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REZIME
Na prototipu/etalonu — aparatura za kalibraciju kontaktnih termometara na
¢vrstoj povrsini (u nastavku teksta prototip), izvrSena su mjerenja odnosno
kalibracija kontaktnog termometra. Kako bi dobijeni rezultat kalibracije
bio potpun izvrsena je procjena mjerne nesigurnosti.
Iskoristena je mogucnost variranja parametra uticaja ambijentne
temperature tik iznad referentne povrsine. Ovaj parametar je direktno
proistekao iz konstrukcije samog protitpa.
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SUMMARY
Measurements, calibrations of contact thermometer have been conducted
on prototype/standard — apparatus for calibration of contact thermometers
on solid surface (in following text just prototype). In order to make the
calibration obtained result whole an estimation of measurement uncertainty
is done.
The possibility to vary parameter of influence of ambient temperature just
above the reference surface is used. This parameter is directly derived from
the construction of the prototype.
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1. UVOD 1. INTRODUCTION
Kako bi bili sigurni u rezultate mjerenja To be sure in measurement results of contact
kontaktnim  termometrom svako mjerilo thermometer every measure or sensor must be

odonosno senzor mora biti provjeren, kalibrisan.
Kalibracija je operacija koja, pod odredenim
uvjetima, u prvom koraku, odreduje odnos
izmedu vrijednosti veli¢ine sa mjernom
nesigurnos¢éu  od  etalona  mjerenja i
odgovaraju¢ih pokazivanja sa pridruZzenim
mjernim nesigurnostima, a u drugom koraku,
koristi ovu informaciju da uspostaviti odnos za
dobijanje mjernog rezultata iz oCitanja. [1]
Kontaktni termometri za mjerenja na cvrstoj
povrsini su predmet kalibracije na prototipu i
imaju svoj udio u doprinosima pri procjeni
mjerne nesigurnosti.
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checked, calibrated. Calibration is the operation
that, under certain conditions, in a first step,
define the relationship between the value of the
size of the uncertainty of measurement standards
and corresponding indications with associated
measurement uncertainty, and in the second step,
uses this information to establish a relation for
obtaining a measurement result of the reading.
[1]

Contact thermometers for measuring the solid
surface are subject to calibration on a prototype
and have their share of contributions to the
assessment of measurement uncertainty.
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Naime, S§iroka je primjena kontaktnih
termometara u  prehrambenoj  industriji,
kulinarstvu, te raznim granama industrije, gdje
se javlja potreba za mjerenje temperature Cvrste
povrsine. Na primjer premazi na bazi recijskih
smola se mne smiju primjenjivati na
temperaturama ispod tacke rosiSta ili na
temperaturi ispod 5°C te se u te svrhe Koristi
kontaktni termometar kao i u auto industriji i
drugim lakirerskim granama, gdje se premazi
odnosno slojevi nanose tek nakon provjere
temperature koriste¢i kontaktne termometre. Isti
takoder imaju primjenu kod pracenja
temperature toplotnih vodova, gradevinarstvu i u
mnoge druge svrhe.

2. POSTUPAK KALIBRACIJE
KONTAKTNIH TERMOMETARA ZA
MJERENJE TEMPERATURE CVRSTE
POVRSINE I KORISTENA OPREMA

Postoje razliCite izvedbe kontaktnih

termometara za mjerenja na ¢vrstoj povrsini €iji

senzori su obicno termoelementi ili otporni

termometri. Na Slici 1. su dati samo neki
primjeri  izvedbi ove vrste kontaktnih
termometara.

Namelly, there is wide application of contact
thermometers in the food industry, culinary, and
various industries, where there is a need to
measure the temperature of the solid surface. For
example coatings based secretion resin should
not be used at temperatures below the dew point

or at a temperature below 5°C. So contact
thermometers are used for this purpose as well as
in the auto industry and other branches of the
paint, where the coatings or layers are applied
only after checking the temperature using a
contact thermometer. The same also have
application in the monitoring of temperature heat
pipes, construction and many other purposes.

2. THE METHOD OF CALIBRATION OF
CONTACT THERMOMETERS FOR
TEMPERATURE MEASUREMENT OF
SOLID SURFACE AND USED
EQUIPMENT

There are different versions of contact

thermometers for measuring temperarture of

solid surface whose sensors are typically

thermocouples or resistance thermometers. The
Figure 1 shows only some exemples of these
types of contact thermometers.

Slika 1. Kontaktni termometri za mjerenja temperature na ¢vrstoj povrsini
Figure 1. Contact thermometers for measuring temperature at solid surface

Uporedna metoda kalibracije senzora temperature je
metoda, gdje se do rezultata kalibracije dolazi na
bazi uporednog ocitavanja etalona poznatih
karakteristika i mjerila koje se podvrgava kalibraciji
i to na temperaturnim tackama ostvarenim uz
pomoc¢ koriStenja odgovorajuce aparature.
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The comparison method of calibration of
temperature sensor is a method where the
calibration results are obtained on the basis of
comparative readings of standard of known
characteristics and measure that is calibrated at
certain temperature points achieved by using
appropriate apparatus.
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Ocitana razlika predstavlja odstupanje kalibri-
sanog mjerila od vrijednosti zadate kalibracione
tacke. Jedan od nacina mjerenja temperature na
¢vrstoj povrSini  je mjerenje  kontaktnim
termometrima. Mjerenje temperature na ovaj nacin
je proisteklo iz mnogih aspekata Zivota i rada, te
otud i potreba za “pravilnom” provjerom odnosno
kalibracijom te vrste termometara.

Vecina termometara pravljena tako da se koriste,
a i kalibri$u uporednom metodom odnosno da se
uranjaju u mjerni medij, bez da ambijentni uvjeti
imaju znacajan utjecaj na konacan rezultat.

Ali kada je rije¢ o kontaktnim senzorima za
mjerenje temperature (Cvrste) povrSine i
kalibraciji istih oni u potpunosti odstupaju od
ovog pravila. Oni su koncipirani za direktnu
primjenu odnosno mjerenje na cvrstoj povrsini.
[2,3].

