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Introduction

Introduction of a computer system for remote
monitoring of parameters of technological pro-
cesses, means of processing and transfer of infor-
mative data characterizing quality of performance
of technological processes of casting will allow to
manage foundry production efficiently taking into
account minimization of expenses and increase of
quality of castings.

One way to increase the efficiency of the pro-
cesses that take place in the production of castings
is to model these processes in order to delegate
the solution of a number of necessary tasks for a
founder to the computer. The development of a
user-friendly computer technology would provide

a founder with a convenient tool to support his de-
cisions in the casting process.

The main methods of assessing the quality of the
casting in the foundry are thermal and chemical
analysis, testing to determine the speed and modes
of cooling of the casting. Thermal analysis (TA) is
the most well-known one among these methods. It
has been used for a long time. At the same time it is
the most developed method both theoretically and
experimentally.

The pace and level of development of domestic
foundry technologies without the use of computer
technologies, which, on the basis of a database of
materials, metals and alloys in accordance with the
State Standards DSTU, methods for improving
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TA using methods of adaptive filtering, an induc-
tive approach and other latest developments in
applied mathematics, would allow foundry workers
to model and regulate thermal and other processes
in order to optimize the physical and mechanical
properties of casting and increase of production
productivity remain without adequate competitive-
ness, given the presence of numerous considered
foreign software products that are difficult to use in
Ukraine, but contribute to the irrevocable trend of
digitalization of foreign production.

The TA, as well as the technology of modelling
thermal processes in the field of casting is consi-
dered in more detail below.

The Leading Role of Thermal Pro-
cesses in the Mould Manufacturing

The development of high-tech foundry processes,
taking into account the current trend of metal sav-
ing, should be combined with solving the problem
of quality control of castings at the modern level of
industry digitalization. One of such control meth-
ods is thermal analysis (TA), supported by software
and used, in particular, by Fassmet (www.fassmet.
com, Italy) [1], the Institute of Physics and Tech-
nology of the National Academy of Sciences of
Ukraine [2—6], and other companies for quality
control of metals in the foundry and metallurgical
industry at the stages from metal smelting, pouring
it into casting moulds to crystallization of the cast-
ing. TA technologies give a possibility not only to
determine the composition of chemical elements
in the melt, but also with a high probability to pre-
dict the properties of the metal in the casting at the
stage when the metal is still in the furnace or in the
foundry ladle.

Thermal analysis is a set of methods for deter-
mining temperatures during the time when the
processes accompanied by either the release of heat
(for example, crystallization), or its absorption
(melting, thermal dissociation, etc.) occur. TA sys-
tems of metals and alloys require a mathematical
description of control and measurement processes,
the creation of computer databases and software
to analyse a significant amount of temperature de-
pendences on the composition or properties of the

controlled metal samples. TA systems are compo-
nents of the digitalization of existing or new control
methods using applied mathematics for existing
foundry processes. They also require the develop-
ment of certain programs for measuring and moni-
toring data over time, characterizing these foundry
and metallurgical processes.

Quality Control of Cast Iron

The developments described below were carried
out on the example of quality control of nodular
graphite cast iron (NGCI) [5], as one of the most
promising cast alloys. The studies were carried out
on the topic of combining the use of high-duty
cast iron with precise casting methods in moulds
made of loose sand. They are produced by vacuum
moulding according to Lost Foam Casting (LFC)
Process, but they are also applicable for casting in
traditional sand moulds, where over 75% of the
world's casting volume is produced.

Computer-recorded temperature measurement
curves over time during crystallization of a measu-
ring amount of metal are used in the TA method to
determine alloying and impurity elements and gas-
es in metals, including sampling. The samples are
made with thermocouples placed in them. When
the samples are cooled, the “temperature-time”
curves are recorded for further analysis [2]. The
examples are described for the analysis of an
aluminium alloy in a crucible without specifying
information on the further use of the alloy after
analysing its constituents. Such an alloy can be
directed to the manufacture of a pig furnace charge
for deoxidizing steel or for casting billets. The
practical implementation of the method includes
pouring a molten metal into samplers, keeping
them heated when the metal solidifies in them
when the curves are recording, as well as utilizing
samples and associated waste. These operations are
connected with some labour intensity in the ca-
tegory of hot and unsafe working conditions, time
and material costs, as well as compliance with the
safety of working with a molten metal.

