = Vias
Vi =V

CurHanpHHNA Tpad, M0 BiAMOBIAAE OTPUMAHIH CHCTEMI
piBHSIHb, B OCHOBHIH (OpMi Mae B KOXXHOMY KBaJpaHTi
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Fig. 4. Bi3zyanpHa MOZIEINb €NEKTPHYHOI CUCTEMH YETBEPTOTO MOPSIAKY
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Fig. 5. Yacosi miarpamu 3MiHHUX CTaHy

BizyanbHa MOJenb €NEKTPUIHOI CHCTEMH, IO PO3TIIA-
JAEThCS, CPOPMOBAHA 3a OMOMOTOK OOYHCITIOBATIBHUX
omokiB makery SIMULINK mporpamu MATLAB (fig. 4).
KosxHuii 610K Ma€ IMo3HaYeHHs, 10 BiAMOBIIa€e eJIeEMEHTAM
CUTHAIILHOTO Tpady.

[pencTaBieHi pe3ynbTaT# MOJEIIOBAHHS HAaNpyrd Ha
koHmeHcaTtopax VC1, VC2 Ta cTpyMH B iHIYKTHBHOCTSX
iL1, iL2 (fig. 5) AeMOHCTPYIOTh TPUBAJIICTH MEPEXiTHOTO
npoue2 cex.

IV. BUCHOBKH

1. BisyanbHe MOJENIOBaHHA MPENCTaBIE COOOIO
NPOTrPECHBHUI METOJ, SKHH NO3BOJSE i3 BUKOPHCTAHHAM
KOMIT IOTEpHHUX IIporpaM BHUpilIyBaTH IudepeHmiaibHi
PIiBHSHHS IPAKTHYHO Oy/b-AKHX BUCOKHX TOpsAKiB. Koro
HAOYHICTh 3HAYHO MOJIETIIYE CIIPUHHATTS iHpopMmaii Ta i
BIIOPSIKYBAHHS CTY/JICHTAMH €JCKTPOTEXHIYHMX CIewiaib-
HOCTEH.

2. CurnanpHi rpadu HaJgawTh MOXIHMBICTH (omati-
3yBaTH Ta YNOPSIKYBaTH BHUPILIEHHS €JIEKTPUYHOI CHCTe-
MU OyIb-SKOTO MOPSIZIKY.

3. BukopucraHHS CUTHaNBHHX rpadiB B Gopmi oc-
HOBHOTO rpady 103BOJIsiE OOINTHCS 03 BUBOIY DPIiBHSHB
CTaHy, € MPOCTHM Ta HAOUHHM.

(1]

(2]

(3]

(4]

(3]

(6]

(71
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[9]
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Application of modern methods of calculation of electrical

systems

K. Yagup
O.M. Beketov National Universiti of Urban in Kharkiv,
Ukraine

The essence of the method of state variables, which allows to describe clearly and rationally the electromagnetic processes in elec-
trical systems, is revealed in the article. This approach gives students the opportunity to gain knowledge of the basic laws used in elec-
trical engineering and to get acquainted with modern mathematical methods that can be implemented with the use of computer pro-
grams. The state variables in this method are the capacitor voltages and the currents in the inductors. The method demonstrated in the
article is implemented in the following sequence of actions: first, an oriented graph is formed, from which a tree is selected, on the basis
of which a topological matrix "contour-branch" is formed. Using a formed matrix in a rational way, a system of topological equations is
formed, which describes the relative location of electrical elements in the system. The resulting system is complemented by a system of
component equations that characterize the behavior of each element taken separately from the system. The next step of the method
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under consideration is the formation of a signal graph. The nodes of such a graph are currents and voltages, and the transmissions of the
branches correspond to the coefficients in the topological and component equations. Based on the signal graph, a visual model in
MATLAB is compiled. The following blocks were used to form the model: voltage and current image adders, multipliers, amplifiers
and constants to display system parameters, integrators, virtual oscilloscopes to monitor electromagnetic processes in the electrical
system. To improve the perception of the material in the article, an example was given, which made it possible to rationally draw up the
necessary system of equations and to clearly form a signal graph of the electric system of the fourth order, and the formed model al-
lowed to obtain time diagrams of state variables, which demonstrate the adequacy of the model.

Keywords - state variables method, visual model, signal graph, topological and component equations.
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Performance evaluation of 108 KW grid connected
solar photovoltaic System

Haidar Gafar Abugoukh
O.M. Beketov National University of Urban Economy in Kharkov
Ukraine
E-mail: haidarjokh2004 @yahoo.com

Annotation - Solar power has emerged as the fastest
growing energy generation technology globally over the past
decade, mainly due to large scale adoption of the technology
by utilities and private sector. Increasing awareness of
climate changes, energy security needs facilitation from
government decline in solar energy costs and emergence of
new and innovative business are some of the prime drivers
for the large scale development and deployment of the solar
energy. Importance of Solar energy Solar energy is an
important part of life and has been since the beginning of
time. Increasingly, man is learning how to harness this
important resource and use it to replace traditional energy
sources. Solar Energy Is Important in Nature: Solar energy is
an important part of almost every life process, if not, all life
processes. Solar Energy Is Important as Clean Energy: Since
solar energy is completely natural, it is considered a clean
energy source. It does not disrupt the environment or create
a threat to Eco-systems the way oil and some other energy
sources might. It does not cause greenhouse gases, air or
water pollution. This study aims to design and evaluate the
grid-connected solar photovoltaic roof-top system. A design
and feasibility study of rooftop solar photovoltaic system
project is conducted using tools- PVsyst, The performance of
the system was simulated using PVsyst software and the
results were analyzed. The analyses of the simulation results
show that the Maximum total energy generation of 18.23
MW h was observed in the month of May and lowest total
energy generation of 10.10MWh was observed in the month
of December. The utilization of roof building will be
increasing the amount of solar energy injected into grid. The
utilization of roof building will be increasing the amount of
solar energy and achieving Dubai clean energy strategy 2050
goals which aims to provide seven per cent of Dubai’s power
through clean energy by 2020, 25 per cent by 2030 and 75 per
cent by 2050.