Slijedom navedenog nekoliko nacionalnih
metroloskih laboratorija je razvilo uredaje koji
generiSu temperaturu povrsine pod uvjetima koji
najvise nalikuju onima koji se susrecu tokom
uobicajenog koristenja povrsinskih senzora. [4].
A slijedeci primjer prototip ove vrste aparature
je razvijen 1 na MetalurSkom institute “Kemal
Kapetanovi¢” Zenica.

Kontaktni termometri se opcéenito kalibrisu uz
koristenje kontrolirane temperature vruce ploce.
Na ovakvom uredaju referentna temperatura je
ona na gornjoj povrsini metalnog tijela, a ista se
odreduje linearnom ekstrapolacijom iz ocitanja
kalibriranih senzora (sondi) koji su uvuceni u
tijelo na razlicitim dubinama odnosno
udaljenostima od referentne povrSine. Stvarna
temperatura referentne povrSine u mnogome
zavisi od interakcije senzora na povrsinu. [5, 6]
Princip kalibriranja senzora za mjerenja na
povrSini je poredenje standardne temperature
povrSine  (dobijenom ekstrapoliranjem) sa
temperaturom senzora odredenom kad se senzor
za mjerenje na povrsini direktno prisloni na
jedan od materijala (referentnih povrsina).
Prema Michaelsky-om [2] metod ekstrapoliranja
predstavlja jedan od najpreciznijih nacina
odredivanja temperature povrSine Cvrstih tijela,
a bazira se na principima datim na slici 2.

Za odredivanje temperature referentnih tijela
koja su deblja, a koja se mogu posmatrati kao
polu-beskonacna tijela, takoder se moze koristiti
metod Yarisheva i Minina (1969) koji se
pokazao kao veoma precizan. Ovaj metod se
zasniva na mjerenju temperature q; i gz sa dva
senzora, na odredenim rastojanjima x; i x> od
referentne povrSine, pri ¢emu se temperatura
povrsine racuna iz izraza:
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The difference that is read out represents the
deviation of calibrated measure from the value of
set calibration point. One way to measure the
temperature of the solid surface is a measurement
by using contact thermometers. Temperature
measurement in this way is derived from the
many aspects of life and work, and hence the need
for a ,,proper " checking and calibration of this
type of thermometer. Most thermometers are
created so that it is used and calibrated by
comparison method meaning to be immersed in
the measuring medium, where ambient conditions
have no significant impact on the final score.

But when it comes to contact sensors for
measuring temperature of (solid) surface and
calibrating them they completely deviate from
this rule. They are designed for direct application
or measurement on a solid surface. [2, 3].
Consequently, several national metrology
laboratories have developed devices that generate
a surface temperature under conditions that most
closely resemble those encountered during normal
use of the surface sensors. [4]. And following
example of the prototype of this kind of apparatus
has been developed and the Metallurgical Institute
"Kemal Kapetanovic" Zenica.

Contact thermometers are generally calibrated
using temperature-controlled hot plate. For such
a device reference temperature it is on the upper
surface of the metal body, and it is determined
by linear extrapolation from the readings of
calibrated sensors (probes) that are pulled into
the body at different depths and distances from
the reference surface. The actual temperature of
the reference surface depends largely on the
interaction of the sensor to the surface. [5, 6]
The principle of calibration of sensors for
measuring the surface is comparison of standard
surface temperature (obtained by extrapolating)
with temperature from sensor specified when the
sensor for measuring the surface is directly pressed
on one of the materials (the reference surface).
According to Michaelsky [2] the extrapolation
method represents one of the most precise ways
to determine temperature of solid body and is
based on principles shown at figure 2.

To determine the temperature of the reference
bodies that are thicker and which can be seen as a
semi-infinite body, can also be used method
Yarisheva and Min's (1969) which proved to be
very precise. This method is based on measuring
the temperature of q; and g, from the two sensors,
the specified distance x; and x. of the reference
surface, wherein the surface temperature is
calculated according the expression:
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Slika 2. Shematski prikaz metoda mjerenja temperature ekstrapoliranjem
Figure 2. Schematic representation of the method of temperature measurement by extrapolating
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Sa malim podru¢jem variranja temperature i
malim temperaturnim razlikama u referentnom
tijelu, kao Sto su ploce kona¢no male debljine,
moguce je obezbijediti konstantnu ili priblizno
konstantnu termic¢ku provodnost Ay, Sto znaci da
je pad temperature u tijelu vrlo blizak linearnom.
U ovom sluc¢aju se radi o veoma jednostavnoj
linearnoj ekstrapolaciji, zasnovanoj na dvije
mjerne vrijednosti §to se moze izraziti slijedecom
jednadzbom:

8:0) = 8,(0) [ 2 -

9,(t) = 91(0:_;9:(9951 )
Metoda ekstrapolacije se u principu koristi za
mjerenje temperature referentnih povrsina gdje
su kontrolirani uvjeti i obezbjedeno stacionarno
stanje sistema.

Obicno se koriste tanki termolementi koji su
postavljeni uzduz izotermi unutar Cvrstog tijela.
Samo se takvi termolementi sa mjernim krajevima
izoliranim vatrostalnim izolacionim materijalima
koriste u metalima i poluprovodnicima. Metoda
ekstrapoliranja je zasnovana na pokazivanju
temperature svakog pojedinog termolementa te se
tako moze odrediti temperatura povrsine bez da se
deformiSe temperaturno polje odnosno narusi
originalna raspodjela temperature povrsine. [2, 7]
Glavni izvori greski kod ekstrapolacione metode
su vezani za nehomogenost 1 anizotropiju
materijala od kojeg je izradeno referentno tijelo i
zbog deformacije temperaturnog polja do kojeg
dolazi uvodenjem senzora unutar referentnog
tijela.
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With a little variation of temperature and low
temperature differences in the reference body,
such as the board of ultimately small thickness,
it is possible to provide a constant or nearly
constant thermal conductivity A,, which means
that the temperature fall in body very close to
linear. In this case it is a very simple linear
extrapolation, based on two measured values that
can be expressed in the following equation:

8 = O -+

9.(t) = 91@)2_;2(0351 )
Extrapolation method is generally used to
measure the temperature of the reference surface
where conditions are controlled and secured
stationary state.

