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THE EXAMPLES OF DIGITALIZATION OF FOUNDRY: VIRTUAL
ENGINEERING, DIGITAL TWIN AND ADDITIVE TECHNOLOGIES

The concept of "virtual engineering"” as a modern interpretation of methods of design, balancing and commissioning of the pro-
cess, in particular, the process of metal casting in the foundry is examined. Virtual engineering is necessary to update information
from any engineering objects in computer-aided design systems. The article considers the main methods of additive production
of models using sand moulds for the manufacture of metal castings, where the product is increased layer by layer by the method
of 3D-printing, and the process is controlled by a computer program. The data on the volume of growth of the market of additive
technologies and an example of a printer for wire melt printing are given.

Keywords: digitalization, engineering, additive production, metal casting, digital twin, foundry technology, mould, 3D-printing.

Introduction

The age of information technology dictates to the
world its priorities. These priorities should be taken
into account because it is a prerequisite for buil-
ding a competitive national economy. Transition to
"digitalization" is the most important priority in the
XXI century [1]. It is actually a digital transforma-
tion of most processes and in general a change in
the approach of business, business processes and
relationships between people.

Large-scale spread of digital technologies can
provide economic growth, create a synergistic ef-
fect. Thus it can ensure a positive result of the
system under study, relative to the results of its
components, which extends to economic, social,
technological, intellectual and infrastructural

components of development. Digitalization is one
of the "trademarks" of the new economy. This new
economy is formed within the post-industrial peri-
od of economic development. This is done through
the introduction of scientific and technological
progress and innovative management methods, in-
tellectualization of human capital, the use of ad-
vanced technologies, accelerated development of
knowledge-intensive industries of economy, giving
priority to the production of knowledge and ser-
vices based on widespread use of information tech-
nology [1]. Digitalization is designed to radically
change production. Three methods of digitaliza-
tion are presented in this paper on the examples of
the manufacture of cast metal structures. Creation
of high-tech products and productions is an inter-
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dependent complex of scientific, research and de-
velopment, technological and production works.

The aim of this work is to demonstrate the ap-
plication of the method of digital twin of products,
which is determined by what indicators should be
optimized for the characteristics of the product or
its production technologies. In order to do this, de-
signers use the method of computer simulation in
the form of digital data. This method, along with
empirical and theoretical methods, is considered as
the third way, despite the fact that the models can
not provide universal knowledge.

Virtual Engineering

Consider the concept of the term virtual enginee-
ring as a modern interpretation of the design, balan-
cing and commissioning of the process, including
the process of metal casting. The creation of high-
tech products and industries is an interdependent
set of scientific, research and development, tech-
nological and production work, known in the lite-
rature as "engineering". Engineering is the pre-
paration of feasibility studies and projects; design
of new technology; technical assistance in carrying
out specialized work; construction, investor and
technical control; consulting services; conducting
tests and inspections of equipment and machinery;
also, often, processing of raw materials of the cus-
tomer with use of original technology [2].

Engineering is an infrastructure of innovation
processes. In recent years the term "virtual engi-
neering" is used increasingly. There is even the sub-
ject "Foundry Technology Engineering”" (FTE) in
some technical universities. Virtual FTE [3] refers
to the use of computer tools for the development
of technologies for the manufacture of metal cas-
tings, design of shops and foundry equipment using
modelling programs and engineering calculations
for comprehensive assessment, optimization, cost
analysis and planning. It gives a possibility to in-
tegrate knowledge-based tools into technological
processes and production facilities.

According to the National Chamber of Engi-
neers [4], engineering consists of such design work
as preparation of terms of reference, pre-invest-
ment research, development of design documen-

tation, development of working documentation. It
also includes the functions of the designer for pro-
ject implementation: collection of initial data and
inspection of production conditions, following-on,
and selection of equipment, preparation of techno-
logical regulations, and participation in balancing
and commissioning, preparation of documenta-
tion "as built", setting into operation and training
of customer personnel.