One of the latest developments is the TA method
for liquid iron. This method includes obtaining a
thermal cooling curve for a sample of cast iron to
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Fig. 1. Filling and cooling of samples at TA [1]

be analyzed and cooling curves for reference metal
samples with the predetermined properties [4].
One of the distinctive features of the method is that
the samples are taken using an immersion sample
cup in order to carry out the analysis. The pecu-
liarities of such specially made samplers, without
which analysis is impossible, is that they are made
of high-quality refractory materials that are resis-
tant to immersion into the metal melt or its pouring
with the metal melt without destroying the samplers
and inert to interact with the sample.

Samplers are used by analogy with calorimeters
and must be manufactured with high accuracy to
ensure the same cooling conditions for a metal
sample during TA and many reference samples,
which affects the accuracy of TA. Immersion of dis-
posable ceramic or sand samplers in liquid metal,
or pouring it into the samplers, often require them
to be preheated and stored in a moisture-safe envi-
ronment in order to avoid the release of gases upon
contact with the molten metal. Manufacturing
and preparation of samplers for filling with metal,
filling them with molten metal, carrying out measu-
rements require labour costs when working with
molten metal. The safety measures to avoid
unforeseen cases of leakage or splash of molten
metal from the samplers as well as burns and in-
juries of a qualified caster when manually filling
samplers should be provided. Even the illustration
of the TA presented on the Fassmet website shows
spilled metal around the samples (Fig. 1).

The use of a metal insulated sampler when it is
immersed in a cast iron melt when taking a sample
to determine the hardness of cast iron according
to Brinell (HB), as indicated in the example of the
method [4], requires special alloys (of sufficient heat
resistance) for its manufacture, application and re-
newal of refractory thermal insulation over the en-
tire surface where it contacted with the melt. In this
case, the material of the casting mould, where the
metal is poured after analysis, differs significantly
from the material of such a sampler, as well as the
conditions for cooling the samples from the condi-
tions for the metal of the casting. In particular, it is
recommended to correlate the average hardness of
cast iron (HB) by the State Standard GOST 1412-
85 for samples obtained in a metal sampler with the
HB of castings in a metal mould. But according to
statistics, the vast majority of castings from metals
and alloys are obtained in sand moulds, therefore,
according to the State Standard GOST 24648-90,
it is recommended to cast samples for mechanical
tests of cast iron into moulds made of quartz sand,
and only for castings obtained in metal moulds, it is
allowed to cast samples into metal moulds.

A New Way for a Thermal Analysis
of Metal

The known methods of TA of metal [2, 4] have
practically nothing to do with the crystallization
conditions of the resulting casting from the metal
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being analyzed, but only identify the properties
of the metal in the sample in the trier, with often
completely different crystallization conditions
of the metal than in the casting. The validity of
the State Standard GOST 24648-90 regulation is
obvious, that samples, in particular for cast iron,
should be cast in the same mould in which the cas-
ting is obtained.

The development of a new TA method pursued
the goal of using improved software, reducing la-
bour intensity, increasing the accuracy and speed
of issuing results (express level) and safety, as
well as creating conditions for TA metals under-
going modifying or alloying processing in a cas-
ting mould when it is poured with metal in the
process of cas-tings manufacturing.

The solution to this problem was carried out
by developing the TA method, including the ope-
rations of sampling liquid metal. However, the
sampling was carried out by replacing the model
of the sample made of the gasified material with
liquid metal [5]. This model was moulded into the
same sand filler of which the mould was made for
obtaining a casting made of the analyzed metal,
and the sample model was moulded into the same
sand mould with the casting model or into differ-
ent flask fixtures. In addition, the replacement
of the sample model with liquid metal (pouring
along with its simultaneous gasification), moul-
ded into the same flask fixture with the mould for
obtaining the casting, as usual, was carried out si-
multaneously with the pouring of the mould for
obtaining the casting. The sampling was carried
out by flowing it to the casting or its gating. Also,
the sand filler, where the sample model is moul-
ded, can be vacuumized during sampling and TA
of the metal.

The novelty of the solution was that the sand
mould played the role of the sampler. The model
of the sample was moulded into this sand mould
using the LFC technology, in particular, of the
gasi-fied material Cellular Polystyrene (CP). This
sand mould can be made separately (in a separate
flask), or (the most advisable option) together (in
one flask) with a sand mould for producing a cas-
ting, for which the metal was smelted and TA was
carried out. The flask equipment can be frame

flasks, a container, a mould jacket, where a sand
mould is made.

