ISSN 2786-7102 (Online), ISSN 2786-7633 (Print)
https://doi.org/10.15407/srenergy2024.01.054

UDC 621.745.5.06./.07:536.5

ILeonid ZhukoW', Dr. Sci. (Engin.), Professor, https://orcid.org/0000-0001-9067-8613

Dmytro Petrenko?*, https://orcid.org/0000-0002-7546-9503

1General Energy Institute of NAS of Ukraine, 172, Antonovycha St., 03150, Kyiv, Ukraine;
2Physico-Technological Institute of Metals and Alloys of NAS of Ukraine, 34/1,
Vernadskogo Blvd., 03142, Kyiv, Ukraine

*Corresponding author: dima-petrenko@meta.ua

CONTINUOUS LIGHT-GUIDE CONTROL OF MELTS TEMPERATURE IN
INDUCTION FURNACES

Abstract. The article is devoted to the question of the most effective for the full use of the induction
furnaces technological flexibility continuous temperature control. The aim of the work is to create a light-
guide technology for continuous temperature control of the processes of induction melting, treatment and
pouring of liquid metal in metallurgy of machine building. The investigations of crucible and channel,
melting, holding and pouring induction furnaces from the standpoint of light-guide thermometry have
been developed. Materials, designs, as well as technologies of manufacturing, mounting and safe
operation of the light-guide and auxiliary devices have also been investigated. Using the results of
complex studies, the base light-guide thermometry system, general and particular methods of the light-
guide temperature measurements have been developed. On the base of the Huygens construction, as well
as the laws of geometric and crystal optics, techniques for calculation of the optical characteristics of the
light-guide and focusing devices, as well as schemes of their optical joint have been developed. These
techniques increase the metrological characteristics of the light-guide thermometry. Standard
construction of the secondary part of thermometry system requires classical pyrometry methods
application. These methods are acceptable for continuously operated metallurgical aggregates, where
stable emissivity of the light-guide operating end takes place. The secondary part of thermometry system
has been modernized in order to widen application field of light-guide thermometry on periodically
operated metallurgical aggregates where emissivity of light-guide immersion end randomly changes.
Modernized secondary part is purposed for spectral (multicolor) pyrometry methods realization. These
methods minimize influence of the instability of emissivity of light-guide immersion end on methodical
errors of temperature measurements. Research and industrial exploitation, at domestic and foreign
enterprises, have shown obvious metrological advantages of the light-guide thermometry technology in
comparison with known solutions. Implementation of the light-guide thermometry systems on induction
furnaces has high technical-economic efficiency, including by reduction the spoilage of metal products
and resource costs for production.

Keywords: induction furnace, continuous temperature control, light-guide thermometry, amorphous,
poly- and single-crystalline materials, measurement error, Huygens construction, technical-economic
efficiency.

1. Introduction

Nowadays the problem of redundant, technically unjustified electrical and heat energy consumption in
the course of melting, treatment and pouring processes is very topical for metallurgy [1]. So, for example, for
steel making plants which use arc and induction melting furnaces, real energy consumption exceeds
theoretically calculated values on 35-100 %. Additionally, the losses due to the imperfection of treatment
and pouring processes take place. As a result of these losses the value of electrical energy per unit of ready
production exceeds calculated value in 3-6 times. So, it is very important to reduce energy consumption for
metallurgy in general.

By the authors opinion, the most efficient way of energy consumption decreasing in metallurgy is
continuous measurement of melts temperature directly in metallurgical furnaces and aggregates with
following optimal its regulation in the course of technological/production process — i.e., continuous
temperature control. Imperfection and, especially, lack of the temperature control are impermissible for
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modern enterprises. Due to this fact the number of defect metal products increases, probability of emergency
situations sharply increases, energy costs exceed calculated ones in several times, resource of metallurgical
aggregates lining decrease. Correspondingly, continuous temperature and especially high-temperature
control allow avoiding mentioned problems and due to this has high efficiency and fast payback. For
example, continuous temperature control on one tundish of TATA Steel Company (department in
Netherlands, 2017) provides economy 2.36 million EUR per [2].