Keywords — Grid system, Photovoltaic (PV), Performance
ratio.

I.  INTRODUCTION

Nowadays, renewable energy resources play an
important role in replacing conventional fossil fuel energy
resources. Photovoltaic energy is one of the very
promising renewable energy resources which grew rapidly
in the past few years.

Renewable energy resources play an important role in
electric power generation. There are various renewable
resources which is used for electric power generation, such
as solar energy, wind energy, geothermal etc. Solar Energy
is a good choice for electric power generation, since the
solar energy is directly converted into electrical energy by

solar photovoltaic modules. These modules are made up of
silicon cells. When many such cells are connected in series
we get a solar PV module. The current rating of the
modules increases when the area of the individual cells is
increased, and vice versa. When many PV modules are
connected in series and parallel combinations we get a
solar PV array, which is suitable for obtaining higher
power output.

The electricity consumption in the United Arab
Emirates (UAE) has increased by 12% per annum from
about 60,000 GWh in 2006 to 85,000 GWh in 2010. the
electricity peak demand in Dubai is increase from
3.228MW in 2004 to 8,507MW in 2018 . To meet this
increasing energy demand, the Dubai relies heavily on gas
and oil. As a matter of fact, 73% of the generation capacity
is based on gas turbine generators (7,448MW), and 25% is
based on steam turbine generators (2,542MW). As a result,
the Dubai has a high ecological footprint per capita, and it
actually had the world’s highest in 2018 (figure 1). The
government of Dubai has recently committed to have
(1000MW) 1% of its generation capacity from renewable
resources and mainly from solar energy by the year 2020
and 5000MW by 2030.

The Mohammed bin Rashid Al Maktoum Solar Park is
the largest single-site solar park in the world, with a
planned capacity of 1,000MW by 2020, and 5,000MW by
2030, the solar park will use a range of photovoltaic and
concentrated solar power technologies to provide clean
energy to the citizens and residents of Dubai.

e .SOLAR POWER IN THE UAE

The UAE (United Arab Emirates) is in the ‘sunbelt
region’ in which solar irradiation levels (the amount of
solar radiation which falls on the Earth) are very high.
This means that a solar panel in the UAE can potentially
produce double the electrical energy compared to a
country with relatively lower irradiation levels such as
Germany [5]. The UAE is also in a region where bad
weather rarely affects solar power production, making it
an ideal location for solar installations. Being in a region
with nearly 365 days of sunlight a year, the UAE can
easily become one of the largest producers of solar energy
per capita.

The UAE is also part of a region rich in fossil fuels.
Since the 1970s, the country underwent rapid economic
growth powered by readily available oil and gas, and has
attained high living standards with a per capita income
amongst the highest in the world. However this also led to
very high per capita energy consumption as cities grew
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“and became very energy intensive. When the governments
of the UAE and other GCC (Gulf Cooperation Council)
countries realized that their conventional energy reserves
were rapidly depleting they set out to make their
economies less reliant on fossil fuel-based energy and
more on renewable energy, helping the UAE to achieve
energy security.

The development of large scale solar power
installations as well as renewable energy goals for 2020
and 2030 also reflect the UAE’s ambition to move
forward.

System Description

The system description is given in table kWp rooftop
system is chosen. The PV cell material chosen is mono-
crystalline because of the higher efficiency. The system is
of fixed stand type and can sufficiently power a household
of a small family.

—

VRN

Fig. 1. Dubai Electricity and water authority (DEWA) statistics 2018
The grid connected PV system, consists of solar arrays to
absorb and convert sunlight into electricity, a
solar inverter to convert DC current to AC current,
a mounting, cabling and other electrical accessories.
Schematic of the grid connected PV system is shown
in Fig. 2. The main component for grid-connected solar
PV power systems comprise of:

Solar PV modules, connected in series and parallel,
depending on the solar PV array size, to generate DC
power directly from the sun’s intercepted solar power.
Maximum tracker (MPPT), making sure the solar PV
modules generated DC power at their best power output at
any given time during sunshine hours Grid-connected
DC/AC inverter, making sure the generated and converted
AC power is safely fed into the utility grid whenever the
grid is available .Grid connection safety equipment like
DC/AC breakers fuses etc., according to the local utility’s
rules and regulations

II.  DESCRIPTION OF THE SOLAR PV-GRID SYSTEM

A grid —connected PV system consists of solar panels,
inverters, a power conditioning and grid connection. It has
effective utilization of power that is generated from solar
energy as there are no energy storage losses. The grid —
connected PV system supplies the excess power, beyond
consumption by the connected load to the utility grid
through smart meters.

L Geographical location of the site:
The solar plan located in Dubai at longitude of 55.28 E.
Latitude 25.24 N.
II. Specification of solar panel:

The solar panels mounted at the building are of 275wy

rating and made up of polycrystalline. These panels have
an efficiency of 16.8% and are of fixed type.
Polycrystalline panel ratings are open circuit voltage (Voc)
of 38.1 V and short circuit current (Isc) of 9.27 A. It has a
maximum operating temperature up to+ 80° centigrade.

e Creating a string of modules

A string comprises a number of PV modules connected
in series. The electrical characteristics of PV modules
connected in series to form a string are the same as PV
cells connected in series to form a module: meaning the
output voltage of the string will be the sum of the output
voltages of all the modules and the output current of the
string will be the lowest output current of any module.

Modules can also be connected in parallel. In this case
the current output of the modules will add instead of the
voltage. The output voltage is that of a single module.

The installation of the solar panel included is 3 inverters and 401
PV modules connected with 19 strings in parallel and 116 modules in
series.