Commonly are used thin thermocouples which
are placed along the isotherms within a solid
base. Only such thermocouples with measuring
ends isolated refractory insulation materials used
in metals and semiconductors. The method of
extrapolating is based on the temperatures of
each thermo’couples and thus can determine the
surface  temperature  without  deforming
temperature field and distort the original
distribution of the surface temperature. [2, 7].
The main sources of errors in extrapolation
methods are related to the inhomogeneity and
anisotropy of the material from which a
reference body is made and due to the
deformation of temperature field that occurs by
introducing the sensor within the reference body.
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Za otklanjanje ili minimziranje ovih izvora
greski preporucuje se primjena termoelemenata
koji su $to je moguce tanji, te njihovo uvodenje
u tijelo uzduz izotermi.

2.1. Prototip — aparatura za Kkalibraciju
kontaktnih  senzora za  mjerenje
temperature ¢vrste povrsine

Na slici 3. dat je izgled prototipa i referentnog

tijela/ ploce 1 drugi podaci vezani za iste.

Sa prototipom - aparaturom za kalibraciju

kontaktnih termometara se nastojalo posti¢i da

ima temperaturni omjer: od ambijentne do 600

°C. To je moguce ostvariti primjenom

izmjenjive referentne ploce. Jedna od bakra za
opseg od ambijentne do cca 250 °C i druga od

,procrona‘ C.4171 po JUS-u za opseg

temperature do 600 °C. Na slici 4. je

predstavljena referentna povrSina izradena od
celika.

Slika 3. Prototip aparature za
Figure 3.

U radu je vrSeno variranje i mjerenje parametra
koji se ne moze zanemariti, a koji je proistekao
iz karakteristika izvedbe prototipa. Parametar
vezan za uticaj na ambijentnu temperaturu tik
iznad povrSine, a nastao kao posljedica broja,
rasporeda i pozicije grijaca u prototipu.

2.2. Opis prototipa

Kalibrirani termoelementi tipa K, sa slike 5. su
smjeSteni na razliCitim udaljenostima, paralelno
sa povrSinom referentnog tijela/ plocCe. Isti
termoelementi su prikop¢ani na digitalni
termometar sa Cetiri kanala Chub-E4 (Slika 6), u
svrhu pracenja vrijednosti temperatura unutar
referentnog tijela, te koriStenja tih podataka za
ekstrapoliranje temperature referentne povrsine.
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To eliminate or minimase these sources of errors
is recommended to use a thermocouple which is
as thin as possible, and their introduction into the
body along the isotherms.

2.1. Prototype - apparatus for calibrating
contact sensors for measuring the
temperature of the solid surface

Figure 3 gives an appearance of a prototype and

reference bodies / boards and other data related

to the same.

With the prototype - apparatus for calibrating

contact thermometers has sought to achieve a

ratio of temperature: from ambient to 600 ° C.

This can be achieved by using removable

reference board. One of the copper for a range of

ambient to about 250 ° C and the other of

"procron" - C.4171 by JUS for the temperature

range up to 600 ° C. Figure 4 presents the

reference surface made of steel.
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Slika 4. Referentna ploca/blok (tijelo izradeno od Celika)
Figure 4. The reference plate / block (body made of steel)

The research focused on measuring the variation
of the parameter that cannot be ignored, and that
came out of the performance characteristics of
the prototype. Parameters related to the impact
on the ambient temperature just above the
surface, and came as result of the number,
arrangement and position of the heater in the
prototype.

2.2. Description of the prototype

Calibrated thermocouples type K, presented on
Figure 5 are located at different distances
parallel to the surface of the reference body /
board. The same thermocouples are connected to
a digital thermometer with four channels Chub-
E4 (Figure 6), in order to monitor the value of
the temperature inside the reference body, and
use this data to extrapolate the temperature of the
reference surface.
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Ovakvo pozicioniranje senzora karakteristicno i
kod drugih aparatura koje su ranije razvijene, s
tim da nisu na svim aparaturama KkoriSteni
termoelementi tip K kao senzori.

termoelementi
thermocouples

This positioning of the sensors is characteristic
in the other apparatuses that have previously
been developed. But, type K thermocouples as
sensors where not used at all the apparatus.

regulator

Grijac u keramici
Heater in ceramic

Prstenasti grijaci

Slika 5. Termoelmenti, grijaci i regulator koji su u sastavu aparature
Figure 5. Thermocouples, heaters and regulator that are part of the apparatus

Slika 6. Digitalni termometar Chub-E4 na koji

su prikopcani termoelementi za pracenje
temperature unutar referentnog tijela za
ekstrapoliranje
Figure 6. Digital thermometer Chub-E4 to
Which the thermocouples are connected to
monitor the temperature within the reference
body and to extrapolate

Termoelemenati tip K (prikazani na slici 5), su
takoder koristeni i za regulaciju temperatura
grijaa 1 uvezani sa regulatorom Imago 500
(slika 5) i tiristorskim sklopkama proizvodaca
JUMO, tip B 70.9040.0 (slika 7.). Sve zajedno
¢ini jedan sistem za reguliranje temperature
referentnog tijela.

Svi termoelementi i digitalni termometar su
prethodno kalibrisani u svrhu provjere i
sljedivosti istih.
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Slika 7. Slika tiristorskih sklopki za regulacija
temperatura grijaca
Figure 7. Thyristor switches to control
temperature heaters

Thermocouple type K (shown in Figure 5), were
also used for regulating the temperature of the
heater and connectd with other regulator Imago
500 (Figure 5) and thyristor switches
manufacturer JUMO, type B 70.9040.0 (Figure
7). All together makes a system to regulate the
temperature of the reference body.