A sand mould-sampler made in a separate flask
served the same task, which is achieved by the
known methods of TA of metal for various purposes
[2, 4]. And when forming a one-time sample model
in the same flask with a sand mould for obtaining
a casting, the sampler is not a separate object from
this mould, because only a small part of the mould
around the sample model performs its function.
In this case, the thermocouple is placed not in the
cavity of the sampler (as in [2, 4]), but in the body
of a one-time model made of CP (with a density
of up to 25 kg/m3) or of other gas-filled polymers
using the LFC technology.

At the same time, the greatest profitability in re-
ducing labour intensity, increasing the expressive-
ness and safety of TA of metals is achieved when
combining the LFC technology with in-mould
modification, in particular, NGCI, as an effective
combination of an accurate casting method with
the production of castings of high-strength alloys
using high-tech methods. For the LFC process, it is
advantageous to use deaerated sand moulds, where
sampling minimizes metal bursts due to excessive
formation of gases from gasification of the model,
since gases are sucked through the sand filler of the
deaerated mould. The use of a sand mixture with-
out a binder, traditional for LFC, as one of the most
resource-saving foundry process for the manufac-
ture of samplers, excludes special labour costs and
expensive materials (usually imported), which are
typical for the manufacture of sand samplers by the
well-known methods of TA of metals, including
those based on iron, with their high temperature in
the liquid state (1400-1700° C).

In the manufacture of a one-time model of a
sample made of CP, a thermocouple was placed in
a mould, where CP granules were blown in. They
were sintered using the technology known for LFC.
A model of a sample with a thermocouple built into
it was obtained. Unlike ceramic or metal samplers,
metal is poured not into their cavity filled with air,
but into a cavity “packed” into air-filled CP balls,
which make up the sample model. The convex cy-
linder of the sample model is much easier to manu-
facture than the refractory, low-gas-generating
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sample container for casting the sample. In addi-
tion, the model of the sample is also easy to make
by cutting out of block CP, in particular, manually,
on a lathe or using a tool with a heated wire for cut-
ting CP.

During the development of the technology, the
model was made with a small feeder, which was
glued to the model of the casting made of CP or to
the model of its gating-feeding system in the case
of making the casting using the LFC process. The
casting model with the sample model was moulded
in a container mould in dry recycled quartz sand
according to known operations for LFC. The free
ends of the thermocouple were lengthened using,
if necessary, compensating wires extending beyond
the mould. They were connected to recording de-
vices and they received TA data according to a cal-
culation technique similar to known methods.

Computer Monitoring Systems for
Foundry Processes

In modern conditions, a tendency towards to
mounting a device for TA as a part of modern com-
puter systems for monitoring casting processes is
developing. For example, the software at Fassmet
[1] allows foundry workers to view TA results on-
line on tablets, smartphones or PCs at the found-
ry's premises, including providing guidelines for
managing the quality of metal production process
in real time. The web interface can be configured
to control the quality of a specific type of cast iron
produced. It is linked to a large, constantly updated
database. The TA method gives an advantage in the
case of fulfilling diverse orders, frequent changes in
production, or the need to obtain a completely new
type of cast iron [1].

The developed method of sampling by metal
casting with help of the LFC technology gives a
possibility to reduce labour intensity, because the
sampler was made according to the model of a
sample made of CP without separate operations in
one process of moulding the casting model as a flow
to the casting wall or a part of its gating system, a
riser or a feeding increase [5]. If it was necessary to
easily separate the sample from the casting, this lug
had a feeder with a pinch groove, along which the

sample was separated, for example, for additional
mechanical tests. Usually, it was practiced to pour
the sample into the gating system with disposal for
re-melting together with it.