Nowadays from 1 to 2 billion USD have been spent in the world for development of continuous
temperature control of converter process. Nevertheless, this problem has not yet been solved. In converter
production periodical temperature measurements with thermoelectric immersion transducers are being still
used. Mentioned high expenses on development of continuous temperature control confirm its high
technical-economic efficiency on converters, actuality and complexity of this problem. Proposed light-guide
thermometry together with modern ceramic materials, including nanomaterials, ensure serious preconditions
for solving this worldwide problem [2].

Cupolas of various types, arc and induction crucible/channel melting, holding and pouring furnaces
are used for obtaining, treatment and pouring of liquid metal. Induction furnaces differ from cupolas and arc
furnaces by high technological flexibility which allows to:

- load metal charge and subcharge materials with different volumes at necessary sequence and
temperature;

- the melt being overheated to determined temperatures;

- perform the melt treatment, including slag and thermal-time, as well as add modifying and doping
components;

- pour the metal with necessary volumes and at determined temperatures;

- achieve high homogeneity of alloys structure due to the continuous stirring of the melt under
electromagnetic field [3].

High technological flexibility provides typical for modern metallurgy of machine building
implementation of induction technologies. So, in the world, beginning from 1960-s, induction melting
equipment began to replace cupola furnaces. This process intensified in the middle of 1970-s, when tiristor
control of induction furnaces were implemented. For example, in China in 2016 the part of cast iron melted
in cupolas consisted about 35 % and decreasing continued [4]. In USA, beginning from 2010, the number of
operating cupolas decreased in 2 times, at the same time the number of induction furnaces increased in
2.5 times. Remarkable is the fact, that among the world amount of induction furnaces more than 80 % belong
to middle-frequency furnaces and can be used for any alloys obtaining, including cast iron [5, 6]. Induction
crucible furnaces of industry frequency (50 Hz) consist overwhelming majority of them.

The purpose of this work is to develop the light-guide technology of continuous temperature control of
induction melting, treatment and pouring of liquid metal in metallurgy of machine building with following
estimation of the metrological characteristics of this technology under industrial conditions.

2. Materials and methods

Induction furnaces are complicated objects for temperature measurements. For example, in [7] the
guestion of melt temperature measurement by thermoelectric transducers is considered. But operating
induction furnace is characterized by high level of electromagnetic disturbances on thermoelectric
measurement circles with all following consequences. These consequences restrict application of such
decision even for periodical measurements. Therefore indirect, on energy consumption, methods of
continuous melts temperature measurements for induction pouring and holding furnaces have been proposed
by a number of specialists [8—12]. They are based on temperature estimation by solving, for necessary time
points, equation of thermal balance for the furnace. For this purpose, consumed electrical power, as well as
heat flow to be lost by the furnace are being measured simultaneously. For example, in work [8] for liquid
steel temperature estimation they have proposed to measure the temperature of cooling water near the outer
wall of the furnace. Such methods require complicated multiple-factor models of heat exchange between the
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furnace and environment medium to be built. They operate correctly only when conditions for which they
had been built are strongly met. Due to the complexity of taking into consideration of a large number of
factors which influence on induction melting and treatment processes, such indirect methods for temperature
estimation were not widely implemented in metallurgy. L.F. Zhukov in [13] proved that energy consumption
strictly depends on random complicatedly controlled conditions of industrial application of induction
technologies, including:

- slagging, metallization and deterioration of lining;

- feeding-discharge and temperature regimes of furnace filling by liquid metal;

- relation of masses between sump and feeding charge/subcharge materials;

- thermal-time, modifying and doping treatment of melt;

- temperatures of melt overheating and discharging;

- furnace power.