All thermocouples and a digital thermometer are
pre-calibrated for the purpose of verification and
traceability of the same.
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Ispod referentnog tijela je jedan grijac u
keramici, a dva u obliku prstena (slika 5.) su oko
i iznad ili ispod i oko referentnog tijela/ ploce.
Jedan polozaj referentne ploce je kada se ista
nalazi u ,,gornjem‘ polozaju i tada je prakti¢no
referentna ploCa u visini (poravnata) sa gornjim
obodom gornjeg (prestenastog) grijaca koji u tom
slucaju grije referentnu plocu okolo. (Slika 8).

Below the reference body is a heater in ceramics,
and two ring (Figure 5) around and above or
below and around the reference body / board.

One position of the reference board is when the
same is in the "top" position and then practically
the reference board is in height (aligned) with the
upper rim of the upper (ring) heater, which in this
case heated the reference sheet around. (Figure 8).

Slika 8. Gornji poloZaj referentnog tijela/ ploce
Figure 8. Upper position of reference of body/
plate

Drugi polozaj je kada je referentna ploca u
»donjem* polozaju i tada donji (prstenasti, a
srednji od tri) grijac grije referentnu plocu okolo,
a gornji grija¢ je u viSem poloZaju u odnosu na
referentnu ploCu i na taj nacin ima uticaja na
ambijentnu temperaturu tik iznad same povrSine
referentne ploce. (slika 9).

Ovo je znacajan podatak jer je ovo novina na
prototipu odnosno jedno od unapredenja ove
aparature. Ovaj podatak je vazan i utoliko jer ¢e
isti biti iskoriSten za poredenje rezultata
dobijenih u jednom i u drugom polozaju
aparature na istim temperaturnim kalibracionim
taCkama.

2.3. Postupak kalibracije kontaktnih
termometara

2.3.1. Metodologija rada i koraci izvodenja

kalibracije kontaktnog termometra

Ne postoji definirana metoda odnosno standard

za kalibraciju kontaktnih termometara na

prototipu odnosno aparaturi ove vrste. Moguce

je generalno dati ideju kako sortirati operacije

koje se izvode tokom kalibracije.

95

Slika 9. Donji poloZaj referentnog tijela/ ploce
Figure 9. Lower position of reference of body/
plate

The second situation is when the reference plate
in the "lower" position and then the lower (the
ring, and the mean of three) heater heats the
reference plate around, and the upper heater is in
a higher position relative to the reference plate
and in this way influences the ambient
temperature just above the surface of the
reference board. (Figure 9). This is an important
fact because this is a novelty on the prototype
that one of the improvements of the apparatus.
This information is important in so far as they
will be used to compare the results obtained in
one and in the second position of the apparatus
at the same temperature calibration points.

2.3. Contact thermoemetars calibration
procedure

2.3.1. Methodology and steps performing

calibration of contact thermometer

There is no defined method or norm for

calibration of contact thermometers on a

prototype or apparatus of this type. It is possible

to give a general idea of how to sort operations

performed during calibration.
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Iz navedenih razloga veliki dio procedure
izvodenja kalibracije kontaktnog termometra je
preuzet iz Projekta Termometrija 635, a dijelom
po uzoru na bilateralno poredenje izmedu BNM-
LNE (Francuska) i OMH (Madarska).
Procedura za kalibraciju:

1. Ukljucuje prvo i konacno, odredivanje
povrsinske temperature ekstrapoliranjem
prije primjene senzora (Z,.,-jc) na odredenoj
kalibracionoj tacki.

Temperature povrsSine mjerene ekstrapoliranjem
bi trebalo da ostanu unutar 2 °C od nominalne
temperature, a u svrhu da se izbjegne korekcija
koja nastaje uslijed razlike izmedu nominalne
tacke i temperature povrsine.

2. Slijedec¢i korak je prislanjanje kontaktnog
termometra na povrsinu referentnog bloka u
svthu mjerenja 1 dobijanja podataka
ocitanih sa termometra.

Kontaktni termometar se potom primijeni ru¢no.
Po uzoru na projekat Termometrija 635[4] i
bilateralno poredenje BNM-LNE i OMH [9]
trebalo bi da su zabiljezena tri mjerenja izvedena
na kalibracionoj tacki, a srednja vrijednost bi
definirala temperaturu (#). Ili se moze vrsiti vise
mjerenja: ,,Procedura ipak moze biti prilagodena
imajuéi u vidu da neki senzori zahtjevaju vise
mjerenja; mjerenja sa povrSinskim senzorom
ponavlja operater dok se ne utvrdi da je mjerena
vrijednost stabilna®. [§8]

3. Nakon uklanjanja kontaktnog termometra
(senzora), povrSinska temperatura se jo$
jednom odreduje ekstrapoliranjem (Z-posiije)-
Prosje¢na temperatura povrSine odredena
ekstrapoliranjem  definira  referentnu
temperaturu (¢,), $to je i osnovna vrijednost
izmedu (Zp-prije) 1 (Ip-postie)-

4. Dakle mjerenja temperature referentne
povrSine i predmeta kalibracije -
kontaktnog termometra (senzora) se vrse
kako je opisano i to jedan ciklus kada je
referentno tijelo u,,donjem* polozaju (Slika
8.), a potom mjerenje na istoj kalibracionoj
tacki kada je referentna povrSina u
»gornjem‘ polozaju (Slika 9.).

Na taj nacin, kada je referentna povrSina u
»donjem* polozaju, se temperatura ambijenta tik
iznad referentne povrsine prakti¢no zagrijava na
zadatu temperaturu, a i kontaktni termometar
koji se postavi tik iznad referentne povrSine se
na taj nacin ,,predgrijava“ te nakon prislanjanja
istog na referentnu plocu ,,0oduzima“ manje
toplote sa referentne ploce.
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For these reasons, a large part of the procedure
performing calibration of contact thermometer is
taken from Project Thermometry 635, and partly
modeled on a bilateral comparison between
BNM-LNE (France) and the OMH (Hungary).
Calibration procedure:

1. Includes the first and finally, to determine
the surface temperature by extrapolating
before applying the sensor (tp-before) at a
certain point calibration.