Filling with metal with spontaneous sampling
in one mould with casting according to one model
of the CP, or through a model cluster, took place
without labour and time waste (increasing the ex-
press level). There were no pouring operations tra-
ditional for the known methods (as in Fig. 1), the
content of a sampler filled with a melt on a corre-
sponding refractory and metal leak-proof support
until the sample solidifies. The TA processes took
place spontaneously in the same mould with the
casting without the need to comply with the safety
rules inherent in a separate pouring from the sam-
pler ladle or filling it by immersion in the melt. At
the same time, there is no oxidation of the metal of
the sample in air when the sample is in a deaerated
mould with a reducing atmosphere in its cavity, due
to the gasification of the CP. And the conditions for
solidification of the sample were similar to those for
a casting in the same sand mould. The constancy of
filling the volume of the sampler (obtaining an ac-
curate sample) [5] is facilitated by the vacuum of
the mould, increasing the filling of the mould with
the metal due to the effect of vacuum suction of the
metal.

The developed TA method [5] solves the prob-
lem of control under in-mould modification of
metal and moulding of models of samples of CP
practically in any casting places required for con-
trol, for example, in the form of tides between the
reaction chamber and the casting, in the zone of
the riser or bottom. The novelty of the solution
includes the possibility of forming more than one
sample model and taking a number of samples in
one pouring operation together with obtaining
a casting in one mould. This is applicable for re-
searching or improving the modification process.
By means of several samples, it is possible to simul-
taneously control the level of metal properties in
different walls of castings with large dimensions or
differential walls. It is not difficult to form a sample
model with a simple design when joining to gating
systems or walls of a commodity casting model for
all types of sand moulds. A model made of poly-
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styrene with a specified density is about 300 times
lighter than, for example, liquid iron, which easily
replaces it when pouring into a sand mould.
Forming the sample model in various fixtures
with the shape of a commodity casting is recom-
mended for preliminary analysis of the metal with
the possibility of correcting its composition before
pouring the mould to obtain a casting. The TA va-
riants developed by us provide its flexibility, expan-
ding the possibilities of its use in comparison with
the known methods for the operational forecas-
ting of technological and performance attributes of
metal (chemical composition, structure, casting,
physical-mechanical and other properties) in the
production of castings for various purposes.

Optimization of Cast Structures and
Shaping Technologies

An important cycle of research at the Institute of
Physics and Mathematics of the National Academy
of Sciences of Ukraine is devoted to the optimiza-
tion of cast structures and shaping technologies in
order to reduce their weight and casting from high-
strength metals. The use of the developed method
of TA [5] with many samples, together with a mul-
tichannel computer analysis system, makes it pos-
sible to investigate crystallization, mechanical and
other performance attributes of a casting at any
point where a sample model is installed and liquid
metal is taken.

Analysis and comparison of TA indicators on dif-
ferent walls of the casting is proposed as a mecha-
nism of practical optimization according to the cri-
terion of dependence of steel intensity and strength
of castings in order to select the optimal options for
their design, to optimize their wall thicknesses ac-
cording to TA data. This gives a possibility to adapt
computer methods for determining and forecasting
the performance attributes of cast parts, to create
on this basis digital twins of castings, as well as da-
tabases for automated systems for designing cast-
ings, taking into account the technical and eco-
nomic indicators of a new class of cast structures of
low steel intensity.

When improving the sampling method for the
LFC process, a version of it with a portable sampler

was also created [6]. It was tested in a laboratory
version using a household vacuum cleaner. A sand
sampler mould was put on the nozzle of a dust suc-
tion metal tube of it (of adjustable length) instead
of a brush with a hole. This mould, depending on
the size of the sample, was moulded according to
the LFC process in a metal glass (container) with a
capacity of 0,5—0,7 litres.

A hole was made in the lower part of the side wall
or the bottom of the glass. A sucker for a nozzle
was welded to the glass coaxially for attaching a
vacuum cleaner tube to the nozzle. From the inside
of the glass, this hole was closed with a gas-perme-
able filter that did not allow sand to pass through.
This glass looked like a miniature copy of a con-
tainer flask for deaerated moulds of known designs.
During moulding, a layer of moulding sand was
poured into the bottom of the glass, a model of a
sample made of CP with a built-in thermocouple
was placed, the free ends of which were length-
ened by known methods with a thermoelectrode
or compensation cable extending outside the glass
along or inside the vacuum cleaner tube towards
a portable device recording temperature readings.
Then the mixture was poured to the top of the glass
and sealed along its end with a synthetic film with
contact to the end of the model. The sampler was
moulded, making the solidification conditions for
the sample in it as close as possible to those for a
commodity casting (composition of the sand mix-
ture, the degree of its compaction, etc.). The glass
was painted with refractory paint from outside.