In general influence of more than 10 factors has been studied under industrial conditions, on the
furnaces of ICHT type with capacity 2.5; 6.0 and 10 t. It has been proved that energy consumption for the
same overheating temperature differs on 45 % under different conditions. This value determines methodical
error of indirect temperature measurement. In principle, such indirect temperature control is possible only for
the stage of melt overheating, using temperature corrections on the base of periodical temperature
measurements by thermoelectric transducer. At the same time the furnace should be turn off in order to
exclude impact of alternative electromagnetic field on results of temperature measurements. However, at the
same time, the most resource and energy consumptive stage of furnace filling by liquid metal remains
without temperature measurements and control.

For passing through and quasi-passing through metallurgical aggregates, including cupolas and arc
furnaces, contactless optical thermometry has no alternative. Construction and operating regimes of
induction furnaces exclude traditional optical contact of pyrometer through the accompanying gaseous
media. From the part of hearth and side walls melt is covered by furnace construction elements. From the top
side melt is covered by layer consisting of feeding metal charge, subcharge materials and slag [14].
Therefore, induction furnaces refer to metallurgical aggregates of closed type from optical thermometry
position. Such type of aggregates excludes continuous contactless control of liquid metal temperature with
the help of pyrometers, sighted on melt mirror via accompanying gaseous medium (Fig. 1, a).

Fig. 1. Potentially possible realization schemes of continuous contactless (a) and light-guide (b) temperature control of
metal melt in induction crucible furnace

Analysis of construction and operating conditions of induction crucible furnaces indicates necessity of
the light-guide thermometry technologies use (Fig. 1, b). Under industrial conditions significant methodical
errors of contactless temperature control exclude it application. Even though it is possible to direct the
pyrometer on the melt after slag removing (before metal discharging), errors of such ineffective temperature
measurement (Fig. 1, a) under random influence of oxide films, turbulence of the melt, which cause
emissivity (evar) Of melts surface instability, as well as under influence of melting products, which cause
transparency of accompanying intermediate medium (tvar) instability for classical optical pyrometry reach
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unacceptable 8 % and more. In this case the most effective continuous temperature control necessary for
optimal resource and energy saving control of processes of furnace filling by liquid metal, as well as
treatment and pouring, is excluded.

The complex theoretical and experimental studies of metallurgical equipment from positions of the
light-guide thermometry under conditions of obtaining, treatment and pouring of liquid metal have been
performed for technical realization of light-guide temperature measurements. In particular, it has been
investigated [13]:

- constructions and operating regimes of the induction furnaces;

- deterioration, metallization, slagging and temperature fields of the lining;

- operating regimes of light-guide units and optimal zones of their mounting;

- materials, constructions, technologies of production, mounting and cooling regimes of the light-

guide units and lining.

Experimental studies of materials, constructions, technologies of production and mounting of
measurement accessories, auxiliary, light-guide and focus units, primary pyrometric transducers and schemes
of their optical joint have been performed. The general and particular, for main types of metallurgical
aggregates, methods of light-guide thermometry have been developed. The measurement principle of these
methods is based on light-guide generation and transmission through the lining of metallurgical aggregate
electromagnetic heat radiation, thermometric parameters of which are unambiguously coherent with the
temperature of controlled melt.

3. Results and discussion

On the base of carried out complex of theoretical and experimental studies several modifications of the
light-guide systems for continuous control, registration and indication of melts temperature in metallurgical
aggregates, including induction crucible and channel melting, holding and pouring furnaces, have been
developed. Functional scheme of the basic light-guide thermometry system is showed on Fig. 2.
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Fig. 2. Functional scheme (a) and elements (b) of the basic light-guide thermometry system

The light-guide thermometry system consists of primary individual and secondary universal electronic
parts. The primary part, being adopted to the conditions of metallurgical aggregates, consists of light-guide
unit (LGU), unit of optical joint (UOJ), focus unit (FU) and fiber-optical cable (FOC). The secondary part
consists of detecting unit (DU), secondary measurement transducer (SMT), measuring-recording device
(MRD), carry-out digital indicator (CDI) and control unit (CU).