Surface temperature measured by extrapolating
should remain within £2 ° C of the nominal
temperature, in order to avoid the correction that
occurs due to the difference between the nominal
point and surface temperature.

2. The following step is leaning contact
thermometer on the surface of the reference
blocks for purpose of measuring and
obtaining data read from the thermometer.

Contact thermometer is then applied manually.
Following the example of the project
Thermometry 635 [4] and a bilateral comparison
BNM-LNE and OMH [9] should have recorded
three measurements performed at the calibration
point, and the mean to define the temperature
(tx). Or may be several measurements: "The
procedure can still be adjusted taking into
account that some sensors require more
measurements; measurement with surface sensor
operator repeated until it is determined that the
measured value is stable®. [8]

3. After removing the contact thermometer
(sensor), the surface temperature is once
again determined by extrapolating (ip-afier)-
The  average  surface  temperature
determined by extrapolating is defining
reference temperature (tp), which is the
basic value between (tp-vefore) and (tp-afier)-

4. Thus measurement of the temperature of the
reference surface and of the calibration
object - contact thermometer (sensor) is
performed as described, and one cycle when
reference body is in the "lower" position
(Figure 8.), and then measuring at the same
calibration point when the reference surface
is in "upper" position (Figure 9.).

In this way, when the reference surface is in the
"lower" position, the ambient temperature just
above the reference surface is practically heated
to a given temperature, and also contact
thermometer which placed just above the
reference surface is "preheated" in this way. In
this way after leaning thermometer to the
reference board it "takes" less heat from the
reference board.
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Time se zeljelo posti¢i smanjenje razlike
izmjerenih rezultata vrijednosti temperature
referentne povrSine 1 vrijednosti temperature
ocitane sa kontaktnog termometra, te na taj nacin
rezultata mjerenja. Razlika temperatura se javlja
kod prislanjanja kontaktnog termometra i na taj
nacin narusavanja temperaturnog polja na samoj
referentnoj povrsini.

Pretpostavka je bila da ¢e razlika temperatura
ocitanih vrijednosti sa termometra i referentne
ploce (dobijeno ekstrapoliranjem) i izmjerenih
na visim kalibracionim tackama biti znatno veca.
Pretpostavka je bila i da ¢e razlika temperatura
posebno biti izrazena u sluaju kada nema
uticaja ambijentne temperature tik iznad
povrsine referentnog bloka odnosno kada nema
»predgrijavanja“  referentne = povrSine i
kontaktnog termometra.

3. MATEMATICKI MODEL PRORACUNA
MJERNE NESIGURNOSTI
e  Zavisnost senzora temperature (Tc) o
temperaturi povrsine (Ts) i ambijentnoj
temperaturi (Tamb)

E=t—-t,
gdje je:
t, - temperatura povrsine odredena
ekstrapolacijom i
t; — oCitana temperatura senzora.
Nesigurnost vezana za odstupanje E je:

A3)

() = u’(t) +u’(ty) 4

e Uticaj referentne temperature povrsine (z,)

Temperatura 7, se odreduje metodom
ekstrapolacije prema formuli:

t = (tsup_tinf)'(e_hinf) + t: (5)

p (hsup-hinf) inf
gdje je:

tinf,tsup - Temperature u tijelu (dalja i bliza
od referentne povrsine)

Ring, hsyp - Vertikalne pozicije otvora u osi
cilindri¢ne referentne povrsine

e - Debljina referentne ploce (tijela)

Ako: tinf =titCi-cal™Ci-stab Ci-hom™ Ci-drift
1 tsup :t_/+ c_/'—cal+cj-stab +cj—h0m +cj—dr[/i
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The aim was to achieve a reduction of diference
measured results of the reference surface
temperature and temperature values read out of
with contact thermometer, thus confirm the
hypothesis of achieving better or closer
measurement results. Temperature difference
occurs when leaning contact thermometer and
thus distortion of the temperature field on the
reference surface.

The assumption was that the temperature
difference in readings from a thermometer and
the reference board (obtained by extrapolating)
that are measured at the higher calibration point
will be much higher. The assumption was also
that the temperature difference will be
particularly obvious in the case when there is no
influence of ambient temperature just above the
surface of the reference block or when there is
no "preheat" of the reference surface and the
contact thermometer.

3. MATEMATICKI MODEL PRORACUNA
MJERNE NESIGURNOSTI

Zavisnost senzora temperature (Tc) o
temperaturi povrsine (Ts) i ambijentnoj
temperaturi (Tamb)

E=t-, 3)
where:
t, — temperature of surface obtained by
extrapolation and
t, — Temperature of sensor
Uncertainty related to deviation E:
W(E) = u’(t,) + u’(t) “4)

o Influence of temeperature of reference
surface (2,)

Temperature ¢, is determined by extrapolation

metod according to equation:

— (tsup_tinf)'(e_hinf)
p (hsup-hing)

t + tins (5)
where:

tinf,tsup - Temperature within body (further
and closer of reference surface)

Ring, hsyp - Vertical position of openings in axis
of cylindrical reference surface

e - The thickness of the reference plate (body)

If:
and

inf =tiCi-caltCi_stab ™ Ci-hom™ Ci-drift
tsup :tj+ c_’/‘-caldl'cj—stab +Cj—hom +Cj—drg'ﬂ
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Onda je:

t. - Srednja izmjerena temperatura sa senzorom
x u referentnoj ploci(tijelu),

x moze biti x =1 ili j (senzor koji je blize ili
dalje od referente povrsine

Cxstab. - Korekeija u odnosu na kalibraciju
senzora X

Cx-hom. - Korekcija u odnosu na nehomogenost
temperature u okolini senzora x

cx-arip. - Korekceija u odnosu na drift senzora x
Psup» hiny - Vertikalna pozicija otvora u osi
cilindri¢ne referentne povrsine