Before sampling, a vacuum cleaner with a glass
on a tube was turned on. The rarefaction “turned”
the sampler into a typical deaerated sand mould,
which was dipped to a depth of 5 mm into the metal
melt in a furnace or ladle with its end covered with
a film. At the same time, it was enough to touch
the mirror of the metal for a few seconds, which
gasified the film, the model, filled and sealed the
deaerated sandy cavity of the sampler mould. The
sample was cast using the vacuum suction method.
The sampler was installed on a stand and pumping
was turned off, providing cooling of the sample in
a sand mixture with control and recording of the
temperature of the sample metal during the TA
process. The cooled sample poured out of the glass
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along with sand, as in the most common version of
the LFC process.

In this method of sampling [6], it is recom-
mended to use an alarm in the form of a light bulb
or a sound signal, which turn on when a signal from
a thermocouple is received, as confirmation of the
filling of the sampler to stop its contact with the
metal. It is convenient when the regulator of the
degree of rarefaction is on the tube with the sam-
pler in a place for holding it in the hands.

Such a vacuum suction sampler is convenient
not only for TA, but also when it has a long tube it
is good for sampling from large furnaces and mix-
ers, even with metal at the bottom. In foundries,
vacuum pumps create a rarefaction several times
higher than household vacuum cleaners. Accord-
ingly, for a portable vacuumized mould, it is pos-
sible to use thinner tubes than for vacuum clean-
ers, and the long tubes will be lighter in weight. If
the sand is fine, the sand end of the portable sam-
pler may not be sealed. A sample can be obtained
spherical, cylindrical, in the form of a flat plate; it
can be in the form of a comb, followed by breaking
off its fine teeth for chemical analysis instead of the
frequently used shavings. The method of manufac-
turing an evacuated glass is almost the same as the
manufacture of a ladle for scooping up metal and
is painted on the outside with a similar paint; it is
also possible to make such a glass from graphite or
corundum crucibles or fireclay parts of a furnace
supply.

In addition, we have developed a technology
for forming a sample [6] using conical glasses with
a capacity of 30 and 80 ml, which are mass pro-
duced from polystyrene as disposable tableware. In
this case, the weight of cast iron samples was about
200 and 550 g. When moulding in a container for
a model made of CP, in order to avoid bending
of the walls, a wooden template (or made of CP)
with a slot for a thermocouple opposite the slot in
the cup is inserted into the cavity of the cup. The
template is removed before contacting the sampler
with liquid metal. In this case, moulding into small
plastic disposable dishes was obtained practically a
portable small vacuum-film mould-sampler (by V-
process) for moulding by vacuum suction. The film
of the crockery covered the sandy mould.

In the process of developing the described TA
methods [5, 6], the most common foreign pro-
grams were also considered, which can be suitable
as software for the adequate identification of tem-
perature curves of TA, measured over time, with
the corresponding properties, chemical composi-
tion, or structure of a cast controlled metal sample.
Foreign programs are created for foreign standards
of raw materials and grades of casting alloys, types
and characteristics of casting equipment and tech-
nical specifications for products. Their use implies
not only the need for language translation, but also
the search for domestic analogues of material and
technical conditions with certain errors and toler-
ances.

All foreign software is not cheap, it is updated
and monitored via the Internet, it constantly re-
quires servicing in rapidly changing software en-
vironment. Domestic enterprises have difficulties
finding sufficient funds for that purpose. In addi-
tion, technical and commercial data protection
must be applied. The absence of mathematical
models of the dependence of the cooling rate of a
cast sample on the modes of its cooling in a casting
mould causes the low ability of computer process-
ing of TA data. These circumstances complicate
the control of the cooling process and the deter-
mination of its optimal modes. They do not allow
online forecasting of structure formation and per-
formance attributes of castings.

In particular domestic software products with
almost instantaneous presentation of the results of
TA on the monitor screen, and even more are nec-
essary for automation, digitalization and manufac-
turing application of control systems of TA, which
are being actively improved by domestic engineer-
ing science. There is a need to create a scientific
and technological school for the creation and con-
tinuous filling with new content and capabilities
of such software tools as an integral element of the
digitalization of foundry and metallurgical produc-
tion.

