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Abstract. One of the most important indicators for evaluating the innovation activity of enterprises is the economic
effect of introducing advanced technology into production. Each type of production has its own characteristics,
which are manifested not only in the organisation of the technological process but also in calculations related to
the establishment of economic indicators of the feasibility of using new technologies. Evidently, casting and special
casting technologies, such as the use of thermite foundry applications of the high-temperature gradient to save the
alloy poured into the mould, influence the algorithm for determining the economic effect. This is caused primarily
not only by the establishment of direct costs when transforming the standard technological process, namely, the cost
of the metal-thermal mixture, changing the mould, ferroalloys, the use of light-separating foundry additives plates,
but also by the possibility to re-use remnants of the foundry application, gate, sprue base, etc. elements for remelting.
The purpose of the study is to establish the specific features of calculating the economic effect of the introduction of
advanced technologies in production, such as technologies associated with the reduction of foundry applications.
Statistical methods, namely the quantitative analysis, comparison, and grouping methods were used to conduct
research and process the results. Comparison of economic indicators with the actual quantitative characteristics
of industrial technology through Integrated evaluation allowed analysing the results and drawing conclusions for the
study. The main results of the study are determined by the proposed methodology for determining the economic
effect, which, unlike the existing one, considers renewable resources and the possibility of obtaining an environmental
effect. This allows using the renewable resources obtained from industrial waste in a reasonable and rational way and
contributing to environmental protection. The areas of further research are primarily related to the identification
and evaluation of technical and economic indicators of casting-related technologies, namely the production of
ferroalloys, foundry production, non-ferrous metallurgy technologies, etc. In the future, this will allow establishing
conditions for the most effective use of innovative technologies and obtaining the maximum economic effect from
their introduction

Keywords: economic effect, advanced technology, environmental effect, renewable resources, direct costs, production
organisation, technical and economic indicators

The Problem Statement and practical projects implemented by modern technolo-

The transition of the Ukrainian economy to a new stage of  gical programmes. The fundamental increase in the value of
technological advance requires an active position in terms  innovations is also caused by changes in the global market.
of innovation and a fundamentally new approach to inno- The elements of any research are technical and eco-
vation. Innovation becomes the main factor in theoretical — nomic calculations and the development of an optimal plan
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for its implementation, thus, before the introduction of new
technological processes, it is necessary to set a task to eval-
uate all aspects of the technical efficiency of the new tech-
nology, to establish the economic effect (if possible), or to
calculate the expected economic effect of the new technol-
ogy, to evaluate the environmental, social, or other related
effects, and to compile a plan for the implementation of
research, which is based on network planning and manage-
ment methods or methods of economic and mathematical
optimisation.

The first stage of research is the development of a
technical and economic solution to the problem. Such a tech-
nical and economic problem at the Dnipro mill roll plant was
determining the efficiency of introducing the technology in
the casting for large export mill rolls, namely, the possibility
of using the technology of thermite foundry applications of
the high-temperature gradient.

Analysis of Recent Research and Publications

The most common methods for establishing the expected
economic effect are methods for evaluating the effect of pur-
chasing a new product by the consumer; rational use of
material, labour and financial resources; economic incen-
tives for the production of competitive products; economic
efficiency of management and marketing techniques; eco-
nomic efliciency of costs for creating and implementing
information, logistics and other technologies for account-
ing, control, and audit [1-5]. Studies for which not only the
forms are established, but also the place of their application
are of particular importance [6-11].

The introduction of new technologies in ferrous,
non-ferrous, special metallurgy, related industries (casting,
ferroalloy production, etc. [10]) and the determination of
the expected economic effect have a number of features
that have not yet been thoroughly studied.

Purpose of the Study

The above posed a problem for the authors to solve which
it is necessary to establish a method for determining the
economic effect of the introduction of casting technology
for large castings using thermite foundry applications of the
high-temperature gradient.

Research Results

The authors previously performed work that confirmed
the possibility of using the technology of termite foundry
applications based on experimental melts for rolls weighing
5.46 and 6.67 tonnes. Experimental rolls of 580x1800 mm of
export design were filled with liquid cast iron CIIXH-42
by the siphon method. Three exothermic bags weighing 5 kg
each were placed on the surface of the melt in the area of
the foundry application. The batch filling of the exothermic
charge, in addition to increasing the duration of the charge
burning, reduced the heat loss of the thermite metal. In the
composition of the charge, fluorspar CaF2 was additionally
introduced, which reduced the ignition temperature of the
mixture and increased the fluidity of aluminous slag [10].