U odnosu na specificirane doprinose mjerna
nesigurnost, vezana za temperaturu referentne
povrsine (specimena) prema [6], iznosi:

Than:

t. - Mean temperature measured by sensor X in
reference plate (body),

x may be x =1 or j (sensor that is closer or further
of referece surface

Cx-stab, - Correction due to calibration of sensor x
cx-hom. - Correction related to inhomogenity of
temperature around sensor X

cx-arif. - Correction related to drift of senzor x
Rsup, hins - Vertical position of openings in axis
of cylindrical reference surface

In relation to specified contributions the
measurement uncertainty related to reference
surface (specimen) temperature according to [6],
is:

5t,\ 2 5ty \2 5t 2 5t 2
2 — (ZZP) . ,2(+. p e 12( . _ P ) .q2(,. P ) .
u (tp) - (ati) u (tl)2+ (3ci_cal) u (Cl—“”z + (aci_smb) u (C;‘“ab) + (aci_hom)
5t St St
2 p oYY _pP c12(F. p 12 .
u*(Ci-nom) + (aCi—drift> u (Ci_drift) + (atj) u (tj) + (acj—cal) u (C]_Cal) +

8ty 8ty

sty

2 2 2 2
St
2 2 2 p
- U Ci_ + <—) U Ci_ + <—> U Ci_ . + (_) .
(acj—stab) (] stab) aCj—ho (] hom) aCj—drift (] dTlft) de
2

2
St St

2 p 2 p 2

u“(e) + ( ) ~u“(h; + ( ) ~u(h 6
( ) ahinf ( mf) ahsup ( sup) ( )

sa: with:
Sty _ 8ty _ 8ty _ 8ty 8ty _ hep-e )
0t;  9Ci—cal  OCi—stab  OCi—hom OCi—darift Nsup—hinf
é‘j _ Sty _ Sty _ Sty _ Sty _ e—hinf (8)
0tj  0Cj—cal  OCj—stab  O9Cj—hom OCj—arift Nsup—hinf

Stp _ (tinf_tsup)'(hsup) . 5tp _ (tsup_tinf)'(e_hinf) . 5& _ tsup_tinf (9)
ahinf (hsup_hinf)z ahinf (hsup_hinf)2 de hsup_hinf
Pripadaju¢i doprinosi mjernoj nesigurnosti za The corresponding contributions to the

su
a

procjene vrijednosti pojedinih uticaja,
specificirani za kalibracionu aparaturu,
izrazavaju se prema datim formulama.

e Uticaj temperature instrumenta ()
Temperatura senzora ¢, se odreduje prema
jednacini:

ts = ts—otit. T Crezol. T Camp. +
Cmaterijal + Ctp—nazad. + Cdeb. + Cpov. +
Coperat. (10)

gdje su:

ts-ocit. - Srednja ocitana temperatura kontaktnog
senzora

Crezol. - Korekcija u odnosu na rezoluciju
instrumenta

camp. - Korekceija u odnosu na uticaj ambijentne
temperature na mjerenje u toku kalibracije
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measurement uncertainty for the valuation of
individual impact, are specified for the
calibration apparatus, and expressed according
to the formulas.

¢ Influence of the instrument temperature (z)
Temperature of sensor ¢ is defined according to:
ts = ts—otit. T Crezol. T Camp. +

Cmaterijal + Ctp—nazad. + Cdeb. + Cpov. +
Coperat. (10)

where:

ts-ocit. - Mean measured temperature of contact
sensor

Crezol. - Correction in relation to the resolution of
the instrument

camp. - Correction with regard to the impact of
ambient temperature on measurement during
calibration
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Cmaterijal - Korekcija u odnosu na termicku
provodnost vezanu za vrstu materijala od kojeg
je napravljena referentna ploca (tijelo) [27]
Cip-nazad - Korekcija u odnosu na promjene u
temperaturi referentne povrsine kod
stacionarnog stanja nakon izvlaenja senzora
koji se kalibrira

cqeb. - Korekcija uslijed razlike u debljini
materijala u odnosu na referentne uvjete

Cpov. - Korekcija uslijed razlike kontaktnog
otpora u odnosu na referentne uvjete

Coperat. - Korekcija u odnosu na efekat operatera
(*) Nesigurnosti Cdeb., Cpov., Coperat. treNUINO Nisu
uzete u obzir.

Na osnovu specificiranih doprinosa u odnosu na
E dobije se:

Crmaterijal Correction in respect of thermal
conductivity of type of material from which the
reference plate (body) is made [27]

Cip-nazad - Correction in relation to changes in the
temperature of the reference surface at steady
state after the draw sensor that is calibrated

cdep. - Correction due to differences in the
thickness of the material in relation to the
reference conditions

Cpov. - Correction due to differences of the contact
resistance in comparison to the reference
conditions

Coperat. - Correction in relation to the effect of the
operator

(*) Uncertainties Cdcb., Cpov., Coperat. CUrrently not
taken into account.

Based on the specified contributions in relation
to E is:

uz(ts) = uz(ts—oéit.) + uz(crezol.) + uz(camb.) + uz(cmaterijal.) + uz(ctp—nazad.) +

uz(cdeb.) + uz (Cpov.) + uz(coperat.)

Specificirani doprinosi, procjenjene vrijednosti,
vrste distribucije  vjerovatnoCe, standardne
nesigurnosti, koeficijenti osjetljivosti prema
jednacinama od (3) do (11) ¢e biti tabelarno
prikazane u poglavlju 4 u cetiri kalibracione
taCke, da bi se dobile i predstavile pojedina¢ne
vrijednosti doprinosa nesigurnosti. Njihovim
uvrStavanjem u jednaéinu (6) dobija se mjerna
nesigurnost metode.