In particular, the virtual FTE of the consumable
pattern metal casting process, performed in Physic-
technological Institute of Metals and Alloys of the
National Academy of Science of Ukraine by spe-
cialists of the Department of Physics and Chemi-
stry of Casting Processes [5], in addition to the de-
sign of production equipment, also includes design
of modelling equipment, treatment equipment,
process automation and environmental monitoring
of the entire production cycle, which at the stage
of balancing and commissioning are activated du-
ring the introduction of new casting processes in
the creation of productions.

Digital Twin

Modern development of digital technologies has
allowed increasing computing power and reducing
the cost of their use. It gave a possibility to combine
information technology with operational processes
to create digital twins (DT) of the technological
processes. The DT of the consumable pattern me-
tal casting process (CPMC) is considered as a digi-
tal copy to optimize its efficiency. DTs contribute
to the rapid development of modern companies.
They simplify the maintenance of technical sys-
tems; increase the efficiency of risk management
of errors and failures, which increases the stability
of work. The DT allows providing the key para-
meters of production products according to the in-
put data of the equipment. A DT is a virtual repro-
duction of the working state of a real physical ob-
ject, process, system, or an entire service. It can be
a virtual duplicate of a part, product, equipment,
technological process, production sites, shops or
even factories. In essence, it is a set of mathemati-
cal models that describe the state of the object
and all its elements. In the general case, the DT
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includes: a geometric model of the object; a set of
design data of parts, assemblies or object as a whole
(mathematical models that describe all the physical
processes occurring in the object); information on
technological processes of manufacturing and as-
sembly of separate elements; some data on testing
of the object, (for example, indicators of sensors on
which the design data can be confirmed).

Thus, the DT gives a possibility to simulate in
cyberspace the change in the state and characte-
ristics of the entire product when changing the
characteristics of any of'its elements or technologi-
cal operations of its production.

Let’s consider in more detail the concept of the
term DT in relation to the exact cast metal struc-
ture. Today, the topic of the DT is on the agenda
of many global companies. The content of the
DT products (castings) is determined primarily by
what indicators of the characteristics of the product
or technology of its production should be investi-
gated and optimized. At the same time, designers
and technologists get a possibility to transfer the
product’s operational data to a computer simula-
tion model to verify their calculation models and
refine various parameters [6]. Developers in the
process of operation of products receive additional
data about their work in real operation. It allows
the manufacturers to improve the product, increase
its reliability and quality.

The data are received and sent to the software
environment-platform from the product (metal-
ware) using sensors and detectors (possible virtual
sensors and detectors, where the installation of
physical sensors and sensors is not possible). This
platform processes, analyzes and, if the sufficient
tools of analytical or statistical methods are avai-
lable, makes predictive conclusions about the fu-

Simulation using service data

Simulation data |
Fig. 1. The scheme of creation of the DT of a
cast metalware, based on work [6]

ture state of products, suggests improving the me-
thods of its production or design [6]. In particular,
the Industrial Internet of Things (IIoT) platform is
such a platform.

If the IIoT platform cannot provide such infor-
mation for complex technical products, then mul-
tiphysical simulation comes into play. It is able not
only capture the "behaviour” of the real product,
but also perform operations such as finding the
causes of problems, implementing scenarios "what
if », installation of additional virtual sensors and
detectors in order to obtain additional data, and
much more (Fig. 1). Then the DT is considered
as a virtual response of a real physical product in
the form of an integrated multi-domain simulation
system, which reflects the conditions of its opera-
tion and production [6].

The Main Methods of Additive
Production

Let’s consider the main methods of additive pro-
duction of models and sand molds for the manu-
facture of metal castings.

Additive production (AP) allows the method of
3D printing to increase the product in layers by a
controlling computer program [6, 7]. The main ad-
vantages of AP are:

= reduction of material costs (up to 75%);

= the possibility of manufacturing products of
complex geometry;

= does not require additional processing;

= the time of technological preparation of pro-
duction reduces drastically and requires a mini-
mum technological equipment.