Exothermic charge, which consisted of 80% thermite mix-
ture, 5.5% carbon (in the form of II1 black graphite), 11% of
JKKMK-1 ligature (contains 5% Mg) with granules of 3-6 mm,
3.5% of ferrosilicon (FS75), synthesised a highly superheated
melt of similar composition, poured into the mould. The
weight of the charge was calculated using special methods [10]
and it ranged from 20.5 to 27.6 kg. Loading of packages with
metal-thermal charge on the melt surface was performed
sequentially three times with an interval of 1.5 minutes.

The analysis of the studied rolls conducted by the
authors showed the sufficiency of heating the foundry appli-
cation with a directed heat dissipation and feeding with liq-
uid thermite alloy casting. No bleach was detected in the
microstructure of the surface of the cast iron roll. In all the
experimental melts described above, the foundry applica-
tion was not refilled with cast iron by 1/3. Metal savings
on foundry additives amounted to ~ 33%. An incision of
the foundry application showed that the shrinkage sink
penetrated only 1/2 of its height. Further mechanical treat-
ment did not detect shrinkage defects for the roll necks.
Chemical analysis showed the chemical composition of the
casting defect of the roll body and application within the
technical tolerance. This offers considerable prospects for
saving metal when casting heavy shafts. During the indus-
trial tests, the method of calculating the amount of charge
introduced into the roll casting application was developed.
This allowed creating the basis for the technology of risering
cast iron rolls using a metal-thermal charge.

Development of a method for calculating the charge
for risering cast iron castings

The main technological parameter of termite foundry appli-
cations is the mass of the metal-thermal charge in the insu-
lation for risering. Since termite applications are used instead
of conventional ones, their calculation is based on mass data
from conventional applications. The method for calcula-
ting termite applications is given in [10]. However, this tech-
nique does not allow considering the specific features of
the casting technology of mill rolls, which consists in the
fact that the application is formed in several technological
techniques. They consist of filling an additional part of
the mould with liquid melt and then periodically adding
metal to the mould application during the casting harden-
ing process. These technological methods of forming the
application lead to the fact that the hardening time of the
casting increases in comparison with the hardening time of
the application of the same mass formed in one step when
pouring the form. To use the mass of a conventional appli-
cation, which is set through its linear dimensions according
to the roll casting drawing and the alloy density as the base
for calculating the amount of metal-thermal charge, the
effective application mass was introduced - m_. m_is the
mass of an application formed in one step. Furthermore,
the hardening time of m,, is introduced, which is equal
to the hardening time of the application with mass m_,,
formed in several steps (1).

m=cm_, (1
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where ¢ - coefficient that depends on the amount, value,
and time of refilling.

The casting time of the roll casting mould does not
exceed several minutes, and the temperature of the cast
alloy is 1250-1300°C, which slightly exceeds the tempera-
ture of the beginning of the crystallisation of roll cast iron.
These circumstances allow not considering the time of filling
and the time of removing the heat of superheat. Thus, the
effective mass depending on the cooling time of the app-
lication in a sand-clay mould formed in one step to the
temperature within the crystallisation temperature range
can be found from the dependence (2):

an=137(1+ﬁ£%)pD3 )

According to the existing technology of manufactur-
ing mill rolls, part of the application (on average, 25% of
the application in length) falls on the length required for
clamping the roll during its processing on roller machines
and on casting defects on the surface of the application.

Thus, the application of mill roll casting can be redu-
ced by an average of 75% by weight, provided that it is
compensated by a metal-thermal charge. To ensure a mar-
gin of reliability, it is recommended, according to the results
of experiments, to reduce the usual application by 70% by
weight. It has been shown that 1 kg of metal-thermal charge
is equivalent in its thermal effect to 20 kg of a liquid alloy.
Then the amount of metal-thermal charge m_ required to
replace 70% of the mass of a conventional roll application
with a termite application (3):

m=0.04 m,, (3)

The ratio (3) was found for the case when the metal-
thermal charge was introduced into the mould in one batch.
From relation (2), it can be concluded that the introduction
of the charge in particles with a certain interval between
layings increases the hardening time at the same charge
mass or reduces the total mass of the metal-thermal charge
if the same application hardening time is maintained. It has
been experimentally established that the introduction of
a charge in 2-4 batches reduces the weight of the charge
by 10-20%. The interval between layings is determined by
the time a crust forms on the application’s surface. The mass
of the charge is determined by the formula (4):

m =0.04 c'mef (4)

where ¢’ depends on the charge tab conditions.