Na ovom principu su izvedeni svi proracuni
potrebni za izraCunavanje proSirene (ukupne)
mjerne nesigurnosti §to je i predmet ovog rada.
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(11)

The specified contributions, estimated value,
types of probability distributions, standard
uncertainties, sensitivity coefficients of the
equations of (3) to (11) will be given in tables of
results. Their inclusion in the equation (6) gives
the uncertainty methods.

On this principle are done all calculations
required to calculate the extended (overall)
measurement uncertainty which is needed to be
add to results and is the subject of this paper.
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4. REZULTATI KALIBRACIJE 1 4. CALIBRATION RESULTS AND
PROCJENA UKUPNE MJERNE ESTIMATION OF MEASUREMENT
NESIGURNOSTI NA UNCERTRAINTY AT CALIBRATION
KALIBRACIONOJ TACKI 300 °C POINT 300 °C

A) Kada je referentna povrsina u ,,donjem* A) When reference surface is in the ,lower™
polozaju position

Tabela 1. Doprinosi mjernoj nesigurnosti referentne povrsine kada je referentno tijelo/povrsina u
,,donjem *“ polozaju na kalibracionoj tacki 300 C

Table 1. Contributions to measurement uncertainty of reference surface when reference body/surface is
in the ,, lower‘ position at calibration point 300 C

. . St.nes u(xi) Koef.osjet. Dopr.
X; Procjenaxi |~ Raspodjela | g /ooy Sensitivity | Contributions
Estimation x; Distribution
u(x;) coef. | ci| | ciru(x) |
ti 300,57 °C N 0,04 °C 0,391 0,02
Cical 1,67 °C N 0,42 °C 0,391 0,17
Cisstab 0°C P 0,05 °C 0,391 0,02
Cihom 0°C P 0,05 °C 0,391 0,02
Ci_arift 0°C P - 0,391 -
t 299,65 °C N 0,03 °C 1,391 0,04
Cj-cal 1,67 °C N 0,42 °C 1,391 0,59
Cistab 0°C P 0,05 °C 1,391 0,07
Cj-hom 0°C P 0,05 °C 1,391 0,07
Ci.arift 0°C P - 1,391 -
e 50,0 mm N 0,10 mm 0,027 °C/mm 0,01
hint 2,0 mm N 0,10 mm 0,028 °C/mm 0,01
hsup 36,5 mm N 0,10 mm 0,037 °C/mm 0,01
tp 300,96 °C / / / 0,63 °C

Tabela 2. Doprinosi mjernoj nesigurnosti kontaktnog senzora na kalibracionoj tacki 300 C kada je
referentno tijelo/ povrsina u ,,donjem* poloZaju

Table 2. Contributions to measurement uncertainty of contact sensor at calibration point 300 °C when
the reference body/ surface in the ,, lower position

. . St.nes u(xi) Koef.osjet. Dopr.
Procjena x; Raspodjela e o
Xi o N St.uncert. Sensitivity Contributions
Estimation x; | Distribution

u(x;) coef. | ci] | ciu(xy) |

ts-ocit 299,88 °C N 0,23 °C 1 0,23 °C
Crezol. 0°C P 0,33 °C 1 0,33 °C
Camb. 0°C P 0,11 °C 1 0,11 °C
Cmaterijal. 0°C P 0,05 °C 1 0,05 °C
Ctp-nazad 0°C P 0,07 °C 1 0,07 °C
ts 299,88 °C / / / 0,43 °C

u?(E) = u®(ty) + u(t,)
u(E)=u(E) = \/uz(tk) + u2(t,) = 0,76 °C
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B) When reference surface is in the ,,upper
position

B) Kada je referentna povrsina u ,,gornjem*
polozaju

Tabela 3. Doprinosi mjernoj nesigurnosti referentne povrsine kada je referentno tijelo/
povrsina u ,,gornjem * polozaju na kalibracionoj tacki 300 C
Table 3. Contributions to measurement uncertainty of reference surface when reference body/surface is

in the ,,upper " position at calibration point 300 °C

X; Prpcj cna Xi Raspodj gla St.nes u(x)) I;;f:ifi?ii; Congi(ﬁlrt.ions
Estimation x; Distribution | St.uncert. u(x;)

coef. | Ci | | ci-u(x;) |
t 295,71 °C N 0,05 °C 0,391 0,02
Cical 1,67 °C N 0,42 °C 0,391 0,17
Cistab 0°C P 0,05 °C 0,391 0,02
Ci-hom 0°C P 0,05 °C 0,391 0,02
Ciarift 0°C P - 0,391 -
tj 291,28 °C N 0,03 °C 1,391 0,04
Ci-cal 1,67 °C N 0,42 °C 1,391 0,59
Cjstab 0°C P 0,05 °C 1,391 0,07
Cj-nom 0°C P 0,05 °C 1,391 0,07
Ci.arift 0°C P - 1,391 -
e 50,0 mm N 0,10 mm 0,129 °C/mm 0,02
hinf 2,0 mm N 0,10 mm 0,136 °C/mm 0,02
hsup 36,5 mm N 0,10 mm 0,179 °C/mm 0,02
tp 291,22 °C / / / 0,63 °C

Tabela 4: Doprinosi mjernoj nesigurnosti kontaktnog senzora na kalibracionoj tacki 300 °C kada je
referentno tijelo/ povrsina u ,,gornjem* polozaju
Table 4: Contributions to measurement uncertainty of contact sensor at calibration point 300 C when
the reference body/ surface in the ,, upper‘* position

. . . ' Koef.osjet. Dopr.
Xi Pr.OCJ ena Xi Raspodj §la Stnes u(xi) Sensitivity | Contributions