» Inverter #1 (2X24, 2X24, 2X18, 1X15).
» Inverter #2 (2X24, 2X22, 2X20)
> Inverter #3 (2X17, 2X24, 1X18, 1X22)

e Power conditioning units:

Inverter converts DC power into AC power. The inverter power
rating is 36 kW. PV voltage of 620 V and supply DC current 22 A is
fed as input to inverter. The output AC voltage and current from
inverter are 400 V and 57, 8 A respectively. The output of the
inverter is synchronized automatically with same voltage and
frequency as that of grid.

B e L

Fig. 2. Direct normal Irradiation in UAE
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PV Output Modeling:-

For the calculated utilizable roof area the energy
production from the installed solar panels has been
estimated with the help of PVsyst software employing the
Dhahran weather conditions.

Specimen energy yield calculations for the academic
buildings are provided in Figure 6 and Table 6.

Figure 7 specifically provides a detailed flow diagram
of PV energy production from the buildings, while also
highlighting the involved losses at various stages.

Fig. 3. Schematic layout of installed system.

III.

The maximum energy is generated in the month of
May (18.23MW h) and minimum energy is in the month

THE SIMULATION USING PV SYST

80

of December (10.10 MW h).The total amount of energy
injected into grid for the year 177.21 MW h.

Annual global horizontal irradiation is 2121, 0 kW
h/m2. Global Incident energy that is incident on the
collector plane annually is 2186.5 kW h/m”2. Total energy
obtained from the output of the PV array is 182,96 MW h.

The annual average performance ratio is 73, 5%.

e  Normalized productions:

The LC value is recorded as 1.44kWh/kW p/day and
the LS value is recorded as 0.14 kW h/kW p/day in the
same way YF is given as4.4 kW h/kW p/day.

TABLE L OUTPUT RESULTS FOR THE BUILDINGS:-
No System Parameter Output QTY

1 Number of PV modules 401
2 P nom. total . KWp 110
3 Number of inverters 3
4 Inverters Pnom total KW_AC 108
5 Produced Energy MWh/year 177.2
6 Specific production KWh/KWp/year 1607
7 Performance ratio 73.3%

TABLE II. SOLAR PANEL ELECTRICAL CHARACTERISTICS
Rated Power (P max) 275 W
Voltage at P max (V mp) 311V
Current at P max 8.82 A
Short Circuit Current (I sc) 927 A
Open Circuit Voltage (V oc) 38.1V

® Loss diagram:

The global horizontal irradiance is 2121 kW h/m2. The
effective irradiation on the collector plane is 2007 kW
h/m2. Therefore, the loss in energy is 3.2%. The solar
energy incident on the solar panels will convert into
electrical energy. After the PV conversion, the nominal
array energy is 221,6MWh. The efficiency of the PV array
is 16.82% at standard test condition (STC). Array virtual
energy obtained is 183, 0 MW h. After the inverter losses
the available energy obtained at the inverter output is
177,2MWh.

e  (CO2emission reduction

As the PV systems do not require fossil fuels to
generate electricity, their life-cycle CO:2 emissions are
extremely low compared to electricity generated using
conventional power plants. Therefore, the solar energy
conversion using PV systems will result in a substantial
reduction of CO2
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Fig. 4. Normalized Production for the building Fig. 5. Perfomance Ratio PR
TABLE IIL BALANCES AND MAIN RESULTS

GlobHor DiffHor T Amb GlobInc GlobEff EArray E_Grid PR

kWh/m? kWh/m? °C kWh/m? kWh/m? MWh MWh
January 123.8 48.4 19.70 135.2 123.5 11.90 11.32 0.759
February 135.6 55.2 20.90 145.0 132.6 12.57 12.27 0.768
March 178.3 73.5 23.20 185.4 170.2 15.91 15.53 0.760
April 197.0 82.5 27.00 199.4 183.4 16.74 16.33 0.743
May 229.1 91.5 30.80 2279 210.0 18.70 18.23 0.725
June 220.4 95.4 32.80 217.1 199.7 17.79 17.35 0.725
July 209.0 107.6 34.30 206.8 189.8 16.95 16.54 0.725
August 207.2 97.4 34.60 208.4 191.6 16.98 16.56 0.721
September 192.7 77.1 32.20 198.0 182.3 16.22 15.81 0.724
October 175.0 61.0 29.30 185.5 170.7 15.47 15.09 0.738
November 134.1 48.3 25.50 146.7 133.8 12.36 12.08 0.747
December 118.8 46.2 21.89 131.2 119.3 11.34 10.10 0.698
Year 2121.0 884.1 27.72 2186.5 2007.0 182.96 177.21 0.735

Legends: GlobHor Horizontal global irradiation GlobEff Effective Global, corr. for IAM and shadings
DiffHor  Horizontal diffuse irradiation EArray  Effective energy at the output of the array

T Amb  Ambient Temperature E_Grid  Energy injected into grid GlobIncGlobal incident in coll. plane PR Performance
Cubal BAF »

LIRS - M-numw'wﬂ!‘&h’!.‘tf‘ —
SOt Nhaiiyg b W - ‘——‘.

Imwe
L

Fig. 6. Path of the Sun over a year.
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Main system parameters

Near Shadings

PV Field Orientation

PV modules
PV ArrayNb. of modules
InverterModel

Inverter pack

User's needs

System type

According to strings
2 orientations

Grid-Connected

Electrical effect 100 %
Tilt/Azimuth = 10°/-62° and 10°/30°

Model STP 275-20/Wfw Pnom 275 Wp

401 Pnom total 110 kWp

SUN2000_36KTL Pnom 36.0 kW ac
Nb. of units 3.0 Pnom total 108 kW ac

Unlimited load (grid)

2121 kWh/m?