The coeflicient value ¢” depends on the number of
layings (from 1 to 4) and is in the range (3.2-4.0)*10%

The ratios (3) and (4) were used to calculate the
amount of metal-thermal charge required to reduce the
weight of the roll application by 75% [12].

For applications up to @300 mm, the number of re-
fills (n) - 1, for application of &350-450 mm - 2, and for the
application of @450 mm or more - 3. In the future, the obtai-
ned calculation results were tested on large industrial rolls.

Technical and economic efficiency of the work per-
formed

The calculation of the expected economic effect from the
introduction of the technology of manufacturing cast iron
mill rolls using termite foundry applications was performed
using a statistical method, namely the quantitative analysis
and comparison and grouping with equivalent methods for
similar technological processes, which clearly showed that
the problem under study is typical for ferrous and non-fer-
rous metallurgy. Furthermore, the comparison of economic
indicators with the actual quantitative characteristics of
industrial technology through integrated evaluation allowed
analysing the results and drawing conclusions for the study
according to the Dnipro mill roll plant.

The introduction of the new technology ensures: redu-
ction of alloy used on roll casting application by at least 30%;
reduction of welding costs of shrinkage defects of the upper
necks of the rolls; elimination of charcoal costs; release of
the topping bucket; elimination of defects of rolls due to end
shrinkage defects. The calculation was performed in accor-
dance with the requirements of the temporary technological
instructions developed by the authors.

As a basis for comparison, when determining the
annual economic effect of the introduction of technology
for the production of castings with termite applications,
indicators of the technology of insulation and risering of
castings that are being replaced are taken. The calculation
was performed (1) tonne of cast rolls using the formula (5):

E=(I,-1)xA-ExC,, (5)

where I, - I - initial costs for the main measured elements
of the cost of rolls. C_,, - additional capital funds for the
introduction of new technology (6):

Coia= C,= €, (6)

where C, - capital costs before the introduction of new tech-
nology; C, — capital costs for the introduction of new tech-
nology; E_ - standard coefficient of efficiency of capital
investments; E_= 0.3.

Capital costs before the introduction of a new tech-
nology C, are equal to the cost of a bucket for refilling appli-
cations in the amount of 9800 UAH. Capital costs for the
introduction of a new technology consist of pre-production
costs C, = 100000 UAH.

The change in initial production costs is calculated
as follows. Prior to the introduction of termite application
technology, the application weight per 1 tonne of cast rolls
averaged 0.166 tonnes. The introduction of the new tech-
nology allows reducing the weight of the application by at
least 30%, that is, the application is 0.105 tonnes. Savings
from reducing the application weight per 1 tonne of rolls are:

C =0.166x0.3x(2233.00-376.00)=92.48 UAH

w. a.

where 2233.00 — the cost of 1 tonne of cast rolls, in accordance
with the calculation of the rolling shop; 376.00 - the cost of
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1 tonne of applications cut for remelting as scrap metal;
2233.00-376.00 =1857.00 — the cost of 1 tonne of liquid alloy.

From the combustion of a metal-thermal charge, a
liquid melt is generated in the application in the amount of
0.5 by the weight of the charge. Since the charge consumption
averages 5% of the application weight, the amount of liquid
alloy is:

L=(0.1666-0.166x0.3)x0.05x0.5=0.003 t
Its cost:

(=0.003x1856.00=5.57 UAH

Eliminating the cost of heating the application with
charcoal on each tonne of cast rolls saves 4.00 UAH. Ac-
cording to the calculation of the rolling shop:

C,,=4.00 UAH

Termite application technology eliminates roll defects
due to shrinkage defects. The defects due to shrinkage
at the enterprise in 1 year range from 4% to 6.7% of the
mass of defective rolls. Savings by eliminating this type
of defect:

C,=1856.00 x 0.04 x 0.067 = 4.97 UAH

Elimination of the cost of installing and welding seal
is 1.80 UAH for each tonne of cast rolls (according to the
calculation of the rolling shop):

C,=1.80 UAH

Reducing the weight of the application eliminates
the re-remelting operation from the technological cycle,
which leads to the burning of the alloy.

This saves:

C,, =(0.166+0.095)x1182.00x0.3=95.55 UAH
where 1182.00 UAH - the cost of 1 tonne of charge; 0.095 —
the burning of the alloy.