Estimation x; Distribution St.uncert. u(xi) coef | o | | ciu(x) |
ts-ocit 289,87 °C N 0,16 °C 1 0,16 °C
Crezol. 0°C P 0,33 °C 1 0,33 °C
Camb. 0°C P 0,11 °C 1 0,11 °C
Cmaterijal. 0°C P 0,24 °C 1 0,24 °C
Ctp-nazad 0°C P 0,13 °C 1 0,13 °C
ts 289,87 °C / / / 0,41 °C

u?(E) = u?(ty) + u?(ty)

u (E) = u(E) = JuZ(tk)+ u2(t,) = 0,75 °C
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G— + % g & —

——rezultati za Ti kada je
ref.povrsina u donjem
polozaju

= —il— - —i 3 —— rezultati za Ti kada je
ref.povrsina u gornjem
polozaju

1 2 3 4 5 6

Dijagram 1. Prikaz razlika srednjih izmjerenih vrijednosti temperatura (e i tyosiiie) za Ti -
termoelement blizi ref-povrsini mjereno u donjem i gornjem poloZaju referentne povrsine. (300 C)
Chart 1. Display of differences in mean values of measured temperature (tefore and tyosiiie) for Ti -
thermocouple closer to reference surface, measured in the lower and upper position of the reference
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294,00
293,00 -~

surface. (300 ° C)

L 3
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L 3

'

—4—rezultati za Tj kada je
ref.povrsina u donjem
polozaju

~—rezultati temp za Tj kada
ref.povrsina u gornjem
polozaju

Dijagram 2. Prikaz razlika srednjih izmjerenih vrijednosti temperatura (tpije i tposiiie) za Tj -
termoelement dalji od ref.povrsine mjereno u donjem i gornjem polozaju referentne povrsine (300 C).
Chart 2. Display of differences in mean values of measured temperature (tpefore and tposiije) for 1j -
thermocouple further from reference surface, measured in the lower and upper position of the

reference surface (300 ° C).
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300
298 +
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290 +
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1 2

W rezultati dobijeni kada je
ref.povrsina u donjem polozaju

m rezultati dobijeni kada je
ref.povrsina u gornjem polozaju

Dijagram 3. Prikaz rezultata srednjih vrijednosti temperature za Ti i Tj (termoelementi dalji i blizi
referentnoj povrsini) koristeni za ekstrapoliranje temperature povrsine kada se referentna povrsina

nalazi u donjem pa u gornjem polozaju. (300 °C)

Chart 3. Results of mean values for temperature Ti and Tj (thermocouples further and closer to the
reference surface) are used to extrapolate the surface temperature when the reference area is in the
lower and in the upper position (300 ° C).
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b)

¢)

1]

(2]

[6]

[7]

ZAKLJUCCI
Istrazivanje je provedeno u cilju
uspostavljanja  vlastite procedure za

kalibraciju kontaktnih termometara za
mjerenje temperature ¢vrste povrsine.

Da se jasno definiraju 1 kvantifikuju
doprinosi  mjernoj  nesigurnosti  pri
kalibraciji kontaktnih termometara za
mjerenje temperature ¢vrste povrsine.

Da su sprovedene prve kalibracije na
prototipu aparature-etalona za kalibraciju
kontaktnih  termometara za mjerenje
temperature Cvrste povrSine, a u smislu
pripreme za validaciju same aparature.

LITERATURA - REFERENCES

JCGM 200-2012, “International
Vocabulary of Metrology — Basic and
General Concepts and Associated Terms*
(VIM) 3™ Edition (2008 with minor
corrections), takoder objavljen  kao
ISO/IEC Guide 99-12:2007 International
Vocabulary of Metrology - Basic and
General Concepts and Associated Terms,
VIM.

Michaelski, L., Eckersdorf, K., McGhee, J.:
Temperature measurement; John Wiley &
Sons; Chichester; New York; Brisbane
1991.

Thomas Donald McGhee: Principles and
methods of temperature measurements,
1988

EUROMET Project No 635 (Thermometry)
— Comparison of the reference surface
temperature apparatus at NMIs by
comparison of transfer surface temperature
standards, Final Report, Emese Andras;
OMH, national Office of Measures,
Hungary, November, 2003.

Arpino, F., Fernicola, V., Frattolillo, A.,
Rosso, L.: — 4 CFD Study on a Calibration
System for Contact Temperature Probes,
Inter. Journal Thermophys (2009) 30:306—
315, DOI 10.1007/s10765-008-0451-8
Rosso, L., Koneva N., Fernicola, V.:
Development of a Heat-Pipe-Based Hot

Plate for Surface-Temperature
Measurements,  International  Journal
Thermophys, (2009) 30:257-264, DOI

10.1007/s10765-008-0495-9
Kovacs, T.: Qualification of Temperature
Field by Temperature Gradient, VDI
Berichte, 1998, pp. 275..279

103

b)

[8]

[9]

CONCLUSIONS

The survey was conducted in order to
establish own procedures for the calibration
of contact thermometers for temperature
measurement on solid surface.

In order to clearly define and quantify the
contributions to measurement uncertainty
during the calibration of contact
thermometers for temperature measurement
of solid surface.

To carried out the first calibration on the
prototype apparatus-standard for
calibration of contact thermometers for
solid surface temperature measurement, and
in terms of preparation for the validation of
the apparatus.

N. Zaimovi¢-Uzunovié, S. Lemes, D. Daut,
A. Softi¢: Proizvodna mjerenja, Masinski
fakultet, Univerzitet u Zenici, Zenica, 2009.
Report of collaboration on surface
temperature sensors calibration: Bilateral
comparison of measurement between BNM-
LNE (F) and OMH (HG); Morice Ronan,
Andras Emese, April 2001

[10] Jarovi¢-Bajramovié, N.:  Odredivanje
ukupne mjerne nesigurnosti etalona-
prototip  aparature  za  kalibraciju

kontaktnih senzora za mjerenje temperature
na povrsini, Magistarski rad, Masinski
fakultet u Zenici, 2014

Coresponding author:

Narcisa Jarovi¢-Bajramovié

University of Zenica

Metallurgical Institute ,,Kemal Kapetanovic¢*
Email: njarovic@hotmail.com

Phone: +387 32 247 999/ local 172