2007  kWh/m? * 656 m? coll.

efficiency at STC = 16.82%

221.6 MWh
0.4%

-0.9%
-2.0%

183.0 MWh

-1.7%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
179.9 MWh

-0.7%
-0.8%

177.2 MWh

+3.1%

12.7%

Loss diagram over the whole year

Horizontal global irradiation
Global incident in coll. plane

Near Shadings: irradiance loss

IAM factor on global
Soiling loss factor

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature

Shadings: Electrical Loss acc. to strings
LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss
Mixed orientation mismatch loss
Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current Inverter Loss
over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Night consumption
Auvailable Energy at Inverter Output

System unavailability AC

ohmic loss

Energy injected into grid

82

Fig. 7. Grid connected System : Loss diagram
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emissions. The equivalent CO2 emissions avoided by
using the PV systems have been calculated based on the
CO:2 emission resulting from the conventional electricity
generation in the UAE, which is about 938 g CO24/kWh
[8]. The CO: emission from electricity generation in
Western Europe is in the range 480-530g CO2¢/kWh
[9,10]. In addition, 671 g CO24/kWh was reported for
Hong Kong [11], 12 g CO2¢¢/kWh for

Norway [10]. The difference in the amount of CO2
emissions between these countries is due to various mixes
in their electricity generation where renewable energy
sources are used alongside conventional ones.

IV. CONCLUSION

A performance study of 108 KW peak grids connected
solar photovoltaic power plant installed at Dubai was
evaluated on annual basis. The following conclusions are
drawn from the study.

* Maximum total energy generation of 18.23 MW h was
observed in the month of May and lowest total energy
generation of 10.10MWh was observed in the month of
December.Geographical location, the weather and other
atmospheric conditions at the installation site. The
direction your panels face, the temperature they reach, the
angle of tilt they are on, the amount of dust and shading
they encounter all affect the ability of the system to
perform at its peak level.

The utilization of roof building will be increasing the
amount of solar energy injected into grid and achieving
dubai clean energy strategy 2050 goals, which we have
launched to turn Dubai into a global hub for clean energy
and green economy and become the lowest carbon
footprint in the world by 2050.
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O1iHKa Npare3aaTHOCTI COHSYHOT (POTOETEKTPUIHOT

CUCTEMHU, MIJIKIIOUYCHOI 10 €JIEKTPOMEPEXKI MOTYKHICTIO
108xBT

Xatimap Jxadap AGyroyx
XapKiBChbKHMH HALlIOHAJILHUH YHIBEPCUTET MiCHKOTO
rocrogapctsa iMmeHi O.M. BekeroBa
VYkpaina
CoHsiuHAa SHepreThka Craja OCTaHHIM JECSTHIITTSAM HailOUIbII IIBHIKO 3POCTAIOUOI0 TEXHOJOTi€I0 BHUPOOJICHHS eHeprii B CBITi,
TOJIOBHMM YHHOM 3aBJSKH IIHPOKOMACIITAOHOMY BIPOBA/DKCHHIO Ili€] TEXHOJOrii KOMYyHAJbHUMH Ta MPHBATHUM CEKTOPOM.
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[TinBumenHs piBHS 00i3HAHOCTI MIOKO 3MIHU KJIiMary, eHepreTudHa Oesmeka MoTpeOye CIPHSHHS 3MEHIICHHIO YPSIOM BHTpAT Ha
COHSIYHY €HEprilo Ta MOsIBi HOBOTO Ta iHHOBaLiHHOTO Oi3HECY - OJHI 3 TOJIOBHHUX PYILiil [UIsi MacITAOHOTO PO3BUTKY Ta BUKOPHCTAHHS
coHsyHOi eHeprii. BaxmBicTh coHsuHOI eHeprii CoHSYHA €Hepris € BaXJIMBOIO YAaCTHHOIO JKUTTS 1 € 3 MoYaTKy 4acy. Bee wacrime
JIOIMHA BYMUTHCS BUKOPHCTOBYBATH L€l BaKJIMBHH pecypc 1 BUKOPHCTOBYBATH HOTO AJISI 3aMiHH TPAAMIIMHUX JOKepen eHeprii.
CoHsiyHa eHepris BaxiuBa A npupou: COHAYHA €HEPris € BaXIIMBOIO YaCTHHOKO Maike KOXKHOTO YKHTTEBOTO IMPOIECY, SAKIIO Hi,
BCIX XKHTTeBHX mporneciB. COHSYHA €Heprisi BaXKIMBa SK 4ducTa eHepris: OCKUIBKY COHSYHA €HEpTisl € IOBHICTIO NMPUPOJHOI0, BOHA
BBA)KAETHCSL YHCTHM JDKepeloM eHeprii. Lle He mopymrye HaBKOJMITHE CEpPEeTOBHINE I HE CTBOPIOE 3arpO3H €KOCHCTEMaM, SK IIe MOXe
nmpu3BecTH HadTa Ta JedKi iHI JpKepena eHepril. BiH He BHKIIMKae IMAapHUKOBHX Ta3iB, 3a0pyAHEHHS NOBITpS 4u Bomu. lle
JOCIIUKEHHSI Ma€ Ha MeTi PO3pOOHTH Ta OMIHUTH MiTKIIOUEHi O MEpeXi COHSAYHI (OTOETEKTPHUYHI CHCTEMM Ha maxy. IIpoekT Ta
TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS IPOEKTYy COHSYHOI (DOTOENEKTPUYHOI CHCTEMH Ha Jaxy IPOBOAATBCA 3a JONOMOTOO
IHCTpYMEHTIB - PVsyst. [IpanesnaTHicTh cucTeMH MOJETIOBAIN 3a JOMOMOTOIO MPOTrpaMHOro 3adesneueHHs PVsyst Ta aHamizyBamu
pesynbTaTd. AHami3 pe3yibTaTiB MOJENIOBaHHS IIOKa3ye, L0 MaKCHMallbHe 3arajbHe BHpoOjeHHs eHeprii 18,23 MBTt-rog
CIIOCTEpPIrajioch y TpaBHI MicsAIl, a HalfHIKYa 3arajbHa reHepais eneprii - 10,10MBt-rox - y rpynni. Bukopucransas Oyaisii Ha gaxy
Oynme 30LTBIIYBAaTH KUTBKICTH COHSYHOI €Hepril, IO BBOAUTHCS B €JIEKTpOMepexy. BukopucraHHs crnopyau it naxy Oynme
30UTBITYBAaTH KIJIBKICTH COHSYHOI €Heprii Ta gocsraTh 1ijei crparerii Jlydas 3 uncroi enepreruxu J{y6as na 2050 pik, sika Ma€ Ha MeTi
3abe3neynTy ciM BifCOTKIB eHeprii J{yOas 3a momomororo uncroi eneprii 1o 2020 poky, 25 BincotkiB 1o 2030 poky Ta 75 BiACOTKIB
uenT 10 2050 poky.

