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Cranmi posysHl MICTA Ta COUEHOTH: (i3Hcc Ta iHHOEINIHAHI plucHda 2025 sarepiane 1-of
Miscnaponoil wordiepenmil, Xapxie, 21 gnitaa 2025 tean ponosinei |/ [penkon. LIL Hesnwonoe
(BianoBIATEHNE pezakTop)].-Xapkis: [enekTponunii apyk], 2025, — 68 ¢.

VoOaGIpHHE BETHMCHD TCIN J0noRILCH, ASE] OPHCEEYeH] CYHACHHM WHPOBHM TEXHOIOCIAM T
BETOMATHIALI A CTANMO POREHTKY POGYMHHXY MICT, poOOTHIOBAHNA CHCTCMAM Ta ARTOROMHHM
TCXHMIOCIAM ¥ MICEEOMY CORCIOBHII; UHPKYAEPHOH CKOHOMIKH Ta ICHCHO CHCpPICTHEH B
BETOMATHIOBAHHY CHCOTCMAN, POAVMHL  TPAHCIOPTH] CHCTEMH T2 MODIUIEHICTE  MAilby THEOM,
EldcpdilaH4HIL CHCTEMN TA GeIneka Jannx y Mickkiil apTosarnzanii’; HMI ra undpoel nnardopsis pna
EHTCIPAlIl MICREHY NOCTVE, SETOMATHHLIE NPOMECIOEGCT] Ta MiChE IHIPPACTPYVETYRN: BHEIHEH T4
PILCHHA pecypeoeeKTHEHGCTI,

Pepakuiiiea koneria: LI Hepmopos, LB Kouynacea, KB Posunoe BB, Creoee.

Sustainable smart cities and communitics: business and innovation solutions 2025 Proceedimgs of T st
I Intemational Conference, Kharkiv, April 21, 2025: Thesises of Eeports ¢ [Ed. LSh, MNevlyudoy
(chiet editor).] - Kharkiv . [electronie version], 2025, - 68 p.

The collection includes abstracts of reports dedicated o modern digital technologies and automation
for the sustainable development of smar cities; robotic systems and autonomous technologics in the
urban environment; circular sconomy and green energy in automated systems; smart transport
systems and mobility of the future; cvier-physical systems and data security i urban auiomation;
HM]I and digital platforms for the intecgrafion of uwrban services; automation of indusiry and urban
mnfrastrecture: challenges and solutions for reseurce efficiency.

Editorial board: [gor Meviudow, Irina Eolupaieva, Yuri Bomashoy Viaedyslay Yevsicey

PeaynsTaTi HAVEGBHY BOCOLHCHB, W0 OPEICTARIcH] ¥ 30IpHHKY, BHEGHZHI B MO pewmizaul
smiknapogaore npeekTy Epassye+ Han Mose Mopvae «¥wkpaina-EC: pimenss uasmiaeaoei
eRoHOMIiKN 108 poivMHax Ta craaax Micrs («Ukraine-ELU: Circular Economy Solutions 4
Smart and Sustainable Cities ( EcodSmarths) — & LO112T659)

O Kadenpa ©oM ETepHo-IHTEN POBARRE TEXHOION T, B8TOMATHIRIT

Ta pofkomoTexHiEn (KITAP), XHYPE. 2025
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IMICT

Fladvelav Fevsigioy

Mohile robots and autonomous vehicles in the mobility as a service (MAAS) concept ...
Svitlana Starvkova

Automation of urban infrastrocture hased on predictive maintenance and loT ... .
CNekrii Fowmin

Deevelopment of an automated system for the technoalogical processes of a "concrete plant™
(a company tor the production of constrection components) ..o ool
Nazarii Piven

Free software as a tool for technological advantage and mdependence in the digital
T T T PP
feop Nonod

IaTereckTyanstl CHCTCMH DIGTRHMEN NRMIEHATTA PUICHL A OTHMIEALN MIKPOETIMATY B
TUPCH ETIOBEN WAIOBEM L. L.ttt e et e e et e e
Diyirg Glarin

Intelligent tracking algorithms in collaborative robotic systemns: application of cams=hift and
Ealman BT L e e
QL0 Nypaeo s

AHANTE CYHACHOT G CTAHY OOIIKY PO UICHEN BETRAT TEIUTE ..o cc e,
Faleriia Daraivan, Tring Kolipeadeva, Yurill Romashov

A general approach o develop digital twins of awtomation objects for smart cities
N i PP
A £, Farys