The results of the inspection of quality control
systems for metal products using the TA method
showed that the solution of key problems of im-
proving the quality of foundry production is impos-
sible without the creation of automated software
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tools for control and support of this production by
information technology specialists. At the same
time, the software of such effective control sys-
tems as TA must be equipped with a software and
information data set specific for it, with means for
absorbing noise and reducing the influence of the
human factor on the accuracy of measurements of
thermo-chemical processes. The method of recog-
nition of cooling curves of a casting used in TA by
comparing the coefficients of models approximat-
ing these curves (differential TA method) has low
recognition accuracy for determining the chemical
composition of a metal melt in a furnace or an alloy
of an unknown casting.

The development of domestic foundry computer
technologies based on a database of materials, met-
als and alloys in accordance with the State Stan-
dard GOST, methods for improving TA methods
by using adaptive filtering methods, an inductive
approach and other latest developments in applied
mathematics, would allow foundry workers to mod-
el and regulate thermal and other processes in order
to optimize physical and mechanical properties of
casting and to increase production productivity. A
large number of modern foreign software products
that are difficult to use in Ukraine contributes to
the digitalization trends of foreign production.

Review of TA Monitoring Software

Scientific progress in the field of foundry produc-
tion takes place due to the widespread use of com-
puters and special software.

To date, many different software products have
been developed in order to solve the problems of
different stages of the casting process. Let's briefly
consider some of them.

MAGMAS software, developed by the specialists
in the field of metal casting by MAGMA GmbH
(Aachen, Germany) [7]. To date, this software is
considered one of the best in the industry. This
product is used by more than eight hundred com-
panies in the world.

NovaCast has developed a unique, highly effi-
cient technology for the production of cast iron
with vermicular graphite based on careful metallur-
gical preparation of base cast iron. In the process of

adjusting the composition to control the thermo-
dynamic properties of the metal an advanced sys-
tem of thermal analysis is used.

ATAS® software system is designed to control
metallurgical processes in the production of cast-
ings from gray cast iron and high-strength cast iron.
ATAS is a comprehensive system that includes
equipment, software, and user training and support
provided by a team of skilled metallurgists.

The technology, called PrimeQuality CGI (PQ-
CGI® is a technology for producing castings from
high-quality compacted graphite cast iron [8]. It
allows suppressing the formation of platelet graph-
ite and provides the balance of oxides in the metal
necessary to create optimal conditions for the for-
mation of vermicular graphite inclusions.

A more detailed overview of the existing software
for processing thermal processes with a compara-
tive table of existing tools is given in [9].

This review shows that foreign software tools
such as Magmasoft, CastCAE, JSCast, AnyCast-
ing do not have a database of metals and alloys
used in domestic production, they require mod-
ern computer equipment, appropriate operating
system, constant updating of functional modules
and most importantly, they are designed to work
on large-scale production and can not be used on
small plants.

Therefore, a new technology was developed [10].
It includes a domestic database of metals and alloys
and solves the problems the founder faces during
the manufacture of castings. These problems in-
clude determining the chemical composition of the
unknown casting, obtaining recommendations for
choosing the optimal cooling mode for the given
structure of a future product.

A Computer Technology for Model-
ing Thermal Processes

Founders, especially in industries with frequent re-
adjustment of the product range, in their activities
meet the need to perform complex scientific and
technical calculations related to solving problems
of modelling and optimization of metallurgical
processes in order to make effective decisions to
achieve the desired result.
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Fig. 2. Block diagram of computer technology for modelling thermal processes of foundry production

Under such conditions, it is important for the
company to develop a software product that will
contain a database of metals and alloys, their chem-
ical and mechanical properties in accordance with
the State Standard DSTU, as well as to process ex-
press test results, analyze and select the necessary
components to obtain a quality end product, to ad-
just an operational mode of the foundry. A plant,
provided with a modern software product that ac-
companies the casting process, has the opportunity
to increase the scientific, technical and production
capabilities of the enterprise, to increase its effi-
ciency.

A new technology was developed in order to
automate some stages of the casting process, help
professionals to simplify this process and replace
expensive experiments with their modeling, as
well as to assess the impact of various factors on
the casting during cooling.This technology aims
to support founder’s solutions in the casting
process.

Software requirements include a set of require-
ments for the properties, quality, and functions of
software to be developed or under development.
Requirements are defined in the requirements
analysis process and recorded in the requirements
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specification, diagrams and other artifacts of the
requirements analysis and development process.