The introduction of 3D-printing from metal in
Ukraine is slowed down by the lack of own produc-
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tion on 3D-printers that manufacture the metal,
sand moulding mixtures or model material pro-
ducts; as well as by the lack of spent compositions
of moulding mixtures and metallic material. About
70% (by tonnage) of foundry goods (with two do-
zen brands of foundry goods) and 10% of steel (up
to hundreds of brands of cast steel) in the world are
casted by traditional methods now. It is possible
to produce the casts of the same standardized in
Ukraine brands of foundry goods and steel by AP
technology of the models and sand moulds today,
especially of high-strength foundry goods (which
reaches 35% of world volume of casting). Metal
printing is considered in [7, 8]. The main schemes
of AP foundry models and disposable sand moulds
according to the data of the LLC "3D Techno"
(Ukraine) are shown in Fig. 2.

The global AP market is growing rapidly. Ac-
cording to the leading industry analytical com-
pany SmarTech Publishing, which specializes in
the markets of AP, the total volume of the global
market for additive production in 2019 amounted
to 11,2 billion US dollars. This market is growing
by 18—20% per year (see Fig. 3).

Creating 3D printing technology with metal,
designers seek to reduce the cost of the process, ex-
panding its availability. As a raw material for such
printers they often use metal powder, of which the
layers of printed product are built up with the help
of a powerful laser or other high-energy beam.

The 3D printer developed by Master of Samara
University S. Repin is recently patented [10, 11].

This printer uses the technology of melting me-
tal by induction heating, like induction furnaces,
which are widely used in foundries. The printer was
tested by printing by melting aluminium wire and
its alloys. Printing accuracy — 0,2—0,5 mm, and
the weight of the device is up to 300 kg, which is
many times less than of the existing similar prin-
ters on the market, which weigh from one to three
tons. For mobility, the design of the printer is made
modular, and the technology is compatible with
most machines with numerical program control.
By melting the wire, printing costs are reduced by
almost an order of magnitude compared to pow-
der metal printing. This example demonstrates the
high potential of application of long-mastered by
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Fig. 3. The total market volume of additive technologies in
2017-2027 [9]

foundries melting and foundry methods for their
implementation in 3D printing.

Conclusion

Summing up this review, the relentless trend of di-
gitalization of material production should be noted.
The accumulation of large data sets and the rapid
development of processing technology, including
use of cloud computing, automation of production
and complexity of engineering, electronics and
other industries contribute to it. This is the result
of the synergy of the development of artificial in-
telligence, the Internet of Things and other new
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solutions. Digital tools allow not only to test hy-
potheses about the ways how to build technological
schemes of equipment, but also to conduct a virtual
launch and setting up of complexes before they are
created in metal.

This significantly reduces the time of introduc-
tion into production and reduces the cost of cor-
recting errors in the design, including new foundry
processes or castings of optimal structures, in par-
ticular when using additive technology for their
production.

The article considers the main methods of addi-
tive production of models and sand molds for the
manufacture of metal castings, where the product
is increased layer by layer by the method of 3D-
printing, and the process is controlled by a com-

puter program. The data on the volume of growth
of the market of additive technologies and an
example of a printer for wire melt printing are
shown. The concept of "virtual engineering" as a
modern interpretation of the design, balancing
and commissioning of the process, including metal
casting, is considered.

Virtual engineering of the consumable pattern
metal casting process and in addition to the de-
sign of production equipment includes the design
of model equipment, purification equipment, as
well as the means of automation of technological
processes and environmental monitoring of the en-
tire production cycle, which are in the process of
balancing and commissioning in the conditions of
newly created productions.
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MPUKJIAAM AIKUTANIBALIT IMBAPHOI'O BUPOBHULITBA: BIPTYAJIbHUI IHXWUHIPUHT,
LUU®POBUI ABIMHUK, AIUTUBHI TEXHOJOTT