LGU provides stable generation and transmission through the lining of metallurgical aggregate
electromagnetic heat radiation, thermometric parameters of which are unambiguously coherent with the
temperature of controlled melt. Construction of the LGU is showed on Fig. 3.
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Fig. 3. Construction of the LGU

LGU is the most responsible element which determines metrological characteristics, exploitation
reliability and safety of thermometry system. The materials and construction of the LGU have to meet very
strong requirements, as much as they work under harsh conditions of long-term mechanical, temperature and
chemical influence of the lining and melting products. The main element of the LGU is the light-guide (1),
which is the rod made of amorphous or single-crystalline SiO,, Al.O; and BeO. The light-guide is reinforced
by load-bearing construction. For example, this construction is made of fused ceramics based on ZrO,, Al;Os
and SiO,, combined with the lining and controlled melt. Additionally, the light-guide has to have stable
transmissivity of electromagnetic heat radiation of the melt, in operating spectral range of primary
pyrometric transducers, during all campaign of the lining at technological temperatures of metallurgical
equipment.

It should be noted that in contact with the metal melt, the immersion end of the light-guide is covered
with a film [13]. It was experimentally established that after several hours of operation of the light-guide in a
pacific metal bath, the thickness of the film reaches 150-300 um. With intense electromagnetic stirring of
the melt, the thickness of the film does not exceed the thickness of the boundary layer which borders to the
immersion end of the light-guide. For a stirring speed of the melt 1-4 m/s, the thickness is from 3 to 21 mm.
When examining the film that formed after 2 hours of work, it was established that the film consists of a
mixture of a-quartz and a-cristobalite, and the concentration of a-quartz prevails. Furthermore, the film
consists of Al,O3'SiO,, FeO and y-Fe,O3-H.O. After 14 and 1080 hours of light-guide operation phase
composition of the film did not change, but modifications of a-quartz and a-cristobalite redistributed. The
main modification became o-cristobalite. It has been established by calculation and experimental way that
normal spectral emissivity of the mentioned film in spectral range 0.8-1.8 um and at temperature of light-
guide immersion end 1600 °C consists of 0.8-0.9 [13]. Influence of the emissivity, as well as losses of
radiation by light-guide material (scattering, absorption and Fresnel reflection from outer end) are accounted
when calibration of the measurement system is performed on the object for the methodical error of
temperature measurement to be excluded.

The light-guide is placed on the ceramic pipe (3) axis. Circular gap between light-guide and load-
bearing pipe is compacted by reinforcement material (2). For example, this material is developed on the base
of spheroidal AlOs, AIN or BN with application of ceramic nanotechnologies. The nano-size inclusions
should improve the mechanical and heat-resistant properties of the LGU. The described light-guide
assemblage is placed on the axis of force block (4) with non-stick coating (5). Circular gap between load-
bearing pipe and force block is also compacted by reinforcement material (2). Light-guide bushing (6) is
mounted on the outer end of load-bearing pipe and purposed for mechanical joint of the UOJ, by thermal-
blocking thread, with light-guide (1). The LGU is being installed in aggregate lining, by immersion end in
contact with the melt. It is purposed for operation during all lining campaign (from 1 month to 2.5 years).
Mounting zone should the most fully meet requirements of the light-guide thermometry [13].

UQJ provides optical joint between FU and LGU, as well as their hermetic sealing, mechanical
protection and cooling. Engineering techniques to calculate the schemes of optical joint of optical-electronic
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transducers of radiation (placed in DU) with straight immersion isotropic and anisotropic light-guides with
straight faces have been developed for the next conditions [15]:
- at de,h_> de_p and n21:1
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- an anisotropic light-guide is made of single-axis crystal, optical axis of which doesn’t coincide with
the geometrical axis of a rod

dlg > Df.v + I‘o.r-n.r ' (3)