PosniaHasasHa #ecTIE | RosMn 0TepHIi 3ip 108 GeIKoHTAKTHO M KEpy BEAHHA MPHCTHMH ...
g Kelashmaoy, Irvna Kolupaieva, Yeri Bomashov

Resistance sensors of angular velocity for research robots 0 benchmark smart cities
N i T
fring Kolupaieva, Yurll Romashay, Laszld Véresy

Implementations of circular economy principles  for sustamability  of laboratories in
URiVETRIEICS InSide SIAM CEIES .. et s et e e
Irpie Kedwpateve, fgor Nevitudow, Yurid Romashaov

Eurgpean wiews on a green awtomation as a crucial fechnology for circular economy
Implementations Lo SIMAT CIELES ... et et e et et e e
Iring Kolupaieva, Teor Neviindow, Yl Bomashow

European views on an intelligent automation as a crucial technology for circular economy
bussines models 10 SIEFE CIIEE L. e
fring Kolupaieva, Yurii Romashay

High-performance computing o research resource and energy efficiencies of autormated
conirols for smart cities applications ... e
. B Xpyoweaveasa, H P RKyphanos

lNepenekTHER POIBHTEY ANLTERHATHEHEY CHCTCM CReKTRpOreHepanlil ... ...
RV, Maruwich, 5. V. ok

Muodemn 1oT technologies for creating autormated access SYSIEINS ... ..o ee e
B0 Muvadioe, LB, Bivepesui

BroposanscHen IHHOBAWIHNXY NMEbposEx pIIcHE ¥ IHPacTRpYETYPY 3aE031E OXOpPOHH
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KO Pedwsi, JLA Hwviecenny, JTC faanos

Mexaniza A1l pHIHE-OPICHTORIHOIG MECIICHHA ¥ CHCTSMI YIPARNIHHA AKICTHY Ta (C3ncEH
HEHTPATEHAX TEMIERE IIVHETIE oo oo ettt et e et e et e mma e e et o
A, Swkhomidinove, 5 V. Sormik

Averial robot in urbam enviromIMEnis .. e
Ruslan Farvla, lena Chala

The automation system for the production of matenals, semi-finished products and finished
products in logistics Production PROCEESEE ..o et e ra e an
A Q0 Fesenko, I V. Kolupaieva, Y, V. Romashov

Math-:matlcal meodelling of automation objects through parametric identification and digital
¥.r !.’.'.fm'.l'm.lrj.lmv 5. 1’ Snrn.lk

Circular cconomy inautomated systems ..
Maksvm Cherfashvn, frinag Kolipaieva, ]fer.l'u R:'.hma".'ﬁuv

Potentiometer sensors of an angular acceleration for research robots to benchmark srmart
citics applications .. )
AL Hopros, LR Enetghmer

Posxpobsa clcTesil Ko TepHOre A0MIHICTPYBAHEA BUPOOHINHO TS MAMPHEMCTRA ... ..
Artem Ehevehenka, fring Kolupaieva, Yurdd Romashaovy

A peneralised mathematical model of electricity consumption for electric drives mn sman
cities applications ..
Mamvii Thalenka, ﬂ-md ErJ!erpu.'.:'u'ﬂ' Yiuridi er-m eFrm'

Circular concepts of rescarch robotics for small scale benchmarks in automation engineering
O AT O R . e
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A GENERALISED MATHEMATICAL MODEL OF ELECTRICITY CONSUMPTION FOR
ELECTRIC DRIVES IN SMART CITIES APPLICATIONS

Artem Shevchenko, Irina Kolupaieva, Yurii Romashov

Kharkiv Mational University of Radio Electronics

Ukraine, 61166, Kharkiv, Mauky av., 14

E-mail: artem.shevchenko@nure, ua, inma kolupaievai@nure, ua, yurii.romashovianure, ua

Annotation: The generalised mathematical model of elecineity consumption s developed by
using electromechanical analogics and Lagrange’s equations of 2-nd kind in the view of the system of
two first order and one two order ordinary differential equations with the related inital conditions. It
allows representing the dependency between supplicd voltage and the clectricity consumption of the
electric dnve. This mathematical model 15 for following researches directed to formulate and to solve
the problem of the optimal control theory, so that it allows developing the energy efficient automated
controls for electric drives required in smart cities applications.

Key words: electricity consumption, electric drive, mathematical modelling, smart sites.

