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HIGH-PRECISION REMOTE TEMPERATURE
MEASUREMENT METHOD

I.0. Obopcwruii, B.O. Mopeyn, O.C. Jlesuncvkuii, 1.B. Ipoxonosuu, FO.b. Mopeyn, M.O. [onogheesa. BucoxkoTounmii cnociod
JMUCTAHUIIHOrO BUMIpPIOBAHHSA TeMmepaTtypu. B cTaTi po3risHyTI NUTAaHHA MiJBMIICHHS TOYHOCTI BUMIPIOBAHHS TEMIIEpATypH 3a
JIOTIOMOro0  TIpHIAAIB iH(ppadepBoHOI TexHikM. OMUCAHO HOBHH CIOCIO MUCTAHLIMHHOTO BHMIPIOBAaHHS TEMIEpaTypH Tl MpUiiaJaMH
iH(payepBOHOI TEXHIKH, PO3POOJIEHUH 1 3allaTEHTOBAHWH aBTOpaMH, IPH SIKOMY Ha BHUMIpIOBaJbHY ITOBEPXHIO HAKJIANAalOTh CTAIOHHMH
JAaTYUK y BUIVIAAL TOHKOI IUIACTHHKH 3 BHCOKUM Koe(ilieHToM TemronpoBinHocTi. Criocib BUKIIIOUae OCHOBHI MpoOieMu Ta (hakTopH, SKi
BIUIMBAIOTh HA TOYHICTH BUMIPIOBaHHS, TaKi K KOe(ilieHT BUIPOMIHIOBAHHS MOBEPXHI JOCHIIKYBAIBHOTO 00’ €KTY, HOro (i3uvHUi CTaH,
HAsIBHICTH 3a0pyIHEHHs MOBEPXHI TBEPJOro TiJia i TUM CAMHM JAa€ MOXJIMBICTh ONEPATHBHO i TOYHO BHMIPIOBATH TEMIIEPATypy IOBEPXHI
Oynp-skoro Tina. Cnoci® 103BoJIsiE BUMIPIOBATH TaKOX TEMIEPATypy ra3oBOrO CEPElIOBHINA IIIIXOM BBEJICHHS 3a JOIOMOTOI0 JEPIKABKH
JIATYNKA y BUIJISAJI €TAJOHHOI TOHKOI ITACTMHKH JUISl HarpiBy B 30HY KOHTAKTy 3 BUMIpIOBaJIbHUM 00’€KTOM, Ha BiJIMiHY BCiX 3BiCHHX
Croco6iB AUCTaHI[IHHOTO BUMIPIOBaHHS TeMIepaTypH iH(pauepBOHMMH HpUIafamMu. J[Jisi BUMIPIOBaHHS TEMIIEPATYpPHOTO IOJs Ta30BOro
MOTOKY JAaTYMK y BHUIVIAI TOHKOI IUIACTHHKM 3a JOMOMOTOIO [EPKaBKH BBOJATH MiJ KyTOM B 30HY BHMIPIOBaHb TaKMM 4HHOM, 1100
iHdpadepBOHE BHUIPOMIHIOBaHHs OYJIO HAIPAaBICHO MEPHEHINKYISAPHO TNMpHIIMAaIbHOMY eleMeHTy mipomerpa. IIpuBeneno pesymbraTi
BUMIpIOBaHb TEMIIEPATypH TMOBEPXHI Pi3HMX Tl B Mpoleci iX HAarpiBy B TOpPIBHAHHI 3 iCHYIOUMMH crocoOaMH. Po3riasHyTI MOXIIHBI
MOXHOKH, SIKI BUHUKAIOTh IIPH NPOBE/ICHHI TEIIOBOrO OOCTEXEHHS 00 €KTY 1 CYTTEBO BIUIMBAIOTh HAa PE3yJbTaTH BHMiploBaHb. HasBHICTB
JOCTaTHBOI TOYHOCTI CHOCOOY Ja€ MOXKIMBICTH HOro 3acCTOCYBaHHS B paMKaX aBTOMAaTHYHOI CHCTEMH YIpABIIiHHS TEXHOJIOTIYHUMH
npouecaMy. PO3MIISIHYTO BHKOPUCTaHHS INPWJIALy, OCHOBAaHOMY Ha 3allPOIOHOBAHOMY CHOCO0i, B aBTOMAaTHYHIN CHCTEMi yHpaBIiHHS
TEXHOJIOTIYHUMH IIPOLIECAMH Ul BUMIPIOBAaHHS IHTETPAJIbHUX MapaMeTpiB TEIUIOBHX MPOLECIB 3a paxyHOK OOpOOKH iH(pauepBOHHX
MOTOKIB BiJ] TTOBEPXHi BHPOOiB Ta BOYyAyBaHHSA HOro OKPEMONO JAHKOIO B 3arajbHy CHCTEMY aBTOMAaTH30BAHOTO ynpasiiHHs. Ilokazana
MOJKIIMBICTh BUKOPHUCTAHHS 3aIIPOIIOHOBAHOTO CII0CO0Y BUMiproBaHHs TeMrepatypr B ACY TeXHOIOTiYHUMH HPOLECAMH.