At the same time, to exclude limitation of the radiant flux by the side surface of the outer part of the
light-guide the next condition should be met

de.p
d)m@wmw (4)
e.h

The second term in right part of the expression (3) have been determined on the basis of Huygens
construction, as well as laws of geometrical optics and crystal optics
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In formulas (1-5) the following symbols are agreed: diy — diameter of the light-guide, m; Dsy —
diameter of the field of vision, m; Lic.ep — distance from immersion end of the light-guide to the entrance
pupil, m; den — diameter of entrance hatch of the transducer, m; de, — diameter of entrance pupil of the
transducer, m; o — the half of the angle of transducer field of vision, °; Liy — length of the light-guide, m; Lo.-
nr — length between ordinary and non-ordinary rays, which come out from the light-guide, m; o — angle
between optical and geometrical axes of crystal, °; n» — coefficient of light-guide material refraction
relatively to the intermediate medium; nor — coefficient of ordinary ray refraction; nn, — coefficient of non-
ordinary ray refraction.

Proposed calculation techniques provide technical realization of optical joint between primary
pyrometric transducers and straight immersion light-guides, which have straight faces. Such optical joint
increases metrological characteristics of light-guide thermometry due to exclusion of transducers field of
vision limitation, vignetting of radiant flux and influence of background radiation from side surface of the
light-guide. Mentioned factors cause significant methodical component in measurement error of light-guide
temperature measurements on working with sump and, even more, with full discharge induction crucible
melting furnaces. Due to this component temperature measurement error of induction melting exceeds in 2
and more times an error of light-guide temperature control with using of proposed techniques of optical joint
(226 °C at confidence level 0.95).

FU collects heat radiation, transmitted by LGU from depth of metallurgical aggregate, and directs it
into the FOC, which transmits radiation on DU. DU is photonic transducer of radiation, which is also called
sandwich-detector. It is sensitive for radiation in 2 spectral ranges in visible and near infrared bands of
spectrum. SMT performs analog to digital conversion, processes obtained primary pyrometric information in
accordance with algorithms of classical pyrometry methods and calculates sought temperature of the melt.
Information about the current value of liquid metal temperature is being brought out on CDI, MRD and CU
for indication, registration, regulation/signalization, respectively.
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Standard construction of the secondary part of thermometry system is purposed only for classical one-
or two-color pyrometry methods application [13]. For continuously operated aggregates, which are
permanently filled by liquid metal, classical methods are rather acceptable, because of the emissivity of the
immersion end of light-guide remains stable during all period of aggregate operation. Usually, the aggregate
period of continuous operation is determined by operation term (campaign) of it lining. Cyclic heat changes,
which cause unexpected changes of film thickness on the light-guide immersion end take place in
periodically operated aggregates, including operating with full discharge (tapping) induction furnaces.
Respectively, the emissivity of immersion end, which determines methodical error of temperature
measurement, unexpectedly changes too. In order to widen application field of the light-guide thermometry
technology on periodically operated aggregates, the secondary part of thermometry system has been
modernized. This modernization allows realizing the methods of spectral (multicolor) radiation pyrometry.
They minimize influence of emissivity instability of the light-guide immersion end on methodical error of
temperature measurement by the way of multicolor (3 or more waves) algorithms of primary pyrometric
information processing. At the same time, it is not necessary to calibrate measurement system by the
thermoelectric transducer. Modernization of secondary part of the system means that DU and SMT have
been replaced on multicolor detecting unit (MDU) — microspectrometer and computer (C), respectively
(Fig. 2). As an MDU the microspectrometer S2000 (Ocean Insight Inc., USA) have been applied. This device
allows registering the brightness of radiation on 2048 wavelength in spectral range 0.5-1.1 um.