Kniouosi cnosa - cimka, pomoenexkmpuuna (PV), koepiyicum npooykmuernocmi
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AHoTauigs- B crarTri  po3rasgacrbesi  GopMyBaHHS
MaTeMaTH4YHOI MoJes]i eJeKTPOMarHiTHUX nponecis B
ACHHXPOHHOMY JABHMIYHi i3 30BHIlIHIM NOPOXKHHCTHM

MAaCHBHHMM POTOPOM, HA MOBEpPXHi SIKOro po3MilieHi BiTKHU
mHeky. Oco0/IUBICTIO TAKOr0 JIBUI'YHA € MOEAHAHHA CTIHKUX
AMHAMIYHHX BJIACTHBOCTEl MAIIMHH 3 MACHBHHM POTOPOM i
BHKOPHCTAHHSl TeIUIOBOI eHeprii, sika BHIiIs€TbCA 3
MOBEPXHi poTopa, A1 HATPiBaHHS CHIIKOI0 MaTepiay, IKHii
nepeMily€eTbest LIHEKOM. MaremaTH4Ha Moje/b
€JIeKTPOMATHITHUX IepexiTHuX npoueciB CTBOPIOETHCHA 3a
PaxXyHOK aBTOMATH4YHOI reHepauii NUISIXOM HACJHiIyBaHHSA
0a30BMX O3HAK Big MojeJi y3arajbHeHOI eJIeKTPHYHOL
MammHu. Taxmii migxin rpyHTy€eThCSl HA MOJI0MKEHHAX Teopil
00’€KTHO-0Pi€EHTOBAHOI O NPOEKTYBaHHS. Mpunounu
00'€KTHO-OPiEHTOBAHOT0 MPOEKTYBAHHS AAIOTh MOKJINBICTH
He TIIbKM  CHHTe3yBaTH  MeTOAMKH  NPOEKTYBaHHSA
eJeKTpoMexaHiyHuX meperBopioBayiB eHeprii (EMIIE), ane
TAaKOK PO3MJISIAATH iX MaTeMaTH4Hi MojeJi B CHAAKOBOL
HACTYNHOCTI 0a3oBoro kuacy i kiaciB-Hamaakis. Ile
J03BOJINTh MiZiiTH A0 NPOEKTYBAHHSA SIK A0 KOMILIEKCHOI
3ajayi, W0 BHUpilIye NUTAHHS OTPMMAHHS NapaMeTpiB i
xapaktepuctuk EMIIE B crajgux i mepexigHux pe:xmmax
poGotn. Ilpu 1HbOMYy BHKOHYETHCH aBTOMATH30BaHe
reHepyBaHHs MaTeMaTH4HOI Mojendi JOBiTbHOrO BHAY
EMIIE Ha erani npoexkTyBaHHs. Ines1 mosirae B oopmyBanHi
MaTeMaTH4HOi MoJeai KoHkpeTrHoro Buay EMIIE 3i
CKJIaI0BUX KOMIIOHEHTiB 0a30BOi Mojesdi, Kepyl4HCh
NPUMHIUNAMHY  CHAJKYBaHHsA, lepapxii i mnoaimopdizmy.
IIepeBara Takoro miaxoay noJisira€ B HepO3pUBHOMY 3B'I3KY
NPOEKTYBAaHHA (B XOAi SIKOro po3paxoBYHThCS NMapaMeTpH i
koedimientn 111 MM) i MaTeMaTHYHOTO MOJETIOBAHHSA TPU
ontumizanii EMIIE B nunamiuHux pe:xkumax podotu. Ipu
nboMy Oyab-siki 3MiHH B caMOMy MNpOeKTi Biapasy Kk
HagilinyTh Ha BXig 6Joky MM, 10 € roJIOBHOIO YMOBOI)
CAIIP npu ontumizanii EMIIE. IlepeBarorw 006’€KkTHO-
OpPiEHTOBAHOI0 MiAXOAY 10 MOJEJIOBAHHS €, Ha BiIMiHY Bix
Bitomux MmeroniB kiaacu¢pikanii EMIIE, He Tinbku
BioOpajkeHHs] KAPTHHM BHJI0OBOIO pi3HOMAHITTH, a W
cynmpoBia Takoi kiaacupikanii MaTeMATHYHMM ONHCOM.
KomnuiekcHuii  00’€KTHO-OPi€HTOBaHWIl  MPOEKT, IO
BKJIIOYA€ B cede SIK MPOEKTYBaHHS, TAK i MOB'sA3aHe 3 HUM
MaTeMaTH4YHe MOJETIOBAHHS TEPeXiIHMX TWpoueciB, 1ae€
MOKJIMBICTh BHKOHYBATH ONTHMIi3allil0 IOBIILHOTO BHAY
EMIIE, mo € ronoBuum 3aBaanHsam CAIIP - orpumanuHs
ontumanbHoro EMIIE, mo 3a10BoJIbHSIE€ IOCTABJICHUM
o0MexeHHAM i Mae Halikpamii  TeXHiKO-eKOHOMidHi
NMOKA3HUKH.
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1. KOHCTPYKUIA EJEKTPOIBUT' YHA IITHEKOBOI'O THUITY

Enexrponsuryna mnexosuit (EJ[II) moeanye B cobi
GYHKIIT CyIIKH, NepeMillyBaHHS 1 TPaHCHOPTYBaHHS
cunmyunx  Matepiamie  [1-9].  Koncrpykmiss — EJIII
npexactaBineHa Ha puc. 1. @ortorpadii BHUrOTOBIEHOTO
EJUI 3 notyxHOCTIMH pyxoBoro monyns 55 kBt i
rabMiBHOTO MOyt 45 kBT mokasasi Ha puc. 2.