The developed technology is designed to solve
practical problems of modelling thermal proces-
ses in the field of foundry production. The tool-
kit should have an architecture that provides for
the expansion of its functionality by introducing
new modules and updating existing ones with new
information. The technology includes a domes-
tic database of metals and alloys and 3 functional
modules that interact with each other during ope-
ration. The software is easy to use, has a fairly
clear interface, focused on domestic small-scale
production and meets its requirements.

Fig. 2 shows a diagram and a detailed descrip-
tion of the modules of this technology [11].

Fig. 2 shows a scheme of the software equipped
with the following functional modules:

Module 1 is designed to compare the functions
that describe the cooling process of the casting; a
model is built and used; it allows selecting quick-
ly and accurately from the database of reference
functions exactly the one that is closest to the ex-
perimental.

Module 2 is designed to determine the physical
and mechanical properties of the casting by chemi-
cal composition; the developed models help to de-
termine the physical and mechanical properties of
the casting by chemical composition.

Module 3 is designed to determine the cooling
modes; the developed models allow selecting the
required cooling modes to obtain the desired struc-
ture of the future product.

The software is supplemented with functional
modules: filtering of the recorded temperature
curves of cooling of casting (Module 4 - Polynomial
Filtering) and the ThermoEX module (Module 5)
isintended for visualization of the recorded cooling
curve and definition of characteristic points on it;
the module Polynomial Filtering is meant to filter
it from noise present in experimental data.

Fig. 3. shows a window with the interface of the
implemented technology, which includes the Ther-
moEX submodule [12], which allows to visualize
the obtained cooling curve.

After being processed, the curves are compared
with the reference curves, which are stored in the
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Fig. 4. Example of ThermoEX access to the experimental
database

database of experimental data and their chemical
composition and physical and mechanical prope-
rties are determined. All data can be saved to the
database of experimental data.

When the Load from file function is selected,
the module addresses the database of experimental
data that have just been recorded and written to the
appropriate .txt file for further processing.

Fig.4showshowthe ThermoEXprogramoperates.

The technology allows controlling the cooling
process of the casting, which can simplify the work
of founders and avoid defective products

The developed computer technology for solving
the problems of modelling the cooling processes of
metal foundry products allows increasing the effi-
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ciency of support of founder’s solutions in the pro-
cess of making castings due to the developed models.
The developed technology consists of a domestic
database of metals and alloys and solves the prob-
lems which founders face during the manufacture of
castings: determining the chemical composition of
the unknown casting, obtaining recommendations
for choosing the optimal cooling mode of the casting
to obtain a given structure of the future product.
The developed computer technology meets the
needs of domestic production and solves a number

Conclusions

The article describes the characteristics of TA and
thermal processes. Methods of quality control of
cast iron are depicted. Methods of thermal analysis
of metal, as well as methods of optimization of cast
structures are listed. A brief overview of software for
monitoring thermal processes is given. The block
diagram of computer technology intended for
modeling of thermal processes, the description of

problems which it solves, and also its short descrip-
tion is given.

of problems that arise during the manufacture of
castings.
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KOMITIOTEPHI CUCTEMHUW MOHITOPIHTY TEPMIYHIX [TPOLIECIB
JINBAPHOI'O BUPOBHULITBA

Beryn. Po3poOKy BHCOKOTEXHOJIOTIYHMX MPOLIECiB JMBApPHOTO BUPOOHHUIITBA 3 ypaxyBaHHSIM HMHILIHBbOI TEHACHIIl
32011a/KeHHSI METaJly HEOOXiIHO MOEHYBATHU 3 BUPILIEHHSIM MUTAHHSI KOHTPOJIIO SIKOCTi BUJIMBKIB Ha CyyacHOMY PiBHi
Hudposizalii mpomMucaoBocTi. OQHUM 3 TAKUX METOJIiB KOHTPOJIIO € MeTo TepMmiuHoro aHaiizy (TA). TepmiuHi rpolecu
€ HaBaXJIMBIIMMU MPU B3aEMOJII pikoro metany abo cruiaBy 3 JuBapHoto dhopmoto. TexHosorii TA 103BONSIOTE HE
TUIbKM BU3HAYaATU CKJIaJ XiMiUHUX €JIEeMEHTIB B pO3IJaBi, aje i 3 BUCOKOIO MMOBIpPHICTIO TPOTHO3yBaTH BJIACTUBOCTI
MeTajy B JJUTBI Ha eTarli, KoJIu MeTasl repeOyBae 1iie B redi a0o B KoBIiIi. [IJ1s1 moserimeHHs: poOoTH TMBapHMKA B ITpoIIeCi
BUT'OTOBJICHHSI BWIMBKAa BMHUKA€E IOTpeda B MOACIIOBAaHHI TepMIiYHMX IpolLeciB, 110 BimOyBaioThbes. Lle Moxke OyTu
JIOCSITHYTO pO3POO0JICHHSIM TTPOrpaMHOIo 3aco0y, SIKMI T103BOJUTD 3a0e3MeuuTH e(heKTUBHUIA CYMPOBII TEXHOJOTIYHOTO
MpoLeCy BUTOTOBJICHHS JIMBAPHOI MPOYKIIii Ta KOPUTYBATH 3a MOTPEOU MPUNHATTS AOLIIBHUX PillIEeHb HA Pi3HUX eTanax
MPOLIECY JINTTS.