In the course of industry exploitation metrological characteristics of the light-guide thermometry on
the base of methods of classical radiation pyrometry have been investigated. It has been proved that, in
contrast to existing technical solutions, the light-guide thermometry technologies, for the first time in world
practice, provide continuous temperature control of melts, including high-temperature ones, directly in
metallurgical aggregates. These aggregates include operating continuously or with sump, crucible and
channel, melting, holding and pouring induction furnaces. The limit errors of temperature measurements in
mentioned furnaces are respectively 12.8; 9.8 and 8.6 °C, at confidence level 0.95. Technical realization of
the light-guide temperature control for induction furnaces is shown on Fig. 4.
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Fig. 4. Continuous light-guide control of liquid metal temperature in induction melting (a), holding (b) and pouring (c)
furnaces

To investigate metrological characteristics of the light-guide thermometry under conditions of
metallurgical enterprises the technique of comparative measurements has been used. This technique has been
developed by the highest metrological organization — VNIIM named after D.l. Mendeleev with L.F. Zhukov
participation [13]. Comparative measurements have been performed by the light-guide thermometry system
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under consideration and reference short-time immersion thermoelectric thermometer of TPR-2075 type with
nominal static characteristic (NSC) of B-type.

Comparative tender tests of the light-guide technology (Ukraine) and the technology with blowing
tuyere (Germany) have been carried out on foreign enterprise (MIRDC, Taiwan). Much higher metrological
characteristics and exploitation advantages of the light-guide technology have been proved as a result of
these tests. For example, on induction crucible steel-melting furnace limit measurement error reached
respectively 3.5 and 65.0 °C, within the temperature range 1400-1750 °C, at confidence level 0.95.

At present day the light-guide thermometry technology has also been adopted for heating
furnaces (Fig. 5).

Fig. 5. Mounting of the light-guide thermometry system on heating furnace (Nippon Steel and Sumitomo Metal
Corporation — Japan, Kimitsu, 14.07.2011)

Long-term tests of the light-guide technology have confirmed its efficiency and prospectivity for
continuous precision high-temperature control on heating furnaces under industrial conditions. For
comparative periodical short-time temperature measurements in heating furnace reference thermoelectric
thermometer of TPP type with NSC of S-type has been applied. During tests deviations of readings between
the light-guide system and reference thermoelectric thermometer have not been observed. Here we should
note that in continuous operation regime under test conditions drift of the NSC of such type thermoelectric
thermometer reaches 1 % during 24 hours [13].

Operation under industrial conditions at domestic and foreign enterprises has shown that the light-
guide thermometric technology:

- provides continuous temperature control directly in metallurgical aggregates of a closed type during
all stages of obtaining, treatment and pouring of liquid metal;

- is promising for application on converters, blast, arc, heating furnaces, as well as glass-melting and
coke furnaces; on sets for continuous casting; as well as for continuous temperature control of high
temperature part of Thermal Power Plants boiler units;

- does not complicate the operation of heat engineering and metallurgical equipment, including
feeding charge materials, slag removing, liquid metal tapping, etc.;

- compared to contactless optical thermometry, the technology increases the accuracy of
measurements due to the redistribution of radiation over the spectrum, elimination of the optical
characteristics instability influence of controlled surface and intermediate medium and the increase in the
degree of correlation between thermometric parameters of the radiation, formed and transmitted by the light-
guide with measured temperature.

Continuous temperature control of metal melts directly in furnaces stimulates investigations and
resource-, including energysaving, optimization of continuous and sump processes of obtaining, treatment
and pouring of liquid metal. For example, investigations on industrial induction furnaces have shown that
implementation of developed on the base of continuous light-guide temperature measurements technological
algorithms of control, including implemented in Production Control System of induction melting, provide
high technical-economic characteristics (Table 1) [16].
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Table 1. Technical-economic characteristics of the continuous light-guide temperature measurements and technological
processes control on its base

Developments Objects Technical-economic characteristics
names Spoilage Waste Lining resource | Decrease in the Melting productivity
reduction reduction, increase, % consumption of increase
«due to the % electric power,
temperaturey, %
%
Light-guide Induction
thermometry melting, 20-60 20-30 20-90 10-30 -
technologies holding
Technological and
algorithms of | pouring 20-40 - 30-50 20-40 20-30
control furnaces

Algorithms of control, based on the continuous light-guide temperature measurements provide
maximum level of mentioned technical-economic indices on metallurgical enterprises of machine-building
metallurgy with large-scale production of castings on the base of mono-, duplex- and triplex processes of
obtaining, treatment and pouring of liquid metal.