Introduction of the technology of using a metal-
thermal charge to risering castings will lead to costs:

C, .=0.166x0.05x2440.00=20.25 UAH

where 2.440.00 UAH is the cost of 1 tonne of metal-thermal
charge.

Savings per 1 tonne of cast rolls in terms of flow
costs will be:

C-C=E, +C+C, +C+C+C, -C =9248+557+
+4.00 + 4.97 + 1.80 + 95.55 - 20.25 = 184.12 UAH

With the volume of the introduction of the new
technology in the production process of 6080 tonnes of
rolls per year, the economic effect will be:

E =184.12x6080-0.3%(100000-9800)=1092389.61 UAH

Environmental evaluation of a technological solution

The result of this work was the development of a technolo-
gical process for risering castings of mill rolls using termite
applications. In the technological process, it is proposed to
use a metal-thermal charge of the following composition
(in % by weight): iron — aluminium termite (iron scale - 74;
aluminium powder — 26); graphite — 3 (% by weight of termite);
soda ash - 1.5 (% by weight of termite) [13].

All components that constitute the charge are non-
toxic and are widely used in the metallurgical and casting
industries. During the technological process, aluminium
oxidation and iron reduction reactions are performed in
the charge in the solid and liquid phases without the gen-
eration of gaseous products. Graphite, which is introduced
into the charge, dissolves in the resulting liquid steel, while
soda ash takes part in slag generation. Thus, the introduc-
tion of termite application technology does not lead to
additional harmful effects on the environment. In addition,
the disposal of mill scale, which is a technological waste of
rolling and blacksmithing industries, contributes to solving
the problem of environmental pollution. For additional cost
savings on the introduction of the proposed technology,
the aluminium powder can be used in the form of a grind
of purified aluminium chips, and carbon in the form of
a grind of unburned graphite electrodes in the manufacture
of the melt.

Conclusions

1. The criteria and sequence of economic justification of new
solutions in casting are established.

2. The method of determining the effective mass when
using the technology of thermite foundry applications of the
high-temperature gradient for large castings is identified.

3. The main components of calculating the expected
economic effect from the introduction of new technology for
manufacturing cast iron mill rolls using termite applications
are determined.

4. The value of the economic effect of the introduction
of the new technology was determined, which amounted
to 1092389.61 UAH with the production of 6080 tonnes of
rolls per year.

5. An environmental evaluation of the technical
solution from the introduction of the new technology of ther-
mite foundry applications of the high-temperature gradient
for large rolls is performed.

Further research will be aimed primarily at iden-
tifying and evaluating technical and economic indicators
of casting-related technologies, namely the production of
ferroalloys, foundry production, non-ferrous metallurgy
technologies, etc. In the future, this will allow establishing
conditions for the most effective use of innovative technol-
ogies and obtaining the maximum economic effect from
their introduction.
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Oco6MBOCTi BU3HAYEHHSI EKOHOMIYHOIO e eKTy
Bi, BUKOPUCTaHHS NPOrpecUBHUX TEXHOJOTIN
y NMBapHOMY BUPOOHUL TBI
KOpiv tOpivioBny XXuryy', Bacunb ®egoposuy Jlazap?,
boraaH SlpocnaBoBoBuY XOM'sIK?

TY)KropofCcbKuii HalioHaslbHUI yHiBepcuTeT
88000, nn. HapogHa, 3, M. Y>xropog, YkpaiHa

2MyKkaydiBCbKWI fEp)XaBHUI yHIBEPCUTET
89600, Byn. Y>xropoacbka, 26, M. MykayeBo, YkpaiHa