Beryn. Emoxa iHbopMatiitHux TeXHOIOTiit MTUKTYE CBITY CBOI MPIiOPUTETU, BPaXyBaHHS SIKUX € 000B’SI3KOBOIO YMOBOIO
MoOYyIOBU KOHKYPEHTOCIIPOMOXKHO1 HaliOHaJIbHOI eKOHOMiKKM. HaiBaxummsimmmm mpioputetom y XXI cT. € mepexin
no «umdposizauii» (digitalization). MacmiTabHe MOIIMPEHHS LUMPOBUX TEXHOJOTi 3maTHe 3a0e3MeUYnTU eKOHOMiuHe
3pOCTaHHSI, CTBOPUTH CUHEPTETUYHU I €(DEKT, 110 MOIIMPIOETHCSI HA EKOHOMIUHi, COLlialibHi, TEXHOIOTi4Hi, iHTeJeKTyalbHi
7t iHpacTPyKTypHi CKJIaA0Bi pO3BUTKY. B cTaTTi Ha MpUKJIIaLax BUTOTOBJIEHHSI IMTUX METATOKOHCTPYKLIN MIPEACTABICHO
TpU MeTonu IudPOBi3allii, MOKINKAHUX B KOPEeHi 3MiHUTU BUPOOHUIITBO. CTBOPEHHSI BUCOKOTEXHOJIOTIYHUX BUPOOIB i
BUPOOHULTB € B3a€EMO3AIEKHUM KOMITJIEKCOM HAYKOBUX, MPOEKTHO-KOHCTPYKTOPCHKUX, TEXHOJOTIYHUX i BUPOOHUYUX
poOiT.

Merton urdpoBoro ABiliHMKA BUPOOiB BUSHAYAETHCS TUM, SIKi MOKA3HUKHU CJIiJl ONITUMi3yBaTH 100 XapaKTePUCTUK

caMoro BUpoOy abo TexXHOJOrii 1oro BUpOOHMLUTBA, MPU LbOMY KOHCTPYKTOPW 3aCTOCOBYIOTh CUMYJISILIiNHI Momeni y
BUIJISIAI LM(MPOBUX TaHUX.
Pesyasrat. Po3risiHyTO OCHOBHI CITOCOOM amMTUBHOTO BUPOOHUIITBA MOJEJNel Ta MilaHuX (HOPM TSI BUTOTOBIEHHS
MeTaJIeBUX BIJIMBKIB, 3a SKMMHU TTOIIAPOBO HAPOIIYETHCSI MeToaoM 3 D-npyKy Bupib, a mpoliec yrpaBiseThes IIPOrpamMoio
xomm'toTepa. [IpuBeneHo mani mpo 00'€éM POCTY PUHKY agWTUBHUX TEXHOJOTIN i MPUKIAam TPUHTEpa NPYKyBaHHS
DPO3IJIaBOM 3 IPOTY.

BucHoBKH. PO3IJISIHYTO MOHSITTS «BipTyaJIbHOIO iHXMHIPUHIY» SIK CY4aCHOI'O TPaKTyBaHHsSI MPOEKTYBaHHS i MyCKO-
HaJIarOJKEHHSI IIPOLIECY, B TOMY YU CIIi JIUTTSI MeTaly. BipTyanpHU iHXKUHIDUHT IPOLECY JTUTTSI METAITY 3a ra3udiKoBaHUMU
vonensivu BukoHyetbess y OTIMC HAHY y Bimmini min kepiBuuiitBom O.1. [IIuHCHKOTO i, KpiM TPOEKTYBaHHS
BUPOOHUYOTO 00JIAAHAHHS, BKJIIOUA€ MPOEKTYBaHHS MOLIEJBbHOTO OCHAILEHHS, OUMCHOTO YCTAaTKyBaHHSI, a TAKOX 32C00iB
aBTOMATHU3aLlii TEXHOJIOTTYHUX IIPOLIECIB i €KOJIOTIYHOTO MOHITOPUHTY BCHOTO LIUKITY BAPOOHULITBA, 11O MTPOXOAUTD ITyCKO-
HaJIaTOJKE€HHST B yMOBaX CTBOPEHUX BUPOOHUIITB.
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