UDK 629.463.001.63

O.Fomin*

O.Burlutskyi
I. Kulbovsky *
D.Burlutskyi

KEY ASPECTS OF CREATING DIGITAL TWINS OF
FREIGHT CARS AT THE DESIGN STAGE

! State University of Infrastructure and Technologies
2 Ukrainian State University of Railway Transport

Abstract The global industry and transport are rapidly moving into the era of digitalisation, which is
radically changing approaches to the production, operation and maintenance of railway transport. Ukraine, as
part of the global market, is also actively implementing innovative solutions. An approach to design based on a
digital twin has been introduced, which will provide an end-to-end design workflow in a single information
space regardless of the software systems used to calculate the components and systems of freight cars, and a
block diagram of the operation of a digital twin of a freight car has been constructed. Modelling various
operating scenarios on virtual copies allows optimising maintenance and repair modes. Scientifically based
algorithms integrated into digital twins contribute to the early detection of potential malfunctions.
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Global industry and transportation are rapidly moving into the era of digitalization, which is
dramatically changing approaches to the production, operation and maintenance of railway transport
[1]. Ukraine, as part of the global market, is also actively implementing innovative solutions. Rail
transport is the circulatory system of the Ukrainian economy and logistics, combining strategic,
economic and social functions.

In [2], the "five-dimensional digital twin model" is presented, in which the problem is considered
from a slightly different angle, the model is described by the formula:

Mor = (PE, VM, Ss, DD, CN), 1)

where PE - physical objects, VM - virtual models, Ss - services, DD - digital twin data, CN -
interaction protocols.

Based on the considered model of a digital twin and the described algorithm of the digital
twin's operation, taking into account the obtained defects in operation considered in [3], a new
approach to the concepts of a digital twin of a freight car at all stages of the life cycle is created.

-Product development (CD-1);

-Production (CD-2);

-Operation (CD-3).

At the stage of product development (CD-1), a module for managing product requirements was
developed, a significant amount of high-precision mathematical modeling of freight cars was
performed,(Fig.1) shows a digital twin of a mineral car hopper, a dynamic model of the hopper
was created, and a software package was developed to predict the technical condition and
development of defects from corrosion and other operating factors. Preparations are underway for
the second stage of engineering tests in real operating conditions to verify the approaches used
and the developed mathematical models of freight cars.

One of the important tasks of a digital twin is to create end-to-end links between requirements
and technical solutions that need to be adopted as soon as possible to minimize the number of
design errors, especially at the stages of development when the car is being manufactured and
tested.



Fig.1 Digital twin of a mineral hoppers car

The applied value of digital twins lies in the ability to model the impact of various loads on the
railcar structure. The introduction of this technology helps to increase the capacity of railways by
reducing delays. Digital twins can be used to train personnel in the maintenance and operation of
railcars. The practical use of virtual copies facilitates the certification and testing of new freight
car models. The economic effect of the introduction of digital twins is manifested in the increase
in the service life of railcars.
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KJIIIOYOBI ACIIEKTHU CTBOPEHHA HUA®POBUX
JABIMHUKIB BAHTAKHUX BAI'OHIB HA ETAIII
IHPOEKTYBAHHS

Anotanis. CBiTOBa TNPOMHUCIOBICTE 1 TPAHCIOPT CTPIMKO TEPEXOMATh B €HOXY IiDKUTANI3aIii, sKa
JIOKOPIHHO 3MIHIOE MiIXOAH 10 BHPOOHHIITBA, SKCIUTyaTallil Ta OOCIYrOBYBaHHS 3alli3HUYHOTO TPAHCIIOPTY.
VYxpaiHa, K 4acTHHA TI00aNbHOTO PUHKY, TAKOK aKTHMBHO BIIPOBAJDKY€E IHHOBaUiifHI pimeHHs. BrpoBamkeHo
MiAXIA 10 MPOEKTyBaHHS Ha OCHOBI IMHU(POBOTO NBIMHWKA, KW 3a0e3MednTh HACKPI3HUI poOoumii mporiec
NPOEKTYBaHHS B €IUHOMY 1H(OpPMALIfHOMY TIPOCTOPI HE3aJeXHO BiJl IPOrPaMHHUX KOMILIEKCIB, IO
BUKOPHUCTOBYIOThCS ISl PO3PaxyHKY BY3JIiB Ta CHCTEM BaHT@)XKHUX BAaroHiB, Ta M00YyI0BaHO OJOK-CXeMy poOOTH
IUGPOBOTO JABIMHMKA BAaHTAXXHOTO BaroHa. MOJIENIOBaHHSA Di3HHMX CIEHApiiB eKCIUTyaTallil Ha BipTyalbHHX
KOTISIX JTO3BOJISIE ONTHMI3yBaTH PEKUMH TEXHIYHOTO OOCITyroByBaHHA Ta peMoOHTy. HaykoBo oOrpyHTOBaHI
QITOPUTMH, IHTETpOBaHI B NH(GPOBUX MABIMHUKIB, CHPHAIOTH PAHHHOMY BUSBICHHIO ITOTCHIIHHIX
HECIIPaBHOCTEM.

Kio4oBi cioBa: TpaHCHOpPT, 3ai3HUYHUI TPaHCIIOPT, BaroHu, UUQPOBI JBIHUKH, KOMII'IOTEPHI
TEXHOJIOT11, IITyYHUH 1HTEJIEKT, TPAHCIIOPTHI TEXHOJIOTI.
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