Kntouosi cnoea: TEIUIOBI3IMHUNA METO BHUMIpPIOBaHHS, KOE(DII[IEHT BUIPOMIHIOBAHHS MOBEPXHI, €TAIOHHHH 3pa30K, TOYHICTh
BHMIPIOBaHHSI, HEBU3HAUCHICTh BUMIpPIOBaHHS

G. Oborskyi, B. Morgun, O. Levynskyi, 1. Prokopovych, J. Morgun, M. Golofeyeva. High-precision remote temperature
measurement method. The article considers the issues of improving the accuracy of temperature measurement with the help of infrared
devices. A new method of remote measurement of body temperature by infrared devices, developed and patented by the authors, is de-
scribed, in which a reference sensor in the form of a thin plate with a high coefficient of thermal conductivity is applied to the measuring
surface. The method eliminates the main problems and factors that affect the accuracy of measurement. This is the coefficient of radiation of
the surface of the research object, its physical condition, the presence of contamination of the surface of a solid body and, thus, allows you
quickly and accurately measure the surface temperature of any body. The method also allows measuring the temperature of the gaseous
medium by inserting a sensor into the area of contact with the measuring object in the form of a reference thin plate for heating, unlike all
known methods of remote temperature measurement by infrared devices. To measure the temperature field of the gas flow, the sensor is
inserted at an angle into the measurement area so that the infrared radiation is directed perpendicular to the receiving element of the pyrome-
ter. The results of measurements of the surface temperature of various bodies in the process of their heating in comparison with existing
methods are given. Possible errors that occur during the thermal inspection of the object and significantly affect the measurement results are
considered. The presence of sufficient accuracy of the method allows its application within the automatic process control system. The use of
the device based on the proposed method in the automatic process control system for measuring the integrated parameters of thermal pro-
cesses by processing infrared fluxes from the surface of products and its integration into a separate link in the overall automated control
system. The possibility of using the proposed method of measuring the temperature in the ACS technological processes is shown.

Keywords: thermal imaging method of measurement, surface radiation coefficient, reference sample, measurement accuracy,
measurement uncertainty

Introduction
Temperature affects a large number of processes and reactions that occur in nature. In this regard,
the measurement of temperature in all possible cases requires a variety of methods and tools, which,
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depending on the task, there are significantly different requirements for measurement accura-
cy [1].Prospects for the use of non-contact measurement method are associated with such advantages
as high information and productivity, remoteness, mobility of equipment, environmental friendliness,
independence from the size of the control object, no need to decommission the control object, and
therefore reduce costs [ 2]. Nevertheless, it is associated with certain difficulties, which often lead to a
significant reduction in measurement accuracy.

The biggest problem with the application of thermal control methods outside metrological labora-
tories is the need to measure body temperature, the emissivity of which is unknown. Due to the variety
of radiation properties of real bodies, it is impossible to create a device that could measure the temper-
ature of any body. In practice, there are almost mirror and almost diffuse surfaces, translucent surfaces
(melted glass), mixtures of melts with slag, and so on. There is no single method of pyrometry that can
take into account all possible situations and objects.

The authors developed and patented a method of remote temperature measurement with infrared
devices. It involves the use of a reference sensor in the form of a thin plate with a high coefficient of
thermal conductivity placed on the surface of the measuring body. Using a pyrometer determine the tem-
perature of the sensor, the temperature of which is adequate to the temperature of the measuring body.

Analysis of recent research and publications

A large number of works by both domestic and foreign authors are devoted to the study of the
analysis of thermal processes. Such scientists represent the modern school of researchers in the field of
thermodiagnostics as O. Budadin, A. Potapov, V. Kalganov, V. Klyuyev, V. Felino, V. Vavilov,
A. Klimov, T. Troitsky-Markov, M. Shcherbakov, S. Bazhanov, A. Kryukov and others.

Among the foreign authors who have made significant contributions to the practical thermogra-
phy of recent decades are B. Petersson, J. Hart, S. Kimothi, E. Grinzato and many others. They all note
the advantages of the non-contact method of measurement using a thermal imager. These advantages
include high productivity and informativeness, contactlessness and remoteness of tests (within line of
sight), mobility of equipment, speed of the survey, independence from the size of the control object,
creation of thermogram archives, environmental safety, no need to remove the control object from op-
eration, which provides a significant reduction in costs [3 — 7].

