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Abstract. The time of information technology determines its priorities, which are a prerequisite for building a competitive production and economy.
The ubiquitous spread of digitalization is one of the basic principles of new economy, a new type of socio—economic structure that is gradually being
formed in the modern world through the introduction of scientific and technological progress and innovative methods of management, intellectualization
and capitalization of human knowledge, the use of advanced new information and material technologies, accelerated development of knowledge-
intensive sectors of the economy, the formation of creative, efficient, rational information and material production. Currently, at large foundries with
mass and large-scale production of castings, the task of automating the control of technological processes using digital control systems was solved
in general. They implement algorithms for controlling technological processes of casting in closed circuits (locally). The systems under consideration
allow to implement optimal control strategies and automatically perform sequences of operations (start and stop of equipment; calculation and
input of metal charge; calculation of formulations, dosing and mixing of molding and core mixtures) of multi-stage periodic casting processes.
Digital transformation can significantly change the established practice of foundry production (from direct control and management of technological
processes to business planning and document management). The transformation will have an impact on all parameters of the enterprise: economic
efficiency of production (productivity, operating costs); reliability (operational readiness); safety (number of incidents); compliance with legislative
norms on ecology. The technological criterion for success of the digital transformation of foundry production will be the release of a nomenclature
of castings with a minimum level of defect, commercial — the release of a nomenclature of castings in demand on the market (machine parts and
mechanisms), with a minimum self-cost, which is determined by the technological level of preparation of the production and its implementation and,
as a consequence, low costs and optimal quality of molds, metal and castings.
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AnHomayusA. Bpems MHPOPMAIMOHHBIX TEXHOJOTHH OIpE/eNseT CBOM HMPHOPUTETHI, KOTOPBIC SIBISIOTCS OO0s3aTeNbHBIM YCIOBHEM IIOCTPOCHUS
KOHKYPEHTOCIIOCOOHOTO MPOU3BOJCTBA M SKOHOMUKH. [loBceMecTHOE pacrpocTpaHeHue MU(BPOBU3ALME — OIUH M3 0a30BBIX MPU3HAKOB HOBOM
9KOHOMUKH, HOBOTO THIIA COLUAIILHO-OKOHOMHYECKOT0 yCTPOMCTBA, TOCTENEHHO ()OPMUPYEMOTO BCOBPEMEHHOM MUPE ITy TEM BHEIPEHHSI 10CTHKECHUH
Hay4YHO-TEXHUYECKOTO IIPOrpecca ¥ MHHOBAIIMOHHBIX METOOB XO3SICTBOBAHMS, MHTEIUICKTYAIH3AMN W KallUTAIN3alNN YeI0BEYECKIX 3HAHHH,
UCIIOJIL30BAHMS [IEPETOBBIX HOBEMIINX MH(POPMALIMOHHBIX U MAaTEPUAIIbHBIX TEXHOJIOTHH, YCKOPEHHOTO Pa3BUTHUSI HAYKOEMKHX OTPACIIed S9KOHOMHKH,
CTaHOBJICHHSI TBOPYECKOTO, 3((PEKTUBHOIO, PallIOHAIBHOTO WH(POPMAIIMOHHO-MATEPUAIBHOTO TPOM3BOJCTBA. B HacTosIiee BpeMs Ha KPYIHBIX
JIUTEHHBIX MPEANPUATHAX C MACCOBBIM M KPYIMHOCEPHHHBIM INPOM3BOJACTBOM OTIMBOK B IIEJIOM pEIIEHa 3ajJadya aBTOMATH3AIlMM YIPaBICHUS
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TEXHOJIOT'MYECKUMU IIPpOLECCaMU C UCITOJIB30BAHUEM LII/l(prBI)IX CUCTEM YIIPABJICHUS. Onu PCANU3YIOT aJITOPUTMBI YIIPABJICHUS TEXHOJIOTUUCCKUMU
mnponeccaMu JIMThs B 3aMKHYTBIX KOHTYpax (J'IOKa.]'ILHO). PaCCManI/IBaeMLIe CUCTEMbBI IIO3BOJIAIOT PEAIM30BbIBATH OIITHMAJIbHBIC CTPATCTUU
YHpaBJI€HHUS U aBTOMAaTUYCCKHU BBIITOJIHATE MMOCIEA0BATCIIBHOCTH onepaum‘fl (l'[yCK " OCTaHOBKY o6opy)103amm; pacyeT U BBOA MCTAJUIOLIUXTHI;
pacueT peuentyp, 103MpoOBaHuC U CMCIINBAHUC (bOpMOBO‘-IHLIX 1 CTEPIKHCBBIX CMeCCﬁ) MHOFOCTaHHﬁHLIX TICPUOANICCKUX JINTEHHBIX IIpOoLECCOB.
Hn(bpoaaﬂ TpaHC(i)OpMaI.U/Iﬂ MOXKET CYIIECTBEHHO U3MEHUTH CJIIOKHUBIIYIOCS IPAKTUKY paGOTBI JINTEHHOTO IPpOU3BOJICTBA (OT HEIMOCPCACTBEHHOI'O
KOHTPOJISI U YIIPAaBJICHUSI TEXHOJIOIHMYCCKUMH IIponeccaMu 10 6H3HeC—HJ’IaHI/Ip0BaHI/I$I n L[OKyMeHTOOGOpOTa). Tpchd)opMauH;{ OKaXET BIIUAHUC
Ha BCC IapaMeTpbl HNPEANPUATHA: SKOHOMHUYCCKYIO 3(1)(I)CKTPIBHOCTB TNpOU3BOACTBA (HpOPBBOI[I/ITeJ'H)HOCTL, OKCIUTyaTalluOHHBIE 3anaTBI);
HaICKHOCTh (BKCHJ'IyaTaHI/IOHHyIO I‘OTOBHOCTL); 0e30MacHOCTh (KOIII/I'-ICCTBO I/IHI_II/IZ[CHTOB); COOTBETCTBUC 3aKOHOAATCIbHBIM HOPMaM I10 3KOJIOT'HH.
TexHomornueckum KpUTEPUEM YCHCUIHOCTU LIPI(prBOﬁ TpaHC(i)OpMaI.II/II/I JIMTEHHOTO TIPpOU3BOACTBA 6y;(eT SABJIATHCS BBIITYCK HOMCHKIIATYPBI
OTJIMBOK ¢ MUHHUMAJIbHBIM YPOBHEM Z[C(l)eKI‘HOCTI/I, KOMMEPUYECKHUM — BBIITYCK HOMCHKIJIATYPbI OTJIMBOK, ITOJIb3YIOIINXCS CIIPOCOM Ha PbBIHKE (HCTEUII/I
MalluH U MeXaHI/ISMOB), ¢ MUHUMAaJIbHOM CCGCCTOI/IMOCTBIO, KOTOpas OnpeAciIsaeTCs TEXHOJIOTHICCKUM YPOBHEM ITOATOTOBKH ITPOU3BOACTBA U €I0