MerTo10 cTaTTi € 1OCTIIXKEHHS METOIiB TEPMIYHOTO aHaIi3y B rajly3i IMBapHOro BUPOOHMIITBA Ta PO3pOOKa IMTPOrpaMHOTr0
3a0e3MneYeHHs JJIs IATPUMKHU pillleHb 3 METOI0 MOJETIOBAHHS TEPMiUHUX IPOLIECIB.
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MeTtoau. MeToau TepMiYHOTO aHaIi3y Ta METOIM MOJIETIOBAHHS TEPMiUHUX MTPOLIECIB.

Pesyabratu. HaBemeHO omuc KOMITIOTEpHOI CHCTEMU MOHITOPMHTY TEPMIUHMX IIPOIIECiB, sIKi BimOyBalOThCS Ha
JIMBAapHUX BUPOOHULITBAX. [leTaqTbHO PO3MISIHYTO TEPMiUyHI MTPOLIECU SIK OCHOBHI TPOLIeCH, 110 BiI0YBalOTLCS B MpOLIECi
BUTOTOBJICHHSI BUIMBKiB. OTIMCaHO Ba CMOCOOM KOHTPOJIIO SIKOCTi MeTaly METOJOM TePMiUYHOTO aHali3y AJIs1 MoJeei,
1o ra3udikyrorbesi. HaBeaeHo cnmocodu TepMiuHOTO aHalli3y MeTajy, a TAKOXK CIocoOM ONTHUMI3allii JUTUX KOHCTPYKILii.
JlaeTbcst KOPOTKUIA OIJIsiA MPOrpaMHOro 3a0e3nevyeHHs Il MOHITOPUHTY TepMiuHuX mpolieciB. HaBeneHo O10K-cxemy
KOMIT'IOTepHOI TEXHOJIOTi1, TIPU3HAYEHOI TSI MOJIETIOBAaHHSI TEPMiTHUX TIPOIIECIB, ONMKC 3aBOaHb, SIKi BOHA BUPIIIIyE, a
TaKOX KOPOTKUI OIHC OJIOK-CXEMU.

BucHoBKH. 31iliCHEHO MOCHIIKEHHS TMiIBUIICHHS SIKOCTI METaly i3 3acTOCYBaHHSI METOIIB TEPMiUYHOTO aHai3y,
3aMPONOHOBAHO CIIOCOOM KOHTPOJIIO SIKOCTI MeTajly MeToaoM TA, 3acCHOBaHi Ha CUHTE3i 10r0 3 eJleMeHTaMM TEXHOJIOTiT
JIATTS TPpOo0 BAaKyyMHUM BCMOKTYBAaHHSIM, JIJIsT MOZAEJIeH, 110 ra3udikyoThecs. Po3pobiaeHo nmporpaMHe 3a06e3neueHHs 15
MiATPUMKMU pillleHb TUBAPHMKA, 1110 TO3BOJUTH aBTOMAaTU3yBAaTU OKPEMi eTaru MpoLiecy BUTOTOBJIEHHS BUJIMBKA.

Karouoei caoea: yughposizayis, inocunipune, adumueHe eupoOHUUME0, AUMM Memany, Yupposuii 08iliHUK, AUEAPHI MEXHOA0IT,
euaueox, 3D-opyk.
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