In particular, they note the problems and factors that arise in the remote determination of temper-
ature. Mainly insufficient information about the coefficient of radiation of the surface of the object
under study [8, 9, 10]. It is shown that the radiation coefficients of heated bodies depend on many fac-
tors, such as the geometric shape and orientation of the radiating surface, its chemical composition,
physical state, the presence of contaminants on the surface, etc. It is important to know the physical
and chemical state of the surface under the conditions of measurement, because the state and proper-
ties of the surface change with changing temperature, which is usually accompanied by a change in
emissivity. This, in turn, leads to measurement error, which can reach significant values.

When conducting thermal imaging survey there are errors that affect the measurement result [11].
Significant are:

— instrumental error, which is related to the design of the measuring instrument and is determined
by the properties of the optical system, the inertia of the radiation receiver, as well as the resolution of
the thermal imaging system in the presence of sharp temperature gradients on the surface;

— methodological error that arises directly from the research itself and is associated with limited
accuracy of the physical constants used in the calculations (emissivity, meteorological conditions, pre-
cipitation, etc.).

The main question that arises when calculating temperatures based on the results of thermal imag-
ing measurements is the uncertainty in the task of the emissivity of the surface of the studied objects.

In [12] to consider the components of measurement uncertainty in thermal imaging control and
the method of estimating the total uncertainty of measurements.

The aim of this work is to create a method for determining the temperature of bodies at a dis-
tance by estimating their infrared radiation, regardless of their emissivity and surface condition, in-
cluding oxidation and contamination. As well as determining the temperature of the gaseous medium
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and sections of the gas flow, assessing the accuracy of the proposed method and the possible scope of
its application.

Object of research — the processes of diagnosing the state of objects and the course of physical
processes in nature, energy, construction, industry.

The subject of research — non-contact method using infrared devices.

Research results

The authors developed a method of remote temperature measurement with infrared pyrometers,
which can be used to measure body temperature, gas environment, or gas flow [13].

There is a method for remote temperature measurement, in which a semiconductor laser diode is in-
stalled on the surface of the object as a temperature sensor. After heating, the brightness of the diode ra-
diation is estimated using a pyrometer, compared with the brightness of the initial temperature and the
calibration dependence of the temperature of the object from which the laser diode was heated [14].

Disadvantages of this method:

—the need for calculations to obtain information that takes time and reduces the accuracy of
measurements;

— the impossibility of using a laser diode at high temperatures;

— he method can be used only to measure the temperature of objects in the form of bodies.

There is also a method of remote measurement of body temperature using an infrared pyrometer.
It measures the amount of infrared energy emitted by the object, introduces the coefficient of radiant
capacity of the body into the pyrometer and determines the appropriate temperature [15].

Disadvantages of this method:

— the amount of infrared energy emitted by the object depends on its temperature and coefficient
of emissivity, which ranges from 0.3 to 0.98 [16], and from many materials known their coefficients
are only a few dozen, which dramatically reduces the possibilities use of the method;

— the emissivity of the object depends on the characteristics of its surface, which during operation
changes under the influence of the external environment, covered with oxide film, oil and dirt, which
reduces the accuracy of temperature measurement;

— the method can be used only to measure the temperature of objects in the form of bodies.

The object of the invention is a high-precision method of remote measurement of infrared energy
of objects regardless of their materials and surface characteristics, as well as measuring the tempera-
ture of gaseous media and gas flows.

The problem is solved by the fact that when remotely measuring the temperature using an infra-
red pyrometer enter the tabular coefficient of emissivity of the material. According to the invention,
the measurement of the temperature of the object is carried out using a sensor in the form of a refer-
ence sample of a thin plate with a known high coefficient of radiant power for heating from contact
with the measuring object. When measuring the temperature, the coefficient of radiance of the sensor
is introduced into the infrared radiation device and the temperature is determined accordingly, which is
adequate to the temperature of the object. At the same time, if it is necessary to measure temperature
of a gas stream, it is necessary to establish the sensor at an angle on a holder through an asbestos lin-
ing and to enter directly into the measured environment.

The technical effect achieved by the invention is that to determine the temperature of the meas-
ured object, the sensor, in the form of a reference sample of a thin plate, pressed against the object in
the form of a body or installed in a gaseous medium and gas flow, has a high coefficient thermal con-
ductivity. Therefore, it quickly heats up to the temperature of the object and emits heat flux according
to its coefficient of radiance, regardless of the properties of the material and the characteristics of the
object. The coefficient of radiance of the sensor is introduced into the pyrometer, and its display shows
the actual temperature of the measuring object.