peanmauneﬁ U, KaK CJICACTBUC, HU3KUMHU 3aTpaTaMi U ONITHUMaJIbHBIM Ka9€CTBOM ll)OpM, ME€TaJlia U OTIIMBOK.
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- INTRODUCTION

Modern production and enterprises are characte-
rized not only by their technological flexibility but also
by their ability to adapt their business models and strategy
to changing conditions.

Digital transformation refers to the integration of IT
and digital technologies into all company processes,
which involves not only the use of modern equipment but
also the modernization of management approaches [1; 2].
Progress in digital transformation is achieved by abandon-
ing conservative models of operation and transforming
them into more dynamic and adaptable ones.

Digital transformation should be based on modern
information technologies and equipment, starting with
the modernization of the top management level. This
includes the implementation of a ERP system for plan-
ning, material flows and finance, personnel, and com-
munications, among others. Additionally, it requires
the improvement of digital technological competences
and mindset of employees, their adaptation and training
to innovations, and the adoption modern management and
work style. It is crucial to involve and incentivize emp-
loyees during the conversion to modern stages of develop-
ment [3 — 5].

Digital transformation encompasses all aspects
of a company’s activities, from the creation and storage
of Big Data (such as results of analysis, images) to the use
of industrial television, remote monitoring devices for
equipment status, and mobile applications for produc-
tion control. This modification of production technologies
represents a shift in the approach to industrial processes,
enabled by digitalization.

One of key functions of digital production is cont-
rol and identification [6 —8]. This approach allows for
a more flexible production process, even down to the indi-
vidual item. However, digital production entails not
only the control and identification of products, but also

the creation of electron libraries, logs, and product pass-
ports. Additionally, online digital control with subsequent
mathematical processing and analysis of results; develop-
ment of specialized platforms to control product opera-
tion (feedback), and forecasting and technical diagnostics
of product quality are all critical components of digital
production [9 — 11].

Based on the analysis of the opinion of Rus-
sian [12 — 14] and expatriate [ 15 — 18] experts, four priori-
ties of digital transformation in the industry can be identi-
fied:

— elimination of human participation from routine and
dangerous production processes;

— creation of digital twin aggregates;
— control and distribution of resources;
— arrangement of modern communication culture.

Digital twin aggregates involve optimization of energy
consumption and resource planning in production,
supply chains, maintenance and repair, as well as models
of the various stages of production processes.

[ CHALLENGES OF DIGITAL TRANSFORMATION
OF FOUNDRY INDUSTRY

Digital transformation for the foundry industry is
still in its early stages, and currently only around 20 %
of the potential benefits of digital technologies have been
realized.