EJIL ckmamaeTbest 3 ABOX MOYIIB, MO MPAIOIOTH B
peXMMi NpOTHBKIIIOUEHMs. [[Ba craropa, moca/pkeHi Ha
3arajlbHUi TIOPOXKHUCTUI BaJl, CTBOPIOIOTH 3YCTPIYHO
CIpPSMOBaHI E€IEKTPOMArHITHI MOMEHTH, 3a0e3Iedyrodn
He-00XiJIHy IUBUIKICTh OOEpTaHHs IOJIOTO IJIHIpa
3arajlbHOrO poTopa ©e3 3acTOCYBaHHS MEXaHIYHOTO
penykropa. Porop, 1m0 Mae HIHEKOBY HaBUBKY, KpiM
¢GyHKIIT mepeMilmeHHs po0odoro Marepialy OIHOYACHO
3abe3reyye HarpiB OCTaHHBOTO.

3araneauii KKJ[ EJIIII mae Bucoke 3Ha4yeHHS, IO
3abe3mneuye e(heKTUBHY peaitizariiro MIPUHIHITIB
eHepropecypco3oepexenns [10]. Creopenns EJII i
TEXHOJIOTIH Ha iX OCHOBI 0Oa3yeThCsl Ha i€l MO€JHAHHS B

OJJHO-MY  €JICKTPOMEXaHIYHOMY IPHUCTPOi  OJHOYACHO
HarpiBalbHUX, IO TPAHCIOPTYIOTH 1 3MIINTyBaIBHUX
¢GyHkuid, oO'eqHaHHs TewIOBOi eHeprii 1  Hampsam

ocTaHHbOI B 30HY mepepoOku cuposuHu [11]. B EJIII
BHUKOPHUCTOBYETHCS KOHCTPYKIIist MOPOXHUCTOTO
MacHUBHOTO pOTOpPA, SKUH BHKOHYE OJHOYACHO (YHKIIT
poropa AJl, HarpiBaua, BUKOHABUOTO MEXaHI3My Ta
3axucHoro kopmycy. Ilpu npoMy mnoBepxHs poTopa
OXOJIOJDKYETBCS ~ CHPOBHHOIO, IO  MepepoOIsIeThCs.
HonatkoBuMm oxojnompkyrounMm arentom B EJII moxe
BHCTYIATH TIOBITPS 1 JIETKOIUIABKI MaTepiajy 3 BHCOKOIO
TETJI0-€MHICTIO 1 TPUXOBAHOI TEIJIOTOIO IUIaBiIeHHs [ 12].

ACHHXpOHHI IBUTYHH 3 MAacHUBHMM potopoM (A]] 3
MP), saxkum € EJII, Bigpi3HAOTbCA MPOCTOTOIO
KOHCTPYKI{, = 3HAQUYHMUMH  IyCKOBUMH  MOMEHTaMH,
MOXJIMBICTIO POOOTH HPH HHM3BKHUX 1 BHCOKMX YacTOTax
obepranns [13]. Pasom 3 TumMm, BHacmmok edekty
BUTICHEHHSI CTPyMY, MAacCHUBHUIl pOTOp Ma€ BHCOKHUI
aKTUBHUM oropoM. lle nmpu3BoauTh 10 MiABUIIEHUX BTpaT
B potopi i, oTxke, 1o 3HmwkeHHs KK/I. Tum gacom, meit

85

*



ISSNp 2079-424X, ISSNe 2415-3923

&
A 4

Henodik He BimHocuthbes no EJIII, B SKuX AMCHIIaTHBHA
CHEPris BHUKOPHCTOBYEThCS B TEXHOJOTIYHOMY MpOIIECi
HarpiBaHHS Matepiainis [10].

Awnaniz enexTpomarHitTHuX TponeciB AJ[ 3 MP
MOKa3ye, MO0 XapakTep iX NpOTIKaHHS, TaK caMo, AK 1
pO3MOMIT  MAarHITHUX  TOJIB, BUSBIAETHCA  3HAYHO
CKJIaHIe, HDK B MAaIIMHAX 3 POTOPAMH TPATUIiIHHIX
KOHCTPYKIiH. OCHOBHOIO NMPUYUHOIO, SIKA 3YMOBIIIOE IIE
YCKIIQAHEHHA, € eQeKT BHTICHEHHSI CTPyMy pOTOpa,
XapakTep MPOsIBH SIKOTO 3aJIeKUTh Bl YaCTOTH OOEpTaHHSI.

II. OB’€KTHO-OPIEHTOBAHA MATEMATHUYHA MOJIEJTb
EJIEKTPOABUI'YHA HIIHEKOBOI'O

OmHMM 3 OCHOBHUX  METOJIB  JIOCIIJUKEHHS
CJICKTPOMArHiTHAX IPOLECIB ENEKTPUYHUX MAIIMH €
MareMaTHyHe MojenmroBaHHs. Llei Metoxm nmo3Bossie
nepeadaunuTH XapakTep MPOTIKAHHS EJICKTPOMArHITHUX
nporieciB Ha crafii nmpoektyBanas EMIIE 6e3 BukoHaHHS
JIOCJTITHUX 3pas3KiB.