The essence of the method is illustrated by drawings (Fig. 1), which shows:

—in Fig. 1, a: I — sensor; 2 — measuring object in the form of a body; 3 — infrared pyrometer;
4 — handle; sensor / is pressed against the surface of the object 2;
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—in Fig. 1, b: I — sensor; 2 — measuring object in the
form of a gaseous medium; 3 — infrared pyrometer; 4 —
handle; sensor 1 is introduced into the gaseous medium 2;

—in Fig. 1, ¢: 1 — sensor; 2 — measuring object in the
form of gas flow; 3 — infrared pyrometer; 4 — handle; 5 —
asbestos gasket; the sensor 1 is inserted at an angle into
the gas stream 2, and the pyrometer 3 is installed perpen-
dicular to the surface of the sensor.

To measure body temperature 2 sensor / is pressed
to its surface and pyrometer 3, which introduced the coef-
ficient of emissivity of the sensor material, measures the
radiation sensor and sets its temperature, which is ade-
quate to body temperature (Fig. 1, a).

To measure the temperature of the gas medium 2
sensor 1 is introduced into it and the pyrometer 3, which
introduced the coefficient of emissivity of the sensor ma-
terial, measures the radiation of the sensor and sets its
temperature, which is adequate to the gas temperature
(Fig. 1, b).

To measure the temperature field of the gas flow
sensor 1 is introduced at an angle to the gas flow. Py-
rometer 3, which introduces the coefficient of emissivity
of the sensor material and which is perpendicular to its
plane, measures the radiation of the sensor and sets its
temperature, which is adequate to the temperature of the
gas flow in the location of the sensor. Possible outflow of
heat flow from the sensor to the handle with a rapid
change in the position of the sensor, neutralized by asbes-
tos gasket 5 (Fig. 1, ¢).

The considered method of remote temperature meas-
urement when using it with infrared pyrometers type
FLUKE 574, which determine the temperature of bodies
with an accuracy of 0.1 °© C and the radiative power of
which is known, allows you to quickly, without prior cal-
culations and with high accuracy to measure body tem-
peratures materials and characteristics of their surfaces,
measure the temperature field of gaseous media and flows
of industrial furnaces, heating and cooling devices.

Consider the possibility of using this method in the
ACS technological processes.

Within the ACS, the system of non-contact temperature
measurement using infrared devices is designed to measure
the integrated parameters of thermal processes in engineer-
ing and technology by processing infrared fluxes from the
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Fig. 1. Method of remote measurement of
body temperature (a), gaseous medium (b)
and gas flow (c)

surface of products and is integrated into a separate link in the overall automated control system.

By constantly receiving information from the thermal imager from some part of the study object
with controlled heating, the measuring system helps the ACS to respond to deviations from the set
heating mode, the presence of any anomalies in the temperature field of the object caused by internal
defects. By providing negative feedback to the input settings of the control object (for example, with
the voltage on the heaters U), the system restores the controlled values. The scheme of “work™ of the
proposed method within the automated control system is shown in Fig. 2.
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Fig. 2. The scheme of use of the offered method within the limits of the automated control system:
T — the actual value of the temperature; [17— calculated technological parameter;
ATly— clarification of the calculated technological parameter; € — emissivity

An experimental study of the
accuracy of the proposed method
was conducted. Samples of different
materials were heated and their
temperature was periodically meas-
ured with a FLUKE 574 pyrometer
without correction and in a new
way, where the sensor (see Figures
1, a) was pressed against the test
sample when measuring the temper-
ature. In parallel, the actual (Fig. 3,
abscissa) temperature was measured
using a probe for temperature meas-
urement by contact thermocouple
[16], which can quickly and accu-
rately measure the surface tempera-
ture of conductive bodies [17]. The
measurement results are presented
in Fig. 3, all samples have the same
deviation temperature £0/1 °C .

Conclusions

Consider improving the accu-
racy of temperature measurement
using infrared devices. A new
measurement method has been de-
veloped that eliminates the main
problems and factors that affect the
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Fig. 3. The results of measuring the temperature of samples with the
FLUKES74 pyrometer using (======) and without using the reference
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): 1 — copper; 2 — cast iron; 3 — steel; 4 — aluminum,;
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measurement of infrared flux, such as the coefficient of radiation of the surface of the object under
study, physical condition and the presence of contamination of the solid surface, etc. The method also
allows measuring the temperature of the gaseous medium and the gas flow, which distinguishes it
from the known methods of remote temperature measurement. The presence of sufficient accuracy of
the method allows its use in the automatic process control system. The researched measurement sys-
tem helps the ACS to react to deviations from the set heating mode, the presence of any anomalies in
the temperature field of the object of study.
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