RELEVANCE. Automated electric drives are principal structural elements in a lot of technical
systems involved in households and industrial applications at present. The green transition ambitions
of the EU make more significant importance of electric drives, because they have zero own carbon
emission, and they can provide carbon neutrality together with the green power generating
technologies like solar, wind, hydro and nuclear. Although automated electric drives are known and
widely used a lot of times, they are traditionally designed without energy efficiency demands and
they provide only the stability of exploitational modes. At the same time, energy efficiency demands
require more careful mathematical modelling of the processes in the automated electric drive to
represent dependencies between automated controls and energy consumptions, as it i1s discussed for
an example in the published explorations [1.2]. So, developments of the improved mathematical
modelling of the processes inherent for the automated electric drives are the relevant problem due to
relationships with energy efficiency demands for infrastructures of smart cities. The purpose of this
research 15 in development of a generalized mathematical model of the electricily consumption in
electric drives providing the required detailing to represent dependencies between automated controls
and energy consumptions,

RESULTS. An electric drive provides required operations due to electric voliages supplied on
the electric motor, so that the comesponding electric power is consumed to have the required angular
welocily of the output shaft of the elecine drve with corresponding exploitation loads. [T an electnc
drive is considered as an automation object, then the supplied voltage is chosen to provide the
required angular velocity of the output shafi of the electric drive during an operation, so that to
represent the dependence between controls and electricity consumptions it is necessary to represent
the dependence between the supplied vollage and angular velocity of the output shaft of the electric
drive with correspondent exploitation loads. Taking into account all these circumstances, to represent
the dependence between controls and electncity consumptions il s required to consider awlomated
electric drive as the electromechanical system, and the electromechanical analogies with Lagrange's
equations of 2-nd kind are used to do it

The electric drive with the direct current electric motor is considered (1, 2], so that the electric
charge g, in the rodor winding and the angle p of rotation of the output shalt are considered as the

generalised coordinates representing the electric dove as the electromechanical system. It 15 assumed,
that the rotation angle of the rotor of electric motor 15 defined by the rotation angle of the output shaft
are related

e, = (), (1

where ¢ _ 15 the rotation angle of the rotor of the electne motor.
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The electromechanical analogies and the Lagrange’s equations of the 2-nd kind lead to the
systems of two differential equation of second order, but it is possible to exclude the electric charge
. from these equations, so that after correspondent equal transformations these equations will have

the following view with the related initial conditions:

L, _gpop 204 gy, 2)
df dep
glde. |, (1) ﬂ+ 27 ﬂ"{iﬂ.ﬂ de _ o [ﬂ ﬂ_y[;ﬂ.‘d_‘”], e}
I odp - dr “dp odirt g | d Nodp | oa at
d
".{‘II]=;IIF 'P['r-r}='|‘n1 _:}l::'ru}={"u-1 {"1]'

where ¢ is the ume; [ =dg_[di is the electric current in the rotor winding: L . R, B and J_ are the
inductance, the resistance of the rotor winding, the electrotechnical characteristic of the electric motor
and the moment of inertia of their rotor; I/_{7) is the voltage supplied to the electric motor; J_ (@) is

the moment of inertia of the mechanical parts of the electric drive and loads; M (r,q.dp/dt) is the

generalised mechanical couple representing the loads relatively the rotation axis of the output shaft of
the electric dnve: ¢, 15 the given imtial time, and [, @,, o, are the given values of the electric

current, rotation angle, rotation velocity at the initial time =1, .

To estimate the consumed electric energy, the mathematical model (2)-(4) of the electric drive
must be complemented by the following differential equation and the related initial condition:

%:i[xw,{:}. E(1,)=E,, ©)

where E = E[r} 15 the consumed electric energy before the time ¢ and E; is the consumed clectnc

energy before the mitial imer=1,.
The mathematical model (2){5) gives the representation of dependency between the voltage
U7, (r) supplied to electric motor and electricity consumption E(r) of the electric drive. The energy

efficient automated contrel for the elecine drive must be due to the choice of the voltage L'r[!]

supplied to electne motor, and to have such energy efficient controls, it is necessary to formulate and
to solve the related problem of the optimal control theory on the basis of the developed mathematical
maodel (2}-{5).

CONCLUSIONS. The gencralised mathematical model of electnicity consumption i electric
drives is developed in the view of the system of ordinary differential equations with the related imitial
conditions. [t is shown, that estimations of the electricity consumptions require considering of the
electric drive as the electromechanical system, so that at least two generalised coordinates are
necessary. The wiew of the differential equations of the developed mathematical model s
significantly defined by the relation between the rotation angles of the rotor of electric motor and the
output shaft of the electric dnve. Continuation of this research is planned to consider the particular
examples of electric drives with different relations between the rotation angles of the rotor of electric
motor and the output shafl.
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