[IpuHIMIM  00'€KTHO-OPIEHTOBAHOTO  IPOCKTYBAHHS
JIAIOTh MOXJIMBICTh HE TIJIBKH CHHTE3YBATH METOIMKH
npoexktyBanHd EMIIE, ane Takox posrasaatd  ix
MaTeMaTH4YHI MOJIENIi B CMAaJKOBOI HACTYIHOCTI 0a30BOTrO
KJacy 1 KimaciB-HamankiB. lle mo3BonuTh mimidTH 10
NPOEKTYBaHHS SIK JI0 KOMIUIEKCHOI 3ajadyi, 110 BHpiLIye
MUTaHHS OTPUMAaHHS MapaMeTpiB i xapakrepuctuk EMIIE
B CTaJMX 1 NepexiHuX pexumax podotu. Ilpu npomy
BUKOHYETBCSI ~ aBTOMAaTW30BaHE TCHEPYBAaHHA  Mare-
MaTtuuHOi Mmogneni joBinpHOro Buay EMIIE nHa erami
NpOeKTyBaHH:. [nes monsrae B opMyBaHHI MaTeMaTHIHOT
mozeni (MM) kxonkpernoro Bupy EMIIE 3i ckiamoBux
KOMITOHEHTIB 0a30B0i MoOJieN, Kepyrouuch NPUHIUIIAME
CrajKyBaHH, iepapxii i mojxiMopdizmy. [lepeBara takoro
MiIXOJy TIOJISira€ B HEPO3PUBHOMY 3B'SI3KY MPOE-KTYBAHHS
(B X0 SIKOTO PO3pPaxOBYIOThCS MapaMeTpu 1 KoedilieHTH
mit MM) 1 MareMaTMYHOrOo  MOJEIOBAHHSA — NPH
ontumizauii EMIIE B nqunamiuHux pexumax podortu. Ilpu
pOMy OyIob-sKi 3MIHH B CaMOMYy IIPOEKTi Bifpa3y x
HaJiiayTh Ha BXiJ 030Ky MM, 1110 € TOJIOBHOIO YMOBOIO
CAIIP npu ontumizanii EMIIE. TIpo HeoOXigHICTh TaKOTO
migxony Oyno 3azHadeHo B [11-13], omHak BHpimIeHHS
npobyieMn OOMEXWIIOCS JIMIIE HakomMYeHHsM MM mis
pisaux Buaie EMIIE. [lns mamivau, ska HE BXOAWTh B
Takuil OaHK JMaHWX, OYEBHUJHO, 3alPOMOHOBAHHMN IMiIAXi
HEepUHHATHUN 1 He mparroe. O0'ekTHO-opieHTOBaHE MM
JI03BOJISIE BUPILIMTH 3a3HAYEHY POOIIeMYy.

VYTouneHne nepeBo ycnaakysanHs AJl 3 MP nokasano
Ha puc. 3. Y Tabmuri MonudikaTopis Ti mapaMeTpH
BHXI1JTHOI MaTpPHIIi, IKi HE 3a3HAIH 3MiH, B TAOJIHUII
MoaudikaTopiB mpeacTaBieHi K «1». OOHyIeHHs
BiJICYTHIX €JIEMEHTIB MaTpPHIIi, BiIIOBITHO OTpuUMaio «0» B
AKOCTi mapamerpa. Ti eneMeHTH, sIKi MOXKyTh OyTH
BigMiHHI BiT «0» 200 «1» (B epCIEeKTUBI IS IHIIUX THITIB
EMIIE), no3naueni monudikaropom «my». s AJ] 3 MP
mapameTp m JOPiBHIOE TOOYTKY KYTOBOi CHHXPOHHOL
YaCTOTH IIOJISL Mo 1 KyTOBOT MIBUIKOCTI OIS CTaTOPa
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Jns o0niky imaykTuBHOCTI MP B BUXiZHY cHCTeMy
piBHSAHB OyIIO BBEICHO NONATKOBE OJAHOK %Lm (1o
poOuTH 11 yHIBEpCAIBHOIO B MOPIBHSAHHI 3 IPONOHOBAHOI B
[11]), sxe B Al 3 MP HaOyBae BUIIsIY %Lma)s. Yy

Tabnuii MoaudikaTopiB 1aHe J0JAHOK MO3HAYeHO K dmi,
IO CHMBOJIIYHO XapaKTepH3ye IPHUPICT 1O 0a30BOTO
napameTpy.

Bci EMIIE 3 kpyroBuM mojeM B MOBITPSHOMY 3a30Di,
MOXyTb OyTH oTpuMaHi 3 y3arampbHeHoro EMIIE, a Bci
OCHOBHI THITH MAIlIMH IPUBOIATHCS 10 y3aTJIBHEHOI.

30KkpeMa MOPOPKEHHS MAIIMH-HAIIAIKIB BiJl MaIlIWH-
0aThKiB BHKOHYETHCS MIIIXOM JOAaBaHHS a00 BiACiKaHHSA
¢byHKUioHATEHUX O3HaK. [Ipuyomy 1l O3HaKM HOCSTBH SIK
KOHCTPYKTHBHHIA, TaK 1 MATeMaTHIHUIT XapaKTep.

Bukonana kmacugikaiiisi  J03BOJSIE  HE  TIJBKH
posrisamati BupoBe pisHoMaHITTT EMIIE, ame Ttakox
OJIHOYACHO OTpuMyBatu ix MM.

Ha mpuxmagi EMIIE i3 MP Oymo mokazaHo, sk 3a
JIOTIOMOTOI0 MEXaHi3My YCNaJIKyBaHHS OyJIO OTpUMaHO
HoTro KJ1acoBe i MaTeMaTHYHE YSBIICHHS.