Large foundry enterprises have successfully imple-
mented computerized process control systems to automate
the control of production processes. These systems allow
for closed-circuit control using predefined algorithms,
the implementation of optimal control strategies, and
the automatic execution of procedural sequences such as
equipment startup and shutdown, calculation and feeding
of metal charges, and dosing and mixing of molding and
core mixes for multistage periodic foundry processes.
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In contrast to the automation of production process,
production management tasks are typically not automated.
This list of tasks includes, but is not limited to the prepa-
ration and execution control of production plans, opti-
mization and control of production methods, forecasting
and diagnosing defect structures, monitoring the state
of main equipment, ensuring personnel, regulating emis-
sions, and ensuring equipment reliability [12 — 14]. Due
to the diverse nature of these tasks, the inadequate imple-
mentation of systems capable of automating their execu-
tion, insufficient initial data for operating such systems,
and incomplete integration of existing software, much
of the production management is still performed manually
and not in a closed circuit [15 — 18]. However, digital
transformation has the potential to close this circuit and
enable the execution of such tasks in automated manner.
With complete and real-time data on production, company
employees can utilize analytical applications, both general-
purpose and specialized, to develop solutions and execute
them. Additionally, the involvement of branch experts,
who have access to the necessary information, can aid
in this process. The control of solutions to be executed will
be based on real-time data automatically received from
computer control systems and other sources.

Another group of tasks, that can be significantly
impacted by digital transformation is those involving
dangerous production areas and remote sites. These tasks
include field linemen walkthroughs, equipment status
control, maintenance, equipment repair, and instrumenta-
tion control. New approaches enable access to informa-
tion that was previously unavailable to employees work-
ing in hazardous areas and also reduce the number of visits
required to such locations.

An essential aspect of digital transformation foundries
is the significant shift in business processes that relate
to the sales of finished products to consumers. As many
large market players, including state corporations, multi-
national companies, and large amalgamations, have
already embraced digital transformation in their primary
activities for several years, in the near future, these enti-
ties will only purchase products, technologies, and ser-
vices from producers, who can integrate into their digital
platforms. Only in this scenario can suppliers be relevant
for the strategic development of their customers.

The foundry industry is a production sector that utilizes
various tools and techniques to provide mechanical engi-
neering, instrumentation, and other fields of the national
economy with cast workpieces and items.

In the near future, as part of digital transformation,
each cast product will have a Digital Passport contain-
ing its entire lifecycle. The Digital Passport will include
the following information in a general format [19; 20]:

— a unique item number that identifies the item’s serial
number and provides personal information about the spe-
cific item;
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— item specifications, including an item passport;

— materials and/or components used in the item’s fab-
rication;

— a list of equipment used for item fabrication, inclu-
ding all parameters of the production chain, such as direct
operators (shifts, crews, workers depending on the pro-
duction procedure), involved in the item fabrication;

—test results and diagnostics at each process stage
of item’s fabrication;

—data on methods and means of quality control
of the item, including results obtained during operation;

— data on defects, reparatory and technological repairs
along the entire chain of item fabrication;

— conditions of item storage and operation;
— terms of destruction, disposal or recycling of the item.

This approach will enable direct communication with
customers, facilitate operational electronic document
management of manufactured products, prevent counter-
feit products, reveal possible reasons for the failure and
breakdown of the item as part of the equipment, fore-
cast its technical state, and improve the level of quality
management. An Online working space will be created
for online exchange with reliable documentation from
the manufacturing plant and interaction between supplier
and customers [21 — 23]. In addition, the manufacturer
can acquire a significant amount of analytical data, which,
if used properly, could keep the expenses for fabrica-
tion of the cast item low (competitive) [24].

[ DIGITAL TOOLS OF FOUNDRY PRODUCTION

The digital transformation of the foundry industry is
an imperative for its survival, and it requires the applica-
tion of modern digital tools at all process stages of the cas-
ting process (Table).

Among the industries where digital foundry transfor-
mation will be implemented first are car manufacturing,
aircraft industry, shipbuilding, motor production, mecha-
nical engineering (including atomic industry, oil and gas,
heavy, and specialized), railroad transport.

Foundry enterprises must initiate the development
of a digital transformation strategy that takes into account
the following important aspects:

—process digitization: solutions that simplify technolo-
gical production processes, maintenance and repair
of equipment, administrative processes, and mobile solu-
tions for working personnel);

—robotization and automation: solutions that reduce or
eliminate human participation in non-critical processes, as
well as solutions that improve control and stability of pro-
duction processes);

— step-by-step quality control of finished products:
solutions that establish a system for the accounting and
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identification of finished products at production site and
the development of a Digital Product Passport;

— system control of company assets: solutions aimed
at establishing interaction in a unified information system
of the manufacturer, suppliers, and consumers);

— advanced business intelligence and artificial intel-

products with a minimal level of defects. The commercial
criterion is the production of cast products that are in high
market demand, such as parts of machinery and mecha-
nisms, with minimal prime cost. The prime cost is deter-
mined by the technological level of production prepa-
ration and its implementation resulting in lower expenses

and optimum quality of molds, metal, and casting. This
requires a shift from revisional to continuous optimiza-
tion of business processes.

ligence: solution that enable decision-making related
to the diagnostics and forecasting of technological, pro-
duction, and business processes, and the development

of intelligent systems for dynamic process control). B ReFERENCES / CRMCOK IMTEPATYPbI
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