AHoTauifi. OgHuM 3 HallBOK/IMBILINX IIOKa3HUKIB OLIIHKY iHHOBALiITHOI Aif/IbHOCTI MigIIPUEMCTB € eKOHOMIUHMIA
edyeKT Bifi BIPOBaKEHHsI [IPOrPeCcUBHOI TeXHOOTI] y BupoOHu1TBO. KoXKeH il BUpoOHNUIITBa Ma€e CBOI 0COOMMBOCTI,
SIKI TIPOSIB/ISIIOTBCS He TUMBbKM Y OpraHisanil TeXHOTOTiYHOrO IpOIlecy, aje i y po3paxyHKax IOB s3aHMX i3
BCTAHOBJIEHHAM €KOHOMiYHMX IOKAa3HMKIB JJOIi/IbHOCTI 3aCTOCYBaHH:A HOBUX T€XHOJOTi. O4eBUIHO, 10 MBapHE
BUPOOHMIITBO, @ 0COOIMBO CIellia/IbHi TeXHOMOTII INTBA, TaKi, K HAIIPUKIIAaJ], BUKOPUCTAHHS TEPMITHUX JIMBAPHUX
IOATKiB BUCOKOTO TeMIIEPAaTyPHOrO I'PafiieHTY I/Is1 eKOHOMII CIIaBy, 3a/IMTOro y hopMy, HaK/IagaloTh BifOMTOK Ha
QJITOPUTM BU3HAYCHHS eKOHOMIYHOro eekry. Hacammeper e BUKIMKAHO He TIBKY 3 BCTAHOBJICHHSM Oe3IocepeHix
MPSAMUX BUTPAT IIPY BHECEHHI 3MiH Y CTaHJAPTHNUII TEXHOIOTIYHMIL IIPOLIEC, A CaMe BUTPATH Ha METAI0TEPMIidHY
cyMim, 3MiHy /uBapHOi ¢popmy, pepocraBy, BUKOPUCTAHHSA JIEKTOBiIA/IAI0YNX IMBAPHI HTOKATKM IUIACTHH, ajle
i MO>X/IVBICTIO HOBTOPHOTO BUKOPUCTAHHsI PELITOK TMBAPHOTO JOATKY, IMBHMKIB, 3yMIida, CTOsIKA T iH. e/leMeHTIB 1L
HepervIaBIeHHA. MeTol0 3aIpOIIOHOBAHOI po6OTH OY/I0 BCTAHOB/ICHHS 0COOIMBOCTEl PO3PaXyHKY €KOHOMIYHOTO
edeKkTy Ipu BIIPOBaPKEHHI IPOrpeCYBHUX TEXHOJIOTI Y BUPOOHMUIITBO, TAKUX, SIK HAIIPUK/IAJ, TeXHOJIOTiI OB A3aHi
i3 3MeHIIeHHAM IMBAPHYX HOHATKIB. [/ IpoBeeHH A JOCTiKeHb i 00p0OKM pe3y/IbraTiB BUKOPUCTaHI CTaTUCTIYHI
METOAM, a CaM€ METOJ] KiJIbKiCHOrO aHa/li3y, METOAM IOPIiBHAHHA i TpynyBaHHA. [IOpPiBHAHHA €KOHOMIYHMX
ITOKA3HUKIB 3 JiICHMMM KiZIbKICHYMI XapaKTEPUCTUKAMM IIPOMICIOBOL TEXHOJIOTII METOLOM KOMILIEKCHOI OL[iHKI
HaJla/IM 3MOT'y [IPOAHAJI3yBaTU Pe3y/IbTaTH i 3poOUTH BICHOBKM 10 po60TH. OCHOBHI pe3y/IbTaTyl IPOBeIeHOl poboTH
BU3HAYAIOTHCS 3aIIPOIIOHOBAHOI METONVKOK BCTAaHOB/ICHHSI €KOHOMIYHOTO epeKTY, sIKa Y BiIMIHHOCTI Biff icHyI04Of,
BPaXOBY€ BITHOBHI pecypcu Ta MOXUIMBICTb OTPMMAHH: eKoJIoriyHoro edekry. Ile fae MOXIMBICTb OOIPYHTOBAHO
Ta paliOHa/JbHO BYKOPUCTOBYBATY BiTHOBHI pecypcy OTPMMYBaHi 3 BifiXOfiB BUPOOHMUIITBA, CIIPUATY OXOPOHIi
HaBKO/MMIIHBOTO cepefoBuiia. Hanpsimu noganpimx 0CipKeHb 0B 3aHi HacaMIleper 3 BUSIB/IEHHSIM Ta OLIIHKO0
TEeXHiKO-eKOHOMIYHMX IOKa3HUKIB CYNyTHIX TeXHOJOTil §O IMBApHOTO BUPOOHUITB, a caMe BUPOOHUIITBO
(depocrasis, popmyBanbHe BUPOOHNIITBO, TEXHOMOTII KOMbOPOBOI MeTanyprii Ta iH. Ile B mepcriekTuBi facTb 3MOry
BCTaHOBUTH YMOBY HajleeKTUBHIIIOrO 3aCTOCYBaHHS iIHHOBALITHUX TEXHOJIOTII Ta OTPUMAaHHs MaKCYMaIbHOTO
eKOHOMIYHOTO eeKTy Bill IX BIIPOBa/KEHHs
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Scientific Bulletin of Mukachevo State University. Series "Economics’, 7(1), 80-85 85