Merozosnorist  00'€KTHO-OPIEHTOBAHOIO — aHAN3y 1
NPOSKTYBaHHs HaOyla IIMPOKOTO MOIIMPEHHS 3 IOSBOO
MOBU O0'€KTHOTO MOJICTIOBaHHS HOBOTO IOKOJIHHS -
yaiikoBaHoi MmoBu MonemoBaHHsd (UML), nmpu3HadeHOTO
JUIL  BI3yallbLHOTO  MOJICJIOBaHHS Ta  IPOEKTYBaHHS
iH(pOpMaLifHUX CHCTEM. 3aCTOCYBaHHS Cy4acHHX 3ac00iB
MOJICTIOBaHHS ~ JIO3BOJISIE ~ peaii3yBaTH Taki MeETOIH
CHUCTEMHOTO aHalli3y, SK CTBOPEHHSA iepapXii MOHSTH,
y3arajbHEHHs1 T[OHSTh, YCHAJIKyBaHHS BIACTHBOCTEH,
pI3HOMaHITTS MoJzesied omucy mnpeaMeTHoi oOnacri,
Bi3yallizallifo ysSBJICHb IPO TMPOIECH, IO MPOTIKAIOTH B
aHaJII30BaHOT MPEMETHOI 00JIacTi.

V maketi Simulink MatLab mopens EJIII cknamena
JUIS  BUOAOKy OOEpTaHHs CHUCTEMH KOOpAMHAT  3i
HIBUIKICTIO poTOpa e = . MOJETh IBOXMOIYJILHOTO
EJIUI, po3pobnena B nakeri Matlab / Simulink i no3Bossie
OTHOYACHO BHWKOHYBaTH pO3pPaXyHKH Bilpa3y OBOX
MOIydiB. Y MOIeNi eJIeKTpOMarHiTHuii moment JIM
MOJTaHU Ha BXiJ HaBaHTaXeHHSA ['M, a eneKTpoMarHiTHUN
MomeHT I'M - Ha BXig HaBaHTaxeHHs JIM.

PesynmpTatn  MoOJENMIOBaHHS —TMEPEXiHUX MPOIECIB
mycky EJII nmokazani Ha puc. 2. Sk BuaHO 3 puc. 2 , IM
posrausietbest o 700 00 / xB 1, micns migkmodeHHs [M
Jocarae cTajoi mBuAKOCTI 61m3pK0 400 06 / XB. 3HaUeHHS
eJeKTpoMarHiTHoro MomeHty JIM, mnpu Buxomi Ha
mBUAKICTh 650 06 / xB, ctanoBuTh 700 HMm. PesymbraTn
MOJICITIOBaHHsSI MAalOTh 33J0BUIbHY 301KHICTH 3 JaHUMH,
OTPHUMaHUMU JUTS AHaJIOT19HOT MAIUHHA
€KCIEpUMEHTANIbHO AMs AByxMoaynasHoro EJIIII.

III. BUCHOBKU

1. Po3pobneHa 00'€eKTHO-Opi€HTOBaHA METOIOJIOT s
MOJEIIOBaHHSA EMIIE JIO3BOJLIE CUHTE3yBaTU
MateMaTuyHi Mojeni sk icHytouux BuiiB EMIIE, Tak i
MPOTHO3YBaTH MOJIMBI MoAN(iKalii HOBUX CTPYKTYP.

2. Po3po0iieHi NPUHIMINA EBOJIOIIHHOTO CHHTE3Y
EMIIE ciyxaTb OCHOBOIO JUIsl 00'€KTHO-OPiEHTOBAHOTO
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Fig. 2. Mexaniuni xapakrepuctuxn EJIII

NPOSKTYBAHHS Ta MOJCIIOBAHHS 5K 30BHILIHBOI KJIACOBOT
CTPYKTYpH MAIIIMH, 10 3B'A3y€ iX BUAOBI O3HAKH, TakK I
BHYTPIIIHIO KJIACOBY Oprasizaiiito okpemo B3sitoro EMIIE.
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mozemi 1

BUKOPHUCTOBYBAaTH il B TONAIBIIOMY ISl JIOCHIPKEHHS
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"Tnvestigation of dynamic modes of auger type electric motor
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D. Statsenin A. Daschenkova
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The article deals with the formation of a mathematical model of electromagnetic processes in an asynchronous motor with an
external hollow massive rotor, on the surface of which are placed the twigs of the screw. The peculiarity of such an engine is the
combination of stable dynamic properties of the machine with a massive rotor and the use of thermal energy released from the surface
of the rotor to heat the loose material, which is mixed with a screw. A mathematical model of electromagnetic transients is created by
automatic generation by inheriting basic features from a model of a generalized electric machine. This approach is based on the theory
of object-oriented design. The principles of object-oriented design make it possible not only to synthesize the design techniques of
electromechanical energy converters (EMPE), but also to consider their mathematical models in the hereditary succession of the base
class and the descendant classes. This will allow us to approach designing as a complex problem, which solves the problem of
obtaining parameters and characteristics of EME in stable and transient modes of operation. The automated generation of a
mathematical model of an arbitrary type of EME is performed at the design stage. The idea is to form a mathematical model of a
particular type of EME from constituent components of the basic model, based on the principles of inheritance, hierarchy and
polymorphism. The advantage of this approach lies in the inseparable connection of design (during which parameters and coefficients
for MM are calculated) and mathematical modeling in the optimization of EME in dynamic modes. In this case, any changes in the
project itself will immediately come to the entrance of the MM block, which is the main condition of CAD in the optimization of
EMPE. The advantage of an object-oriented approach to modeling, in contrast to the known methods of classification EMPE, is not
only the display of species diversity, but also the support of such classification mathematical description. A complex object-oriented
project, which includes both design and related mathematical modeling of transients, enables optimization of an arbitrary type of
EMPE, which is the main task of CAD - obtaining the optimal EMPE, which satisfies the set constraints and has the best technical and
economic performance.

Keywords - asynchronous motor; massive rotor; transients; object-oriented; mathematical modeling
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