4. Conclusions

Thus, it has been determined, that full use of induction furnaces technological flexibility can be
realized only on the base of continuous measurement and regulation of melts temperature.

Disadvantages of indirect (by energy consumption) methods of temperature measurements in
induction furnaces have been shown. In particular, it has been proved that energy consumption, for the same
overheating temperature, differs on 45 % in dependence on different combinations of factors which influence
on conditions of melting. Respectively, such dispersion of energy consumption transforms into the error of
indirect temperature measurement.

The necessity of the use of light-guide thermometry technology for continuous temperature control of
melts in metallurgical aggregates of closed type, which include induction furnaces, is proved. For technical
realization of light-guide temperature control complex investigations of induction crucible and channel,
melting, holding and pouring furnaces have been carried out from position of light-guide thermometry.
Experimental studies of materials, constructions, technologies of production and mounting of measurement
accessories, auxiliary, light-guide and focusing units have been performed.

On the base of performed investigations and developments, as well as modern amorphous, poly- and
single-crystalline materials, optoelectronic and computer technologies the base light-guide thermometry
system has been created. The measurement principle is based on light-guide generation and transmission
through the lining of metallurgical aggregate electromagnetic heat radiation, thermometric parameters of
which are unambiguously coherent with the temperature of controlled melt.

On the basis of Huygens construction, as well as laws of geometrical optics and crystal optics the
techniques for calculation of optical characteristics of light-guide and focusing units, as well as schemes of
their optical joint have been developed. These developments increase metrological characteristics of the
light-guide thermometry. In order to widen application field of light-guide thermometry on periodically
operated metallurgical aggregates (where emissivity of light-guide immersion end randomly changes) the
secondary part of thermometry system has been modernized on the base of microspectrometer and computer.
Such modernization allows realizing the methods of spectral (multicolor) pyrometry, which minimize the
emissivity instability influence of light-guide immersion end on methodical error of temperature
measurement.

Investigations under industrial conditions have shown that light-guide thermometry technology (using
the classical radiation pyrometry methods), for the first time in world practice, provides continuous
temperature control of melts within the range 1200-1750 °C, during lining life duration (up to 2.5 years) in
induction crucible and channel, melting, holding and pouring furnaces with limit errors respectively 12.8; 9.8

CuctemHi gocnigsKeHHs B eHepretuui. 2024. 1(76) 62



and 8.6 °C, at confidence level 0.95. As a result of comparative tender tests, it has been determined that
measurement errors of the light-guide and blowing tuyere thermometry technologies do not exceed
respectively 3.5 and 65.0 °C within the temperature range 1400-1750 °C. During tests on heating furnaces
the readings deviations between the light-guide system and reference thermoelectric thermometer have not
been established.

Tests and operation of the light-guide thermometry technology under industrial conditions confirm it

high technical-economic indices, including due to the spoilage of metal products and resource expenses
reduction, in particular energy expenses, for its obtaining.
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AHoTaniss. Cmammio npucesiueno NUManHio Ge3nNepepPeHo20 KOHMPOIIO MEMNEPAMypU PO3NIasie, AKull
€ Haubinbu epekmueHuM Ol NOBHO20 GUKOPUCMANHA MEXHONO2IUHOI eHyuKocmi THOYKYitiHUX neuveil.
Mema pobomu noaseac 6 po3pobyi mMexHonoz2ii ceimio8o0HOI mepmomempii Oisi 6e3nepepeHoco
MepMOKOHMPONIO Npoyecié [HOYKYIUHOI NaasKu, 0OpOoOKU U pPO3TUBAHHA Memany 6 Memanypeii
Mawunobyoysanus. Bukonano O00CniodcenHs mucenvHux i KAHANbHUX, NIAGUNLHUX, MIKCEPHUX U
PO3MUBHUX THOYKYIHUX newell 3 NO3UYIll C8IMA080OHOI mepmMoMempii, a MaKoiC 8UGUEHO Mamepianu,
KOHCMPYKYIi, MeXHON02ll QU2OMOBNeHHs, MOoHmaxcy U 0Oe3neuHoi excnayamayii ceimio800HUX i
OONOMINCHUX NPUCMPOI8. 3 BUKOPUCTNIAHHAM Pe3YTbMamie KOMNIEKCHUX 00CIIONCeHb pO3pooIeHo 6a308y
CBIMA0B0OHY MEPMOMEMPUUHY CUCEMY, A MAKOJC 3A2ANbHUNL MA YACMKOGI MemoOU CGIMI0800H020
sumiprogants memnepamypu. Ha ocrnosi nodyooeu I'toticenca, a maxodic 3aKOHi6 2e0OMempUUHOi ONMUKU
U KpUCMAanioonmuKu OMPUMAHO MemOOUKU PO3DAXYHKIE ONMUYHUX XAPAKMEPUCUK CEIMI0600HUX U
@oxycylouux npucmpois, a maKoxc cxemu ix ONMUYHO20 3YNeHYBANHA, AKI NIOSUWYIOMb MEMmpONo2iuHi
xapaxmepucmuku c8imnogoonoi mepmomempii. Cmanoapmne GUKOHAHHSA GMOPUHHOT YACMUHU CUCTeMU
00YMOGII0E GUKOPUCAHHA MeMO0i6 KNACUUHOI nipomempii gunpominenns. Lli memoou € nputinamuumu
o0na  6e3nepepsHO Npayloiouux MemanypeiiHux azpe2amis, 6 AKUX GUAPOMIHIOBANbHA 30AMHICHb
iMepcitino2o mopysa cimuo800a 3aIUMAEMbCA CIMAN0I0. 3 Memol po3uwupents 001acmi 3acmocy8anHs
CBIMNI0B00HOT mepmomempii HA MemanypeiliHi azpezamu 3 NEPIOOUHHUM PeNCUMOM poOOmu, V SAKUX
BUNPOMIHIOBAILHA 30AMHICIb IMEPCIIHO20 MOPYs C8IMN06800a BUNAOKOBO 3MIHIOEMbCA, MOOEPHIZ08AHO
S8MOPUHHY — uaCMUHy mepmMomempuunoi cucmemu. Ilpu yvomy GuKOpuCmosylomvca Memoou
CReKmpanbHoi nipomempii 6UNpOMiHeHHsl, SKI MIHIMIZYIOMb BNIUE HeCMADLIbHOCMI BUNPOMIHIOBATLHOL
30amHocmi  IMepCilino20 mopys CEIMA0600a HA MemOOUYHY NOXUOKY GUMIPIOGAHHA MeMNepamypu.
Hocniodcenns 6 xo0i npomucnogoi excniyamayii Ha GIMYUIHAHUX U 3AKOPOOHHUX NiONPUEMCMBAX
noxazanu S6Hi MempoNociyHi nepesacu CEima08OOHOI MeXHON02I NOPIGHAHO 3 THWUMU BI0OMUMU
piwennamu. Bnpoeadoicenns  c6imioGOOHUX MepMOMEMPUYHUX CUCeEM HaA  IHOYKYIUHUX —neuax
XapakmepuzyemoCs 6UCOKOI0 MEXHIKO-eKOHOMIYHOIO epeKmugHicmio, 6 MOMYy YUCH 3a pPaxyHOK
SHUDICEHHSL OPAKy Memanonpooykyii i pecypcozampam Ha il 6upoOHUYMeo.

KarouoBi cioBa: iHmykmiiiHa 1My, Oe3mepepBHUA TEPMOKOHTPOJb, CBITJIOBOJHA TEPMOMETPHYHA
TEXHOJIOTis, aMop(Hi, TOJi- # MOHOKPHCTAIIYHI MaTepiany, modynosa [roiirenca, moxuOka BUMIpIOBaHb,
TEXHIKO-€KOHOMiYHa e()eKTUBHICTb.
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